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(57) ABSTRACT

The presently disclosed subject matter relates to using a
haploid inducing line (whether existing or created) and
transforming the haploid line so that it encodes cellular
machinery capable of editing genes. The transformed hap-
loid inducing line is used as a parent in a cross between two
plants. During pollination, the parental gametes fuse to form
an embryo; and the gene editing machinery is also delivered
to the embryo at this time. During embryonic development,
one set of parental chromosomes are lost, and the gene
editing machinery operates on the remaining set of chromo-
somes. Thus, at least one haploid progeny with edited genes
is produced from the cross.

Specification includes a Sequence Listing.
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SIMULTANEOUS GENE EDITING AND
HAPLOID INDUCTION

[0001] This application is a § 371 of International Appli-
cation No. PCT/US2017/064512, filed Dec. 4, 2017 and
designating the U.S., which claims the benefit of U.S.
Provisional Application 62/429,260, filed Dec. 2, 2016, all
of which are incorporated herein by reference in their
entirety.

FIELD OF THE INVENTION

[0002] This invention is related to the field of plant
biotechnology, specifically agriculture biotechnology and
gene editing, as well as plant breeding. The presently
disclosed subject matter relates to using a haploid inducing
line (whether existing or created) and transforming the
haploid inducing line so that it contains DNA coding for
cellular machinery capable of editing genes.

SEQUENCE LISTING

[0003] This application is accompanied by a sequence
listing entitled 81189USPCT_371_ST25.txt, created May
30, 2019, which is approximately 338 kilobytes in size. This
sequence listing is incorporated herein by reference in its
entirety. This sequence listing is submitted herewith via
EFS-Web, and is in compliance with 37 C.F.R. § 1.824(a)
(2)-(6) and (b).

BACKGROUND

[0004] Targeted mutagenesis (also known as “gene edit-
ing”) is a very important technology to crop breeding. There
are numerous methods to edit specific gene targets now,
including CRISPR, TALEN, meganucleases, and zinc fin-
gers. One method to introduce editing machinery into plants
is to use Agrobacterium or biolistic transformation of plant
tissue. In transformation, DNA coding for the editing
machinery (e.g., CAS9 and guide RNA) is introduced into
plant callus, seed or embryonic tissue. Stably-transformed
plants (“events”) are then recovered, optionally with the help
of a selectable marker. But because tissue culture is geno-
type-dependent, this route will not work for all crops, or
even all varieties of the crops for which it does work. These
are known as transformation-recalcitrant crops or varieties.
These crops or varieties may be valued for their performance
but it is a challenge for biotechnology that they cannot be
transformed and thus cannot be directly edited via transfor-
mation. For recalcitrant varieties, one of two alternative
approaches could be used to introduce desirable mutations.
First, one could introduce the edits via trait introgression.
This route is expensive, laborious, and time-consuming. It
also means impurity of the final product because of genetic
linkage—that is, there will be a linked block surrounding the
introgressed edits, containing genes and alleles from the
transformable donor line. This linkage can be an issue if any
of those genes or alleles impact the performance of the
transformation-recalcitrant line (may also be referred to as
an “elite line”). Secondly, one could introduce the editing
machinery transiently to the growing plant without tissue
culture, such as floral dipping for Arabidopsis transforma-
tion. The challenge is ensuring edits end up in cells that
contribute to the germ-line, so they are passed on to progeny
seed. There are few established or routine methods to do this
in crops.
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[0005] Here we show a new method to transiently intro-
duce editing machinery during haploid induction. Haploid
induction (“HI”) is a class of plant phenomena characterized
by loss of one parent’s set of chromosomes (the chromo-
somes from the haploid inducer parent) from the embryo at
some time during or after fertilization, often during early
embryo development. Haploid induction is also known as
gynogenesis if the inducer line is used as the male in the
cross, or androgenesis if the inducer line is used as the
female in the cross. Haploid induction has been observed in
numerous plant species, such as sorghum, barley, wheat,
maize, Arabidopsis, and many other species.

[0006] Commonly, during haploid induction, both parent
lines used in the induction cross are both diploids, so their
gametes (egg cells and sperm cells) are haploids. Haploid
induction is frequently a medium to low penetrance trait of
the inducer line, so the resulting progeny, depending on the
species or situation, may be either diploid (if no genome loss
takes place) or haploids (if genome loss does indeed take
place). If the parent line that is crossed to the haploid inducer
is not diploid, but rather a tetraploid, hexaploid, or other
plant of higher ploidy, the term haploid induction is some-
thing of a misnomer, because the “haploid” progeny pro-
duced will have a gametic chromosome number, and thus
would not really be haploids, but rather diploids (if the
parent is tetraploid) or triploids (if the parent is hexaploid)
and so on. Therefore, as used herein, “haploids” possess half
the number of chromosomes of either parent; thus haploids
of diploid organisms (e.g., maize) exhibit monoploidy; hap-
loids of tetraploid organisms (e.g., ryegrasses) exhibit dip-
loidy; haploids of hexaploid organisms (e.g., wheat) exhibit
triploidy.

[0007] Haploid induction can occur during self-pollination
or intercrossing of two lines within the same species, or it
can occur during wide crosses, where it can be viewed as a
hybridization barrier, preventing the formation of interspe-
cific hybrids. In maize, the most commonly employed
method of inducing haploids is through the use of an
intraspecific haploid inducer male line, which is primarily
triggered by rearrangements of, mutations in, and/or recom-
binations, insertion, or deletions within a region of chromo-
some 1, specifically the MATRILINEAL (MATL) gene, also
known as NOT LIKE DAD1 (NLD1) and PHOSPHOLI-
PASE A1 (PLA1) (with the notable exception of the ig type
haploid induction, which is a result of a mutation in the
INDETERMINATE GAMETOPHYTE1 gene on chromo-
some 3). In wheat, the most common method of inducting
haploids is by wide cross to maize pollen—regardless of
parent genotype or lineage, this works with almost any
wheat crossed by almost any maize pollen.

[0008] HI maize lines contain a quantitative trait locus
(“QTL”) on Chromosome 1 responsible for at least 66% of
the variation in haploid induction. The QTL causes haploid
induction at different rates when it is introgressed into
various backgrounds. All maize haploid inducer lines used
in the seed industry are derivatives of the founding HI line,
known as Stock6, and all have the haploid inducer chromo-
some 1 QTL mutation.

[0009] In maize, haploid seed or embryos are specifically
produced by making crosses between a haploid inducer male
(i.e., “haploid inducer pollen”) and virtually any ear that one
chooses—the ear could be of any inbred, hybrid, or other
germplasm. Haploids are produced when the haploid
inducer pollen DNA is not fully transmitted and/or main-



US 2019/0376075 Al

tained through the first cell divisions of the embryos. The
resulting phenotype is not fully penetrant, with some ovules
containing haploid embryos, and others containing diploid
embryos, aneuploid embryos, chimeric embryos, or aborted
embryos. The haploid kernels have embryos that contain
only the maternal DNA plus normal triploid endosperm.
After haploid induction, haploid embryos or seed are typi-
cally segregated from diploid and aneuploid siblings using a
phenotypic or genetic marker screen and grown or cultured
into haploid plants. These plants are then converted either
naturally or via chemical manipulation (e.g., using an anti-
microtubule agent such as colchicine) into doubled haploid
(“DH”) plants which then produce inbred seed.

[0010] Plant breeding is facilitated by the use of doubled
haploid (DH) plants. The production of DH plants enables
plant breeders to obtain inbred lines without multigenera-
tional inbreeding, thus decreasing the time required to
produce homozygous plants. DH plants provide an invalu-
able tool to plant breeders, particularly for generating inbred
lines, QTL mapping, cytoplasmic conversions, trait intro-
gression, and F2 screening for high throughput trait
improvement. A great deal of time is spared as homozygous
lines are essentially generated in one generation, negating
the need for multigenerational single-seed decent (conven-
tional inbreeding). In particular, because DH plants are
entirely homozygous, they are very amenable to quantitative
genetics studies. The production of haploid seed is critical
for the doubled haploid breeding process. Haploid seed are
produced on maternal germplasm when fertilized with pol-
len from a gynogenetic inducer, such as Stock 6 and Stock
6-derivative lines.

[0011] Here, we describe a novel method in which the in
vivo haploid induction process can be co-opted to transiently
introduce editing machinery into any germplasm by includ-
ing it in the haploid inducer parent, either stably integrated
as a transgene, or transiently expressed. Simultaneous edit-
ing plus haploid induction can be done in almost any crop
via wide cross or de novo haploid induction for instance via
CENH3 mutation (i.e., CENH3-modified haploid inducer;
see, e.g., WO 2017/004375, incorporated herein by refer-
ence in its entirety) or via lipid spray (see P.C.T. Patent
Application No. PCT/US2016/62548, incorporated herein
by reference in its entirety). We show examples of HI in
maize, both field corn and sweet corn, using a haploid
inducer male as the editing donor line. Further, we show
examples of HI in Arabidopsis using CENH3-modified
haploid inducer lines.

[0012] We also show examples of HI in wheat using maize
pollen as the editing donor line in a wide cross. In wheat,
rice, barley, brassica, and other crops, the route to haploid
induction would be to use a pollen donor that induces
haploids via wide cross. For example, one could use corn
pollen on wheat, millet pollen on wheat, barley pollen on
other barley species, or any other wide crossing method. In
those cases of gynogenetic haploid induction it would be
preferable for the male line to contain the editing machinery,
because it is the male (pollen-derived) DNA that is elimi-
nated in the haploid induction process. In cases of andro-
genic haploid induction, for instance in the igl system in
maize or via altered CENH3 in any crop (which can work
via either the male or the female), the editing machinery
would be optimally present in the female parent, because the
female chromosomes are eliminated in the haploid induction
process.

Dec. 12,2019

[0013] In simultaneous editing plus haploid induction, the
goal is to rapidly and cost-effectively edit crops and elite
lines (“editing destination lines”) without tissue culture. The
line that receives the edits could be elite germplasm, and the
editing machinery itself would be eliminated during the
haploid induction process. At the same time, edited doubled
haploid lines are produced.

SUMMARY

[0014] Tissue culture recalcitrance is a major challenge to
rapid elite line editing across crops. Using haploid inducing
lines to deliver the targeted mutagenesis machinery to elite
lines and simultaneously induce haploids represents the
surmounting of this major obstacle. Next-generation breed-
ing programs may come to depend on this process.

[0015] The editing machinery is delivered via the inducer
line. The editing machinery is most often DNA-binding
proteins combined in some cases with RNA and in some
cases also with DNA. The DNA, RNA, and proteins that
make up the editing machinery are encoded by and are
present in the inducer line because they have been stably
inserted in the inducer, for example, via bombardment or
agrobacterium mediated transformation. In other examples,
the editing machinery is transiently introduced (through
exogenous application) or transiently expressed in the game-
tophyte prior to fertilization. After fertilization, edits are
made by the editing machinery in the non-inducer target
genes prior to or during elimination of the inducer chromo-
somes. The result is a haploid embryo or plant or seed that
contains the chromosome set only from the non-inducer
parent, where that chromosome set contains DNA sequences
that have been edited. These edited haploids can be identi-
fied, grown, and their chromosomes doubled, preferably by
colchicine or other mitotic inhibitor. This line can then be
directly used in downstream breeding programs.

[0016] In one embodiment, the invention provides a
method of editing a plant’s genomic DNA. This is done by
taking a first plant—which is a haploid inducing plant and
which also has encoded into its DNA the machinery neces-
sary for accomplishing the editing (for example, a Cas9
enzyme and a guide RNA)—and using that first plant’s
pollen to pollinate a second plant. The second plant is the
plant to be edited. From that pollination event, progeny (e.g.,
embryos or seeds) are produced; at least one of which will
be a haploid seed. This haploid seed will only contain the
chromosomes of the second plant; the first plant’s chromo-
somes have vanished (having been eliminated, lost or
degraded), but before doing so, the first plant’s chromo-
somes permitted the gene-editing machinery to be
expressed. Alternately, and without wishing to be bound by
theory, the first plant delivers the already-expressed editing
machinery upon pollination via the pollen tube. Or, in the
case that the haploid inducer line is the female in the cross,
the haploid inducing plant’s egg cell contains the editing
machinery that is present and perhaps already being
expressed, upon fertilization with the “wild type” or non-
haploid inducing pollen grain. Through any of these routes,
the haploid progeny obtained by the cross will also have had
its genome edited.

[0017] In one aspect, the editing machinery is any DNA
modification enzyme, but is preferably a site-directed nucle-
ase. The site-directed nuclease is preferably CRISPR-based,
but could also be a meganuclease, a transcription-activator
like effector nuclease (TALEN), or a zinc finger nuclease.



US 2019/0376075 Al

The nuclease used in this invention could be Cas9, Cipl,
dCas9-Fokl, chimeric FEN1-Fokl. In one aspect, the DNA
modification enzyme is a site-directed base editing enzyme
such as Cas9-cytidine deaminase or Cas9-adeninie deami-
nase, wherein the Cas9 can have one or both of its nuclease
activity inactivated, i.e. chimeric Cas9 nickase (nCas9) or
deactivated Cas9 (dCas9) fused to cytidine deaminase or
adenine deaminase. The optional guide RNA targets the
genome at the specific site intended to be edited. In one
aspect, the optional guide RNA comprises an 18-21 nucleo-
tide sequence with homology to any of SEQ ID NOs: 2, 4,
8, 21, 23, 25, 29, 32, and 33.

[0018] Once the edited haploid progeny is obtained, it may
optionally have its chromosomes doubled by a chromosome
doubling agent (for example colchicine, pronamide, dith-
ipyr, trifluralin, or another known anti-microtubule agent).

[0019] In one embodiment, the first plant is a monocot or
a dicot. Aspects of the first plant include maize, wheat, rice,
barley, oats, triticale, sorghum, pearl millet, teosinte, bam-
boo, sugar cane, asparagus, onion, and garlic. In one
embodiment, the second plant is a monocot or a dicot.
Aspects of the second plant include maize, wheat, rice,
barley, oats, triticale, sorghum, pearl millet, teosinte, bam-
boo, sugar cane, asparagus, onion, and garlic. In one
embodiment, the first plant is a monocot or a dicot of a
different species than the second plant. For example, in one
aspect, the first plant is maize and the second plant is wheat.
In another aspect, the first plant is wheat and the second
plant is maize. In another embodiment, the first plant is a
maize plant selected and/or derived from the lines Stock 6,
RWK, RWS, UH400, AX5707RS, NP2222-matl, or any of
the several other known HI lines. In yet another embodi-
ment, the first plant comprises a mutation in a CENH3 gene,
an igl gene, or another mutation conferring paternal-haploid
inducing systems. In another embodiment, the first plant is
a rice plant with the MATL gene modified or knocked out
which makes it a haploid inducer line.

[0020] In another embodiment, the first plant is not nec-
essarily a haploid inducer, yet the first plant comprises the
genes necessary for encoding the gene editing machinery. In
this embodiment, haploid induction is produced by admin-
istering a compound during, immediately before, or imme-
diately following pollination. In one aspect, the composition
comprises a lipid or a phospholipase inhibitor. In another
aspect, the composition comprises methyl alpha-linolenoyl
fluorophosphonate (MALFP), linoleic acid ethyl ester
(LLAEE), linoleic acid (LLA), corn oil, distearoyl-phospha-
tidyl choline (DSPC), methyl arachidonyl fluorophospho-
nate (MAFP), Palmityl trifluoromethylketone (PACOCEF3),
Arachidony! trifluoromethylketone (AACOCF3), Mano-
alide, Linolenic acid ethyl ester (LNAEE), Linolenic acid
ethyl ester (LNAEE), Oleic acid methyl ester (OAME),
Oleic acid ethyl ester (OAEE), Palmitic acid ethyl ester
(PAEE), Palmitoleic acid ethyl ester (PLAEE), Linseed oil,
corn oil, alpha-Linolenic acid (aLNA), gamma-Linolenic
acid (gLNA), Oleic acid, Arachidonic acid, Stearic Acid,
9(Z)-11(E)-conjugated Linoleic acid, or 2-oleoyl-1-palmi-
toyl-sn-glycero-3-phospho-ethanolamine.

BRIEF DESCRIPTION OF THE SEQUENCES IN
THE SEQUENCE LISTING

[0021]
23396.

SEQ ID NO: 1 is a nucleotide sequence for vector
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[0022] SEQ ID NO: 2 is the nucleotide sequence encoding
the gRNA sequence for editing VLHP1 in maize.

[0023] SEQ ID NO: 3 is a nucleotide sequence for vector
23399.
[0024] SEQ ID NO: 4 is the gRNA sequence for editing

GW2-2 in maize.

[0025] SEQ ID NO: 5 is the nucleotide sequence for
vector 22808, comprising a TALEN construct.

[0026] SEQ ID NO: 6 is the target sequence for the
TALEN of 22808.

[0027] SEQ ID NO: 7 is the nucleotide sequence for
vector 23123 comprising a Cas9 construct.

[0028] SEQ ID NO: 8 is the gRNA for editing MATL in
maize.
[0029] SEQ ID NO: 9 is nucleotide sequence for the

relevant portion of MATL in NP2222.

[0030] SEQ ID NO: 10 is nucleotide sequence for the
relevant portion of MATL in Stock6.

[0031] SEQ ID NO: 11 is nucleotide sequence for the
relevant portion of MATL in USR01350333-3 Allele 1.
[0032] SEQ ID NO: 12 is nucleotide sequence for the
relevant portion of MATL in USR01350333-3 Allele 2.
[0033] SEQ ID NO: 13 is nucleotide sequence for the
relevant portion of MATL in USR01350344-2 Allele 1.
[0034] SEQ ID NO: 14 is nucleotide sequence for the
relevant portion of MATL in USR01350344-2 Allele 2.
[0035] SEQ ID NO: 15 is nucleotide sequence for the
relevant portion of MATL in USR01350343-1 Allele 1.
[0036] SEQ ID NO: 16 is nucleotide sequence for the
relevant portion of MATL in USR01350328-1 Allele 1.
[0037] SEQ ID NO: 17 is nucleotide sequence for the
relevant portion of MATL in USR01350337-2 Allele 1.
[0038] SEQ ID NO: 18 is nucleotide sequence for the
relevant portion of MATL in USR01350337-2 Allele 2.
[0039] SEQ ID NO: 19 is the nucleotide sequence of
cDNA wildtype MATL.

[0040] SEQ ID NO: 20 is the nucleotide sequence for
vector 23397.
[0041] SEQ ID NO: 21 is the gRNA sequence for editing

VLHP2 in maize.

[0042] SEQ ID NO: 22 is the nucleotide sequence for
vector 23398.
[0043] SEQ ID NO: 23 is the gRNA sequence for editing

GW2-1 in maize.

[0044] SEQ ID NO: 24 is the nucleotide sequence for
vector 23763.

[0045] SEQ ID NO: 25 is the gRNA sequence for VLHP1
in wheat.

[0046] SEQ ID NO: 26 is the wheat VLHP target sequence
for TaVLHP2.

[0047] SEQ ID NO: 27 is the wheat VLHP target sequence
for TaVLHP3.

[0048] SEQ ID NO: 28 is the target sequence in ZmV-

LHP2-03 for editing.

[0049] SEQ ID NO: 29 is the edited sequence in ZmV-
LHP2-03.
[0050] SEQ ID NO: 30 is the repair donor template

sequence for creating E1491 mutation in ZmPYL-D.

[0051] SEQ ID NO: 31 is the nucleotide sequence for
vector 23136.

[0052] SEQ ID NO: 32 is the gRNA of vector 23136.
[0053] SEQ ID NO: 33 is the nucleotide sequence of rice

PLA gene Os03g27610.
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[0054] SEQ ID NO: 34 is the nucleotide sequence for
vector 24038.

[0055] SEQ ID NO: 35 is the nucleotide sequence for
vector 24039.

[0056] SEQ ID NO: 36 is the nucleotide sequence for
vector 24079.

[0057] SEQ ID NO: 37 is the nucleotide sequence for
vector 24091.

[0058] SEQ ID NO: 38 is the nucleotide sequence for
vector 24094.

[0059] SEQ ID NOs: 39 through 97 are primers and
probes used in the identified PCR Tagman assays.

[0060] SEQ ID NO: 98 is the nucleotide sequence for
vector 24075.

[0061] SEQ ID NO: 99 is a portion of the edited GW2-02
target site in haploid sweet corn line JSER82A063, shown in
FIG. 13.

[0062] SEQ ID NO: 100 is the reverse complement of
SEQ ID NO: 99 shown in FIG. 13.

[0063] SEQ ID NO: 101 is a portion of the edited TaV-
LHP1-4B target site in haploid wheat line JSWER30A22,
shown in FIG. 16.

[0064] SEQ ID NO: 102 is the nucleotide sequence of the
gRNA used in editing the Arabidopsis GL1 gene.

[0065] SEQ ID NO: 103 is the relevant portion of the
wildtype Arabidopsis GL1 gene.

[0066] SEQ ID NO: 104 is the relevant portion of the
edited GL1 gene (by single nucleotide deletion) in indi-
vidual 135.

[0067] SEQ ID NO: 105 is the relevant portion of the
edited GL1 gene (by single nucleotide insertion) in indi-
vidual 135.

[0068] SEQ ID NO: 106 is the relevant portion of the
unedited GL.1 gene in individual 1033-A3 (product of cross
between USR01424135 and Ler-425).

[0069] SEQ ID NO: 107 is the relevant portion of the
edited GL1 gene (by single nucleotide insertion) in indi-
vidual 1033-C3 (product of cross between USR01424135
and Ler-427).

[0070] SEQ ID NO: 108 is the relevant portion of the
edited GL1 gene (by single nucleotide insertion) in indi-
vidual 1033-E4 (product of cross between USR01424135
and Ler-437).

[0071] SEQ ID NO: 109 is the relevant portion of the
edited GL1 gene (by deletion of three nucleotides) in
individual 1041-H12.

[0072] SEQ ID NO: 110 is the relevant portion of the
edited GL1 gene (by single nucleotide insertion) in indi-
vidual 1042-E5 (product of cross between USR01424136
and Ler-25).

[0073] SEQ ID NO: 111 is the relevant portion of the
edited GL1 gene (by single nucleotide deletion) in indi-
vidual 1042-G12 (product of cross between USR01424136
and Ler-83).

[0074] SEQ ID NO: 112 is the relevant portion of the
edited GL1 gene (by deletion of two nucleotides) in indi-
vidual 1042-G10 (product of cross between USR01424136
and Ler-67).

[0075] SEQ ID NO: 113 is the relevant portion of the
edited GL1 gene (by deletion of two nucleotides) in indi-
vidual 1045-E3 (product of cross between USR01424136
and Ler-261).
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[0076] SEQ ID NO: 114 is the relevant portion of the
edited GL1 gene (by single nucleotide insertion) in indi-
vidual 1045-D3 (product of cross between USR01424136
and Ler-260).

[0077] SEQ ID NO: 115 is the relevant portion of the
edited GL1 gene (by single nucleotide insertion) in indi-
vidual 1046-D11 (product of cross between USR01431609
and Ler-111).

[0078] SEQ ID NO: 116 is the relevant portion of the
edited GL1 gene (by single nucleotide insertion) in indi-
vidual 1046-G12 (product of cross between USR01431609
and Ler-122).

[0079] SEQ ID NO: 117 is the relevant portion of the
edited GL1 gene (by deletion of sixteen nucleotides and
insertion of eight nucleotides) in individual 1045-F2 (prod-
uct of cross between USR01424136 and Ler-254).

BRIEF DESCRIPTION OF THE FIGURES

[0080] FIG. 1 shows the ploidy analysis (flow cytometry)
data for USR01350334-3: DIPLOID (major peak at 200,
secondary peak at 400).

[0081] FIG. 2 shows the ploidy analysis (flow cytometry)
data for USR01350333-3: HAPLOID (major peak at 100,
secondary peak at 200).

[0082] FIG. 3 shows the ploidy analysis (flow cytometry)
data for USR01350333-10: DIPLOID (major peak at 200,
secondary peak at 400).

[0083] FIG. 4 shows the ploidy analysis (flow cytometry)
data for USR01350344-2: HAPLOID (major peak at 100,
secondary peak at 200).

[0084] FIG. 5 shows the ploidy analysis (flow cytometry)
data for USR01350343-1: HAPLOID (major peak at 100,
secondary peak at 200).

[0085] FIG. 6 shows the ploidy analysis (flow cytometry)
data for USR01350341-1: DIPLOID (major peak at 200,
secondary peak at 400).

[0086] FIG. 7 shows the ploidy analysis (flow cytometry)
data for USR01350328-1: HAPLOID (major peak at 100,
secondary peak at 200).

[0087] FIG. 8 shows the ploidy analysis (flow cytometry)
data for USR01350321-3: DIPLOID (major peak at 200,
secondary peak at 400).

[0088] FIG. 9 is a schematic drawing of vector 23396
(SEQ ID NO: 1) used for Agrobacterium-mediated trans-
formation of maize immature embryos to generate targeted
mutations in ZmVLHP1 genes. xZmVLHP-01: guide RNA
(gRNA) sequence (5'-GCAGGAGGCGTCGAGCAGCG-3,
SEQ ID NO: 2); rsgRNAZmVLHP-01: single guide RNA
(sgRNA) comprising of gRNA, tracRNA and Pollll termi-
nation sequences. cPMI: PMI selectable marker gene;
cCas9: Cas9 nuclease gene; RB: T-DNA right border; LB:
T-DNA left border; tNOS: Nopaline synthetase terminator.
cSpec: Spectinomycin resistance gene.

[0089] FIG. 10 is a schematic drawing of vector 23399
(SEQ ID NO: 3) used for Agrobacterium-mediated trans-
formation of maize immature embryos to generate targeted
mutations in ZmGW2 genes. xZmGW2-02: guide RNA
(gRNA) sequence (5'-AAGCTCGCGCCCTGCTACCC-3,
SEQ ID NO: 4); rsgRNAZmGW2-02: single guide RNA
(sgRNA) comprising of gRNA, tracrRNA and PollIl termi-
nation sequences. cPMI-09: PMI selectable marker gene;
cCas9-01: Cas9 nuclease gene; RB: T-DNA right border;
LB: T-DNA left border; tNOS: Nopaline synthetase termi-
nator. cSpec: Spectinomycin resistance gene.
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[0090] FIG. 11 shows ploidy assay of edited haploid sweet
corn line JSER82A056 and FIG. 12 shows the same for
edited haploid sweet corn line JSER82A063. These lines
were obtained through crossing with RWKS haploid induc-
tion line carrying transgene locus of CRISPR-Cas9 expres-
sion vector 23399.

[0091] FIG. 13 shows sequencing confirmation of GW2-
02 target site editing in haploid sweet corn line
JSER82A063. A single base C next to the predicted Cas9
cleavage site was deleted. The sequence presented within the
box is identical to SEQ ID NO: 4. The top-line sequence
presented at the bottom of the figure is represented by SEQ
ID NO: 99. The bottom-line sequence is represented by SEQ
ID NO: 100 and is the reverse complement of SEQ ID NO:
99.

[0092] FIG. 14 shows ploidy analysis of wild type control,
and FIG. 15 shows ploidy analysis of edited haploid wheat
line JSWER30A22.

[0093] FIG. 16 shows sequencing confirmation of TaV-
LHP1-4B target site editing in haploid wheat line
JSWER30A22. Lower panel showing 97 bp of TaVLHP1-
4B sequence was deleted immediately downstream of the
predicted Cas9 cleavage site. The 97 bp deleted sequences
were marked by 2 arrows. The underlined sequence matches
the gRNA sequence of SEQ ID NO: 25. The entire sequence
is represented by SEQ ID NO: 101.

[0094] FIG. 17 shows pollen expression as measured by
pollen collected from transgenic maize TO plants carrying
T-DNA of vector 24038, 24039, 24079, 24091, and 24094,
which were used to pollinate emasculated spring wheat line
AC-Nanda. The expression was high in the pollen, averag-
ing about 100 fold higher in plants carrying T-DNA vectors
24038, 24039, and 24079 compared to the sugar cane
ubiquitin promoter used in many of the corn and wheat
examples. The expression was also higher in pollen from
plants containing vactors 24038, 24039, and 24079 when
compared to the pollen carrying the MATRILINEAL pro-
moter constructs (24094 and 24091).

[0095] FIG. 18 shows the ploidy analysis histogram of a
diploid control (parent USR01424135). The first peak is
located at the “2” position on the logarithmic X-axis.
Because this is leaf tissue from Arabidopsis, we see multiple
peaks indicating the normal level of endoreduplication.
[0096] FIG. 19 shows the ploidy analysis histogram of a
diploid control (parent USR01431603). The first peak is
located at the “2” position on the logarithmic X-axis.
Because this is leaf tissue from Arabidopsis, we see multiple
peaks indicating the normal level of endoreduplication.
[0097] FIG. 20 shows the ploidy analysis histogram of a
diploid control (parent USR01431609). The first peak is
located at the “2” position on the logarithmic X-axis.
Because this is leaf tissue from Arabidopsis, we see multiple
peaks indicating the normal level of endoreduplication.
[0098] FIG. 21 shows the ploidy analysis histogram of an
edited haploid from plate 1033, well C3 (USR01424135 X
Ler-427). The first peak is located at the “1” position on the
logarithmic X-axis, indicating it is a haploid. Because this is
leaf tissue from Arabidopsis, we see multiple peaks indi-
cating the normal level of endoreduplication.

[0099] FIG. 22 shows the ploidy analysis histogram of an
edited haploid from plate 1033, well E4 (USR01424135 X
Ler-437). The first peak is located at the “1” position on the
logarithmic X-axis, indicating it is a haploid. Because this is
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leaf tissue from Arabidopsis, we see multiple peaks indi-
cating the normal level of endoreduplication.

[0100] FIG. 23 shows the ploidy analysis histogram of an
edited haploid from plate 1046, well H12 (USR01431609 X
Ler-123). The first peak is located at the “1” position on the
logarithmic X-axis, indicating it is a haploid. Because this is
leaf tissue from Arabidopsis, we see multiple peaks indi-
cating the normal level of endoreduplication.

[0101] FIG. 24 shows the GL1 target site sequence muta-
tions in the parent #USR01424135 and all of the sequenced
edited haploids from outcrosses by Landsberg erecta pollen.
It is clear that the precise edit made is different in the
different haploids. From top to bottom, the sequences shown
are represented by SEQ ID NOs: 102-117, respectively.

DEFINITIONS

[0102] While the following terms are believed to be well
understood by one of ordinary skill in the art, the following
definitions are set forth to facilitate explanation of the
presently disclosed subject matter.

[0103] All technical and scientific terms used herein,
unless otherwise defined below, are intended to have the
same meaning as commonly understood by one of ordinary
skill in the art. References to techniques employed herein are
intended to refer to the techniques as commonly understood
in the art, including variations on those techniques and/or
substitutions of equivalent techniques that would be appar-
ent to one of skill in the art. While the following terms are
believed to be well understood by one of ordinary skill in the
art, the following definitions are set forth to facilitate expla-
nation of the presently disclosed subject matter.

[0104] Following long-standing patent law convention,
the terms “a,” “an,” and “the” refer to “one or more” when
used in this application, including the claims. For example,
the phrase “a cell” refers to one or more cells, and in some
embodiments can refer to a tissue and/or an organ. Similarly,
the phrase “at least one”, when employed herein to refer to
an entity, refers to, for example, 1, 2,3, 4, 5,6, 7, 8, 9, 10,
15, 20, 25, 30, 35, 40, 45, 50, 75, 100, or more of that entity,
including but not limited to all whole number values
between 1 and 100 as well as whole numbers greater than
100.

[0105] Unless otherwise indicated, all numbers expressing
quantities of ingredients, reaction conditions, and so forth
used in the specification and claims are to be understood as
being modified in all instances by the term “about.” The term
“about,” as used herein when referring to a measurable value
such as an amount of mass, weight, time, volume, concen-
tration or percentage is meant to encompass variations of in
some embodiments +20%, in some embodiments 10%, in
some embodiments +5%, in some embodiments 1%, in
some embodiments x0.5%, and in some embodiments
+0.1% from the specified amount, as such variations are
appropriate to perform the disclosed methods and/or employ
the discloses compositions, nucleic acids, polypeptides, etc.
Accordingly, unless indicated to the contrary, the numerical
parameters set forth in this specification and attached claims
are approximations that can vary depending upon the desired
properties sought to be obtained by the presently disclosed
subject matter.

[0106] As used herein, the term “allele” refers to a variant
or an alternative sequence form at a genetic locus. In
diploids, a single allele is inherited by a progeny individual
separately from each parent at each locus. The two alleles of
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a given locus present in a diploid organism occupy corre-
sponding places on a pair of homologous chromosomes,
although one of ordinary skill in the art understands that the
alleles in any particular individual do not necessarily rep-
resent all of the alleles that are present in the species.
[0107] As used herein, the term “and/or” when used in the
context of a list of entities, refers to the entities being present
singly or in combination. Thus, for example, the phrase “A,
B, C, and/or D” includes A, B, C, and D individually, but
also includes any and all combinations and subcombinations
of A, B, C, and D (e.g., AB, AC, AD, BC, BD, CD, ABC,
ABD, and BCD). In some embodiments, one of more of the
elements to which the “and/or” refers can also individually
be present in single or multiple occurrences in the combi-
nations(s) and/or subcombination(s).

[0108] As used herein, the phrase “associated with” refers
to a recognizable and/or assayable relationship between two
entities. For example, the phrase “associated with HI” refers
to a trait, locus, gene, allele, marker, phenotype, etc., or the
expression thereof, the presence or absence of which can
influence an extent and/or degree at which a plant or its
progeny exhibits HI. As such, a marker is “associated with”
a trait when it is linked to it and when the presence of the
marker is an indicator of whether and/or to what extent the
desired trait or trait form will occur in a plant/germplasm
comprising the marker. Similarly, a marker is “associated
with” an allele when it is linked to it and when the presence
of the marker is an indicator of whether the allele is present
in a plant/germplasm comprising the marker. For example,
“a marker associated with HI” refers to a marker whose
presence or absence can be used to predict whether and/or to
what extent a plant will display haploid induction.

[0109] The term “comprising,” which is synonymous with
“including,” “containing,” and “characterized by,” is inclu-
sive or open-ended and does not exclude additional, unre-
cited elements and/or method steps. “Comprising” is a term
of art that means that the named elements and/or steps are
present, but that other elements and/or steps can be added
and still fall within the scope of the relevant subject matter.
[0110] As used herein, the phrase “consisting of” excludes
any element, step, or ingredient not specifically recited.
When the phrase “consists of” appears in a clause of the
body of a claim, rather than immediately following the
preamble, it limits only the element set forth in that clause;
other elements are not excluded from the claim as a whole.
[0111] As used herein, the phrase “consisting essentially
of” limits the scope of the related disclosure or claim to the
specified materials and/or steps, plus those that do not
materially affect the basic and novel characteristic(s) of the
disclosed and/or claimed subject matter.

[0112] With respect to the terms “comprising,” “consisting
essentially of,” and “consisting of,” where one of these three
terms is used herein, the presently disclosed and claimed
subject matter can include in some embodiments the use of
either of the other two terms. For example, if a subject
matter relates in some embodiments to nucleic acids that
encode polypeptides comprising amino acid sequences that
are at least 95% identical to a SEQ ID NO: 9 or 19. It is
understood that the disclosed subject matter thus also
encompasses nucleic acids that encode polypeptides that in
some embodiments consist essentially of amino acid
sequences that are at least 95% identical to that SEQ ID NO:
9 or 19 as well as nucleic acids that encode polypeptides that
in some embodiments consist of amino acid sequences that
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are at least 95% identical to that SEQ ID NO: 9 or 19.
Similarly, it is also understood that in some embodiments the
methods for the disclosed subject matter comprise the steps
that are disclosed herein, in some embodiments the methods
for the presently disclosed subject matter consist essentially
of' the steps that are disclosed, and in some embodiments the
methods for the presently disclosed subject matter consist of
the steps that are disclosed herein.

[0113] As used herein, the term “de novo haploid induc-
tion” refers to the triggering of haploid induction by the
introduction of a spontaneous haploid inducing agent. Such
introduction can be achieved by topical spray, hand-polli-
nation, mutagenesis, or transgenic methods. The terms “de
novo haploid induction,” “de novo HIL,” and “haploid induc-
tion de novo” are used interchangeably throughout this
specification.

[0114] As used herein, the term “gene” refers to a heredi-
tary unit including a sequence of DNA that occupies a
specific location on a chromosome and that contains the
genetic instruction for a particular characteristic or trait in an
organism.

[0115] A “genetic map” is a description of genetic linkage
relationships among loci on one or more chromosomes
within a given species, generally depicted in a diagrammatic
or tabular form.

[0116] As used herein, a plant referred to as “haploid” has
a reduced number of chromosomes (n) in the haploid plant,
and its chromosome set is equal to that of the gamete. In a
haploid organism, only half of the normal number of chro-
mosomes are present. Thus haploids of diploid organisms
(e.g., maize) exhibit monoploidy; haploids of tetraploid
organisms (e.g., ryegrasses) exhibit diploidy; haploids of
hexaploid organisms (e.g., wheat) exhibit triploidy; etc. As
used herein, a plant referred to as “doubled haploid” is
developed by doubling the haploid set of chromosomes. A
plant or seed that is obtained from a doubled haploid plant
that is selfed to any number of generations may still be
identified as a doubled haploid plant. A doubled haploid
plant is considered a homozygous plant. A plant is consid-
ered to be doubled haploid if it is fertile, even if the entire
vegetative part of the plant does not consist of the cells with
the doubled set of chromosomes; that is, a plant will be
considered doubled haploid if it contains viable gametes,
even if it is chimeric in vegetative tissues.

[0117] As used herein, the term “human-induced muta-
tion” refers to any mutation that occurs as a result of either
direct or indirect human action. This term includes, but is not
limited to, mutations obtained by any method of targeted
mutagenesis.

[0118] As used herein, “introduced” means delivered,
expressed, applied, transported, transferred, permeated, or
other like term to indicate the delivery, whether of nucleic
acid or protein or combination thereof, of a desired object to
an object. For example, nucleic acids encoding a site
directed nuclease and optionally at least one guide RNA may
be introduced into a haploid embryo upon haploid induction.
Likewise, extant editing machinery (comprising a site
directed nuclease protein and optionally at least one guide
RNA) may be introduced to a haploid embryo upon appli-
cation of appropriate cell-penetrating peptides.

[0119] As used herein, the terms “marker probe” and
“probe” refer to a nucleotide sequence or nucleic acid
molecule that can be used to detect the presence or absence
of a sequence within a larger sequence, e.g., a nucleic acid
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probe that is complementary to all of or a portion of the
marker or marker locus, through nucleic acid hybridization.
Marker probes comprising about 8, 10, 15, 20, 30, 40, 50,
60, 70, 80, 90, 100 or more contiguous nucleotides can be
used for nucleic acid hybridization.

[0120] As used herein, the term “molecular marker” can
be used to refer to a genetic marker, as defined above, or an
encoded product thereof (e.g., a protein) used as a point of
reference when identifying the presence/absence of a HI-
associated locus. A molecular marker can be derived from
genomic nucleotide sequences or from expressed nucleotide
sequences (e.g., from an RNA, a cDNA, etc.). The term also
refers to nucleotide sequences complementary to or flanking
the marker sequences, such as nucleotide sequences used as
probes and/or primers capable of amplifying the marker
sequence. Nucleotide sequences are “complementary” when
they specifically hybridize in solution (e.g., according to
Watson-Crick base pairing rules). This term also refers to the
genetic markers that indicate a trait by the absence of the
nucleotide sequences complementary to or flanking the
marker sequences, such as nucleotide sequences used as
probes and/or primers capable of amplifying the marker
sequence.

[0121] As used herein, the terms “nucleotide sequence,”
“polynucleotide,” “nucleic acid sequence,” “nucleic acid
molecule,” and “nucleic acid fragment” refer to a polymer of
RNA or DNA that is single- or double-stranded, optionally
containing synthetic, non-natural, and/or altered nucleotide
bases. A “nucleotide” is a monomeric unit from which DNA
or RNA polymers are constructed and consists of a purine or
pyrimidine base, a pentose, and a phosphoric acid group.
Nucleotides (usually found in their 5'-monophosphate form)
are referred to by their single letter designation as follows:
“A” for adenylate or deoxyadenylate (for RNA or DNA,
respectively), “C” for cytidylate or deoxycytidylate, “G” for
guanylate or deoxyguanylate, “U” for uridylate, “T” for
deoxythymidylate, “R” for purines (A or G), “Y” for pyrimi-
dines (C or T), “K” for G or T, “H” for A or C or T, “I” for
inosine, and “N” for any nucleotide.

[0122] As used herein, the term “nucleotide sequence
identity” refers to the presence of identical nucleotides at
corresponding positions of two polynucleotides. Polynucle-
otides have “identical” sequences if the sequence of nucleo-
tides in the two polynucleotides is the same when aligned for
maximum correspondence (e.g., in a comparison window).
Sequence comparison between two or more polynucleotides
is generally performed by comparing portions of the two
sequences over a comparison window to identify and com-
pare local regions of sequence similarity. The comparison
window is generally from about 20 to 200 contiguous
nucleotides. The “percentage of sequence identity” for poly-
nucleotides, such as about 50, 55, 60, 65, 70, 75, 80, 85, 90,
95, 98, 99 or 100 percent sequence identity, can be deter-
mined by comparing two optimally aligned sequences over
a comparison window, wherein the portion of the polynucle-
otide sequence in the comparison window can include
additions or deletions (i.e., gaps) as compared to the refer-
ence sequence for optimal alignment of the two sequences.
In some embodiments, the percentage is calculated by: (a)
determining the number of positions at which the identical
nucleic acid base occurs in both sequences; (b) dividing the
number of matched positions by the total number of posi-
tions in the window of comparison; and (¢) multiplying the
result by 100. Optimal alignment of sequences for compari-
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son can also be conducted by computerized implementations
of' known algorithms, or by visual inspection. Readily avail-
able sequence comparison and multiple sequence alignment
algorithms are, respectively, the Basic Local Alignment
Search Tool (BLAST) and ClustalW/ClustalW2/Clustal
Omega programs available on the Internet (e.g., the website
of'the EMBL-EBI). Other suitable programs include, but are
not limited to, GAP, BestFit, Plot Similarity, and FASTA,
which are part of the Accelrys GCG Package available from
Accelrys, Inc. of San Diego, Calif,, United States of
America. See also Smith & Waterman, 1981; Needleman &
Wunsch, 1970; Pearson & Lipman, 1988; Ausubel et al.,
1988; and Sambrook & Russell, 2001.

[0123] One example of an algorithm that is suitable for
determining percent sequence identity and sequence simi-
larity is the BLAST algorithm, which is described in Alts-
chul et al., 1990. In some embodiments, a percentage of
sequence identity refers to sequence identity over the full
length of one of the gDNA, cDNA, or the predicted protein
sequences in the largest ORF of SEQ ID No: 1 being
compared. In some embodiments, a calculation to determine
a percentage of nucleic acid sequence identity does not
include in the calculation any nucleotide positions in which
either of the compared nucleic acids includes an “N” (i.e.,
where any nucleotide could be present at that position).

[0124] The term “open reading frame” (ORF) refers to a
nucleic acid sequence that encodes a polypeptide. In some
embodiments, an ORF comprises a translation initiation
codon (i.e., start codon), a translation termination (i.e., stop
codon), and the nucleic acid sequence there between that
encodes the amino acids present in the polypeptide. The
terms “initiation codon” and “termination codon” refer to a
unit of three adjacent nucleotides (i.e., a codon) in a coding
sequence that specifies initiation and chain termination,
respectively, of protein synthesis (mMRNA translation).

[0125] Patatin-like phospholipase A2a may also be known
as PLA, pPLA, pPLAIIA pPLAIlla, PLA2alpha, or PLA2, or
other similar variation. Patatin-like phospholipase Alla is
also referred to as MATRILINEAL (MATL). These terms
are used interchangeably throughout. A MATRILINEAL
gene comprising a four basepair frameshift mutation is
referred to as matrilineal (matl).

[0126] As used herein, the terms “phenotype,” “pheno-
typic trait” or “trait” refer to one or more traits of a plant or
plant cell. The phenotype can be observable to the naked
eye, or by any other means of evaluation known in the art,
e.g., microscopy, biochemical analysis, or an electrome-
chanical assay. In some cases, a phenotype is directly
controlled by a single gene or genetic locus (i.e., corre-
sponds to a “single gene trait”). In the case of haploid
induction use of color markers, such as R Navajo, and other
markers including transgenes visualized by the presences or
absences of color within the seed evidence if the seed is an
induced haploid seed. The use of R Navajo as a color marker
and the use of transgenes is well known in the art as means
to detect induction of haploid seed on the female plant. In
other cases, a phenotype is the result of interactions among
several genes, which in some embodiments also results from
an interaction of the plant and/or plant cell with its envi-
ronment.

[0127] As used herein, the term “plant” can refer to a
whole plant, any part thereof, or a cell or tissue culture
derived from a plant. Thus, the term “plant” can refer to any
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of: whole plants, plant components or organs (e.g., leaves,
stems, roots, etc.), plant tissues, seeds and/or plant cells.
[0128] A plant cell is a cell of a plant, taken from a plant,
or derived through culture from a cell taken from a plant.
Thus, the term “plant cell” includes without limitation cells
within seeds, suspension cultures, embryos, meristematic
regions, callus tissue, leaves, shoots, gametophytes, sporo-
phytes, pollen, and microspores. The phrase “plant part”
refers to a part of a plant, including single cells and cell
tissues such as plant cells that are intact in plants, cell
clumps, and tissue cultures from which plants can be regen-
erated. Examples of plant parts include, but are not limited
to, single cells and tissues from pollen, ovules, leaves,
embryos, roots, root tips, anthers, flowers, fruits, stems,
shoots, and seeds; as well as scions, rootstocks, protoplasts,
calli, and the like.

[0129] As used herein, the term “primer” refers to an
oligonucleotide which is capable of annealing to a nucleic
acid target (in some embodiments, annealing specifically to
a nucleic acid target) allowing a DNA polymerase and/or
reverse transcriptase to attach thereto, thereby serving as a
point of initiation of DNA synthesis when placed under
conditions in which synthesis of a primer extension product
is induced (e.g., in the presence of nucleotides and an agent
for polymerization such as DNA polymerase and at a
suitable temperature and pH). In some embodiments, one or
more pluralities of primers are employed to amplify plant
nucleic acids (e.g., using the polymerase chain reaction;
PCR).

[0130] As used herein, the term “probe” refers to a nucleic
acid (e.g., a single stranded nucleic acid or a strand of a
double stranded or higher order nucleic acid, or a subse-
quence thereof) that can form a hydrogen-bonded duplex
with a complementary sequence in a target nucleic acid
sequence. Typically, a probe is of sufficient length to form a
stable and sequence-specific duplex molecule with its
complement, and as such can be employed in some embodi-
ments to detect a sequence of interest present in a plurality
of nucleic acids.

[0131] As used herein, the terms “progeny” and “progeny
plant” refer to a plant generated from vegetative or sexual
reproduction from one or more parent plants. In gynogen-
esis-mediated haploid induction, the haploid embryo on the
female parent comprises female chromosomes to the exclu-
sion of male chromosomes—thus it is not a progeny of the
male haploid-inducing line. The haploid corn seed typically
still has normal triploid endosperm that contains the male
genome. The edited haploid progeny and subsequent edited
doubled haploid plants and subsequent seed is not the only
desired progeny. There is also the seed from the haploid
inducer line itself, often carrying the Cas9 transgene, and
subsequent plant and seed progeny of the haploid inducing
plant. Both the haploid seed and the haploid inducer (self-
pollination-derived) seed can be progeny. A progeny plant
can be obtained by cloning or selfing a single parent plant,
or by crossing two or more parental plants. For instance, a
progeny plant can be obtained by cloning or selfing of a
parent plant or by crossing two parental plants and include
selfings as well as the F, or F, or still further generations. An
F, is a first-generation progeny produced from parents at
least one of which is used for the first time as donor of a trait,
while progeny of second generation (F2) or subsequent
generations (F;, F,, and the like) are specimens produced
from selfings, intercrosses, backcrosses, and/or other crosses
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of Fys, Fs, and the like. An F; can thus be (and in some
embodiments is) a hybrid resulting from a cross between
two true breeding parents (i.e., parents that are true-breeding
are each homozygous for a trait of interest or an allele
thereof), while an F, can be (and in some embodiments is)
a progeny resulting from self-pollination of the F, hybrids.

[0132] As used herein, the phrase “recombination” refers
to an exchange of DNA fragments between two DNA
molecules or chromatids of paired chromosomes (a “cross-
over”) over in a region of similar or identical nucleotide
sequences. A “recombination event” is herein understood to
refer in some embodiments to a meiotic crossover.

[0133] As used herein, the term “reference sequence”
refers to a defined nucleotide sequence used as a basis for
nucleotide sequence comparison. In some embodiments, any
of SEQ ID NOs: 2, 4, 8, 21, 23, 25, 29, 32, and 33 can serve
as a reference sequence for comparing to other sequences
obtained from plants.

[0134] As used herein, the term “regenerate,” and gram-
matical variants thereof, refers to the production of a plant
from tissue culture.

[0135] As used herein, the phrase “stringent hybridization
conditions” refers to conditions under which a polynucle-
otide hybridizes to its target subsequence, typically in a
complex mixture of nucleic acids, but to essentially no other
sequences. Stringent conditions are sequence-dependent and
can be different under different circumstances.

[0136] Longer sequences typically hybridize specifically
at higher temperatures. An extensive guide to the hybrid-
ization of nucleic acids is found in Sambrook & Russell,
2001. Generally, stringent conditions are selected to be
about 5-10° C. lower than the thermal melting point (T,,) for
the specific sequence at a defined ionic strength pH. The Tm
is the temperature (under defined ionic strength, pH, and
nucleic acid concentration) at which 50% of the probes
complementary to the target hybridize to the target sequence
at equilibrium (as the target sequences are present in excess,
at Tm, 50% of the probes are occupied at equilibrium).
Exemplary stringent conditions are those in which the salt
concentration is less than about 1.0 M sodium ion, typically
about 0.01 to 1.0 M sodium ion concentration (or other salts)
at pH 7.0 to 8.3 and the temperature is at least about 30° C.
for short probes (e.g., 10 to 50 nucleotides) and at least about
60° C. for long probes (e.g., greater than 50 nucleotides).

[0137] Stringent conditions can also be achieved with the
addition of destabilizing agents such as formamide. Addi-
tional exemplary stringent hybridization conditions include
50% formamide, 5xSSC, and 1% SDS incubating at 42° C.;
or SSC, 1% SDS, incubating at 65° C.; with one or more
washes in 0.2xSSC and 0.1% SDS at 65° C. For PCR, a
temperature of about 36° C. is typical for low stringency
amplification, although annealing temperatures can vary
between about 32° C. and 48° C. (or higher) depending on
primer length. Additional guidelines for determining hybrid-
ization parameters are provided in numerous references (see
e.g., Ausubel et al., 1999).

[0138] As used herein, the term “trait” refers to a pheno-
type of interest, a gene that contributes to a phenotype of
interest, as well as a nucleic acid sequence associated with
a gene that contributes to a phenotype of interest. For
example, a “HI trait” refers to a haploid induction phenotype
as well as a gene (e.g., matl in maize or Os03g27610 in rice)
that contributes to a haploid induction and a nucleic acid
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sequence (e.g., a Hl-associated gene product) that is asso-
ciated with the presence or absence of the haploid induction
phenotype.

[0139] As used herein, the term “transgene” refers to a
nucleic acid molecule introduced into an organism or one or
more of its ancestors by some form of artificial transfer
technique. The artificial transfer technique thus creates a
“transgenic organism” or a “transgenic cell.” It is understood
that the artificial transfer technique can occur in an ancestor
organism (or a cell therein and/or that can develop into the
ancestor organism) and yet any progeny individual that has
the artificially transferred nucleic acid molecule or a frag-
ment thereof is still considered transgenic even if one or
more natural and/or assisted breedings result in the artifi-
cially transferred nucleic acid molecule being present in the
progeny individual.

[0140] As used herein, the term “targeted mutagenesis” or
“mutagenesis strategy” refers to any method of mutagenesis
that results in the intentional mutagenesis of a chosen gene.
Targeted mutagenesis includes the methods CRISPR, TILL.-
ING, TALEN, and other methods not yet discovered but
which may be used to achieve the same outcome.

[0141] As used herein, haploid induction rate (“HIR™)
means the number of surviving haploid kernels over the total
number of kernels after an ear is pollinated with haploid
inducer pollen.

[0142] Particular problems plague that haploid induction:
increased embryo abortion rates and increased fertilization
failure rates (reduced seed set rates). For these reasons, there
exists a need to successfully determine the cause of HI, and
to use that knowledge to determine methods of stably or
increasingly creating haploid plants while simultaneously
reducing fertilization failure and embryo abortions.

[0143] It is specifically contemplated that one could muta-
genize a promoter to potentially improve the utility of the
elements for the expression of transgenes in plants. The
mutagenesis of these elements can be carried out at random
and the mutagenized promoter sequences screened for activ-
ity in a trial-by-error procedure. Alternatively, particular
sequences which provide the promoter with desirable
expression characteristics, or the promoter with expression
enhancement activity, could be identified and these or simi-
lar sequences introduced into the promoter via mutation. It
is further contemplated that one could mutagenize these
sequences in order to enhance their expression of transgenes
in a particular species. The means for mutagenizing a DNA
segment encoding a promoter sequence of the current inven-
tion are well-known to those of skill in the art. As indicated,
modifications to promoter or other regulatory element may
be made by random, or site-specific mutagenesis procedures.
The promoter and other regulatory element may be modified
by altering their structure through the addition or deletion of
one or more nucleotides from the sequence which encodes
the corresponding unmodified sequences.

[0144] Mutagenesis may be performed in accordance with
any of the techniques known in the art, such as, and not
limited to, synthesizing an oligonucleotide having one or
more mutations within the sequence of a particular regula-
tory sequence. In particular, site-specific mutagenesis is a
technique useful in the preparation of promoter mutants,
through specific mutagenesis of the underlying DNA. RNA-
guided endonucleases (“RGEN,” e.g., CRISPR/Cas9) may
also be used. The technique further provides a ready ability
to prepare and test sequence variants, for example, incor-
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porating one or more of the foregoing considerations, by
introducing one or more nucleotide sequence changes into
the DNA. Site-specific mutagenesis allows the production of
mutants through the use of specific oligonucleotide
sequences which encode the DNA sequence of the desired
mutation, as well as a sufficient number of adjacent nucleo-
tides, to provide a primer sequence of sufficient size and
sequence complexity to form a stable duplex on both sides
of the deletion junction being traversed. Typically, a primer
of about 17 to about 75 nucleotides or more in length is
preferred, with about 10 to about 25 or more residues on
both sides of the junction of the sequence being altered.
[0145] Where a clone comprising a promoter has been
isolated in accordance with the instant invention, one may
wish to delimit the essential promoter regions within the
clone. One efficient, targeted means for preparing mutagen-
ized promoters relies upon the identification of putative
regulatory elements within the promoter sequence. This can
be initiated by comparison with promoter sequences known
to be expressed in similar tissue specific or developmentally
unique patterns. Sequences which are shared among pro-
moters with similar expression patterns are likely candidates
for the binding of transcription factors and are thus likely
elements which confer expression patterns. Confirmation of
these putative regulatory elements can be achieved by
deletion analysis of each putative regulatory sequence fol-
lowed by functional analysis of each deletion construct by
assay of a reporter gene which is functionally attached to
each construct. As such, once a starting promoter sequence
is provided, any of a number of different deletion mutants of
the starting promoter could be readily prepared.

[0146] The invention disclosed herein provides polynucle-
otide molecules comprising regulatory element fragments
that may be used in constructing novel chimeric regulatory
elements. Novel combinations comprising fragments of
these polynucleotide molecules and at least one other regu-
latory element or fragment can be constructed and tested in
plants and are considered to be within the scope of this
invention. Thus the design, construction, and use of chimeric
regulatory elements is one embodiment of this invention.
Promoters of the present invention include homologues of
cis elements known to affect gene regulation that show
homology with the promoter sequences of the present inven-
tion.

[0147] Functional equivalent fragments of one of the
transcription regulating nucleic acids described herein com-
prise at least 50, 100, 150, 200, 250, 300, 350, 400, 450, 500,
550, 600, 650, 700, 750, 800, 850, 900, 950, or 1000 base
pairs of a transcription regulating nucleic acid. Equivalent
fragments of transcription regulating nucleic acids, which
are obtained by deleting the region encoding the 5'-untrans-
lated region of the mRNA, would then only provide the
(untranscribed) promoter region. The 5'-untranslated region
can be easily determined by methods known in the art (such
as 5-RACE analysis). Accordingly, some of the transcrip-
tion regulating nucleic acids, described herein, are equiva-
lent fragments of other sequences.

[0148] As indicated above, deletion mutants of the pro-
moter of the invention also could be randomly prepared and
then assayed. Following this strategy, a series of constructs
are prepared, each containing a different portion of the
promoter (a subclone), and these constructs are then
screened for activity. A suitable means for screening for
activity is to attach a deleted promoter or intron construct
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which contains a deleted segment to a selectable or screen-
able marker, and to isolate only those cells expressing the
marker gene. In this way, a number of different, deleted
promoter constructs are identified which still retain the
desired, or even enhanced, activity. The smallest segment
which is required for activity is thereby identified through
comparison of the selected constructs. This segment may
then be used for the construction of vectors for the expres-
sion of exogenous genes.

[0149] An expression cassette as described herein may
comprise further regulatory elements. The term in this
context is to be understood in the broad meaning comprising
all sequences which may influence construction or function
of the expression cassette. Regulatory elements may, for
example, modity transcription and/or translation in prokary-
otic or eukaryotic organisms. The expression cassette
described herein may be downstream (in 3' direction) of the
nucleic acid sequence to be expressed and optionally contain
additional regulatory elements, such as transcriptional or
translational enhancers. Each additional regulatory element
may be operably liked to the nucleic acid sequence to be
expressed (or the transcription regulating nucleotide
sequence). Additional regulatory elements may comprise
additional promoters, minimal promoters, promoter ele-
ments, or transposon elements which may modify or
enhance the expression regulating properties. The expres-
sion cassette may also contain one or more introns, one or
more exons and one or more terminators.

[0150] Furthermore, it is contemplated that promoters
combining elements from more than one promoter may be
useful. For example, U.S. Pat. No. 5,491,288 discloses
combining a Cauliflower Mosaic Virus promoter with a
histone promoter. Thus, the elements from the promoters
disclosed herein may be combined with elements from other
promoters. Promoters which are useful for plant transgene
expression include those that are inducible, viral, synthetic,
constitutive (Odell Nature 313: 810-812 (1985)), temporally
regulated, spatially regulated, tissue specific, and spatial
temporally regulated. Using the regulatory elements
described herein, numerous agronomic genes can be
expressed in transformed plants. More particularly, plants
can be genetically engineered to express various phenotypes
of agronomic interest.

DETAILED DESCRIPTION

[0151] One embodiment of the invention provides a
method of editing plant genomic DNA, comprising: (i)
obtaining a first plant, wherein the first plant is a haploid
inducer line of the plant, and wherein said first plant is
capable of expressing a DNA modification enzyme and
optionally a guide nucleic acid; (ii) obtaining a second plant,
wherein the second plant comprises the plant genomic DNA
which is to be edited; (iii) pollinating the second plant with
pollen from the first plant; and (iv) selecting at least one
haploid progeny produced by the pollination of step (c)
wherein the haploid progeny comprises the genome of the
second plant but not the first plant, and the genome of the
haploid progeny has been modified by the DNA modifica-
tion enzyme and optional guide nucleic acid delivered by the
first plant.

[0152] In one aspect of the method, the DN A modification
enzyme is a site-directed nuclease selected from the group
consisting of meganucleases (MNs), zinc-finger nucleases
(ZFNs), transcription-activator like effector nucleases (TAL-
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ENs), Cas9 nuclease, Cfpl nuclease, dCas9-Fokl, dCpfl-
Fokl, chimeric Cas9-cytidine deaminase, chimeric Cas9-
adenine deaminase, chimeric FEN1-Fokl, and Mega-TALs,
a nickase Cas9 (nCas9), chimeric dCas9 non-Fokl nuclease
and dCpfl non-FokI nuclease; and further wherein the guide
nucleic acid is a guide RNA.

[0153] In another aspect of the method, the edited haploid
progeny is treated with a chromosome doubling agent,
thereby creating an edited doubled haploid progeny. For
example, the chromosome doubling agent is colchicine,
pronamide, dithipyr, trifluralin, or another known anti-mi-
crotubule agent.

[0154] In another aspect of the method, the first plant is a
monocot or a dicot. For example, the first plant is a monocot
selected from the group consisting of maize, wheat, rice,
barley, oats, triticale, sorghum, pearl millet, teosinte, bam-
boo, sugar cane, asparagus, onion, and garlic. In another
aspect, the second plant is a monocot or a dicot. For example
the second plant is a monocot selected from the group
consisting of maize, wheat, rice, barley, oats, triticale, sor-
ghum, pearl millet, teosinte, bamboo, sugar cane, asparagus,
onion, and garlic.

[0155] In another aspect of the method, the optional guide
RNA is an 18-21 nucleotide sequence and is homologous to
a sequence selected from the group consisting of SEQ ID
NOs: 2, 4, 8, 21, 23, 25, 29, 32, and 33. In another aspect,
the first plant expresses a marker gene. For example, the
marker gene is selected from the group consisting of GUS,
PMI, PAT, GFP, RFP, CFP, B1, C1, R-nj, anthocyanin
pigments, and any other marker gene.

[0156] In another aspect of the method, the first plant is a
maize plant selected and/or derived from the lines Stock 6,
RWK, RWS, UH400, AX5707RS, NP2222-matl, or any of
the several other known HI lines.

[0157] In one embodiment, the first plant and the second
plant are different species. In one aspect, first plant is a
wheat plant and the second plant is a maize plant. In another
aspect, the first plant is a maize plant and the second plant
is a wheat plant.

[0158] One object of the invention is a gene-edited plant
produced by the method provided.

[0159] In another embodiment, the invention provides a
method of editing plant genomic DNA, comprising: (i)
obtaining a first plant, wherein said first plant is capable of
expressing a DNA modification enzyme and optionally a
guide nucleic acid; (ii) obtaining a second plant, wherein the
second plant comprises the plant genomic DNA which is to
be edited; (iii) pollinating the second plant with pollen from
the first plant; (iv) applying a composition comprising a lipid
or a phospholipase inhibitor immediately preceding, during,
or following the pollination of step (iii); and (v) selecting at
least one haploid progeny produced by the pollination of
step (ii1) wherein the haploid progeny comprises the genome
of the second plant but not the first plant, and the genome of
the haploid progeny has been modified by the DNA modi-
fication enzyme and optional guide nucleic acid delivered by
the first plant. In one aspect, the composition comprises
methyl alpha-linolenoyl fluorophosphonate (MALFP), lino-
leic acid ethyl ester (LLAEE), linoleic acid (LLA), corn oil,
distearoyl-phosphatidyl choline (DSPC), methyl arachido-
nyl fluorophosphonate (MAFP), Palmityl triffuoromethyl-
ketone (PACOCF3), Arachidonyl trifluoromethylketone
(AACOCF3), Manoalide, Linolenic acid ethyl ester
(LNAEE), Linolenic acid ethyl ester (LNAEE), Oleic acid
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methyl ester (OAME), Oleic acid ethyl ester (OAEE),
Palmitic acid ethyl ester (PAEE), Palmitoleic acid ethyl ester
(PLAEE), Linseed oil, corn oil, alpha-Linolenic acid
(aLLNA), gamma-Linolenic acid (gL.NA), Oleic acid, Arachi-
donic acid, Stearic Acid, 9(Z)-11(E)-conjugated Linoleic
acid, or 2-oleoyl-1-palmitoyl-sn-glycero-3-phospho-etha-
nolamine.

[0160] In another embodiment, the invention provides a
method of editing plant genomic DNA, comprising: (i)
obtaining a first plant, wherein said first plant is capable of
expressing a DNA modification enzyme and optionally a
guide nucleic acid; (ii) obtaining a second plant, wherein the
second plant comprises the plant genomic DNA which is to
be edited; (iii) crossing the first plant with the second plant;
and (iv) selecting at least one haploid progeny produced by
the crossing of step (iii) wherein the haploid progeny
comprises the genome of the second plant but not the first
plant, and the genome of the haploid progeny has been
modified by the DNA modification enzyme and optional
guide nucleic acid delivered by the first plant. In one aspect,
the first plant acts as the female parent in the cross of step
(iii). In another aspect, the first plant comprises a mutation
in a CENH3 gene, an igl gene, or another mutation confer-
ring paternal-haploid inducing systems.

EXAMPLES

1. Producing New Haploid Inducer Lines Comprising the
Editing Machinery.

[0161] We transformed a transformable line of maize
called NP2222 with a TALEN construct, and separately
transformed this line with a Cas9 and guide RNA construct.
The TALEN construct (pBSC22808 (SEQ ID NO: 5), with
TALENS targeting cleavage within target sequence,

SEQ ID NO: 6;
5 ' - TCCAGGGTCAACGTGGAGACAGGGAGGTACGAACCGGTGACTGGCGA

AGGAAGCA-3',

TALEN recognition sequence underlined) and the Cas9
construct (pBSC23123 (SEQ ID NO: 7) with guide RNA
sequence of xZmPLAIIA, 5'-GGGTCAACGTGGAGACA-
GGG-3', SEQ ID NO: 8) were designed to target mutations
into the fourth exon of maize gene called MATRILINEAL
(MATL; GRAMENE ID: GRMZM2G471240). This gene,
when mutated at the target site by the TALEN or by the Cas9
and guide RNA, is knocked out, resulting in a loss of
function of the protein product. We previously established
that lines that are homozygous for loss of function mutations
in MATL are haploid inducer lines, meaning that when they
are used as pollen donors in crosses, they induce the
formation of haploids on the resulting ears (see P.C.T. Patent
Application No. PCT/US2016/62548, filed Nov. 17, 2016,
incorporated herein by reference in its entirety).

[0162] We produced several events and self-pollinated
them to make T1 seed. We grew up T1 individuals from
event MZET152408 A042A. We recovered five T1 progeny
that retained two copies of the Cas9 and guide RNA editing
machinery stably transformed, and were also homozygous
mutant for the MATL gene. See Table 1.
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TABLE 1

New HI lines comprising the genome editing machinery.

New HI Line wt MATL Cas9

Individual ID Presence  Presence Mutation in MATL
USR01283349 - + 13 bp deletion, homozygous
USRO01283378 - + 13 bp deletion, homozygous
USR01283388 - + 8 bp deletion, homozygous
USR01283391 - + 8 bp deletion, homozygous
USR01283398 - + 13 bp deletion, homozygous

[0163] The MATL mutations are detected using a TagMan
assay, which amplifies the wildtype copy of MATL (referred
to herein as MATL or wt-MATL; these terms are used
interchangeably throughout). When both copies of MATL
are mutated, this assays reads negative (i.e., “="). The Cas9
and guide RNA editing machinery were stably inserted via
Construct 23123 (SEQ ID NO: 7). We sequenced the muta-
tions in MATL via PCR and subcloning. Four colonies of
each PCR product was sequenced, and all of the colonies for
a given individual had the same sequence, indicating these
plants are all homozygous mutant for the MATL allele (also
referred to herein as matl when referencing the 4 basepair
insertion in MATRILINEAL found in Stock6 and other
Stock6-derived lines, or uMATL when referencing any other
human-induced mutation in MATRILINEAL). There were
two plants that had 8 bp deletions, and three plants that had
13 bp deletions.

II. Using the New HI Lines as Male Parents and Progeny
Analysis.

[0164] We crossed the above new HI plants as male pollen
donors to a female tester line, which contained a recessive
color marker but were wild type for the MATL gene. The
male haploid inducer line is homozygous wild type for the
same color marker. This female line was thus a non-haploid
inducer and were homozygous wild-type for the MATL gene
but homozygous mutant for the color marker. We recovered
seeds from the crosses, and germinated seedlings therefrom.

[0165] Progeny seedlings were subjected to several
assays. Progeny seedlings were scored as diploids if they do
not exhibit the color marker (because the recessive marker
is complemented by the male inducer DNA). Progeny seed-
lings were scored as putative haploids if they do exhibit the
color marker because the recessive marker is not comple-
mented. Of the 2656 seeds planted, we used the color assay
and identified 90 seedlings as putative haploids.

[0166] We further analyzed the 90 putative haploids for
presence of the wildtype MATL gene using a Tagqman
marker assay. Of these, 82 were positive for MATL,, mean-
ing they were not edited by the editing machinery provided
by the male parent. The remaining 8 putative haploid
seedlings were negative for wildtype MATL using the Taq-
man marker, indicating that they may have been edited by
the editing machinery provided by the male parent.

[0167] We performed ploidy analysis via Flow Cytometry
on these 8 putative, edited haploid seedlings using leaftissue
in a ploidy analyzer. See FIGS. 1-8. We found that four of
them were true haploids, while the others were actually
diploids. As we discuss below, we ran PCR and sequenced
the mutations in the MATL gene in these four true haploids
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as well as for plant USR01350337-2 which, according to the
MATL Tagman assay, was not edited by the genome editing
machinery.

[0168] The finding that there were four diploids among the
90 putative haploids was not unexpected—the seedling
assay is not perfect and there are occasional false positives.
We tested the 90 haploids for the presence of the Cas9
construct (Construct 23123), and found it was missing in 86
out of 90, including the four true haploids above. In contrast,
the four edited diploids that we found during the ploidy
analysis all had the Cas9 construct present, confirming their
status as hybrid diploids that were falsely identified by the
haploid seedling assay as being haploids.

[0169] We then used the leaf tissue to isolate genomic
DNA and ran a PCR reaction to sequence the MATL gene in
those four true haploid, putative edited individuals, specifi-
cally focusing on the sequence flanking the guide RNA
target mutagenesis site. This was to determine the nature of
the edits that may or may not have occurred there. We
sub-cloned the PCR fragment using commercially-available
TOPO Blunt IV kit, and sequenced at least four colonies
each (forward and reverse sequencing). See Table 2, below,
for comparisons of the edited alleles and the reference
wt-MATL allele.

TABLE 2
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[0171] This alleles is novel in that it is not in either the
male or the female parent plant of this individual. The male
parent ID for this individual was USR01283391, and that
plant was found to be homozygous for an 8 bp deletion.
[0172] Individual USR01350344-2 provides a deletion of
A (a deletion of basepair 1143 of the wild type cDNA
sequence). This mutation would be sufficient to cause a
frame-shift in the coding sequence, and produce a premature
STOP codon. After resequencing and discovering the PCR
contamination, we confirmed this was found in 6 out of 6
colonies. Previously identified as Edited Allele #2 of
USRO01350344-2, this was identified as PCR contamination.
[0173] Individual USR01350343-1 provides an insertion
of A at basepair 1143 of the cDNA sequence. This would be
sufficient to cause a frame-shift in the coding sequence, and
produce a premature STOP codon. This was found in 4 out
of 4 colonies.

[0174] Individual USR01350328-1 provides a deletion of
A (a deletion of basepair 1143 from the wild type cDNA
sequence). This mutation would be sufficient to cause a
frame-shift in the coding sequence, and produce a premature
STOP codon. It was found in 4 out of 4 colonies.

[0175] Individual USRO1350337-2 had no change: its
sequence was 100% identical to that of wt-MATL.

Comparing the Edited Alleles against wt-MATL.

Sequence (corresponds to 1116-1166 SEQ
Individual IDAllele Type of SEQ ID NO: 19) ID NO:
NP2222 wt -MATL AGGGTCAACGTGGAGACAGGGAGGTACGAACCGGTGACTGG 9
Stockeé matl AGGGTCAACGTGGAGACAGGCGAGGAGGTACGAACCGGTGACTGG 10
USR01350333-3 edited AGGGTCAACGTGGAGACAAGGGAGGTACGAACCGGTGACTGG 11
Allele 1
USR01350333-3 PCR AGGGTCAACGTGGA: :: ::::::::: :GAACCGGTGACTGG 12
Allele 2 contamination
USR01350344-2 edited AGGGTCAACGTGGAGAC : GGGAGGTACGAACCGGTGACTGG 13
Allele 1
USR01350344-2 PCR AGGGTCAACGTGGA: :: ::::::::: :GAACCGGTGACTGG 14
Allele 2 contamination
USR01350343-1edited AGGGTCAACGTGGAGACAAGGGAGGTACGAACCGGTGACTGG 15
Allele 1
USR01350328-1 edited AGGGTCAACGTGGAGAC : GGGAGGTACGAACCGGTGACTGG 16
Allele 1
USR01350337-2not edited AGGGTCAACGTGGAGACAGGGAGGTACGAACCGGTGACTGG 17
Allele 1
USR01350337-2 PCR AGGGTCAACGTGGA: :: ::::::::: :GAACCGGTGACTGG 18
Allele 2 contamination
[0170] Individual USRO01350333-3 produced an edited [0176] In summary, we found that 4 out of 86 confirmed

MATL allele with an insertion of alanine at basepair 1143 of
the cDNA sequence (underlined in Table 2). This would be
sufficient to cause a frameshift in the coding sequence,
which would produce a premature STOP codon. What we
previously thought was Edited Allele #2 of USR01350333-3
(a 13 basepair deletion of GACAAGGGAGGTAC) was
actually the result of PCR contamination. After resequenc-
ing, we confirmed that this plant only has one edited allele,
and it was found in 6 out of 6 colonies.

haploids had mutations in the MATL gene. We have con-
firmed that these plants are haploids and do not contain any
Cas9 DNA. It is clear that the Cas9 transgene has been
eliminated along with the rest of the male-derived DNA
during embryogenesis, and that edits have occurred to the
female (egg cell-derived) genome in the process of embryo-
genesis.

[0177] We know that the edits are novel and occurred in
the female genome in the process of embryogenesis because
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the haploid inducer line typically makes maternal haploids
and we have confirmed that these are indeed haploids. One
might try to argue that there is a chance that these are
actually paternal haploids, and that the edits we are seeing
are actually edits that were already present in the paternal
DNA. However, we can prove that this is not the case. First,
the mutations do not match those of the paternal parent. This
can clearly be seen in Table 3 and 4 (shown below). The
edited haploid plant USR01350343-1 was homozygous for
an insertion of a single nucleotide (an “A”), but the male
parent plant had a deletion of 13 nucleotides. Similarly, plant
USRO01350328-1 was homozygous for a deletion of an A,
but the male parent had a deletion of 13 nucleotides. These
examples, taken together, prove that during the haploid
induction process, it is possible to have editing of the
maternal genome occur, resulting in the formation of edited
maternal haploids. According to these and based on the
assay detecting MATL presence and the confirmation via
ploidy analysis, and using the Cas9 transgene on the male
side under control of the maize ubiquitin promoter, the rate
of editing during the haploid induction process is about 4/86,
or 4.65%.

[0178] Furthermore, the rate of editing during haploid
induction may be very different when using different haploid
inducer lines or using wide crosses. It appears that both
haploid induction in maize using MATL mutant lines and
wide crosses in barley, wheat, or other crops all work via
similar mechanisms: fertilization is followed by genome
elimination. It also appears that the time period between
fertilization and genome elimination is long enough for the
editing machinery to edit the target gene in the genome of
the line to which the inducer line has been hybridized (the
target germplasm). It is noted that the choice of promoter
driving expression of the stably transformed editing proteins
system may have a large impact on the rate of editing in
haploids. We used a constitutive sugarcane promoter (pr-
SoUbi4) but other promoters driving high or specific expres-
sion in the embryo sac, the egg cell, in the pollen, or in
sperm cells might be more effective, particularly in the case
of wide crosses, in which the male DNA is eliminated in a
much more robust and rapid fashion than in intraspecific
haploid inducer systems like the maize haploid inducer
system or CENH3 type haploid inducer systems. In other
words, during a wide cross, for instance when crossing
maize pollen on to wheat ears, which is done in order to
induce wheat maternal haploids, it might work best to have
the editing machinery in the maize pollen driven by a
promoter that has strong pollen or sperm cell expression,
perhaps in addition to zygote expression, so that abundant
editing machinery (RNA and protein) is delivered and
present in the zygote cell and during the subsequent two,
four, or eight cell embryo stage, even if the male DNA is
eliminated or lost very quickly.

TABLE 3

Haploid Progeny Produced

Individual
Progeny ID code

wt MATL Ploidy Cas9
Presence Analysis Presence Allele 1

USR01350333-3 - Haploid - insertion of A
USR01350344-2 - Haploid - deletion of A
USR01350343-1 - Haploid - insertion of an A
USR01350328-1 - Haploid - deletion of A
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TABLE 3-continued

Haploid Progeny Produced

Individual wt MATL Ploidy Cas9
Progeny ID code Presence Analysis Presence Allele 1
USR01350337-2 + Haploid - no mutation
USR01350334-3 - Diploid +
USR01350333-10 - Diploid +
USR01350341-1 - Diploid +
USR01350321-3 - Diploid +

TABLE 4

Male Parent Information and Their Progeny

Male Parent wt MATL Sequencing Cas9
D Presence (# colonies) Presence Progeny ID
USR01283391 - deletion of + USR01350333-3
8 nt (4) and
USR01350333-10
USR01283349 - deletion of + USR01350344-2,
13 nt (4) USR01350328-1
and
USR01350321-3
USR01283378 - deletion of + USR01350343-1
13 nt (4) and
USR01350341-1
USR01283398 - deletion of + USR01350337-2
13 nt (4)
USR01283388 - deletion of + USR01350334-3
8 nt (4)

III. Simultaneous Haploid Induction and Editing in Elite
Maize Inbred Lines.

[0179] A transformable haploid inducer line, NP2222-HI,
RWK, RWS, or UH400 or Stock6 or any other haploid
inducer line, all of which already have the mutant versions
of MATL, is stably transformed with construct expressing
genome modification system such as Cas9+guide RNA
(Cong, L. et al. 2013. Multiplex genome engineering using
CRISPR/Cas systems. Science 339, 819-823), dCas9-FokI+
guide RNA (Tsai, S. Q. et al. 2014, Dimeric CRISPR
RNA-guided Fokl nucleases for highly specific genome
editing. Nature Biotechnol. 32, 569-576), TALEN (Li et al.,
2012, High-efficiency TALEN-based gene editing produces
disease-resistant rice. Nature Biotech. 30, 390-392), engi-
neered meganuclease (Gao et al., 2010, Heritable targeted
mutagenesis in maize using a designed endonuclease. Plant
Journal. 61:176-187), zinc finger nuclease (Shukla et al.
2009. Precise genome modification in the crop species Zea
mays using zinc-finger nucleases. Nature 459, 437-441),
dCas9-cytidine deaminase (Komor et al. 2016, Program-
mable editing of a target base in genomic DNA without
double-stranded DNA cleavage. Nature doi:10.1038/na-
turel 7946) or any other genome modification system. The
transgenic haploid inducer line also expressing the editing
machinery is then used as pollen donor to create mutations
and haploids in target lines via outcrossing. Haploid
embryos or seeds are then recovered, identified as haploids,
and tested for the edits at the target site (whatever target site
is chosen by virtue of the TALEN construct design or the
Cas9 guide RNA design). Haploids containing the desired
edits is chromosomally doubled using standard procedures
using standard means such as colchicine, trifluralin or other
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chromosome doubling agent. Identification of the induced
haploids can be simplified by using a color marker as is
typically done in corn doubled haploid production—this
color marker can display in the resulting embryos, seeds,
seedlings, or adult plant. Presence of mutations at the target
site can be checked by sequence analysis (DNA sequenc-
ing), by marker analysis, or by phenotype. Because there is
only one copy of the DNA to mutate in haploid plants,
recessive phenotypes should display so that could be another
way to identify the haploids that were edited.

A. Mutagenesis of VLHP Targets in Elite Maize Inbred Line
with Transgenic Editing Locus Generated Directly in a
Haploid Inducer Line.

[0180] VLHP1 and VLHP2 are homeodomain-leucine
zipper I-class homeobox genes and members of a class of
proteins that is unique to plants. The HD domain is involved
in DNA binding whereas the Zip domain is involved in
protein homo- and hetero-dimerization. HD-Zip 1 proteins
are generally involved in responses related to abiotic stress,
abscisic acid (ABA), blue light, de-etiolation and embryo-
genesis (Elhiti and Stasolla, 2009. Structure and function of
homodomain-leucine zipper (HD-Zip) proteins. Plant Sig-
nal Behav. 4: 86-88). VLHP1 and VLHP2 are in the same
gene family as Grassy Tillersl (GT1). GT1 promotes lateral
bud dormancy and suppresses elongation of lateral ear
branches in maize.

[0181] In this example, vector 23396 (SEQ ID NO: 1; see
also FIG. 9) for expressing Cas9 and single guide RNA
(sgRNA) was made to target maize VLHPI1
(GRMZM2G104204) and its homolog VLHP2
(GRMZM2G062244) genes. Vector 23396 expresses a
sgRNA with 20-nucleotide targeting sequence xZmVLHP-
01 (5-GCAGGAGGCGTCGAGCAGCG-3', SEQ ID NO:
2). xZmVLHP-01 targets both VLHP1 and VLHP2 genes at
the second exon. Vector 23396 was introduced into a trans-
formable haploid inducer line NP2222-HI using Agrobac-
terium-mediated transformation with mannose selection.
NP2222-HI was derived from crossing of transformable
maize inbred line NP2222 with Stock 6 derivative line
RWKS to introgress the haploid induction (HI) locus.
NP2222-HI has an average haploid induction rate of about
9.2%.

[0182] NP2222-HI transformants from vector 23396 were
assayed for modification of genomic VLHP target sequences
(58'-GCAGGAGGCGTCGAGCA/GCG-3"; SEQ ID NO: 2).
The slash (/) represents the Cas9 cleavage position. Target
locus editing activity was determined using quantitative
PCR Tagman method as described before (W02016106121,
incorporated herein by reference). Transgenic lines with
high target site modification activities—i.e., both VLHP1
and VLHP?2 genes were modified, and preferably containing
single copy transgene—were selected for further studies and
used for crossing or progeny production.

[0183] Pollen from TO transformants of 23396 is used
directly to pollinate ears of elite inbred line ID5829 or other
maize lines including sweet corn lines to induce production
of haploid embryos. Alternatively, TO transformants of
23396 in NP2222-HI background are selfed to produce
progeny lines carrying homozygous transgene and pollen
from the progeny plants are used to pollinate other corn lines
to induce haploid embryo formation. The induced haploid
embryos are extracted from kernels and placed on embryo
rescue media for direct germination or allowed to mature to
form seeds. Tissues from the induced haploid embryos and
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the resulting plants are assayed to determine if editing has
occurred in the VLHP target sequences. If the induced
haploid embryos or plants contain desired mutations, chro-
mosome doubling treatment is applied to produce doubled
haploid lines from them. For example, using embryo rescue
method, embryos are extracted from elite line ID5829 ears
pollinated with transgenic haploid inducer line carrying
23396 editing locus at 18-22 days after pollination (“DAP,”
extraction between 10-25 DAP is theoretically possible).
DNA is isolated from germinated haploid seedlings and used
for assay. Colchicine treatment is applied to seedling for
chromosome doubling. Alternatively, chromosome doubling
agent can be applied to the isolated embryos during germi-
nation. DNA is extracted from germinated seedlings and
used for determining that mutation has occurred at the
xZmVLHP-01 target sequence.

[0184] Alternate methods are available. One could allow
the seed to mature and select haploids later by another
phenotype. One could let the seed dry down and at a later
date germinate the seeds to determine haploids without a
marker (e.g., using plant size rather than a gene conferring
a color marker), at which point one would test for edits and
apply chromosome doubling agents where appropriate. This
method may have its advantages in that embryo screening
and/or rescue is avoided.

B. Mutagenesis of GW2 Targets in Elite Maize Inbred Line
with Transgenic Editing Locus Introduced Directly in a
Haploid Inducer Line.

[0185] A mutation in DA2, an E3-ubiquitin ligase gene, in
rice resulted in larger seeds (Song et al., 2007). Rice DA2
has 2 maize homologs, GW2-1 (GRMZM2G170088) and
GW2-2 (GRMZM2G007288). The maize genes are 94%
identical at the protein level and 90% identical at the DNA
level. GRMZM2G170088 has a large 177 bp insert (59 aa)
in comparison with GRMZM2G007288.

[0186] In this example, vector 23399 (SEQ ID NO: 3, see
also FIG. 10) was made for expression of Cas9 and sgRNA
to target both maize GW2-1 (GRMZM2G170088) and its
homolog GW2-2 (GRMZM2G007288) genes. Both GW2-1
and GW2-2 genes contain target sequence xZmGW2-02
(5'-AAGCTCGCGCCCTGCTACCC-3', SEQ ID NO: 4) in
exon 1 and this sequence was used to design sgRNA
expressed from vector 23399. Binary vector 23399
expresses single guide RNA (sgRNA) with 20-nucleotide
targeting sequence xZmGW2-02 fused to single guide RNA
scaffold comprising of both crRNA and tracrRNA. Vector
23399 was introduced into a transformable haploid inducer
line NP2222-HI using Agrobacterium-mediated transforma-
tion with mannose selection. NP2222-HI was derived from
crossing of transformable maize inbred line NP2222 with
Stock 6 derivative line RWKS to introgress the haploid
induction (HI) locus.

[0187] NP2222-HI transformants of vector 23399 were
assayed for modification of genomic GW2-2 target
sequences (5'-AAGCTCGCGCCCTGCTA/CCC-3',SEQ ID
NO: 4; the slash (“I”) indicates the Cas9 cleavage position).
Target sequence editing activity was determined using quan-
titative PCR Tagman method as described before
(W02016106121). Transgenic lines with high target site
modification activities—i.e. both GW2-1 and GW2-2 genes
were modified, and preferably containing single copy trans-
gene—were selected for further studies and used for cross-
ing or progeny production.
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[0188] Pollen from TO transformants of 23399 is used
directly to pollinate ears of elite inbred line ID5829 or other
maize line including sweet corn lines to induce production
of haploid embryos. Alternatively, TO transformants of
23399 in NP2222-HI background are selfed to produce
progeny lines carrying homozygous transgene and pollen
from the progeny plants are used to pollinate other corn lines
to induce haploid embryo formation. The induced haploid
embryos are extracted from kernels and placed on embryo
rescue media for direct germination or allowed to mature to
form seeds. Tissues from the induced haploid embryos and
the resulting plants are assayed to determine if editing has
occurred in the maize GW2 target sequences. If the induced
haploid embryos or plants contain desired mutations, chro-
mosome doubling treatment is applied to produce doubled
haploid lines from them. For example, using embryo rescue
method, embryos are extracted from elite line ID5829 ears
pollinated with transgenic haploid inducer line carrying
23396 editing locus at 18-22 days after pollination. DNA is
isolated from germinated haploid seedlings and used for
assay. Colchicine treatment is applied to seedling for chro-
mosome doubling. Alternatively, chromosome doubling
agent can be applied to the isolated embryos during germi-
nation. DNA is extracted from germinated seedlings and
used for determining if mutation has occurred at the
xZmGW2-02 target sequence. Alternately, one could allow
the seed to mature and select haploids later by another
phenotype. One could even let the seed dry down and at a
later date germinate the seeds to determine haploids without
a marker (e.g., using plant size rather than a gene conferring
a color marker), at which point one would test for edits and
apply chromosome doubling agents where appropriate. This
method may have its advantages in that embryo screening
and/or rescue is avoided.

IV. Simultaneous Haploid Induction and Editing in Corn,
Rice, Sunflower, or any Other Crop Via Chemical-Based
Haploid Induction

[0189] Any line of corn, rice, wheat, tomato, sunflower,
barley, or any other crop is transformable with the editing
construct (Cas9 plus guide RNAs designed to mutate a
particular target site) and then optionally make the editing
construct either heterozygous or homozygous (via self-
pollination of the transformed event), and then using lipid or
oil applications during outcrossing (pollination onto target
lines) in order to induce de novo haploids and simultane-
ously edit the target sites in the target genomes. These lipid
applications have the ability to induce haploids when
applied to pollen, silks, flowers, or tassels of any plant—
regardless of male parent. In particular, the male parent is
not required to have any mutations in the MATL gene (i.e.,
it can be homozygous wild type for the MATRILINEAL
gene). These lipid applications induce haploids de novo,
without any genetic requirement on behalf of either parent.
See P.C.T. Patent Application No. PCT/US2016/62548,
incorporated herein by reference in its entirety. The mecha-
nism of de novo haploid induction via lipid spray apparently
works the same way as it does in matl mutant (genetic
haploid inducer) lines: via chromosome elimination post-
fertilization. Haploid progeny are isolated and checked for
the induced mutations (caused via the editing process) and
then doubled to make edited, doubled haploid plants.
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V. Mutagenesis of Target Sequences in Elite Field Corn and
Sweet Corn Inbred Lines with Transgenic Editing Locus
Introgressed into a Haploid Inducer Line.

[0190] Transgenic locus expressing genome editing
machinery can also be generated in conventional transform-
able maize line without haploid inducing activity such as
A188, Hi-II or NP2222 and then introgressed into haploid
inducer line such as NP2222-HI, RWK, RWKS, RWS, or
UH400 or Stock6 or any other haploid inducer line.
[0191] In this example, maize inbred line NP2222 is
transformed with VLHP Cas9-sgRNA vectors (23396 and
23397) and GW2 Cas9-sgRNA vectors (23398 and 23399).
Vectors 23396 and 23399 have been described in previous
examples (Example IIIA and Example IIIB). Vector 23397
(SEQ ID NO: 20) is identical to 23396 except the gRNA-
coding sequence xZmVLHP-01 (5-GCAGGAGGCGTC-
GAGCAGCG-3', SEQ ID NO: 2) is replaced with xZmV-
LHP-02 (5'-GCTGGAGCTGAGCTTCCGGG-3', SEQ ID
NO: 21). Vector 23398 (SEQ ID NO: 23) is identical to
23399 except the gRNA-coding sequence xZmGW2-02
(5'-AAGCTCGCGCCCTGCTACCC-3', SEQ ID NO: 4) in
23399 is replaced by xZmGW2-01 (5'-GAGCGGT-
TCACGCGGCCGCA-3', SEQ ID NO: 23). These vectors
were introduced into Agrobacterium strain LBA4404
(pVGW7). The resulting Agrobacterium strain containing
vector 23396, 23397, 23398, or 23399 was used to transform
immature embryos of transformable elite inbred line
NP2222. Calli were induced from infected immature
embryos and selected on mannose media to recover trans-
genic calli. Transgenic calli were placed on regeneration and
rooting media to recover transgenic plants expressing the
CRISPR-Cas9 editing machinery. Transgenic plants were
assayed for transgene copy number and moved to green-
house for seed production.

[0192] Single copy transformants of vector 23396
(MZET154902A004A, MZET154902B006A), 23397
(MZET154903B009A, MZET154903B012A), 23398

(MZET154904B005A, MZET154904B014A) and 23399
(MZET154905A002A, MZET154905A010A) were identi-
fied and backcrossed with non-transgenic NP2222. Ears of
transgenic progeny plants containing T-DNA insert of each
of the above vectors were pollinated with pollen of haploid
inducer line RWKS to produce F1 progeny. F1 progeny
containing transgenic locus and haploid induction locus
were identified by genotyping assays and self-pollinated to
produce F2 progeny seeds. F2 progeny seeds were planted
and seedling plants assayed to identify plants homozygous
for transgenic Cas9-sgRNA locus (assay #2540) and haploid
induction locus (assay #2827) with qPCR Taqman assays.

[0193] Lines homozygous for the haploid induction locus
and preferably homozygous transgenic 23396, 23397,
23398, and 23399 Cas9-sgRNA editing locus were used to
pollinate ears from target elite field corn line ID5829 and
sweet corn lines (SWC726 or SWC412F) for haploid induc-
tion. Induced haploid embryos were isolated from pollinated
1D5829, SWC412F, SWC726 ears and geminated on
embryo rescue media. Alternatively, pollinated ears were
allowed to mature and kernels with haploid embryos were
germinated. Leaf samples were collected and analyzed with
Tagman assay to identify plants containing mutations in
VLHP and GW2 genes but absence of genetic components
from induction line such as transgenic Cas9-sgRNA or other
non-transgenic marker gene sequences. Identified haploid
plants with targeted GW2 or VLHP gene mutations were
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treated with colchicine for chromosome doubling to recover
doubled haploid plants for seed production. Alternatively,
extracted haploid embryos can be treated with chromosome
doubling agent such as colchicine and the resulting plants
are analyzed for ploidy level and presence of targeted
mutations in GW2 or VLHP genes. Plants with targeted
GW2 and VLHP gene mutations are grown to maturity for
seed production and further progeny evaluation.

[0194] For example, edited haploid lines (JSER82A056
and JSER82A063) were identified from crosses between
sweet corn line SWC412F ears pollinated with haploid
inducer containing 23399 Cas9-sgRNA transgene. Line
JSER82A056 has both GW2-01 and GW2-02 target genes
mutated, whereas line JSER82A063 only has GW2-02 gene
mutated (See Table 5). Neither of these lines contain Cas9
transgene (assay #2540 for Cas9 or #1750 for PMI select-
able marker gene) or haploid inducer gene (assay #2827) as
the male genome has been eliminated from the haploids.
Ploidy level analysis confirmed that both lines are haploids
(FIGS. 11 and 12). Note that wildtype (“WT”) genes in the
haploids have a copy number of “2” and mutant will be “0”
since the copy call is relative to the endogenous ADH gene
copy number. Therefore, haploid lines carrying WT unedited
GW2-01 or GW2-02 genes will have a copy call of “2.” WT
haploid inducer locus will have copy call of “2” for assay
#2826 and “0” for assay #2827 (haploid inducer variant). If
a corn plant line is a diploid between sweet corn and
transgenic inducer, it will be heterozygous for the haploid
inducer gene and thus have copy call of “1” for both assay
#2826 and assay #2827.

TABLE 5
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phyte can edit the female genome before the male genome
is eliminated after double fertilization to form haploid
embryo. Candidate edited haploid lines without transgene
were treated with injection of 0.125% colchicine in 0.5%
DMSO or seedling drenching in 0.06% colchicine solution
(Eder and Chalyk, 2002, In vivo haploid induction in maize.
Theor. Appl. Genetics 104:703-708). Treated lines were
planted in soil and grown in greenhouse for progeny seed
production.

V1. Simultaneous Haploid Induction and Editing in Wheat
and Other Monocots Via Wide Cross.

[0196] Haploid induction is also achieved using interspe-
cific or intergeneric wide crosses (Kasha and Kao, 1970,
High frequency haploid production in barley (Hordeum
vulgare 1.). Nature 225:874-886). For example, wheat hap-
loids can be obtained by pollination with various interge-
neric crosses with maize (Suenaga and Nakajima 1989),
pearl millet (Inagaki and Mujeeb-Kazi 1995), teosinte
(Ushiyama et al. 1991), H. bulbosum (Barclay 1975), and
sorghum (Ohkawa et al. 1992). Barley haploids are obtained
by pollination with Hordeum bulbosum pollen. Tobacco
haploids can be obtained by crossing with N. africana
pollen. Many other examples exist in other crops.

[0197] Similar to examples above in introducing trans-
genic editing locus into Stock6 induction line, transgenic
editing locus can be introduced into these lines used for wide
crosses to induce haploid induction and targeted sequence
mutation. Transgenic lines expressing editing machinery can

Progeny zygosity analysis from crosses. Tagman analysis results showing the lines do not contain transgene
or haploid inducer locus from pollen donor, but have edits in GW2-01 and/or GW2-02 targets.

Allele:
RWK
CRISPR CRISPR (Haploid
target target pPLAIla  Inducer)
in GW2-01  in GW2-02 WT allele of
cCas9-01  ¢cPMI-09 (23399) (23399) allele pPLAIla
Assay ID:
2540 1750 3065 3095 2826 2827
Construct Copy# Copy# Copy# Copy# Copy# Copy#
Plant ID D level level level level level level
1-copy control + 1 ND ND 1 1
wild type control 0 0 2 2 2 0
JSER82A056 23399 0 0 0 0 2 0
JSER82A063 23399 0 0 lor2 0 2 0
JSER85A021 23399 0 0 0 >2 2 0
JSER85A022 23399 0 0 0 >2 2 0
JSER85A024 23399 0 0 0 >2 2 0
JSER85A027 23399 0 0 0 >2 2 0
JSER85A037 23399 0 0 0 >2 2 0
JSER85A039 23399 0 0 0 >2 2 0
JSER85A044 23399 0 0 0 >2 2 0
JSER85A055 23399 0 0 0 >2 2 0

[0195] To further confirm target-specific editing in these
haploid lines, GW2-02 target region was amplified from
JSER82A063 by PCR and the PCR product was sequenced.
A single base C was deleted in JSER82A063 in comparison
with the WT sequence precisely at the Cas9 cleavage site
(FIG. 13). These results clearly demonstrated that editing
machinery brought into the egg cell from the male gameto-

be generated in any line of corn, wheat, barley, rye, pearl
millet, rice, brassica, lettuce, tomato, or any other crop by
direct transformation or outcrossing. Preferably the trans-
genic locus is made homozygous and then the line is used as
pollen donor in a wide cross with other compatible recipient
crops to induce haploids to produce desired edits. The
process of post-fertilization genome elimination in wide
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crosses is basically the same as the process in the maize
MATL mutant system, although in some cases the foreign
pollen-derived DNA and editing machinery may be elimi-
nated slightly earlier in embryo development, which is why
this method is preferably practiced using a promoter that
drives expression of the editing machinery in the pollen,
sperm cells, and/or zygote cell, so that the editing RNA and
protein is present and able to edit the target genome even
though the male DNA is eliminated rather quickly after
fertilization.

[0198] To demonstrate feasibility of simultaneous haploid
induction and editing via wide crosses, maize transgenic
lines expressing Cas9 and sgRNA targeting wheat VLHP
gene sequences were generated. Vector 23763 (SEQ ID NO:
24) contains expression cassettes for Cas9 and sgRNA
containing protospacer sequence xI[aVLHP1 (5-GAC-
GAGCAGGCGCAGTTCC-3', SEQ ID NO: 25) for guiding
Cas9-mediated cleavage of TaVLHP1 target sites in wheat.
The wheat genome has three xTaVLHP1 targets in total
(TaVLHP1-4A, TaVLHP1-4B and TaVLHP1-4D), with
each one in its three sub-genomes. The guide sequence in
23397 (SEQ ID NO: 20), xZmVLHP (5'-GCTGGAGCT-
GAGCTTCCGGG-3', SEQ ID NO: 21) will also direct
cleavage of wheat VLHP target sequences, xTaVLHP2-1A
(5'-GCTGGAGCTGAGCTTCCGGG-3', SEQ ID NO: 26)
or xTaVLHP2-1B (5-TCTGGAGCTGAGCTTCCGGG-3',
SEQ ID NO: 27). There are three VLHP2A genes containing
xTaVLHP2-1A and 3 VLHP2B genes containing xTaV-
LHP2-1B sequences in the Chinese Spring wheat genome.
Vectors 23397 and 23763 were transformed into maize
inbred line NP2222 using Agrobacterium-mediated trans-
formation to generate transgenic lines expressing Cas9 and
sgRNA. Transgenic maize lines were grown in greenhouse
and selfed to produce T1 plants.

[0199] Pollen collected from transgenic maize TO or prog-
eny T1 plants carrying T-DNA of vector 23397 or 23763
were used to pollinate emasculated spring wheat line AC-
Nanda. At one to two days before anthesis, wheat florets
were emasculated and two days later are pollinated with
fresh maize pollen carrying the editing machinery. For
convenience, spikelets from a Syngenta elite cytoplasmic
male sterile (“CMS”) wheat line (16A300292) were also
directly used as female donors to induce haploid embryo
formation with transgenic maize pollen expressing 23397 or
23763 Cas9-sgRNA. Embryos were extracted from polli-
nated florets at 14-20 days after pollination for embryo
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rescue to recover haploid plantlets from the wheatxmaize
haploid induction system. Excised embryos were cultured
on either full strength MS (Murashige and Skoog 1962) or
14 MS or B5 basal medium containing various modifications
of organic supplements and grown in vitro for 3-5 weeks at
20-25° C. and 16-hour day length.

[0200] Forexample, pollen of T1 progeny from transgenic
maize line MZET164902A044A containing vector 23763
was used to pollinate spikes of CMS line 16A300292 to
induce wheat haploids. Haploid embryos were rescued and
the resulting wheat haploid seedling were sampled for gPCR
analysis to determine the copy number of VLHP target
sequences (See Table 6). One of the haploid lines
(JSWER30A22) was found to contain mutation in TaV-
LHP1-4B gene, but not in its orthologs TaVLHP1-4A and
TaVLHP1-4D in the A and D sub-genomes. Ploidy level
analysis confirmed that ISWER30A22 is a true haploid (See
FIGS. 14 and 15). The mutation within the TaVLHP1-4B
target region was further characterized by sequencing and
was found to contain 97 bp deletion starting from the
predicted Cas9 cleavage site (FIG. 16). We also identified
another line JSW16A07 with “0” copy in TaVLHP1-4A
gene (assay #3252), suggesting targeted editing in the target
sequence. However, the deletion in this target gene is
probably quite large in deleting the primer binding site(s)
since we were not able to recover PCR product for sequenc-
ing. Haploid seedlings with an edited target site were
transplanted to soil after 3-5 weeks in vitro culture. The
transplanted seedlings were hardened for one week in a
growth chamber under the same environmental regime.
Colchicine was added after shoots had formed. However, the
chromosome doubling treatment can be done earlier at
embryo rescue in vitro culture stage or later after transplant-
ing. When whole wheat seedlings are treated for doubling,
roots of the haploid seedling are trimmed leaving a zone of
2-3 cm and then submerged in a 0.1% colchicine solution
with 2% dimethyl sulfoxide (DMSO) and ca. 0.05% Tween-
20 at 20° C. for 5 hours. After this treatment, the roots are
washed to remove residual colchicine and potted in peat soil.
Plant tissue samples can be removed from haploid seedlings
for mutation detection to identify plants containing muta-
tions in TaVLHP target gene sequences but with the maize
chromosomes including sequences encoding the transgenic
editing machinery completely eliminated.  Since
JSWER30A22 is from a CMS line, the plant is pollinated
with a restorer to produce progeny seeds.

TABLE 6

Tagman analysis for wheat progeny from wide crosses. Line JISW30A22 is edited.

Allele:
TAV_4A TAV_4B TAV_4D PMI CAS9
Assay ID:
3252 3253 3254 1750 2540
Construct Copy# Copy# Copy# Copy#  Copy#
Plant ID D level level level level level
WT, AC-Nanda N/A >2 2 >2 0 0
WT, AC-Nanda N/A 2 2 2 0 0
WT, CMS N/A 2 2 2 0 0
WT, CMS N/A 2 2 2 0 0
JSW29A01 23763 2 2 2 0 0
JSW29A02 23763 2 2 2 0 0
JSW29A03 23763 2 2 2 0 0
JSW29A04 23763 2 2 2 0 0
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TABLE 6-continued

Dec. 12,2019

Tagman analysis for wheat progeny from wide crosses. Line JSW30A22 is edited.

Allele:
TAV_4A TAV_4B TAV_4D PMI CAS 9
Assay 1D:

3252 3253 3254 1750 2540

Construct Copy# Copy# Copy# Copy#  Copy#

Plant ID 1D level level level level level
JSW29A05 23763 lor2 2 2 0 0
JSW29A06 23763 2 2 2 0 0
JSW29A07 23763 2 2 2 0 0
JSW29A08 23763 2 2 2 0 0
JSW29A09 23763 2 2 2 0 0
JSW29A10 23763 2 2 2 0 0
JSW29A11 23763 2 2 2 0 0
JSW29A12 23763 2 2 2 0 0
JSW29A13 23763 2 2 2 0 0
JSW29A14 23763 2 2 2 0 0
JSW29A15 23763 2 2 2 0 0
JSW29A16 23763 2 2 2 0 0
JSW30A01 23763 2 2 2 0 0
JSW30A02 23763 2 1or2 2 0 0
JSW30A03 23763 2 2 2 0 0
JSW30A04 23763 2 2 2 0 0
JSW30A05 23763 2 2 2 0 0
JSW30A06 23763 2 2 2 0 0
JSW30A07 23763 2 2 2 0 0
JSW30A08 23763 2 2 2 0 0
JSW30A09 23763 2 2 2 0 0
JSW30A10 23763 2 2 2 0 0
JSW30A11 23763 2 2 2 0 0
JSW30A12 23763 2 2 2 0 0
JSW30A13 23763 2 2 2 0 0
JSW30A14 23763 2 2 2 0 0
JSW30A15 23763 2 2 2 0 0
JSW30A16 23763 2 2 2 0 0
JSW30A17 23763 2 2 2 0 0
JSW30A18 23763 2 2 2 0 0
JSW30A19 23763 >2 2 2 0 0
JSW30A20 23763 2 2 2 0 0
JSW30A21 23763 2 2 2 0 0
JSW30A22 23763 2 0 2 0 0
JSW30A23 23763 2 2 lor2 0 0
JSW30A24 23763 2 2 2 0 0
JSW30A25 23763 2 2 2 0 0
JSW30A26 23763 2 2 2 0 0
JSW30A27 23763 2 2 2 0 0
JSW30A28 23763 2 2 2 0 0
JSW30A29 23763 2 2 2 0 0
JSW30A30 23763 2 1or2 lor2 0 0
JSW30A31 23763 2 2 2 0 0

[0201] To further demonstrate feasibility of simultaneous ID NO: 26) or xTaVLHP3 (5'-TCTGGAGCTGAGCTTC-

haploid induction and editing via wide crosses, maize trans-
genic lines expressing Cas9 from five promoters that have
high and/or specific expression in pollen, along with sgRNA
targeting wheat VLHP gene sequences, were generated.
These five vectors were 24038 (SEQ ID NO: 34), 24039
(SEQ ID NO: 35), 24079 (SEQ ID NO: 36), 24091 (SEQ ID
NO: 37), and 24094 (SEQ ID NO: 38). All five of these
vectors utilized the same sgRNA containing protospacer
sequence  xTaVLHP2  (5'-GCTGGAGCTGAGCTTC-
CGGG-3', SEQ ID NO: 21) for guiding Cas9-mediated
cleavage of TaVLHP2 target sites in wheat. The wheat
genome has three x TaVLHP2 targets in total (TaVLHP2-2A,
TaVLHP2-2B and TaVLHP2-2D), with each one in its three
sub-genomes. The guide sequence in these five constructs
also directs cleavage of wheat VLHP target sequences,
xTaVLHP2 (5'-GCTGGAGCTGAGCTTCCGGG-3', SEQ

CGGG-3', SEQ ID NO: 27). There are three TaVLHP2
genes containing X [aVLHP2 and 3 TaVLHP3 genes con-
taining xTaVLHP2-1B sequences in the Chinese Spring
wheat genome.

[0202] Vector 24038 (SEQ ID NO: 34) contains expres-
sion cassettes for Cas9 under control of a pollen-preferred
high expression promoter prZmGRMZM5G876285 and ter-
minator tZmGRMZMS5G876285 from the maize prf3 (pro-
filin homolog3) gene, which has an extremely high native
expression at the RNA and protein level in pollen and which
has evidence of high sperm cell expression.

[0203] Vector 24039 (SEQ ID NO: 35) contains expres-
sion cassettes for Cas9 under control of a pollen-preferred
high expression promoter prZmGRMZM2G020852 and ter-
minator tZmGRMZM2G020852 from the maize EXPB2
(BETA EXPANSIN2) gene, which has an extremely high
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native expression at the RNA and protein level in pollen and
which has evidence of sperm cell expression.

[0204] Vector 24079 (SEQ ID NO: 36) contains expres-
sion cassettes for Cas9 under control of a pollen-preferred
high expression promoter prZmGRMZM2G146551 and ter-
minator tZmGRMZM2G146551 from the maize EXPBI
(BETA EXPANSIN1) gene, which has an extremely high
native expression at the RNA and protein level in pollen and
which has evidence of sperm cell expression.

[0205] Vector 24091 (SEQ ID NO: 37) contains expres-
sion cassettes for Cas9 under control of a pollen-preferred
promoter prZmGRMZM2G471240 and  terminator
tZmGMRMZM2G471240 from the maize MATL (MATRI-
LINEAL) gene, which shows evidence of pollen and pos-
sibly sperm cell expression at the RNA and protein level.
[0206] Vector 24094 (SEQ ID NO: 38) contains expres-
sion cassettes for Cas9 under control of a pollen-preferred
promoter prZmGRMZM2G471240 and  terminator
tZmGMRMZM2G471240 from the maize MATL (MATRI-
LINEAL) gene, which shows evidence of pollen and pos-
sibly sperm cell expression at the RNA and protein level.
This construct additionally has an N-terminal fusion of
AmCyan fluorescent protein on the Cas9 molecule for
imaging and visualization of the Cas9 localization in pollen.
[0207] These five vectors (24038, 24039, 24079, 24091,
and 24094 ) were transformed into maize inbred line NP2222
using Agrobacterium-mediated transformation to generate
transgenic lines expressing Cas9 and sgRNA.

[0208] Transgenic maize lines were grown in greenhouse
and single and two-copy transgenic plants were outcrossed
onto spring wheat and a CMS wheat line. Pollen collected
from transgenic maize TO plants carrying T-DNAs of one of
the vectors 24038, 24039, 24079, 24091, and 24094 were
used to pollinate emasculated spring wheat line AC-Nanda.
Pollen was also used for a qRT experiment, in which the
expression of the Cas9 was measured at the RNA level and
compared to Cas9 expression in leaf samples when the Cas9
was driven by a sugar cane ubiquitin promoter used in many
of'the corn and wheat examples given above. As you can see
in FIG. 17, the expression was high in the pollen, averaging
about 100 fold higher in plants carrying the T-DNA vectors
24038, 24039, and 24079 compared to the Ubiquitin pro-
moter. The expression was also higher in pollen from plants
containing vectors 24038, 24039, and 24079 when com-
pared to the pollen carrying the MATRILINEAL promoter
constructs (24094 and 24091), which is known to have lower
native gene expression. All five of these promoters have
expression patterns that are restricted to pollen. As an
indication that the promoters were working properly, we
observed no TO expression of Cas9 in callus seedling leaves,
and there was no editing of the VLHP target sites in the TO
maize leaves (without wishing to be bound by theory, editing
may happen at the maize target sites, in all likelihood, at the
mature pollen stage, when the Cas9 is expressed for the first
time).

[0209] At one to two days before anthesis, wheat florets
were emasculated from the CMS line and the AC Nanda
line. Two days later the florets were pollinated with fresh
maize pollen carrying the editing machinery, Cas9-sgRNA,
from either construct 24038, 24039, 24091, or 24094 (TO
plants transformed with construct 24079 were delayed, and
not crossed to wheat in this manner). Wheat embryos were
extracted from pollinated florets at 14-20 days after polli-
nation for embryo rescue to recover haploid plantlets from
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the wheatxmaize haploid induction system. Excised
embryos were cultured on either full strength MS (Mu-
rashige and Skoog 1962) or 2 MS or B5 basal medium
containing various modifications of organic supplements
and grown in vitro for 1-5 weeks at 20-25° C. and 16-hour
day length. For example, pollen of TO progeny from trans-
genic maize line MZKE172601A100A containing vector
24039 was used to pollinate spikes of CMS line 16A300292
to induce wheat haploids. Haploid embryos were rescued
and the resulting wheat haploid seedlings were sampled for
qPCR analysis to determine the copy number of VLHP
target sequences (Table 7). In this analysis, we tested for the
Cas9 transgene using assay #2540. All wheat embryos
rescued and tested lacked this transgene and gave scores of
“0” for Cas9, because they do not have any corn DNA in the
developing embryo and therefore do not have the transgene.
The corn DNA is totally eliminated, kicked out or fails to be
fully delivered in the first place during the haploid induction
process, taking place during and/or after fertilization). In
addition to Cas9, we test for assays #3332 and #3333, which
give non-specific amplification of both VLHP2-2A and -2D
alleles. These assays typically read as “2” or “>2” in haploid
wheat, and the majority of the haploids we produced using
the transgenic maize pollen scored 2 or >2 for these assays.
We used these assays to look for putative edited haploids, by
looking for scores of 0 or 1. A call of “1” might indicate that
one of the two alleles, either VLHP2-2A, or -2D, was edited.
Finally, we tested for assay 3255 in AC Nanda haploids,
which detects VLHP2-2B specifically. The CMS line does
not amplify this assay, even when it is wild-type, so we did
not use it for the CMS haploids. The unedited haploids give
a score of a “2,” while putative edited haploids are found
because they have a score of “0.” A score of “1” might
indicate a faulty reading or a chimeric, partially-edited
sample.

[0210] As anexample, one of the AC Nanda haploid plants
440-A5 was found to contain mutation in TaVLHP2-2B
gene, but not in its orthologs TaVLHP2-2A and TaVLHP2-
2D in the A and D sub-genomes (Table 7). The Taqman data
also showed that it lacked the Cas9 transgene. The mutation
within the TaVLHP2-2B target region was further charac-
terized by sequencing, but although we were able to amplify
the A and D alleles, we could no longer amplify the B allele,
suggesting that there is a larger edit present, likely a large
deletion, that results in the PCR product no longer ampli-
fying.

[0211] As another example, one of the CMS haploid plants
450-D11 was found to contain mutation in either the TaV-
LHP2-2D or -2A homologues, according to the score of “1”
for both assays 3332 and 3333. (Table 7). The tagman data
showed that it lacked the Cas9 transgene. The TaVLHP2-
2A, 2B and 2D target regions were further characterized by
sequencing, but although we were able to amplify the A and
B alleles, we could no longer amplity the D allele, suggest-
ing that there is a larger edit present that led to PCR failure.
[0212] Considering the 2295 wheat haploids produced
from crosses to maize pollen carrying one of the following
five preferred-pollen expression constructs (24038, 24039,
24091, and 24094), we found 15 haploids that gave Tagman
assay data that indicated possible editing at either the
VLHP2-2A, VLHP2-2D, or VLHP2-2B target sites. After
sequencing, seven of those haploids were found to have
wild-type sequences at the target sites, and were called false
positives due to Taqman error. These errors are thought to be
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either due to the fact that assays #3332 and #3333 gave
non-specific amplification of both VLHP-2A and -2D
alleles, leading to some missed calls, or due to low DNA
quantity.

[0213] Of the remaining 8 putative edited haploids, six
were AC Nanda (440-B3, 440-D3, 440-AS5, 447-G8, 456-
(9, 459-A2) where the editing transgene was from construct
24038. Four of those (440-B3, 440-D3, 440-A5, and 456-
G9) contained edits in VLHP2-2B. These were found
because they had a Tagman score of “0” for assay 3255.
These plants lacked Cas9 (score of “0”) but had wild-type
“2” scores for VLHP2-2A or VLHP2-2D (assays #3332 and
#3333) indicating they were not edited that those sites.
These six plants were confirmed to be haploids by ploidy
analysis. We attempted to sequence the edited alleles, but
while the PCR and sequencing reactions worked well for 2A
and 2D, we were not able to obtain a PCR product for 2B.
We repeated the PCR several times using a range of reaction
conditions but could not amplify the 2B homeologs from
these haploid plants. This may indicate that the editing
caused a large change in the 2B gene in these plants that may
end up deleting the primer annealing site. We expect that
many of the CMS plants also have edits at the VLHP2-2B
target site, but we did not have an assay to detect the
VLHP2-2B allele from the CMS line.

[0214] Considering AC Nanda alone, we calculate an
overall editing rate at that allele of 0.7% for all constructs,
but a particularly high editing rate of 1.4% for construct
24038.

[0215] In addition to these four edited haploids with scores
of “0” for 3255, several other plants gave scores of “0 or 17
or “1” for 3255, which indicates possible chimerism (partial
editing in certain cell lineages of the embryo or plantlet), but
we did not follow up on those plants. For AC Nanda
homolog VLHP2-2A, plant 447-G8 contained an edit which
we were also not able to sequence because the PCR reaction
failed, even though 2B and 2D did amplify and contained
wild-type sequence. We repeated the PCR several times
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using a range of reaction conditions but could not amplify
the 2A homolog. Similarly, for VLHP2-2D, plant 459-A2
contained an edit which we were not able to sequence
because the PCR reaction failed. We repeated the PCR
several times using a range of reaction conditions but could
not amplify the 2D homolog. We also found putative edits in
447-H12 and 440-G6, but upon sequencing we found that
these were false positives.

[0216] For the CMS haploids, plant 450-D11 gave scores
of “1” for both assay #3332 and 3333 (Table 7). Upon
sequencing, we found that the 2A homolog had wild-type
sequence, but we could not PCR-amplify the 2D homolog,
suggesting that a large edit had occurred. We repeated the
PCR several times using a range of reaction conditions but
could not amplify the 2D homolog. For plant 452-B11, the
Tagman score was “0” for #3332 (VLHP2-2A), and we
could not amplify that allele for sequencing, even though the
2D and 2B PCR products and sequences were normal. We
repeated the PCR several times using a range of reaction
conditions but could not amplify the 2A homolog. We also
found five plants that had putative edits according to the
Tagman data for assays 3332 and 3333, but PCR-sequencing
showed these to be false positives; the sequence was wild-
type (unedited).

[0217] Intotal, we found two edited CMS haploids and six
edited AC Nanda haploids. There may be many more edited
haploids that we were not able to detect because we did not
have assays for the 2B gene for the CMS plants, nor for the
VLHP3 gene target sites of the guide RNA in these five
constructs.

[0218] The sequencing data from these edited haploids are
consistent with the concept of a large deletion, inversion or
rearrangement around the guide RNA target site, and extend-
ing far enough away to possibly include removal of one of
the primer binding sites. This type of large change is not
uncommon during editing by Cas9, especially in tissues
where DNA repair via non-homologous end-joining is
slower or inhibited—which may be the case in the just-
fertilized zygote or early haploid wheat embryo.

TABLE 7

Sequencing data from edited wheat haploids.

CMS
TAV_2A TAV_2D TAV_2B PMI Cas9
3332 3333 3255 1750 2540
Raw Copy Raw Copy Raw Copy Raw Copy Raw Copy
Plant Construct  copy  Copy # Copy # Copy # Copy # Copy #
D D # # level # level # level # level # level Sequencing result
427-A2 WT NA 244 >2 2.38 2 Not tested  0.00 0 0.00 0 not sequenced
427-B2 WT N/A 1.99 2 1.99 2 Not tested  0.00 0 0.00 0 not sequenced
427-C2 WT NA 202 2 2.07 2 Not tested  0.00 0 0.00 0 not sequenced
427-D2 WT NA 231 2 2.16 2 Not tested  0.00 0 0.00 0 not sequenced
427-A10 24091 2 2.07 2 1.66 2 Not tested  0.00 0 0.00 0 not sequenced
427-B10 24091 2 1.95 2 1.84 2 Not tested  0.00 0 0.00 0 not sequenced
427-C10 24091 2 1.93 2 2.28 2 Not tested  0.00 0 0.00 0 not sequenced
427-D10 24091 2 2.59 >2 248 >2 Not tested  0.00 0 0.00 0 not sequenced
427-E10 24091 2 1.90 2 1.78 2 Not tested  0.00 0 0.00 0 not sequenced
427-F10 24091 2 2.03 2 1.96 2 Not tested  0.00 0 0.00 0 not sequenced
427-G10 24091 2 2.08 2 2.25 2 Not tested  0.00 0 0.00 0 not sequenced
427-H10 24091 2 0.58 1 0.81 1 Not tested ~ 0.00 0 0.00 0 A and D were both
WT
427-Al11 24091 2 157 lor2 193 2 Not tested  0.00 0 0.00 0 not sequenced
427-B11 24091 2 141 lor2 1.63 2 Not tested  0.00 0 0.00 0 not sequenced
427-C11 24091 2 1.06 1 1.21 1 Not tested  0.01 0 0.01 0 not sequenced
427-D11 24091 2 1.98 2 2.03 2 Not tested  0.00 0 0.00 0 not sequenced
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TABLE 7-continued

Sequencing data from edited wheat haploids.

427-E11 24091 2 1.94 2 1.94 2 Not tested ~ 0.00 0 0.00 0 not sequenced
427-F11 24091 2 1.84 2 1.84 2 Not tested ~ 0.00 0 0.00 0 not sequenced
427-G11 24091 2 154 lor2 1.76 2 Not tested ~ 0.00 0 0.00 0 not sequenced
427-H11 24091 2 1.75 2 1.76 2 Not tested ~ 0.00 0 0.00 0 not sequenced
427-A12 24091 2 1.99 2 2.15 2 Not tested ~ 0.00 0 0.00 0 not sequenced
427-B12 24091 2 0.72 1 1.26 1 Not tested ~ 0.00 0 0.00 0 A and D were both
WT
427-C12 24091 2 1.69 2 1.50 1or2 Nottested 0.00 0 0.01 0 not sequenced
427-D12 24091 1 2.34 2 2.03 2 Not tested ~ 0.00 0 0.00 0 not sequenced
427-E12 24091 1 1.98 2 2.04 2 Not tested ~ 0.00 0 0.00 0 not sequenced
427-F12 24091 1 1.89 2 1.97 2 Not tested ~ 0.00 0 0.00 0 not sequenced
427-G12 24091 1 156 lor2 1.77 2 Not tested ~ 0.00 0 0.00 0 not sequenced
427-H12 24091 1 157 lor2 236 2 Not tested ~ 0.00 0 0.00 0 not sequenced
428-A3 24091 1 2.12 2 1.75 2 Not tested ~ 0.00 0 0.00 0 not sequenced
428-B3 24091 1 2.69 >2 1.89 2 Not tested ~ 0.00 0 0.00 0 not sequenced
428-C3 24091 1 2.09 2 244 2 Not tested ~ 0.00 0 0.00 0 not sequenced
428-D3 24091 1 2.05 2 2.39 2 Not tested ~ 0.00 0 0.00 0 not sequenced
428-E3 24091 1 2.48 >2 287 2 Not tested ~ 0.00 0 0.00 0 not sequenced
428-F3 24091 1 2.33 2 276 2 Not tested ~ 0.00 0 0.00 0 not sequenced
428-G3 24091 1 2.84 >2 0.22 0 Not tested ~ 0.00 0 0.00 0 A and D were both
WT
428-H3 24091 1 2.83 >2 2.60  >2 Not tested ~ 0.00 0 0.00 0 not sequenced
450-A11 24094 1 1.97 2 2.24 2 Not tested ~ 0.00 0 0.00 0 not sequenced
450-B11 24094 1 2.13 2 2.04 2 Not tested ~ 0.00 0 0.00 0 not sequenced
450-C11 24094 1 2.15 2 2.18 2 Not tested ~ 0.00 0 0.00 0 not sequenced
450-D11 24094 1 1.04 1 0.99 1 Not tested ~ 0.00 0 0.00 0 A& B were WT; D
failed
450-E11 24094 1 2.35 2 2.01 2 Not tested ~ 0.00 0 0.00 0 not sequenced
450-F11 24094 1 2.02 2 1.90 2 Not tested ~ 0.00 0 0.00 0 not sequenced
450-G11 24039 1 1.76 2 1.72 2 Not tested ~ 0.00 0 0.00 0 not sequenced
450-H11 24039 1 2.07 2 2.04 2 Not tested ~ 0.00 0 0.00 0 not sequenced
452-H4 24038 2 2.62 >2 0.01 0 Not tested ~ 0.00 0 0.00 0 A and D were both
WT
452-A11 24038 2 2.24 2 2.28 2 Not tested ~ 0.00 0 0.00 0 not sequenced
452-B11 24038 2 0.00 0 2.22 2 Not tested ~ 0.00 0 0.00 0 B & D were WT; A
failed
452-C11 24038 2 2.55 >2 2.22 2 Not tested ~ 0.00 0 0.00 0 not sequenced
452-D11 24038 2 0.82 1 1.26 1 Not tested ~ 0.00 0 0.00 0 A and D were both
WT
452-E11 24038 2 2.43 >2 2.36 2 Not tested ~ 0.00 0 0.00 0 not sequenced
452-F11 24038 2 2.12 2 2.21 2 Not tested ~ 0.00 0 0.00 0 not sequenced
452-G11 24038 2 2.38 2 1.99 2 Not tested ~ 0.00 0 0.00 0 not sequenced
452-H11 24038 2 1.82 2 1.83 2 Not tested ~ 0.00 0 0.00 0 not sequenced
z
NANDA
TAV_2A TAV_2D TAV_2B PMI Cas9
3332 3333 3255 1750 2540
Raw Copy Raw Copy Raw Copy Raw Copy Raw Copy
Plant construct copy Copy # Copy # Copy # Copy # Copy #
D D # # level # level # level # level # level Sequencing result
425-A2 WT N/A 230 2 262 >2 1908 2 0.00 0 0.00 0  not sequenced
425-B2 WT N/A 228 2 241 >2 2274 2 0.00 0 0.00 0  not sequenced
425-C2 WT N/A 247 >2 192 2 1962 2 0.00 0 0.00 0  not sequenced
425-D2 WT N/A 210 2 211 2 1772 2 0.00 0 0.00 0  not sequenced
447-A12 24038 2 172 2 190 2 202 2 0.00 0 0.00 0  not sequenced
447-B12 24039 2 218 2 162 2 147 1lor2 0.00 0 0.00 0  not sequenced
447-C12 24039 2 178 2 240 2 190 2 0.00 0 0.00 0  not sequenced
447-D12 24039 2 158 lor2 1.70 2 218 2 0.00 0 0.00 0  not sequenced
447-E12 24039 2 213 2 182 2 214 2 0.00 0 0.00 0  not sequenced
447-F12 24039 2225 2 178 2 215 2 0.00 0 0.00 0  not sequenced
447-G12 24039 2 190 2 230 2223 2 0.00 0 0.00 0  not sequenced
447-H12 24039 1 234 2 195 2 089 1 0.00 0 0.00 0 A, B, and D were all WT
440-A2 24039 1 1.72 2 17 2 124 1 0.00 0 0.00 0  not sequenced
440-B2 24039 1 230 2 256 =2 177 2 0.00 0 0.00 0  not sequenced
440-C2 24039 1 305 >2 185 2 201 2 0.00 0 0.00 0  not sequenced
440-D2 24039 1 1.66 2 170 2 144 1lor2 0.00 0 0.00 0  not sequenced
440-E2 24039 1 223 2 191 2 204 2 0.00 0 0.00 0  not sequenced
440-F2 24039 1 263 >2 207 2 228 2 0.00 0 0.00 0  not sequenced
440-G2 24038 11 1.91 2 1.87 2 210 2 0.00 0 0.00 0  not sequenced
440-H2 24038 1 1.85 2 1.80 2 197 2 0.00 0 0.00 0  not sequenced
440-A3 24038 1 252 >2 205 2 199 2 0.00 0 0.00 0  not sequenced
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Sequencing data from edited wheat haploids.

440-B3 24038 1 2.16 2 219 2 0.00 0 0.00 0 0.00 0 A&Dwere WI; B
failed
440-C3 24038 1 258  >2 202 2 2,78 >2 0.00 0 0.00 0 not sequenced
440-D3 24038 1 2.34 2 232 2 0.00 0 0.00 0 0.00 0 A& D were WT; B
failed
440-E3 24038 1 249 >2 223 2 247 2 0.00 0 0.00 0 not sequenced
440-F3 24038 1 2.08 2 210 2 2.17 2 0.00 0 0.00 0 not sequenced
440-F4 24038 1 1.73 2 147 lor2 141 lor2 0.00 0 0.00 0 not sequenced
440-G4 24038 1 153 lor2 202 2 1.99 2 0.00 0 0.00 0 not sequenced
440-H4 24038 1 2.22 2 1.90 2 0.00 0 0.00 0 0.00 0 not sequenced
440-A5 24038 1 2.22 2 1.90 2 0.00 0 0.00 0 0.00 0 A&Dwere WI; B
failed
440-A6 24039 2 249 >2 232 2 1.84 2 0.00 0 0.00 0 not sequenced
440-B6 24039 2 2.12 2 203 2 2.21 2 0.00 0 0.00 0 not sequenced
440-C6 24039 2 2.63 >2 2.07 2 2.28 2 0.00 0 0.00 0 not sequenced
440-D6 24039 2 249 >2 223 2 247 2 0.00 0 0.00 0 not sequenced
440-E6 24039 2 245 >2 2.20 2 2.32 2 0.00 0 0.00 0 not sequenced
440-F6 24039 2 2.10 2 1.92 2 1.91 2 0.00 0 0.00 0 not sequenced
440-G6 24039 2 0.57 1 0.66 1 0.53 1 0.00 0 0.00 0 A,B&Dwereall WT
440-Ho6 24039 2 1.81 2 1.96 2 251 2 0.00 0 0.00 0 not sequenced
447-A8 24038 1 242 >2 221 2 2.10 2 0.00 0 0.00 0 not sequenced
447-B8 24038 1 246 >2 232 2 2.09 2 0.00 0 0.00 0 not sequenced
447-C8 24038 1 2.09 2 2.08 2 2.29 2 0.00 0 0.00 0 not sequenced
447-D8 24038 1 2.13 2 214 2 2.34 2 0.00 0 0.00 0 not sequenced
447-E8 24038 11 2.36 2 231 2 244 2 0.00 0 0.00 0 not sequenced
447-F8 24038 1 272 >2 228 2 2.00 2 0.00 0 0.00 0 not sequenced
447-G8 24038 1 0.71 1 134 lor2 233 2 0.00 0 0.00 0 B & D were WT; A
failed
447-H8 24038 1 2.25 2 229 2 2.01 2 0.00 0 0.00 0 not sequenced
456-A9 24038 2 2.19 2 159 lor2 2.03 2 0.00 0 0.00 0 not sequenced
456-B9 24038 2 2.13 2 211 2 2.02 2 0.00 0 0.00 0 not sequenced
456-C9 24038 2 2.16 2 1.85 2 145 1lor 0.00 0 0.00 0 not sequenced
456-D9 24038 2 256 >2 218 2 1.76 2 0.00 0 0.00 0 not sequenced
456-E9 24038 2 2.29 2 203 2 1.65 2 0.00 0 0.00 0 not sequenced
456-F9 24038 2 2.24 2 202 2 2.05 2 0.00 0 0.00 0 not sequenced
456-G9 24038 2 249 >2 203 2 0.00 0 0.00 0 0.00 0 A&Dwere WI; B
failed
456-H9 24038 2 1.78 2 1.62 2 138 1lor2 0.00 0 0.00 0 not sequenced
459-A2 24038 2 138 lor2 1.11 1 0.94 1 0.00 0 0.00 0 A& Bwere WI; D
failed
459-B2 24038 2 1.86 2 1.91 2 2.12 2 0.00 0 0.00 0 not sequenced
459-C2 24038 2 1.94 2 2.09 2 1.42 1or2 0.00 0 0.00 0 not sequenced
459-D2 24038 2 2.09 2 205 2 1.91 2 0.00 0 0.00 0 not sequenced
459-E2 24038 2 2.18 2 212 2 2.12 2 0.00 0 0.00 0 not sequenced
[0219] Overall, we found that the editing frequency (num- might be useful because it would avoid editing the target

ber of edited haploids identified divided by the total number
of haploids) for construct 24038 was 0.79%; for construct
24039 it was 0%; for construct 24091 it was 0%, and for
construct 24094 it was 0.75%. However, this editing rate is
certainly an under-estimate because we did not have assays
to detect edits at many of the guide RNA target sites.
Additionally, because we used TO pollen that was either 1 or
2 copy, we know that with the 1-copy pollen, only 50% of
the fertilizing pollen grains will contain the Cas9, and so
only half of the embryos have the opportunity to be edited;
similarly, for 2 copy parents, assuming random segregation
of the transgenes in the male meiosis, we would expect
about 75% of the pollen to contain Cas9, so 25% of the
embryos cannot be edited. It is reasonable to conclude that,
when one is trying to use this simultaneous editing plus
haploid induction technology with the editing machinery
carried by the pollen, it may in some cases be more optimal
to use a promoter that express specifically or highly in pollen
and in sperm cells, so that the Cas9 can be expressed at a
higher level. In cases where the gene target might impact
development of the haploid inducer plant, having a pollen or
sperm-preferred promoter that does not express in leaves

gene in the haploid inducer plant during development—
perhaps editing it for the first time in pollen.

[0220] Because the sperm cells fertilize the egg, they have
the potential to deliver Cas9 RNA and protein (as well as the
transgene DNA itself, integrated into one of the male chro-
mosomes that will be eliminated). As we demonstrated in the
wide-cross work in this example, it may work well to have
the Cas9 and/or guide RNA under the control of a promoter
that specifically or highly expresses in pollen, and in par-
ticular in sperm cells, when using a haploid inducer as the
male to edit elite lines. We do not know exactly whether
MATRILINEAL, EXPB1, EXPB2, and PRF3 express in the
vegetative nucleus, the sperm cells, or both, and whether
there might be any expression in a zygote cell type, but these
were chosen because they are supposedly highly and/or
specifically expressed in pollen. The PRF3 promoter has a
DUO1 binding motif in the promoter, which may indicate it
expresses in sperm cells. This is consistent with that pro-
moter having higher editing frequency. The fact that we
found many edited wheat haploids after the wide cross
makes it clear that when there is high expression of Cas9 in
pollen, using these or any other promoter, that expression
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can lead to editing in the wheat embryos after the wide cross.
There is a strong possibility that these promoters, as well as
other promoters that drive expression in pollen, or in par-
ticular in the sperm cells, might increase the efficiency of the
editing process during corn haploid induction, or rice hap-
loid induction.

[0221] Similarly, in the next example below, we show
haploid editing in a dicot using a CENH3-modified-haploid
inducer line, and we use constitutive promoter to drive the
Cas9. But in an attempt to increase the efficiency of the
haploid editing, we could opt to use a promoter that drives
high and/or specific expression in egg cells, such as the EGG
APPARATUSI gene’s promoter (“prEA1”) (see, e.g., Gray-
Mitsumune, M. and Matton, D. P., The Egg apparatus 1 gene
from maize is a member of a large gene family found in both
monocots and dicots, Pranta 223(3):618-625 (February
2006)) or EGG CELL1 (EC1) (see, e.g., Sprunck S, et al.,
Egg cell-secreted EC1 triggers sperm cell activation during
double fertilization. Science 2012; 338:1093-97; PMID:
23180860; http://dx.doi.org/10.1126/science.1223944).
[0222] As an example of this, one could use a sperm-cell
expressed promoter, such as the Arabidopsis sperm-specific
DUO1 promoter (see, e.g., Engel, et al., Green Sperm.
Identification of Male Gamete Promoters in Arabidopsis,
Prant Puysiorogy August 2005, 138 (4) 2124-2133; DOI:
10.1104/pp. 104.054213), or homologs of DUO1 from other
species (for instance, the maize genes GRMZM2G105137
and GRMZM2G046443 are both DUO1 homologs that
share a similar pollen-specific expression pattern). If one
used any of these to drive Cas9 expression in the sperm cells
of a haploid inducer line like RWK, NP2222-HI, or an matl
mutant, it might make a highly efficient haploid editor line
for use in editing diverse elite maize or wheat germplasm,
via intraspecific or wide cross, respectively.

[0223] Other suitable sperm-expressed promoters for this
concept of driving high Cas9 expression in sperm cells
would include the DUO1 homologs in wheat, rice, barley,
tomato, sunflower, or other monocots or dicots. Other suit-
able promoters for this concept are shown in Table 8 below.
These promoters, or their homologs in crop species—might
be very useful for this concept. The principal at work is that
gamete cell expression of the editing machinery can increase
the rate or efficiency of this invention because it means that
there will be abundant editing protein or RNA present or
delivered to the embryo during fertilization so that editing
can happen rapidly.

TABLE 8

Promoters List: promoters one can use in a transgene to drive high
sperm cell expression of editing machinery to boost the efficiency

of simultaneous editing and doubled-haploid induction (“SEDHI").

Gene Name Gene ID Maize Ortholog Rice Ortholog
DUO1 At3G60460  GRMZM2G105137, LOC_Os04g46384
GRMZM2G046443

MGH3 At1G19890 NA NA

GEX1 At5G55490  GRMZM2G388045 LOC_0s09g27040
LOC_0Os07g47194

GEX2 At5G49150  GRMZM2G036832 LOC_0s09g25650

GEX3 At5G16020  GRMZM2G458159 LOC_0s01g42060

HAP2/GSC1  At4G11720 GRMZM2G412911 LOC_Os05g18730

CycBl1 At4G37490  NA NA

DAZ1 At2G17180  GRMZM2G132057 NA

DAZ2 At4G35280 NA LOC_0s02g19180

DAZ3 At4G35700  NA NA
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TABLE 8-continued

Promoters List: promoters one can use in a transgene to drive high
sperm cell expression of editing machinery to boost the efficiency
of simultaneous editing and doubled-haploid induction

“SEDHI™).

Gene Name Gene ID Maize Ortholog Rice Ortholog
PCRI11 At1G68610  NA NA

DAN1 At3G04620  NA NA

TIP1 AT3G47440 NA LOC__Os04g46490
MKKK?20 AT3G50310 NA NA

DAF1 At3G62230  NA NA

DAW1 At4G35560 GRMZM2G176647 NA

DAU2/DMPY  At5G39650 NA NA

VII. Simultaneous Haploid Induction and Editing in Dicots
Via Wide Cross or Via Crosses to CENH3-Altered Lines or
Other Haploid Inducing Lines.

[0224] In vivo haploid induction can also be achieved
using interspecific or intergeneric wide crosses on dicot
plant species, for example, in cotton (Turcotte et al. 1969,
Semigametic production of haploids in pima cotton. Crop
Sci. 9:653-655) and tobacco (Burke et al, 1979, Maternal
haploids of Nicotiana tabacum L. Science 206:585; Werns-
man et al. 1989, Androgenetic vs. gynogenetic doubled
haploids of tobacco. Crop Sci. 29:1151-1155). Haploid
Arabidopsis plants can be obtained by crossing with pollen
from mutant CENH3 plant, or by crossing said plants as
females to wild type pollen (Ravi and Chan, 2010, Haploid
plants produced by centromere-mediated genome elimina-
tion. Nature 464: 615-618). Other candidate genes which
may be modified to generate a haploid inducer and SEDHI
editing line include KNL2 and CENPC (both of which may
operate via centromere-mediated uniparental genome elimi-
nation) as well as MSI2 and sunflower PLLA2. In this case,
the haploid-inducing genome (be it the male or female in the
cross) also contains the editing machinery, so that the editing
can be achieved during the haploid induction process, with
the result being an edited maternal or paternal haploid
progeny plant without altered CENH3 or editing transgenes.
See, e.g., WO 2017/004375, incorporated herein by refer-
ence in its entirety. Transgenic locus expressing editing
machinery can be introduced into any dicot crops or their
wild relatives of Brassica, tomato, pepper, lettuce, eggplant,
soybean, sunflower, sugar beet, cotton, alfalfa, tobacco, and
others. The transgenic lines expressing editing machinery
are then used as pollen donors, or in the case of CENH3,
either pollen donors or acceptors, in interspecific or inter-
generic wide crosses for haploid induction and simultaneous
genome editing. For example, N. affricana transgenic
CRISPR-Cas9 lines expressing sgRNA targeting tobacco
gibberellin 20-oxidase are created through Agrobacterium-
mediated transformation and used to pollinate emasculated
tobacco flowers to induce haploid plants with their genome
edited at the gibberellin 20-oxidase locus. Preferably, an
easily transformable line with large number of pollen is used
as pollen donor for haploid induction and to provide the
editing machinery transiently. The recipient plant for haploid
production has flowers that are easy to emasculate or is male
sterile. More preferably, a color or other visual marker is
present in the induction line or is included in the editing
locus to easily differentiate haploid embryos or plants from
diploids resulted from normal zygote development.

[0225] We exemplified this by utilizing an Arabidopsis
haploid inducer line in the Columbia ecotype, and trans-
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forming it with a construct encoding expression of Cas9 and
a single guide RNA targeting the GLABROUSI gene (GL1)
which, when knocked out, gives a trichome-less phenotype.
We crossed the TOs as females by Landsberg Erecta (Ler)
ecotype pollen, and recovered gl1 edited haploid progeny.
[0226] The haploid inducer materials were obtained from
the Comai lab at UC Davis. These materials are typically
utilized as paternal haploid inducer lines (causing androgen-
esis, when crossed as females to wild-type males) but can
also act as maternal haploid inducers (causing gynogenesis,
when crossed as males to wild-type females). These lines
have been altered to become haploid inducers by replacing
the native CENH3 gene with a Zea Mays CENH3 transgene
as reported in (Maheshwari, et al, 2017, Centromere location
in Arabidopsis is unaltered by extreme divergence in
CENH3 protein sequence. Genome Research 27(3)).
[0227] In particular, both copies of the native AtCENH3
gene was knocked out and complemented with the stably
inserted ZmCENH3 transgene, which did not impact normal
plant development, and did not produce haploids upon
self-pollination, but did produce about 10% haploids upon
outcross. This is a modification to the original concept of
CENH3-tailswap described in detail in (Ravi and Chan,
2010, Haploid plants produced by centromere-mediated
genome elimination. Nature 464: 615-618) and many sub-
sequent publications.

[0228] After we obtained the CENH3* lines from UC
Davis, we grew them up, confirmed that they had the
ZmCENH3 transgene and were homozygous “null” for the
native AtCENH3 gene. We did this by designing a taqgman
qPCR assay for ZmCENH3 (assay #2298) and by using PCR
and gel electrophoresis to test 183 seedlings for the zygosity
of the AtCENH3 genotype by running PCR using the Xbal
forward and reverse primers (SEQ NO TKX and TKY) and
Reddy mix at 60° C. annealing temperature and cutting with
the Xbal restriction enzyme overnight at 37° C. The wild-
type allele would be cut by this enzyme and produce two
bands (189 bp, 25 bp) while the mutant would remain at 215
bp. These tests showed that all of the seed that UC Davis
sent were homozygous for the mutant allele Atcenh3-1, and
that there were multiple copies of the ZmCENH3 transgene
present.

[0229] Confident that these acquired seeds were indeed
haploid inducers, we kept 100 plants and initiated floral dip
transformation with binary vector 24075 (SEQ ID NO: 98)
containing a sgRNA cassette targeting the Arabidopsis
(GL1) gene (AT3G27920) at two target sites. The target
sequences are 5'-GGAAAAGTTGTAGACTGAGA-3', and
5'-GCAGTGATGAACAATGACGG-3'  (complementary
strand). The disruption of the GL.1 gene produces visible
phenotypes of partially or completely glabrous plants (gla-
brous plants lack trichomes). The Cas9 gene (cCas9-05) in
this vector was driven by the Arabidopsis thaliana elonga-
tion factor promoter. The vector also contains two selectable
marker cassettes conferring Kan resistance and AmCyan
florescence driven by the CMP-02 promoter and Glycine
max UBI-01 promoter respectively. The vector was moved
into the agrobacterium strain EHA101 and then floral dip
transformed into the haploid inducer Arabidopsis plants.
[0230] The transformation protocol was as follows: In the
morning we spread 24075 EHA101 RecA Agrobacterium
obtained from plates to YPSpec100Kan50 plates. We cul-
tured these in 28° C. dark for 24 hours. We prepared
infiltration medium (4 L): 2 XMS salts (8.66 g), 1x Gam-
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borg’s BS vitamins (4 ml), 5% (W/V) sucrose (200 g), 0.044
UM BAP (12.5 mg-12.5 mIDMSO) 40 uL, followed by filter
sterilization. We then added 250 pl 40 mg/ml AS (20 mg/I)
and 25 pl STlwet L-77 (50 pl/L) to 500 ml Infiltration media.
Using a loop to collect the Agrobacterium and put in 50 ml
tube with ~10 ml of the filter sterilization, we suspended the
Agrobacterium until it produced 1 L with an optical density
600 of 0.54. We dipped the inflorescence shoot in to the
suspension medium for 20-30 seconds and used the lid to
cover the tray. We repeated this for a second time with
another suspension of OD600 of 0.552.

[0231] About 4 weeks after transformation, approximately
100,000 self-pollinated seeds were harvested and incubated
at 4° C. for two days vernalization, and then the seeds were
sterilized by soaking in 70% ethanol for 1 minute and then
soaking in 50% (V/V) bleach with 0.05% (v/v) Triton X-100
for a further 10 minutes, then washing the seeds in four
changes of sterile water. The seeds were then placed on
kanamycin (50 pg/ml) plates for germination-screening/
selection in a plant tissue culture room (23° C. day, 24° C.
night, 16 hours lighting). 38 positive transformants were
identified because they were resistant to the kanamycin
selection, and they were grown into seedlings before being
transferred onto soil and sampled to test for the presence of
the Cas9 T-DNA (assay #3049) as well as the status of the
two guide RNA cut sites (assays #3321 and #3322). 10
single copy and 15 2-copy events were identified that had
both alleles of GL1 mutated and that had a trichomeless
phenotype. These plants were prioritized because they had
shown evidence of Cas9 activity (by virtue of the mutated
GL1 and the glabrous phenotype), they had the Cas9 trans-
gene and they had the ZmCENH3 transgene by qPCR assay.
These plants were induced to flower for a long period of time
by keeping them in the following growth conditions: 16
hours light, 23° C. Day 20° C. night temperature, not >60%
relative humidity.

[0232] At the same time as these haploid inducer plants
that were transformed with the Cas9 construct were being
identified, we were sowing and growing a population of
Landsberg Erecta (Ler) seed obtained from the Arabidopsis
Biological Resource Center at Ohio State University (line #
CS20). These are wild type seed and the sequence of the
GL1 guide RNA target sites in CS20 match that of the guide
RNA in our construct. We allowed both populations to
flower and made about 2000 controlled crosses, using the
wild-type Ler plants as the male pollen-donor, crossing onto
the approximately 25 haploid inducers with the Cas9 con-
struct, which was used as the female. We made up to 100
crosses per female, marking the crossed flowers with a black
marker and removing flowers that we did not cross so as to
limit the potential of harvesting self-pollinated siliques. In
most cases, we emasculated the female flowers prior to
pollination by removing the anthers with forceps, again to
avoid contamination with self-pollinated seed, but in some
cases this was not necessary because the anthers were young
or mal-developed.

[0233] About 15 days we harvested the siliques which had
developed a light brown color. Then we opened the siliques
and planted the seeds in the soil. Then put them in the 6° C.
(day and light), 8 hours day length, 200 umal/m?s lighting,
60% relative humidity growth chamber for 4 days. Then we
transferred them to 16 hours light, 23° C. Day, 20° C. night
temperature, not >60% humidity growth chamber for 7-10
days. We observed a high frequency of aborted seed in
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almost all of the siliques, averaging about 40-50% of the
total seeds. This number of aborted embryos is very con-
sistent with the performance of this haploid inducer material
in published reports. Without wishing to be constrained by
this theory, it has been speculated that the aborted seed is
most likely caused by partial or complete genome elimina-
tion in the endosperm leading to endosperm imbalance and
failure. This is a natural phenomenon in CENH3-type hap-
loid inducer lines during outcross and is likely not connected
with the presence of the Cas9 transgene. These aborted
embryos do not germinate. Because of the steady and
reliable rate of embryo abortion in every outcrossed silique,
we ended up using the absence of that phenotype to screen
away siliques that were accidental self-pollinations. That
way we germinated siliques that had been outcrossed.

[0234] In total we recovered approximately 2000 germi-
nated progeny, the majority of which were outcrossed. We
identified the edited haploids via a combination of qPCR
marker assays and/or phenotypic screening. The markers
that we used to detect the edited haploids were as follows.

[0235] First, we looked for a “0” score for the ZmCENH3
assay. This indicates that the plant is a haploid because the
maternal genome has been lost, and so the ZmCENH3
transgene, which is present in multiple copies of the mother
haploid inducer plant, has also been lost. The diploids, in
contrast, will be hybrids between the maternal and paternal
genome, and will have a “1” or “2” or higher Tagman score
for this assay, depending on the copy number of the mother
plant. The key is that all diploids will show evidence of this
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transgene, but paternal haploids, having only the Ler
genome, will not and will thus be a “0.”

[0236] Second, we looked for a “0” score for the Cas9
assay, which indicates that it is non-transgenic. This can also
be seen visually by using a fluorescent light and looking for
the CFP fluorescent marker.

[0237] Third, we looked for a “0” score for one of the GLL1
target site assays, which indicates that the plant has been
edited. The diploid plants might show a “0,” “1” or “2” for
those assays, but the haploids either showed a “2” or a “0.”
The first of the two GL.1 guide RNAs apparently had a much
higher editing efficiency than the second, because assay
3321 had a high preponderance of “0”s and “F” s in the
haploid inducer TOs, but 3322 had mostly “2” s.

[0238] Using these assays, we were able to identify
unedited haploids (which were “0” for ZmCENH3 and
Cas9, but had “2” scores for both GL1 target sites) and also
edited haploids (which had a “0” for the ZmCENH3, Cas9
and GL1 (3321) assays). We were also able to identify
diploid hybrids that had Cas9 (and often were edited at the
GL1 sites) and diploid hybrids that did not have Cas9 (and
often had one copy of GL.1 edited (from the maternal parent)
but not the other, and thus had a score of “1” for the GL1
assay. We were also able to identify several putative edited
haploids because they had a score of “0” for the target site
assay (3321), the ZmCENH3 (2298) and the Cas9 (3049).
See Table 9 below for an example of progeny Tagman data
from parent USR01424136 containing three putative edited
haploids (plant 254 in well F2, plant 260 in well D3, and
plant 261 in plant E3).

TABLE 9

Progeny analysis from parent USR01424136.

PLATE 1045 HI parent was single copy Cas9

AtGL1-1 cut  AtGL1-2 cut ZmCENH3 Cas9
site 3321 site 3322 2298 3049
Raw Raw Raw Raw
Copy Copy# Copy Copy# Copy Copy# Copy Copy# Putative Putative
Well Plant ID # level # level # level # level Haploid Edited
E2 USRO01424136 x Ler-253  0.06 0 0.87 1 4.30 >2 2.93 >2 X
F2 USRO01424136 x Ler-254  0.00 0 032 Oorl 0.00 0 0.00 0 X X
G2  USRO01424136 x Ler-255 132 lor2 206 2 3.16 >2 0.00 0
H2  USRO01424136 x Ler-256  0.02 0 0.99 1 2.51 >2 2.99 >2 X
A3 USRO01424136 x Ler-257 0.04 0 0.87 1 2.40 2 2.84 >2 X
B3 USRO01424136 x Ler-258 0.03 0 1.64 2 2.99 >2 3.17 >2 X
C3 USRO01424136 x Ler-259  0.03 0 1.21 1 5.28 >2 5.28 >2 X
D3 USRO01424136 x Ler-260  0.06 0 2.01 2 0.00 0 0.00 0 X X
E3 USRO01424136 x Ler-261  0.00 0 2.01 2 0.01 0 0.00 0 X X
F3 USRO01424136 x Ler-262  2.04 2 2.10 2 0.00 0 0.00 0 X
G3 USRO01424136 x Ler-263  1.36 or2 1.25 1 0.00 0 0.00 0 X
H3 USRO01424136 x Ler-264 1.75 2 1.71 2 0.00 0 0.00 0 X
A4 USRO01424136 x Ler-265 0.00 0 1.67 2 3.06 >2 3.16 >2 X
B4 USRO01424136 x Ler-266 1.66 2 2.32 2 0.00 0 0.00 0 X
C4 USRO01424136 x Ler-267 2.09 2 1.94 2 3.99 >2 0.00 0
D4  USRO01424136 x Ler-268  1.47 or2 208 2 6.34 >2 151 lor2
E4 USRO01424136 x Ler-269 1.95 2 1.76 2 3.19 >2 0.00 0
F4 USRO01424136 x Ler-270 1.92 2 2.17 2 4.28 >2 0.02 0
G4  USRO01424136 x Ler-271  2.02 2 1.85 2 4.31 >2 0.00 0
H4  USRO01424136 x Ler-272  0.00 0 1.71 2 1.65 2 1.12 1 X
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[0239] Simply by germinating seeds and sampling for
qPCR Tagman analysis, we were able to identify 8 putative
edited haploids. Edited haploids were also identified by
phenotypic visual screening, and then confirmed later by
Tagman assay. We screened for the edited haploids by
looking for trichomeless, or glabrous, plants, which indi-
cated that they did not have any wild-type alleles for the
GL1 gene, and by looking for a lack of cyan fluorescent
protein (“CFP”) expression in the embryo or seedling root.
This indicated that they lacked the Cas9 T-DNA. We

26
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edited alleles, and then subcloned and sequenced at least 8
colonies for each putative edited allele. See Table 10 for the
sequence changes we found in the edited haploids at the first
guide RNA (assay #3321) target site, as well as the Tagman
data from the TO parents. In total, we found 19 putative
edited haploids, and we confirmed that the 3321 target sites
had mutations in 11 of the 12 edited haploids that we
attempted to sequence. Whether the other 7 would also have
mutations will be confirmed upon sequencing. See the
sequence alignment for these edits in FIG. 24.

TABLE 10

Tagman and sequence data from 19 edited haploids.

AtGL1-1 cut AtGL1-2 cut ZmCENH3 Cas9
site 3321 site 3322 2298 3049

Raw Copy Raw Copy Raw Copy Raw Copy Target

Copy # Copy # Copy # Copy # site PA
Plate Well Plant ID # level # level # level  # level mutation confirm?
1033 A3 USRO01424135 x Ler-425  0.00 0 1.67 2 0.04 0 0.00 0 wild type Not done
1033 C3 USRO01424135 x Ler-427 0.21 0 243 =2 0.01 0 0.00 0 insert A Yes
1033 E4 USRO01424135 x Ler-437 0.08 0 2.04 2 0.00 0 0.00 0 insert T Yes
1042 ES USRO01424136 x Ler-25 0.16 0 295 =2 0.00 0 0.00 0 insert A Not done
1042 G10 USRO01424136 x Ler-67  0.00 0 2.19 2 0.00 0 0.00 0 delete AG Not done
1042 G12 USRO01424136 x Ler-83 0.00 0 1.86 2 0.00 0 0.00 0 delete G Not done
1043 B1l USRO01424136 x Ler-154 0.16 0 159 lor2 001 0 0.00 0 Not done Not done
1045 F2 USRO01424136 x Ler-254  0.00 0 0.32 Oorl 0.00 0 0.00 0 delete 8nt* Not done
1045 D3  USRO01424136 x Ler-260  0.06 0 2.01 2 0.00 0 0.00 0 insert T Not done
1045 E3 USRO01424136 x Ler-261  0.00 0 2.01 2 0.01 0 0.00 0 delete TG Not done
1046 D11 USR01431609 x Ler-111  0.09 0 1.59 lor2 0.02 0 0.01 0 insert A Not done
1046 G12 USRO01431609 x Ler-122  0.02 0 1.62 2 0.00 0 0.00 0 insert T Not done
1046 H12 TUSR01431609 x Ler-123  0.00 0 0.00 0 0.00 0 0.00 0 delete CTG Yes
0583 D12 USR01431603 x Ler-80  0.00 0 1.50 1lor2 0.00 0 0.00 0 Not done Not done
0584 A9 USRO01431603 x Ler-137  0.00 0 1.87 2 0.00 0 0.00 0 Not done Not done
0584 Cl11 USRO01431603 x Ler-155 0.05 0 2.06 2 0.00 0 017 0 Not done Not done
0584 G11 USRO01431603 x Ler-159  0.09 0 2.15 2 0.00 0 0.00 0 Not done Not done
0584 Cl12 USR01431603 x Ler-163  0.00 0 1.35 lor2 0.00 0 011 0 Not done Not done
0584 F12 USR01431603 x Ler-166  0.00 0 1.65 2 0.00 0 0.00 0 Not done Not done
0585 H7  USRO01431603 x Ler-212  0.06 0 2.05 2 0.00 0 0.01 0 Not done Not done
Female USRO01424135 0.03 0 142 lor2 446 >2 298 >2 AG, +T chimera Diploid
Parent USR01424136 0.03 0 1.13 1 359 >2 276 >2 Not done Diploid
TO USR01431603 0.14 0 1.25 1 248 >2 342 >2 Not done Diploid
Plants USRO01431609 0.18 0 1.1 1 475 >2 557 >2 Notdone Diploid
*delete 16 nt insert CTAAACAT

observed several of these plants, and submitted them for [0241] We further ran leaf samples from three edited

Tagman assays. For three such plants that we identified
phenotypically, we were able to confirm that they were truly
edited haploids by the Taqman assays. We were aware of the
fact that it is possible that some of these glabrous plants that
lack CFP were false positives, either because the CFP was
silent or because of self-pollination of the fully-edited
mother plant and production of null segregant, fully edited
(and thus glabrous) progeny. The Tagman assays were able
to detect and screen out these false positives, because they
directly tested for the presence of not only the Cas9 trans-
gene, but also the ZmCENH3 allele, which would certainly
be present in any self-pollinated contaminating seed. We
found several examples of self-pollinated seed that all came
from one mother plant. The pollination notes for that mother
indicated that there was highly abundant pollen that may
have resulted in some self-pollination. We excluded these
progeny from the total analysis.

[0240] All of the putative edited haploids identified by
Tagman assay were sequenced. We used PCR to amplify the

haploid plants through ploidy analysis, along with three
diploid controls (tissue sampled from the maternal parent
plants), which showed that they were true haploids (FIGS.
18-23). This served to reconfirm their status as edited
haploids.

[0242] Inthree parental lines where we were confident that
there was no self-pollination contamination, we did not do
any phenotypic pre-screening, but instead sampled all ger-
minated progeny for Tagman analysis (Table 11). The three
female parents for these progeny were USR01431603,
USRO01431609, and USR01431604. We found a haploid
induction rate of about 9.7% calculated by dividing the
number of progeny that lack the ZmCENH3 and Cas9
transgenes (59) by the total number of progeny sampled
(605). Of the 59 haploids we found that 10 were edited. That
means 16.9% of haploids, on average, were edited by the
maternal Cas9, prior to elimination of the maternal genome.
Without wishing to be constrained by this final number, this
means that, using this system, as a percentage of total
progeny, 9.7%%16.9%=1.64% of all germinated progeny
were edited haploids.
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TABLE 11
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Haploid induction rate and editing rate data from three sets of progeny, each derived
from a different SEDHI inducer female parent crossed by Landsberg erecta pollen.

Parent Parent

plant plant Total Haploid Haploid Edited Edited Haploid
D Cas9-05 CNpt2-10 samples number  rate  Haploid rate
USRO01431603 x >2 >2 230 36 15.65 7 19.44
Landsberg erecta
USRO01431609 x >2 >2 123 14 11.38 3 21.43
Landsberg erecta
USRO01431604 x 2 1 252 9 3.57 0 0.00

Landsberg erecta

[0243] The rate of CENH3* type haploid editing or other
paternal haploid editing (using a maternal haploid inducer
line) might be increased through the use of a promoter that
drives the expression of Cas9 and/or the guide RNA to a
higher level in the egg cell before fertilization and/or in the
zygote cell during or after fertilization. An example of such
a promoter would the promoter for EA1 (EGG APPARA-
TUS1) (GRMZM2G456746), although there are many other
examples. One could also express the Cas9 in the context of
an egg apparatus-specific enhancer (EASE), which is a
77-bp sequence that stimulates expression of adjoining
genes in the egg cell or the very early zygote (see, e.g., Yang,
et al. An Egg Apparatus-Specific Enhancer of Arabidopsis,
Identified by Enhancer Detection, PLANT PHYSIOLOGY
November 2005, 139 (3) 1421-1432; DOI: https://doi.org/
10.1104/pp.105.068262).

VIII. Simultaneous Haploid Induction and Editing by
Directly Modifying a Target Base in Genomic DNA
Sequence.

[0244] Targeted mutagenesis of DNA sequence can also
be achieved through direct conversion of one DNA base to
another without requiring double stranded breaks (DSBs).
For example, cytidine deaminase APOBECI, adenine
deaminase, and other enhancing components like Uracil
DNA glycosylase (UDG) can be fused to Cas9 (A840H)
nickase or nuclease-inactivated dead Cas9 (dCa9) to direct
editing of DNA sequence without introducing double strand
DNA breaks (Komor et al. 2016. Programmable editing of a
target base in genomic DNA without double-stranded DNA
cleavage. Nature doi:10.1038/naturel7946; Gaudelli et al.
2017. Programmable base editing of A:T to G:C in genomic
DNA without DNA cleavage. Nature doi:10.1038/na-
ture24644; Komor et al. 2017. Improved base excision
repair inhibition and bacteriophage Mu Gam protein yields
C:G-t0-T: A base editors with higher efficiency and product
purity. Science Advances, Vol. 3, no. 8, eaaod774, DOI:
10.1126/sciadv.aa04774). This kind of base editor machin-
ery can also be delivered through haploid induction line to
induce base editing in target sequences directly in other
varieties. For example, a guide RNA sequence, xZmVLHP-
03 (5'-AGGCGTCGAGCAGCGAGGTG-3', SEQ ID NO:
28) is designed to target the cytidine deaminase base editor
system to convert ZmVLHP gene exon 2 genomic sequence
5'-AGGCGTCGAGCAGCGAGGTG-3' (SEQ ID NO: 28)
into 5'-AGGCGTTGAGCAGCGAGGTG-3' (SEQ ID NO:
29), thus changing the arginine codon CGA into a stop codon
(TGA) in the coding sequence and causing premature ter-
mination of the protein sequence and functional gene knock-

out. The C to T mutation is underlined. Similarly, chimeric
nCas9- or dCas9-adenine deaminase base editing system can
be used to mutate the coding region, splicing junction or
promoter sequence of ZmVLHP or other genes to generate
variants that have altered gene activity. Both cytidine and
adenine deaminase are particularly useful for altering tran-
script splicing site since canonical splicing junction has 5'-
... AG/GT .. .3 sequence (or 5'- .. . AC/CT ... 3"in the
opposite strand).

IX. Simultaneous Haploid Induction and Editing by Allele
Replacement with DNA Template

[0245] Not only can in vivo haploid induction system be
used to introduce protein, RNA or

[0246] DNA for cleavage or conversion of target
sequence, it can also be used to deliver DNA template for
homology-dependent repair for precise sequence replace-
ment in the target region in the form of transgenic DNA. The
template DNA can be inserted into the inducer line genome
carrying genome editing machinery such as CRISPR-Cas9
system, either in the same transgenic locus or different locus.
When both Cas9-sgRNA and template DNA are present in
the induced haploid embryos, cleavage of the target
sequence will result in repair of the chromosomal break with
the homologous transgenic DNA sequence as template. For
example, for creating E149L, mutation in ZmPYL-D gene
(GRMZM2G048733_P02) (see WO16033230, incorporated
herein by reference), DNA fragment containing donor
sequence  (5'-CCTTGGTGTTGCCGTCGGGGACGTC-
GACGACGAATGACAGGATGACGAGCGTCC CTGGC-
CGGCCGTCGATGACCT-3', SEQ ID NO: 30) is used as
repair donor. It should be noted that additional homology
sequences can be added to flank this core repair donor
sequence. One or more copies of this repair donor sequence
are inserted into Cas9-sgRNA expression vector 23136
(SEQ ID NO: 31) which expresses guide RNA
5'-GTCGGGGACGTCGACGACGA-3' (SEQ ID NO: 32)
to form allele modification vector pBSC23136-AMD. It
should be noted that the potential PAM site has been
removed from the donor DNA sequences so that the inte-
grated donor sequence will not be cleaved by the Cas9-
sgRNA complex expressed from pBSC23136-AMD.
pBSC23136-AMD is transformed into haploid inducer line
NP2222-HI to generate transgenic editing line. Transgenic
editing-haploid induction lines are selfed to produce prog-
eny lines homozygous editing loci. These homozygous lines
are used to pollinate target elite maize inbred lines to induce
haploid formation and also introduce modified alleles by
expressed Cas9-sgRNA using donor DNA present tran-
siently before pollen donor chromosomes are eliminated.
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X. Inducing Haploids and Simultaneous Gene Editing in
Rice

[0247] A Hl-rice line is obtained. For example, the rice
MATL ortholog, 0s03g27610 (SEQ ID NO: 33, is mutated
to create a new rice HI line. This line is transformed with a
vector comprising a site-directed mutagenesis system for
editing the rice genome, for example the CRISPR/Cas9
system.

[0248] The rice HI line is crossed with a different rice line,
preferably an elite line, to produce at least one progeny
haploid embryo. During the cross to produce at least one
progeny haploid embryo, the HI parent rice plant also causes
the genome editing machinery, e.g., Cas9 plus a guide RNA,
to be delivered to the embryo. At that point, the editing
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machinery operates to edit the genome of the haploid
embryo, and thus an edited, haploid progeny plant is
obtained.

XI. Tagman Assays and Conditions.

[0249] Several assays are mentioned by number or by
target name. Provided below is a table of assays mentioned
above and the sequences of the relevant primers and probes.
Conditions for PCR are standard for all assays and are as
follows: Denature at 98° C. for 2 minutes; followed by 35
cycles of (i) denature at 98° C. for 30 seconds, (ii) anneal at
60° C. for 30 seconds, (iii) extension at 72° C. for 1 minute;
followed by final extension at 72° C. for 10 minutes with a
hold at 4° C. until ready. Assays are carried out at these
conditions unless otherwise noted below.

TABLE 11

Assay primers and probes.

Target Cas9-in corn

Assay No. 2540 Sequence SEQ ID NO:
Forward Primer FE09340 TTGTGCTGCTCCACGAACA 39
Reverse Primer FE09341 GCCAGCCACTACGAGAAGCT 40
Probe FE09342 CTGCTTCTGCTCGTTGTCCTCCGG 41
Target matl

Assay No. 2827 Sequence SEQ ID NO:
Forward Primer FE10299 GCGGATGCTGGCACAGC 42
Reverse Primer FE10300 GGCATTGCTTCCTTCTCCG 43
Probe FE10301 CAGGGAGCGAGGTAC 44
Target PMI

Assay No. 1750 Sequence SEQ ID NO:
Forward Primer FE07390 CTGGTGGCCAACGTGAAGTT 45
Reverse Primer FE07391 GCTTCACGGGCTGGGTC 46
Probe FE07392 AGGCCAAGCCCGCCAACCAG 47
Target MATL-WT

Assay No. 2826 Sequence SEQ ID NO:
Forward Primer FE10297 GCGGATGCTGGCACAGA 48
Reverse Primer FE10298 GCATTGCTTCCTTCGCCA 49
Probe FE10299 CAGGGAGGTACGAACC 50
Target TAV_4A

Assay No. 3252 Sequence SEQ ID NO:
Forward Primer FE11306 GCGGCGAAGAAGCGAA 51
Reverse Primer FE11307 GCGGCGTCTCCAGCTTC 52
Probe FE11308 CCAGGAACTGCG 53
Target TAV_4B

Assay No. 3253 Sequence SEQ ID NO:
Forward Primer FE11309 AAGAAACGCCGGCTGAGT 54
Reverse Primer FE11310 ACCTTGCGGGGCGTT 55
Probe FE11308 CCAGGAACTGCG 56
Target TAV_4D

Assay No. 3254 Sequence SEQ ID NO:
Forward Primer FE11309 AAGAAACGCCGGCTGAGT 57
Reverse Primer FE11311 CCTTGCGCGGCGTC 58
Probe FE11308 CCAGGAACTGCG 59
Target GW2-01

Assay No. 2065 Sequence SEQ ID NO:
Forward Primer FE10799 TGATCCTCGAGGCCAAGCT 60
Reverse Primer FE10800 AGGTCGAGGTCCCCTCCA 61
Probe FE10801 CCTGCTACCCGGGC 62
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TABLE 11-continued

Assay primers and probes.

Target GW2-02

Assay No. 3095 Sequence SEQ ID NO:
Forward Primer FE10991 CGCGCCCTGCTACCC 63
Reverse Primer FE10992 GCGCGTGCTTACCAGGA 64
Probe FE10993 TCGAGGAGTGCCC 65
Target TaVHLP2-2A

Assay No. 3332 Sequence SEQ ID NO:
Forward Primer FE11312 CACCGATGAGCAGGCG 66
Reverse Primer FE11313 AGATACACCTTCCGGCCG 67
Probe FE11314 TTCCTCCCGGAAGC 68
Target TaVHLP2-2D

Assay No. 33343 Sequence SEQ ID NO:
Forward Primer FE11312 CACCGATGAGCAGGCG 69
Reverse Primer FE11313 AGATACACCTTCCGGCCAGT 70
Probe FE11314 CTCCTCCCGGAAGC 71
Target

Assay No. 3049 Sequence SEQ ID NO:
Forward Primer FE10730 CAAGTTTCTGGACAAGGAGATTCTC 72
Reverse Primer FE10731 AAGAATTCCCTTCTTAATAGCTGGAGA 73
Probe FE10732 CACGAGCACATTGCTAACCTTGCTGG 74
Target TaVHLP2-2B

Assay No. 3255 Sequence SEQ ID NO:
Forward Primer FE11315 TCACCGATGAGCAGGCA 75
Reverse Primer FE11316 ATACACCTTCCGGCCAGC 76
Probe FE11317 TTCCTCCCGGAAGC 77
Target

Assay No. 3321 Sequence SEQ ID NO:
Forward Primer FE11540 GATAGGGCTAAAGAGATGTGGGAA 78
Reverse Primer FE11541 CTTTGTTCACATTAGGGCTCAAATAA 79
Probe FE11542 TAGACTGAGATGGATG 80
Target

Assay No. 3322 Sequence SEQ ID NO:
Forward Primer FE11543 AAAACCACCGGAGAAGACGA 81
Reverse Primer FE11544 AGGTGTGGCGGCAGTGA 82
Probe FE11545 CACCGTCATTGTTC 83
Target Cas9-in

Assay No. Arabidopsis Sequence SEQ ID NO:
Forward Primer FE10730 CAAGTTTCTGGACAAGGAGATTCTC 84
Reverse Primer FE10731 AAGAATTCCCTTCTTAATAGCTGGAGA 85
Probe FE10732 CACGAGCACATTGCTAACCTTGCTGG 86
Target ZmCENH3

Assay No. 2298 Sequence SEQ ID NO:
Forward Primer FE08737 GCGACGCCGGAAAGG 87
Reverse Primer FE08738 TGGCGTGGTTTCGTCTTCTTA 88
Probe FE08739 AAGAGCGGCGTCTGGAGGTGACTCA 89
Target GL1 3321 target

Assay No. site (PCR) Sequence SEQ ID NO:
Forward Primer 3321F AACCGCATCGTCAGAAAAAC 90
Reverse Primer 3321R TCAACTTAACCGGCCAAATC 91
Annealing Temp. 60° C.
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TABLE 11-continued

Assay primers and probes.

Target VLHP2-2A target

Assay No. site (PCR) Sequence SEQ ID NO:
Forward Primer FE4117 CATCCCTTCTCTTCCCTCCTG 92
Reverse Primer FE4118 GCCAGTGTGAGTGTGTATGAGCA 93
Annealing Temp. 61° C.

Target VLHP2-2B target

Assay No. site (PCR) Sequence SEQ ID NO:
Forward Primer FE4120 CATCGTTTTCTCCCCTCCTCA 94
Reverse Primer FE4121 ACTGATATGCACGGCGCCA 95
Annealing Temp. 62° C.

Target VLHP2-2D target

Assay No. site (PCR) Sequence SEQ ID NO:
Forward Primer FE4121 TGCAGTAGCTTCATTTTCACCG 96
Reverse Primer FE4122 AGGAATTGATATGTACGCCCGT 97
Annealing Temp. 61° C.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 117

<210> SEQ ID NO 1

<211> LENGTH:

15722
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION:
<223> OTHER INFORMATION: bNRB-05

<220> FEATURE:

(4) ..(259)

<221> NAME/KEY: promoter

<222> LOCATION:

(304) ..(2100)

vector 23396

<223> OTHER INFORMATION: prSoUbi4-04

<220> FEATURE:

<221> NAME/KEY: gene

<222> LOCATION:
<223> OTHER INFORMATION:

<220> FEATURE:

<221> NAME/KEY: mutation

<222> LOCATION:

(2117) .. (6286)
cCasg9-01
(5606) ..(5608)

<223> OTHER INFORMATION: L to V mutation

<220> FEATURE:

<221> NAME/KEY: mutation

<222> LOCATION:
<223> OTHER INFORMATION:

<220> FEATURE:

(5651) .. (5653)

<221> NAME/KEY: terminator

<222> LOCATION:
<223> OTHER INFORMATION:

<220> FEATURE:

(6292) ..(6544)

<221> NAME/KEY: promoter

<222> LOCATION:

(6551) .. (6925)

I to V mutation

tNOS-05-01

<223> OTHER INFORMATION: prOsU3-01

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION:
<223> OTHER INFORMATION:

<220> FEATURE:

(6927) ..(6946)

<221> NAME/KEY: misc_feature

<222> LOCATION:
<223> OTHER INFORMATION:

<220> FEATURE:

(6927) ..(7032)

<221> NAME/KEY: promoter

<222> LOCATION:

(7042) ..(9033)

XZmVLHP

rsgRNAZmVLHP-01
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-continued
<223> OTHER INFORMATION: prUbil-o04
<220> FEATURE:
<221> NAME/KEY: gene
<222> LOCATION: (9050)..(10228)
<223> OTHER INFORMATION: cPMI-09
<220> FEATURE:
<221> NAME/KEY: terminator
<222> LOCATION: (10251)..(10503)
<223> OTHER INFORMATION: tNOS-05-01
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (10547)..(10676)
<223> OTHER INFORMATION: bNLB-03
<220> FEATURE:
<221> NAME/KEY: gene
<222> LOCATION: (10956) .. (11744)
<223> OTHER INFORMATION: cSpec-03
<220> FEATURE:
<221> NAME/KEY: promoter
<222> LOCATION: (11839)..(11969)
<223> OTHER INFORMATION: prVirG-01
<220> FEATURE:
<221> NAME/KEY: gene
<222> LOCATION: (12706) ..(13779)
<223> OTHER INFORMATION: cRepA-01
<400> SEQUENCE: 1
attcctgtgg ttggcatgca catacaaatg gacgaacgga taaacctttt cacgeccttt 60
taaatatccg attattctaa taaacgctct tttectcttag gtttacccge caatatatcce 120
tgtcaaacac tgatagttta aactgaaggc gggaaacgac aatctgatca tgagcggaga 180
attaagggag tcacgttatg accccegecg atgacgceggyg acaagccgtt ttacgtttgg 240
aactgacaga accgcaacgc tgcaggaatt ggccgcageg gccatttaaa caaagettgg 300
taccattatg tggtctaggt aggttctata tataagaaaa cttgaaatgt tctaaaaaaa 360
aattcaagcce catgcatgat tgaagcaaac ggtatagcaa cggtgttaac ctgatctagt 420
gatctettge aatccttaac ggccacctac cgcaggtage aaacggegtce ceectecteg 480
atatctccege ggcgacctet ggetttttee geggaattge geggtgggga cggattccac 540
gagaccgcega cgcaaccgcece tctegecget gggcecccaca cegceteggtg cegtagecte 600
acgggactct ttcteectee tccccegtta taaattgget tcatccccte cttgectcat 660
ccatccaaat cccagtcccce aatcccatcece cttegtagga gaaattcatc gaagctaage 720
gaatcctege gatcctctca aggtactgeg agttttegat cecccteteg accectegta 780
tgtttgtgtt tgtcgtageg tttgattagg tatgctttecce ctgtttgtgt tegtcecgtage 840
gtttgattag gtatgctttc cctgttegtg ttcatcgtag tgtttgatta ggtegtgtga 900
ggcgatggee tgctegegte cttegatcetg tagtcgattt gegggtegtg gtgtagatcet 960
gcgggctgtyg atgaagttat ttggtgtgat ctgctcecgcect gattctgegg gttggctega 1020
gtagatatga tggttggacc ggttggttcg tttaccgcge tagggttggg ctgggatgat 1080
gttgcatgeg ccgttgegeg tgatcccegca gcaggacttg cgtttgattg ccagatcteg 1140
ttacgattat gtgatttggt ttggactttt tagatctgta gcttctgctt atgtgccaga 1200
tgcgectact gectcatatge ctgatgataa tcataaatgg ctgtggaact aactagttga 1260
ttgcggagtc atgtatcagce tacaggtgta gggactagct acaggtgtag ggacttgegt 1320
ctaattgttt ggtcctttac tcatgttgca attatgcaat ttagtttaga ttgtttgttce 1380
cactcatcta ggctgtaaaa gggacactgc ttagattgct gtttaatctt tttagtagat 1440



US 2019/0376075 Al Dec. 12, 2019
32

-continued

tatattatat tggtaactta ttacccctat tacatgccat acgtgacttce tgctcatgcece 1500
tgatgataat catagatcac tgtggaatta attagttgat tgttgaatca tgtttcatgt 1560
acataccacg gcacaattgc ttagttcctt aacaaatgca aattttactg atccatgtat 1620
gatttgcgtyg gttctctaat gtgaaatact atagctactt gttagtaaga atcaggttcg 1680
tatgcttaat gectgtatgtg ccttetgcecte atgectgatg ataatcatat atcactggaa 1740
ttaattagtt gatcgtttaa tcatatatca agtacatacc atgccacaat ttttagtcac 1800
ttaacccatg cagattgaac tggtccctge atgttttget aaattgttcet attctgatta 1860
gaccatatat catgtatttt tttttggtaa tggttctctt attttaaatg ctatatagtt 1920
ctggtacttg ttagaaagat ctgcttcata gtttagttgc ctatcccteg aattaggatg 1980
ctgagcagct gatcctatag ctttgtttca tgtatcaatt cttttgtgtt caacagtcag 2040
tttttgttag attcattgta acttatggtc gcttactcectt ctggtcctca atgcttgcag 2100
gatcgeggee gctcatatgg acaagaagta cagcatcgge ctggacatcg gcaccaacag 2160
cgtgggcetgg gecgtgatca ccgacgagta caaggtgcecg agcaagaagt tcaaggtgcet 2220
gggcaacacc gacaggcaca gcatcaagaa gaacctgatc ggcgccctge tgttcgacag 2280
cggcgagace gccgaggceca ccaggctgaa gaggaccgece aggaggaggt acaccaggag 2340
gaagaacagyg atctgctacc tgcaggagat cttcagcaac gagatggcca aggtggacga 2400
cagcttette cacaggetgg aggagagett cetggtggag gaggacaaga agcacgagag 2460
gcacccgate tteggcaaca tcgtggacga ggtggectac cacgagaagt acccgaccat 2520
ctaccacctyg aggaagaagc tggtggacag caccgacaag gccgacctga ggctgatcta 2580
cctggeectg geccacatga tcaagttcag gggccactte ctgatcgagg gcegacctgaa 2640
cceggacaac agcgacgtgg acaagetgtt catccagetyg gtgcagacct acaaccagcet 2700
gttegaggayg aacccgatca acgccagegg cgtggacgec aaggccatcc tgagegcecag 2760
gctgagcaag agcaggaggce tggagaacct gatcgeccag ctgccgggeg agaagaagaa 2820
cggcctgtte ggcaacctga tcegccectgag cctgggectg accccgaact tcaagagcaa 2880
cttecgacctyg gcecgaggacg ccaagctgca getgagcaag gacacctacyg acgacgacct 2940
ggacaacctyg ctggcccaga tcggcgacca gtacgecgac ctgttectgg cegecaagaa 3000
cctgagegac gccatectge tgagcgacat cctgagggtyg aacaccgaga tcaccaaggce 3060
ccegetgage gcecagcatga tcaagaggta cgacgagcac caccaggacce tgaccctget 3120
gaaggccectyg gtgaggcage agctgecgga gaagtacaag gagatcttet tcegaccagag 3180
caagaacggc tacgccggcet acatcgacgg cggegcecage caggaggagt tctacaagtt 3240
catcaagceg atcctggaga agatggacgg caccgaggag ctgctggtga agctgaacag 3300
ggaggacctyg ctgaggaagce agaggacctt cgacaacggce agcatcccge accagatcca 3360
cctgggegag ctgcacgcca tectgaggag gcaggaggac ttctacccecgt tectgaagga 3420
caacagggag aagatcgaga agatcctgac cttceccgcatc ccgtactacg tgggcccgcet 3480
ggccagggge aacagcaggt tcgectggat gaccaggaag agcgaggaga ccatcacccece 3540
gtggaacttc gaggaggtgg tggacaaggg cgccagegec cagagcttca tcgagaggat 3600
gaccaacttc gacaagaacc tgccgaacga gaaggtgctg ccgaagcaca gectgctgta 3660

cgagtacttc accgtgtaca acgagctgac caaggtgaag tacgtgaccg agggcatgag 3720
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gaagccggee ttectgageg gcgagcagaa gaaggccatce gtggacctge tgttcaagac 3780
caacaggaag gtgaccgtga agcagctgaa ggaggactac ttcaagaaga tcgagtgcett 3840
cgacagcegtyg gagatcagceg gecgtggagga caggttcaac gcecagectgyg gcacctacca 3900
cgacctgetyg aagatcatca aggacaagga cttectggac aacgaggaga acgaggacat 3960
cctggaggac atcgtgctga ccecctgaccct gttcgaggac agggagatga tcgaggagag 4020
gctgaagace tacgcccace tgttcgacga caaggtgatg aagcagctga agaggaggag 4080
gtacaccgge tggggcagge tgagcaggaa gctgatcaac ggcatcaggg acaagcagag 4140
cggcaagacc atcctggact tcecctgaagag cgacggcttc gccaacagga acttcatgca 4200
gctgatccac gacgacagcece tgaccttcaa ggaggacatc cagaaggccc aggtgagegyg 4260
ccagggcgac agcctgcacg agcacatcge caacctggec ggcagcccegyg ccatcaagaa 4320
gggcatcctyg cagaccgtga aggtggtgga cgagetggtg aaggtgatgg gcaggcacaa 4380
geecggagaac atcgtgatcg agatggccag ggagaaccag accacccaga agggccagaa 4440
gaacagcagyg gagaggatga agaggatcga ggagggcatc aaggagctgg gcagccagat 4500
cctgaaggag cacceggtgg agaacaccca getgcagaac gagaagcetgt acctgtacta 4560
cctgcagaac ggcagggaca tgtacgtgga ccaggagetyg gacatcaaca ggctgagcga 4620
ctacgacgtg gaccacatcg tgccgcagag cttectgaag gacgacagca tcgacaacaa 4680
ggtgctgace aggagcgaca agaacagggg caagagcgac aacgtgccga gcgaggaggt 4740
ggtgaagaag atgaaaaact actggaggca gctgctgaac gccaagctga tcacccagag 4800
gaagttcgac aacctgacca aggccgagag gggceggectg agegagetgg acaaggccgyg 4860
cttcattaaa aggcagctgg tggagaccag gcagatcacc aagcacgtgg cccagatcct 4920
ggacagcagyg atgaacacca agtacgacga gaacgacaag ctgatcaggg aggtgaaggt 4980
gatcaccctg aagagcaagce tggtgagcga cttcaggaag gacttccagt tctacaaggt 5040
gagggagatc aataattacc accacgccca cgacgcectac ctgaacgecg tggtgggeac 5100
cgccctgatt aaaaagtacc cgaagctgga gagcgagttc gtgtacggceg actacaaggt 5160
gtacgacgtyg aggaagatga tcgccaagag cgagcaggag atcggcaagg ccaccgccaa 5220
gtacttctte tacagcaaca tcatgaactt cttcaagacc gagatcaccc tggccaacgg 5280
cgagatcagg aagaggccgce tgatcgagac caacggcgag accggcgaga tcegtgtggga 5340
caagggcagg gacttcgcca ccgtgaggaa ggtgctgtcecce atgccgcagg tgaacatcgt 5400
gaagaagacc gaggtgcaga ccggeggett cagcaaggag agcatcctgce cgaagaggaa 5460
cagcgacaag ctgatcgcca ggaagaagga ctgggacceg aagaagtacyg gcggettcga 5520
cagcecgace gtggectaca gegtgetggt ggtggccaag gtggagaagyg gcaagagcaa 5580
gaagctgaayg agcgtgaagg agctggtggg catcaccatce atggagagga gcagettcega 5640
gaagaaccca gtggacttce tggaggccaa gggctacaag gaggtgaaga aggacctgat 5700
cattaaactg ccgaagtaca gcctgttcga gctggagaac ggcaggaaga ggatgctggce 5760
cagcgecgge gagcetgcaga agggcaacga getggcecctyg ccegagcaagt acgtgaactt 5820
cctgtacctyg gccagecact acgagaagcet gaagggcage ccggaggaca acgagcagaa 5880
gecagetgtte gtggagcage acaagcacta cctggacgag atcatcgagce agatcagcega 5940

gttcagcaag agggtgatcc tggccgacge caacctggac aaggtgctga gegectacaa 6000
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caagcacagg gacaagccga tcagggagca ggccgagaac atcatccacce tgttcaccct 6060
gaccaacctyg ggegecccegg ccgecttcaa gtacttegac accaccatcg acaggaagag 6120
gtacaccage accaaggagg tgctggacgce caccctgatce caccagagca tcaccggect 6180
gtacgagacc aggatcgacc tgagccagcet gggceggegac agcagceccgce cgaagaagaa 6240
gaggaaggtg agctggaagg acgccagcgg ctggagcagg atgtgaagct tgatcgttca 6300
aacatttggc aataaagttt cttaagattg aatcctgttg ccggtcttgce gatgattatce 6360
atataatttc tgttgaatta cgttaagcat gtaataatta acatgtaatg catgacgtta 6420
tttatgagat gggtttttat gattagagtc ccgcaattat acatttaata cgcgatagaa 6480
aacaaaatat agcgcgcaaa ctaggataaa ttatcgcgcg cggtgtcatc tatgttacta 6540
gatcttcgaa gggatcttta aacatacgaa cagatcactt aaagttcttc tgaagcaact 6600
taaagttatc aggcatgcat ggatcttgga ggaatcagat gtgcagtcag ggaccatagc 6660
acaggacagg cgtcttctac tggtgctacc agcaaatgct ggaagccggg aacactgggt 6720
acgttggaaa ccacgtgatg tggagtaaga taaactgtag gagaaaagca tttcgtagtg 6780
ggccatgaag cctttcagga catgtattgce agtatgggec ggcccattac gcaattggac 6840
gacaacaaag actagtatta gtaccacctc ggctatccac atagatcaaa gctggtttaa 6900
aagagttgtg cagatgatcc gtggcagcag gaggcgtcga gcagcggttt tagagctaga 6960
aatagcaagt taaaataagg ctagtccgtt atcaacttga aaaagtggca ccgagtcggt 7020
gctttttttt teggaccgceg cctgcagtge agecgtgaccee ggtcecgtgecce ctcectcectagag 7080
ataatgagca ttgcatgtct aagttataaa aaattaccac atattttttt tgtcacactt 7140
gtttgaagtyg cagtttatct atctttatac atatatttaa actttactct acgaataata 7200
taatctatag tactacaata atatcagtgt tttagagaat catataaatg aacagttaga 7260
catggtctaa aggacaattg agtattttga caacaggact ctacagtttt atctttttag 7320
tgtgcatgtg ttctecctttt tttttgcaaa tagcttcacc tatataatac ttcatccatt 7380
ttattagtac atccatttag ggtttagggt taatggtttt tatagactaa tttttttagt 7440
acatctattt tattctattt tagcctctaa attaagaaaa ctaaaactct attttagttt 7500
ttttatttaa taatttagat ataaaataga ataaaataaa gtgactaaaa attaaacaaa 7560
taccctttaa gaaattaaaa aaactaagga aacatttttc ttgtttcgag tagataatgc 7620
cagcctgtta aacgecgtceg acgagtctaa cggacaccaa ccagcgaacce agcagegtceg 7680
cgtcgggcca agcgaagcag acggcacggce atctcectgteg ctgcectcectgg acccecteteg 7740
agagttccge tccaccgttg gacttgctcee gctgtcecggca tccagaaatt gegtggcgga 7800
geggcagacy tgagccggca cggcaggegg cctectecte ctetcacgge accggcaget 7860
acgggggatt cctttcccac cgctectteg ctttecectte ctecgeccgee gtaataaata 7920
gacacccecet ccacacccte tttecccaac ctegtgttgt teggagcgca cacacacaca 7980
accagatctc ccccaaatcc acccgtegge acctecgett caaggtacge cgctegtect 8040
ccecececce cectetcectace ttetctagat cggegttecg gtceccatggtt agggceccggt 8100
agttctactt ctgttcatgt ttgtgttaga tccgtgtttg tgttagatcce gtgctgctag 8160
cgttcgtaca cggatgcgac ctgtacgtca gacacgttct gattgctaac ttgccagtgt 8220

ttetetttgg ggaatcctgg gatggctcta gcecegttecge agacgggatce gatttcatga 8280
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ttttttttgt ttcgttgcat agggtttggt ttgccctttt cctttattte aatatatgcec 8340
gtgcacttgt ttgtcgggtc atcttttcat getttttttt gtettggttg tgatgatgtyg 8400
gtctggttgg geggtegtte tagatcggag tagaattctg tttcaaacta cctggtggat 8460
ttattaattt tggatctgta tgtgtgtgcc atacatattc atagttacga attgaagatg 8520
atggatggaa atatcgatct aggataggta tacatgttga tgcgggtttt actgatgcat 8580
atacagagat gctttttgtt cgecttggttg tgatgatgtg gtgtggttgg geggtcegtte 8640
attcgttecta gatcggagta gaatactgtt tcaaactacc tggtgtattt attaattttg 8700
gaactgtatg tgtgtgtcat acatcttcat agttacgagt ttaagatgga tggaaatatc 8760
gatctaggat aggtatacat gttgatgtgg gttttactga tgcatataca tgatggcata 8820
tgcagcatct attcatatgc tctaaccttg agtacctatc tattataata aacaagtatg 8880
ttttataatt attttgatct tgatatactt ggatgatggc atatgcagca gctatatgtg 8940
gattttttta gccctgectt catacgctat ttatttgctt ggtactgttt cttttgtcega 9000
tgctcaccct gttgtttggt gttacttctg cagggatccg gcagcagcca tgcagaagct 9060
gatcaacagce gtgcagaact acgcctgggg cagcaagacce gecctgaccg agetgtacgg 9120
catggagaac cccagcagcc agcccatgge cgagetgtgg atgggcegecce accccaagag 9180
cagcagccge gtgcagaacg ccgccggega catcgtgage ctgegcegacyg tgatcgagag 9240
cgacaagagce accctgetgg gegaggecgt ggecaagege tteggcegage tgcecttect 9300
gttcaaggtyg ctgtgcgceeg cccageccct gagcatccag gtgcacccca acaagcacaa 9360
cagcgagate ggcttegeca aggagaacgce cgecggcate cccatggacyg ccgecgageg 9420
caactacaag gaccccaacc acaagcccga getggtgtte gecctgaccee ccttectgge 9480
catgaacgcce ttccgcgagt tcagcgagat cgtgagectg ctgcagcecceg tggceccggegce 9540
ccaccecgee atcgeccact tcectgecagea geccgacgece gagegectga gcegagetgtt 9600
cgcecagectyg ctgaacatge agggcgagga gaagagccge gcecctggeca tcectgaagag 9660
cgecctggac agccagcagg gcgagecctg geagaccate cgectgatca gcgagttcta 9720
ccecgaggac ageggectgt tcagceccect getgetgaac gtggtgaage tgaaccccgg 9780
cgaggccatg ttcctgtteg ccgagaccce ccacgcectac ctgcagggceg tggccctgga 9840
ggtgatggcece aacagcgaca acgtgctgeg cgccggectg acccccaagt acatcgacat 9900
ccecgagetyg gtggecaacg tgaagttcga ggccaagecce gcecaaccage tgctgaccca 9960
gccegtgaag cagggcgcecg agctggactt ccccatccee gtggacgact tcgecttcag 10020
cctgcacgac ctgagcgaca aggagaccac catcagccag cagagcgccg ccatcetgtt 10080
ctgcgtggag ggcgacgcca ccctgtggaa gggcagccag cagctgcage tgaageccgg 10140
cgagagcgcece ttcatcgeceg ccaacgagag ccccgtgace gtgaagggcece acggecgect 10200
ggccegegtyg tacaacaagce tgtgatagga gctcgatceg tcgacctgca gatcegttcaa 10260
acatttggca ataaagtttc ttaagattga atcctgttge cggtcttgcg atgattatca 10320
tataatttct gttgaattac gttaagcatg taataattaa catgtaatgc atgacgttat 10380
ttatgagatg ggtttttatg attagagtcc cgcaattata catttaatac gcgatagaaa 10440
acaaaatata gcgcgcaaac taggataaat tatcgcgcge ggtgtcatct atgttactag 10500

atcggegege cgcaattgaa gtttgggcgg ccagcatgge cgtatccgca atgtgttatt 10560
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aagttgtcta agcgtcaatt tgtttacacc acaatatatc ctgccaccag ccagccaaca 10620
gctececcgac cggcagctcecg gcacaaaatc accactcgat acaggcagcc catcagaatt 10680
aattctcatg tttgacagct tatcatcgac tgcacggtgce accaatgctt ctggcecgtcag 10740
gcagccatceg gaagctgtgg tatggctgtg caggtcgtaa atcactgcat aattegtgte 10800
gctcaaggeg cactccegtt ctggataatg ttttttgcge cgacatcata acggttctgg 10860
caaatattct gaaatgagct gttgacaatt aatcatccgg ctcgtataat gtgtggaatt 10920
gtgagcggat aacaatttca cacaggaaac agaccatgag ggaagcgttg atcgccgaag 10980
tatcgactca actatcagag gtagttggcg tcatcgagcg ccatctcgaa ccgacgttge 11040
tggccgtaca tttgtacgge tccgcagtgg atggcggect gaagccacac agtgatattg 11100
atttgctggt tacggtgacc gtaaggcttg atgaaacaac gcggcgagct ttgatcaacg 11160
accttttgga aacttcggcect tecccecctggag agagcgagat tcectcecgeget gtagaagtca 11220
ccattgttgt gcacgacgac atcattccgt ggcgttatce agctaagcgce gaactgcaat 11280
ttggagaatg gcagcgcaat gacattcttg caggtatctt cgagccagcc acgatcgaca 11340
ttgatctgge tatcttgctyg acaaaagcaa gagaacatag cgttgeccttg gtaggtccag 11400
cggcggagga actctttgat ccggttecctg aacaggatct atttgaggcg ctaaatgaaa 11460
ccttaacgct atggaactcecg ccgcccgact gggctggcga tgagcgaaat gtagtgetta 11520
cgttgteceg catttggtac agcgcagtaa ccggcaaaat cgcgccgaag gatgtegetg 11580
ccgactgggce aatggagcgce ctgccggcecce agtatcagece cgtcatactt gaagctagge 11640
aggcttatct tggacaagaa gatcgcttgg cctegcgege agatcagttg gaagaatttg 11700
ttcactacgt gaaaggcgag atcaccaaag tagtcggcaa ataaagctct agtggatctce 11760
cgtacceggg gatctggete geggceggacyg cacgacgcecg gggcgagacce ataggcgatce 11820
tcctaaatca atagtagcetg taacctcgaa gcgtttcact tgtaacaacg attgagaatt 11880
tttgtcataa aattgaaata cttggttcgc atttttgtca tccgecggtca gecgcaatte 11940
tgacgaactg cccatttagce tggagatgat tgtacatcct tcacgtgaaa atttctcaag 12000
cgctgtgaac aagggttcag attttagatt gaaaggtgag ccgttgaaac acgttettcet 12060
tgtcgatgac gacgtcgcta tgcggcatct tattattgaa taccttacga tccacgectt 12120
caaagtgacc gcggtagccg acagcaccca gttcacaaga gtactctcett ccgcgacggt 12180
cgatgtegtg gttgttgatc tagatttagg tcgtgaagat gggctcgage taggagcaag 12240
tgattttatc gctaagcegt tcagtatcag agagtttcta gcacgcattc gggttgectt 12300
gcgegtgege cccaacgttg tceccegcectcecaa agaccgacgg tcetttttgtt ttactgactg 12360
gacacttaat ctcaggcaac gtcgcttgat gtccgaaget ggcggtgagg tgaaacttac 12420
ggcaggtgag ttcaatctte tcctegegtt tttagagaaa ccccgcgacg ttctatcgeg 12480
cgagcaactt ctcattgcca gtcgagtacg cgacgaggag gtttatgaca ggagtataga 12540
tgttctcecatt ttgaggctgc gccgcaaact tgaggcagat ccgtcaagcc ctcaactgat 12600
aaaaacagca agaggtgccg gttatttctt tgacgcggac gtgcaggttt cgcacggggg 12660
gacgatggca gcctgagcca attcccagat ccccgaggaa tceggcecgtgag cggtcgcaaa 12720
ccatccggece cggtacaaat cggcgceggceg ctgggtgatg acctggtgga gaagttgaag 12780

gccgegcagyg ccgceccagceg gcaacgcatce gaggcagaag cacgcecccegg tgaatcgtgg 12840
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caagcggccg ctgatcgaat ccgcaaagaa tcccggcaac cgcecggcagce cggtgegeceg 12900
tcgattagga agccgcccaa gggcgacgag caaccagatt ttttegttcece gatgctctat 12960
gacgtgggca cccgcgatag tcgcagcatce atggacgtgg ccegtttteccg tctgtcgaag 13020
cgtgaccgac gagctggcga ggtgatccge tacgagctte cagacgggca cgtagaggtt 13080
tcegcaggge cggccggcat ggccagtgtg tgggattacg acctggtact gatggeggtt 13140
tceccatctaa ccgaatccat gaaccgatac cgggaaggga agggagacaa gcccggcecge 13200
gtgttcegte cacacgttge ggacgtactc aagttctgec ggcgagccga tggcggaaag 13260
cagaaagacg acctggtaga aacctgcatt cggttaaaca ccacgcacgt tgccatgcag 13320
cgtacgaaga aggccaagaa cggccgcectg gtgacggtat ccgagggtga agccttgatt 13380
agccgctaca agatcgtaaa gagcgaaacc gggcggcecgg agtacatcga gatcgagcta 13440
gctgattgga tgtaccgcga gatcacagaa ggcaagaacc cggacgtgct gacggttcac 13500
ccegattact ttttgatcga teccggcatce ggcecgtttte tcectaccgect ggcacgccge 13560
gccgcaggca aggcagaagce cagatggttg ttcaagacga tctacgaacg cagtggcage 13620
gccggagagt tcaagaagtt ctgtttcacc gtgcgcaage tgatcgggtc aaatgacctg 13680
ccggagtacg atttgaagga ggaggcgggg caggctggce cgatcctagt catgegctac 13740
cgcaacctga tcgagggcga agcatccgcec ggttcecctaat gtacggagca gatgctaggg 13800
caaattgccce tagcagggga aaaaggtcga aaaggtctct ttectgtgga tagcacgtac 13860
attgggaacc caaagccgta cattgggaac cggaacccgt acattgggaa cccaaagccg 13920
tacattggga accggtcaca catgtaagtg actgatataa aagagaaaaa aggcgatttt 13980
tcecgectaaa actctttaaa acttattaaa actcttaaaa cccgectgge ctgtgcataa 14040
ctgtctggcece agcgcacagce cgaagagctg caaaaagcgce ctaccctteg gtegetgege 14100
tcectacgee cecgecgcette gegteggect atcgecggecg ctggccgctce aaaaatgget 14160
ggcctacgge caggcaatct accagggcgce ggacaagcceg cgccgtecgece actcgaccge 14220
cggcgcetgag gtctgcecteg tgaagaaggt gttgctgact cataccaggce ctgaatcgece 14280
ccatcatcca gccagaaagt gagggagcca cggttgatga gagcetttgtt gtaggtggac 14340
cagttggtga ttttgaactt ttgctttgcc acggaacggt ctgcgttgtc gggaagatgce 14400
gtgatctgat ccttcaactc agcaaaagtt cgatttattc aacaaagccg ccgtcccecgte 14460
aagtcagcgt aatgctctge cagtgttaca accaattaac caattctgat tagaaaaact 14520
catcgagcat caaatgaaac tgcaatttat tcatatcagg attatcaata ccatattttt 14580
gaaaaagccg tttcectgtaat gaaggagaaa actcaccgag gcagttccat aggatggcaa 14640
gatcctggta tcggtctgcg attccgactce gtccaacatc aatacaacct attaatttcce 14700
cctegtcaaa aataaggtta tcaagtgaga aatcaccatg agtgacgact gaatccggtg 14760
agaatggcaa aagctctgca ttaatgaatc ggccaacgcg cggggagagg cggtttgegt 14820
attgggecget cttceecgcette ctegetcact gactcecgetge gecteggtegt teggetgegg 14880
cgagcggtat cagctcactc aaaggcggta atacggttat ccacagaatc aggggataac 14940
gcaggaaaga acatgtgagc aaaaggccag caaaaggcca ggaaccgtaa aaaggccgcg 15000
ttgctggegt ttttccatag getceccgeccee cctgacgage atcacaaaaa tcgacgctca 15060

agtcagaggt ggcgaaaccc gacaggacta taaagatacc aggcgtttcce ccctggaage 15120
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tcectegtge getctectgt tecgaccctg cecgecttaccg gatacctgte cgectttete 15180
ccttecgggaa gegtggceget ttcetcatage tcacgctgta ggtatctcag tteggtgtag 15240
gtcgtteget ccaagetggg ctgtgtgcac gaaccccceg ttcagcccga ccgetgegee 15300
ttatccggta actatcgtcet tgagtccaac ccggtaagac acgacttatc gccactggca 15360
gcagccactyg gtaacaggat tagcagagcg aggtatgtag gcggtgctac agagttcttg 15420
aagtggtggce ctaactacgg ctacactaga agaacagtat ttggtatctg cgctctgctg 15480
aagccagtta ccttcggaaa aagagttggt agctcttgat ccggcaaaca aaccaccget 15540
ggtagcggtyg gtttttttgt ttgcaagcag cagattacgc gcagaaaaaa aggatctcaa 15600
gaagatcctt tgatctttte tacggggtct gacgctcagt ggaacgaaaa ctcacgttaa 15660
gggattttgg tcatgagatt atcaaaaagg atcttcacct agatcctttt gatccggaat 15720

ta 15722

<210> SEQ ID NO 2

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: gRNA sequence for editing VLHP1

<400> SEQUENCE: 2

gcaggaggceg tcgagcagcg 20

<210> SEQ ID NO 3

<211> LENGTH: 15722

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: vector 23399
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (4)..(259)

<223> OTHER INFORMATION: bNRB-05
<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (304)..(2100

<223> OTHER INFORMATION: prSoUbi4-04
<220> FEATURE:

<221> NAME/KEY: gene

<222> LOCATION: (2117)..(6286)
<223> OTHER INFORMATION: cCas9-01
<220> FEATURE:

<221> NAME/KEY: mutation

<222> LOCATION: (5606).. (5608

<223> OTHER INFORMATION: L to V mutation
<220> FEATURE:

<221> NAME/KEY: mutation

<222> LOCATION: (5651)..(5653)
<223> OTHER INFORMATION: I to V mutation
<220> FEATURE:

<221> NAME/KEY: terminator

<222> LOCATION: (6292)..(6544)
<223> OTHER INFORMATION: tNOS-05-01
<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (6551)..(6925

<223> OTHER INFORMATION: prOsU3-01
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (6927)..(6946)
<223> OTHER INFORMATION: XZmGW2
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (6927)..(7031)
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<223> OTHER INFORMATION: rsgRNAZmMGW2-02
<220> FEATURE:
<221> NAME/KEY: promoter
<222> LOCATION: (7042)..(9033)
<223> OTHER INFORMATION: prUbil-o04
<220> FEATURE:
<221> NAME/KEY: gene
<222> LOCATION: (9050)..(10228)
<223> OTHER INFORMATION: cPMI-09
<220> FEATURE:
<221> NAME/KEY: terminator
<222> LOCATION: (10251)..(10503)
<223> OTHER INFORMATION: tNOS-05-01
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (10547)..(10676)
<223> OTHER INFORMATION: bNLB-03
<220> FEATURE:
<221> NAME/KEY: gene
<222> LOCATION: (10956) .. (11744)
<223> OTHER INFORMATION: cSpec-03
<220> FEATURE:
<221> NAME/KEY: promoter
<222> LOCATION: (11839)..(11969)
<223> OTHER INFORMATION: prVirG-01
<220> FEATURE:
<221> NAME/KEY: gene
<222> LOCATION: (12706) ..(13779)
<223> OTHER INFORMATION: cRepA-01
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (13822)..(14226)
<223> OTHER INFORMATION: oVS1-02
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (14904) ..(15710)
<223> OTHER INFORMATION: oCOLE-06
<400> SEQUENCE: 3
attcctgtgg ttggcatgca catacaaatg gacgaacgga taaacctttt cacgeccttt 60
taaatatccg attattctaa taaacgctct tttectcttag gtttacccge caatatatcce 120
tgtcaaacac tgatagttta aactgaaggc gggaaacgac aatctgatca tgagcggaga 180
attaagggag tcacgttatg accccegecg atgacgceggyg acaagccgtt ttacgtttgg 240
aactgacaga accgcaacgc tgcaggaatt ggccgcageg gccatttaaa caaagettgg 300
taccattatg tggtctaggt aggttctata tataagaaaa cttgaaatgt tctaaaaaaa 360
aattcaagcce catgcatgat tgaagcaaac ggtatagcaa cggtgttaac ctgatctagt 420
gatctettge aatccttaac ggccacctac cgcaggtage aaacggegtce ceectecteg 480
atatctccege ggcgacctet ggetttttee geggaattge geggtgggga cggattccac 540
gagaccgcega cgcaaccgcece tctegecget gggcecccaca cegceteggtg cegtagecte 600
acgggactct ttcteectee tccccegtta taaattgget tcatccccte cttgectcat 660
ccatccaaat cccagtcccce aatcccatcece cttegtagga gaaattcatc gaagctaage 720
gaatcctege gatcctctca aggtactgeg agttttegat cecccteteg accectegta 780
tgtttgtgtt tgtcgtageg tttgattagg tatgctttecce ctgtttgtgt tegtcecgtage 840
gtttgattag gtatgctttc cctgttegtg ttcatcgtag tgtttgatta ggtegtgtga 900
ggcgatggee tgctegegte cttegatcetg tagtcgattt gegggtegtg gtgtagatcet 960
gcgggctgtyg atgaagttat ttggtgtgat ctgctcecgcect gattctgegg gttggctega 1020
gtagatatga tggttggacc ggttggttcg tttaccgcge tagggttggg ctgggatgat 1080
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gttgcatgeg ccgttgegeg tgatcccegca gcaggacttg cgtttgattg ccagatcteg 1140
ttacgattat gtgatttggt ttggactttt tagatctgta gcttctgctt atgtgccaga 1200
tgcgectact gectcatatge ctgatgataa tcataaatgg ctgtggaact aactagttga 1260
ttgcggagtc atgtatcagce tacaggtgta gggactagct acaggtgtag ggacttgegt 1320
ctaattgttt ggtcctttac tcatgttgca attatgcaat ttagtttaga ttgtttgttce 1380
cactcatcta ggctgtaaaa gggacactgc ttagattgct gtttaatctt tttagtagat 1440
tatattatat tggtaactta ttacccctat tacatgccat acgtgacttce tgctcatgcece 1500
tgatgataat catagatcac tgtggaatta attagttgat tgttgaatca tgtttcatgt 1560
acataccacg gcacaattgc ttagttcctt aacaaatgca aattttactg atccatgtat 1620
gatttgcgtyg gttctctaat gtgaaatact atagctactt gttagtaaga atcaggttcg 1680
tatgcttaat gectgtatgtg ccttetgcecte atgectgatg ataatcatat atcactggaa 1740
ttaattagtt gatcgtttaa tcatatatca agtacatacc atgccacaat ttttagtcac 1800
ttaacccatg cagattgaac tggtccctge atgttttget aaattgttcet attctgatta 1860
gaccatatat catgtatttt tttttggtaa tggttctctt attttaaatg ctatatagtt 1920
ctggtacttg ttagaaagat ctgcttcata gtttagttgc ctatcccteg aattaggatg 1980
ctgagcagct gatcctatag ctttgtttca tgtatcaatt cttttgtgtt caacagtcag 2040
tttttgttag attcattgta acttatggtc gcttactcectt ctggtcctca atgcttgcag 2100
gatcgeggee gctcatatgg acaagaagta cagcatcgge ctggacatcg gcaccaacag 2160
cgtgggcetgg gecgtgatca ccgacgagta caaggtgcecg agcaagaagt tcaaggtgcet 2220
gggcaacacc gacaggcaca gcatcaagaa gaacctgatc ggcgccctge tgttcgacag 2280
cggcgagace gccgaggceca ccaggctgaa gaggaccgece aggaggaggt acaccaggag 2340
gaagaacagyg atctgctacc tgcaggagat cttcagcaac gagatggcca aggtggacga 2400
cagcttette cacaggetgg aggagagett cetggtggag gaggacaaga agcacgagag 2460
gcacccgate tteggcaaca tcgtggacga ggtggectac cacgagaagt acccgaccat 2520
ctaccacctyg aggaagaagc tggtggacag caccgacaag gccgacctga ggctgatcta 2580
cctggeectg geccacatga tcaagttcag gggccactte ctgatcgagg gcegacctgaa 2640
cceggacaac agcgacgtgg acaagetgtt catccagetyg gtgcagacct acaaccagcet 2700
gttegaggayg aacccgatca acgccagegg cgtggacgec aaggccatcc tgagegcecag 2760
gctgagcaag agcaggaggce tggagaacct gatcgeccag ctgccgggeg agaagaagaa 2820
cggcctgtte ggcaacctga tcegccectgag cctgggectg accccgaact tcaagagcaa 2880
cttecgacctyg gcecgaggacg ccaagctgca getgagcaag gacacctacyg acgacgacct 2940
ggacaacctyg ctggcccaga tcggcgacca gtacgecgac ctgttectgg cegecaagaa 3000
cctgagegac gccatectge tgagcgacat cctgagggtyg aacaccgaga tcaccaaggce 3060
ccegetgage gcecagcatga tcaagaggta cgacgagcac caccaggacce tgaccctget 3120
gaaggccectyg gtgaggcage agctgecgga gaagtacaag gagatcttet tcegaccagag 3180
caagaacggc tacgccggcet acatcgacgg cggegcecage caggaggagt tctacaagtt 3240
catcaagceg atcctggaga agatggacgg caccgaggag ctgctggtga agctgaacag 3300

ggaggacctyg ctgaggaagc agaggacctt cgacaacgge agcatcccge accagatcca 3360
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cctgggegag ctgcacgcca tectgaggag gcaggaggac ttctacccecgt tectgaagga 3420
caacagggag aagatcgaga agatcctgac cttceccgcatc ccgtactacg tgggcccgcet 3480
ggccagggge aacagcaggt tcgectggat gaccaggaag agcgaggaga ccatcacccece 3540
gtggaacttc gaggaggtgg tggacaaggg cgccagegec cagagcttca tcgagaggat 3600
gaccaacttc gacaagaacc tgccgaacga gaaggtgctg ccgaagcaca gectgctgta 3660
cgagtacttc accgtgtaca acgagctgac caaggtgaag tacgtgaccg agggcatgag 3720
gaagccggee ttectgageg gcgagcagaa gaaggccatce gtggacctge tgttcaagac 3780
caacaggaag gtgaccgtga agcagctgaa ggaggactac ttcaagaaga tcgagtgcett 3840
cgacagcegtyg gagatcagceg gecgtggagga caggttcaac gcecagectgyg gcacctacca 3900
cgacctgetyg aagatcatca aggacaagga cttectggac aacgaggaga acgaggacat 3960
cctggaggac atcgtgctga ccecctgaccct gttcgaggac agggagatga tcgaggagag 4020
gctgaagace tacgcccace tgttcgacga caaggtgatg aagcagctga agaggaggag 4080
gtacaccgge tggggcagge tgagcaggaa gctgatcaac ggcatcaggg acaagcagag 4140
cggcaagacc atcctggact tcecctgaagag cgacggcttc gccaacagga acttcatgca 4200
gctgatccac gacgacagcece tgaccttcaa ggaggacatc cagaaggccc aggtgagegyg 4260
ccagggcgac agcctgcacg agcacatcge caacctggec ggcagcccegyg ccatcaagaa 4320
gggcatcctyg cagaccgtga aggtggtgga cgagetggtg aaggtgatgg gcaggcacaa 4380
geecggagaac atcgtgatcg agatggccag ggagaaccag accacccaga agggccagaa 4440
gaacagcagyg gagaggatga agaggatcga ggagggcatc aaggagctgg gcagccagat 4500
cctgaaggag cacceggtgg agaacaccca getgcagaac gagaagcetgt acctgtacta 4560
cctgcagaac ggcagggaca tgtacgtgga ccaggagetyg gacatcaaca ggctgagcga 4620
ctacgacgtg gaccacatcg tgccgcagag cttectgaag gacgacagca tcgacaacaa 4680
ggtgctgace aggagcgaca agaacagggg caagagcgac aacgtgccga gcgaggaggt 4740
ggtgaagaag atgaaaaact actggaggca gctgctgaac gccaagctga tcacccagag 4800
gaagttcgac aacctgacca aggccgagag gggceggectg agegagetgg acaaggccgyg 4860
cttcattaaa aggcagctgg tggagaccag gcagatcacc aagcacgtgg cccagatcct 4920
ggacagcagyg atgaacacca agtacgacga gaacgacaag ctgatcaggg aggtgaaggt 4980
gatcaccctg aagagcaagce tggtgagcga cttcaggaag gacttccagt tctacaaggt 5040
gagggagatc aataattacc accacgccca cgacgcectac ctgaacgecg tggtgggeac 5100
cgccctgatt aaaaagtacc cgaagctgga gagcgagttc gtgtacggceg actacaaggt 5160
gtacgacgtyg aggaagatga tcgccaagag cgagcaggag atcggcaagg ccaccgccaa 5220
gtacttctte tacagcaaca tcatgaactt cttcaagacc gagatcaccc tggccaacgg 5280
cgagatcagg aagaggccgce tgatcgagac caacggcgag accggcgaga tcegtgtggga 5340
caagggcagg gacttcgcca ccgtgaggaa ggtgctgtcecce atgccgcagg tgaacatcgt 5400
gaagaagacc gaggtgcaga ccggeggett cagcaaggag agcatcctgce cgaagaggaa 5460
cagcgacaag ctgatcgcca ggaagaagga ctgggacceg aagaagtacyg gcggettcga 5520
cagcecgace gtggectaca gegtgetggt ggtggccaag gtggagaagyg gcaagagcaa 5580

gaagctgaag agcgtgaagg agctggtggg catcaccatce atggagagga gcagettega 5640
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gaagaaccca gtggacttce tggaggccaa gggctacaag gaggtgaaga aggacctgat 5700
cattaaactg ccgaagtaca gcctgttcga gctggagaac ggcaggaaga ggatgctggce 5760
cagcgecgge gagcetgcaga agggcaacga getggcecctyg ccegagcaagt acgtgaactt 5820
cctgtacctyg gccagecact acgagaagcet gaagggcage ccggaggaca acgagcagaa 5880
gecagetgtte gtggagcage acaagcacta cctggacgag atcatcgagce agatcagcega 5940
gttcagcaag agggtgatce tggecgacgce caacctggac aaggtgctga gegectacaa 6000
caagcacagg gacaagccga tcagggagca ggccgagaac atcatccacce tgttcaccct 6060
gaccaacctyg ggegecccegg ccgecttcaa gtacttegac accaccatcg acaggaagag 6120
gtacaccage accaaggagg tgctggacgce caccctgatce caccagagca tcaccggect 6180
gtacgagacc aggatcgacc tgagccagcet gggceggegac agcagceccgce cgaagaagaa 6240
gaggaaggtg agctggaagg acgccagcgg ctggagcagg atgtgaagct tgatcgttca 6300
aacatttggc aataaagttt cttaagattg aatcctgttg ccggtcttgce gatgattatce 6360
atataatttc tgttgaatta cgttaagcat gtaataatta acatgtaatg catgacgtta 6420
tttatgagat gggtttttat gattagagtc ccgcaattat acatttaata cgcgatagaa 6480
aacaaaatat agcgcgcaaa ctaggataaa ttatcgcgcg cggtgtcatc tatgttacta 6540
gatcttcgaa gggatcttta aacatacgaa cagatcactt aaagttcttc tgaagcaact 6600
taaagttatc aggcatgcat ggatcttgga ggaatcagat gtgcagtcag ggaccatagc 6660
acaggacagg cgtcttctac tggtgctacc agcaaatgct ggaagccggg aacactgggt 6720
acgttggaaa ccacgtgatg tggagtaaga taaactgtag gagaaaagca tttcgtagtg 6780
ggccatgaag cctttcagga catgtattgce agtatgggec ggcccattac gcaattggac 6840
gacaacaaag actagtatta gtaccacctc ggctatccac atagatcaaa gctggtttaa 6900
aagagttgtg cagatgatcc gtggcaaagc tcgecgcectg ctaccegttt tagagctaga 6960
aatagcaagt taaaataagg ctagtccgtt atcaacttga aaaagtggca ccgagtcggt 7020
gctttttttt teggaccgceg cctgcagtge agecgtgaccee ggtcecgtgecce ctcectcectagag 7080
ataatgagca ttgcatgtct aagttataaa aaattaccac atattttttt tgtcacactt 7140
gtttgaagtyg cagtttatct atctttatac atatatttaa actttactct acgaataata 7200
taatctatag tactacaata atatcagtgt tttagagaat catataaatg aacagttaga 7260
catggtctaa aggacaattg agtattttga caacaggact ctacagtttt atctttttag 7320
tgtgcatgtg ttctecctttt tttttgcaaa tagcttcacc tatataatac ttcatccatt 7380
ttattagtac atccatttag ggtttagggt taatggtttt tatagactaa tttttttagt 7440
acatctattt tattctattt tagcctctaa attaagaaaa ctaaaactct attttagttt 7500
ttttatttaa taatttagat ataaaataga ataaaataaa gtgactaaaa attaaacaaa 7560
taccctttaa gaaattaaaa aaactaagga aacatttttc ttgtttcgag tagataatgc 7620
cagcctgtta aacgecgtceg acgagtctaa cggacaccaa ccagcgaacce agcagegtceg 7680
cgtcgggcca agcgaagcag acggcacggce atctcectgteg ctgcectcectgg acccecteteg 7740
agagttccge tccaccgttg gacttgctcee gctgtcecggca tccagaaatt gegtggcgga 7800
geggcagacy tgagccggca cggcaggegg cctectecte ctetcacgge accggcaget 7860

acgggggatt cctttcccac cgctectteg ctttecectte ctecgeccgee gtaataaata 7920
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gacacccecet ccacacccte tttecccaac ctegtgttgt teggagcgca cacacacaca 7980
accagatctc ccccaaatcc acccgtegge acctecgett caaggtacge cgctegtect 8040
ccecececce cectetcectace ttetctagat cggegttecg gtceccatggtt agggceccggt 8100
agttctactt ctgttcatgt ttgtgttaga tccgtgtttg tgttagatcce gtgctgctag 8160
cgttcgtaca cggatgcgac ctgtacgtca gacacgttct gattgctaac ttgccagtgt 8220
ttetetttgg ggaatcctgg gatggctcta gcecegttecge agacgggatce gatttcatga 8280
ttttttttgt ttcgttgcat agggtttggt ttgccctttt cctttattte aatatatgcec 8340
gtgcacttgt ttgtcgggtc atcttttcat getttttttt gtettggttg tgatgatgtyg 8400
gtctggttgg geggtegtte tagatcggag tagaattctg tttcaaacta cctggtggat 8460
ttattaattt tggatctgta tgtgtgtgcc atacatattc atagttacga attgaagatg 8520
atggatggaa atatcgatct aggataggta tacatgttga tgcgggtttt actgatgcat 8580
atacagagat gctttttgtt cgecttggttg tgatgatgtg gtgtggttgg geggtcegtte 8640
attcgttecta gatcggagta gaatactgtt tcaaactacc tggtgtattt attaattttg 8700
gaactgtatg tgtgtgtcat acatcttcat agttacgagt ttaagatgga tggaaatatc 8760
gatctaggat aggtatacat gttgatgtgg gttttactga tgcatataca tgatggcata 8820
tgcagcatct attcatatgc tctaaccttg agtacctatc tattataata aacaagtatg 8880
ttttataatt attttgatct tgatatactt ggatgatggc atatgcagca gctatatgtg 8940
gattttttta gccctgectt catacgctat ttatttgctt ggtactgttt cttttgtcega 9000
tgctcaccct gttgtttggt gttacttctg cagggatccg gcagcagcca tgcagaagct 9060
gatcaacagce gtgcagaact acgcctgggg cagcaagacce gecctgaccg agetgtacgg 9120
catggagaac cccagcagcc agcccatgge cgagetgtgg atgggcegecce accccaagag 9180
cagcagccge gtgcagaacg ccgccggega catcgtgage ctgegcegacyg tgatcgagag 9240
cgacaagagce accctgetgg gegaggecgt ggecaagege tteggcegage tgcecttect 9300
gttcaaggtyg ctgtgcgceeg cccageccct gagcatccag gtgcacccca acaagcacaa 9360
cagcgagate ggcttegeca aggagaacgce cgecggcate cccatggacyg ccgecgageg 9420
caactacaag gaccccaacc acaagcccga getggtgtte gecctgaccee ccttectgge 9480
catgaacgcce ttccgcgagt tcagcgagat cgtgagectg ctgcagcecceg tggceccggegce 9540
ccaccecgee atcgeccact tcectgecagea geccgacgece gagegectga gcegagetgtt 9600
cgcecagectyg ctgaacatge agggcgagga gaagagccge gcecctggeca tcectgaagag 9660
cgecctggac agccagcagg gcgagecctg geagaccate cgectgatca gcgagttcta 9720
ccecgaggac ageggectgt tcagceccect getgetgaac gtggtgaage tgaaccccgg 9780
cgaggccatg ttcctgtteg ccgagaccce ccacgcectac ctgcagggceg tggccctgga 9840
ggtgatggcece aacagcgaca acgtgctgeg cgccggectg acccccaagt acatcgacat 9900
ccecgagetyg gtggecaacg tgaagttcga ggccaagecce gcecaaccage tgctgaccca 9960
gccegtgaag cagggcgcecg agctggactt ccccatccee gtggacgact tcgecttcag 10020
cctgcacgac ctgagcgaca aggagaccac catcagccag cagagcgccg ccatcetgtt 10080
ctgcgtggag ggcgacgcca ccctgtggaa gggcagccag cagctgcage tgaageccgg 10140

cgagagcgcece ttcatcgeceg ccaacgagag ccccgtgace gtgaagggcece acggecgect 10200
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ggccegegtyg tacaacaagce tgtgatagga gctcgatceg tcgacctgca gatcegttcaa 10260
acatttggca ataaagtttc ttaagattga atcctgttge cggtcttgcg atgattatca 10320
tataatttct gttgaattac gttaagcatg taataattaa catgtaatgc atgacgttat 10380
ttatgagatg ggtttttatg attagagtcc cgcaattata catttaatac gcgatagaaa 10440
acaaaatata gcgcgcaaac taggataaat tatcgcgcge ggtgtcatct atgttactag 10500
atcggegege cgcaattgaa gtttgggcgg ccagcatgge cgtatccgca atgtgttatt 10560
aagttgtcta agcgtcaatt tgtttacacc acaatatatc ctgccaccag ccagccaaca 10620
gctececcgac cggcagctcecg gcacaaaatc accactcgat acaggcagcc catcagaatt 10680
aattctcatg tttgacagct tatcatcgac tgcacggtgce accaatgctt ctggcecgtcag 10740
gcagccatceg gaagctgtgg tatggctgtg caggtcgtaa atcactgcat aattegtgte 10800
gctcaaggeg cactccegtt ctggataatg ttttttgcge cgacatcata acggttctgg 10860
caaatattct gaaatgagct gttgacaatt aatcatccgg ctcgtataat gtgtggaatt 10920
gtgagcggat aacaatttca cacaggaaac agaccatgag ggaagcgttg atcgccgaag 10980
tatcgactca actatcagag gtagttggcg tcatcgagcg ccatctcgaa ccgacgttge 11040
tggccgtaca tttgtacgge tccgcagtgg atggcggect gaagccacac agtgatattg 11100
atttgctggt tacggtgacc gtaaggcttg atgaaacaac gcggcgagct ttgatcaacg 11160
accttttgga aacttcggcect tecccecctggag agagcgagat tcectcecgeget gtagaagtca 11220
ccattgttgt gcacgacgac atcattccgt ggcgttatce agctaagcgce gaactgcaat 11280
ttggagaatg gcagcgcaat gacattcttg caggtatctt cgagccagcc acgatcgaca 11340
ttgatctgge tatcttgctyg acaaaagcaa gagaacatag cgttgeccttg gtaggtccag 11400
cggcggagga actctttgat ccggttecctg aacaggatct atttgaggcg ctaaatgaaa 11460
ccttaacgct atggaactcecg ccgcccgact gggctggcga tgagcgaaat gtagtgetta 11520
cgttgteceg catttggtac agcgcagtaa ccggcaaaat cgcgccgaag gatgtegetg 11580
ccgactgggce aatggagcgce ctgccggcecce agtatcagece cgtcatactt gaagctagge 11640
aggcttatct tggacaagaa gatcgcttgg cctegcgege agatcagttg gaagaatttg 11700
ttcactacgt gaaaggcgag atcaccaaag tagtcggcaa ataaagctct agtggatctce 11760
cgtacceggg gatctggete geggceggacyg cacgacgcecg gggcgagacce ataggcgatce 11820
tcctaaatca atagtagcetg taacctcgaa gcgtttcact tgtaacaacg attgagaatt 11880
tttgtcataa aattgaaata cttggttcgc atttttgtca tccgecggtca gecgcaatte 11940
tgacgaactg cccatttagce tggagatgat tgtacatcct tcacgtgaaa atttctcaag 12000
cgctgtgaac aagggttcag attttagatt gaaaggtgag ccgttgaaac acgttettcet 12060
tgtcgatgac gacgtcgcta tgcggcatct tattattgaa taccttacga tccacgectt 12120
caaagtgacc gcggtagccg acagcaccca gttcacaaga gtactctcett ccgcgacggt 12180
cgatgtegtg gttgttgatc tagatttagg tcgtgaagat gggctcgage taggagcaag 12240
tgattttatc gctaagcegt tcagtatcag agagtttcta gcacgcattc gggttgectt 12300
gcgegtgege cccaacgttg tceccegcectcecaa agaccgacgg tcetttttgtt ttactgactg 12360
gacacttaat ctcaggcaac gtcgcttgat gtccgaaget ggcggtgagg tgaaacttac 12420

ggcaggtgag ttcaatctte tcctegegtt tttagagaaa ccccgcgacg ttctatcgeg 12480
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cgagcaactt ctcattgcca gtcgagtacg cgacgaggag gtttatgaca ggagtataga 12540
tgttctcecatt ttgaggctgc gccgcaaact tgaggcagat ccgtcaagcc ctcaactgat 12600
aaaaacagca agaggtgccg gttatttctt tgacgcggac gtgcaggttt cgcacggggg 12660
gacgatggca gcctgagcca attcccagat ccccgaggaa tceggcecgtgag cggtcgcaaa 12720
ccatccggece cggtacaaat cggcgceggceg ctgggtgatg acctggtgga gaagttgaag 12780
gccgegcagyg ccgceccagceg gcaacgcatce gaggcagaag cacgcecccegg tgaatcgtgg 12840
caagcggccg ctgatcgaat ccgcaaagaa tcccggcaac cgcecggcagce cggtgegeceg 12900
tcgattagga agccgcccaa gggcgacgag caaccagatt ttttegttcece gatgctctat 12960
gacgtgggca cccgcgatag tcgcagcatce atggacgtgg ccegtttteccg tctgtcgaag 13020
cgtgaccgac gagctggcga ggtgatccge tacgagctte cagacgggca cgtagaggtt 13080
tcegcaggge cggccggcat ggccagtgtg tgggattacg acctggtact gatggeggtt 13140
tceccatctaa ccgaatccat gaaccgatac cgggaaggga agggagacaa gcccggcecge 13200
gtgttcegte cacacgttge ggacgtactc aagttctgec ggcgagccga tggcggaaag 13260
cagaaagacg acctggtaga aacctgcatt cggttaaaca ccacgcacgt tgccatgcag 13320
cgtacgaaga aggccaagaa cggccgcectg gtgacggtat ccgagggtga agccttgatt 13380
agccgctaca agatcgtaaa gagcgaaacc gggcggcecgg agtacatcga gatcgagcta 13440
gctgattgga tgtaccgcga gatcacagaa ggcaagaacc cggacgtgct gacggttcac 13500
ccegattact ttttgatcga teccggcatce ggcecgtttte tcectaccgect ggcacgccge 13560
gccgcaggca aggcagaagce cagatggttg ttcaagacga tctacgaacg cagtggcage 13620
gccggagagt tcaagaagtt ctgtttcacc gtgcgcaage tgatcgggtc aaatgacctg 13680
ccggagtacg atttgaagga ggaggcgggg caggctggce cgatcctagt catgegctac 13740
cgcaacctga tcgagggcga agcatccgcec ggttcecctaat gtacggagca gatgctaggg 13800
caaattgccce tagcagggga aaaaggtcga aaaggtctct ttectgtgga tagcacgtac 13860
attgggaacc caaagccgta cattgggaac cggaacccgt acattgggaa cccaaagccg 13920
tacattggga accggtcaca catgtaagtg actgatataa aagagaaaaa aggcgatttt 13980
tcecgectaaa actctttaaa acttattaaa actcttaaaa cccgectgge ctgtgcataa 14040
ctgtctggcece agcgcacagce cgaagagctg caaaaagcgce ctaccctteg gtegetgege 14100
tcectacgee cecgecgcette gegteggect atcgecggecg ctggccgctce aaaaatgget 14160
ggcctacgge caggcaatct accagggcgce ggacaagcceg cgccgtecgece actcgaccge 14220
cggcgcetgag gtctgcecteg tgaagaaggt gttgctgact cataccaggce ctgaatcgece 14280
ccatcatcca gccagaaagt gagggagcca cggttgatga gagcetttgtt gtaggtggac 14340
cagttggtga ttttgaactt ttgctttgcc acggaacggt ctgcgttgtc gggaagatgce 14400
gtgatctgat ccttcaactc agcaaaagtt cgatttattc aacaaagccg ccgtcccecgte 14460
aagtcagcgt aatgctctge cagtgttaca accaattaac caattctgat tagaaaaact 14520
catcgagcat caaatgaaac tgcaatttat tcatatcagg attatcaata ccatattttt 14580
gaaaaagccg tttcectgtaat gaaggagaaa actcaccgag gcagttccat aggatggcaa 14640
gatcctggta tcggtctgcg attccgactce gtccaacatc aatacaacct attaatttcce 14700

cctegtcaaa aataaggtta tcaagtgaga aatcaccatg agtgacgact gaatccggtg 14760



US 2019/0376075 Al Dec. 12, 2019
46

-continued

agaatggcaa aagctctgca ttaatgaatc ggccaacgcg cggggagagg cggtttgegt 14820
attgggecget cttceecgcette ctegetcact gactcecgetge gecteggtegt teggetgegg 14880
cgagcggtat cagctcactc aaaggcggta atacggttat ccacagaatc aggggataac 14940
gcaggaaaga acatgtgagc aaaaggccag caaaaggcca ggaaccgtaa aaaggccgcg 15000
ttgctggegt ttttccatag getceccgeccee cctgacgage atcacaaaaa tcgacgctca 15060
agtcagaggt ggcgaaaccc gacaggacta taaagatacc aggcgtttcce ccctggaage 15120
tcectegtge getctectgt tecgaccctg cecgecttaccg gatacctgte cgectttete 15180
ccttecgggaa gegtggceget ttcetcatage tcacgctgta ggtatctcag tteggtgtag 15240
gtcgtteget ccaagetggg ctgtgtgcac gaaccccceg ttcagcccga ccgetgegee 15300
ttatccggta actatcgtcet tgagtccaac ccggtaagac acgacttatc gccactggca 15360
gcagccactyg gtaacaggat tagcagagcg aggtatgtag gcggtgctac agagttcttg 15420
aagtggtggce ctaactacgg ctacactaga agaacagtat ttggtatctg cgctctgctg 15480
aagccagtta ccttcggaaa aagagttggt agctcttgat ccggcaaaca aaccaccget 15540
ggtagcggtyg gtttttttgt ttgcaagcag cagattacgc gcagaaaaaa aggatctcaa 15600
gaagatcctt tgatctttte tacggggtct gacgctcagt ggaacgaaaa ctcacgttaa 15660
gggattttgg tcatgagatt atcaaaaagg atcttcacct agatcctttt gatccggaat 15720

ta 15722

<210> SEQ ID NO 4

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: for editing GW2-2

<400> SEQUENCE: 4

aagctcgege cctgctaccce 20

<210> SEQ ID NO 5

<211> LENGTH: 19617

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: vector 22808
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (4)..(259)

<223> OTHER INFORMATION: bNRB-05
<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (304)..(2100

<223> OTHER INFORMATION: prSoUbi4-04
<220> FEATURE:

<221> NAME/KEY: gene

<222> LOCATION: (2119)..(5193)

<223> OTHER INFORMATION: cTNPLAIIAFw-01
<220> FEATURE:

<221> NAME/KEY: terminator

<222> LOCATION: (5200)..(5452)

<223> OTHER INFORMATION: tNOS-05-01
<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (5486)..(7478

<223> OTHER INFORMATION: prUbil-10
<220> FEATURE:

<221> NAME/KEY: gene

<222> LOCATION: (7492)..(10566)
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<223> OTHER INFORMATION: cTNPLAIIARv-01
<220> FEATURE:
<221> NAME/KEY: terminator
<222> LOCATION: (10573)..(10825)
<223> OTHER INFORMATION: tNOS-05-01
<220> FEATURE:
<221> NAME/KEY: promoter
<222> LOCATION: (10844)..(12835)
<223> OTHER INFORMATION: prUbil-o04
<220> FEATURE:
<221> NAME/KEY: gene
<222> LOCATION: (12852)..(14030)
<223> OTHER INFORMATION: cPMI-09
<220> FEATURE:
<221> NAME/KEY: terminator
<222> LOCATION: (14053)..(14305)
<223> OTHER INFORMATION: tNOS-05-01
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (14349)..(14478)
<223> OTHER INFORMATION: bNLB-03
<220> FEATURE:
<221> NAME/KEY: gene
<222> LOCATION: (14758) .. (15546)
<223> OTHER INFORMATION: cSpec-03
<220> FEATURE:
<221> NAME/KEY: promoter
<222> LOCATION: (15641)..(15771)
<223> OTHER INFORMATION: prVirG-01
<220> FEATURE:
<221> NAME/KEY: gene
<222> LOCATION: (15846)..(16571)
<223> OTHER INFORMATION: cVirG-01
<220> FEATURE:
<221> NAME/KEY: gene
<222> LOCATION: (16601)..(17674)
<223> OTHER INFORMATION: cRepA-01
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (17717)..(18121)
<223> OTHER INFORMATION: oVS1l-02
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (18799)..(19605
<223> OTHER INFORMATION: oCOLE-06
<400> SEQUENCE: 5
attcctgtygg ttggcatgea catacaaatyg gacgaacgga taaacctttt cacgcccttt 60
taaatatccg attattctaa taaacgctct tttectcttag gtttacccge caatatatcce 120
tgtcaaacac tgatagttta aactgaaggc gggaaacgac aatctgatca tgagcggaga 180
attaagggag tcacgttatg accecccgeeg atgacgeggg acaagcecgtt ttacgtttgg 240
aactgacaga accgcaacgc tgcaggaatt ggeegcageg gecatttaaa caaagcettgg 300
taccattatyg tggtctaggt aggttctata tataagaaaa cttgaaatgt tctaaaaaaa 360
aattcaagec catgcatgat tgaagcaaac ggtatagcaa cggtgttaac ctgatctagt 420
gatctcttge aatcettaac ggccacctac cgcaggtage aaacggegte cccctectey 480
atatctcege ggegacctet ggetttttec geggaattge geggtgggga cggattcecac 540
gagaccgega cgcaaccgee tctegecget gggececaca cegeteggty cegtagecte 600
acgggactet ttetccctec tceececcgtta taaattgget tceatccccte cttgecteat 660
ccatccaaat ccecagtcecec aateccatec cttegtagga gaaattcate gaagctaage 720
gaatectege gatcetctcea aggtactgeg agttttegat ccccetcteyg acccetegta 780
tgtttgtgtt tgtcgtageg tttgattagg tatgctttecce ctgtttgtgt tegtcecgtage 840
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gtttgattag gtatgctttc cctgttegtg ttcatcgtag tgtttgatta ggtegtgtga 900
ggcgatggee tgctegegte cttegatcetg tagtcgattt gegggtegtg gtgtagatcet 960

gcgggctgtyg atgaagttat ttggtgtgat ctgctcecgcect gattctgegg gttggctega 1020
gtagatatga tggttggacc ggttggttcg tttaccgcge tagggttggg ctgggatgat 1080
gttgcatgeg ccgttgegeg tgatcccegca gcaggacttg cgtttgattg ccagatcteg 1140
ttacgattat gtgatttggt ttggactttt tagatctgta gcttctgctt atgtgccaga 1200
tgcgectact gectcatatge ctgatgataa tcataaatgg ctgtggaact aactagttga 1260
ttgcggagtc atgtatcagce tacaggtgta gggactagct acaggtgtag ggacttgegt 1320
ctaattgttt ggtcctttac tcatgttgca attatgcaat ttagtttaga ttgtttgttce 1380
cactcatcta ggctgtaaaa gggacactgc ttagattgct gtttaatctt tttagtagat 1440
tatattatat tggtaactta ttacccctat tacatgccat acgtgacttce tgctcatgcece 1500
tgatgataat catagatcac tgtggaatta attagttgat tgttgaatca tgtttcatgt 1560
acataccacg gcacaattgc ttagttcctt aacaaatgca aattttactg atccatgtat 1620
gatttgcgtyg gttctctaat gtgaaatact atagctactt gttagtaaga atcaggttcg 1680
tatgcttaat gectgtatgtg ccttetgcecte atgectgatg ataatcatat atcactggaa 1740
ttaattagtt gatcgtttaa tcatatatca agtacatacc atgccacaat ttttagtcac 1800
ttaacccatg cagattgaac tggtccctge atgttttget aaattgttcet attctgatta 1860
gaccatatat catgtatttt tttttggtaa tggttctctt attttaaatg ctatatagtt 1920
ctggtacttg ttagaaagat ctgcttcata gtttagttgc ctatcccteg aattaggatg 1980
ctgagcagct gatcctatag ctttgtttca tgtatcaatt cttttgtgtt caacagtcag 2040
tttttgttag attcattgta acttatggtc gcttactcectt ctggtcctca atgcttgcag 2100
gatcgcggece gegcecaccat gggaaaacct attcctaatce ctetgcetggg cctggattcet 2160
accggaggca tggcccectaa gaaaaagcegg aaggtggacyg gceggagtgga cctgagaaca 2220
ctgggatatt ctcagcagca gcaggagaag atcaagccca aggtgagatc tacagtggcece 2280
cagcaccacg aagccctggt gggacacgga tttacacacg cccacattgt ggccctgtcet 2340
cagcaccctg cecgcectggg aacagtggcce gtgaaatatc aggatatgat tgccgccctg 2400
cctgaggeca cacacgaagce cattgtggga gtgggaaaac agtggtctgg agccagagcece 2460
ctggaagccce tgctgacagt ggccggagaa ctgagaggac ctcectcectgca getggataca 2520
ggacagctyge tgaagattge caaaaggggce ggagtgaccyg cggtggaagce cgtgcacgec 2580
tggagaaatg ccctgacagg agcccctcectg aacctgaccce ccgaacaggt ggtggccatt 2640
gecagecacy acggcggcaa gcaggecctg gaaaccgtge agagactget geccgtgetg 2700
tgccaggccce atggcctgac acctgaacag gtggtggcta tcgcectctca cgacggagga 2760
aaacaggctc tggaaacagt gcagcggctg ctgecctgtge tgtgtcagge tcacggettg 2820
actccagaac aggtggtggce tattgcttce aatattgggg ggaaacaggce cctggaaact 2880
gtgcagcgece tgctgccagt gctgtgccag gcectcacggac tgacccccga acaggtggtyg 2940
gecattgeca gcaacaacgg cggcaagcag gecctggaaa ccgtgcagag actgetgecce 3000
gtgctgtgec aggcccatgg cctgacacct gaacaggtgg tggctatcgce ctctaacaac 3060

ggaggaaaac aggctctgga aacagtgcag cggctgctge ctgtgctgtg tcaggctcac 3120
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ggcttgactc cagaacaggt ggtggctatt gcecttccaaca acggggggaa acaggccectg 3180
gaaactgtge agcgectget gcecagtgetg tgccaggete acgggcetgac cceccgaacag 3240
gtggtggceca ttgccagcaa cggeggcegge aagcaggcecce tggaaaccgt gcagagactg 3300
ctgcecegtge tgtgccaggce ccatggectg acacctgaac aggtggtggce tatcgcectcet 3360
cacgacggag gaaaacaggc tctggaaaca gtgcagceggce tgctgectgt getgtgtcag 3420
gctcacgget tgactccaga acaggtggtg gcectattgctt ccaatattgg ggggaaacag 3480
gccectggaaa ctgtgcagceg cctgctgecca gtgctgtgec aggctcacgg cctcecactecce 3540
gaacaggtygyg tggccattge cagcaacatc ggcggcaagce aggccctgga aaccgtgcag 3600
agactgctgce cecgtgctgtg ccaggcccat ggectgacac ctgaacaggt ggtggctatce 3660
gcctetcacyg acggaggaaa acaggctcectg gaaacagtgce agcggctgcet gcectgtgetg 3720
tgtcaggctc acggcttgac tccagaacag gtggtggcta ttgcttccaa caacgggggyg 3780
aaacaggccce tggaaactgt gcagcgectg ctgccagtge tgtgccagge tcacggactg 3840
acccecgaac aggtggtgge cattgccage aacggceggeg gcaagcaggce cctggaaacce 3900
gtgcagagac tgctgcccgt gctgtgccag geccatggec tgacacctga acaggtggtyg 3960
gctatcgect ctaacaacgg aggaaaacaa gcactcgaga cagtgcageg getgetgect 4020
gtgctgtgte aggctcacgg cttgactcca gaacaggtgg tggctattgce ttccaacaac 4080
ggggggaaac aggccctgga aactgtgcag cgectgetge cagtgetgtg ccaggctcac 4140
gggctgacee ccgaacaggt ggtggcecatt gecagcaaca tcggceggcaa gcaggccctg 4200
gaaaccgtge agagactgct gccegtgetg tgccaggece atggectgac acctgaacag 4260
gtggtggcta tcecgectctaa caacggagga aaacaggctc tggaaacagt gcagcggcetg 4320
ctgcctgtge tgtgtcagge tcacggcttg actccacage aggtcgtggce aattgctagce 4380
aatatcggcg gacggccege cctggagagce attgtggecce agcectgtctag acctgatcect 4440
gccetggeeg ccctgacaaa tgatcacctg gtggccectgg cctgtcetggg aggcagacct 4500
gccetggatyg ccgtgaaaaa aggactgcct cacgcccctg cectgattaa aagaacaaat 4560
agaagaatcc ccgagcggac ctctcacaga gtggcecggat cccagetggt gaaatctgag 4620
ctggaggaga agaagtctga gctgagacac aagctgaagt acgtgcctca cgagtacatc 4680
gagctgatcg agatcgccag aaatagcacc caggatagaa tcctggagat gaaggtgatg 4740
gagttcttca tgaaagtgta cggctacaga ggaaagcatc tgggaggaag cagaaaacct 4800
gacggagcca tttatacagt gggcagccct atcgattatg gegtgatcgt ggatacaaag 4860
gcctacageg gaggctacaa tctgcectatt ggacaggcceg atgagatgca gagatacgtg 4920
gaggagaacc aaaccaggaa caagcatatc aaccctaacyg agtggtggaa ggtgtaccct 4980
tctagecgtga ccgagttcaa gttecctgttt gtgagcggece acttcaaggg caattataag 5040
gcccagctga ccaggctgaa ccacatcaca aattgtaatg gegceccecgtget gtetgtggag 5100
gaactgctga ttggaggaga gatgattaag gccggaacac tgacactgga ggaggtgaga 5160
agaaagttca acaacggcga gatcaacttc tgaaagcttg atcgttcaaa catttggcaa 5220
taaagtttct taagattgaa tcecctgttgce ggtcecttgcega tgattatcat ataatttcectg 5280
ttgaattacg ttaagcatgt aataattaac atgtaatgca tgacgttatt tatgagatgg 5340

gtttttatga ttagagtccc gcaattatac atttaatacg cgatagaaaa caaaatatag 5400
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cgcgcaaact aggataaatt atcgcgcgcg gtgtcatcta tgttactaga tcecttcgaacce 5460
ctagtcgaag acaaccggtg catgcctgca gtgcagegtg acccggtcegt geccctetcet 5520
agagataatg agcattgcat gtctaagtta taaaaaatta ccacatattt tttttgtcac 5580
acttgtttga agtgcagttt atctatcttt atacatatat ttaaacttta ctctacgaat 5640
aatataatct atagtactac aataatatca gtgttttaga gaatcatata aatgaacagt 5700
tagacatggt ctaaaggaca attgagtatt ttgacaacag gactctacag ttttatcttt 5760
ttagtgtgca tgtgttctecc tttttttttg caaatagcett cacctatata atacttcatc 5820
cattttatta gtacatccat ttagggttta gggttaatgg tttttataga ctaatttttt 5880
tagtacatct attttattct attttagcct ctaaattaag aaaactaaaa ctctatttta 5940
gtttttttat ttaataattt agatataaaa tagaataaaa taaagtgact aaaaattaaa 6000
caaataccct ttaagaaatt aaaaaaacta aggaaacatt tttcttgttt cgagtagata 6060
atgccagect gttaaacgcce gtcgacgagt ctaacggaca ccaaccagceyg aaccagcagce 6120
gtcgegtegyg gccaagcgaa gcagacggca cggcatctet gtegetgect ctggaccect 6180
ctcgagagtt ccgctccacce gttggacttg ctecegctgte ggcatccaga aattgcegtgg 6240
cggageggca gacgtgagcece ggcacggcag geggectect cctectceteca cggcaccgge 6300
agctacgggg gattccttte ccaccgectcee ttegetttece cttectegee cgccgtaata 6360
aatagacacc ccctccacac cctcetttece caacctegtg ttgttecggag cgcacacaca 6420
cacaaccaga tctcccccaa atccaccegt cggcacctece gettcaaggt acgecgetceg 6480
tcetececcce ceccecctet ctaccttete tagatcggeg ttceccggtceca tggttagggce 6540
ccggtagtte tacttctgtt catgtttgtg ttagatcegt gtttgtgtta gatccgtget 6600
gctagegtte gtacacggat gcgacctgta cgtcagacac gttctgattg ctaacttgece 6660
agtgtttctce tttggggaat cctgggatgg ctctageegt tccgcagacg ggatcgattt 6720
catgattttt tttgtttcgt tgcatagggt ttggtttgcc ctttteccttt atttcaatat 6780
atgccgtgca cttgtttgte gggtcatctt ttcatgettt tttttgtctt ggttgtgatg 6840
atgtggtctg gttgggcggt cgttctagat cggagtagaa ttctgtttca aactacctgg 6900
tggatttatt aattttggat ctgtatgtgt gtgccataca tattcatagt tacgaattga 6960
agatgatgga tggaaatatc gatctaggat aggtatacat gttgatgcgg gttttactga 7020
tgcatataca gagatgcttt ttgttcgctt ggttgtgatg atgtggtgtg gttgggcggt 7080
cgttcattcg ttctagatcg gagtagaata ctgtttcaaa ctacctggtg tatttattaa 7140
ttttggaact gtatgtgtgt gtcatacatc ttcatagtta cgagtttaag atggatggaa 7200
atatcgatct aggataggta tacatgttga tgtgggtttt actgatgcat atacatgatg 7260
gcatatgcag catctattca tatgctctaa ccttgagtac ctatctatta taataaacaa 7320
gtatgtttta taattatttt gatcttgata tacttggatg atggcatatg cagcagctat 7380
atgtggattt ttttagccct gecttcatac gctatttatt tgcttggtac tgtttetttt 7440
gtcgatgcte accctgttgt ttggtgttac ttctgcageg gecgcgccac catgggaaaa 7500
cctattecta atcctctget gggcectggat tctaccggag gcatggcccece taagaaaaag 7560
cggaaggtgg acggeggagt ggacctgaga acactgggat attctcagca gcagcaggag 7620

aagatcaagc ccaaggtgag atctacagtg gcccagecacce acgaagcect ggtgggacac 7680
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ggatttacac acgcccacat tgtggccctg tcectcagcacce ctgccgcecct gggaacagtyg 7740
gccgtgaaat atcaggatat gattgccgece ctgcctgagg ccacacacga agccattgtg 7800
ggagtgggaa aacagtggtc tggagccaga gccctggaag cectgctgac agtggccgga 7860
gaactgagag gacctcctct gcagctggat acaggacagc tgctgaagat tgccaaaagg 7920
ggcggagtga ccgeggtgga agcecgtgcac gectggagaa atgccctgac aggagccect 7980
ctgaacctga cccccgaaca ggtggtggece attgccagea acaacggcegyg caagcaggcce 8040
ctggaaaccg tgcagagact gcectgccegtg ctgtgccagg cccatggcect gacacctgaa 8100
caggtggtgg ctatcgecte tcacgacgga ggaaaacagg ctctggaaac agtgcagcgg 8160
ctgctgectg tgctgtgtca ggctcacgge ttgactcecag aacaggtggt ggctattget 8220
tccaacggeg gggggaaaca ggccctggaa actgtgcage gectgetgece agtgetgtge 8280
caggctcacg gactgaccce cgaacaggtg gtggccattyg ccagcaacgyg cggcggcaag 8340
caggcectgg aaaccgtgca gagactgetg ceegtgetgt gecaggcecca tggectgaca 8400
cctgaacagg tggtggctat cgcctcectcac gacggaggaa aacaggctct ggaaacagtg 8460
cagcggctge tgcctgtget gtgtcaggct cacggcttga ctccagaaca ggtggtggcet 8520
attgcttecece acgacggggg gaaacaggcce ctggaaactg tgcagcgcct getgccagtg 8580
ctgtgecagg ctcacgggcet gaccceccgaa caggtggtgyg ccattgcecag caacggegge 8640
ggcaagcagyg ccctggaaac cgtgcagaga ctgctgeccg tgctgtgeca ggeccatgge 8700
ctgacacctg aacaggtggt ggctatcgcce tctaacggcg gaggaaaaca ggctctggaa 8760
acagtgcagc ggctgctgece tgtgcetgtgt caggctcacg gecttgactece agaacaggtg 8820
gtggctattyg cttcccacga cggggggaaa caggccctgg aaactgtgca gcgectgetg 8880
ccagtgcectgt geccaggctca cggcectcact cccgaacagg tggtggccat tgccagcaac 8940
aacggcggca agcaggcecct ggaaaccgtg cagagactge tgccegtget gtgecaggece 9000
catggcctga cacctgaaca ggtggtggct atcgectcete acgacggagg aaaacaggct 9060
ctggaaacag tgcagcggct gcectgectgtg ctgtgtcagg ctcacggctt gactccagaa 9120
caggtggtgg ctattgcttc ccacgacggg gggaaacagg ccctggaaac tgtgcagcegce 9180
ctgctgceccag tgctgtgcca ggctcacgga ctgacccececg aacaggtggt ggccattgece 9240
agcaacatcg gcggcaagca ggccctggaa accgtgcaga gactgctgece cgtgetgtge 9300
caggcccatg gcectgacacce tgaacaggtg gtggctateg cctctaacaa cggaggaaaa 9360
caagcactcg agacagtgca gcggctgcectg cctgtgetgt gtcaggctca cggcttgact 9420
ccagaacagg tggtggctat tgcttccaac ggcgggggga aacaggccct ggaaactgtg 9480
cagcgectge tgccagtgcet gtgccagget cacgggcetga ccecccgaaca ggtggtggece 9540
attgccagece acgacggegg caagcaggece ctggaaaccyg tgcagagact gctgeccegtg 9600
ctgtgccagg cccatggect gacacctgaa caggtggtgg ctatcgcecte taatatcgga 9660
ggaaaacagg ctctggaaac agtgcagcgg ctgctgcctg tgectgtgtca ggctcacgge 9720
ttgactccac agcaggtcgt ggcaattget agecacgacyg gceggacggece cgccectggag 9780
agcattgtgg cccagctgte tagacctgat cctgccectgg cecgcecctgac aaatgatcac 9840
ctggtggccce tggcectgtet gggaggcaga cctgcccectgg atgccgtgaa aaaaggactg 9900

cctecacgece ctgcectgat taaaagaaca aatagaagaa tcccecgageg gacctctcac 9960
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agagtggccg gatcccaget ggtgaaatct gagctggagg agaagaagtc tgagctgaga 10020
cacaagctga agtacgtgcc tcacgagtac atcgagctga tcgagatcgce cagaaatagce 10080
acccaggata gaatcctgga gatgaaggtg atggagttct tcatgaaagt gtacggctac 10140
agaggaaagc atctgggagg aagcagaaaa cctgacggag ccatttatac agtgggcagce 10200
cctatcgatt atggcgtgat cgtggataca aaggcctaca gcggaggcta caatctgect 10260
attggacagg ccgatgagat gcagagatac gtggaggaga accaaaccag gaacaagcat 10320
atcaacccta acgagtggtg gaaggtgtac ccttctageg tgaccgagtt caagttcctg 10380
tttgtgagcg gccacttcaa gggcaattat aaggcccage tgaccaggct gaaccacatc 10440
acaaattgta atggcgccgt getgtcetgtg gaggaactge tgattggagg agagatgatt 10500
aaggccggaa cactgacact ggaggaggtg agaagaaagt tcaacaacgg cgagatcaac 10560
ttctgaaage ttgatcgttc aaacatttgg caataaagtt tcttaagatt gaatcctgtt 10620
gccggtettyg cgatgattat catataattt ctgttgaatt acgttaagca tgtaataatt 10680
aacatgtaat gcatgacgtt atttatgaga tgggttttta tgattagagt cccgcaatta 10740
tacatttaat acgcgataga aaacaaaata tagcgcgcaa actaggataa attatcgcge 10800
gcggtgtcecat ctatgttact agatcttcga agacggaccg cgcctgcagt gcagcegtgac 10860
ccggtegtge cectectctag agataatgag cattgcatgt ctaagttata aaaaattacce 10920
acatattttt tttgtcacac ttgtttgaag tgcagtttat ctatctttat acatatattt 10980
aaactttact ctacgaataa tataatctat agtactacaa taatatcagt gttttagaga 11040
atcatataaa tgaacagtta gacatggtct aaaggacaat tgagtatttt gacaacagga 11100
ctctacagtt ttatcttttt agtgtgcatg tgttctcecctt tttttttgca aatagettca 11160
cctatataat acttcatcca ttttattagt acatccattt agggtttagg gttaatggtt 11220
tttatagact aattttttta gtacatctat tttattctat tttagcctct aaattaagaa 11280
aactaaaact ctattttagt ttttttattt aataatttag atataaaata gaataaaata 11340
aagtgactaa aaattaaaca aatacccttt aagaaattaa aaaaactaag gaaacatttt 11400
tcttgttteg agtagataat gccagectgt taaacgccegt cgacgagtct aacggacacce 11460
aaccagcgaa ccagcagcedgt cgcgtegggce caagcgaagce agacggcacg gcatctcetgt 11520
cgctgectet ggacccectet cgagagttcee gctceccaccegt tggacttget cegctgtegg 11580
catccagaaa ttgcgtggcg gagcggcaga cgtgagccgg cacggcaggce ggcctectcee 11640
tcetetecacg gecaccggcag ctacggggga ttectttece accgetectt cgetttecet 11700
tcetegeceg ccgtaataaa tagacaccce ctccacacce tcettteccca acctegtgtt 11760
gttcggageg cacacacaca caaccagatc tcccccaaat ccacccegtcecg gcacctceccege 11820
ttcaaggtac gccgctegte cteccccecccee ccectceteta ccecttetcectag atcecggegtte 11880
cggtccatgg ttagggcceg gtagttctac ttctgttcat gtttgtgtta gatcegtgtt 11940
tgtgttagat ccgtgctgcect agcgttegta cacggatgcg acctgtacgt cagacacgtt 12000
ctgattgcta acttgccagt gtttctettt ggggaatcct gggatggctce tagcegttcece 12060
gcagacggga tcgatttcat gatttttttt gtttecgttge atagggtttg gtttgeccett 12120
ttcctttatt tcaatatatg ccgtgcactt gtttgtcecggg tcatctttte atgetttttt 12180

ttgtcttggt tgtgatgatg tggtctggtt gggcggtegt tctagatcgg agtagaatte 12240
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tgtttcaaac tacctggtgg atttattaat tttggatctg tatgtgtgtg ccatacatat 12300
tcatagttac gaattgaaga tgatggatgg aaatatcgat ctaggatagg tatacatgtt 12360
gatgcgggtt ttactgatgc atatacagag atgctttttg ttcgecttggt tgtgatgatg 12420
tggtgtggtt gggcggtcegt tcattegtte tagatcggag tagaatactg tttcaaacta 12480
cctggtgtat ttattaattt tggaactgta tgtgtgtgtc atacatcttc atagttacga 12540
gtttaagatg gatggaaata tcgatctagg ataggtatac atgttgatgt gggttttact 12600
gatgcatata catgatggca tatgcagcat ctattcatat gctctaacct tgagtaccta 12660
tctattataa taaacaagta tgttttataa ttattttgat cttgatatac ttggatgatg 12720
gcatatgcag cagctatatg tggatttttt tagccctgec ttcatacget atttatttge 12780
ttggtactgt ttcttttgtc gatgctcacc ctgttgtttg gtgttacttc tgcagggatc 12840
cggcagcagce catgcagaag ctgatcaaca gcgtgcagaa ctacgcctgg ggcagcaaga 12900
ccgcectgac cgagectgtac ggcatggaga accccagcag ccagcccatg gecgagetgt 12960
ggatgggcge ccaccccaag agcagcagcece gcgtgcagaa cgccgcecggce gacatcgtga 13020
gcctgegega cgtgatcgag agcgacaaga gcaccctget gggcgaggcece gtggccaage 13080
gctteggega getgecctte ctgttcaagg tgctgtgcge cgcccagecce ctgagcatce 13140
aggtgcaccc caacaagcac aacagcgaga tcggcttcege caaggagaac geccgecggca 13200
tceccatgga cgccgceccgag cgcaactaca aggaccccaa ccacaagccce gagctggtgt 13260
tcgcectgac ceccecttectyg gecatgaacg ccttceccgega gttcagcecgag atcgtgagee 13320
tgctgcagcece cgtggccgge geccaccceceg ccatcgecca cttectgcag cagcceccgacyg 13380
ccgagegect gagcgagetg ttcecgecagece tgctgaacat gcagggcgag gagaagagcece 13440
gcgeectgge catcctgaag agcgccctgg acagccagca gggcgagcecce tggcagacca 13500
tcegectgat cagcgagtte taccccgagg acagcggcect gttcagcecce ctgctgectga 13560
acgtggtgaa gctgaaccecce ggcgaggcca tgttcecctgtt cgceccgagacce ccccacgect 13620
acctgcaggg cgtggccctg gaggtgatgg ccaacagcga caacgtgctg cgcgecggee 13680
tgacccceccaa gtacatcgac atccccgage tggtggccaa cgtgaagttc gaggccaage 13740
ccgccaacca gctgctgace cagcccegtga agcagggcgce cgagctggac ttcecccecatcece 13800
ccgtggacga cttcegectte agectgcacg acctgagcga caaggagacce accatcagece 13860
agcagagcgce cgccatcetg ttetgegtgg agggcgacge caccctgtgg aagggcagece 13920
agcagctgca gctgaagccece ggcgagagceg ccttcatcge cgccaacgag agccceccegtga 13980
ccgtgaaggg ccacggccege ctggeccgeg tgtacaacaa gctgtgatag gagctcecgate 14040
cgtcgacctg cagatcgttc aaacatttgg caataaagtt tcttaagatt gaatcctgtt 14100
gccggtettyg cgatgattat catataattt ctgttgaatt acgttaagca tgtaataatt 14160
aacatgtaat gcatgacgtt atttatgaga tgggttttta tgattagagt cccgcaatta 14220
tacatttaat acgcgataga aaacaaaata tagcgcgcaa actaggataa attatcgcge 14280
gcggtgtcecat ctatgttact agatcggcgce geccgcaattg aagtttgggce ggccagcatg 14340
gccgtateceg caatgtgtta ttaagttgtc taagcgtcaa tttgtttaca ccacaatata 14400
tcetgecace agccagccaa cagctceccceg accggcagct cggcacaaaa tcaccactcecg 14460

atacaggcag cccatcagaa ttaattctca tgtttgacag cttatcatcg actgcacggt 14520
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gcaccaatge ttectggegte aggcagccat cggaagctgt ggtatggectg tgcaggtcegt 14580
aaatcactgc ataattcgtg tcgctcaagg cgcactcccg ttcectggataa tgttttttge 14640
gccgacatca taacggttct ggcaaatatt ctgaaatgag ctgttgacaa ttaatcatcc 14700
ggctcgtata atgtgtggaa ttgtgagcgg ataacaattt cacacaggaa acagaccatg 14760
agggaagcgt tgatcgccga agtatcgact caactatcag aggtagttgg cgtcatcgag 14820
cgccatcecteg aaccgacgtt getggecgta catttgtacg gcectcecgcagt ggatggcgge 14880
ctgaagccac acagtgatat tgatttgctg gttacggtga ccgtaaggct tgatgaaaca 14940
acgcggcgag ctttgatcaa cgaccttttg gaaacttegg cttececctgg agagagcgag 15000
attctecegeg ctgtagaagt caccattgtt gtgcacgacg acatcattcce gtggegttat 15060
ccagctaagce gcgaactgca atttggagaa tggcagcgca atgacattct tgcaggtatce 15120
ttcgagecag ccacgatcga cattgatctg gctatcttge tgacaaaagce aagagaacat 15180
agcgttgect tggtaggtcec agcggcggag gaactctttg atcceggttcece tgaacaggat 15240
ctatttgagg cgctaaatga aaccttaacg ctatggaact cgccgecccga ctgggetgge 15300
gatgagcgaa atgtagtgct tacgttgtcc cgcatttggt acagcgcagt aaccggcaaa 15360
atcgcgecga aggatgtege tgccgactgg gcaatggage gcctgecgge ccagtatcag 15420
ccegtecatac ttgaagctag gcaggcttat cttggacaag aagatcgctt ggcecctegege 15480
gcagatcagt tggaagaatt tgttcactac gtgaaaggcg agatcaccaa agtagtcgge 15540
aaataaagct ctagtggatc tceccgtaccceg gggatctgge tcgeggcgga cgcacgacge 15600
cggggcgaga ccataggcga tctcctaaat caatagtage tgtaacctcg aagcgtttca 15660
cttgtaacaa cgattgagaa tttttgtcat aaaattgaaa tacttggttc gcatttttgt 15720
catccgeggt cagccgcaat tcectgacgaac tgcccattta gctggagatg attgtacatce 15780
cttcacgtga aaatttctca agcgctgtga acaagggttc agattttaga ttgaaaggtg 15840
agccgttgaa acacgttett cttgtcegatg acgacgtcge tatgcggcat cttattattg 15900
aataccttac gatccacgcc ttcaaagtga ccgcggtage cgacagcacc cagttcacaa 15960
gagtactcte ttcecgcgacg gtcgatgteg tggttgttga tctagattta ggtcegtgaag 16020
atgggctcga gatcgttegt aatctggcgg caaagtctga tattccaatc ataattatca 16080
gtggcgaccg ccttgaggag acggataaag ttgttgcact cgagctagga gcaagtgatt 16140
ttatcgctaa gccgttcagt atcagagagt ttctagcacg cattcgggtt gecttgegeg 16200
tgcgcceccaa cgttgtcege tccaaagacce gacggtcettt ttgttttact gactggacac 16260
ttaatctcag gcaacgtcge ttgatgtccecg aagetggegg tgaggtgaaa cttacggcag 16320
gtgagttcaa tcttctecte gegtttttag agaaaccceg cgacgttcta tcgegecgage 16380
aacttctcat tgccagtcga gtacgcgacg aggaggttta tgacaggagt atagatgttce 16440
tcattttgag gctgcgcege aaacttgagg cagatccgte aagccctcaa ctgataaaaa 16500
cagcaagagg tgccggttat ttctttgacg cggacgtgca ggtttcgcac ggggggacga 16560
tggcagecctyg agccaattcece cagatcccceg aggaatcgge gtgageggtce gcaaaccatce 16620
cggcceggta caaatcggeg cggcgcetggg tgatgacctg gtggagaagt tgaaggccge 16680
gcaggccgece cagcggcaac gcatcgaggce agaagcacgce cccggtgaat cgtggcaage 16740

ggccgctgat cgaatccgca aagaatccecg gcaaccgcceg gcagceccecggtg cgecgtcecgat 16800
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taggaagccg cccaagggcg acgagcaacce agatttttte gttcecgatge tctatgacgt 16860
gggcaccege gatagtcgca gcatcatgga cgtggeccgtt ttecegtetgt cgaagegtga 16920
ccgacgagct ggcgaggtga tccgctacga gcttccagac gggcacgtag aggtttccge 16980
agggcceggcece ggcatggcca gtgtgtggga ttacgacctg gtactgatgg cggtttccca 17040
tctaaccgaa tccatgaacc gataccggga agggaaggga gacaagcccg gecgegtgtt 17100
ccgtceccacac gttgcggacg tactcaagtt ctgccggcga gccgatggceg gaaagcagaa 17160
agacgacctg gtagaaacct gcattcggtt aaacaccacg cacgttgcca tgcagecgtac 17220
gaagaaggcc aagaacggcce gcctggtgac ggtatccgag ggtgaagect tgattagcecg 17280
ctacaagatc gtaaagagcg aaaccgggcyg gccggagtac atcgagatcg agctagctga 17340
ttggatgtac cgcgagatca cagaaggcaa gaacccggac gtgctgacgg ttcaccccga 17400
ttactttttg atcgatcceg gcatcggeceg ttttcectetac cgectggcac gecgegecge 17460
aggcaaggca gaagccagat ggttgttcaa gacgatctac gaacgcagtg gcagcgccgg 17520
agagttcaag aagttctgtt tcaccgtgcg caagctgatc gggtcaaatg acctgeccgga 17580
gtacgatttyg aaggaggagg cggggcaggc tggcccgatce ctagtcatgc gctaccgcaa 17640
cctgatcgag ggcgaagcat ccgccggtte ctaatgtacg gagcagatgce tagggcaaat 17700
tgccctagca ggggaaaaag gtcgaaaagg tctectttect gtggatagca cgtacattgg 17760
gaacccaaag ccgtacattg ggaaccggaa cccgtacatt gggaacccaa agccgtacat 17820
tgggaaccgg tcacacatgt aagtgactga tataaaagag aaaaaaggcg atttttccge 17880
ctaaaactct ttaaaactta ttaaaactct taaaacccge ctggcctgtg cataactgte 17940
tggccagcge acagccgaag agctgcaaaa agcgcctacce ctteggtcege tgecgetcccect 18000
acgcceegece gettegegte ggcctatcege ggcecgcectgge cgctcaaaaa tggctggect 18060
acggccaggce aatctaccag ggcgcggaca agccgcgecg tcegccacteg accgecggeg 18120
ctgaggtctg cctcegtgaag aaggtgttgce tgactcatac caggcctgaa tcgccccatce 18180
atccagccag aaagtgaggg agccacggtt gatgagagcet ttgttgtagg tggaccagtt 18240
ggtgattttg aacttttgct ttgccacgga acggtctgceg ttgtcgggaa gatgcgtgat 18300
ctgatccecttce aactcagcaa aagttcgatt tattcaacaa agccgceccgtce ccgtcaagte 18360
agcgtaatgce tctgccagtg ttacaaccaa ttaaccaatt ctgattagaa aaactcatcg 18420
agcatcaaat gaaactgcaa tttattcata tcaggattat caataccata tttttgaaaa 18480
agccgtttet gtaatgaagg agaaaactca ccgaggcagt tccataggat ggcaagatcce 18540
tggtatcggt ctgcgattcc gactcgtcca acatcaatac aacctattaa tttccectceg 18600
tcaaaaataa ggttatcaag tgagaaatca ccatgagtga cgactgaatc cggtgagaat 18660
ggcaaaagct ctgcattaat gaatcggcca acgcgcgggg agaggcggtt tgcegtattgg 18720
gcgetettee gettectege tcactgacte getgegeteg gtegttegge tgcggcgage 18780
ggtatcagct cactcaaagg cggtaatacg gttatccaca gaatcagggg ataacgcagg 18840
aaagaacatg tgagcaaaag gccagcaaaa ggccaggaac cgtaaaaagg ccgcgttget 18900
ggcgttttte cataggctce gcccccecctga cgagcatcac aaaaatcgac gctcaagtca 18960
gaggtggcga aacccgacag gactataaag ataccaggceg tttcecccecctg gaagectcect 19020

cgtgcgetet cectgttececga cectgecget taccggatac ctgtcecgect ttcecteectte 19080
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gggaagcgtg gcgetttcte atagctcacg ctgtaggtat ctcagttcegg tgtaggtcegt 19140
tcgctecaag ctgggctgtyg tgcacgaacce cccecgttcag cccgaccget gegecttate 19200
cggtaactat cgtcttgagt ccaacccggt aagacacgac ttatcgccac tggcagcagce 19260
cactggtaac aggattagca gagcgaggta tgtaggcggt gctacagagt tcttgaagtg 19320
gtggcctaac tacggctaca ctagaagaac agtatttggt atctgcgcectce tgctgaagce 19380
agttaccttc ggaaaaagag ttggtagctc ttgatccgge aaacaaacca ccgctggtag 19440
cggtggtttt tttgtttgca agcagcagat tacgcgcaga aaaaaaggat ctcaagaaga 19500
tcetttgate ttttctacgg ggtctgacge tcagtggaac gaaaactcac gttaagggat 19560

tttggtcatg agattatcaa aaaggatctt cacctagatc cttttgatcc ggaatta 19617

<210> SEQ ID NO 6

<211> LENGTH: 55

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: target sequence for the TALEN of 22808

<400> SEQUENCE: 6

tccagggtca acgtggagac agggaggtac gaaccggtga ctggcgaagg aagca 55

<210> SEQ ID NO 7

<211> LENGTH: 15722

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: vector 23123
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (4)..(259)

<223> OTHER INFORMATION: bNRB-05
<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (304)..(2100

<223> OTHER INFORMATION: prSoUbi4-04
<220> FEATURE:

<221> NAME/KEY: gene

<222> LOCATION: (2117)..(6286)

<223> OTHER INFORMATION: cCas9-01
<220> FEATURE:

<221> NAME/KEY: mutation

<222> LOCATION: (5606).. (5608

<223> OTHER INFORMATION: L to V mutation
<220> FEATURE:

<221> NAME/KEY: mutation

<222> LOCATION: (5651)..(5653)

<223> OTHER INFORMATION: I to V mutation
<220> FEATURE:

<221> NAME/KEY: terminator

<222> LOCATION: (6292)..(6544)

<223> OTHER INFORMATION: tNOS-05-01
<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (6551)..(6925

<223> OTHER INFORMATION: prOsU3-01
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (6927)..(6946)

<223> OTHER INFORMATION: XZmPLAIIA
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (6927)..(7031)

<223> OTHER INFORMATION: rsgRNAZmPLAIIAO2
<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (7042)..(9033)
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<223> OTHER INFORMATION: prUbil-o04
<220> FEATURE:
<221> NAME/KEY: gene

<222> LOCATION:

(9050) .. (10228)

<223> OTHER INFORMATION: cPMI-09
<220> FEATURE:
<221> NAME/KEY: terminator

<222> LOCATION:
<223> OTHER INFORMATION:

<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(10251) .. (10503)

(10547) .. (10676)

<223> OTHER INFORMATION: bNLB-03
<220> FEATURE:
<221> NAME/KEY: gene

<222> LOCATION:
<223> OTHER INFORMATION:

<220> FEATURE:
<221> NAME/KEY: promoter

<222> LOCATION:

(10956) .. (11744)

(11839) .. (11969)

tNOS-05-

cSpec-03

01

<223> OTHER INFORMATION: prVirG-01
<220> FEATURE:
<221> NAME/KEY: gene

<222> LOCATION:
<223> OTHER INFORMATION:

<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(12706) .. (13779)

(13822) .. (14226)

<223> OTHER INFORMATION: oVS1l-02
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:
<223> OTHER INFORMATION:

<400> SEQUENCE: 7

attcctgtgg

taaatatccg

tgtcaaacac

attaagggag

aactgacaga

taccattatg

aattcaagcc

gatctettge

atatctcege

gagaccgcga

acgggactct

ccatccaaat

gaatcctege

tgtttgtgtt

gtttgattag

ggcgatggcc

gegggetgtyg

gtagatatga

gttgcatgceyg

ttacgattat

ttggcatgca

attattctaa

tgatagttta

tcacgttatg

accgcaacgc

tggtctaggt

catgcatgat

aatccttaac

ggcgacctet

cgcaaccged

ttctecectec

cccagtecce

gatcctctea

tgtcgtageg

gtatgettte

tgctegegte

atgaagttat

tggttggacc

cegttgegeg

gtgatttggt

(14904) .. (15710)

catacaaatg

taaacgctct

aactgaaggc

accececegecyg

tgcaggaatt

aggttctata

tgaagcaaac

ggccacctac

ggctttttec

tctegeeget

tccecegtta

aatcccatcce

aggtactgeg

tttgattagg

cctgttegty

cttegatetyg

ttggtgtgat

ggttggttcg

tgatccegea

ttggactttt

CRepA-01

oCOLE-06

gacgaacgga

tttctettag

gggaaacgac

atgacgcggg

ggccgcagceg

tataagaaaa

ggtatagcaa

cgcaggtage

geggaattge

gggccccaca

taaattggct

cttegtagga

agttttegat

tatgctttee

ttcatcgtag

tagtcgattt

ctgetegect

tttaccgege

gcaggacttyg

tagatctgta

taaacctttt

gtttaccecge

aatctgatca

acaagccgtt

gccatttaaa

cttgaaatgt

cggtgttaac

aaacggegtce

geggtgggga

cegeteggty

tcatccecte

gaaattcatc

ccecectetey

ctgtttgtgt

tgtttgatta

gegggtegtyg

gattctgegg

tagggttggg

cgtttgattg

gettetgett

cacgcecttt

caatatatcc

tgagcggaga

ttacgtttgg

caaagcttygyg

tctaaaaaaa

ctgatctagt

ccectectey

cggattccac

cegtagecte

cttgecteat

gaagctaagce

accectegta

tcgtegtage

ggtcgtgtga

gtgtagatct

gttggctega

ctgggatgat

ccagatcteg

atgtgccaga

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200
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tgcgectact gectcatatge ctgatgataa tcataaatgg ctgtggaact aactagttga 1260
ttgcggagtc atgtatcagce tacaggtgta gggactagct acaggtgtag ggacttgegt 1320
ctaattgttt ggtcctttac tcatgttgca attatgcaat ttagtttaga ttgtttgttce 1380
cactcatcta ggctgtaaaa gggacactgc ttagattgct gtttaatctt tttagtagat 1440
tatattatat tggtaactta ttacccctat tacatgccat acgtgacttce tgctcatgcece 1500
tgatgataat catagatcac tgtggaatta attagttgat tgttgaatca tgtttcatgt 1560
acataccacg gcacaattgc ttagttcctt aacaaatgca aattttactg atccatgtat 1620
gatttgcgtyg gttctctaat gtgaaatact atagctactt gttagtaaga atcaggttcg 1680
tatgcttaat gectgtatgtg ccttetgcecte atgectgatg ataatcatat atcactggaa 1740
ttaattagtt gatcgtttaa tcatatatca agtacatacc atgccacaat ttttagtcac 1800
ttaacccatg cagattgaac tggtccctge atgttttget aaattgttcet attctgatta 1860
gaccatatat catgtatttt tttttggtaa tggttctctt attttaaatg ctatatagtt 1920
ctggtacttg ttagaaagat ctgcttcata gtttagttgc ctatcccteg aattaggatg 1980
ctgagcagct gatcctatag ctttgtttca tgtatcaatt cttttgtgtt caacagtcag 2040
tttttgttag attcattgta acttatggtc gcttactcectt ctggtcctca atgcttgcag 2100
gatcgeggee gctcatatgg acaagaagta cagcatcgge ctggacatcg gcaccaacag 2160
cgtgggcetgg gecgtgatca ccgacgagta caaggtgcecg agcaagaagt tcaaggtgcet 2220
gggcaacacc gacaggcaca gcatcaagaa gaacctgatc ggcgccctge tgttcgacag 2280
cggcgagace gccgaggceca ccaggctgaa gaggaccgece aggaggaggt acaccaggag 2340
gaagaacagyg atctgctacc tgcaggagat cttcagcaac gagatggcca aggtggacga 2400
cagcttette cacaggetgg aggagagett cetggtggag gaggacaaga agcacgagag 2460
gcacccgate tteggcaaca tcgtggacga ggtggectac cacgagaagt acccgaccat 2520
ctaccacctyg aggaagaagc tggtggacag caccgacaag gccgacctga ggctgatcta 2580
cctggeectg geccacatga tcaagttcag gggccactte ctgatcgagg gcegacctgaa 2640
cceggacaac agcgacgtgg acaagetgtt catccagetyg gtgcagacct acaaccagcet 2700
gttegaggayg aacccgatca acgccagegg cgtggacgec aaggccatcc tgagegcecag 2760
gctgagcaag agcaggaggce tggagaacct gatcgeccag ctgccgggeg agaagaagaa 2820
cggcctgtte ggcaacctga tcegccectgag cctgggectg accccgaact tcaagagcaa 2880
cttecgacctyg gcecgaggacg ccaagctgca getgagcaag gacacctacyg acgacgacct 2940
ggacaacctyg ctggcccaga tcggcgacca gtacgecgac ctgttectgg cegecaagaa 3000
cctgagegac gccatectge tgagcgacat cctgagggtyg aacaccgaga tcaccaaggce 3060
ccegetgage gcecagcatga tcaagaggta cgacgagcac caccaggacce tgaccctget 3120
gaaggccectyg gtgaggcage agctgecgga gaagtacaag gagatcttet tcegaccagag 3180
caagaacggc tacgccggcet acatcgacgg cggegcecage caggaggagt tctacaagtt 3240
catcaagceg atcctggaga agatggacgg caccgaggag ctgctggtga agctgaacag 3300
ggaggacctyg ctgaggaagce agaggacctt cgacaacggce agcatcccge accagatcca 3360
cctgggegag ctgcacgcca tectgaggag gcaggaggac ttctacccecgt tectgaagga 3420

caacagggag aagatcgaga agatcctgac cttceccgcatc ccgtactacg tgggcccgcet 3480
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ggccagggge aacagcaggt tegectggat gaccaggaag agcgaggaga ccatcaccec 3540
gtggaacttc gaggaggtgg tggacaaggyg cgccagcegee cagagcttca tcgagaggat 3600
gaccaacttc gacaagaacc tgccgaacga gaaggtgctg ccgaagcaca gectgetgta 3660
cgagtacttc accgtgtaca acgagctgac caaggtgaag tacgtgaccg agggcatgag 3720
gaagcceggee ttectgageg gegagcagaa gaaggccatce gtggacctge tgttcaagac 3780
caacaggaag gtgaccgtga agcagctgaa ggaggactac ttcaagaaga tcgagtgcett 3840
cgacagegtyg gagatcageg gegtggagga caggttcaac gecagectgg gcacctacca 3900
cgacctgetyg aagatcatca aggacaagga cttectggac aacgaggaga acgaggacat 3960
cctggaggac atcgtgctga ccecctgaccct gttcgaggac agggagatga tcgaggagag 4020
getgaagace tacgcccacce tgttcgacga caaggtgatg aagcagetga agaggaggag 4080
gtacaccgge tggggcaggce tgagcaggaa gctgatcaac ggcatcaggyg acaagcagag 4140
cggcaagacc atcctggact tcecctgaagag cgacggcttc gccaacagga acttcatgca 4200
getgatccac gacgacagec tgaccttcaa ggaggacatce cagaaggecce aggtgagegg 4260
ccagggcgac agcctgeacg agcacatege caacctggec ggcagecegg ccatcaagaa 4320
gggcatcctyg cagaccgtga aggtggtgga cgagcetggtg aaggtgatgg gcaggcacaa 4380
geccggagaac atcgtgateg agatggccag ggagaaccag accacccaga agggcecagaa 4440
gaacagcagg gagaggatga agaggatcga ggagggcatc aaggagetgyg gcagecagat 4500
cctgaaggag cacceggtgg agaacaccca gctgcagaac gagaagetgt acctgtacta 4560
cctgcagaac ggcagggaca tgtacgtgga ccaggagetg gacatcaaca ggctgagega 4620
ctacgacgtyg gaccacatcg tgccgcagag cttectgaag gacgacagca tcgacaacaa 4680
ggtgctgace aggagcgaca agaacagggyg caagagcgac aacgtgccga gcgaggaggt 4740
ggtgaagaag atgaaaaact actggaggca gctgctgaac gccaagctga tcacccagag 4800
gaagttcgac aacctgacca aggccgagag gggcggectg agegagetgyg acaaggecgg 4860
cttcattaaa aggcagctgg tggagaccag gcagatcacc aagcacgtgg cccagatcct 4920
ggacagcagg atgaacacca agtacgacga gaacgacaag ctgatcaggyg aggtgaaggt 4980
gatcaccctg aagagcaagce tggtgagcga cttcaggaag gacttccagt tctacaaggt 5040
gagggagatc aataattacc accacgccca cgacgectac ctgaacgecyg tggtgggeac 5100
cgccctgatt aaaaagtacc cgaagctgga gagcgagttc gtgtacggceg actacaaggt 5160
gtacgacgtyg aggaagatga tcgccaagag cgagcaggag atcggcaagyg ccaccgecaa 5220
gtacttctte tacagcaaca tcatgaactt cttcaagacc gagatcaccc tggccaacgg 5280
cgagatcagg aagaggccge tgatcgagac caacggegag accggegaga tcegtgtggga 5340
caagggcagg gacttcgcca ccgtgaggaa ggtgctgtcecce atgccgcagg tgaacatcgt 5400
gaagaagacc gaggtgcaga ccggceggctt cagcaaggag agcatcctge cgaagaggaa 5460
cagcgacaag ctgatcgeca ggaagaagga ctgggacceg aagaagtacg geggcettcega 5520
cagcccgace gtggectaca gegtgetggt ggtggecaag gtggagaagg gcaagagcaa 5580
gaagctgaag agcgtgaagg agctggtggg catcaccatce atggagagga gcagettega 5640
gaagaaccca gtggacttce tggaggccaa gggctacaag gaggtgaaga aggacctgat 5700

cattaaactg ccgaagtaca gcctgttcga gctggagaac ggcaggaaga ggatgctggce 5760
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cagcgecgge gagcetgcaga agggcaacga getggcecctyg ccegagcaagt acgtgaactt 5820
cctgtacctyg gccagecact acgagaagcet gaagggcage ccggaggaca acgagcagaa 5880
gecagetgtte gtggagcage acaagcacta cctggacgag atcatcgagce agatcagcega 5940
gttcagcaag agggtgatce tggecgacgce caacctggac aaggtgctga gegectacaa 6000
caagcacagg gacaagccga tcagggagca ggccgagaac atcatccacce tgttcaccct 6060
gaccaacctyg ggegecccegg ccgecttcaa gtacttegac accaccatcg acaggaagag 6120
gtacaccage accaaggagg tgctggacgce caccctgatce caccagagca tcaccggect 6180
gtacgagacc aggatcgacc tgagccagcet gggceggegac agcagceccgce cgaagaagaa 6240
gaggaaggtg agctggaagg acgccagcgg ctggagcagg atgtgaagct tgatcgttca 6300
aacatttggc aataaagttt cttaagattg aatcctgttg ccggtcttgce gatgattatce 6360
atataatttc tgttgaatta cgttaagcat gtaataatta acatgtaatg catgacgtta 6420
tttatgagat gggtttttat gattagagtc ccgcaattat acatttaata cgcgatagaa 6480
aacaaaatat agcgcgcaaa ctaggataaa ttatcgcgcg cggtgtcatc tatgttacta 6540
gatcttcgaa gggatcttta aacatacgaa cagatcactt aaagttcttc tgaagcaact 6600
taaagttatc aggcatgcat ggatcttgga ggaatcagat gtgcagtcag ggaccatagc 6660
acaggacagg cgtcttctac tggtgctacc agcaaatgct ggaagccggg aacactgggt 6720
acgttggaaa ccacgtgatg tggagtaaga taaactgtag gagaaaagca tttcgtagtg 6780
ggccatgaag cctttcagga catgtattgce agtatgggec ggcccattac gcaattggac 6840
gacaacaaag actagtatta gtaccacctc ggctatccac atagatcaaa gctggtttaa 6900
aagagttgtg cagatgatcc gtggcagggt caacgtggag acaggggttt tagagctaga 6960
aatagcaagt taaaataagg ctagtccgtt atcaacttga aaaagtggca ccgagtcggt 7020
gctttttttt teggaccgceg cctgcagtge agecgtgaccee ggtcecgtgecce ctcectcectagag 7080
ataatgagca ttgcatgtct aagttataaa aaattaccac atattttttt tgtcacactt 7140
gtttgaagtyg cagtttatct atctttatac atatatttaa actttactct acgaataata 7200
taatctatag tactacaata atatcagtgt tttagagaat catataaatg aacagttaga 7260
catggtctaa aggacaattg agtattttga caacaggact ctacagtttt atctttttag 7320
tgtgcatgtg ttctecctttt tttttgcaaa tagcttcacc tatataatac ttcatccatt 7380
ttattagtac atccatttag ggtttagggt taatggtttt tatagactaa tttttttagt 7440
acatctattt tattctattt tagcctctaa attaagaaaa ctaaaactct attttagttt 7500
ttttatttaa taatttagat ataaaataga ataaaataaa gtgactaaaa attaaacaaa 7560
taccctttaa gaaattaaaa aaactaagga aacatttttc ttgtttcgag tagataatgc 7620
cagcctgtta aacgecgtceg acgagtctaa cggacaccaa ccagcgaacce agcagegtceg 7680
cgtcgggcca agcgaagcag acggcacggce atctcectgteg ctgcectcectgg acccecteteg 7740
agagttccge tccaccgttg gacttgctcee gctgtcecggca tccagaaatt gegtggcgga 7800
geggcagacy tgagccggca cggcaggegg cctectecte ctetcacgge accggcaget 7860
acgggggatt cctttcccac cgctectteg ctttecectte ctecgeccgee gtaataaata 7920
gacacccecet ccacacccte tttecccaac ctegtgttgt teggagcgca cacacacaca 7980

accagatctc ccccaaatcc acccgtegge acctecgett caaggtacge cgctegtect 8040
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ccecececce cectetcectace ttetctagat cggegttecg gtceccatggtt agggceccggt 8100
agttctactt ctgttcatgt ttgtgttaga tccgtgtttg tgttagatcce gtgctgctag 8160
cgttcgtaca cggatgcgac ctgtacgtca gacacgttct gattgctaac ttgccagtgt 8220
ttetetttgg ggaatcctgg gatggctcta gcecegttecge agacgggatce gatttcatga 8280
ttttttttgt ttcgttgcat agggtttggt ttgccctttt cctttattte aatatatgcec 8340
gtgcacttgt ttgtcgggtc atcttttcat getttttttt gtettggttg tgatgatgtyg 8400
gtctggttgg geggtegtte tagatcggag tagaattctg tttcaaacta cctggtggat 8460
ttattaattt tggatctgta tgtgtgtgcc atacatattc atagttacga attgaagatg 8520
atggatggaa atatcgatct aggataggta tacatgttga tgcgggtttt actgatgcat 8580
atacagagat gctttttgtt cgecttggttg tgatgatgtg gtgtggttgg geggtcegtte 8640
attcgttecta gatcggagta gaatactgtt tcaaactacc tggtgtattt attaattttg 8700
gaactgtatg tgtgtgtcat acatcttcat agttacgagt ttaagatgga tggaaatatc 8760
gatctaggat aggtatacat gttgatgtgg gttttactga tgcatataca tgatggcata 8820
tgcagcatct attcatatgc tctaaccttg agtacctatc tattataata aacaagtatg 8880
ttttataatt attttgatct tgatatactt ggatgatggc atatgcagca gctatatgtg 8940
gattttttta gccctgectt catacgctat ttatttgctt ggtactgttt cttttgtcega 9000
tgctcaccct gttgtttggt gttacttctg cagggatccg gcagcagcca tgcagaagct 9060
gatcaacagce gtgcagaact acgcctgggg cagcaagacce gecctgaccg agetgtacgg 9120
catggagaac cccagcagcc agcccatgge cgagetgtgg atgggcegecce accccaagag 9180
cagcagccge gtgcagaacg ccgccggega catcgtgage ctgegcegacyg tgatcgagag 9240
cgacaagagce accctgetgg gegaggecgt ggecaagege tteggcegage tgcecttect 9300
gttcaaggtyg ctgtgcgceeg cccageccct gagcatccag gtgcacccca acaagcacaa 9360
cagcgagate ggcttegeca aggagaacgce cgecggcate cccatggacyg ccgecgageg 9420
caactacaag gaccccaacc acaagcccga getggtgtte gecctgaccee ccttectgge 9480
catgaacgcce ttccgcgagt tcagcgagat cgtgagectg ctgcagcecceg tggceccggegce 9540
ccaccecgee atcgeccact tcectgecagea geccgacgece gagegectga gcegagetgtt 9600
cgcecagectyg ctgaacatge agggcgagga gaagagccge gcecctggeca tcectgaagag 9660
cgecctggac agccagcagg gcgagecctg geagaccate cgectgatca gcgagttcta 9720
ccecgaggac ageggectgt tcagceccect getgetgaac gtggtgaage tgaaccccgg 9780
cgaggccatg ttcctgtteg ccgagaccce ccacgcectac ctgcagggceg tggccctgga 9840
ggtgatggcece aacagcgaca acgtgctgeg cgccggectg acccccaagt acatcgacat 9900
ccecgagetyg gtggecaacg tgaagttcga ggccaagecce gcecaaccage tgctgaccca 9960
gccegtgaag cagggcgcecg agctggactt ccccatccee gtggacgact tcgecttcag 10020
cctgcacgac ctgagcgaca aggagaccac catcagccag cagagcgccg ccatcetgtt 10080
ctgcgtggag ggcgacgcca ccctgtggaa gggcagccag cagctgcage tgaageccgg 10140
cgagagcgcece ttcatcgeceg ccaacgagag ccccgtgace gtgaagggcece acggecgect 10200
ggccegegtyg tacaacaagce tgtgatagga gctcgatceg tcgacctgca gatcegttcaa 10260

acatttggca ataaagtttc ttaagattga atcctgttge cggtcttgcg atgattatca 10320
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tataatttct gttgaattac gttaagcatg taataattaa catgtaatgc atgacgttat 10380
ttatgagatg ggtttttatg attagagtcc cgcaattata catttaatac gcgatagaaa 10440
acaaaatata gcgcgcaaac taggataaat tatcgcgcge ggtgtcatct atgttactag 10500
atcggegege cgcaattgaa gtttgggcgg ccagcatgge cgtatccgca atgtgttatt 10560
aagttgtcta agcgtcaatt tgtttacacc acaatatatc ctgccaccag ccagccaaca 10620
gctececcgac cggcagctcecg gcacaaaatc accactcgat acaggcagcc catcagaatt 10680
aattctcatg tttgacagct tatcatcgac tgcacggtgce accaatgctt ctggcecgtcag 10740
gcagccatceg gaagctgtgg tatggctgtg caggtcgtaa atcactgcat aattegtgte 10800
gctcaaggeg cactccegtt ctggataatg ttttttgcge cgacatcata acggttctgg 10860
caaatattct gaaatgagct gttgacaatt aatcatccgg ctcgtataat gtgtggaatt 10920
gtgagcggat aacaatttca cacaggaaac agaccatgag ggaagcgttg atcgccgaag 10980
tatcgactca actatcagag gtagttggcg tcatcgagcg ccatctcgaa ccgacgttge 11040
tggccgtaca tttgtacgge tccgcagtgg atggcggect gaagccacac agtgatattg 11100
atttgctggt tacggtgacc gtaaggcttg atgaaacaac gcggcgagct ttgatcaacg 11160
accttttgga aacttcggcect tecccecctggag agagcgagat tcectcecgeget gtagaagtca 11220
ccattgttgt gcacgacgac atcattccgt ggcgttatce agctaagcgce gaactgcaat 11280
ttggagaatg gcagcgcaat gacattcttg caggtatctt cgagccagcc acgatcgaca 11340
ttgatctgge tatcttgctyg acaaaagcaa gagaacatag cgttgeccttg gtaggtccag 11400
cggcggagga actctttgat ccggttecctg aacaggatct atttgaggcg ctaaatgaaa 11460
ccttaacgct atggaactcecg ccgcccgact gggctggcga tgagcgaaat gtagtgetta 11520
cgttgteceg catttggtac agcgcagtaa ccggcaaaat cgcgccgaag gatgtegetg 11580
ccgactgggce aatggagcgce ctgccggcecce agtatcagece cgtcatactt gaagctagge 11640
aggcttatct tggacaagaa gatcgcttgg cctegcgege agatcagttg gaagaatttg 11700
ttcactacgt gaaaggcgag atcaccaaag tagtcggcaa ataaagctct agtggatctce 11760
cgtacceggg gatctggete geggceggacyg cacgacgcecg gggcgagacce ataggcgatce 11820
tcctaaatca atagtagcetg taacctcgaa gcgtttcact tgtaacaacg attgagaatt 11880
tttgtcataa aattgaaata cttggttcgc atttttgtca tccgecggtca gecgcaatte 11940
tgacgaactg cccatttagce tggagatgat tgtacatcct tcacgtgaaa atttctcaag 12000
cgctgtgaac aagggttcag attttagatt gaaaggtgag ccgttgaaac acgttettcet 12060
tgtcgatgac gacgtcgcta tgcggcatct tattattgaa taccttacga tccacgectt 12120
caaagtgacc gcggtagccg acagcaccca gttcacaaga gtactctcett ccgcgacggt 12180
cgatgtegtg gttgttgatc tagatttagg tcgtgaagat gggctcgage taggagcaag 12240
tgattttatc gctaagcegt tcagtatcag agagtttcta gcacgcattc gggttgectt 12300
gcgegtgege cccaacgttg tceccegcectcecaa agaccgacgg tcetttttgtt ttactgactg 12360
gacacttaat ctcaggcaac gtcgcttgat gtccgaaget ggcggtgagg tgaaacttac 12420
ggcaggtgag ttcaatctte tcctegegtt tttagagaaa ccccgcgacg ttctatcgeg 12480
cgagcaactt ctcattgcca gtcgagtacg cgacgaggag gtttatgaca ggagtataga 12540

tgttctcecatt ttgaggctgc gccgcaaact tgaggcagat ccgtcaagcc ctcaactgat 12600
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aaaaacagca agaggtgccg gttatttctt tgacgcggac gtgcaggttt cgcacggggg 12660
gacgatggca gcctgagcca attcccagat ccccgaggaa tceggcecgtgag cggtcgcaaa 12720
ccatccggece cggtacaaat cggcgceggceg ctgggtgatg acctggtgga gaagttgaag 12780
gccgegcagyg ccgceccagceg gcaacgcatce gaggcagaag cacgcecccegg tgaatcgtgg 12840
caagcggccg ctgatcgaat ccgcaaagaa tcccggcaac cgcecggcagce cggtgegeceg 12900
tcgattagga agccgcccaa gggcgacgag caaccagatt ttttegttcece gatgctctat 12960
gacgtgggca cccgcgatag tcgcagcatce atggacgtgg ccegtttteccg tctgtcgaag 13020
cgtgaccgac gagctggcga ggtgatccge tacgagctte cagacgggca cgtagaggtt 13080
tcegcaggge cggccggcat ggccagtgtg tgggattacg acctggtact gatggeggtt 13140
tceccatctaa ccgaatccat gaaccgatac cgggaaggga agggagacaa gcccggcecge 13200
gtgttcegte cacacgttge ggacgtactc aagttctgec ggcgagccga tggcggaaag 13260
cagaaagacg acctggtaga aacctgcatt cggttaaaca ccacgcacgt tgccatgcag 13320
cgtacgaaga aggccaagaa cggccgcectg gtgacggtat ccgagggtga agccttgatt 13380
agccgctaca agatcgtaaa gagcgaaacc gggcggcecgg agtacatcga gatcgagcta 13440
gctgattgga tgtaccgcga gatcacagaa ggcaagaacc cggacgtgct gacggttcac 13500
ccegattact ttttgatcga teccggcatce ggcecgtttte tcectaccgect ggcacgccge 13560
gccgcaggca aggcagaagce cagatggttg ttcaagacga tctacgaacg cagtggcage 13620
gccggagagt tcaagaagtt ctgtttcacc gtgcgcaage tgatcgggtc aaatgacctg 13680
ccggagtacg atttgaagga ggaggcgggg caggctggce cgatcctagt catgegctac 13740
cgcaacctga tcgagggcga agcatccgcec ggttcecctaat gtacggagca gatgctaggg 13800
caaattgccce tagcagggga aaaaggtcga aaaggtctct ttectgtgga tagcacgtac 13860
attgggaacc caaagccgta cattgggaac cggaacccgt acattgggaa cccaaagccg 13920
tacattggga accggtcaca catgtaagtg actgatataa aagagaaaaa aggcgatttt 13980
tcecgectaaa actctttaaa acttattaaa actcttaaaa cccgectgge ctgtgcataa 14040
ctgtctggcece agcgcacagce cgaagagctg caaaaagcgce ctaccctteg gtegetgege 14100
tcectacgee cecgecgcette gegteggect atcgecggecg ctggccgctce aaaaatgget 14160
ggcctacgge caggcaatct accagggcgce ggacaagcceg cgccgtecgece actcgaccge 14220
cggcgcetgag gtctgcecteg tgaagaaggt gttgctgact cataccaggce ctgaatcgece 14280
ccatcatcca gccagaaagt gagggagcca cggttgatga gagcetttgtt gtaggtggac 14340
cagttggtga ttttgaactt ttgctttgcc acggaacggt ctgcgttgtc gggaagatgce 14400
gtgatctgat ccttcaactc agcaaaagtt cgatttattc aacaaagccg ccgtcccecgte 14460
aagtcagcgt aatgctctge cagtgttaca accaattaac caattctgat tagaaaaact 14520
catcgagcat caaatgaaac tgcaatttat tcatatcagg attatcaata ccatattttt 14580
gaaaaagccg tttcectgtaat gaaggagaaa actcaccgag gcagttccat aggatggcaa 14640
gatcctggta tcggtctgcg attccgactce gtccaacatc aatacaacct attaatttcce 14700
cctegtcaaa aataaggtta tcaagtgaga aatcaccatg agtgacgact gaatccggtg 14760
agaatggcaa aagctctgca ttaatgaatc ggccaacgcg cggggagagg cggtttgegt 14820

attgggecget cttceecgcette ctegetcact gactcecgetge gecteggtegt teggetgegg 14880
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cgagcggtat cagctcactc aaaggcggta atacggttat ccacagaatc aggggataac 14940
gcaggaaaga acatgtgagc aaaaggccag caaaaggcca ggaaccgtaa aaaggccgcg 15000
ttgctggegt ttttccatag getceccgeccee cctgacgage atcacaaaaa tcgacgctca 15060
agtcagaggt ggcgaaaccc gacaggacta taaagatacc aggcgtttcce ccctggaage 15120
tcectegtge getctectgt tecgaccctg cecgecttaccg gatacctgte cgectttete 15180
ccttecgggaa gegtggceget ttcetcatage tcacgctgta ggtatctcag tteggtgtag 15240
gtcgtteget ccaagetggg ctgtgtgcac gaaccccceg ttcagcccga ccgetgegee 15300
ttatccggta actatcgtcet tgagtccaac ccggtaagac acgacttatc gccactggca 15360
gcagccactyg gtaacaggat tagcagagcg aggtatgtag gcggtgctac agagttcttg 15420
aagtggtggce ctaactacgg ctacactaga agaacagtat ttggtatctg cgctctgctg 15480
aagccagtta ccttcggaaa aagagttggt agctcttgat ccggcaaaca aaccaccget 15540
ggtagcggtyg gtttttttgt ttgcaagcag cagattacgc gcagaaaaaa aggatctcaa 15600
gaagatcctt tgatctttte tacggggtct gacgctcagt ggaacgaaaa ctcacgttaa 15660
gggattttgg tcatgagatt atcaaaaagg atcttcacct agatcctttt gatccggaat 15720
ta 15722
<210> SEQ ID NO 8

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: for editing MTL

<400> SEQUENCE: 8

gggtcaacgt ggagacaggg 20

<210> SEQ ID NO 9

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 9

agggtcaacyg tggagacagg gaggtacgaa ccggtgactg g 41

<210> SEQ ID NO 10

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 10

agggtcaacyg tggagacagg cgaggaggta cgaaccggtg actgg 45
<210> SEQ ID NO 11

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: mutated MTL

<400> SEQUENCE: 11

agggtcaacg tggagacaag ggaggtacga accggtgact gg 42

<210> SEQ ID NO 12



US 2019/0376075 Al

Dec. 12,2019
65

-continued

<211>
<212>
<213>
<220>
<223>

<400>

LENGTH: 28

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: mutated MTL portion

SEQUENCE: 12

agggtcaacg tggagaaccg gtgactgg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 13

LENGTH: 40

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: mutated MTL portion

SEQUENCE: 13

agggtcaacyg tggagacggg aggtacgaac cggtgactgg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 14

LENGTH: 28

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: mutated MTL portion

SEQUENCE: 14

agggtcaacg tggagaaccg gtgactgg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 15

LENGTH: 42

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: mutated MTL portion

SEQUENCE: 15

agggtcaacg tggagacaag ggaggtacga accggtgact gg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 16

LENGTH: 40

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: mutated MTL portion

SEQUENCE: 16

agggtcaacyg tggagacggg aggtacgaac cggtgactgg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 17

LENGTH: 41

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: unmutated MTL portion

SEQUENCE: 17

agggtcaacyg tggagacagg gaggtacgaa ccggtgactg g

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 18

LENGTH: 28

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

28

40

28

42

40

41
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<223> OTHER INFORMATION: mutated MTL portion

<400> SEQUENCE: 18

agggtcaacg tggagaaccg gtgactgg

<210> SEQ ID NO 19

<211> LENGTH: 1371

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 19

agttcatcac taatcacact tattgttecce tcgacgagta tctagetage tcattaatcg

atcaatcggg gtgtgeggte gaaggeggca atggegaget actegtegeg gegtcecatge

aatacctgta gcacgaagge gatggecggg agegtggteg gegagecegt cgtgetgggg

cagagggtga cggtgctgac ggtggacgge ggeggegtece ggggtetcat ccegggaacce

atcctegect tectegagge caggetgeag gagetggacg gaceggagge gaggetggeg

gactacttcg actacatcge cggaaccage accggceggte tcatcaccge catgetcacce

gegeceggea aggacaageg gectctctac getgccaagg acatcaacca cttttacatg

gagaactgce cgegcatctt cectcagaag agcaggcttg cggecgecat gtecgegetg

aggaagccaa agtacaacgg caagtgcatg cgcagectga ttaggagcat ccteggegag

acgagggcca agagcacgece tctgaagaac getctgetet cggacgtgtg cattggcacg

tcegeegege cgacctacct ceeggegeac tacttccaga ctgaagacge caacggcaag

gagcgegaat acaacctcat cgacggeggt gtggeggeca acaacccgac gatggttgeg

atgacgcaga tcaccaaaaa gatgcttgece agcaaggaca aggecgagga gctgtaccca

gtgaagcegt cgaactgceg caggttectyg gtgetgteca tegggacggyg gtegacgtec

gagcagggcee tctacacgge geggcagtge tcceggtggg gtatctgecyg gtggetecge

aacaacggca tggcccccat catcgacate ttecatggegg ccagetcegga cctggtggac

atccacgteg ccgegatgtt ccagtegete cacagegacg gegactacct gegcatccag

gacaactcge tcegtggege cgeggecace gtggacgegg cgacgcecgga gaacatgegg

acgctegteg ggatcegggga geggatgetyg geacagaggg tgtecagggt caacgtggag

acagggaggt acgaaccggt gactggcgaa ggaagcaatg cegatgcect cggtgggete

getaggcage tctccgagga gaggagaaca aggctegege gecgegtgte tgecatcaac

ccaagaggct ctagatgtge gtecgtacgat atctaagaca agtggettta ctgtcagtca

catgcttgta aataagtaga ctttatttta ataaaacata aaaatatata t

<210> SEQ ID NO 20

<211> LENGTH: 15722

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: vector 23397
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (4)..(259)

<223> OTHER INFORMATION: bNRB-05
<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (304)..(2100

<223> OTHER INFORMATION: prSoUbi4-04
<220> FEATURE:

28

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1371
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<221> NAME/KEY: gene
<222> LOCATION: (2117)..(6286)
<223> OTHER INFORMATION: cCas9-01
<220> FEATURE:
<221> NAME/KEY: mutation
<222> LOCATION: (5606).. (5608
<223> OTHER INFORMATION: L to V mutation
<220> FEATURE:
<221> NAME/KEY: mutation
<222> LOCATION: (5651)..(5653)
<223> OTHER INFORMATION: I to V mutation
<220> FEATURE:
<221> NAME/KEY: terminator
<222> LOCATION: (6292)..(6544)
<223> OTHER INFORMATION: tNOS-05-01
<220> FEATURE:
<221> NAME/KEY: promoter
<222> LOCATION: (6551)..(6925
<223> OTHER INFORMATION: prOsU3-01
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (6927)..(6946)
<223> OTHER INFORMATION: XZmVLHP
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (6927)..(7031)
<223> OTHER INFORMATION: rsgRNAZmVLHP-02
<220> FEATURE:
<221> NAME/KEY: promoter
<222> LOCATION: (7042)..(9033)
<223> OTHER INFORMATION: prUbil-o04
<220> FEATURE:
<221> NAME/KEY: gene
<222> LOCATION: (9050)..(10228)
<223> OTHER INFORMATION: cPMI-09
<220> FEATURE:
<221> NAME/KEY: terminator
<222> LOCATION: (10251)..(10503)
<223> OTHER INFORMATION: tNOS-05-01
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (10547)..(10676)
<223> OTHER INFORMATION: bNLB-03
<220> FEATURE:
<221> NAME/KEY: gene
<222> LOCATION: (10956)..(11744)
<223> OTHER INFORMATION: cSpec-03
<220> FEATURE:
<221> NAME/KEY: promoter
<222> LOCATION: (11839)..(11969)
<223> OTHER INFORMATION: prVirG-01
<220> FEATURE:
<221> NAME/KEY: gene
<222> LOCATION: (12706)..(13779)
<223> OTHER INFORMATION: cRepA-01
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (13822)..(14226)
<223> OTHER INFORMATION: oVS1l-02
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (14904)..(15710)
<223> OTHER INFORMATION: oCOLE-06
<400> SEQUENCE: 20
attcctgtygg ttggcatgea catacaaatyg gacgaacgga taaacctttt cacgcccttt 60
taaatatccg attattctaa taaacgctct tttectcttag gtttacccge caatatatcce 120
tgtcaaacac tgatagttta aactgaaggc gggaaacgac aatctgatca tgagcggaga 180
attaagggag tcacgttatg accecccgeeg atgacgeggg acaagcecgtt ttacgtttgg 240
aactgacaga accgcaacgc tgcaggaatt ggeegcageg gecatttaaa caaagcettgg 300
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taccattatg tggtctaggt aggttctata tataagaaaa cttgaaatgt tctaaaaaaa 360
aattcaagcce catgcatgat tgaagcaaac ggtatagcaa cggtgttaac ctgatctagt 420
gatctettge aatccttaac ggccacctac cgcaggtage aaacggegtce ceectecteg 480
atatctccege ggcgacctet ggetttttee geggaattge geggtgggga cggattccac 540
gagaccgcega cgcaaccgcece tctegecget gggcecccaca cegceteggtg cegtagecte 600
acgggactct ttcteectee tccccegtta taaattgget tcatccccte cttgectcat 660
ccatccaaat cccagtcccce aatcccatcece cttegtagga gaaattcatc gaagctaage 720
gaatcctege gatcctctca aggtactgeg agttttegat cecccteteg accectegta 780
tgtttgtgtt tgtcgtageg tttgattagg tatgctttecce ctgtttgtgt tegtcecgtage 840
gtttgattag gtatgctttc cctgttegtg ttcatcgtag tgtttgatta ggtegtgtga 900
ggcgatggee tgctegegte cttegatcetg tagtcgattt gegggtegtg gtgtagatcet 960

gcgggctgtyg atgaagttat ttggtgtgat ctgctcecgcect gattctgegg gttggctega 1020
gtagatatga tggttggacc ggttggttcg tttaccgcge tagggttggg ctgggatgat 1080
gttgcatgeg ccgttgegeg tgatcccegca gcaggacttg cgtttgattg ccagatcteg 1140
ttacgattat gtgatttggt ttggactttt tagatctgta gcttctgctt atgtgccaga 1200
tgcgectact gectcatatge ctgatgataa tcataaatgg ctgtggaact aactagttga 1260
ttgcggagtc atgtatcagce tacaggtgta gggactagct acaggtgtag ggacttgegt 1320
ctaattgttt ggtcctttac tcatgttgca attatgcaat ttagtttaga ttgtttgttce 1380
cactcatcta ggctgtaaaa gggacactgc ttagattgct gtttaatctt tttagtagat 1440
tatattatat tggtaactta ttacccctat tacatgccat acgtgacttce tgctcatgcece 1500
tgatgataat catagatcac tgtggaatta attagttgat tgttgaatca tgtttcatgt 1560
acataccacg gcacaattgc ttagttcctt aacaaatgca aattttactg atccatgtat 1620
gatttgcgtyg gttctctaat gtgaaatact atagctactt gttagtaaga atcaggttcg 1680
tatgcttaat gectgtatgtg ccttetgcecte atgectgatg ataatcatat atcactggaa 1740
ttaattagtt gatcgtttaa tcatatatca agtacatacc atgccacaat ttttagtcac 1800
ttaacccatg cagattgaac tggtccctge atgttttget aaattgttcet attctgatta 1860
gaccatatat catgtatttt tttttggtaa tggttctctt attttaaatg ctatatagtt 1920
ctggtacttg ttagaaagat ctgcttcata gtttagttgc ctatcccteg aattaggatg 1980
ctgagcagct gatcctatag ctttgtttca tgtatcaatt cttttgtgtt caacagtcag 2040
tttttgttag attcattgta acttatggtc gcttactcectt ctggtcctca atgcttgcag 2100
gatcgeggee gctcatatgg acaagaagta cagcatcgge ctggacatcg gcaccaacag 2160
cgtgggcetgg gecgtgatca ccgacgagta caaggtgcecg agcaagaagt tcaaggtgcet 2220
gggcaacacc gacaggcaca gcatcaagaa gaacctgatc ggcgccctge tgttcgacag 2280
cggcgagace gccgaggceca ccaggctgaa gaggaccgece aggaggaggt acaccaggag 2340
gaagaacagyg atctgctacc tgcaggagat cttcagcaac gagatggcca aggtggacga 2400
cagcttette cacaggetgg aggagagett cetggtggag gaggacaaga agcacgagag 2460
gcacccgate tteggcaaca tcgtggacga ggtggectac cacgagaagt acccgaccat 2520

ctaccacctyg aggaagaagce tggtggacag caccgacaag gecgacctga ggcetgatcta 2580
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cectggeccety

cceggacaac

gttcgaggag

gctgagcaag

cggectgtte

cttegaccetyg

ggacaacctyg

cctgagegac

ccegetgage

gaaggcccty

caagaacggc

catcaagceg

ggaggacctg

cctgggcgag

caacagggag

dgccaggggce

gtggaacttce

gaccaacttce

cgagtactte

gaagccggece

caacaggaag

cgacagegtyg

cgacctgetyg

cctggaggac

gctgaagace

gtacaccgge

cggcaagacce

gctgatccac

ccagggegac

gggcatccty

gccggagaac

gaacagcagg

cctgaaggag

cctgcagaac

ctacgacgtyg

ggtgctgace

ggtgaagaag

gaagttcgac

geccacatga

agcgacgtgg

aacccgatca

agcaggaggc

ggcaacctga

gccgaggacy

ctggeccaga

gecatectge

gccagcatga

gtgaggcage

tacgcegget

atcctggaga

ctgaggaagce

ctgcacgeca

aagatcgaga

aacagcaggt

gaggaggtgg

gacaagaacc

accgtgtaca

ttcctgageg

gtgaccgtga

gagatcagcg

aagatcatca

atcgtgctga

tacgcecace

tggggcagge

atcctggact

gacgacagce

agcctgeacy

cagaccgtga

atcgtgatcg

gagaggatga

cacceggtygyg

ggcagggaca

gaccacatcg

aggagcgaca

atgaaaaact

aacctgacca

tcaagttcag

acaagctgtt

acgccagegyg

tggagaacct

tcgecctgag

ccaagcetgea

tcggcegacca

tgagcgacat

tcaagaggta

agctgecgga

acatcgacgg

agatggacgg

agaggacctt

tcctgaggag

agatcctgac

tcgectggat

tggacaaggg

tgccgaacga

acgagctgac

gcgagcagaa

agcagctgaa

gecgtggagga

aggacaagga

ccctgacect

tgttcgacga

tgagcaggaa

tcctgaagag

tgaccttcaa

agcacatcge

aggtggtgga

agatggccag

agaggatcga

agaacaccca

tgtacgtgga

tgccgcagag

agaacagggg

actggaggca

aggccgagag

gggccactte

catccagetyg

cgtggacgec

gatcgeccag

cctgggectyg

getgagcaag

gtacgccgac

cctgagggtg

cgacgagcac

gaagtacaag

cggegecage

caccgaggag

cgacaacgge

gcaggaggac

cttecgeate

gaccaggaag

cgccageged

gaaggtgctg

caaggtgaag

gaaggccatce

ggaggactac

caggttcaac

cttectggac

gttegaggac

caaggtgatg

gctgatcaac

cgacggette

ggaggacatc

caacctggec

cgagctggtg

ggagaaccag

ggagggcatc

getgcagaac

ccaggagetyg

cttectgaag

caagagcgac

getgetgaac

gggcggcectg

ctgatcgagg gcgacctgaa

gtgcagacct acaaccagct

aaggccatce tgagcgccag

ctgcegggeyg agaagaagaa

accccgaact tcaagagcaa

gacacctacg acgacgacct

ctgttectgyg cecgccaagaa

aacaccgaga tcaccaaggce

caccaggacce tgaccctget

gagatcttct tcgaccagag

caggaggagt tctacaagtt

ctgctggtga agctgaacag

agcatccege accagatcca

ttctaccegt tcctgaagga

cecgtactacyg tgggeccget

agcgaggaga ccatcacccc

cagagcttca tcgagaggat

ccgaagcaca gectgetgta

tacgtgaccyg agggcatgag

gtggacctge tgttcaagac

ttcaagaaga tcgagtgett

gecagectgg gcacctacca

aacgaggaga acgaggacat

agggagatga tcgaggagag

aagcagctga agaggaggag

ggcatcaggg acaagcagag

gccaacagga acttcatgca

cagaaggccce aggtgagegyg

ggcagecegg ccatcaagaa

aaggtgatgg gcaggcacaa

accacccaga agggccagaa

aaggagctgg gcagccagat

gagaagctgt acctgtacta

gacatcaaca ggctgagcga

gacgacagca tcgacaacaa

aacgtgccga gcgaggaggt

gccaagetga tcacccagag

agcgagctgg acaaggccgg

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860
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cttcattaaa aggcagctgg tggagaccag gcagatcacc aagcacgtgg cccagatcct 4920
ggacagcagyg atgaacacca agtacgacga gaacgacaag ctgatcaggg aggtgaaggt 4980
gatcaccctg aagagcaagce tggtgagcga cttcaggaag gacttccagt tctacaaggt 5040
gagggagatc aataattacc accacgccca cgacgcectac ctgaacgecg tggtgggeac 5100
cgccctgatt aaaaagtacc cgaagctgga gagcgagttc gtgtacggceg actacaaggt 5160
gtacgacgtyg aggaagatga tcgccaagag cgagcaggag atcggcaagg ccaccgccaa 5220
gtacttctte tacagcaaca tcatgaactt cttcaagacc gagatcaccc tggccaacgg 5280
cgagatcagg aagaggccgce tgatcgagac caacggcgag accggcgaga tcegtgtggga 5340
caagggcagg gacttcgcca ccgtgaggaa ggtgctgtcecce atgccgcagg tgaacatcgt 5400
gaagaagacc gaggtgcaga ccggeggett cagcaaggag agcatcctgce cgaagaggaa 5460
cagcgacaag ctgatcgcca ggaagaagga ctgggacceg aagaagtacyg gcggettcga 5520
cagcecgace gtggectaca gegtgetggt ggtggccaag gtggagaagyg gcaagagcaa 5580
gaagctgaayg agcgtgaagg agctggtggg catcaccatce atggagagga gcagettcega 5640
gaagaaccca gtggacttce tggaggccaa gggctacaag gaggtgaaga aggacctgat 5700
cattaaactg ccgaagtaca gcctgttcga gctggagaac ggcaggaaga ggatgctggce 5760
cagcgecgge gagcetgcaga agggcaacga getggcecctyg ccegagcaagt acgtgaactt 5820
cctgtacctyg gccagecact acgagaagcet gaagggcage ccggaggaca acgagcagaa 5880
gecagetgtte gtggagcage acaagcacta cctggacgag atcatcgagce agatcagcega 5940
gttcagcaag agggtgatce tggecgacgce caacctggac aaggtgctga gegectacaa 6000
caagcacagg gacaagccga tcagggagca ggccgagaac atcatccacce tgttcaccct 6060
gaccaacctyg ggegecccegg ccgecttcaa gtacttegac accaccatcg acaggaagag 6120
gtacaccage accaaggagg tgctggacgce caccctgatce caccagagca tcaccggect 6180
gtacgagacc aggatcgacc tgagccagcet gggceggegac agcagceccgce cgaagaagaa 6240
gaggaaggtg agctggaagg acgccagcgg ctggagcagg atgtgaagct tgatcgttca 6300
aacatttggc aataaagttt cttaagattg aatcctgttg ccggtcttgce gatgattatce 6360
atataatttc tgttgaatta cgttaagcat gtaataatta acatgtaatg catgacgtta 6420
tttatgagat gggtttttat gattagagtc ccgcaattat acatttaata cgcgatagaa 6480
aacaaaatat agcgcgcaaa ctaggataaa ttatcgcgcg cggtgtcatc tatgttacta 6540
gatcttcgaa gggatcttta aacatacgaa cagatcactt aaagttcttc tgaagcaact 6600
taaagttatc aggcatgcat ggatcttgga ggaatcagat gtgcagtcag ggaccatagc 6660
acaggacagg cgtcttctac tggtgctacc agcaaatgct ggaagccggg aacactgggt 6720
acgttggaaa ccacgtgatg tggagtaaga taaactgtag gagaaaagca tttcgtagtg 6780
ggccatgaag cctttcagga catgtattgce agtatgggec ggcccattac gcaattggac 6840
gacaacaaag actagtatta gtaccacctc ggctatccac atagatcaaa gctggtttaa 6900
aagagttgtg cagatgatcc gtggcagctg gagctgaget tccggggttt tagagctaga 6960
aatagcaagt taaaataagg ctagtccgtt atcaacttga aaaagtggca ccgagtcggt 7020
gctttttttt teggaccgceg cctgcagtge agecgtgaccee ggtcecgtgecce ctcectcectagag 7080

ataatgagca ttgcatgtct aagttataaa aaattaccac atattttttt tgtcacactt 7140
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gtttgaagtyg cagtttatct atctttatac atatatttaa actttactct acgaataata 7200
taatctatag tactacaata atatcagtgt tttagagaat catataaatg aacagttaga 7260
catggtctaa aggacaattg agtattttga caacaggact ctacagtttt atctttttag 7320
tgtgcatgtg ttctecctttt tttttgcaaa tagcttcacc tatataatac ttcatccatt 7380
ttattagtac atccatttag ggtttagggt taatggtttt tatagactaa tttttttagt 7440
acatctattt tattctattt tagcctctaa attaagaaaa ctaaaactct attttagttt 7500
ttttatttaa taatttagat ataaaataga ataaaataaa gtgactaaaa attaaacaaa 7560
taccctttaa gaaattaaaa aaactaagga aacatttttc ttgtttcgag tagataatgc 7620
cagcctgtta aacgecgtceg acgagtctaa cggacaccaa ccagcgaacce agcagegtceg 7680
cgtcgggcca agcgaagcag acggcacggce atctcectgteg ctgcectcectgg acccecteteg 7740
agagttccge tccaccgttg gacttgctcee gctgtcecggca tccagaaatt gegtggcgga 7800
geggcagacy tgagccggca cggcaggegg cctectecte ctetcacgge accggcaget 7860
acgggggatt cctttcccac cgctectteg ctttecectte ctecgeccgee gtaataaata 7920
gacacccecet ccacacccte tttecccaac ctegtgttgt teggagcgca cacacacaca 7980
accagatctc ccccaaatcc acccgtegge acctecgett caaggtacge cgctegtect 8040
ccecececce cectetcectace ttetctagat cggegttecg gtceccatggtt agggceccggt 8100
agttctactt ctgttcatgt ttgtgttaga tccgtgtttg tgttagatcce gtgctgctag 8160
cgttcgtaca cggatgcgac ctgtacgtca gacacgttct gattgctaac ttgccagtgt 8220
ttetetttgg ggaatcctgg gatggctcta gcecegttecge agacgggatce gatttcatga 8280
ttttttttgt ttcgttgcat agggtttggt ttgccctttt cctttattte aatatatgcec 8340
gtgcacttgt ttgtcgggtc atcttttcat getttttttt gtettggttg tgatgatgtyg 8400
gtctggttgg geggtegtte tagatcggag tagaattctg tttcaaacta cctggtggat 8460
ttattaattt tggatctgta tgtgtgtgcc atacatattc atagttacga attgaagatg 8520
atggatggaa atatcgatct aggataggta tacatgttga tgcgggtttt actgatgcat 8580
atacagagat gctttttgtt cgecttggttg tgatgatgtg gtgtggttgg geggtcegtte 8640
attcgttecta gatcggagta gaatactgtt tcaaactacc tggtgtattt attaattttg 8700
gaactgtatg tgtgtgtcat acatcttcat agttacgagt ttaagatgga tggaaatatc 8760
gatctaggat aggtatacat gttgatgtgg gttttactga tgcatataca tgatggcata 8820
tgcagcatct attcatatgc tctaaccttg agtacctatc tattataata aacaagtatg 8880
ttttataatt attttgatct tgatatactt ggatgatggc atatgcagca gctatatgtg 8940
gattttttta gccctgectt catacgctat ttatttgctt ggtactgttt cttttgtcega 9000
tgctcaccct gttgtttggt gttacttctg cagggatccg gcagcagcca tgcagaagct 9060
gatcaacagce gtgcagaact acgcctgggg cagcaagacce gecctgaccg agetgtacgg 9120
catggagaac cccagcagcc agcccatgge cgagetgtgg atgggcegecce accccaagag 9180
cagcagccge gtgcagaacg ccgccggega catcgtgage ctgegcegacyg tgatcgagag 9240
cgacaagagce accctgetgg gegaggecgt ggecaagege tteggcegage tgcecttect 9300
gttcaaggtyg ctgtgcgceeg cccageccct gagcatccag gtgcacccca acaagcacaa 9360

cagcgagate ggcttegeca aggagaacge cgecggeatce cecatggacg ccgcecgageg 9420
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caactacaag gaccccaacc acaagcccga getggtgtte gecctgaccee ccttectgge 9480
catgaacgcce ttccgcgagt tcagcgagat cgtgagectg ctgcagcecceg tggceccggegce 9540
ccaccecgee atcgeccact tcectgecagea geccgacgece gagegectga gcegagetgtt 9600
cgcecagectyg ctgaacatge agggcgagga gaagagccge gcecctggeca tcectgaagag 9660
cgecctggac agccagcagg gcgagecctg geagaccate cgectgatca gcgagttcta 9720
ccecgaggac ageggectgt tcagceccect getgetgaac gtggtgaage tgaaccccgg 9780
cgaggccatg ttcctgtteg ccgagaccce ccacgcectac ctgcagggceg tggccctgga 9840
ggtgatggcece aacagcgaca acgtgctgeg cgccggectg acccccaagt acatcgacat 9900
ccecgagetyg gtggecaacg tgaagttcga ggccaagecce gcecaaccage tgctgaccca 9960
gccegtgaag cagggcgcecg agctggactt ccccatccee gtggacgact tcgecttcag 10020
cctgcacgac ctgagcgaca aggagaccac catcagccag cagagcgccg ccatcetgtt 10080
ctgcgtggag ggcgacgcca ccctgtggaa gggcagccag cagctgcage tgaageccgg 10140
cgagagcgcece ttcatcgeceg ccaacgagag ccccgtgace gtgaagggcece acggecgect 10200
ggccegegtyg tacaacaagce tgtgatagga gctcgatceg tcgacctgca gatcegttcaa 10260
acatttggca ataaagtttc ttaagattga atcctgttge cggtcttgcg atgattatca 10320
tataatttct gttgaattac gttaagcatg taataattaa catgtaatgc atgacgttat 10380
ttatgagatg ggtttttatg attagagtcc cgcaattata catttaatac gcgatagaaa 10440
acaaaatata gcgcgcaaac taggataaat tatcgcgcge ggtgtcatct atgttactag 10500
atcggegege cgcaattgaa gtttgggcgg ccagcatgge cgtatccgca atgtgttatt 10560
aagttgtcta agcgtcaatt tgtttacacc acaatatatc ctgccaccag ccagccaaca 10620
gctececcgac cggcagctcecg gcacaaaatc accactcgat acaggcagcc catcagaatt 10680
aattctcatg tttgacagct tatcatcgac tgcacggtgce accaatgctt ctggcecgtcag 10740
gcagccatceg gaagctgtgg tatggctgtg caggtcgtaa atcactgcat aattegtgte 10800
gctcaaggeg cactccegtt ctggataatg ttttttgcge cgacatcata acggttctgg 10860
caaatattct gaaatgagct gttgacaatt aatcatccgg ctcgtataat gtgtggaatt 10920
gtgagcggat aacaatttca cacaggaaac agaccatgag ggaagcgttg atcgccgaag 10980
tatcgactca actatcagag gtagttggcg tcatcgagcg ccatctcgaa ccgacgttge 11040
tggccgtaca tttgtacgge tccgcagtgg atggcggect gaagccacac agtgatattg 11100
atttgctggt tacggtgacc gtaaggcttg atgaaacaac gcggcgagct ttgatcaacg 11160
accttttgga aacttcggcect tecccecctggag agagcgagat tcectcecgeget gtagaagtca 11220
ccattgttgt gcacgacgac atcattccgt ggcgttatce agctaagcgce gaactgcaat 11280
ttggagaatg gcagcgcaat gacattcttg caggtatctt cgagccagcc acgatcgaca 11340
ttgatctgge tatcttgctyg acaaaagcaa gagaacatag cgttgeccttg gtaggtccag 11400
cggcggagga actctttgat ccggttecctg aacaggatct atttgaggcg ctaaatgaaa 11460
ccttaacgct atggaactcecg ccgcccgact gggctggcga tgagcgaaat gtagtgetta 11520
cgttgteceg catttggtac agcgcagtaa ccggcaaaat cgcgccgaag gatgtegetg 11580
ccgactgggce aatggagcgce ctgccggcecce agtatcagece cgtcatactt gaagctagge 11640

aggcttatct tggacaagaa gatcgcttgg cctegcgege agatcagttg gaagaatttg 11700
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ttcactacgt gaaaggcgag atcaccaaag tagtcggcaa ataaagctct agtggatctce 11760
cgtacceggg gatctggete geggceggacyg cacgacgcecg gggcgagacce ataggcgatce 11820
tcctaaatca atagtagcetg taacctcgaa gcgtttcact tgtaacaacg attgagaatt 11880
tttgtcataa aattgaaata cttggttcgc atttttgtca tccgecggtca gecgcaatte 11940
tgacgaactg cccatttagce tggagatgat tgtacatcct tcacgtgaaa atttctcaag 12000
cgctgtgaac aagggttcag attttagatt gaaaggtgag ccgttgaaac acgttettcet 12060
tgtcgatgac gacgtcgcta tgcggcatct tattattgaa taccttacga tccacgectt 12120
caaagtgacc gcggtagccg acagcaccca gttcacaaga gtactctcett ccgcgacggt 12180
cgatgtegtg gttgttgatc tagatttagg tcgtgaagat gggctcgage taggagcaag 12240
tgattttatc gctaagcegt tcagtatcag agagtttcta gcacgcattc gggttgectt 12300
gcgegtgege cccaacgttg tceccegcectcecaa agaccgacgg tcetttttgtt ttactgactg 12360
gacacttaat ctcaggcaac gtcgcttgat gtccgaaget ggcggtgagg tgaaacttac 12420
ggcaggtgag ttcaatctte tcctegegtt tttagagaaa ccccgcgacg ttctatcgeg 12480
cgagcaactt ctcattgcca gtcgagtacg cgacgaggag gtttatgaca ggagtataga 12540
tgttctcecatt ttgaggctgc gccgcaaact tgaggcagat ccgtcaagcc ctcaactgat 12600
aaaaacagca agaggtgccg gttatttctt tgacgcggac gtgcaggttt cgcacggggg 12660
gacgatggca gcctgagcca attcccagat ccccgaggaa tceggcecgtgag cggtcgcaaa 12720
ccatccggece cggtacaaat cggcgceggceg ctgggtgatg acctggtgga gaagttgaag 12780
gccgegcagyg ccgceccagceg gcaacgcatce gaggcagaag cacgcecccegg tgaatcgtgg 12840
caagcggccg ctgatcgaat ccgcaaagaa tcccggcaac cgcecggcagce cggtgegeceg 12900
tcgattagga agccgcccaa gggcgacgag caaccagatt ttttegttcece gatgctctat 12960
gacgtgggca cccgcgatag tcgcagcatce atggacgtgg ccegtttteccg tctgtcgaag 13020
cgtgaccgac gagctggcga ggtgatccge tacgagctte cagacgggca cgtagaggtt 13080
tcegcaggge cggccggcat ggccagtgtg tgggattacg acctggtact gatggeggtt 13140
tceccatctaa ccgaatccat gaaccgatac cgggaaggga agggagacaa gcccggcecge 13200
gtgttcegte cacacgttge ggacgtactc aagttctgec ggcgagccga tggcggaaag 13260
cagaaagacg acctggtaga aacctgcatt cggttaaaca ccacgcacgt tgccatgcag 13320
cgtacgaaga aggccaagaa cggccgcectg gtgacggtat ccgagggtga agccttgatt 13380
agccgctaca agatcgtaaa gagcgaaacc gggcggcecgg agtacatcga gatcgagcta 13440
gctgattgga tgtaccgcga gatcacagaa ggcaagaacc cggacgtgct gacggttcac 13500
ccegattact ttttgatcga teccggcatce ggcecgtttte tcectaccgect ggcacgccge 13560
gccgcaggca aggcagaagce cagatggttg ttcaagacga tctacgaacg cagtggcage 13620
gccggagagt tcaagaagtt ctgtttcacc gtgcgcaage tgatcgggtc aaatgacctg 13680
ccggagtacg atttgaagga ggaggcgggg caggctggce cgatcctagt catgegctac 13740
cgcaacctga tcgagggcga agcatccgcec ggttcecctaat gtacggagca gatgctaggg 13800
caaattgccce tagcagggga aaaaggtcga aaaggtctct ttectgtgga tagcacgtac 13860
attgggaacc caaagccgta cattgggaac cggaacccgt acattgggaa cccaaagccg 13920

tacattggga accggtcaca catgtaagtg actgatataa aagagaaaaa aggcgatttt 13980
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tcecgectaaa actctttaaa acttattaaa actcttaaaa cccgectgge ctgtgcataa 14040
ctgtctggcece agcgcacagce cgaagagctg caaaaagcgce ctaccctteg gtegetgege 14100
tcectacgee cecgecgcette gegteggect atcgecggecg ctggccgctce aaaaatgget 14160
ggcctacgge caggcaatct accagggcgce ggacaagcceg cgccgtecgece actcgaccge 14220
cggcgcetgag gtctgcecteg tgaagaaggt gttgctgact cataccaggce ctgaatcgece 14280
ccatcatcca gccagaaagt gagggagcca cggttgatga gagcetttgtt gtaggtggac 14340
cagttggtga ttttgaactt ttgctttgcc acggaacggt ctgcgttgtc gggaagatgce 14400
gtgatctgat ccttcaactc agcaaaagtt cgatttattc aacaaagccg ccgtcccecgte 14460
aagtcagcgt aatgctctge cagtgttaca accaattaac caattctgat tagaaaaact 14520
catcgagcat caaatgaaac tgcaatttat tcatatcagg attatcaata ccatattttt 14580
gaaaaagccg tttcectgtaat gaaggagaaa actcaccgag gcagttccat aggatggcaa 14640
gatcctggta tcggtctgcg attccgactce gtccaacatc aatacaacct attaatttcce 14700
cctegtcaaa aataaggtta tcaagtgaga aatcaccatg agtgacgact gaatccggtg 14760
agaatggcaa aagctctgca ttaatgaatc ggccaacgcg cggggagagg cggtttgegt 14820
attgggecget cttceecgcette ctegetcact gactcecgetge gecteggtegt teggetgegg 14880
cgagcggtat cagctcactc aaaggcggta atacggttat ccacagaatc aggggataac 14940
gcaggaaaga acatgtgagc aaaaggccag caaaaggcca ggaaccgtaa aaaggccgcg 15000
ttgctggegt ttttccatag getceccgeccee cctgacgage atcacaaaaa tcgacgctca 15060
agtcagaggt ggcgaaaccc gacaggacta taaagatacc aggcgtttcce ccctggaage 15120
tcectegtge getctectgt tecgaccctg cecgecttaccg gatacctgte cgectttete 15180
ccttecgggaa gegtggceget ttcetcatage tcacgctgta ggtatctcag tteggtgtag 15240
gtcgtteget ccaagetggg ctgtgtgcac gaaccccceg ttcagcccga ccgetgegee 15300
ttatccggta actatcgtcet tgagtccaac ccggtaagac acgacttatc gccactggca 15360
gcagccactyg gtaacaggat tagcagagcg aggtatgtag gcggtgctac agagttcttg 15420
aagtggtggce ctaactacgg ctacactaga agaacagtat ttggtatctg cgctctgctg 15480
aagccagtta ccttcggaaa aagagttggt agctcttgat ccggcaaaca aaccaccget 15540
ggtagcggtyg gtttttttgt ttgcaagcag cagattacgc gcagaaaaaa aggatctcaa 15600
gaagatcctt tgatctttte tacggggtct gacgctcagt ggaacgaaaa ctcacgttaa 15660
gggattttgg tcatgagatt atcaaaaagg atcttcacct agatcctttt gatccggaat 15720
ta 15722
<210> SEQ ID NO 21

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: for editing VLHP2

<400> SEQUENCE: 21

gctggagetyg agetteceggg 20

<210> SEQ ID NO 22
<211> LENGTH: 15722
<212> TYPE: DNA
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<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: vector 23398
FEATURE:

NAME/KEY: misc_feature
LOCATION: (4)..(259)

OTHER INFORMATION: bNRB-05
FEATURE:

NAME/KEY: promoter

LOCATION: (304)..(2100)
OTHER INFORMATION: prSoUbi4-04
FEATURE:

NAME/KEY: gene

LOCATION: (2117)..(6286)
OTHER INFORMATION: cCas9-01
FEATURE:

NAME/KEY: misc_feature
LOCATION: (5606)..(5608)
OTHER INFORMATION: L to V mutation
FEATURE:

NAME/KEY: misc_feature
LOCATION: (5651)..(5653)
OTHER INFORMATION: I to V mutation
FEATURE:

NAME/KEY: terminator
LOCATION: (6292)..(6544)
OTHER INFORMATION: tNOS-05-01
FEATURE:

NAME/KEY: promoter

LOCATION: (6551)..(6925
OTHER INFORMATION: prOsU3-01
FEATURE:

NAME/KEY: misc_feature
LOCATION: (6927)..(6946)
OTHER INFORMATION: xXZmGW2
FEATURE:

NAME/KEY: misc_feature
LOCATION: (6927)..(7031)
OTHER INFORMATION: rsgRNAZmGW2-01
FEATURE:

NAME/KEY: promoter

LOCATION: (7042)..(9033)
OTHER INFORMATION: prUbil-o04
FEATURE:

NAME/KEY: gene

LOCATION: (9050)..(10228)
OTHER INFORMATION: cPMI-09
FEATURE:

NAME/KEY: terminator
LOCATION: (10251)..(10503)
OTHER INFORMATION: tNOS-05-01
FEATURE:

NAME/KEY: misc_feature
LOCATION: (10547)..(10676)
OTHER INFORMATION: bNLB-03
FEATURE:

NAME/KEY: gene

LOCATION: (10956) ..(11744)
OTHER INFORMATION: cSpec-03
FEATURE:

NAME/KEY: promoter

LOCATION: (11839)..(11969)
OTHER INFORMATION: prVirG-01
FEATURE:

NAME/KEY: gene

LOCATION: (12706) ..(13779)
OTHER INFORMATION: CcRepA-01
FEATURE:

NAME/KEY: misc_feature
LOCATION: (13822)..(14226)
OTHER INFORMATION: oVS1-02
FEATURE:

NAME/KEY: misc_feature
LOCATION: (14904) ..(15710)

OTHER INFORMATION: oCOLE-06
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<400> SEQUENCE: 22

attcctgtgg ttggcatgca catacaaatg gacgaacgga taaacctttt cacgeccttt 60
taaatatccg attattctaa taaacgctct tttectcttag gtttacccge caatatatcce 120
tgtcaaacac tgatagttta aactgaaggc gggaaacgac aatctgatca tgagcggaga 180
attaagggag tcacgttatg accccegecg atgacgceggyg acaagccgtt ttacgtttgg 240
aactgacaga accgcaacgc tgcaggaatt ggccgcageg gccatttaaa caaagettgg 300
taccattatg tggtctaggt aggttctata tataagaaaa cttgaaatgt tctaaaaaaa 360
aattcaagcce catgcatgat tgaagcaaac ggtatagcaa cggtgttaac ctgatctagt 420
gatctettge aatccttaac ggccacctac cgcaggtage aaacggegtce ceectecteg 480
atatctccege ggcgacctet ggetttttee geggaattge geggtgggga cggattccac 540
gagaccgcega cgcaaccgcece tctegecget gggcecccaca cegceteggtg cegtagecte 600
acgggactct ttcteectee tccccegtta taaattgget tcatccccte cttgectcat 660
ccatccaaat cccagtcccce aatcccatcece cttegtagga gaaattcatc gaagctaage 720
gaatcctege gatcctctca aggtactgeg agttttegat cecccteteg accectegta 780
tgtttgtgtt tgtcgtageg tttgattagg tatgctttecce ctgtttgtgt tegtcecgtage 840
gtttgattag gtatgctttc cctgttegtg ttcatcgtag tgtttgatta ggtegtgtga 900
ggcgatggee tgctegegte cttegatcetg tagtcgattt gegggtegtg gtgtagatcet 960

gcgggctgtyg atgaagttat ttggtgtgat ctgctcecgcect gattctgegg gttggctega 1020
gtagatatga tggttggacc ggttggttcg tttaccgcge tagggttggg ctgggatgat 1080
gttgcatgeg ccgttgegeg tgatcccegca gcaggacttg cgtttgattg ccagatcteg 1140
ttacgattat gtgatttggt ttggactttt tagatctgta gcttctgctt atgtgccaga 1200
tgcgectact gectcatatge ctgatgataa tcataaatgg ctgtggaact aactagttga 1260
ttgcggagtc atgtatcagce tacaggtgta gggactagct acaggtgtag ggacttgegt 1320
ctaattgttt ggtcctttac tcatgttgca attatgcaat ttagtttaga ttgtttgttce 1380
cactcatcta ggctgtaaaa gggacactgc ttagattgct gtttaatctt tttagtagat 1440
tatattatat tggtaactta ttacccctat tacatgccat acgtgacttce tgctcatgcece 1500
tgatgataat catagatcac tgtggaatta attagttgat tgttgaatca tgtttcatgt 1560
acataccacg gcacaattgc ttagttcctt aacaaatgca aattttactg atccatgtat 1620
gatttgcgtyg gttctctaat gtgaaatact atagctactt gttagtaaga atcaggttcg 1680
tatgcttaat gectgtatgtg ccttetgcecte atgectgatg ataatcatat atcactggaa 1740
ttaattagtt gatcgtttaa tcatatatca agtacatacc atgccacaat ttttagtcac 1800
ttaacccatg cagattgaac tggtccctge atgttttget aaattgttcet attctgatta 1860
gaccatatat catgtatttt tttttggtaa tggttctctt attttaaatg ctatatagtt 1920
ctggtacttg ttagaaagat ctgcttcata gtttagttgc ctatcccteg aattaggatg 1980
ctgagcagct gatcctatag ctttgtttca tgtatcaatt cttttgtgtt caacagtcag 2040
tttttgttag attcattgta acttatggtc gcttactcectt ctggtcctca atgcttgcag 2100
gatcgeggee gctcatatgg acaagaagta cagcatcgge ctggacatcg gcaccaacag 2160

cgtgggcetgg gecgtgatca ccgacgagta caaggtgcecg agcaagaagt tcaaggtgcet 2220
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gggcaacacc gacaggcaca gcatcaagaa gaacctgatc ggcgccctge tgttcgacag 2280
cggcgagace gccgaggceca ccaggctgaa gaggaccgece aggaggaggt acaccaggag 2340
gaagaacagyg atctgctacc tgcaggagat cttcagcaac gagatggcca aggtggacga 2400
cagcttette cacaggetgg aggagagett cetggtggag gaggacaaga agcacgagag 2460
gcacccgate tteggcaaca tcgtggacga ggtggectac cacgagaagt acccgaccat 2520
ctaccacctyg aggaagaagc tggtggacag caccgacaag gccgacctga ggctgatcta 2580
cctggeectg geccacatga tcaagttcag gggccactte ctgatcgagg gcegacctgaa 2640
cceggacaac agcgacgtgg acaagetgtt catccagetyg gtgcagacct acaaccagcet 2700
gttegaggayg aacccgatca acgccagegg cgtggacgec aaggccatcc tgagegcecag 2760
gctgagcaag agcaggaggce tggagaacct gatcgeccag ctgccgggeg agaagaagaa 2820
cggcctgtte ggcaacctga tcegccectgag cctgggectg accccgaact tcaagagcaa 2880
cttecgacctyg gcecgaggacg ccaagctgca getgagcaag gacacctacyg acgacgacct 2940
ggacaacctyg ctggcccaga tcggcgacca gtacgecgac ctgttectgg cegecaagaa 3000
cctgagegac gccatectge tgagcgacat cctgagggtyg aacaccgaga tcaccaaggce 3060
ccegetgage gcecagcatga tcaagaggta cgacgagcac caccaggacce tgaccctget 3120
gaaggccectyg gtgaggcage agctgecgga gaagtacaag gagatcttet tcegaccagag 3180
caagaacggc tacgccggcet acatcgacgg cggegcecage caggaggagt tctacaagtt 3240
catcaagceg atcctggaga agatggacgg caccgaggag ctgctggtga agctgaacag 3300
ggaggacctyg ctgaggaagce agaggacctt cgacaacggce agcatcccge accagatcca 3360
cctgggegag ctgcacgcca tectgaggag gcaggaggac ttctacccecgt tectgaagga 3420
caacagggag aagatcgaga agatcctgac cttceccgcatc ccgtactacg tgggcccgcet 3480
ggccagggge aacagcaggt tcgectggat gaccaggaag agcgaggaga ccatcacccece 3540
gtggaacttc gaggaggtgg tggacaaggg cgccagegec cagagcttca tcgagaggat 3600
gaccaacttc gacaagaacc tgccgaacga gaaggtgctg ccgaagcaca gectgctgta 3660
cgagtacttc accgtgtaca acgagctgac caaggtgaag tacgtgaccg agggcatgag 3720
gaagccggee ttectgageg gcgagcagaa gaaggccatce gtggacctge tgttcaagac 3780
caacaggaag gtgaccgtga agcagctgaa ggaggactac ttcaagaaga tcgagtgcett 3840
cgacagcegtyg gagatcagceg gecgtggagga caggttcaac gcecagectgyg gcacctacca 3900
cgacctgetyg aagatcatca aggacaagga cttectggac aacgaggaga acgaggacat 3960
cctggaggac atcgtgctga ccecctgaccct gttcgaggac agggagatga tcgaggagag 4020
gctgaagace tacgcccace tgttcgacga caaggtgatg aagcagctga agaggaggag 4080
gtacaccgge tggggcagge tgagcaggaa gctgatcaac ggcatcaggg acaagcagag 4140
cggcaagacc atcctggact tcecctgaagag cgacggcttc gccaacagga acttcatgca 4200
gctgatccac gacgacagcece tgaccttcaa ggaggacatc cagaaggccc aggtgagegyg 4260

ccagggcgac agcctgeacg agcacatege caacctggec ggcagecegg ccatcaagaa 4320

gggcatcctyg cagaccgtga aggtggtgga cgagcetggtg aaggtgatgg gcaggcacaa 4380

geccggagaac atcgtgateg agatggccag ggagaaccag accacccaga agggcecagaa 4440

gaacagcagg gagaggatga agaggatcga ggagggcatc aaggagetgyg gcagecagat 4500
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cctgaaggag cacceggtgg agaacaccca getgcagaac gagaagcetgt acctgtacta 4560
cctgcagaac ggcagggaca tgtacgtgga ccaggagetyg gacatcaaca ggctgagcga 4620
ctacgacgtg gaccacatcg tgccgcagag cttectgaag gacgacagca tcgacaacaa 4680
ggtgctgace aggagcgaca agaacagggg caagagcgac aacgtgccga gcgaggaggt 4740
ggtgaagaag atgaaaaact actggaggca gctgctgaac gccaagctga tcacccagag 4800
gaagttcgac aacctgacca aggccgagag gggceggectg agegagetgg acaaggccgyg 4860
cttcattaaa aggcagctgg tggagaccag gcagatcacc aagcacgtgg cccagatcct 4920
ggacagcagyg atgaacacca agtacgacga gaacgacaag ctgatcaggg aggtgaaggt 4980
gatcaccctg aagagcaagce tggtgagcga cttcaggaag gacttccagt tctacaaggt 5040
gagggagatc aataattacc accacgccca cgacgcectac ctgaacgecg tggtgggeac 5100
cgccctgatt aaaaagtacc cgaagctgga gagcgagttc gtgtacggceg actacaaggt 5160
gtacgacgtyg aggaagatga tcgccaagag cgagcaggag atcggcaagg ccaccgccaa 5220
gtacttctte tacagcaaca tcatgaactt cttcaagacc gagatcaccc tggccaacgg 5280
cgagatcagg aagaggccgce tgatcgagac caacggcgag accggcgaga tcegtgtggga 5340
caagggcagg gacttcgcca ccgtgaggaa ggtgctgtcecce atgccgcagg tgaacatcgt 5400
gaagaagacc gaggtgcaga ccggeggett cagcaaggag agcatcctgce cgaagaggaa 5460
cagcgacaag ctgatcgcca ggaagaagga ctgggacceg aagaagtacyg gcggettcga 5520
cagcecgace gtggectaca gegtgetggt ggtggccaag gtggagaagyg gcaagagcaa 5580
gaagctgaayg agcgtgaagg agctggtggg catcaccatce atggagagga gcagettcega 5640
gaagaaccca gtggacttce tggaggccaa gggctacaag gaggtgaaga aggacctgat 5700
cattaaactg ccgaagtaca gcctgttcga gctggagaac ggcaggaaga ggatgctggce 5760
cagcgecgge gagcetgcaga agggcaacga getggcecctyg ccegagcaagt acgtgaactt 5820
cctgtacctyg gccagecact acgagaagcet gaagggcage ccggaggaca acgagcagaa 5880
gecagetgtte gtggagcage acaagcacta cctggacgag atcatcgagce agatcagcega 5940
gttcagcaag agggtgatce tggecgacgce caacctggac aaggtgctga gegectacaa 6000
caagcacagg gacaagccga tcagggagca ggccgagaac atcatccacce tgttcaccct 6060
gaccaacctyg ggegecccegg ccgecttcaa gtacttegac accaccatcg acaggaagag 6120
gtacaccage accaaggagg tgctggacgce caccctgatce caccagagca tcaccggect 6180
gtacgagacc aggatcgacc tgagccagcet gggceggegac agcagceccgce cgaagaagaa 6240
gaggaaggtg agctggaagg acgccagcgg ctggagcagg atgtgaagct tgatcgttca 6300
aacatttggc aataaagttt cttaagattg aatcctgttg ccggtcttgce gatgattatce 6360
atataatttc tgttgaatta cgttaagcat gtaataatta acatgtaatg catgacgtta 6420
tttatgagat gggtttttat gattagagtc ccgcaattat acatttaata cgcgatagaa 6480
aacaaaatat agcgcgcaaa ctaggataaa ttatcgcgcg cggtgtcatc tatgttacta 6540
gatcttcgaa gggatcttta aacatacgaa cagatcactt aaagttcttc tgaagcaact 6600
taaagttatc aggcatgcat ggatcttgga ggaatcagat gtgcagtcag ggaccatagc 6660
acaggacagg cgtcttctac tggtgctacc agcaaatgct ggaagccggg aacactgggt 6720

acgttggaaa ccacgtgatg tggagtaaga taaactgtag gagaaaagca tttcgtagtg 6780
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ggccatgaag cctttcagga catgtattgce agtatgggec ggcccattac gcaattggac 6840
gacaacaaag actagtatta gtaccacctc ggctatccac atagatcaaa gctggtttaa 6900
aagagttgtg cagatgatcc gtggcagagc ggttcacgcg geccgcagttt tagagctaga 6960
aatagcaagt taaaataagg ctagtccgtt atcaacttga aaaagtggca ccgagtcggt 7020
gctttttttt teggaccgceg cctgcagtge agecgtgaccee ggtcecgtgecce ctcectcectagag 7080
ataatgagca ttgcatgtct aagttataaa aaattaccac atattttttt tgtcacactt 7140
gtttgaagtyg cagtttatct atctttatac atatatttaa actttactct acgaataata 7200
taatctatag tactacaata atatcagtgt tttagagaat catataaatg aacagttaga 7260
catggtctaa aggacaattg agtattttga caacaggact ctacagtttt atctttttag 7320
tgtgcatgtg ttctecctttt tttttgcaaa tagcttcacc tatataatac ttcatccatt 7380
ttattagtac atccatttag ggtttagggt taatggtttt tatagactaa tttttttagt 7440
acatctattt tattctattt tagcctctaa attaagaaaa ctaaaactct attttagttt 7500
ttttatttaa taatttagat ataaaataga ataaaataaa gtgactaaaa attaaacaaa 7560
taccctttaa gaaattaaaa aaactaagga aacatttttc ttgtttcgag tagataatgc 7620
cagcctgtta aacgecgtceg acgagtctaa cggacaccaa ccagcgaacce agcagegtceg 7680
cgtcgggcca agcgaagcag acggcacggce atctcectgteg ctgcectcectgg acccecteteg 7740
agagttccge tccaccgttg gacttgctcee gctgtcecggca tccagaaatt gegtggcgga 7800
geggcagacy tgagccggca cggcaggegg cctectecte ctetcacgge accggcaget 7860
acgggggatt cctttcccac cgctectteg ctttecectte ctecgeccgee gtaataaata 7920
gacacccecet ccacacccte tttecccaac ctegtgttgt teggagcgca cacacacaca 7980
accagatctc ccccaaatcc acccgtegge acctecgett caaggtacge cgctegtect 8040
ccecececce cectetcectace ttetctagat cggegttecg gtceccatggtt agggceccggt 8100
agttctactt ctgttcatgt ttgtgttaga tccgtgtttg tgttagatcce gtgctgctag 8160
cgttcgtaca cggatgcgac ctgtacgtca gacacgttct gattgctaac ttgccagtgt 8220
ttetetttgg ggaatcctgg gatggctcta gcecegttecge agacgggatce gatttcatga 8280
ttttttttgt ttcgttgcat agggtttggt ttgccctttt cctttattte aatatatgcec 8340
gtgcacttgt ttgtcgggtc atcttttcat getttttttt gtettggttg tgatgatgtyg 8400
gtctggttgg geggtegtte tagatcggag tagaattctg tttcaaacta cctggtggat 8460
ttattaattt tggatctgta tgtgtgtgcc atacatattc atagttacga attgaagatg 8520
atggatggaa atatcgatct aggataggta tacatgttga tgcgggtttt actgatgcat 8580
atacagagat gctttttgtt cgecttggttg tgatgatgtg gtgtggttgg geggtcegtte 8640
attcgttecta gatcggagta gaatactgtt tcaaactacc tggtgtattt attaattttg 8700
gaactgtatg tgtgtgtcat acatcttcat agttacgagt ttaagatgga tggaaatatc 8760
gatctaggat aggtatacat gttgatgtgg gttttactga tgcatataca tgatggcata 8820
tgcagcatct attcatatgc tctaaccttg agtacctatc tattataata aacaagtatg 8880
ttttataatt attttgatct tgatatactt ggatgatggc atatgcagca gctatatgtg 8940
gattttttta gccctgectt catacgctat ttatttgctt ggtactgttt cttttgtcega 9000

tgctcaccct gttgtttggt gttacttctg cagggatccg gcagcagcca tgcagaagct 9060
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gatcaacagce gtgcagaact acgcctgggg cagcaagacce gecctgaccg agetgtacgg 9120
catggagaac cccagcagcc agcccatgge cgagetgtgg atgggcegecce accccaagag 9180
cagcagccge gtgcagaacg ccgccggega catcgtgage ctgegcegacyg tgatcgagag 9240
cgacaagagce accctgetgg gegaggecgt ggecaagege tteggcegage tgcecttect 9300
gttcaaggtyg ctgtgcgceeg cccageccct gagcatccag gtgcacccca acaagcacaa 9360
cagcgagate ggcttegeca aggagaacgce cgecggcate cccatggacyg ccgecgageg 9420
caactacaag gaccccaacc acaagcccga getggtgtte gecctgaccee ccttectgge 9480
catgaacgcce ttccgcgagt tcagcgagat cgtgagectg ctgcagcecceg tggceccggegce 9540
ccaccecgee atcgeccact tcectgecagea geccgacgece gagegectga gcegagetgtt 9600
cgcecagectyg ctgaacatge agggcgagga gaagagccge gcecctggeca tcectgaagag 9660
cgecctggac agccagcagg gcgagecctg geagaccate cgectgatca gcgagttcta 9720
ccecgaggac ageggectgt tcagceccect getgetgaac gtggtgaage tgaaccccgg 9780
cgaggccatg ttcctgtteg ccgagaccce ccacgcectac ctgcagggceg tggccctgga 9840
ggtgatggcece aacagcgaca acgtgctgeg cgccggectg acccccaagt acatcgacat 9900
ccecgagetyg gtggecaacg tgaagttcga ggccaagecce gcecaaccage tgctgaccca 9960
gccegtgaag cagggcgcecg agctggactt ccccatccee gtggacgact tcgecttcag 10020
cctgcacgac ctgagcgaca aggagaccac catcagccag cagagcgccg ccatcetgtt 10080
ctgcgtggag ggcgacgcca ccctgtggaa gggcagccag cagctgcage tgaageccgg 10140
cgagagcgcece ttcatcgeceg ccaacgagag ccccgtgace gtgaagggcece acggecgect 10200
ggccegegtyg tacaacaagce tgtgatagga gctcgatceg tcgacctgca gatcegttcaa 10260
acatttggca ataaagtttc ttaagattga atcctgttge cggtcttgcg atgattatca 10320
tataatttct gttgaattac gttaagcatg taataattaa catgtaatgc atgacgttat 10380
ttatgagatg ggtttttatg attagagtcc cgcaattata catttaatac gcgatagaaa 10440
acaaaatata gcgcgcaaac taggataaat tatcgcgcge ggtgtcatct atgttactag 10500
atcggegege cgcaattgaa gtttgggcgg ccagcatgge cgtatccgca atgtgttatt 10560
aagttgtcta agcgtcaatt tgtttacacc acaatatatc ctgccaccag ccagccaaca 10620
gctececcgac cggcagctcecg gcacaaaatc accactcgat acaggcagcc catcagaatt 10680
aattctcatg tttgacagct tatcatcgac tgcacggtgce accaatgctt ctggcecgtcag 10740
gcagccatceg gaagctgtgg tatggctgtg caggtcgtaa atcactgcat aattegtgte 10800
gctcaaggeg cactccegtt ctggataatg ttttttgcge cgacatcata acggttctgg 10860
caaatattct gaaatgagct gttgacaatt aatcatccgg ctcgtataat gtgtggaatt 10920
gtgagcggat aacaatttca cacaggaaac agaccatgag ggaagcgttg atcgccgaag 10980
tatcgactca actatcagag gtagttggcg tcatcgagcg ccatctcgaa ccgacgttge 11040
tggccgtaca tttgtacgge tccgcagtgg atggcggect gaagccacac agtgatattg 11100
atttgctggt tacggtgacc gtaaggcttg atgaaacaac gcggcgagct ttgatcaacg 11160
accttttgga aacttcggcect tecccecctggag agagcgagat tcectcecgeget gtagaagtca 11220
ccattgttgt gcacgacgac atcattccgt ggcgttatce agctaagcgce gaactgcaat 11280

ttggagaatg gcagcgcaat gacattcttg caggtatctt cgagccagcc acgatcgaca 11340
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ttgatctgge tatcttgctyg acaaaagcaa gagaacatag cgttgeccttg gtaggtccag 11400
cggcggagga actctttgat ccggttecctg aacaggatct atttgaggcg ctaaatgaaa 11460
ccttaacgct atggaactcecg ccgcccgact gggctggcga tgagcgaaat gtagtgetta 11520
cgttgteceg catttggtac agcgcagtaa ccggcaaaat cgcgccgaag gatgtegetg 11580
ccgactgggce aatggagcgce ctgccggcecce agtatcagece cgtcatactt gaagctagge 11640
aggcttatct tggacaagaa gatcgcttgg cctegcgege agatcagttg gaagaatttg 11700
ttcactacgt gaaaggcgag atcaccaaag tagtcggcaa ataaagctct agtggatctce 11760
cgtacceggg gatctggete geggceggacyg cacgacgcecg gggcgagacce ataggcgatce 11820
tcctaaatca atagtagcetg taacctcgaa gcgtttcact tgtaacaacg attgagaatt 11880
tttgtcataa aattgaaata cttggttcgc atttttgtca tccgecggtca gecgcaatte 11940
tgacgaactg cccatttagce tggagatgat tgtacatcct tcacgtgaaa atttctcaag 12000
cgctgtgaac aagggttcag attttagatt gaaaggtgag ccgttgaaac acgttettcet 12060
tgtcgatgac gacgtcgcta tgcggcatct tattattgaa taccttacga tccacgectt 12120
caaagtgacc gcggtagccg acagcaccca gttcacaaga gtactctcett ccgcgacggt 12180
cgatgtegtg gttgttgatc tagatttagg tcgtgaagat gggctcgage taggagcaag 12240
tgattttatc gctaagcegt tcagtatcag agagtttcta gcacgcattc gggttgectt 12300
gcgegtgege cccaacgttg tceccegcectcecaa agaccgacgg tcetttttgtt ttactgactg 12360
gacacttaat ctcaggcaac gtcgcttgat gtccgaaget ggcggtgagg tgaaacttac 12420
ggcaggtgag ttcaatctte tcctegegtt tttagagaaa ccccgcgacg ttctatcgeg 12480
cgagcaactt ctcattgcca gtcgagtacg cgacgaggag gtttatgaca ggagtataga 12540
tgttctcecatt ttgaggctgc gccgcaaact tgaggcagat ccgtcaagcc ctcaactgat 12600
aaaaacagca agaggtgccg gttatttctt tgacgcggac gtgcaggttt cgcacggggg 12660
gacgatggca gcctgagcca attcccagat ccccgaggaa tceggcecgtgag cggtcgcaaa 12720
ccatccggece cggtacaaat cggcgceggceg ctgggtgatg acctggtgga gaagttgaag 12780
gccgegcagyg ccgceccagceg gcaacgcatce gaggcagaag cacgcecccegg tgaatcgtgg 12840
caagcggccg ctgatcgaat ccgcaaagaa tcccggcaac cgcecggcagce cggtgegeceg 12900
tcgattagga agccgcccaa gggcgacgag caaccagatt ttttegttcece gatgctctat 12960
gacgtgggca cccgcgatag tcgcagcatce atggacgtgg ccegtttteccg tctgtcgaag 13020
cgtgaccgac gagctggcga ggtgatccge tacgagctte cagacgggca cgtagaggtt 13080
tcegcaggge cggccggcat ggccagtgtg tgggattacg acctggtact gatggeggtt 13140
tceccatctaa ccgaatccat gaaccgatac cgggaaggga agggagacaa gcccggcecge 13200
gtgttcegte cacacgttge ggacgtactc aagttctgec ggcgagccga tggcggaaag 13260
cagaaagacg acctggtaga aacctgcatt cggttaaaca ccacgcacgt tgccatgcag 13320
cgtacgaaga aggccaagaa cggccgcectg gtgacggtat ccgagggtga agccttgatt 13380
agccgctaca agatcgtaaa gagcgaaacc gggcggcecgg agtacatcga gatcgagcta 13440
gctgattgga tgtaccgcga gatcacagaa ggcaagaacc cggacgtgct gacggttcac 13500
ccegattact ttttgatcga teccggcatce ggcecgtttte tcectaccgect ggcacgccge 13560

gccgcaggca aggcagaagce cagatggttg ttcaagacga tctacgaacg cagtggcage 13620
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gccggagagt tcaagaagtt ctgtttcacc gtgcgcaage tgatcgggtc aaatgacctg 13680
ccggagtacg atttgaagga ggaggcgggg caggctggce cgatcctagt catgegctac 13740
cgcaacctga tcgagggcga agcatccgcec ggttcecctaat gtacggagca gatgctaggg 13800
caaattgccce tagcagggga aaaaggtcga aaaggtctct ttectgtgga tagcacgtac 13860
attgggaacc caaagccgta cattgggaac cggaacccgt acattgggaa cccaaagccg 13920
tacattggga accggtcaca catgtaagtg actgatataa aagagaaaaa aggcgatttt 13980
tcecgectaaa actctttaaa acttattaaa actcttaaaa cccgectgge ctgtgcataa 14040
ctgtctggcece agcgcacagce cgaagagctg caaaaagcgce ctaccctteg gtegetgege 14100
tcectacgee cecgecgcette gegteggect atcgecggecg ctggccgctce aaaaatgget 14160
ggcctacgge caggcaatct accagggcgce ggacaagcceg cgccgtecgece actcgaccge 14220
cggcgcetgag gtctgcecteg tgaagaaggt gttgctgact cataccaggce ctgaatcgece 14280
ccatcatcca gccagaaagt gagggagcca cggttgatga gagcetttgtt gtaggtggac 14340
cagttggtga ttttgaactt ttgctttgcc acggaacggt ctgcgttgtc gggaagatgce 14400
gtgatctgat ccttcaactc agcaaaagtt cgatttattc aacaaagccg ccgtcccecgte 14460
aagtcagcgt aatgctctge cagtgttaca accaattaac caattctgat tagaaaaact 14520
catcgagcat caaatgaaac tgcaatttat tcatatcagg attatcaata ccatattttt 14580
gaaaaagccg tttcectgtaat gaaggagaaa actcaccgag gcagttccat aggatggcaa 14640
gatcctggta tcggtctgcg attccgactce gtccaacatc aatacaacct attaatttcce 14700
cctegtcaaa aataaggtta tcaagtgaga aatcaccatg agtgacgact gaatccggtg 14760
agaatggcaa aagctctgca ttaatgaatc ggccaacgcg cggggagagg cggtttgegt 14820
attgggecget cttceecgcette ctegetcact gactcecgetge gecteggtegt teggetgegg 14880
cgagcggtat cagctcactc aaaggcggta atacggttat ccacagaatc aggggataac 14940
gcaggaaaga acatgtgagc aaaaggccag caaaaggcca ggaaccgtaa aaaggccgcg 15000
ttgctggegt ttttccatag getceccgeccee cctgacgage atcacaaaaa tcgacgctca 15060
agtcagaggt ggcgaaaccc gacaggacta taaagatacc aggcgtttcce ccctggaage 15120
tcectegtge getctectgt tecgaccctg cecgecttaccg gatacctgte cgectttete 15180
ccttecgggaa gegtggceget ttcetcatage tcacgctgta ggtatctcag tteggtgtag 15240
gtcgtteget ccaagetggg ctgtgtgcac gaaccccceg ttcagcccga ccgetgegee 15300
ttatccggta actatcgtcet tgagtccaac ccggtaagac acgacttatc gccactggca 15360
gcagccactyg gtaacaggat tagcagagcg aggtatgtag gcggtgctac agagttcttg 15420
aagtggtggce ctaactacgg ctacactaga agaacagtat ttggtatctg cgctctgctg 15480
aagccagtta ccttcggaaa aagagttggt agctcttgat ccggcaaaca aaccaccget 15540
ggtagcggtyg gtttttttgt ttgcaagcag cagattacgc gcagaaaaaa aggatctcaa 15600
gaagatcctt tgatctttte tacggggtct gacgctcagt ggaacgaaaa ctcacgttaa 15660
gggattttgg tcatgagatt atcaaaaagg atcttcacct agatcctttt gatccggaat 15720
ta 15722

<210> SEQ ID NO 23

<211> LENGTH: 20
<212> TYPE: DNA
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<213>
<220>
<223>

<400>

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: for editing GW2-1

SEQUENCE: 23

gagcggttca cgeggecgcea
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<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>

SEQ ID NO 24
LENGTH: 15721

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: vector 23763
FEATURE:

NAME/KEY: misc_feature
LOCATION: (4)..(259)

OTHER INFORMATION: bNRB-05
FEATURE:

NAME/KEY: promoter

LOCATION: (304)..(2100)

OTHER INFORMATION: prSoUbi4-04
FEATURE:

NAME/KEY: gene

LOCATION: (2117)..(6286)
OTHER INFORMATION: cCas9-01
FEATURE:

NAME/KEY: mutation

LOCATION: (5606)..(5608)
OTHER INFORMATION: L to V mutation
FEATURE:

NAME/KEY: mutation

LOCATION: (5651)..(5653)
OTHER INFORMATION: I to V mutation
FEATURE:

NAME/KEY: misc_feature
LOCATION: (6221)..(6283)
OTHER INFORMATION: xSV40NLS-03
FEATURE:

NAME/KEY: terminator
LOCATION: (6292)..(6544)
OTHER INFORMATION: tNOS-05-01
FEATURE:

NAME/KEY: promoter

LOCATION: (6551)..(6925

OTHER INFORMATION: prOsU3-01
FEATURE:

NAME/KEY: misc_feature
LOCATION: (6927)..(6945

OTHER INFORMATION: xTaVLHP1
FEATURE:

NAME/KEY: misc_feature
LOCATION: (6927)..(7030)
OTHER INFORMATION: rsgRNA TaVLHP1-01
FEATURE:

NAME/KEY: promoter

LOCATION: (7041)..(9032)
OTHER INFORMATION: prUbil-o04
FEATURE:

NAME/KEY: gene

LOCATION: (9049)..(10227)
OTHER INFORMATION: cPMI-09
FEATURE:

NAME/KEY: terminator
LOCATION: (10250) .. (10502}
OTHER INFORMATION: tNOS-05-01
FEATURE:

NAME/KEY: misc_feature
LOCATION: (10546)..(10675
OTHER INFORMATION: bNLB-03
FEATURE:

NAME/KEY: gene

LOCATION: (10955)..(11743)
OTHER INFORMATION: cSpec-03
FEATURE:

20
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<221> NAME/KEY: promoter
<222> LOCATION: (11838)..(11968)
<223> OTHER INFORMATION: prVirG-01
<220> FEATURE:
<221> NAME/KEY: gene
<222> LOCATION: (12705)..(13778)
<223> OTHER INFORMATION: cRepA-01
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (13821) .. (14225)
<223> OTHER INFORMATION: oVS1-02
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (14903)..(15709)
<223> OTHER INFORMATION: oCOLE-06
<400> SEQUENCE: 24
attcctgtgg ttggcatgca catacaaatg gacgaacgga taaacctttt cacgeccttt 60
taaatatccg attattctaa taaacgctct tttectcttag gtttacccge caatatatcce 120
tgtcaaacac tgatagttta aactgaaggc gggaaacgac aatctgatca tgagcggaga 180
attaagggag tcacgttatg accccegecg atgacgceggyg acaagccgtt ttacgtttgg 240
aactgacaga accgcaacgc tgcaggaatt ggccgcageg gccatttaaa caaagettgg 300
taccattatg tggtctaggt aggttctata tataagaaaa cttgaaatgt tctaaaaaaa 360
aattcaagcce catgcatgat tgaagcaaac ggtatagcaa cggtgttaac ctgatctagt 420
gatctettge aatccttaac ggccacctac cgcaggtage aaacggegtce ceectecteg 480
atatctccege ggcgacctet ggetttttee geggaattge geggtgggga cggattccac 540
gagaccgcega cgcaaccgcece tctegecget gggcecccaca cegceteggtg cegtagecte 600
acgggactct ttcteectee tccccegtta taaattgget tcatccccte cttgectcat 660
ccatccaaat cccagtcccce aatcccatcece cttegtagga gaaattcatc gaagctaage 720
gaatcctege gatcctctca aggtactgeg agttttegat cecccteteg accectegta 780
tgtttgtgtt tgtcgtageg tttgattagg tatgctttecce ctgtttgtgt tegtcecgtage 840
gtttgattag gtatgctttc cctgttegtg ttcatcgtag tgtttgatta ggtegtgtga 900
ggcgatggee tgctegegte cttegatcetg tagtcgattt gegggtegtg gtgtagatcet 960
gcgggctgtyg atgaagttat ttggtgtgat ctgctcecgcect gattctgegg gttggctega 1020
gtagatatga tggttggacc ggttggttcg tttaccgcge tagggttggg ctgggatgat 1080
gttgcatgeg ccgttgegeg tgatcccegca gcaggacttg cgtttgattg ccagatcteg 1140
ttacgattat gtgatttggt ttggactttt tagatctgta gcttctgctt atgtgccaga 1200
tgcgectact gectcatatge ctgatgataa tcataaatgg ctgtggaact aactagttga 1260
ttgcggagtc atgtatcagce tacaggtgta gggactagct acaggtgtag ggacttgegt 1320
ctaattgttt ggtcctttac tcatgttgca attatgcaat ttagtttaga ttgtttgttce 1380
cactcatcta ggctgtaaaa gggacactgc ttagattgct gtttaatctt tttagtagat 1440
tatattatat tggtaactta ttacccctat tacatgccat acgtgacttce tgctcatgcece 1500
tgatgataat catagatcac tgtggaatta attagttgat tgttgaatca tgtttcatgt 1560
acataccacg gcacaattgc ttagttcctt aacaaatgca aattttactg atccatgtat 1620
gatttgcgtyg gttctctaat gtgaaatact atagctactt gttagtaaga atcaggttcg 1680
tatgcttaat gectgtatgtg ccttetgcecte atgectgatg ataatcatat atcactggaa 1740
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ttaattagtt gatcgtttaa tcatatatca agtacatacc atgccacaat ttttagtcac 1800
ttaacccatg cagattgaac tggtccctge atgttttget aaattgttcet attctgatta 1860
gaccatatat catgtatttt tttttggtaa tggttctctt attttaaatg ctatatagtt 1920
ctggtacttg ttagaaagat ctgcttcata gtttagttgc ctatcccteg aattaggatg 1980
ctgagcagct gatcctatag ctttgtttca tgtatcaatt cttttgtgtt caacagtcag 2040
tttttgttag attcattgta acttatggtc gcttactcectt ctggtcctca atgcttgcag 2100
gatcgeggee gctcatatgg acaagaagta cagcatcgge ctggacatcg gcaccaacag 2160
cgtgggcetgg gecgtgatca ccgacgagta caaggtgcecg agcaagaagt tcaaggtgcet 2220
gggcaacacc gacaggcaca gcatcaagaa gaacctgatc ggcgccctge tgttcgacag 2280
cggcgagace gccgaggceca ccaggctgaa gaggaccgece aggaggaggt acaccaggag 2340
gaagaacagyg atctgctacc tgcaggagat cttcagcaac gagatggcca aggtggacga 2400
cagcttette cacaggetgg aggagagett cetggtggag gaggacaaga agcacgagag 2460
gcacccgate tteggcaaca tcgtggacga ggtggectac cacgagaagt acccgaccat 2520
ctaccacctyg aggaagaagc tggtggacag caccgacaag gccgacctga ggctgatcta 2580
cctggeectg geccacatga tcaagttcag gggccactte ctgatcgagg gcegacctgaa 2640
cceggacaac agcgacgtgg acaagetgtt catccagetyg gtgcagacct acaaccagcet 2700
gttegaggayg aacccgatca acgccagegg cgtggacgec aaggccatcc tgagegcecag 2760
gctgagcaag agcaggaggce tggagaacct gatcgeccag ctgccgggeg agaagaagaa 2820
cggcctgtte ggcaacctga tcegccectgag cctgggectg accccgaact tcaagagcaa 2880
cttecgacctyg gcecgaggacg ccaagctgca getgagcaag gacacctacyg acgacgacct 2940
ggacaacctyg ctggcccaga tcggcgacca gtacgecgac ctgttectgg cegecaagaa 3000
cctgagegac gccatectge tgagcgacat cctgagggtyg aacaccgaga tcaccaaggce 3060
ccegetgage gcecagcatga tcaagaggta cgacgagcac caccaggacce tgaccctget 3120
gaaggccectyg gtgaggcage agctgecgga gaagtacaag gagatcttet tcegaccagag 3180
caagaacggc tacgccggcet acatcgacgg cggegcecage caggaggagt tctacaagtt 3240
catcaagceg atcctggaga agatggacgg caccgaggag ctgctggtga agctgaacag 3300
ggaggacctyg ctgaggaagce agaggacctt cgacaacggce agcatcccge accagatcca 3360
cctgggegag ctgcacgcca tectgaggag gcaggaggac ttctacccecgt tectgaagga 3420
caacagggag aagatcgaga agatcctgac cttceccgcatc ccgtactacg tgggcccgcet 3480
ggccagggge aacagcaggt tcgectggat gaccaggaag agcgaggaga ccatcacccece 3540
gtggaacttc gaggaggtgg tggacaaggg cgccagegec cagagcttca tcgagaggat 3600
gaccaacttc gacaagaacc tgccgaacga gaaggtgctg ccgaagcaca gectgctgta 3660
cgagtacttc accgtgtaca acgagctgac caaggtgaag tacgtgaccg agggcatgag 3720
gaagccggee ttectgageg gcgagcagaa gaaggccatce gtggacctge tgttcaagac 3780
caacaggaag gtgaccgtga agcagctgaa ggaggactac ttcaagaaga tcgagtgcett 3840
cgacagcegtyg gagatcagceg gecgtggagga caggttcaac gcecagectgyg gcacctacca 3900
cgacctgetyg aagatcatca aggacaagga cttectggac aacgaggaga acgaggacat 3960

cctggaggac atcgtgctga ccecctgaccct gttcgaggac agggagatga tcgaggagag 4020
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gctgaagace tacgcccace tgttcgacga caaggtgatg aagcagctga agaggaggag 4080
gtacaccgge tggggcagge tgagcaggaa gctgatcaac ggcatcaggg acaagcagag 4140
cggcaagacc atcctggact tcecctgaagag cgacggcttc gccaacagga acttcatgca 4200
gctgatccac gacgacagcece tgaccttcaa ggaggacatc cagaaggccc aggtgagegyg 4260
ccagggcgac agcctgcacg agcacatcge caacctggec ggcagcccegyg ccatcaagaa 4320
gggcatcctyg cagaccgtga aggtggtgga cgagetggtg aaggtgatgg gcaggcacaa 4380
geecggagaac atcgtgatcg agatggccag ggagaaccag accacccaga agggccagaa 4440
gaacagcagyg gagaggatga agaggatcga ggagggcatc aaggagctgg gcagccagat 4500
cctgaaggag cacceggtgg agaacaccca getgcagaac gagaagcetgt acctgtacta 4560
cctgcagaac ggcagggaca tgtacgtgga ccaggagetyg gacatcaaca ggctgagcga 4620
ctacgacgtg gaccacatcg tgccgcagag cttectgaag gacgacagca tcgacaacaa 4680
ggtgctgace aggagcgaca agaacagggg caagagcgac aacgtgccga gcgaggaggt 4740
ggtgaagaag atgaaaaact actggaggca gctgctgaac gccaagctga tcacccagag 4800
gaagttcgac aacctgacca aggccgagag gggceggectg agegagetgg acaaggccgyg 4860
cttcattaaa aggcagctgg tggagaccag gcagatcacc aagcacgtgg cccagatcct 4920
ggacagcagyg atgaacacca agtacgacga gaacgacaag ctgatcaggg aggtgaaggt 4980
gatcaccctg aagagcaagce tggtgagcga cttcaggaag gacttccagt tctacaaggt 5040
gagggagatc aataattacc accacgccca cgacgcectac ctgaacgecg tggtgggeac 5100
cgccctgatt aaaaagtacc cgaagctgga gagcgagttc gtgtacggceg actacaaggt 5160
gtacgacgtyg aggaagatga tcgccaagag cgagcaggag atcggcaagg ccaccgccaa 5220
gtacttctte tacagcaaca tcatgaactt cttcaagacc gagatcaccc tggccaacgg 5280
cgagatcagg aagaggccgce tgatcgagac caacggcgag accggcgaga tcegtgtggga 5340
caagggcagg gacttcgcca ccgtgaggaa ggtgctgtcecce atgccgcagg tgaacatcgt 5400
gaagaagacc gaggtgcaga ccggeggett cagcaaggag agcatcctgce cgaagaggaa 5460
cagcgacaag ctgatcgcca ggaagaagga ctgggacceg aagaagtacyg gcggettcga 5520
cagcecgace gtggectaca gegtgetggt ggtggccaag gtggagaagyg gcaagagcaa 5580
gaagctgaayg agcgtgaagg agctggtggg catcaccatce atggagagga gcagettcega 5640
gaagaaccca gtggacttce tggaggccaa gggctacaag gaggtgaaga aggacctgat 5700
cattaaactg ccgaagtaca gcctgttcga gctggagaac ggcaggaaga ggatgctggce 5760
cagcgecgge gagcetgcaga agggcaacga getggcecctyg ccegagcaagt acgtgaactt 5820
cctgtacctyg gccagecact acgagaagcet gaagggcage ccggaggaca acgagcagaa 5880
gecagetgtte gtggagcage acaagcacta cctggacgag atcatcgagce agatcagcega 5940
gttcagcaag agggtgatce tggecgacgce caacctggac aaggtgctga gegectacaa 6000
caagcacagg gacaagccga tcagggagca ggccgagaac atcatccacce tgttcaccct 6060
gaccaacctyg ggegecccegg ccgecttcaa gtacttegac accaccatcg acaggaagag 6120
gtacaccage accaaggagg tgctggacgce caccctgatce caccagagca tcaccggect 6180
gtacgagacc aggatcgacc tgagccagcet gggceggegac agcagceccgce cgaagaagaa 6240

gaggaaggtg agctggaagg acgccagcgg ctggagcagg atgtgaagct tgatcgttca 6300
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aacatttggc aataaagttt cttaagattg aatcctgttg ccggtcttgce gatgattatce 6360
atataatttc tgttgaatta cgttaagcat gtaataatta acatgtaatg catgacgtta 6420
tttatgagat gggtttttat gattagagtc ccgcaattat acatttaata cgcgatagaa 6480
aacaaaatat agcgcgcaaa ctaggataaa ttatcgcgcg cggtgtcatc tatgttacta 6540
gatcttcgaa gggatcttta aacatacgaa cagatcactt aaagttcttc tgaagcaact 6600
taaagttatc aggcatgcat ggatcttgga ggaatcagat gtgcagtcag ggaccatagc 6660
acaggacagg cgtcttctac tggtgctacc agcaaatgct ggaagccggg aacactgggt 6720
acgttggaaa ccacgtgatg tggagtaaga taaactgtag gagaaaagca tttcgtagtg 6780
ggccatgaag cctttcagga catgtattgce agtatgggec ggcccattac gcaattggac 6840
gacaacaaag actagtatta gtaccacctc ggctatccac atagatcaaa gctggtttaa 6900
aagagttgtg cagatgatcc gtggcagacg agcaggcgca gttccgtttt agagctagaa 6960
atagcaagtt aaaataaggc tagtccgtta tcaacttgaa aaagtggcac cgagtcggtg 7020
cttttttttt cggaccgcge ctgcagtgca gcgtgacccg gtcecgtgccece tetctagaga 7080
taatgagcat tgcatgtcta agttataaaa aattaccaca tatttttttt gtcacacttg 7140
tttgaagtgc agtttatcta tcectttataca tatatttaaa ctttactcta cgaataatat 7200
aatctatagt actacaataa tatcagtgtt ttagagaatc atataaatga acagttagac 7260
atggtctaaa ggacaattga gtattttgac aacaggactc tacagtttta tcectttttagt 7320
gtgcatgtgt tcteccttttt ttttgcaaat agcttcacct atataatact tcatccattt 7380
tattagtaca tccatttagg gtttagggtt aatggttttt atagactaat ttttttagta 7440
catctatttt attctatttt agcctctaaa ttaagaaaac taaaactcta ttttagtttt 7500
tttatttaat aatttagata taaaatagaa taaaataaag tgactaaaaa ttaaacaaat 7560
accctttaag aaattaaaaa aactaaggaa acatttttcet tgtttcgagt agataatgcec 7620
agcctgttaa acgccgtega cgagtctaac ggacaccaac cagcgaacca gcagegtcge 7680
gtcgggccaa gcgaagcaga cggcacggca tctctgtcecge tgecctcetgga ccectctega 7740
gagttccget ccaccgttgg acttgcteceg ctgtcggcat ccagaaattg cgtggcggag 7800
cggcagacgt gagccggcac ggcaggegge ctectcectee tetcacggea ccggcagcta 7860
cgggggattc ctttcccacce getecttege ttteccttece tegeccgceeg taataaatag 7920
acacccecte cacaccctet ttecccaace tcegtgttgtt cggagcgcac acacacacaa 7980
ccagatctcce cccaaatcca cccgteggca cctecgette aaggtacgece getegtecte 8040
ccecececcee ctetectaccet tetctagate ggegttecgg teccatggtta gggcccggta 8100
gttctactte tgttcatgtt tgtgttagat ccgtgtttgt gttagatccg tgctgctage 8160
gttcgtacac ggatgcgacce tgtacgtcag acacgttctg attgctaact tgccagtgtt 8220
tctetttggg gaatcctggg atggctcectag ccgttcececgca gacgggatceg atttcatgat 8280
tttttttgtt tcgttgcata gggtttggtt tgcecctttte ctttatttca atatatgecg 8340
tgcacttgtt tgtcgggtca tettttcatg cttttttttg tettggttgt gatgatgtgg 8400
tctggttggg cggtegttet agatcggagt agaattctgt ttcaaactac ctggtggatt 8460
tattaatttt ggatctgtat gtgtgtgcca tacatattca tagttacgaa ttgaagatga 8520

tggatggaaa tatcgatcta ggataggtat acatgttgat gcgggtttta ctgatgcata 8580
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tacagagatg ctttttgttc gettggttgt gatgatgtgg tgtggttggg cggtcgttca 8640
ttcgttetag atcggagtag aatactgttt caaactacct ggtgtattta ttaattttgg 8700
aactgtatgt gtgtgtcata catcttcata gttacgagtt taagatggat ggaaatatcg 8760
atctaggata ggtatacatg ttgatgtggg ttttactgat gcatatacat gatggcatat 8820
gcagcatcta ttcatatgct ctaaccttga gtacctatct attataataa acaagtatgt 8880
tttataatta ttttgatctt gatatacttg gatgatggca tatgcagcag ctatatgtgg 8940
atttttttag ccctgcctte atacgctatt tatttgettg gtactgttte ttttgtcgat 9000
gctcaccetyg ttgtttggtg ttacttetge agggatccgg cagcagccat gcagaagcetyg 9060
atcaacagcg tgcagaacta cgcctgggge agcaagaccg ccectgaccga gctgtacgge 9120
atggagaacc ccagcagcca geccatggece gagetgtgga tgggcgcecca ccccaagagce 9180
agcagccgeg tgcagaacgce cgccggegac atcgtgagece tgcgegacgt gatcgagage 9240
gacaagagca ccctgetggg cgaggecgtg gecaageget teggcegaget geccttectg 9300
ttcaaggtgce tgtgegecge ccagcecectyg agcatccagyg tgcaccccaa caagcacaac 9360
agcgagatcg gettegecaa ggagaacgece gecggcatee ccatggacge cgcecgagcege 9420
aactacaagg accccaacca caagcccgag ctggtgtteg cectgaccee cttectggece 9480
atgaacgcct teccgcgagtt cagcgagatc gtgagcectge tgcagcccgt ggccggcgcece 9540
cacceegeca tcegeccactt cctgcagecag cecgacgecyg agegectgag cgagetgtte 9600
geecagectyge tgaacatgca gggcgaggag aagagccgeg cectggecat cctgaagage 9660
geectggaca gcecagcaggg cgagecctgg cagaccatce gectgatcag cgagttctac 9720
ccegaggaca geggectgtt cagcccectg ctgctgaacyg tggtgaaget gaaccccgge 9780
gaggccatgt tcecctgttcge cgagaccccce cacgcctacce tgcagggegt ggccctggag 9840
gtgatggcca acagcgacaa cgtgetgege gecggectga cecccaagta catcgacatce 9900
ccegagetgg tggcecaacgt gaagttegag gecaagcecceg ccaaccaget gctgacccag 9960
ccegtgaage agggcgcecga getggactte cccatccecg tggacgactt cgecttcage 10020
ctgcacgacc tgagcgacaa ggagaccacc atcagccagce agagcgccgce catccetgtte 10080
tgcgtggagg gcgacgccac cctgtggaag ggcagccagce agctgcaget gaagceccgge 10140
gagagcgcect tcatcgeccge caacgagagce cccgtgacceg tgaagggcca cggecgectg 10200
gccegegtgt acaacaagct gtgataggag ctcgatccgt cgacctgcag atcgttcaaa 10260
catttggcaa taaagtttct taagattgaa tcctgttgce ggtcttgcga tgattatcat 10320
ataatttctg ttgaattacg ttaagcatgt aataattaac atgtaatgca tgacgttatt 10380
tatgagatgg gtttttatga ttagagtccc gcaattatac atttaatacg cgatagaaaa 10440
caaaatatag cgcgcaaact aggataaatt atcgcgcgcg gtgtcatcta tgttactaga 10500
tcggecgegee gcaattgaag tttgggcgge cagcatggce gtatccgcaa tgtgttatta 10560
agttgtctaa gcgtcaattt gtttacacca caatatatcc tgccaccagce cagccaacag 10620
ctcceccgace ggcagctegg cacaaaatca ccactcgata caggcagccce atcagaatta 10680
attctcatgt ttgacagctt atcatcgact gcacggtgca ccaatgcttc tggcgtcagg 10740
cagccatcgg aagctgtggt atggcetgtge aggtcgtaaa tcactgcata attcgtgtceg 10800

ctcaaggcgce actcccgtte tggataatgt tttttgcgce gacatcataa cggttetgge 10860
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aaatattctg aaatgagctg ttgacaatta atcatccgge tcgtataatg tgtggaattg 10920
tgagcggata acaatttcac acaggaaaca gaccatgagg gaagcgttga tcgccgaagt 10980
atcgactcaa ctatcagagg tagttggcgt catcgagcge catctcgaac cgacgttget 11040
ggccgtacat ttgtacggct ccgcagtgga tggcggcctg aagccacaca gtgatattga 11100
tttgctggtt acggtgaccg taaggcttga tgaaacaacg cggcgagctt tgatcaacga 11160
ccttttggaa acttcggett cccctggaga gagcgagatt ctececgegcetg tagaagtcac 11220
cattgttgtg cacgacgaca tcattccgtg gcgttatcca gctaagcecgeg aactgcaatt 11280
tggagaatgg cagcgcaatg acattcttgc aggtatcttce gagccagcca cgatcgacat 11340
tgatctggct atcttgctga caaaagcaag agaacatagce gttgccttgg taggtccage 11400
ggcggaggaa ctctttgatce cggttcecctga acaggatcta tttgaggcgc taaatgaaac 11460
cttaacgcta tggaactcgce cgcccgactg ggctggcgat gagcgaaatg tagtgettac 11520
gttgtccege atttggtaca gcgcagtaac cggcaaaatc gcgccgaagg atgtecgetge 11580
cgactgggca atggagcgcc tgccggccca gtatcagcce gtcatacttg aagctaggca 11640
ggcttatctt ggacaagaag atcgcttgge ctcgecgcgca gatcagttgg aagaatttgt 11700
tcactacgtg aaaggcgaga tcaccaaagt agtcggcaaa taaagctcta gtggatctcce 11760
gtacccgggg atctggcectceg cggcggacgce acgacgccgg ggcgagacca taggcgatct 11820
cctaaatcaa tagtagctgt aacctcgaag cgtttcactt gtaacaacga ttgagaattt 11880
ttgtcataaa attgaaatac ttggttcgca tttttgtcat ccgcggtcag ccgcaattcet 11940
gacgaactgc ccatttagct ggagatgatt gtacatcctt cacgtgaaaa tttctcaage 12000
gctgtgaaca agggttcaga ttttagattg aaaggtgagc cgttgaaaca cgttcecttett 12060
gtcgatgacg acgtcgctat gcggcatctt attattgaat accttacgat ccacgecctte 12120
aaagtgaccg cggtagccga cagcacccag ttcacaagag tactctctte cgcgacggte 12180
gatgtcgtgg ttgttgatct agatttaggt cgtgaagatg ggctcgagct aggagcaagt 12240
gattttatcg ctaagccgtt cagtatcaga gagtttctag cacgcattcg ggttgecttg 12300
cgegtgegece ccaacgttgt ccgctcecaaa gaccgacggt ctttttgttt tactgactgg 12360
acacttaatc tcaggcaacg tcgcttgatg tccgaagetg gecggtgaggt gaaacttacg 12420
gcaggtgagt tcaatcttct cctegegttt ttagagaaac cccgcgacgt tctatcgege 12480
gagcaacttc tcattgccag tcgagtacgce gacgaggagg tttatgacag gagtatagat 12540
gttctcattt tgaggctgcg ccgcaaactt gaggcagatc cgtcaagceccc tcaactgata 12600
aaaacagcaa gaggtgccgg ttatttecttt gacgcggacg tgcaggtttc gcacgggggg 12660
acgatggcag cctgagccaa ttcccagatc cccgaggaat cggcecgtgage ggtcgcaaac 12720
catccggeccce ggtacaaatc ggcgceggcege tgggtgatga cctggtggag aagttgaagg 12780
ccgcgcecaggce cgcccagegg caacgcatceg aggcagaagce acgccccggt gaatcecgtgge 12840
aagcggcecgce tgatcgaatc cgcaaagaat cccggcaacce gccggcagece ggtgegecgt 12900
cgattaggaa gccgcccaag ggcgacgagce aaccagattt tttegttceccg atgctectatg 12960
acgtgggcac ccgcgatagt cgcagcatca tggacgtgge cgttttcegt ctgtcgaage 13020
gtgaccgacg agctggcgag gtgatccget acgagcecttec agacgggcac gtagaggttt 13080

ccgcagggcece ggccggcatg gecagtgtgt gggattacga cctggtactg atggeggttt 13140
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cccatctaac cgaatccatg aaccgatacc gggaagggaa gggagacaag cccggcecgeg 13200
tgttcegtee acacgttgeg gacgtactca agttctgecg gcgagceccgat ggcggaaage 13260
agaaagacga cctggtagaa acctgcattc ggttaaacac cacgcacgtt gccatgcage 13320
gtacgaagaa ggccaagaac ggccgcctgg tgacggtatce cgagggtgaa gccttgatta 13380
gccgctacaa gatcgtaaag agcgaaaccg ggcggcecgga gtacatcgag atcgagctag 13440
ctgattggat gtaccgcgag atcacagaag gcaagaaccce ggacgtgctg acggttcacce 13500
ccgattactt tttgatcgat cccggcatcg gccgttttet ctaccgectg gcacgecgeg 13560
ccgcaggcaa ggcagaagcec agatggttgt tcaagacgat ctacgaacgce agtggcagceg 13620
ccggagagtt caagaagttc tgtttcaccg tgcgcaagct gatcgggtca aatgacctge 13680
cggagtacga tttgaaggag gaggcggggc aggctggccce gatcctagtce atgcgctacce 13740
gcaacctgat cgagggcgaa gcatccgceg gttcectaatg tacggagcag atgctaggge 13800
aaattgccct agcaggggaa aaaggtcgaa aaggtctcett tcecctgtggat agcacgtaca 13860
ttgggaaccc aaagccgtac attgggaacc ggaacccgta cattgggaac ccaaagccgt 13920
acattgggaa ccggtcacac atgtaagtga ctgatataaa agagaaaaaa ggcgattttt 13980
ccgcctaaaa ctctttaaaa cttattaaaa ctcttaaaac ccgectggece tgtgcataac 14040
tgtctggcca gecgcacagee gaagagctgce aaaaagcgcce tacccttegg tegctgeget 14100
ccectacgece cgcecgcectteg cgtecggecta tcecgeggecge tggcecgctca aaaatggctg 14160
gcctacggece aggcaatcta ccagggcegceg gacaagccgce gccgtcegeca ctcecgaccgee 14220
ggcgctgagg tcectgectegt gaagaaggtg ttgctgacte ataccaggcc tgaatcgcecce 14280
catcatccag ccagaaagtg agggagccac ggttgatgag agctttgttg taggtggacce 14340
agttggtgat tttgaacttt tgctttgcca cggaacggtce tgcgttgtcg ggaagatgceg 14400
tgatctgatc cttcaactca gcaaaagttc gatttattca acaaagccgce cgtcccegtca 14460
agtcagcgta atgctctgcec agtgttacaa ccaattaacc aattctgatt agaaaaactc 14520
atcgagcatc aaatgaaact gcaatttatt catatcagga ttatcaatac catatttttg 14580
aaaaagccgt ttctgtaatg aaggagaaaa ctcaccgagg cagttccata ggatggcaag 14640
atcctggtat cggtctgcga ttccgactceg tccaacatca atacaaccta ttaatttcce 14700
ctcgtcaaaa ataaggttat caagtgagaa atcaccatga gtgacgactg aatccggtga 14760
gaatggcaaa agctctgcat taatgaatcg gccaacgcgce ggggagaggce ggtttgcegta 14820
ttgggcgete ttceccegecttece tegctcactg actegcectgeg cteggtegtt cggctgegge 14880
gagcggtatc agctcactca aaggcggtaa tacggttatc cacagaatca ggggataacg 14940
caggaaagaa catgtgagca aaaggccagc aaaaggccag gaaccgtaaa aaggccgcgt 15000
tgctggegtt tttccatagg ctceccgeccee ctgacgagca tcacaaaaat cgacgctcaa 15060
gtcagaggtyg gcgaaacccg acaggactat aaagatacca ggcgtttccce cctggaaget 15120
ccetegtgeg ctetectgtt ccgaccectge cgcttaccgg atacctgtece gectttetee 15180
cttcgggaag cgtggcgett tetcataget cacgctgtag gtatctcagt tecggtgtagg 15240
tcgttegete caagetggge tgtgtgcacg aaccccecegt tcagecccgac cgctgegect 15300
tatccggtaa ctatcgtcett gagtccaacc cggtaagaca cgacttatcg ccactggcag 15360

cagccactgg taacaggatt agcagagcga ggtatgtagg cggtgctaca gagttcecttga 15420
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agtggtggcce taactacggc tacactagaa gaacagtatt tggtatctgce gctctgctga 15480
agccagttac cttcggaaaa agagttggta gctcttgatce cggcaaacaa accaccgctg 15540
gtagcggtgg tttttttgtt tgcaagcagc agattacgcg cagaaaaaaa ggatctcaag 15600
aagatccttt gatcttttet acggggtctg acgctcagtyg gaacgaaaac tcacgttaag 15660
ggattttggt catgagatta tcaaaaagga tcttcaccta gatccttttg atccggaatt 15720

a 15721

<210> SEQ ID NO 25

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: for editing VLHP1 in wheat

<400> SEQUENCE: 25

gacgagcagg cgcagttcc 19

<210> SEQ ID NO 26

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Triticum aestivum

<400> SEQUENCE: 26

gctggagetyg agetteceggg 20

<210> SEQ ID NO 27

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Triticum aestivum

<400> SEQUENCE: 27

tctggagetg agcettceccecggyg 20

<210> SEQ ID NO 28

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 28

aggcgtcegag cagcgaggtg 20

<210> SEQ ID NO 29

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: edited ZmVLHP-03 portion

<400> SEQUENCE: 29

aggcgttgag cagcgaggtg 20

<210> SEQ ID NO 30

<211> LENGTH: 75

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: repair donor template for creating E149L
mutation in ZmPYL-D

<400> SEQUENCE: 30
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ccttggtgtt geegtegggg acgtcgacga cgaatgacag gatgacgage gtcecctggece

ggcegtegat gacct

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

SEQ ID NO 31
LENGTH: 15722

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: vector 23136
FEATURE:

NAME/KEY: misc_feature
LOCATION: (4)..(259)

OTHER INFORMATION: bNRB-05
FEATURE:

NAME/KEY: promoter

LOCATION: (304)..(2100)

OTHER INFORMATION: prSoUbi4-04
FEATURE:

NAME/KEY: gene

LOCATION: (2117)..(6286)
OTHER INFORMATION: cCas9-01
FEATURE:

NAME/KEY: mutation

LOCATION: (5606)..(5608)
OTHER INFORMATION: L to V mutation
FEATURE:

NAME/KEY: mutation

LOCATION: (5651)..(5653)
OTHER INFORMATION: I to V mutation
FEATURE:

NAME/KEY: terminator
LOCATION: (6292)..(6544)
OTHER INFORMATION: tNOS-05-01
FEATURE:

NAME/KEY: promoter

LOCATION: (6551)..(6925

OTHER INFORMATION: prOsU3-01
FEATURE:

NAME/KEY: misc_feature
LOCATION: (6927)..(6946)
OTHER INFORMATION: xZmPYL-D
FEATURE:

NAME/KEY: misc_feature
LOCATION: (6927)..(7031)
OTHER INFORMATION: rsgRBAZmPYLd-02
FEATURE:

NAME/KEY: promoter

LOCATION: (7042)..(9033)
OTHER INFORMATION: prUbil-o04
FEATURE:

NAME/KEY: gene

LOCATION: (9050)..(10228)
OTHER INFORMATION: cPMI-09
FEATURE:

NAME/KEY: terminator
LOCATION: (10251)..(10503)
OTHER INFORMATION: tNOS-05-01
FEATURE:

NAME/KEY: misc_feature
LOCATION: (10547)..(10676)
OTHER INFORMATION: bNLB-03
FEATURE:

NAME/KEY: gene

LOCATION: (10956) ..(11744)
OTHER INFORMATION: cSpec-03
FEATURE:

NAME/KEY: promoter

LOCATION: (11839)..(11969)
OTHER INFORMATION: prVirG-01
FEATURE:

NAME/KEY: gene

LOCATION: (12706) ..(13779)

OTHER INFORMATION: CcRepA-01

60

75
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<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (13822)..(14226)

<223> OTHER INFORMATION: oVS1l-02

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (14904)..(15710)

<223> OTHER INFORMATION: oCOLE-06

<400> SEQUENCE: 31

attcctgtgg ttggcatgca catacaaatg gacgaacgga taaacctttt cacgcccttt
taaatatccg attattctaa taaacgctct tttctcttag gtttacccge caatatatcc
tgtcaaacac tgatagttta aactgaaggc gggaaacgac aatctgatca tgagcggaga
attaagggag tcacgttatg acccccgecg atgacgcggg acaagccgtt ttacgtttgg
aactgacaga accgcaacgc tgcaggaatt ggccgcageg gccatttaaa caaagcttgg
taccattatg tggtctaggt aggttctata tataagaaaa cttgaaatgt tctaaaaaaa
aattcaagcc catgcatgat tgaagcaaac ggtatagcaa cggtgttaac ctgatctagt
gatctcttge aatccttaac ggccacctac cgcaggtage aaacggcgtc cccctecteg
atatctcege ggcgacctet ggetttttece geggaattge goggtgggga cggattccac
gagaccgcga cgcaaccgcce tctegecget gggccccaca ccgoteggtyg ccegtagecte
acgggactct ttctccctec toccccgtta taaattgget tcatccccte cttgectceat
ccatccaaat cccagtcccc aatcccatcc cttcegtagga gaaattcatc gaagctaagce
gaatcctcge gatcctctca aggtactgceg agttttcgat ccccctcteg acccctcgta
tgtttgtgtt tgtcgtageg tttgattagg tatgctttec ctgtttgtgt tcgtcegtage
gtttgattag gtatgctttc cctgttcgtg ttcatcgtag tgtttgatta ggtcgtgtga
ggcgatggece tgctegegte cttegatctg tagtegattt gogggtegtyg gtgtagatct
gcgggetgtg atgaagttat ttggtgtgat ctgctcegect gattcetgegg gttggetcga
gtagatatga tggttggacc ggttggttcg tttaccgcge tagggttggg ctgggatgat
gttgcatgcg ccgttgcgeg tgatcccgca gcaggacttg cgtttgattyg ccagatcteg
ttacgattat gtgatttggt ttggactttt tagatctgta gcttctgctt atgtgccaga
tgcgcctact gotcatatge ctgatgataa tcataaatgg ctgtggaact aactagttga
ttgcggagtc atgtatcagc tacaggtgta gggactaget acaggtgtag ggacttgegt
ctaattgttt ggtcctttac tcatgttgea attatgcaat ttagtttaga ttgtttgtte
cactcatcta ggctgtaaaa gggacactgc ttagattgct gtttaatctt tttagtagat
tatattatat tggtaactta ttacccctat tacatgccat acgtgacttc tgctcatgec
tgatgataat catagatcac tgtggaatta attagttgat tgttgaatca tgtttcatgt
acataccacg gcacaattgc ttagttcctt aacaaatgca aattttactg atccatgtat
gatttgcgtg gttctctaat gtgaaatact atagctactt gttagtaaga atcaggttcg
tatgcttaat gctgtatgtg ccttctgctc atgcctgatg ataatcatat atcactggaa
ttaattagtt gatcgtttaa tcatatatca agtacatacc atgccacaat ttttagtcac
ttaacccatg cagattgaac tggtccctgc atgttttget aaattgttct attctgatta

gaccatatat catgtatttt tttttggtaa tggttctctt attttaaatg ctatatagtt

ctggtacttyg ttagaaagat ctgcttcata gtttagttge ctatcecteg aattaggatg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980
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ctgagcagct gatcctatag ctttgtttca tgtatcaatt cttttgtgtt caacagtcag 2040
tttttgttag attcattgta acttatggtc gcttactcectt ctggtcctca atgcttgcag 2100
gatcgeggee gctcatatgg acaagaagta cagcatcgge ctggacatcg gcaccaacag 2160
cgtgggcetgg gecgtgatca ccgacgagta caaggtgcecg agcaagaagt tcaaggtgcet 2220
gggcaacacc gacaggcaca gcatcaagaa gaacctgatc ggcgccctge tgttcgacag 2280
cggcgagace gccgaggceca ccaggctgaa gaggaccgece aggaggaggt acaccaggag 2340
gaagaacagyg atctgctacc tgcaggagat cttcagcaac gagatggcca aggtggacga 2400
cagcttette cacaggetgg aggagagett cetggtggag gaggacaaga agcacgagag 2460
gcacccgate tteggcaaca tcgtggacga ggtggectac cacgagaagt acccgaccat 2520
ctaccacctyg aggaagaagc tggtggacag caccgacaag gccgacctga ggctgatcta 2580
cctggeectg geccacatga tcaagttcag gggccactte ctgatcgagg gcegacctgaa 2640
cceggacaac agcgacgtgg acaagetgtt catccagetyg gtgcagacct acaaccagcet 2700
gttegaggayg aacccgatca acgccagegg cgtggacgec aaggccatcc tgagegcecag 2760
gctgagcaag agcaggaggce tggagaacct gatcgeccag ctgccgggeg agaagaagaa 2820
cggcctgtte ggcaacctga tcegccectgag cctgggectg accccgaact tcaagagcaa 2880
cttecgacctyg gcecgaggacg ccaagctgca getgagcaag gacacctacyg acgacgacct 2940
ggacaacctyg ctggcccaga tcggcgacca gtacgecgac ctgttectgg cegecaagaa 3000
cctgagegac gccatectge tgagcgacat cctgagggtyg aacaccgaga tcaccaaggce 3060
ccegetgage gcecagcatga tcaagaggta cgacgagcac caccaggacce tgaccctget 3120
gaaggccectyg gtgaggcage agctgecgga gaagtacaag gagatcttet tcegaccagag 3180
caagaacggc tacgccggcet acatcgacgg cggegcecage caggaggagt tctacaagtt 3240
catcaagceg atcctggaga agatggacgg caccgaggag ctgctggtga agctgaacag 3300
ggaggacctyg ctgaggaagce agaggacctt cgacaacggce agcatcccge accagatcca 3360
cctgggegag ctgcacgcca tectgaggag gcaggaggac ttctacccecgt tectgaagga 3420
caacagggag aagatcgaga agatcctgac cttceccgcatc ccgtactacg tgggcccgcet 3480
ggccagggge aacagcaggt tcgectggat gaccaggaag agcgaggaga ccatcacccece 3540
gtggaacttc gaggaggtgg tggacaaggg cgccagegec cagagcttca tcgagaggat 3600
gaccaacttc gacaagaacc tgccgaacga gaaggtgctg ccgaagcaca gectgctgta 3660
cgagtacttc accgtgtaca acgagctgac caaggtgaag tacgtgaccg agggcatgag 3720
gaagccggee ttectgageg gcgagcagaa gaaggccatce gtggacctge tgttcaagac 3780
caacaggaag gtgaccgtga agcagctgaa ggaggactac ttcaagaaga tcgagtgcett 3840
cgacagcegtyg gagatcagceg gecgtggagga caggttcaac gcecagectgyg gcacctacca 3900
cgacctgetyg aagatcatca aggacaagga cttectggac aacgaggaga acgaggacat 3960
cctggaggac atcgtgctga ccecctgaccct gttcgaggac agggagatga tcgaggagag 4020
gctgaagace tacgcccace tgttcgacga caaggtgatg aagcagctga agaggaggag 4080
gtacaccgge tggggcagge tgagcaggaa gctgatcaac ggcatcaggg acaagcagag 4140
cggcaagacc atcctggact tcecctgaagag cgacggcttc gccaacagga acttcatgca 4200

getgatccac gacgacagec tgaccttcaa ggaggacatce cagaaggecce aggtgagegg 4260
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ccagggcgac agcctgcacg agcacatcge caacctggec ggcagcccegyg ccatcaagaa 4320
gggcatcctyg cagaccgtga aggtggtgga cgagetggtg aaggtgatgg gcaggcacaa 4380
geecggagaac atcgtgatcg agatggccag ggagaaccag accacccaga agggccagaa 4440
gaacagcagyg gagaggatga agaggatcga ggagggcatc aaggagctgg gcagccagat 4500
cctgaaggag cacceggtgg agaacaccca getgcagaac gagaagcetgt acctgtacta 4560
cctgcagaac ggcagggaca tgtacgtgga ccaggagetyg gacatcaaca ggctgagcga 4620
ctacgacgtg gaccacatcg tgccgcagag cttectgaag gacgacagca tcgacaacaa 4680
ggtgctgace aggagcgaca agaacagggg caagagcgac aacgtgccga gcgaggaggt 4740
ggtgaagaag atgaaaaact actggaggca gctgctgaac gccaagctga tcacccagag 4800
gaagttcgac aacctgacca aggccgagag gggceggectg agegagetgg acaaggccgyg 4860
cttcattaaa aggcagctgg tggagaccag gcagatcacc aagcacgtgg cccagatcct 4920
ggacagcagyg atgaacacca agtacgacga gaacgacaag ctgatcaggg aggtgaaggt 4980
gatcaccctg aagagcaagce tggtgagcga cttcaggaag gacttccagt tctacaaggt 5040
gagggagatc aataattacc accacgccca cgacgcectac ctgaacgecg tggtgggeac 5100
cgccctgatt aaaaagtacc cgaagctgga gagcgagttc gtgtacggceg actacaaggt 5160
gtacgacgtyg aggaagatga tcgccaagag cgagcaggag atcggcaagg ccaccgccaa 5220
gtacttctte tacagcaaca tcatgaactt cttcaagacc gagatcaccc tggccaacgg 5280
cgagatcagg aagaggccgce tgatcgagac caacggcgag accggcgaga tcegtgtggga 5340
caagggcagg gacttcgcca ccgtgaggaa ggtgctgtcecce atgccgcagg tgaacatcgt 5400
gaagaagacc gaggtgcaga ccggeggett cagcaaggag agcatcctgce cgaagaggaa 5460
cagcgacaag ctgatcgcca ggaagaagga ctgggacceg aagaagtacyg gcggettcga 5520
cagcecgace gtggectaca gegtgetggt ggtggccaag gtggagaagyg gcaagagcaa 5580
gaagctgaayg agcgtgaagg agctggtggg catcaccatce atggagagga gcagettcega 5640
gaagaaccca gtggacttce tggaggccaa gggctacaag gaggtgaaga aggacctgat 5700
cattaaactg ccgaagtaca gcctgttcga gctggagaac ggcaggaaga ggatgctggce 5760
cagcgecgge gagcetgcaga agggcaacga getggcecctyg ccegagcaagt acgtgaactt 5820
cctgtacctyg gccagecact acgagaagcet gaagggcage ccggaggaca acgagcagaa 5880
gecagetgtte gtggagcage acaagcacta cctggacgag atcatcgagce agatcagcega 5940
gttcagcaag agggtgatce tggecgacgce caacctggac aaggtgctga gegectacaa 6000
caagcacagg gacaagccga tcagggagca ggccgagaac atcatccacce tgttcaccct 6060
gaccaacctyg ggegecccegg ccgecttcaa gtacttegac accaccatcg acaggaagag 6120
gtacaccage accaaggagg tgctggacgce caccctgatce caccagagca tcaccggect 6180
gtacgagacc aggatcgacc tgagccagcet gggceggegac agcagceccgce cgaagaagaa 6240
gaggaaggtg agctggaagg acgccagcgg ctggagcagg atgtgaagct tgatcgttca 6300
aacatttggc aataaagttt cttaagattg aatcctgttg ccggtcttgce gatgattatce 6360
atataatttc tgttgaatta cgttaagcat gtaataatta acatgtaatg catgacgtta 6420
tttatgagat gggtttttat gattagagtc ccgcaattat acatttaata cgcgatagaa 6480

aacaaaatat agcgcgcaaa ctaggataaa ttatcgcgcg cggtgtcatc tatgttacta 6540
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gatcttcgaa gggatcttta aacatacgaa cagatcactt aaagttcttc tgaagcaact 6600
taaagttatc aggcatgcat ggatcttgga ggaatcagat gtgcagtcag ggaccatagc 6660
acaggacagg cgtcttctac tggtgctacc agcaaatgct ggaagccggg aacactgggt 6720
acgttggaaa ccacgtgatg tggagtaaga taaactgtag gagaaaagca tttcgtagtg 6780
ggccatgaag cctttcagga catgtattgce agtatgggec ggcccattac gcaattggac 6840
gacaacaaag actagtatta gtaccacctc ggctatccac atagatcaaa gctggtttaa 6900
aagagttgtg cagatgatcc gtggcagtcg gggacgtcga cgacgagttt tagagctaga 6960
aatagcaagt taaaataagg ctagtccgtt atcaacttga aaaagtggca ccgagtcggt 7020
gctttttttt teggaccgceg cctgcagtge agecgtgaccee ggtcecgtgecce ctcectcectagag 7080
ataatgagca ttgcatgtct aagttataaa aaattaccac atattttttt tgtcacactt 7140
gtttgaagtyg cagtttatct atctttatac atatatttaa actttactct acgaataata 7200
taatctatag tactacaata atatcagtgt tttagagaat catataaatg aacagttaga 7260
catggtctaa aggacaattg agtattttga caacaggact ctacagtttt atctttttag 7320
tgtgcatgtg ttctecctttt tttttgcaaa tagcttcacc tatataatac ttcatccatt 7380
ttattagtac atccatttag ggtttagggt taatggtttt tatagactaa tttttttagt 7440
acatctattt tattctattt tagcctctaa attaagaaaa ctaaaactct attttagttt 7500
ttttatttaa taatttagat ataaaataga ataaaataaa gtgactaaaa attaaacaaa 7560
taccctttaa gaaattaaaa aaactaagga aacatttttc ttgtttcgag tagataatgc 7620
cagcctgtta aacgecgtceg acgagtctaa cggacaccaa ccagcgaacce agcagegtceg 7680
cgtcgggcca agcgaagcag acggcacggce atctcectgteg ctgcectcectgg acccecteteg 7740
agagttccge tccaccgttg gacttgctcee gctgtcecggca tccagaaatt gegtggcgga 7800
geggcagacy tgagccggca cggcaggegg cctectecte ctetcacgge accggcaget 7860
acgggggatt cctttcccac cgctectteg ctttecectte ctecgeccgee gtaataaata 7920
gacacccecet ccacacccte tttecccaac ctegtgttgt teggagcgca cacacacaca 7980
accagatctc ccccaaatcc acccgtegge acctecgett caaggtacge cgctegtect 8040
ccecececce cectetcectace ttetctagat cggegttecg gtceccatggtt agggceccggt 8100
agttctactt ctgttcatgt ttgtgttaga tccgtgtttg tgttagatcce gtgctgctag 8160
cgttcgtaca cggatgcgac ctgtacgtca gacacgttct gattgctaac ttgccagtgt 8220
ttetetttgg ggaatcctgg gatggctcta gcecegttecge agacgggatce gatttcatga 8280
ttttttttgt ttcgttgcat agggtttggt ttgccctttt cctttattte aatatatgcec 8340
gtgcacttgt ttgtcgggtc atcttttcat getttttttt gtettggttg tgatgatgtyg 8400
gtctggttgg geggtegtte tagatcggag tagaattctg tttcaaacta cctggtggat 8460
ttattaattt tggatctgta tgtgtgtgcc atacatattc atagttacga attgaagatg 8520
atggatggaa atatcgatct aggataggta tacatgttga tgcgggtttt actgatgcat 8580
atacagagat gctttttgtt cgecttggttg tgatgatgtg gtgtggttgg geggtcegtte 8640
attcgttecta gatcggagta gaatactgtt tcaaactacc tggtgtattt attaattttg 8700
gaactgtatg tgtgtgtcat acatcttcat agttacgagt ttaagatgga tggaaatatc 8760

gatctaggat aggtatacat gttgatgtgg gttttactga tgcatataca tgatggcata 8820
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tgcagcatct attcatatgc tctaaccttg agtacctatc tattataata aacaagtatg 8880
ttttataatt attttgatct tgatatactt ggatgatggc atatgcagca gctatatgtg 8940
gattttttta gccctgectt catacgctat ttatttgctt ggtactgttt cttttgtcega 9000
tgctcaccct gttgtttggt gttacttctg cagggatccg gcagcagcca tgcagaagct 9060
gatcaacagce gtgcagaact acgcctgggg cagcaagacce gecctgaccg agetgtacgg 9120
catggagaac cccagcagcc agcccatgge cgagetgtgg atgggcegecce accccaagag 9180
cagcagccge gtgcagaacg ccgccggega catcgtgage ctgegcegacyg tgatcgagag 9240
cgacaagagce accctgetgg gegaggecgt ggecaagege tteggcegage tgcecttect 9300
gttcaaggtyg ctgtgcgceeg cccageccct gagcatccag gtgcacccca acaagcacaa 9360
cagcgagate ggcttegeca aggagaacgce cgecggcate cccatggacyg ccgecgageg 9420
caactacaag gaccccaacc acaagcccga getggtgtte gecctgaccee ccttectgge 9480
catgaacgcce ttccgcgagt tcagcgagat cgtgagectg ctgcagcecceg tggceccggegce 9540
ccaccecgee atcgeccact tcectgecagea geccgacgece gagegectga gcegagetgtt 9600
cgcecagectyg ctgaacatge agggcgagga gaagagccge gcecctggeca tcectgaagag 9660
cgecctggac agccagcagg gcgagecctg geagaccate cgectgatca gcgagttcta 9720
ccecgaggac ageggectgt tcagceccect getgetgaac gtggtgaage tgaaccccgg 9780
cgaggccatg ttcctgtteg ccgagaccce ccacgcectac ctgcagggceg tggccctgga 9840
ggtgatggcece aacagcgaca acgtgctgeg cgccggectg acccccaagt acatcgacat 9900
ccecgagetyg gtggecaacg tgaagttcga ggccaagecce gcecaaccage tgctgaccca 9960
gccegtgaag cagggcgcecg agctggactt ccccatccee gtggacgact tcgecttcag 10020
cctgcacgac ctgagcgaca aggagaccac catcagccag cagagcgccg ccatcetgtt 10080
ctgcgtggag ggcgacgcca ccctgtggaa gggcagccag cagctgcage tgaageccgg 10140
cgagagcgcece ttcatcgeceg ccaacgagag ccccgtgace gtgaagggcece acggecgect 10200
ggccegegtyg tacaacaagce tgtgatagga gctcgatceg tcgacctgca gatcegttcaa 10260
acatttggca ataaagtttc ttaagattga atcctgttge cggtcttgcg atgattatca 10320
tataatttct gttgaattac gttaagcatg taataattaa catgtaatgc atgacgttat 10380
ttatgagatg ggtttttatg attagagtcc cgcaattata catttaatac gcgatagaaa 10440
acaaaatata gcgcgcaaac taggataaat tatcgcgcge ggtgtcatct atgttactag 10500
atcggegege cgcaattgaa gtttgggcgg ccagcatgge cgtatccgca atgtgttatt 10560
aagttgtcta agcgtcaatt tgtttacacc acaatatatc ctgccaccag ccagccaaca 10620
gctececcgac cggcagctcecg gcacaaaatc accactcgat acaggcagcc catcagaatt 10680
aattctcatg tttgacagct tatcatcgac tgcacggtgce accaatgctt ctggcecgtcag 10740
gcagccatceg gaagctgtgg tatggctgtg caggtcgtaa atcactgcat aattegtgte 10800
gctcaaggeg cactccegtt ctggataatg ttttttgcge cgacatcata acggttctgg 10860
caaatattct gaaatgagct gttgacaatt aatcatccgg ctcgtataat gtgtggaatt 10920
gtgagcggat aacaatttca cacaggaaac agaccatgag ggaagcgttg atcgccgaag 10980
tatcgactca actatcagag gtagttggcg tcatcgagcg ccatctcgaa ccgacgttge 11040

tggccgtaca tttgtacgge tccgcagtgg atggcggect gaagccacac agtgatattg 11100
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atttgctggt tacggtgacc gtaaggcttg atgaaacaac gcggcgagct ttgatcaacg 11160
accttttgga aacttcggcect tecccecctggag agagcgagat tcectcecgeget gtagaagtca 11220
ccattgttgt gcacgacgac atcattccgt ggcgttatce agctaagcgce gaactgcaat 11280
ttggagaatg gcagcgcaat gacattcttg caggtatctt cgagccagcc acgatcgaca 11340
ttgatctgge tatcttgctyg acaaaagcaa gagaacatag cgttgeccttg gtaggtccag 11400
cggcggagga actctttgat ccggttecctg aacaggatct atttgaggcg ctaaatgaaa 11460
ccttaacgct atggaactcecg ccgcccgact gggctggcga tgagcgaaat gtagtgetta 11520
cgttgteceg catttggtac agcgcagtaa ccggcaaaat cgcgccgaag gatgtegetg 11580
ccgactgggce aatggagcgce ctgccggcecce agtatcagece cgtcatactt gaagctagge 11640
aggcttatct tggacaagaa gatcgcttgg cctegcgege agatcagttg gaagaatttg 11700
ttcactacgt gaaaggcgag atcaccaaag tagtcggcaa ataaagctct agtggatctce 11760
cgtacceggg gatctggete geggceggacyg cacgacgcecg gggcgagacce ataggcgatce 11820
tcctaaatca atagtagcetg taacctcgaa gcgtttcact tgtaacaacg attgagaatt 11880
tttgtcataa aattgaaata cttggttcgc atttttgtca tccgecggtca gecgcaatte 11940
tgacgaactg cccatttagce tggagatgat tgtacatcct tcacgtgaaa atttctcaag 12000
cgctgtgaac aagggttcag attttagatt gaaaggtgag ccgttgaaac acgttettcet 12060
tgtcgatgac gacgtcgcta tgcggcatct tattattgaa taccttacga tccacgectt 12120
caaagtgacc gcggtagccg acagcaccca gttcacaaga gtactctcett ccgcgacggt 12180
cgatgtegtg gttgttgatc tagatttagg tcgtgaagat gggctcgage taggagcaag 12240
tgattttatc gctaagcegt tcagtatcag agagtttcta gcacgcattc gggttgectt 12300
gcgegtgege cccaacgttg tceccegcectcecaa agaccgacgg tcetttttgtt ttactgactg 12360
gacacttaat ctcaggcaac gtcgcttgat gtccgaaget ggcggtgagg tgaaacttac 12420
ggcaggtgag ttcaatctte tcctegegtt tttagagaaa ccccgcgacg ttctatcgeg 12480
cgagcaactt ctcattgcca gtcgagtacg cgacgaggag gtttatgaca ggagtataga 12540
tgttctcecatt ttgaggctgc gccgcaaact tgaggcagat ccgtcaagcc ctcaactgat 12600
aaaaacagca agaggtgccg gttatttctt tgacgcggac gtgcaggttt cgcacggggg 12660
gacgatggca gcctgagcca attcccagat ccccgaggaa tceggcecgtgag cggtcgcaaa 12720
ccatccggece cggtacaaat cggcgceggceg ctgggtgatg acctggtgga gaagttgaag 12780
gccgegcagyg ccgceccagceg gcaacgcatce gaggcagaag cacgcecccegg tgaatcgtgg 12840
caagcggccg ctgatcgaat ccgcaaagaa tcccggcaac cgcecggcagce cggtgegeceg 12900
tcgattagga agccgcccaa gggcgacgag caaccagatt ttttegttcece gatgctctat 12960
gacgtgggca cccgcgatag tcgcagcatce atggacgtgg ccegtttteccg tctgtcgaag 13020
cgtgaccgac gagctggcga ggtgatccge tacgagctte cagacgggca cgtagaggtt 13080
tcegcaggge cggccggcat ggccagtgtg tgggattacg acctggtact gatggeggtt 13140
tceccatctaa ccgaatccat gaaccgatac cgggaaggga agggagacaa gcccggcecge 13200
gtgttcegte cacacgttge ggacgtactc aagttctgec ggcgagccga tggcggaaag 13260
cagaaagacg acctggtaga aacctgcatt cggttaaaca ccacgcacgt tgccatgcag 13320

cgtacgaaga aggccaagaa cggccgcectg gtgacggtat ccgagggtga agccttgatt 13380
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agccgctaca agatcgtaaa gagcgaaacc gggcggcecgg agtacatcga gatcgagcta 13440
gctgattgga tgtaccgcga gatcacagaa ggcaagaacc cggacgtgct gacggttcac 13500
ccegattact ttttgatcga teccggcatce ggcecgtttte tcectaccgect ggcacgccge 13560
gccgcaggca aggcagaagce cagatggttg ttcaagacga tctacgaacg cagtggcage 13620
gccggagagt tcaagaagtt ctgtttcacc gtgcgcaage tgatcgggtc aaatgacctg 13680
ccggagtacg atttgaagga ggaggcgggg caggctggce cgatcctagt catgegctac 13740
cgcaacctga tcgagggcga agcatccgcec ggttcecctaat gtacggagca gatgctaggg 13800
caaattgccce tagcagggga aaaaggtcga aaaggtctct ttectgtgga tagcacgtac 13860
attgggaacc caaagccgta cattgggaac cggaacccgt acattgggaa cccaaagccg 13920
tacattggga accggtcaca catgtaagtg actgatataa aagagaaaaa aggcgatttt 13980
tcecgectaaa actctttaaa acttattaaa actcttaaaa cccgectgge ctgtgcataa 14040
ctgtctggcece agcgcacagce cgaagagctg caaaaagcgce ctaccctteg gtegetgege 14100
tcectacgee cecgecgcette gegteggect atcgecggecg ctggccgctce aaaaatgget 14160
ggcctacgge caggcaatct accagggcgce ggacaagcceg cgccgtecgece actcgaccge 14220
cggcgcetgag gtctgcecteg tgaagaaggt gttgctgact cataccaggce ctgaatcgece 14280
ccatcatcca gccagaaagt gagggagcca cggttgatga gagcetttgtt gtaggtggac 14340
cagttggtga ttttgaactt ttgctttgcc acggaacggt ctgcgttgtc gggaagatgce 14400
gtgatctgat ccttcaactc agcaaaagtt cgatttattc aacaaagccg ccgtcccecgte 14460
aagtcagcgt aatgctctge cagtgttaca accaattaac caattctgat tagaaaaact 14520
catcgagcat caaatgaaac tgcaatttat tcatatcagg attatcaata ccatattttt 14580
gaaaaagccg tttcectgtaat gaaggagaaa actcaccgag gcagttccat aggatggcaa 14640
gatcctggta tcggtctgcg attccgactce gtccaacatc aatacaacct attaatttcce 14700
cctegtcaaa aataaggtta tcaagtgaga aatcaccatg agtgacgact gaatccggtg 14760
agaatggcaa aagctctgca ttaatgaatc ggccaacgcg cggggagagg cggtttgegt 14820
attgggecget cttceecgcette ctegetcact gactcecgetge gecteggtegt teggetgegg 14880
cgagcggtat cagctcactc aaaggcggta atacggttat ccacagaatc aggggataac 14940
gcaggaaaga acatgtgagc aaaaggccag caaaaggcca ggaaccgtaa aaaggccgcg 15000
ttgctggegt ttttccatag getceccgeccee cctgacgage atcacaaaaa tcgacgctca 15060
agtcagaggt ggcgaaaccc gacaggacta taaagatacc aggcgtttcce ccctggaage 15120
tcectegtge getctectgt tecgaccctg cecgecttaccg gatacctgte cgectttete 15180
ccttecgggaa gegtggceget ttcetcatage tcacgctgta ggtatctcag tteggtgtag 15240
gtcgtteget ccaagetggg ctgtgtgcac gaaccccceg ttcagcccga ccgetgegee 15300
ttatccggta actatcgtcet tgagtccaac ccggtaagac acgacttatc gccactggca 15360
gcagccactyg gtaacaggat tagcagagcg aggtatgtag gcggtgctac agagttcttg 15420
aagtggtggce ctaactacgg ctacactaga agaacagtat ttggtatctg cgctctgctg 15480
aagccagtta ccttcggaaa aagagttggt agctcttgat ccggcaaaca aaccaccget 15540
ggtagcggtyg gtttttttgt ttgcaagcag cagattacgc gcagaaaaaa aggatctcaa 15600

gaagatcctt tgatctttte tacggggtct gacgctcagt ggaacgaaaa ctcacgttaa 15660
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gggattttgg tcatgagatt atcaaaaagg atcttcacct agatcctttt gatccggaat 15720
ta 15722
<210> SEQ ID NO 32

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: encoding gRNA for vector 23136

<400> SEQUENCE: 32

gtcggggacyg tcgacgacga 20
<210> SEQ ID NO 33

<211> LENGTH: 1823

<212> TYPE: DNA

<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 33

acagtgacta gtgacaaacg atcgatcgat ccctccatee acaaacccte ctcgatctca 60

tcttectteg tetegtcaat ggeggegage tactegtgece ggeggacatg cgaggegtge 120

agcacgaggg cgatggcegg gtgegtggtg ggcgagecgg cgtcggegec ggggcagegyg 180

gtgacgttge tggcgatcga cggeggegge atcaggggece tcatcccggyg caccatecte 240
gecttecteg aggccagget gcaggagetyg gatggecceg acgegegect cgecgattac 300
ttcgactgca tcgecegggac cagcaccgge ggectcateca cegecatget cgecgegecce 360
ggcgaccacg gccgeceget cttegecgee agcegacatca accgettceta cctegacaac 420
ggcccactca tctteccaca aaagtaactyg atcacctcga attcgatcte ctetettega 480
tctetgecatt atttgatttg attggggatt gtgggeggeg tggegtggeg tcecaggaggt 540

geggcatgge ggeggccatg geggegetga cgaggccgag gtacaacgge aagtacctge 600

aggggaagat caggaagatg ctgggcgaga cgagggtgeg cgacacgetyg acgaacgtceg 660

tcatccccac gttcegacgte aggctgetee agecaaccat cttetecaca tacgacgtge 720
gtgcgttgat tccatcegeca ttggegttgyg aatcagetga ttgtttgatt gatcgaacaa 780
ttgatcggtt aaaattttge aggcgaagag catgecgetce aagaacgege tcectcetecga 840
catctgcate agcacatceg cggegecgac ctacctecee gegeactget tccagaccac 900
cgacgacgece accggcaagg tccgegagtt cgacctecate gacggeggeg tcegecgecaa 960

caacccggta actaatcaat caagcaatcc atcaaacgaa gatccacatg tgcattcctg 1020

tggtacaaat gctgatcgat cgatggatgg atcgattttc gcgagaacgt acagacgatg 1080

gtggccatga cgcagatcac caagaagata atggtgaagg acaaggagga gctgtacceg 1140

gtaaagccgt cggactgcgg taagttectg gtgctgtceceg tgggcaccgg gtcgacgteg 1200

gaccagggga tgtacacggc gaggcagtge tcgeggtggg ggatcgtecyg gtggetgege 1260

aacaagggga tggcgcccat catcgacatc ttcatggegg ccagctccga cctegtegac 1320

atccacgeceg cecgtcatgtt ccagtegetg cacagcgacg gcgactacct ccgcatccag 1380

gacaacacgce tccacggcga cgccgecacyg gtggacgeeg ccaccaggga caacatgegg 1440

gegetegteg ggateggega geggatgetyg gegcageggg tgtcegagggt caacgtegag 1500

accggcaggt acgtcgaggt geccggegee ggcagcaacg cegacgeget gaggggette 1560
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gecaggcage tctecgagga gaggagggceg aggctaggte ggcgaaacgce ctgeggegge 1620
ggcggcgaayg gagagcccag cggegtggeg tgcaagegtt agtaactgta cacgcatcat 1680
gctgacgega tettttttat ttttettttt ttttttttac ctttctageg gacatgggga 1740
ataacaagac gtgacagtag tgcaatcggt ttgtaacgtg cgtataccaa cattgatcca 1800

tttcttecate acagtttcag tte 1823

<210> SEQ ID NO 34

<211> LENGTH: 15921

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Vector 24038
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (4)..(259)

<223> OTHER INFORMATION: bNRB-05
<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (313)..(1149

<223> OTHER INFORMATION: prZmGRMZM5G876285-01
<220> FEATURE:

<221> NAME/KEY: gene

<222> LOCATION: (1152)..(5412)
<223> OTHER INFORMATION: cCas9-12
<220> FEATURE:

<221> NAME/KEY: terminator

<222> LOCATION: (5419)..(6736)
<223> OTHER INFORMATION: tZmGRMZM5G876285-01
<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (6750)..(7124)
<223> OTHER INFORMATION: prOsU3-01
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (7126)..(7145)
<223> OTHER INFORMATION: XZmVLHP2
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (7126)..(7230)
<223> OTHER INFORMATION: rsgRNAZmVLHP-02
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (7146)..(7157)
<223> OTHER INFORMATION: rCrRNA-01
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (7146)..(7230)
<223> OTHER INFORMATION: rsgRNAbase-01
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (7162)..(7230)
<223> OTHER INFORMATION: rTracrRNA-01
<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (7241)..(9232)
<223> OTHER INFORMATION: prUbi-04
<220> FEATURE:

<221> NAME/KEY: gene

<222> LOCATION: (9249)..(10427)
<223> OTHER INFORMATION: cPMI-09
<220> FEATURE:

<221> NAME/KEY: terminator

<222> LOCATION: (10450)..(10702)
<223> OTHER INFORMATION: tNOS-05-01
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (10746)..(10875)
<223> OTHER INFORMATION: bNLB-03
<220> FEATURE:

<221> NAME/KEY: gene
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<222> LOCATION: (11155)..(11943)

<223> OTHER INFORMATION: cSpec-03

<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (12038)..(12168)

<223> OTHER INFORMATION: prVirG-01

<220> FEATURE:

<221> NAME/KEY: gene

<222> LOCATION: (12243)..(12875)

<223> OTHER INFORMATION: cVirG-09

<220> FEATURE:

<221> NAME/KEY: gene

<222> LOCATION: (12905)..(13978)

<223> OTHER INFORMATION: cRepA-01

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (14021)..(14425)

<223> OTHER INFORMATION: oVAl-02

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (15103)..(15909)

<223> OTHER INFORMATION: oCOLE-06

<400> SEQUENCE: 34

attcctgtgg ttggcatgca catacaaatg gacgaacgga taaacctttt cacgcccttt
taaatatccg attattctaa taaacgctct tttctcttag gtttacccge caatatatcc
tgtcaaacac tgatagttta aactgaaggc gggaaacgac aatctgatca tgagcggaga
attaagggag tcacgttatg acccccgecg atgacgcggg acaagccgtt ttacgtttgg
aactgacaga accgcaacgc tgcaggaatt ggccgcageg gccatttaaa caaagcttgg
taccgggacc ctaagtaatc ttgtgctaca aatttatttt tcagacagaa aaatctattt
agctaactaa ttaatacaaa ttaataccaa gcaacgatag atgaacatct agttgtctaa
ttagctaact aattaataca aattaagtag aatccttacc gtggggagat ggggcgcgac
gaagtgeteg agettgggge geggegaceg gegacgtgaa gettggggge gegggggeey
gacggegety cgggeggeat ggegggegge tgegggegge ggegegggey caggaaacaa
acgacgggag tgggaggaag gagaaagcgg cgcgcocggtt tagtcctage tcggcegccaa
gatctgtgge gccgagctag gtgccacgat ggccgecgeg tcagcaaagce tcggegcecaa
ggcatgttge gccgagccogt gttagetcgg cgtcataget catggtgccg agttttgggt
ctaaaattgc gtttaagtat tctagggatc taaacgcaaa tatttttcga aaatagggec
gaaaaacaaa aaaaaatcgg tcgtttcgte gagcacatcg tccagectat cttgcatgtce
catcctcetet atggttcgeg ageccgcgege atggcogcetec aaaggagggg cgaggttgaa
tatagacaga tggaatgggt ggttctctat ttatagcgca tgcagtcgtce ccctggcaca
cctatttata tgtgagcgtt cctggcacta gagagatcga tcgatcgage ttaattgege
cactgctegt tatcctcecte ttgcattgeca ttgcaggteg tagttgagca gcagcaacca
ctgcacaggc catggacaag aagtacagca tcggcctgga catcggcacc aacagcgtgg
gctgggceogt gatcaccgac gagtacaagg tgataccaat ttgcatgatc cttgttcegtt
ctagctcttg catgccgatc agttgaatca cgeggtttec ttetgcgcat ttgcatccag
gtgccgagca agaagttcaa ggtgctggge aacaccgaca ggcacagcat caagaagaac
ctgatcggeg coctgetgtt cgacageggce gagaccgocg aggcecaccag gcotgaagagg

accgccagga ggaggtacac caggaggaag aacaggatcet getacctgca ggagatctte

agcaacgaga tggccaaggt ggacgacage ttettccaca ggetggagga gagettectg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560
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gtggaggagyg acaagaagca cgagaggcac ccgatctteg gcaacatcgt ggacgaggtg 1620
gectaccacyg agaagtacce gaccatctac cacctgagga agaagctggt ggacagcacce 1680
gacaaggccg acctgaggct gatctacctg geccctggceece acatgatcaa gttcaggggce 1740
cacttcctga tcgagggcga cctgaacccg gacaacagcg acgtggacaa gctgttcatce 1800
cagctggtge agacctacaa ccagctgttce gaggagaacce cgatcaacgce cagceggegtyg 1860
gacgccaagyg ccatcctgag cgccaggcetg agcaagagca ggaggctgga gaacctgatce 1920
geecagetyge cgggcgagaa gaagaacggce ctgtteggea acctgatcge cctgagectg 1980
ggectgacee cgaacttcaa gagcaacttc gacctggecg aggacgccaa gctgcagetg 2040
agcaaggaca cctacgacga cgacctggac aacctgctgg cccagatcegyg cgaccagtac 2100
gccgacctgt tectggecge caagaacctg agcgacgcca tectgctgag cgacatcectg 2160
agggtgaaca ccgagatcac caaggccceg ctgagcgeca gcatgatcaa gaggtacgac 2220
gagcaccacce aggacctgac cctgctgaag gecctggtga ggcagcaget gecggagaag 2280
tacaaggaga tcttcttcga ccagagcaag aacggctacyg ccggctacat cgacggegge 2340
gecagecagyg aggagttcta caagttcatc aagccgatce tggagaagat ggacggcacce 2400
gaggagctyge tggtgaagcet gaacagggag gacctgetga ggaagcagag gaccttcgac 2460
aacggcagca tcccgcacca gatccacctg ggcgagetge acgcecatcct gaggaggcag 2520
gaggacttct acccgttcecct gaaggacaac agggagaaga tcgagaagat cctgacctte 2580
cgcatccegt actacgtggg cccgcetggece aggggcaaca gcaggttege ctggatgace 2640
aggaagagcg aggagaccat cacccegtgg aacttcegagyg aggtggtgga caagggcgece 2700
agcgeccaga gcttcatcga gaggatgacce aacttcgaca agaacctgec gaacgagaag 2760
gtgctgcega agcacagcect gctgtacgag tacttcaccg tgtacaacga gctgaccaag 2820
gtgaagtacyg tgaccgaggg catgaggaag ccggcecttee tgagcggega gcagaagaag 2880
gecategtygyg acctgetgtt caagaccaac aggaaggtga ccgtgaagca gctgaaggag 2940
gactacttca agaagatcga gtgcttcgac agcgtggaga tcagcggcegt ggaggacagg 3000
ttcaacgcca gectgggcac ctaccacgac ctgctgaaga tcatcaagga caaggacttce 3060
ctggacaacg aggagaacga ggacatcctg gaggacatcg tgctgaccct gaccctgtte 3120
gaggacaggyg agatgatcga ggagaggctg aagacctacg cccacctgtt cgacgacaag 3180
gtgatgaagce agctgaagag gaggaggtac accggctggg geaggctgag caggaagcetg 3240
atcaacggca tcagggacaa gcagagceggce aagaccatce tggacttect gaagagcgac 3300
ggcttcgeca acaggaactt catgcagectg atccacgacg acagcectgac cttcaaggag 3360
gacatccaga aggcccaggt gageggecag ggcgacagec tgcacgagca catcgccaac 3420
ctggecggea gcccggecat caagaagggce atcctgcaga cegtgaaggt ggtggacgag 3480
ctggtgaagg tgatgggcag gcacaagcecg gagaacatceg tgatcgagat ggccagggag 3540
aaccagacca cccagaaggg ccagaagaac agcagggaga ggatgaagag gatcgaggag 3600
ggcatcaagyg agctgggcag ccagatcctg aaggagcace cggtggagaa cacccagcetg 3660
cagaacgaga agctgtacct gtactacctg cagaacggca gggacatgta cgtggaccag 3720
gagctggaca tcaacaggct gagcgactac gacgtggacce acatcgtgec gcagagette 3780

ctgaaggacyg acagcatcga caacaaggtg ctgaccagga gegacaagaa caggggcaag 3840
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agcgacaacg tgccgagcga ggaggtggtg aagaagatga aaaactactyg gaggcagcetg 3900
ctgaacgcca agctgatcac ccagaggaag ttcgacaacce tgaccaaggce cgagaggggce 3960
ggectgageyg agcetggacaa ggccggette attaaaagge agetggtgga gaccaggcag 4020
atcaccaagc acgtggccca gatcctggac agcaggatga acaccaagta cgacgagaac 4080
gacaagctga tcagggaggt gaaggtgatc accctgaaga gcaagctggt gagcgacttce 4140
aggaaggact tccagttcta caaggtgagg gagatcaata attaccacca cgcccacgac 4200
gectacctga acgecgtggt gggcaccgece ctgattaaaa agtacccgaa gctggagagce 4260
gagttcgtgt acggcgacta caaggtgtac gacgtgagga agatgatcgc caagagcgag 4320
caggagatcg gcaaggccac cgccaagtac ttcttctaca gcaacatcat gaacttctte 4380
aagaccgaga tcaccctgge caacggegag atcaggaaga ggccgctgat cgagaccaac 4440
ggcgagaceyg gcgagatcgt gtgggacaag ggcagggact tegccaccgt gaggaaggtg 4500
ctgtecatge cgcaggtgaa catcgtgaag aagaccgagyg tgcagaccgyg cggcttcage 4560
aaggagagca tcctgccgaa gaggaacage gacaagctga tcegecaggaa gaaggactgg 4620
gacccgaaga agtacggcegg cttegacage ccgacegtgg cctacagegt getggtggtg 4680
gccaaggtygyg agaagggcaa gagcaagaag ctgaagagceg tgaaggagcet ggtgggcatce 4740
accatcatgg agaggagcag cttcgagaag aacccagtgg acttcctgga ggccaaggge 4800
tacaaggagg tgaagaagga cctgatcatt aaactgccga agtacagcct gttcgagetg 4860
gagaacggca ggaagaggat gctggccage gecggegage tgcagaaggg caacgagcetg 4920
gccctgecga gcaagtacgt gaacttcectg tacctggcca gecactacga gaagctgaag 4980
ggcagcceegy aggacaacga gcagaagcag ctgttegtgg agcagcacaa gcactacctg 5040
gacgagatca tcgagcagat cagcgagttc agcaagaggg tgatcctgge cgacgccaac 5100
ctggacaagg tgctgagcge ctacaacaag cacagggaca agccgatcag ggagcaggcce 5160
gagaacatca tccacctgtt caccctgacc aacctgggeg ccccggccgce cttcaagtac 5220
ttcgacacca ccatcgacag gaagaggtac accagcacca aggaggtgcet ggacgccace 5280
ctgatccace agagcatcac cggcctgtac gagaccagga tcgacctgag ccagetggge 5340
ggcgacagca gcccgecgaa gaagaagagg aaggtgaget ggaaggacgce cageggcetgg 5400
agcaggatgt gagctctaat gcatccaaac aacgacacca acgccaacat taattaatta 5460
gtagtctcca tgcecctggga ttgtgegtgg ccgctecgtt gaacaccacc catccttegt 5520
tcggcatttt ttcceccceett gtttatataa ttttattgta tecgttttgge aaataatttt 5580
gtgattcgac cccaaagcaa gtttggttgt cttacgattt gtaaacctgg aacaatatat 5640
aatgtgattg aactgctttg tctattcttt ttgtagtacg ataatatgta tatgtattcc 5700
atgcgatctce ttctagggceg acgactaatg tgcaagtgtg tgtttgcatg cgctgagcac 5760
ggagtttgta ttcaggggtc aatatctttc gattccttta tctaaaaagg tgttgcatat 5820
atctaaaaaa aagaaaaaaa aggcttacaa ctgttgaaaa aataagcatt tttagtttta 5880
atttaattca gaaaatcata gtgatatatg tgacgatatg catgtgcata tgtatcacta 5940
ctcacataaa cagtaaacaa cagtaaaata tgtataaata caaaaataac aaagtgtacc 6000
ctgcggaggg accgatgttc aaggcatctg tggctccatt cacacgagac atctcegtgtg 6060

tatgttcgat gtagtcatac gcagtcgagg cagtcagatg tacgcagtgce agtccctcega 6120
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teggegecegg cgacgaggaa cttgatcagt getggtcgag cggacgaage gagcagtcege 6180
gagtacgctc ccgaaaaaca tgatcgctcg cacacccatg caagtgtcgce tctgcggacy 6240
acgatttcgg aagcctacgce gtatgagaat gtttgtatgt gtgttctcte gtaaccagaa 6300
gcctecatete ctececgtatat atacacgcge agagggaggce caacagatag taacggtgga 6360
aggaatactc ggaccaaggt ccgatctacce atggccacgg cceeggectgyg ccageggege 6420
gtgcgtgtgg cagtccttca tcecttttatce agcttatcaa tagatgcacc aaagatccac 6480
ctatttaagt tgattgaatt gtctcttgta cttccggtat gttactaaag taataataca 6540
ccgtagcatt aaattgggcc tttagcattg gctattattg aatattaatt tgagccagac 6600
ccaccaccag atgctaagtc acaccaaaat gctctcatca tctcaaacat ttcatatact 6660
ggtgtttcga tggagactat taagttgaac atccacctag aatctagatt acacttgacc 6720
acaactacat aatggacgga ccgttcgaag ggatctttaa acatacgaac agatcactta 6780
aagttcttct gaagcaactt aaagttatca ggcatgcatg gatcttggag gaatcagatg 6840
tgcagtcagg gaccatagca caggacaggc gtcttctact ggtgctacca gcaaatgcetg 6900
gaagccggga acactgggta cgttggaaac cacgtgatgt ggagtaagat aaactgtagg 6960
agaaaagcat ttcgtagtgg gccatgaagce ctttcaggac atgtattgca gtatgggecg 7020
gcccattacg caattggacg acaacaaaga ctagtattag taccacctcg gctatccaca 7080
tagatcaaag ctggtttaaa agagttgtgc agatgatccg tggcagctgg agctgagcett 7140
ccggggtttt agagctagaa atagcaagtt aaaataaggc tagtccgtta tcaacttgaa 7200
aaagtggcac cgagtcggtg cttttttttt cggaccgcge ctgcagtgca gcegtgacccg 7260
gtcgtgcecee tcectctagaga taatgagcat tgcatgtcta agttataaaa aattaccaca 7320
tatttttttt gtcacacttg tttgaagtgc agtttatcta tctttataca tatatttaaa 7380
ctttactcta cgaataatat aatctatagt actacaataa tatcagtgtt ttagagaatc 7440
atataaatga acagttagac atggtctaaa ggacaattga gtattttgac aacaggactc 7500
tacagtttta tctttttagt gtgcatgtgt tctecttttt ttttgcaaat agcttcacct 7560
atataatact tcatccattt tattagtaca tccatttagg gtttagggtt aatggttttt 7620
atagactaat ttttttagta catctatttt attctatttt agcctctaaa ttaagaaaac 7680
taaaactcta ttttagtttt tttatttaat aatttagata taaaatagaa taaaataaag 7740
tgactaaaaa ttaaacaaat accctttaag aaattaaaaa aactaaggaa acatttttct 7800
tgtttcgagt agataatgcc agcctgttaa acgccgtcega cgagtctaac ggacaccaac 7860
cagcgaacca gcagegtege gtcgggecaa gcgaagcaga cggcacggea tctetgtege 7920
tgcctetgga ceccctcectega gagttecget ccaccgttgg acttgectceeg ctgteggeat 7980
ccagaaattyg cgtggeggag cggcagacgt gagccggcac ggcaggcegge ctectectee 8040
tctcacggca ccggcagcta cgggggatte ctttecccacce gectcecttege ttteccttece 8100
tcgecececgecg taataaatag acacccceccte cacaccctet ttcecccaacce tegtgttgtt 8160
cggagegcac acacacacaa ccagatctcce ceccaaatcca ccegteggea cctecgette 8220
aaggtacgcce gctcegtecte cccccceccce ctetcectacct tetctagate ggegttecgg 8280
tccatggtta gggcccggta gttctactte tgttcatgtt tgtgttagat cegtgtttgt 8340

gttagatccg tgctgctage gttegtacac ggatgcgacce tgtacgtcag acacgttcetg 8400
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attgctaact tgccagtgtt tectcectttggg gaatcctggg atggctctag cegttcecgcea 8460
gacgggatcg atttcatgat tttttttgtt tcgttgcata gggtttggtt tgccctttte 8520
ctttatttca atatatgccg tgcacttgtt tgtcgggtca tecttttcatg cttttttttg 8580
tcttggttgt gatgatgtgg tetggttggg cggtecgttet agatcggagt agaattcectgt 8640
ttcaaactac ctggtggatt tattaatttt ggatctgtat gtgtgtgcca tacatattca 8700
tagttacgaa ttgaagatga tggatggaaa tatcgatcta ggataggtat acatgttgat 8760
gcgggtttta ctgatgcata tacagagatg ctttttgttce gettggttgt gatgatgtgg 8820
tgtggttggg cggtcgttca ttecgttctag atcggagtag aatactgttt caaactacct 8880
ggtgtattta ttaattttgg aactgtatgt gtgtgtcata catcttcata gttacgagtt 8940
taagatggat ggaaatatcg atctaggata ggtatacatg ttgatgtggg ttttactgat 9000
gcatatacat gatggcatat gcagcatcta ttcatatgct ctaaccttga gtacctatct 9060
attataataa acaagtatgt tttataatta ttttgatctt gatatacttg gatgatggca 9120
tatgcagcag ctatatgtgg atttttttag ccctgccttce atacgctatt tatttgettg 9180
gtactgttte ttttgtcgat gctcaccctg ttgtttggtg ttacttectge agggatccgg 9240
cagcagccat gcagaagctg atcaacageg tgcagaacta cgectgggge agcaagaccyg 9300
ccctgaccga getgtacgge atggagaacce ccagcageca gceccatggece gagetgtgga 9360
tgggcgecca ccccaagagce agcagecgeg tgcagaacge cgecggcegac atcgtgagece 9420
tgcgegacgt gatcgagagce gacaagagca cectgcetggyg cgaggccegtyg gccaageget 9480
tcggcgaget geccttectg ttcaaggtge tgtgegecge ccagcccctg agcatccagg 9540
tgcaccccaa caagcacaac agcgagatcg gettegccaa ggagaacgece gccggeatce 9600
ccatggacge cgccgagegce aactacaagg accccaacca caageccgag ctggtgtteg 9660
ccetgacccee cttectggece atgaacgcect tcecegcgagtt cagcgagatce gtgagcectgce 9720
tgcageccegt ggceggegee caccccegeca tegeccactt cetgcagcag cccgacgecyg 9780
agcgectgag cgagetgttce gecagectge tgaacatgea gggcgaggayg aagagecgceg 9840
cectggecat cctgaagage gecctggaca gecagcaggyg cgagecctgyg cagaccatce 9900
gcctgatcag cgagttctac cccgaggaca gcggcectgtt cageccecctg ctgctgaacy 9960
tggtgaagct gaaccccggce gaggccatgt tcectgttege cgagaccccce cacgectacce 10020
tgcagggcgt ggccctggag gtgatggcca acagcgacaa cgtgctgcege gecggectga 10080
ccecccaagta catcgacatce cccgagetgg tggccaacgt gaagttcgag geccaagccceg 10140
ccaaccagct gctgacccag cccgtgaage agggcgcecga gctggactte cccatecceg 10200
tggacgactt cgccttcage ctgcacgacc tgagcgacaa ggagaccacc atcagccage 10260
agagcgcecgce catcctgtte tgegtggagg gcgacgccac cctgtggaag ggcagcecage 10320
agctgcagcet gaagcccggce gagagcegcect tcatcgeccge caacgagagce cccgtgaccg 10380
tgaagggcca cggccgcectg geccgegtgt acaacaagct gtgataggag ctcgatccgt 10440
cgacctgcag atcgttcaaa catttggcaa taaagtttct taagattgaa tcctgttgece 10500
ggtcttgcga tgattatcat ataatttctg ttgaattacg ttaagcatgt aataattaac 10560
atgtaatgca tgacgttatt tatgagatgg gtttttatga ttagagtccc gcaattatac 10620

atttaatacg cgatagaaaa caaaatatag cgcgcaaact aggataaatt atcgcgcgceg 10680
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gtgtcatcta tgttactaga tcggcgcgec gcaattgaag tttgggcggce cagcatggcee 10740
gtatccgcaa tgtgttatta agttgtctaa gcgtcaattt gtttacacca caatatatcc 10800
tgccaccagce cagccaacag ctccccgacce ggcagctegg cacaaaatca ccactcgata 10860
caggcagccce atcagaatta attctcatgt ttgacagcectt atcatcgact gcacggtgca 10920
ccaatgcttce tggcgtcagg cagccatcgg aagctgtggt atggctgtge aggtcecgtaaa 10980
tcactgcata attcgtgteg ctcaaggcge actcccgtte tggataatgt tttttgegee 11040
gacatcataa cggttctggce aaatattctg aaatgagctg ttgacaatta atcatccgge 11100
tcgtataatg tgtggaattg tgagcggata acaatttcac acaggaaaca gaccatgagg 11160
gaagcgttga tcgeccgaagt atcgactcaa ctatcagagg tagttggegt catcgagcege 11220
catctcgaac cgacgttgct ggccgtacat ttgtacggct ccgcagtgga tggcggectg 11280
aagccacaca gtgatattga tttgctggtt acggtgaccg taaggcttga tgaaacaacg 11340
cggcgagcett tgatcaacga ccttttggaa acttcggcett cccecctggaga gagcgagatt 11400
ctcecgegetyg tagaagtcac cattgttgtg cacgacgaca tcattccgtg gegttatcca 11460
gctaagcgeg aactgcaatt tggagaatgg cagcgcaatg acattcttgce aggtatctte 11520
gagccagceca cgatcgacat tgatctgget atcttgctga caaaagcaag agaacatage 11580
gttgccttgg taggtccage ggcggaggaa ctctttgate cggttcectga acaggatcta 11640
tttgaggcge taaatgaaac cttaacgcta tggaactcge cgcccgactg ggctggcgat 11700
gagcgaaatg tagtgcttac gttgtcccge atttggtaca gcgcagtaac cggcaaaatc 11760
gcgecgaagg atgtcecgetge cgactgggca atggagcgec tgccggccca gtatcagcece 11820
gtcatacttg aagctaggca ggcttatctt ggacaagaag atcgcttggce ctcecgegcecgca 11880
gatcagttgg aagaatttgt tcactacgtg aaaggcgaga tcaccaaagt agtcggcaaa 11940
taaagctcta gtggatctecc gtaccegggg atctggeteg cggcggacge acgacgccgg 12000
ggcgagacca taggcgatct cctaaatcaa tagtagctgt aacctcgaag cgtttcactt 12060
gtaacaacga ttgagaattt ttgtcataaa attgaaatac ttggttcgca tttttgtcat 12120
ccgecggtcag ccgcaattcet gacgaactgce ccatttaget ggagatgatt gtacatcctt 12180
cacgtgaaaa tttctcaagc gctgtgaaca agggttcaga ttttagattg aaaggtgagce 12240
cgttgaaaca cgttcttett gtcgatgacg acgtcgctat gcggcatctt attattgaat 12300
accttacgat ccacgcctte aaagtgaccg cggtagccga cagcacccag ttcacaagag 12360
tactctette cgcgacggtce gatgtegtgg ttgttgatct agatttaggt cgtgaagatg 12420
ggctcgaget aggagcaagt gattttatcg ctaagccgtt cagtatcaga gagtttctag 12480
cacgcattcg ggttgccttg cgcgtgegee ccaacgttgt ccgctccaaa gaccgacggt 12540
ctttttgttt tactgactgg acacttaatc tcaggcaacg tcgcttgatg tccgaagctg 12600
gcggtgaggt gaaacttacg gcaggtgagt tcaatcttet cctegegttt ttagagaaac 12660
ccegegacgt tcectatcgege gagcaactte tcattgccag tcgagtacge gacgaggagg 12720
tttatgacag gagtatagat gttctcattt tgaggctgcg ccgcaaactt gaggcagatc 12780
cgtcaagccce tcaactgata aaaacagcaa gaggtgccgg ttatttcttt gacgcggacg 12840
tgcaggtttc gcacgggggg acgatggcag cctgagccaa ttcccagatc cccgaggaat 12900

cggcgtgage ggtcgcaaac catccggcecce ggtacaaatce ggcgecggcegce tgggtgatga 12960
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cctggtggag aagttgaagg ccgcgcaggce cgcccagcegg caacgcatcg aggcagaage 13020
acgcceeggt gaatcgtgge aagcggccgce tgatcgaatce cgcaaagaat cccggcaacce 13080
gccggcagee ggtgcegecgt cgattaggaa geccgcccaag ggcgacgagce aaccagattt 13140
tttegtteeg atgctctatg acgtgggcac ccgcgatagt cgcagcatca tggacgtgge 13200
cgttttecgt ctgtcgaage gtgaccgacg agctggcgag gtgatccget acgagettcece 13260
agacgggcac gtagaggttt ccgcagggcce ggccggcatg gccagtgtgt gggattacga 13320
cctggtactg atggceggttt cccatctaac cgaatccatg aaccgatacc gggaagggaa 13380
gggagacaag cccggccgceg tgttcecegtec acacgttgeg gacgtactca agttcectgecg 13440
gcgagccgat ggcggaaagce agaaagacga cctggtagaa acctgcattc ggttaaacac 13500
cacgcacgtt gccatgcagce gtacgaagaa ggccaagaac ggccgcectgg tgacggtatce 13560
cgagggtgaa gccttgatta geccgctacaa gatcgtaaag agcgaaaccg ggcggcecgga 13620
gtacatcgag atcgagctag ctgattggat gtaccgcgag atcacagaag gcaagaaccc 13680
ggacgtgctyg acggttcacce ccgattactt tttgatcgat cccggcatcg gecegttttet 13740
ctaccgectg gcacgceccgeg ccgcaggcaa ggcagaagcece agatggttgt tcaagacgat 13800
ctacgaacgc agtggcagcg ccggagagtt caagaagttce tgtttcaccg tgcgcaaget 13860
gatcgggtca aatgacctgce cggagtacga tttgaaggag gaggcggggce aggctggccce 13920
gatcctagte atgecgctacce gcaacctgat cgagggcgaa gcatccgecg gttectaatg 13980
tacggagcag atgctagggc aaattgccct agcaggggaa aaaggtcgaa aaggtcectctt 14040
tcetgtggat agcacgtaca ttgggaaccce aaagccgtac attgggaacc ggaacccgta 14100
cattgggaac ccaaagccgt acattgggaa ccggtcacac atgtaagtga ctgatataaa 14160
agagaaaaaa ggcgattttt ccgcctaaaa ctctttaaaa cttattaaaa ctcttaaaac 14220
ccgectggece tgtgcataac tgtctggcca gcgcacagee gaagagctgce aaaaagcgece 14280
tacccttegg tegetgceget cectacgcece cgeccgcectteg cgteggecta tegcggeccge 14340
tggccgcetca aaaatggctg gectacggcece aggcaatcta ccagggcgceg gacaagccge 14400
gcecgtegeca ctecgaccgcee ggcegctgagg tcectgectegt gaagaaggtg ttgctgacte 14460
ataccaggcce tgaatcgccc catcatccag ccagaaagtg agggagccac ggttgatgag 14520
agctttgttg taggtggacc agttggtgat tttgaacttt tgctttgcca cggaacggtce 14580
tgcgttgteg ggaagatgceg tgatctgatc cttcaactca gcaaaagttc gatttattca 14640
acaaagccgce cgtcccgtca agtcagegta atgctctgee agtgttacaa ccaattaacce 14700
aattctgatt agaaaaactc atcgagcatc aaatgaaact gcaatttatt catatcagga 14760
ttatcaatac catatttttg aaaaagccgt ttctgtaatg aaggagaaaa ctcaccgagg 14820
cagttccata ggatggcaag atcctggtat cggtctgcga ttceccgactcg tccaacatca 14880
atacaaccta ttaatttccc ctcgtcaaaa ataaggttat caagtgagaa atcaccatga 14940
gtgacgactg aatccggtga gaatggcaaa agctctgcat taatgaatcg gccaacgcge 15000
ggggagaggc ggtttgcgta ttgggcgctce ttccgettec tegectcactg actegetgeg 15060
cteggtegtt cggctgcgge gagcggtatce agctcactca aaggcggtaa tacggttate 15120
cacagaatca ggggataacg caggaaagaa catgtgagca aaaggccagc aaaaggccag 15180

gaaccgtaaa aaggccgcgt tgctggegtt tttcecatagg cteccgcecccce ctgacgagca 15240
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tcacaaaaat cgacgctcaa gtcagaggtg gcgaaacccg acaggactat aaagatacca 15300
ggcgtttecee cctggaagct ccctegtgeg ctcetectgtt ccecgaccctge cgettaccegg 15360
atacctgtcce gectttctece cttecgggaag cgtggcgett tcectcataget cacgetgtag 15420
gtatctcagt tcggtgtagg tcgttcecgecte caagetggge tgtgtgcacg aaccccccegt 15480
tcagcccgac cgctgcgect tatccggtaa ctatcgtett gagtccaacc cggtaagaca 15540
cgacttatcg ccactggcag cagccactgg taacaggatt agcagagcga ggtatgtagg 15600
cggtgctaca gagttcttga agtggtggcce taactacggce tacactagaa gaacagtatt 15660
tggtatctge gectctgctga agccagttac cttcggaaaa agagttggta gctcttgate 15720
cggcaaacaa accaccgctg gtagecggtgg tttttttgtt tgcaagcagce agattacgeg 15780
cagaaaaaaa ggatctcaag aagatccttt gatcttttcet acggggtctg acgctcagtg 15840
gaacgaaaac tcacgttaag ggattttggt catgagatta tcaaaaagga tcttcaccta 15900

gatccttttg atccggaatt a 15921

<210> SEQ ID NO 35

<211> LENGTH: 17954

<212> TYPE: DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: vector 24039
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (4)..(259)

<223> OTHER INFORMATION: bNRB-05
<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (315)..(1729

<223> OTHER INFORMATION: prZmGRMZM2G020852-01
<220> FEATURE:

<221> NAME/KEY: gene

<222> LOCATION: (1731)..(5979

<223> OTHER INFORMATION: cCas9-13
<220> FEATURE:

<221> NAME/KEY: terminator

<222> LOCATION: (5989)..(8769

<223> OTHER INFORMATION: tZmGRMZM2G020852-01
<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (8783)..(9157

<223> OTHER INFORMATION: prOsU3-01
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (9159)..(9178

<223> OTHER INFORMATION: XZmVLHP2
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (9159)..(9263)

<223> OTHER INFORMATION: rsgRNAZmVLHP-02
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (9179)..(9190

<223> OTHER INFORMATION: rCrRNA-01
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (9195)..(9263)

<223> OTHER INFORMATION: rTracrRNA-01
<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (9274)..(11265)

<223> OTHER INFORMATION: prUbil-o04
<220> FEATURE:

<221> NAME/KEY: gene

<222> LOCATION: (11282)..(12460)
<223> OTHER INFORMATION: cPMI-09
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<220> FEATURE:

<221> NAME/KEY: terminator

<222> LOCATION: (12483)..(12735)
<223> OTHER INFORMATION: tNOS-05-01
<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (12779)..(12908)
<223> OTHER INFORMATION: bNLB-03
<220> FEATURE:

<221> NAME/KEY: gene

<222> LOCATION: (13188)..(13976)
<223> OTHER INFORMATION: cSpec-03
<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (14071)..(14201)
<223> OTHER INFORMATION: prVirG-01
<220> FEATURE:

<221> NAME/KEY: gene

<222> LOCATION: (14276) ..(14908)
<223> OTHER INFORMATION: cVirG-09
<220> FEATURE:

<221> NAME/KEY: gene

<222> LOCATION: (14938)..(16011)
<223> OTHER INFORMATION: cRepA-01
<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (16054)..(16458)
<223> OTHER INFORMATION: oVS1l-02
<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (17136)..(17942)
<223> OTHER INFORMATION: oCOLE-06

<400> SEQUENCE: 35

attcctgtgg ttggcatgca catacaaatg gacgaacgga taaacctttt cacgcccttt
taaatatccg attattctaa taaacgctct tttctettag gtttaccege caatatatcce
tgtcaaacac tgatagttta aactgaaggce gggaaacgac aatctgatca tgagcggaga
attaagggag tcacgttatg acccccgecg atgacgeggg acaagecgtt ttacgtttgg
aactgacaga accgcaacgce tgcaggaatt ggecgcageg gecatttaaa caaagettgg
taccggaccg ttataacagt gaatacaaaa atgacatteg tgttatttag cacaagttac
gatctatttce aggaacatgc cggaattttc gaacaccatt ctcacaaaac atgaccttga
acttgcgatce cagttgtttt aaaattatat aaaacaaaaa caaagtcaga aaatcatgaa
acttgtcgac atgtcatgat atcatatgta gagactctaa taaaaagttg agattgttte
atgaaagttyg tcacacacta tgtgtagaaa cttagcccgt ctacattgaa gttctatgat
ttcatgtgaa ggacacctag gcatcgatgt ttatgataat atcttatgtt tgtttggaca
aaatattaaa aacaaataaa aggggtcect gatcactttg acgagcattg cattcagcaa
agggtgectt tgttgagtge aatggtcata gaactcggta gaaaagacat acataaacat
cgggaaactt gctttaccge acgctatgge caagacactce ggcaaactag gcetcctttgt
tgagtgccat ctcaagcact cgacattgga actacgacta ggcctcacgg aagetttett
tgccgagtge cactaagcga ggaactcgga cactcagcaa cagetcetgte atcgtcacga
tgtcttttet ttgtegtgta ccagttggea cteggttaag actttactga gtgcccgata
gaaagtactc ggcaaagaga ccgttgccga cgtttggtte actgaggget ctttgetgec
ttttggactt gacaaagaag tcatctccag tactgtectec taggacgcag gatttatgtt
ttttceegga getegatetg tgggacatca cagatggtece aatctggtga tctaaaatgg

acggtttgee aagcccacag agaagtcttt aagatcttec acgatgcacg catgctttaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260
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ggttagatag tgtttggtcc aaaaaagcgt caacaatcag gaaattagaa ctaaaattat 1320
taaaggacag atcaaaaggc atgcatgttc ttcttctata gtgtgtgttg agcctgagtt 1380
ttgattttag gctttattag gggactcgca gtctagctaa ggagttgtat tgatgttctg 1440
acaaatatta tgttcgatcg tcacagtggt cttgtgcgga tcgattaggce ccgatcatgg 1500
tgaaataaac taaccaccgg taagcceggg cagecctaga gcatgcageyg gcctacgtga 1560
agccecgegtg tegcatcgte gteccgtcaga cgctaacgge aggccgctge atgegttgece 1620
ggcgaactcect ctecctgagce actcegtcatce catataagta gacatcccat cactgtegte 1680
tatcaacaac acacagagcg acatttcgaa taacacagtt gagcgcgacc atggacaaga 1740
agtacagcat cggcctggac atcggcacca acagegtggg ctgggccegtyg atcaccgacg 1800
agtacaaggt acgagcggga tacatgttta tactcctect gtaggtcget ccttcatgta 1860
atgtgttgcg attaaaacgg tgcgcaggtg ccgagcaaga agttcaaggt gctgggcaac 1920
accgacaggce acagcatcaa gaagaacctg atcggcegece tgctgttega cageggcgag 1980
accgecgagg ccaccaggct gaagaggacce gecaggagga ggtacaccag gaggaagaac 2040
aggatctgct acctgcagga gatcttcage aacgagatgg ccaaggtgga cgacagcttce 2100
ttccacagge tggaggagag cttcectggtg gaggaggaca agaagcacga gaggcacccyg 2160
atcttcggca acatcgtgga cgaggtggcce taccacgaga agtacccgac catctaccac 2220
ctgaggaaga agctggtgga cagcaccgac aaggccgace tgaggctgat ctacctggece 2280
ctggcccaca tgatcaagtt caggggccac ttectgateg agggcgacct gaacccggac 2340
aacagcgacg tggacaagct gttcatccag ctggtgcaga cctacaacca gcectgttcecgag 2400
gagaacccga tcaacgccag cggcegtggac gccaaggceca tectgagege caggctgage 2460
aagagcagga ggctggagaa cctgatcgece cagetgcegyg gcgagaagaa gaacggectg 2520
ttecggcaace tgatcgcect gagcectggge ctgaccecga acttcaagag caacttcgac 2580
ctggecgagg acgccaagcet gcagctgage aaggacacct acgacgacga cctggacaac 2640
ctgctggece agatcggega ccagtacgece gacctgttece tggecgccaa gaacctgage 2700
gacgccatee tgctgagega catcctgagg gtgaacaccyg agatcaccaa ggecccgetg 2760
agcgecagca tgatcaagag gtacgacgag caccaccagg acctgaccct gctgaaggcece 2820
ctggtgagge agcagctgcce ggagaagtac aaggagatct tcettecgacca gagcaagaac 2880
ggctacgeeyg gctacatcga cggeggcgece agccaggagg agttctacaa gttcatcaag 2940
ccgatectgg agaagatgga cggcaccgag gagetgetgyg tgaagctgaa cagggaggac 3000
ctgctgagga agcagaggac cttcgacaac ggcagcatce cgcaccagat ccacctggge 3060
gagctgcacyg ccatcctgag gaggcaggag gacttctace cgttcectgaa ggacaacagg 3120
gagaagatcg agaagatcct gaccttceccge atcccgtact acgtgggecce gctggccagyg 3180
ggcaacagca ggttcgcectyg gatgaccagg aagagcgagg agaccatcac cccgtggaac 3240
ttcgaggagg tggtggacaa gggcgccage geccagaget tcatcgagag gatgaccaac 3300
ttcgacaaga acctgccgaa cgagaaggtg ctgccgaage acagectget gtacgagtac 3360
ttcaccgtgt acaacgagct gaccaaggtg aagtacgtga ccgagggcat gaggaagccg 3420
gecttectga geggcgagca gaagaaggcece atcgtggacce tgctgttcaa gaccaacagg 3480

aaggtgaccg tgaagcagct gaaggaggac tacttcaaga agatcgagtg cttcgacagc 3540
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gtggagatca gcggcgtgga ggacaggttc aacgccagec tgggcaccta ccacgacctg 3600
ctgaagatca tcaaggacaa ggacttcctg gacaacgagg agaacgagga catcctggag 3660
gacatcgtge tgaccctgac cctgttcecgag gacagggaga tgatcgagga gaggctgaag 3720
acctacgcce acctgttcga cgacaaggtg atgaagcage tgaagaggag gaggtacacce 3780
ggctggggea ggctgagcag gaagcetgatc aacggcatca gggacaagca gagcggcaag 3840
accatcctgg acttecctgaa gagcgacggce ttcgccaaca ggaacttcat gcagctgatce 3900
cacgacgaca gcctgacctt caaggaggac atccagaagg cccaggtgag cggccaggge 3960
gacagcctyge acgagcacat cgccaacctg gecggcagee cggccatcaa gaagggcatce 4020
ctgcagacceg tgaaggtggt ggacgagetg gtgaaggtga tgggcaggca caagcecggag 4080
aacatcgtga tcgagatggce cagggagaac cagaccaccce agaagggcca gaagaacagce 4140
agggagagga tgaagaggat cgaggagggc atcaaggagce tgggcagcca gatcctgaag 4200
gagcaccegyg tggagaacac ccagctgcag aacgagaagce tgtacctgta ctacctgeag 4260
aacggcaggg acatgtacgt ggaccaggag ctggacatca acaggctgag cgactacgac 4320
gtggaccaca tcgtgccgca gagettectg aaggacgaca gcatcgacaa caaggtgcetg 4380
accaggagceg acaagaacag gggcaagagce gacaacgtge cgagcgagga ggtggtgaag 4440
aagatgaaaa actactggag gcagctgcetg aacgccaage tgatcaccca gaggaagtte 4500
gacaacctga ccaaggccga gaggggcgge ctgagegage tggacaaggce cggettcatt 4560
aaaaggcagce tggtggagac caggcagatc accaagcacyg tggcccagat cctggacage 4620
aggatgaaca ccaagtacga cgagaacgac aagctgatca gggaggtgaa ggtgatcacce 4680
ctgaagagca agctggtgag cgacttcagg aaggacttcc agttctacaa ggtgagggag 4740
atcaataatt accaccacgc ccacgacgcece tacctgaacyg cegtggtggyg caccgecctg 4800
attaaaaagt acccgaagct ggagagcgag ttegtgtacg gcgactacaa ggtgtacgac 4860
gtgaggaaga tgatcgccaa gagcgagcag gagatcggca aggccaccgce caagtactte 4920
ttctacagca acatcatgaa cttcttcaag accgagatca ccctggccaa cggcgagatce 4980
aggaagaggc cgctgatcga gaccaacggce gagaccggeg agatcgtgtyg ggacaaggge 5040
agggacttcg ccaccgtgag gaaggtgctg tccatgcecge aggtgaacat cgtgaagaag 5100
accgaggtge agaccggegg cttcagcaag gagagcatce tgccgaagag gaacagcgac 5160
aagctgatceg ccaggaagaa ggactgggac ccgaagaagt acggcggett cgacageccg 5220
accgtggect acagegtgcet ggtggtggec aaggtggaga agggcaagag caagaagctg 5280
aagagcgtga aggagcetggt gggcatcacce atcatggaga ggagcagcett cgagaagaac 5340
ccagtggact tcctggaggc caagggctac aaggaggtga agaaggacct gatcattaaa 5400
ctgcecgaagt acagectgtt cgagetggag aacggcagga agaggatgcet ggccagegece 5460
ggcgagcetyge agaagggcaa cgagetggcece ctgccgagca agtacgtgaa cttectgtac 5520
ctggecagee actacgagaa gctgaaggge ageccggagyg acaacgagca gaagcagcetg 5580
ttecgtggage agcacaagca ctacctggac gagatcatcg agcagatcag cgagttcagce 5640
aagagggtga tcctggecga cgccaacctg gacaaggtge tgagcgcecta caacaagcac 5700
agggacaagc cgatcaggga gcaggccgag aacatcatce acctgttcac cctgaccaac 5760
ctgggegece cggecgectt caagtacttce gacaccacca tcgacaggaa gaggtacace 5820
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agcaccaagg aggtgctgga cgccaccctg atccaccaga gcatcaccegyg cctgtacgag 5880
accaggatcg acctgagcca getgggegge gacagcagece cgcecgaagaa gaagaggaag 5940
gtgagctgga aggacgccag cggctggagce aggatgtgag ctcaattaac tttgaattcce 6000
cttcgattca tccggcgegyg tgggctatgg acctgcagca gcaagctaat taagtttata 6060
tatattgcat gagagagcat gcaccgctaa ccatatatac tactgagact tctgaattct 6120
agtatatgta atccttttgt ttgggtttag gaggcaattc taatcatgta tgccgaattc 6180
caaagagtgg aaaacaagca aaatgttaaa tatacatgcc attttcggag gcaatttttt 6240
tcatgagggc atgttgctat aattccgggg accttggact tcecttggagca ccttectgtg 6300
acttaggcat acatgattag attataatcc aattagttaa gtcatagaaa attacctcat 6360
tctcatctece atcteccattt ctcectatttcet tctcaatcaa ggaccaaaat agcacttttg 6420
ctaaaaaaca agttagattg caaaccaaag tgcacaatac atagtaaaag gtatatgcaa 6480
catatttgaa tactcaaacc tctcatactt acattttcecca tcattttgtt ccatttagcece 6540
tgtttgagct cggggttgga ctccaaaacc tcatgtcaac ataacttgat ccttttagca 6600
aactatgagc tctaacacca tacaatggtc aacaagaact attccaaaca taggaatgac 6660
ccaaactaca agtcaaagta tacttagctc tttgggcact tacaggttct aactttgata 6720
attctgtact tcttgtgacc atgactctge tcgagctagg atcttgagecce ttatgactta 6780
aacaattaaa ccacaaacat tacctcaatg gttgtaagcc acgtccatat atcacagact 6840
tcaatgcatt cagactattc acagcttgac caaccttgac ctcttgcaag aacctcttcet 6900
tctttgtgac cttaggtact ttagtcttct tgaccttete cecttgectctt cataccttga 6960
agtccttett gecttcacct tagttcaatc agctatctcecce aagtcatgca cattgagttce 7020
cacttagtca atgtccatcc ttcaacttga cttgtgatgt ccacaattca tagtcatctce 7080
agtctatggg tccatcatge ttgactccat gtgatgaacc ttgtaaggtt ttcactaagt 7140
acatgctcag acctttaatt gtgttgccat ccaaaaaaac caaaacctag attggaccat 7200
tcattatatt catcaatcat tgtacttgca agagtgatca aggtcatatt atttctctca 7260
actactccat tttgttgagg ggtgtcagtt gtggagactt cttgtttgat cccaacctca 7320
tcacaatact catgaatata gttgttgtca aattcatttc cattgtcact tcttattttt 7380
cttgattttg caatcaaact cattttgtac tttcatggta aatttattca atgttgatgc 7440
aacttttgac ttttcttgaa gaaagaacac tcaattacat ctagagaaat catcaacaac 7500
gaccaaacaa tacaggtttc ccccaacact agcatattat gtaggaccaa ataaatccat 7560
gtgaagtaac tctagtggtc ttggtgttga cataaaagcg tttgtaggat gtgtattggce 7620
aacttgtttt ccagcttgac atgcactata aaagattttc ctttttcaaa cacaacatct 7680
ttcaaatctc taaccatttc tttectttgga agettcecttgt tggggaaatg atccccggac 7740
cctaggacce accggtcaga gagcgcgagg aagagcecccece ggtegetggyg accegttggt 7800

ccgctggaaa atgtggttac gtcaaccctg aaagaacccg cccctggttg agecccecegtgg 7860

caccgagect agggtecgage geggtggaat ctgacaggag gggecagaca tgttggaggg 7920

gaaccactca agtggatccc gegectggece ccagaatgac ccgtcattaa tacccaacca 7980

cattaaccat gcctggcacc gagccatage acggacgtcg gtccacttecce cactcatgac 8040

ctacgaacca gttgggctgc atagcactca tgaccgatag gttgaaggct tggcttcegca 8100
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gagtgaaagg cgctgcatac atgtgaaggc tcgacttctt tttettttcece tttettttet 8160
tttctatttt taggtttcca atttaaattc caattttttt gtggagttca tatttggatc 8220
aaatagacaa attcacctat cagtatgaat agatgcattt attttgttta tatctatttt 8280
cttcatattt atatagtatt tcccttattc tttatatcat tttcaatttg taattggtaa 8340
gtttggtctt aaattcccca tttgggcact aatatatttt tattaatatt attattatta 8400
ttattattat tatttataga tgcacaaaca cataaactcc gacatgatgc atagattatt 8460
ttagatgtca ctagttaatg gttcacttta aatatggtta ttcccatgtt ctaatgagta 8520
gagggcaaag catatattga ggtcaactct ttccttatta tttacaaatt ggggaaattc 8580
tattcataac tcttcecttete tetcccaagt agcttaatct tcaccatggt gatttcattg 8640
cactttgcac attttgatca ctttattcct tgtaacccga gtcaaagtgt caatgatctt 8700
gataggatac tccgtgcagg ttagatcacc ttgcacactg agttcttcca ttggtaactg 8760
ttectetgge ggaccgtteg aagggatctt taaacatacg aacagatcac ttaaagttcet 8820
tctgaagcaa cttaaagtta tcaggcatgc atggatcttg gaggaatcag atgtgcagtce 8880
agggaccata gcacaggaca ggcgtcttct actggtgcta ccagcaaatg ctggaagcecg 8940
ggaacactgg gtacgttgga aaccacgtga tgtggagtaa gataaactgt aggagaaaag 9000
catttcgtag tgggccatga agcctttcag gacatgtatt gcagtatggg ccggceccatt 9060
acgcaattgg acgacaacaa agactagtat tagtaccacc tcggctatcc acatagatca 9120
aagctggttt aaaagagttg tgcagatgat ccgtggcagce tggagctgag cttceccecggggt 9180
tttagagcta gaaatagcaa gttaaaataa ggctagtccg ttatcaactt gaaaaagtgg 9240
caccgagtcg gtgctttttt tttcggaccg cgectgcagt gcagcgtgac ccggtcegtgce 9300
ccetetetag agataatgag cattgcatgt ctaagttata aaaaattacc acatattttt 9360
tttgtcacac ttgtttgaag tgcagtttat ctatctttat acatatattt aaactttact 9420
ctacgaataa tataatctat agtactacaa taatatcagt gttttagaga atcatataaa 9480
tgaacagtta gacatggtct aaaggacaat tgagtatttt gacaacagga ctctacagtt 9540
ttatcttttt agtgtgcatg tgttctecctt tttttttgca aatagcttca cctatataat 9600
acttcatcca ttttattagt acatccattt agggtttagg gttaatggtt tttatagact 9660
aattttttta gtacatctat tttattctat tttagcctct aaattaagaa aactaaaact 9720
ctattttagt ttttttattt aataatttag atataaaata gaataaaata aagtgactaa 9780
aaattaaaca aatacccttt aagaaattaa aaaaactaag gaaacatttt tecttgtttcg 9840
agtagataat gccagcectgt taaacgecgt cgacgagtet aacggacacc aaccagcgaa 9900
ccagcagegt cgcgteggge caagcgaage agacggcacyg gcatctetgt cgetgectet 9960
ggacccctet cgagagttce gctcecaccgt tggacttget ccegetgtegg catccagaaa 10020
ttgcgtggeg gagcggcaga cgtgagccgg cacggcaggce ggcectectee tectetcacg 10080
gcaccggcag ctacggggga ttectttececce accgectectt cgctttecect tectegeccg 10140
ccgtaataaa tagacacccce ctccacacce tctttceeccca acctegtgtt gttecggageg 10200
cacacacaca caaccagatc tcccccaaat ccacccgteg gcacctceccege ttcaaggtac 10260
gccgetegte cteccceccce cceectceteta cecttetetag atcecggegtte cggtecatgg 10320

ttagggcccg gtagttctac ttcectgttcat gtttgtgtta gatcecgtgtt tgtgttagat 10380
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ccgtgetget agegttcegta cacggatgceg acctgtacgt cagacacgtt ctgattgcta 10440
acttgccagt gtttctcttt ggggaatcct gggatggcte tagccgttcece gcagacggga 10500
tcgatttcat gatttttttt gtttegttge atagggtttg gtttgeccctt ttecctttatt 10560
tcaatatatg ccgtgcactt gtttgtcggg tcatctttte atgetttttt ttgtettggt 10620
tgtgatgatg tggtctggtt gggcggtcecgt tctagatcgg agtagaattc tgtttcaaac 10680
tacctggtgg atttattaat tttggatctg tatgtgtgtg ccatacatat tcatagttac 10740
gaattgaaga tgatggatgg aaatatcgat ctaggatagg tatacatgtt gatgcgggtt 10800
ttactgatgc atatacagag atgctttttg ttcgcttggt tgtgatgatg tggtgtggtt 10860
gggcggtegt tcattcgtte tagatcggag tagaatactg tttcaaacta cctggtgtat 10920
ttattaattt tggaactgta tgtgtgtgtc atacatcttc atagttacga gtttaagatg 10980
gatggaaata tcgatctagg ataggtatac atgttgatgt gggttttact gatgcatata 11040
catgatggca tatgcagcat ctattcatat gctctaacct tgagtaccta tctattataa 11100
taaacaagta tgttttataa ttattttgat cttgatatac ttggatgatg gcatatgcag 11160
cagctatatg tggatttttt tagccctgcce ttcatacgct atttatttge ttggtactgt 11220
ttettttgte gatgctcacce ctgttgtttg gtgttactte tgcagggatc cggcagcage 11280
catgcagaag ctgatcaaca gcgtgcagaa ctacgcctgg ggcagcaaga ccgccectgac 11340
cgagctgtac ggcatggaga accccagcag ccagcccatg gccgagcectgt ggatgggcge 11400
ccaccceccaag agcagcagcece gcegtgcagaa cgccgcceggce gacatcgtga gectgegega 11460
cgtgatcgag agcgacaaga gcaccctgct gggcgaggce gtggccaage getteggcega 11520
gctgecctte ctgttcaagg tgctgtgcge cgcccagcec ctgagcatcce aggtgcacce 11580
caacaagcac aacagcgaga tcggcttcecge caaggagaac gccgccggca tccccatgga 11640
cgccgecgag cgcaactaca aggaccccaa ccacaagcce gagetggtgt tegcecectgac 11700
ccecttectyg gecatgaacg ccecttecgcega gttcagecgag atcgtgagece tgctgcagee 11760
cgtggeegge geccacceeg ccatcgecca cttectgcag cagceccgacg ccgagegect 11820
gagcgagcetg ttecgccagcee tgctgaacat gcagggcgag gagaagagcce gcgecctgge 11880
catcctgaag agcgccctgg acagccagca gggcgagcece tggcagacca tccgectgat 11940
cagcgagttc taccccgagg acagcggcect gttcagccce ctgctgctga acgtggtgaa 12000
gctgaaccece ggcgaggcca tgttectgtt cgccgagacce ccccacgect acctgcaggg 12060
cgtggeectyg gaggtgatgg ccaacagcga caacgtgctg cgcgccggcece tgacccccaa 12120
gtacatcgac atccccgage tggtggccaa cgtgaagttc gaggccaagc ccgccaacca 12180
gctgectgace cagcccgtga agcagggcgce cgagctggac ttccccatcce ccgtggacga 12240
cttecgectte agectgcacg acctgagcga caaggagacce accatcagcc agcagagcge 12300
cgccatectg ttetgegtgg agggcgacgce caccctgtgg aagggcagcece agcagetgca 12360
gctgaagecec ggcgagagcg ccttcatcge cgccaacgag agccccgtga ccgtgaaggg 12420
ccacggcecgce ctggcecccgeg tgtacaacaa gctgtgatag gagctcgatc cgtcgacctg 12480
cagatcgttc aaacatttgg caataaagtt tcttaagatt gaatcctgtt gecggtecttg 12540
cgatgattat catataattt ctgttgaatt acgttaagca tgtaataatt aacatgtaat 12600

gcatgacgtt atttatgaga tgggttttta tgattagagt cccgcaatta tacatttaat 12660



US 2019/0376075 Al Dec. 12, 2019
116

-continued

acgcgataga aaacaaaata tagcgcgcaa actaggataa attatcgcgce gecggtgtcat 12720
ctatgttact agatcggcgc gccgcaattg aagtttggge ggccagcatg gecgtatceg 12780
caatgtgtta ttaagttgtc taagcgtcaa tttgtttaca ccacaatata tcctgccacce 12840
agccagccaa cagctcceceg accggcagct cggcacaaaa tcaccactcg atacaggcag 12900
cccatcagaa ttaattctca tgtttgacag cttatcatcg actgcacggt gcaccaatge 12960
ttetggegte aggcagccat cggaagctgt ggtatggctg tgcaggtcegt aaatcactge 13020
ataattcgtg tcgctcaagg cgcactccceg ttctggataa tgttttttge gecgacatca 13080
taacggttct ggcaaatatt ctgaaatgag ctgttgacaa ttaatcatcc ggctcecgtata 13140
atgtgtggaa ttgtgagcgg ataacaattt cacacaggaa acagaccatg agggaagcgt 13200
tgatcgccga agtatcgact caactatcag aggtagttgg cgtcatcgag cgccatctceg 13260
aaccgacgtt gctggccgta catttgtacg gctccgcagt ggatggcecgge ctgaagccac 13320
acagtgatat tgatttgctg gttacggtga ccgtaaggct tgatgaaaca acgcggcgag 13380
ctttgatcaa cgaccttttg gaaacttcgg cttcecccecectgg agagagcgag attctecgeg 13440
ctgtagaagt caccattgtt gtgcacgacg acatcattcc gtggcgttat ccagctaagce 13500
gcgaactgca atttggagaa tggcagcgca atgacattcect tgcaggtatc ttcecgagceccag 13560
ccacgatcga cattgatctg gcectatcttge tgacaaaagce aagagaacat agcgttgecct 13620
tggtaggtcce agcggcggag gaactcectttg atccggttcece tgaacaggat ctatttgagg 13680
cgctaaatga aaccttaacg ctatggaact cgccgcccga ctgggctggce gatgagcgaa 13740
atgtagtgct tacgttgtcc cgcatttggt acagcgcagt aaccggcaaa atcgcgccga 13800
aggatgtcgce tgccgactgg gcaatggagce gcctgcegge ccagtatcag cccgtcatac 13860
ttgaagctag gcaggcttat cttggacaag aagatcgctt ggcectecgcecge gcagatcagt 13920
tggaagaatt tgttcactac gtgaaaggcg agatcaccaa agtagtcggc aaataaagct 13980
ctagtggatc tccgtacceg gggatctgge tcecgeggegga cgcacgacgce cggggcgaga 14040
ccataggcga tctcectaaat caatagtagce tgtaacctcg aagcegtttca cttgtaacaa 14100
cgattgagaa tttttgtcat aaaattgaaa tacttggttc gcatttttgt catccgeggt 14160
cagccgcaat tctgacgaac tgcccattta gctggagatg attgtacatc cttcacgtga 14220
aaatttctca agcgctgtga acaagggttc agattttaga ttgaaaggtg agccgttgaa 14280
acacgttctt cttgtcgatg acgacgtcgce tatgcggcat cttattattg aataccttac 14340
gatccacgece ttcaaagtga ccgcggtage cgacagcacc cagttcacaa gagtactctce 14400
ttececgegacyg gtcgatgteg tggttgttga tctagattta ggtcecgtgaag atgggctcga 14460
gctaggagca agtgatttta tcgctaagec gttcagtatce agagagtttc tagcacgcat 14520
tcgggttgee ttgcgegtge gecccaacgt tgtccgetcece aaagaccgac ggtctttttg 14580
ttttactgac tggacactta atctcaggca acgtcgcttg atgtccgaag ctggcecggtga 14640
ggtgaaactt acggcaggtg agttcaatct tctcctegeg tttttagaga aaccccgcecga 14700
cgttctatcg cgcgagcaac ttctcattge cagtcgagta cgcgacgagg aggtttatga 14760
caggagtata gatgttctca ttttgaggct gcgccgcaaa cttgaggcag atccgtcaag 14820
ccectcaactg ataaaaacag caagaggtgce cggttattte tttgacgcgg acgtgcaggt 14880

ttegcacggg gggacgatgg cagcctgagce caattcccag atccccgagg aatcggegtg 14940



US 2019/0376075 Al Dec. 12, 2019
117

-continued

agcggtegca aaccatccgg cccggtacaa atcggcgegg cgctgggtga tgacctggtg 15000
gagaagttga aggccgcgca ggccgcccag cggcaacgca tcgaggcaga agcacgceccce 15060
ggtgaatcgt ggcaagcggce cgctgatcga atccgcaaag aatcccggca accgccggca 15120
gcecggtgege cgtcgattag gaagccgccce aagggcgacg agcaaccaga ttttttegtt 15180
ccgatgcetet atgacgtggg cacccgcgat agtcgcagca tcatggacgt ggccgtttte 15240
cgtctgtega agcecgtgaccg acgagcetggce gaggtgatce gctacgaget tccagacggg 15300
cacgtagagg tttccgcagg gecggcecggce atggccagtg tgtgggatta cgacctggta 15360
ctgatggcgg tttcccatct aaccgaatcce atgaaccgat accgggaagg gaagggagac 15420
aagcceggece gegtgtteeg tecacacgtt gcggacgtac tcaagttctg ccggcecgagece 15480
gatggcggaa agcagaaaga cgacctggta gaaacctgca ttcggttaaa caccacgcac 15540
gttgccatge agcgtacgaa gaaggccaag aacggccgcec tggtgacggt atccgagggt 15600
gaagccttga ttagccgcta caagatcgta aagagcgaaa ccgggcggcce ggagtacatce 15660
gagatcgagc tagctgattg gatgtaccgce gagatcacag aaggcaagaa cccggacgtg 15720
ctgacggttc accccgatta ctttttgatce gatcccggca tcggecegttt tetctaccge 15780
ctggcacgcce gcgccgcagg caaggcagaa gccagatggt tgttcaagac gatctacgaa 15840
cgcagtggca gcgccggaga gttcaagaag ttctgtttca ccgtgecgcaa gectgatcecggg 15900
tcaaatgacc tgccggagta cgatttgaag gaggaggcgg ggcaggctgg cccgatccta 15960
gtcatgcget accgcaacct gatcgagggce gaagcatcceg ccggttcecta atgtacggag 16020
cagatgctag ggcaaattgc cctagcaggg gaaaaaggtc gaaaaggtct ctttectgtg 16080
gatagcacgt acattgggaa cccaaagccg tacattggga accggaaccce gtacattggg 16140
aacccaaagc cgtacattgg gaaccggtca cacatgtaag tgactgatat aaaagagaaa 16200
aaaggcgatt tttccgccta aaactcecttta aaacttatta aaactcttaa aacccgcectg 16260
gcctgtgecat aactgtctgg ccagcgcaca gccgaagagce tgcaaaaagc gcctaccctt 16320
cggtcgetge gectcectacg cecccgecget tegegtegge ctatcgegge cgctggecge 16380
tcaaaaatgg ctggcctacg gccaggcaat ctaccagggce gcggacaagce cgcgecgtceg 16440
ccactcgacce gccggcgetg aggtetgect cgtgaagaag gtgttgctga ctcataccag 16500
gcctgaateg ccccatcate cagccagaaa gtgagggage cacggttgat gagagetttg 16560
ttgtaggtgg accagttggt gattttgaac ttttgctttg ccacggaacg gtctgegttg 16620
tcgggaagat gecgtgatctg atccttcaac tcagcaaaag ttcgatttat tcaacaaagce 16680
cgeccgteceg tcaagtcage gtaatgectcet gccagtgtta caaccaatta accaattctg 16740
attagaaaaa ctcatcgagc atcaaatgaa actgcaattt attcatatca ggattatcaa 16800
taccatattt ttgaaaaagc cgtttctgta atgaaggaga aaactcaccg aggcagttcc 16860
ataggatggc aagatcctgg tatcggtctg cgattccgac tcgtccaaca tcaatacaac 16920
ctattaattt cccctcgtca aaaataaggt tatcaagtga gaaatcacca tgagtgacga 16980
ctgaatccgg tgagaatggc aaaagctctg cattaatgaa tcggccaacg cgcggggaga 17040
ggcggtttge gtattgggcg ctetteceget tectegetceca ctgacteget gegeteggte 17100
gttcggctge ggcgageggt atcagctcac tcaaaggcgg taatacggtt atccacagaa 17160

tcaggggata acgcaggaaa gaacatgtga gcaaaaggcc agcaaaaggc caggaaccgt 17220
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aaaaaggccg cgttgctgge gttttteccat aggctccgee cccectgacga gcatcacaaa 17280
aatcgacgct caagtcagag gtggcgaaac ccgacaggac tataaagata ccaggegttt 17340
cceectggaa getceectegt gegcetetect gttecgacce tgccgettac cggatacctg 17400
tcegecttte teccctteggg aagegtggeg ctttctcata gctcacgcetg taggtatcte 17460
agttcggtgt aggtcgtteg ctccaagcectg ggctgtgtge acgaaccccce cgttcagecce 17520
gaccgctgeg ccttatccgg taactatcgt cttgagtcca acccggtaag acacgactta 17580
tcgccactgg cagcagccac tggtaacagg attagcagag cgaggtatgt aggcggtget 17640
acagagttct tgaagtggtg gcctaactac ggctacacta gaagaacagt atttggtatce 17700
tgcgctetge tgaagccagt taccttcgga aaaagagttg gtagectcttg atccggcaaa 17760
caaaccaccg ctggtagcgg tggttttttt gtttgcaage agcagattac gcgcagaaaa 17820
aaaggatctc aagaagatcc tttgatcttt tctacggggt ctgacgctca gtggaacgaa 17880
aactcacgtt aagggatttt ggtcatgaga ttatcaaaaa ggatcttcac ctagatcctt 17940

ttgatccgga atta 17954

<210> SEQ ID NO 36

<211> LENGTH: 17045

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: vector 24079
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (4)..(259)

<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (312)..(2356

<223> OTHER INFORMATION: prGRMZM2G146551-01
<220> FEATURE:

<221> NAME/KEY: gene

<222> LOCATION: (2358)..(6527)

<223> OTHER INFORMATION: cCas9-01

<220> FEATURE:

<221> NAME/KEY: mutation

<222> LOCATION: (5847)..(5849)

<223> OTHER INFORMATION: L to V mutation
<220> FEATURE:

<221> NAME/KEY: mutation

<222> LOCATION: (5892)..(5894)

<223> OTHER INFORMATION: I to V mutation
<220> FEATURE:

<221> NAME/KEY: terminator

<222> LOCATION: (6542)..(7860)

<223> OTHER INFORMATION: tGRMZM2G1l46551-01
<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (7874)..(8248)

<223> OTHER INFORMATION: prOsU3-01

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (8249)..(8354)

<223> OTHER INFORMATION: rsgRNAZmVLHP-02
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (8250)..(8269)

<223> OTHER INFORMATION: ZmVLHP2 target
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (8270)..(8281

<223> OTHER INFORMATION: rCrRNA-01

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (8286)..(8354)
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<223> OTHER INFORMATION: rTracrRNA-01
<220> FEATURE:
<221> NAME/KEY: promoter
<222> LOCATION: (8365)..(10356)
<223> OTHER INFORMATION: prUbil-o04
<220> FEATURE:
<221> NAME/KEY: gene
<222> LOCATION: (10373)..(11551)
<223> OTHER INFORMATION: cPMI-09
<220> FEATURE:
<221> NAME/KEY: terminator
<222> LOCATION: (11574) ..(11826)
<223> OTHER INFORMATION: tNOS-05-01
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (11870)..(11999
<223> OTHER INFORMATION: bNLB-03
<220> FEATURE:
<221> NAME/KEY: gene
<222> LOCATION: (12279) .. (13067
<223> OTHER INFORMATION: cSpec-03
<220> FEATURE:
<221> NAME/KEY: promoter
<222> LOCATION: (13162)..(13292)
<223> OTHER INFORMATION: prVirG-01
<220> FEATURE:
<221> NAME/KEY: gene
<222> LOCATION: (13367)..(13999)
<223> OTHER INFORMATION: cVirG-09
<220> FEATURE:
<221> NAME/KEY: gene
<222> LOCATION: (14029)..(15102)
<223> OTHER INFORMATION: cRepA-01
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (15145) .. (15549)
<223> OTHER INFORMATION: oVS1-02
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (16227)..(17033)
<223> OTHER INFORMATION: oCOLE-06
<400> SEQUENCE: 36
attcctgtgg ttggcatgca catacaaatg gacgaacgga taaacctttt cacgeccttt 60
taaatatccg attattctaa taaacgctct tttectcttag gtttacccge caatatatcce 120
tgtcaaacac tgatagttta aactgaaggc gggaaacgac aatctgatca tgagcggaga 180
attaagggag tcacgttatg accccegecg atgacgceggyg acaagccgtt ttacgtttgg 240
aactgacaga accgcaacgc tgcaggaatt ggccgcageg gccatttaaa caaagettgg 300
taccgggace catgtagtat cacatgagtg agtcaaggac taagtattat gcattttgtt 360
tctcactcac ggattagctc gcaatcatca tagtgaaatce tagctactgg cactatcgaa 420
atctagctet ttgccgagtg cactttatcg agcactcgac aaagcattct ttatcgagtg 480
ccagtettgg cgaaataaga ctctcgacaa agaccttgtt taccgaggga gaaacactcg 540
gcgtaaaaag acactcggca aagaagactt tgctgagtgt caaaccctca gcgaaatgeg 600
acccteggcea aaggaccgtc agcagccatce tatagttgat ggctattaac ttcegegagtg 660
tcaggegttyg acacacgaca aaatatcttt tttgtcgagt gtcactggge aaacacttgg 720
taaacctatg ttttgccgag tgtctttcecct tgacactcga caaagtatat ttgtttttte 780
tttttececca aactttttgt ggtgtgtttce tacaatatat agacctattt gttcaatttt 840
ggcacaatta taaaagtgtt tgctataact atcagattta gtttgcttaa ttggatttct 900
ttggataatt cagatttgaa ctacaagcca cttgaaaaat ggaaaacagt gaatacaaaa 960
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atgacattca tgttatttag cacaagttat gatctatttc aggaacatgc gagaattttc 1020
gaacaccatt ctcacaaaac atgattgcgg acttgtgatc aagttgtttt aaaattgtat 1080
aaaacaaaaa caaagtcaga aaatcatgaa acttgttgac atgtcatgat atcatatgta 1140
gagactctaa taaaaatttg agattgtttc atgaaagttg tcacgcgcta tgtgtagaaa 1200
cctagceecgt ctacattgag gttctatgat ttcatgtgaa ggacatctag gcatcaatgt 1260
ttatgataat atcttatgtt tgtttggacg aaatattaaa aacaaataaa aaggggtcct 1320
tgatcacttt gacgagcatt gcactcagca aagggtgcct ttgctgagtg caatggtcat 1380
agaactcggt agaaaaacat acatagacat agggaaactt gctttaccge gtgctatggce 1440
caagacactc ggcaaactag gctcctttgt cgagttccat cccaagcact cgacattgga 1500
actgcgactg ggcctcacag aagctttctt tgccgagtge cactaagcga ggaactcgga 1560
tgctcagcaa aggctctgtce atcgtcacga tgtcecttttgt ttgtcgtgta ccagttggca 1620
ctcggtaaag actttactga gtgcccgata gaaagtactc gacaaagaga ccgttgccaa 1680
cgtttggttc actgagggct ctttgctgce ttttggactt gacaaagaag ccgtctceccag 1740
tagtgtctce tgggaggcgg gatttatgtt ttttccecgga getcectgtggg acatcatgga 1800
cggtccagtce tggtgatcta aaatagacgg tttgccaagce tcacagagaa gtctttaaga 1860
tctteccacga tgcacgcatg ctttaaggtt agttagtgtt tggtctgaaa aagcgtcaac 1920
aattaggaaa caagaactaa aattattaaa ggacagatca ggaagcatgc atgttcttct 1980
tctatagtgt gtgttgagcc tgagtttgge cttttaggect ttattagggg gctcacagtce 2040
taactaagga gttgtattga tgtgctgaca aatattatgt tcgatcgtca cagtgttctt 2100
atgcggatcg attaggcccg atcatggtga aataaactaa ccaccggtaa gcccgggcag 2160
ccctagagea tgcageggece tacgtgaage cegcacateg catcgtegte cgtcaggege 2220
taacggccgg ccgctgcatg cgtcgecgge gaactctetg ctgagccacce cgtectceect 2280
ataagtagct atcccagcac cgtcgtctat caaccacaca cagagcggca tttcgaataa 2340
cacaggtgag cgcgaccatg gacaagaagt acagcatcgg cctggacatc ggcaccaaca 2400
gegtgggetyg ggecgtgate accgacgagt acaaggtgcece gagcaagaag ttcaaggtgce 2460
tgggcaacac cgacaggcac agcatcaaga agaacctgat cggegccctyg ctgttcgaca 2520
geggegagac cgecgaggece accaggctga agaggaccge caggaggagg tacaccagga 2580
ggaagaacag gatctgctac ctgcaggaga tcttcagcaa cgagatggcc aaggtggacyg 2640
acagcttett ccacaggctg gaggagaget tectggtgga ggaggacaag aagcacgaga 2700
ggcacccgat cttecggcaac atcgtggacg aggtggecta ccacgagaag tacccgacca 2760
tctaccacct gaggaagaag ctggtggaca gcaccgacaa ggccgacctyg aggctgatct 2820
acctggecct ggcccacatg atcaagttca ggggccactt cctgatcgag ggcgacctga 2880
acccggacaa cagcgacgtg gacaagetgt tcatccaget ggtgcagacce tacaaccage 2940
tgttecgagga gaacccgatc aacgccageg gegtggacge caaggccatce ctgagegcca 3000
ggctgagcaa gagcaggagg ctggagaacc tgatcgecca getgceceggge gagaagaaga 3060
acggcctgtt cggcaacctg atcgccectga gcecctgggect gaccccgaac ttcaagagca 3120
acttcgacct ggccgaggac gccaagetge agetgagcaa ggacacctac gacgacgace 3180

tggacaacct gctggeccag atcggegace agtacgecga cetgtteetyg gecgecaaga 3240
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acctgagcga cgccatcctg ctgagegaca tectgagggt gaacaccgag atcaccaagg 3300
ccecgetgag cgccagecatg atcaagaggt acgacgagea ccaccaggac ctgaccctge 3360
tgaaggccct ggtgaggcag cagctgccgg agaagtacaa ggagatctte ttcgaccaga 3420
gcaagaacgyg ctacgccgge tacatcgacg geggcegecag ccaggaggag ttctacaagt 3480
tcatcaagee gatcctggag aagatggacg gcaccgagga gcetgetggtyg aagctgaaca 3540
gggaggacct gctgaggaag cagaggacct tcgacaacgg cagcatcccg caccagatcce 3600
acctgggcga gctgcacgece atcctgagga ggcaggagga cttctacceg ttecctgaagg 3660
acaacaggga gaagatcgag aagatcctga ccttccegeat ccegtactac gtgggeccge 3720
tggccagggg caacagcagg ttcgectgga tgaccaggaa gagcgaggag accatcacce 3780
cgtggaactt cgaggaggtg gtggacaagg gegcecagege ccagagcette atcgagagga 3840
tgaccaactt cgacaagaac ctgccgaacg agaaggtgct gccgaagcac agcectgetgt 3900
acgagtactt caccgtgtac aacgagctga ccaaggtgaa gtacgtgacc gagggcatga 3960
ggaagccegge cttectgage ggcgagcaga agaaggcecat cgtggacctg ctgttcaaga 4020
ccaacaggaa ggtgaccgtg aagcagctga aggaggacta cttcaagaag atcgagtgcet 4080
tcgacagegt ggagatcage ggcgtggagg acaggttcaa cgccagcectyg ggcacctace 4140
acgacctgct gaagatcatc aaggacaagg acttcctgga caacgaggag aacgaggaca 4200
tcetggagga catcgtgetg accctgacce tgttcgagga cagggagatg atcgaggaga 4260
ggctgaagac ctacgcccac ctgttcgacg acaaggtgat gaagcagetg aagaggagga 4320
ggtacaccgyg ctggggcagg ctgagcagga agctgatcaa cggcatcagg gacaagcaga 4380
gcggcaagac catcctggac ttectgaaga gcgacggctt cgccaacagg aacttcatge 4440
agctgatcca cgacgacagce ctgaccttca aggaggacat ccagaaggcece caggtgageg 4500
gecagggcega cagectgcac gagcacatceg ccaacctgge cggcageccg gecatcaaga 4560
agggcatcct gcagaccgtg aaggtggtgg acgagctggt gaaggtgatyg ggcaggcaca 4620
agccggagaa catcgtgatc gagatggeca gggagaacca gaccacccag aagggcecaga 4680
agaacagcag ggagaggatg aagaggatcg aggagggcat caaggagctyg ggcagccaga 4740
tcctgaagga gcacceggtyg gagaacaccece agetgcagaa cgagaagcetyg tacctgtact 4800
acctgcagaa cggcagggac atgtacgtgg accaggaget ggacatcaac aggctgagceg 4860
actacgacgt ggaccacatc gtgccgcaga gettectgaa ggacgacagce atcgacaaca 4920
aggtgctgac caggagcgac aagaacaggg gcaagagcga caacgtgcecyg agcgaggagg 4980
tggtgaagaa gatgaaaaac tactggaggc agctgctgaa cgccaagcetyg atcacccaga 5040
ggaagttcga caacctgacce aaggccgaga ggggcggect gagcgagetg gacaaggecyg 5100
gcttcattaa aaggcagctyg gtggagacca ggcagatcac caagcacgtg gcccagatcce 5160
tggacagcag gatgaacacc aagtacgacg agaacgacaa gctgatcagyg gaggtgaagg 5220
tgatcaccct gaagagcaag ctggtgagcg acttcaggaa ggacttccag ttctacaagg 5280
tgagggagat caataattac caccacgccce acgacgccta cctgaacgece gtggtgggea 5340
ccgcecctgat taaaaagtac ccgaagctgg agagcgagtt cgtgtacggce gactacaagg 5400
tgtacgacgt gaggaagatg atcgccaaga gcgagcagga gatcggcaag gccaccgcca 5460

agtacttctt ctacagcaac atcatgaact tcttcaagac cgagatcacc ctggccaacg 5520
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gcgagatcag gaagaggccg ctgatcgaga ccaacggcga gaccggegag ategtgtggg 5580
acaagggcag ggacttcgcce accgtgagga aggtgctgte catgeccgcag gtgaacatcg 5640
tgaagaagac cgaggtgcag accggcgget tcagcaagga gagcatcctyg ccgaagagga 5700
acagcgacaa gctgatcgcece aggaagaagg actgggacce gaagaagtac ggcggettceg 5760
acagcccgac cgtggectac agegtgetgg tggtggcecaa ggtggagaag ggcaagagca 5820
agaagctgaa gagcgtgaag gagctggtgg geatcaccat catggagagyg agcagettceg 5880
agaagaaccce agtggacttc ctggaggeca agggctacaa ggaggtgaag aaggacctga 5940
tcattaaact gccgaagtac agcctgttceg agctggagaa cggcaggaag aggatgctgg 6000
ccagegecegg cgagetgcag aagggcaacg agetggcecect gecgagcaag tacgtgaact 6060
tcetgtaccet ggccagecac tacgagaagce tgaagggcag cccggaggac aacgagcaga 6120
agcagetgtt cgtggagcag cacaagcact acctggacga gatcatcgag cagatcagceg 6180
agttcagcaa gagggtgatc ctggccgacg ccaacctgga caaggtgcetyg agcgectaca 6240
acaagcacag ggacaagccg atcagggagce aggccgagaa catcatccac ctgttcacce 6300
tgaccaacct gggcgecccg gecgecttca agtacttega caccaccatce gacaggaaga 6360
ggtacaccag caccaaggag gtgctggacg ccaccctgat ccaccagagce atcaccggec 6420
tgtacgagac caggatcgac ctgagccage tgggeggcega cagcagceccyg ccgaagaaga 6480
agaggaaggt gagctggaag gacgccageg gctggagcag gatgtgacca tggagcetcta 6540
aactttgaat tcccttcgat tcatccggca cagcgggcta tggaccttca gcagcaagct 6600
aattaagttg gcagcatgca ccgctaacct tatatactac tgagacttcc aaattctagt 6660
atatgtaatc cttttgttcg ggttcatgat cgaattccaa agagtggaaa acaagcaaaa 6720
ggttaaatat acatgccatt tttggaggca tttttttcat gagggcatgt ttcgatatat 6780
ggaccactaa atatacatat catttacttt cctacaaatt tgctacatcc ttggaaatgce 6840
atagtctgtc tccaagaaaa agatactctg attacatcac tagtacacac agcctctata 6900
gtggcggtte tagagacatt ttcactggcg cttttcagtg ccgccagtgt taggggccag 6960
tggaaatcgce catttccatt caataaccgc cagtggaaaa agcatttcca ctggceggttt 7020
tcttaagcaa ccgccagtgg aaatgtttce cgtetttttt taaatttteg tactgaaatt 7080
tatatattta cacacacaaa catatatata tatatattga tattgataaa catgtagtat 7140
tgatactaaa agcaacatga aattaaattc tatcatacat ttatatacat caaagtcttg 7200
tttacaacca tgtatgcatc acacattata tacatcaaag ttttcactta agctctaata 7260
actatctcgg ctaagagata gtctactaat ttctgttagt attctaaact ctggcaaagc 7320
taatgttccg gaagcatcgt gatatttcce ttectgcggga atgacctctt tcaatatgaa 7380
tgtgcacagg tcctcaacta tgccatacaa tgcaccttca gtcaagttct ccgggcttcece 7440
tttttgaaat tgctgtaaag gaagtttata aacatcatct atttatactc aataataaca 7500
catttgcatc tttaatgaca taaatacata cgtgactatt actaataata ccttgccagg 7560
gttcgtgatg tatcgtccat tcattctcat aaactcgcac acgtagaacc cacataggac 7620
cgatccgggt ggttgcttgt ggcactacat aacgggagat tggttattta gttgcaacat 7680
tgtcctatgt acgtacatgt atgatatgta ttcataaatt cacatactta ctggccagtt 7740

ataatggatg tctagtggca cacctttttt ggacgtgtcg tactttccac catgtagett 7800
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ataaaaccta aatgccctgt gatctcaaat agaatcacca tgttattcta caattctcat 7860
gggaccctte gaagggatct ttaaacatac gaacagatca cttaaagttc ttctgaagca 7920
acttaaagtt atcaggcatg catggatctt ggaggaatca gatgtgcagt cagggaccat 7980
agcacaggac aggcgtcttce tactggtgct accagcaaat gctggaagcce gggaacactg 8040
ggtacgttgg aaaccacgtg atgtggagta agataaactg taggagaaaa gcatttcgta 8100
gtgggccatg aagcctttca ggacatgtat tgcagtatgg gccggcccat tacgcaattg 8160
gacgacaaca aagactagta ttagtaccac ctcggctatc cacatagatc aaagctggtt 8220
taaaagagtt gtgcagatga tccgtggcag ctggagctga gecttececgggg ttttagaget 8280
agaaatagca agttaaaata aggctagtcc gttatcaact tgaaaaagtg gcaccgagtc 8340
ggtgecttttt ttttcggace gcgectgcag tgcagegtga ccecggtegtg ccectcecteta 8400
gagataatga gcattgcatg tctaagttat aaaaaattac cacatatttt ttttgtcaca 8460
cttgtttgaa gtgcagttta tctatcttta tacatatatt taaactttac tctacgaata 8520
atataatcta tagtactaca ataatatcag tgttttagag aatcatataa atgaacagtt 8580
agacatggtc taaaggacaa ttgagtattt tgacaacagg actctacagt tttatctttt 8640
tagtgtgcat gtgttcteccect ttttttttge aaatagcttc acctatataa tacttcatcc 8700
attttattag tacatccatt tagggtttag ggttaatggt ttttatagac taattttttt 8760
agtacatcta ttttattcta ttttagcctc taaattaaga aaactaaaac tctattttag 8820
tttttttatt taataattta gatataaaat agaataaaat aaagtgacta aaaattaaac 8880
aaataccctt taagaaatta aaaaaactaa ggaaacattt ttcttgtttc gagtagataa 8940
tgccagectyg ttaaacgccg tcgacgagte taacggacac caaccagcga accagcagcg 9000
tcgegteggg ccaagcgaag cagacggcac ggcatctetg tegctgecte tggacccecte 9060
tcgagagttc cgctccaccg ttggacttge tcegectgteg gcatccagaa attgegtggce 9120
ggagcggcayg acgtgagcecg gcacggcagg cggcectecte ctectcetcac ggcaccggea 9180
gctacggggyg attcctttcee caccgctect tegctttceece ttectegece gceccgtaataa 9240
atagacaccc cctccacacce ctetttecce aacctegtgt tgttcggage gcacacacac 9300
acaaccagat ctcccccaaa tceccaccecgte ggcacctecg cttcaaggta cgccgctegt 9360
cctececccee ceccectetet accttetcecta gateggegtt cecggteccatg gttagggecce 9420
ggtagttcta cttectgttca tgtttgtgtt agatccgtgt ttgtgttaga tcegtgetge 9480
tagcgttegt acacggatgce gacctgtacg tcagacacgt tctgattget aacttgccag 9540
tgtttctett tggggaatcc tgggatggct ctageccgtte cgcagacggg atcgatttca 9600
tgattttttt tgtttcgttg catagggttt ggtttgcect tttcectttat ttcaatatat 9660
gccgtgcact tgtttgtcgg gtcatctttt catgettttt tttgtcttgg ttgtgatgat 9720
gtggtctggt tgggcggtcg ttctagatcg gagtagaatt ctgtttcaaa ctacctggtyg 9780
gatttattaa ttttggatct gtatgtgtgt gccatacata ttcatagtta cgaattgaag 9840
atgatggatg gaaatatcga tctaggatag gtatacatgt tgatgcgggt tttactgatg 9900
catatacaga gatgcttttt gttcgettgg ttgtgatgat gtggtgtggt tgggcggtcg 9960
ttcattegtt ctagatcgga gtagaatact gtttcaaact acctggtgta tttattaatt 10020

ttggaactgt atgtgtgtgt catacatctt catagttacg agtttaagat ggatggaaat 10080
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atcgatctag gataggtata catgttgatg tgggttttac tgatgcatat acatgatggce 10140
atatgcagca tctattcata tgctctaacc ttgagtacct atctattata ataaacaagt 10200
atgttttata attattttga tcttgatata cttggatgat ggcatatgca gcagctatat 10260
gtggattttt ttagccctge cttcatacge tatttatttg cttggtactg tttettttgt 10320
cgatgctcac cctgttgttt ggtgttactt ctgcagggat ccggcagcag ccatgcagaa 10380
gctgatcaac agcgtgcaga actacgcectg gggcagcaag accgccctga ccgagctgta 10440
cggcatggag aaccccagca gccagceccat ggccgagcetg tggatgggeg cccaccccaa 10500
gagcagcagc cgcgtgcaga acgccgecgg cgacatcgtg agectgcgeg acgtgatcga 10560
gagcgacaag agcaccctge tgggcgaggce cgtggccaag cgcttcecggeg agetgecctt 10620
cctgttcaag gtgctgtgeg ccgcccagee cctgagcate caggtgcacce ccaacaagca 10680
caacagcgag atcggctteg ccaaggagaa cgccgcceggce atccccatgg acgccecgccga 10740
gcgcaactac aaggacccca accacaagcc cgagcetggtg ttecgceccectga cceccecttect 10800
ggccatgaac gccttecegeg agttcagecga gatcgtgage ctgcectgcage ccgtggecgg 10860
cgcccacccee gecatcgeee acttectgca gcagcecccgac gccgagcegece tgagcecgaget 10920
gttcgccage ctgctgaaca tgcagggcga ggagaagagce cgcgccctgg ccatcctgaa 10980
gagcgccecetyg gacagccagce agggcgagcec ctggcagacce atccgcectga tcagcgagtt 11040
ctaccccecgag gacagcggcece tgttcagcecce cctgctgetg aacgtggtga agctgaacce 11100
cggcgaggcece atgttcecctgt tegccgagac cccccacgcece tacctgcagg gegtggeccct 11160
ggaggtgatg gccaacagcg acaacgtgct gecgcgecgge ctgaccccca agtacatcga 11220
catccecgag ctggtggecca acgtgaagtt cgaggccaag cccgccaacce agctgetgac 11280
ccagccecegtg aagcagggceg ccgagcetgga ctteccccate cccecgtggacg acttegectt 11340
cagcctgcac gacctgageg acaaggagac caccatcagce cagcagagcg ccgccatccet 11400
gttctgegtyg gagggcgacg ccaccctgtg gaagggcage cagcagctgce agctgaagcece 11460
cggcgagagce gcecttcateg ccgccaacga gageccegtg accgtgaagg geccacggceceg 11520
cctggececge gtgtacaaca agctgtgata ggagctcgat ccgtcgacct gcagategtt 11580
caaacatttg gcaataaagt ttcttaagat tgaatcctgt tgccggtctt gecgatgatta 11640
tcatataatt tctgttgaat tacgttaagc atgtaataat taacatgtaa tgcatgacgt 11700
tatttatgag atgggttttt atgattagag tcccgcaatt atacatttaa tacgcgatag 11760
aaaacaaaat atagcgcgca aactaggata aattatcgcg cgcggtgtca tctatgttac 11820
tagatcggcg cgccgcaatt gaagtttggg cggccagcat ggccgtatce gcaatgtgtt 11880
attaagttgt ctaagcgtca atttgtttac accacaatat atcctgccac cagccagcca 11940
acagctcecccce gaccggcagce tcggcacaaa atcaccactce gatacaggca gcccatcaga 12000
attaattctc atgtttgaca gcttatcatc gactgcacgg tgcaccaatg cttctggegt 12060
caggcagcca tcggaagctg tggtatggct gtgcaggtcg taaatcactg cataattcgt 12120
gtcgctcaag gcegcactcecce gttetggata atgttttttg cgccgacatc ataacggtte 12180
tggcaaatat tctgaaatga gctgttgaca attaatcatc cggctcgtat aatgtgtgga 12240
attgtgagcg gataacaatt tcacacagga aacagaccat gagggaagcg ttgatcgccg 12300

aagtatcgac tcaactatca gaggtagttg gcgtcatcga gcgccatctce gaaccgacgt 12360
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tgctggecgt acatttgtac ggctcecgcag tggatggcegg cctgaagcca cacagtgata 12420
ttgatttgct ggttacggtyg accgtaaggc ttgatgaaac aacgcggcga gctttgatca 12480
acgacctttt ggaaacttcg gectteccctg gagagagcga gattctceccecge getgtagaag 12540
tcaccattgt tgtgcacgac gacatcattc cgtggcgtta tccagctaag cgcgaactge 12600
aatttggaga atggcagcgc aatgacattc ttgcaggtat cttcgagcca geccacgatcg 12660
acattgatct ggctatcttg ctgacaaaag caagagaaca tagcgttgcc ttggtaggte 12720
cagcggcgga ggaactcttt gatccggtte ctgaacagga tctatttgag gecgctaaatg 12780
aaaccttaac gctatggaac tcgccgeccg actgggcetgg cgatgagcga aatgtagtge 12840
ttacgttgtc ccgcatttgg tacagcgcag taaccggcaa aatcgecgcecg aaggatgtceg 12900
ctgccgactg ggcaatggag cgcctgccgg cccagtatca gcecccgtcata cttgaagcta 12960
ggcaggctta tcttggacaa gaagatcgcet tggcctcecgeg cgcagatcag ttggaagaat 13020
ttgttcacta cgtgaaaggc gagatcacca aagtagtcgg caaataaagc tctagtggat 13080
ctecegtacce ggggatctgg ctegeggegg acgcacgacg ccggggcgag accataggeg 13140
atctcctaaa tcaatagtag ctgtaacctc gaagcgttte acttgtaaca acgattgaga 13200
atttttgtca taaaattgaa atacttggtt cgcatttttg tcatccgcgg tcagccgcaa 13260
ttctgacgaa ctgcccattt agctggagat gattgtacat ccttcacgtg aaaatttcte 13320
aagcgctgtg aacaagggtt cagattttag attgaaaggt gagccgttga aacacgttcect 13380
tcttgtegat gacgacgtceg ctatgceggca tcttattatt gaatacctta cgatccacge 13440
cttcaaagtg accgcggtag ccgacagcac ccagttcaca agagtactct cttcecgegac 13500
ggtcgatgte gtggttgttg atctagattt aggtcgtgaa gatgggctcg agctaggage 13560
aagtgatttt atcgctaagc cgttcagtat cagagagttt ctagcacgca ttcgggttge 13620
cttgcgegtyg cgccccaacg ttgtecegete caaagaccga cggtecttttt gttttactga 13680
ctggacactt aatctcaggc aacgtcgctt gatgtccgaa gctggeggtg aggtgaaact 13740
tacggcaggt gagttcaatc ttctectcecge gtttttagag aaaccccgeg acgttcetate 13800
gcgcgagcaa cttcetcattg ccagtcgagt acgcgacgag gaggtttatg acaggagtat 13860
agatgttctc attttgaggc tgcgccgcaa acttgaggca gatccgtcaa geccctcaact 13920
gataaaaaca gcaagaggtg ccggttattt ctttgacgcg gacgtgcagg tttcegcacgg 13980
ggggacgatg gcagcctgag ccaattccca gatccccgag gaatcggegt gageggtcege 14040
aaaccatccg gecccggtaca aatcggcgceg gcgetgggtg atgacctggt ggagaagttg 14100
aaggccgcge aggccgcecca gceggcaacgce atcgaggcag aagcacgccce cggtgaatceg 14160
tggcaagcgg ccgctgatceg aatccgcaaa gaatccecgge aaccgcecggce agecggtgeg 14220
ccgtcgatta ggaagccgece caagggcgac gagcaaccag attttttegt tecgatgecte 14280
tatgacgtgg gcacccgcga tagtcgcage atcatggacg tggccgtttt cecgtetgteg 14340
aagcgtgacce gacgagctgg cgaggtgatc cgctacgage ttccagacgg gcacgtagag 14400
gttteccgecag ggcecggcecgg catggccagt gtgtgggatt acgacctggt actgatggceg 14460
gtttcccate taaccgaatc catgaaccga taccgggaag ggaagggaga caagcccgge 14520
cgegtgttee gtccacacgt tgcggacgta ctcaagttct geccggcgage cgatggcgga 14580

aagcagaaag acgacctggt agaaacctgc attcggttaa acaccacgca cgttgccatg 14640
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cagcgtacga agaaggccaa gaacggccgce ctggtgacgg tatccgaggg tgaagecttg 14700
attagccgcet acaagatcgt aaagagcgaa accgggceggce cggagtacat cgagatcgag 14760
ctagctgatt ggatgtaccg cgagatcaca gaaggcaaga acccggacgt gctgacggtt 14820
caccccgatt actttttgat cgatcccgge atcggcegtt ttctcectaccg cctggcacge 14880
cgcgecgcag gcaaggcaga agccagatgg ttgttcaaga cgatctacga acgcagtgge 14940
agcgccggag agttcaagaa gttctgttte accgtgcgca agctgatcgg gtcaaatgac 15000
ctgccggagt acgatttgaa ggaggaggcg gggcaggctg gcccgatcct agtcatgege 15060
taccgcaacc tgatcgaggg cgaagcatcc gccggttect aatgtacgga gcagatgcta 15120
gggcaaattg ccctagcagg ggaaaaaggt cgaaaaggtc tcectttcectgt ggatagcacg 15180
tacattggga acccaaagcc gtacattggg aaccggaacc cgtacattgg gaacccaaag 15240
ccgtacattg ggaaccggtc acacatgtaa gtgactgata taaaagagaa aaaaggcgat 15300
ttttcegect aaaactcttt aaaacttatt aaaactctta aaacccgcect ggcctgtgca 15360
taactgtctg gccagcgcac agccgaagag ctgcaaaaag cgcctaccct teggtegetg 15420
cgcteectac geccegeege ttegegtegg cctatcgegg ccgetggecg ctcaaaaatg 15480
gctggectac ggccaggcaa tctaccaggg cgcggacaag ccgcgccgtce gccactcgac 15540
cgecggeget gaggtctgece tegtgaagaa ggtgttgetg actcatacca ggcctgaate 15600
gcceccatcat ccagccagaa agtgagggag ccacggttga tgagagcttt gttgtaggtg 15660
gaccagttgg tgattttgaa cttttgcttt gccacggaac ggtctgegtt gtcecgggaaga 15720
tgcgtgatct gatccttcaa ctcagcaaaa gttcgattta ttcaacaaag ccgcegtcecce 15780
gtcaagtcag cgtaatgctc tgccagtgtt acaaccaatt aaccaattct gattagaaaa 15840
actcatcgag catcaaatga aactgcaatt tattcatatc aggattatca ataccatatt 15900
tttgaaaaag ccgtttctgt aatgaaggag aaaactcacc gaggcagttc cataggatgg 15960
caagatcctg gtatcggtcet gegattccga ctcgtccaac atcaatacaa cctattaatt 16020
tcecectegte aaaaataagg ttatcaagtg agaaatcacce atgagtgacg actgaatccg 16080
gtgagaatgg caaaagctct gcattaatga atcggccaac gcgcggggag aggceggtttg 16140
cgtattgggce gctcttceege ttectegete actgactege tgcgetceggt cgtteggectg 16200
cggcgagcgg tatcagctca ctcaaaggcg gtaatacggt tatccacaga atcaggggat 16260
aacgcaggaa agaacatgtg agcaaaaggc cagcaaaagg ccaggaaccg taaaaaggcc 16320
gcgttgetgg cgtttttcecca taggctcecge ccccecctgacyg agcatcacaa aaatcgacge 16380
tcaagtcaga ggtggcgaaa cccgacagga ctataaagat accaggcgtt tcccectgga 16440
agctcecteg tgcgectctece tgttecgace ctgeccgetta ccggatacct gteccgecttt 16500
ctceccttegg gaagegtgge getttetcat agctcacget gtaggtatct cagtteggtg 16560
taggtcgttce gctccaaget gggctgtgtg cacgaaccce ccgttcagece cgaccgctge 16620
gccttateeg gtaactatcg tcecttgagtec aacccggtaa gacacgactt atcgccactg 16680
gcagcagcca ctggtaacag gattagcaga gcgaggtatg taggcggtgce tacagagttce 16740
ttgaagtggt ggcctaacta cggctacact agaagaacag tatttggtat ctgcgectctg 16800
ctgaagccag ttaccttcgg aaaaagagtt ggtagctcectt gatccggcaa acaaaccacc 16860

gctggtageg gtggtttttt tgtttgcaag cagcagatta cgcgcagaaa aaaaggatct 16920
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caagaagatc ctttgatctt ttectacgggg tctgacgete agtggaacga aaactcacgt

taagggattt tggtcatgag attatcaaaa aggatcttca cctagatcct tttgatcegg

aatta

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>

SEQ ID NO 37
LENGTH: 16776

TYPE: DNA

ORGANISM: artificial sequence
FEATURE:

OTHER INFORMATION: vector 24091
FEATURE:

NAME/KEY: misc_feature
LOCATION: (4)..(259)

OTHER INFORMATION: bNRB-05
FEATURE:

NAME/KEY: promoter

LOCATION: (330)..(2417)

OTHER INFORMATION: prZmGRMZM2G471240-01
FEATURE:

NAME/KEY: gene

LOCATION: (2420)..(6589

OTHER INFORMATION: cCas9-01
FEATURE:

NAME/KEY: mutation

LOCATION: (5909)..(5911)

OTHER INFORMATION: L to V mutation
FEATURE:

NAME/KEY: mutation

LOCATION: (5954)..(5956)

OTHER INFORMATION: I to V mutation
FEATURE:

NAME/KEY: terminator

LOCATION: (6596)..(7591)

OTHER INFORMATION: tZmGRMZM2G471240-01
FEATURE:

NAME/KEY: promoter

LOCATION: (7605)..(7979)

OTHER INFORMATION: prOsU3-01
FEATURE:

NAME/KEY: misc_feature
LOCATION: (7981)..(8085)

OTHER INFORMATION: rsgRNAZmVLHP-02
FEATURE:

NAME/KEY: misc_feature
LOCATION: (7981)..(8000)

OTHER INFORMATION: xZmVLHP2
FEATURE:

NAME/KEY: misc_feature
LOCATION: (8001)..(8012)

OTHER INFORMATION: rCrRNA-01
FEATURE:

NAME/KEY: misc_feature
LOCATION: (8017)..(8085)

OTHER INFORMATION: rTracrRNA-01
FEATURE:

NAME/KEY: promoter

LOCATION: (8096)..(10087)

OTHER INFORMATION: prUbil-o04
FEATURE:

NAME/KEY: gene

LOCATION: (10104) ..(11282)
OTHER INFORMATION: cPMI-09
FEATURE:

NAME/KEY: terminator

LOCATION: (11305)..(11557)
OTHER INFORMATION: tNOS-05-01
FEATURE:

NAME/KEY: misc_feature
LOCATION: (11601)..(11730)
OTHER INFORMATION: bNLB-03
FEATURE:

NAME/KEY: gene

LOCATION: (12010)..(12798)

16980

17040

17045
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<223> OTHER INFORMATION: cSpec-03

<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (12893)..(13023)

<223> OTHER INFORMATION: prVirG-01

<220> FEATURE:

<221> NAME/KEY: gene

<222> LOCATION: (13098)..(13730)

<223> OTHER INFORMATION: cVirG-09

<220> FEATURE:

<221> NAME/KEY: gene

<222> LOCATION: (13760)..(14833)

<223> OTHER INFORMATION: cRepA-01

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (14876)..(15280)

<223> OTHER INFORMATION: oVS1l-02

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (15958)..(16764)

<223> OTHER INFORMATION: oCOLE-06

<400> SEQUENCE: 37

attcctgtgg ttggcatgca catacaaatg gacgaacgga taaacctttt cacgcccttt
taaatatccg attattctaa taaacgctct tttctcttag gtttacccge caatatatcc
tgtcaaacac tgatagttta aactgaaggc gggaaacgac aatctgatca tgagcggaga
attaagggag tcacgttatg acccccgecg atgacgcggg acaagccgtt ttacgtttgg
aactgacaga accgcaacgc tgcaggaatt ggccgcageg gccatttaaa caaagcttgg
tacctcgcga atgcatctag atgggaccct atttgtactc attccatgtce tcataaactt
tgggcaccat ccatccaaca catccaatct aaacacacca aacgatgggg aatggaaaga
gcagtattcg attcaacaat ggcaaacaaa tatcactgaa ttagaccaag aataaaccta
attagacaac gacctcccaa ccatcattcg tcaggctgta aagaagataa agctgccttg
gggcatggat caagcagaac accagagatg aatccaaaca cacagaaaat cacgcgcgcet
gtctacaatg acaacaagcc ccacatttca ttgcagtaca ctgggctaca aaggcacgta
caacaaagag ctagggaaac attgcggagg gcacgagaga gcagctaact tgacaatata
gcagactgag cttgcactgt tagcaggcga ggaagggaat catggggacg gagaatgggg
tccatgcceg cgaaggagaa ggcggacgcec gccacggtgg caccggcogea cgegcacaca
gggaacccge acaggcagcc aaggatgctg cctegecatt gegecggteg tctcetgecac
gctectctet cteteccget gcatecgecogt ggatggggca agcagagagce agggactgeg
acgatctggg cggaggactc gocttggaga gcgeggacgce agacgggatt ctagggagag
agegaagacg gggegegege ggegetegeg cggegtggty geggegagat tagegggggt
ggggggaggg cggagccgtg gtgagggtgt ggacgcccte cttaccctcet taagtagtag
tagagatata atccgttcca aaatatccat ccgttcaatt tatatttcgt ttgatctttt
taccctaaat ttgattgact catcttatta aaaaagttca taactattat taatctttat
tgagatatca tttagcatat aatatacttt aagtgtggtt ttagattttt tttaaaaaaa
aaaattcgca aaaattaaat gaaacgaccc aatcaaactt gaaaagtaaa actaattata
aatttgaacg gaaggagtaa gaggatgttt gaatgtacta gagctaatag ttggttgctt

taaaatttgc tagtagaatt agctagctaa taaatatcta gataactatt agctaatttg

ctaaaacagc taatagttga actattagct agattgtttg gatgtattcg gctaatttta

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560
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atggctaact attagctata gtacaatatt caaacacctc ctaattaaaa tggacaaata 1620
tctettettt tggtecccttyg cgttagattt ttcatatctce cttatttagt ataaaagaat 1680
catcaaaaag tggacaaccc ctagtggaac accattttag tagtggttgc atgaaacctt 1740
tcgecgcacca gtttctatgt gtcactctaa aaatgggaca gcatgtacgt agtgcectata 1800
tatatacaag tcatctatcg ttgccteccte agttcatcac taatcacact tattgtgeccce 1860
tcgacgagta tctatagcta gcectcattaat cgattcgggg gtgtgttgte gaaggcggca 1920
ttggcgagct actcegtcgeg gegtccaage aatacctgta gcacgaaggce gatcgcecggg 1980
agegtggteg gcegagecegt cgtgetgggg cagagggtga cggtgctgac ggtggacgge 2040
ggcggcgtec ggggtctcat ccecgggaacce atcctegect tectggaggce caggctgcag 2100
gagctggacyg caccggagge gaggetggceg gactactteg actacatcge cggaaccagce 2160
accggeggte tcatcaccge cttgctgacce gegeccggea aggacaageyg gectctcetag 2220
gctgccaagg acatcaacca cttttacatc cataactgec cgcgcatctt tcectcagaag 2280
tgagtccgat gectgccgeca ttgttcettge atccatcecag catcgtacgt acgtcectcta 2340
tacatctgecg gatcatcatg tgcgcatgtt tgtggcatgce atgcatgcat gtgagcagga 2400
gcaggcttge gaaaacccca tggacaagaa gtacagcatc ggectggaca tceggcaccaa 2460
cagcegtggge tgggecgtga tcaccgacga gtacaaggtyg ccgagcaaga agttcaaggt 2520
gctgggcaac accgacaggce acagcatcaa gaagaacctg atcggegecce tgetgttega 2580
cagcggegag accgecgagg ccaccagget gaagaggacce gccaggagga ggtacaccag 2640
gaggaagaac aggatctgct acctgcagga gatcttcage aacgagatgg ccaaggtgga 2700
cgacagctte ttccacaggce tggaggagag cttectggtyg gaggaggaca agaagcacga 2760
gaggcacceyg atcttcggca acatcgtgga cgaggtggec taccacgaga agtacccgac 2820
catctaccac ctgaggaaga agctggtgga cagcaccgac aaggccgacce tgaggcetgat 2880
ctacctggcce ctggcccaca tgatcaagtt caggggccac ttcecctgatcg agggcgacct 2940
gaacccggac aacagcgacg tggacaagct gttcatccag ctggtgcaga cctacaacca 3000
getgttegag gagaacccga tcaacgccag cggcegtggac gecaaggceca tcectgagege 3060
caggctgage aagagcagga ggctggagaa cctgatcgece cagetgceegyg gcgagaagaa 3120
gaacggccetyg tteggcaacce tgatcgecct gagcctggge ctgaccccga acttcaagag 3180
caacttcgac ctggecgagg acgccaagcet geagetgage aaggacacct acgacgacga 3240
cctggacaac ctgctggece agatcggega ccagtacgece gacctgttece tggecgecaa 3300
gaacctgage gacgccatce tgctgagcega catcctgagg gtgaacaccg agatcaccaa 3360
ggecccegety agegecagca tgatcaagag gtacgacgag caccaccagg acctgaccct 3420
gctgaaggece ctggtgaggce agcagctgcce ggagaagtac aaggagatct tcttcecgacca 3480
gagcaagaac ggctacgccg gctacatcga cggeggegee agecaggagg agttctacaa 3540
gttcatcaag ccgatcctgg agaagatgga cggcaccgag gagctgctgg tgaagctgaa 3600
cagggaggac ctgctgagga agcagaggac cttcgacaac ggcagcatcce cgcaccagat 3660
ccacctgggce gagctgcacg ccatcctgag gaggcaggag gacttctacce cgttectgaa 3720
ggacaacagg gagaagatcg agaagatcct gacctteccge atcccgtact acgtgggecce 3780

getggecagg ggcaacagca ggttcegectyg gatgaccagg aagagcgagyg agaccatcac 3840



US 2019/0376075 Al Dec. 12, 2019
130

-continued

ccegtggaac ttcegaggagg tggtggacaa gggegccage gceccagaget tcatcgagag 3900
gatgaccaac ttcgacaaga acctgccgaa cgagaaggtg ctgccgaagce acagectget 3960
gtacgagtac ttcaccgtgt acaacgagct gaccaaggtg aagtacgtga ccgagggcat 4020
gaggaagceyg gecttectga gecggegagca gaagaaggece atcgtggacce tgetgttcaa 4080
gaccaacagyg aaggtgaccg tgaagcagct gaaggaggac tacttcaaga agatcgagtg 4140
cttecgacage gtggagatca gecggegtgga ggacaggtte aacgccagece tgggcaccta 4200
ccacgacctyg ctgaagatca tcaaggacaa ggacttcctyg gacaacgagyg agaacgagga 4260
catcctggag gacatcgtge tgaccctgac cctgttecgag gacagggaga tgatcgagga 4320
gaggctgaag acctacgcce acctgttcga cgacaaggtg atgaagcagce tgaagaggag 4380
gaggtacacc ggctggggca ggctgagcag gaagctgatce aacggcatca gggacaagca 4440
gagcggcaag accatcctgg acttcecctgaa gagcgacggce ttcgccaaca ggaacttcat 4500
gcagctgate cacgacgaca gcctgacctt caaggaggac atccagaagg cccaggtgag 4560
cggccaggge gacagectge acgagcacat cgecaacctyg gecggcagece cggcecatcaa 4620
gaagggcatce ctgcagaccg tgaaggtggt ggacgagcetg gtgaaggtga tgggcaggea 4680
caagccggag aacatcgtga tcgagatgge cagggagaac cagaccaccce agaagggcca 4740
gaagaacagc agggagagga tgaagaggat cgaggagggc atcaaggagce tgggcagceca 4800
gatcctgaag gagcacccegg tggagaacac ccagctgcag aacgagaagce tgtacctgta 4860
ctacctgcag aacggcaggg acatgtacgt ggaccaggag ctggacatca acaggctgag 4920
cgactacgac gtggaccaca tcgtgccgca gagcettectyg aaggacgaca gcatcgacaa 4980
caaggtgctyg accaggagcg acaagaacag gggcaagage gacaacgtgce cgagcgagga 5040
ggtggtgaayg aagatgaaaa actactggag gcagctgctg aacgccaagce tgatcaccca 5100
gaggaagttc gacaacctga ccaaggccga gaggggcgge ctgagcegagce tggacaaggce 5160
cggcttcatt aaaaggcagce tggtggagac caggcagatce accaagcacyg tggcccagat 5220
cctggacage aggatgaaca ccaagtacga cgagaacgac aagctgatca gggaggtgaa 5280
ggtgatcacc ctgaagagca agctggtgag cgacttcagg aaggacttcc agttctacaa 5340
ggtgagggayg atcaataatt accaccacgc ccacgacgcce tacctgaacg cegtggtggg 5400
caccgcectg attaaaaagt acccgaagct ggagagcgag ttcecgtgtacg gcegactacaa 5460
ggtgtacgac gtgaggaaga tgatcgccaa gagcgagcag gagatcggca aggccaccge 5520
caagtacttc ttctacagca acatcatgaa cttcttcaag accgagatca ccctggccaa 5580
cggcgagate aggaagaggc cgctgatcga gaccaacgge gagaccggeyg agatcegtgtg 5640
ggacaagggc agggacttceg ccaccgtgag gaaggtgcetg tcecatgecge aggtgaacat 5700
cgtgaagaag accgaggtgc agaccggegg cttcagcaag gagagcatce tgccgaagag 5760
gaacagcgac aagctgatcg ccaggaagaa ggactgggac ccgaagaagt acggeggett 5820
cgacagcceg accgtggect acagegtget ggtggtggece aaggtggaga agggcaagag 5880
caagaagctg aagagcgtga aggagctggt gggcatcacce atcatggaga ggagcagcett 5940
cgagaagaac ccagtggact tcctggagge caagggctac aaggaggtga agaaggacct 6000
gatcattaaa ctgccgaagt acagcctgtt cgagctggag aacggcagga agaggatgcet 6060

ggccagegee ggcgagetge agaagggcaa cgagctggece ctgecgagca agtacgtgaa 6120
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cttectgtac ctggecagcece actacgagaa gectgaaggge agceccggagyg acaacgagca 6180
gaagcagctyg ttegtggage agcacaagca ctacctggac gagatcatcg agcagatcag 6240
cgagttcage aagagggtga tcctggecga cgecaacctyg gacaaggtge tgagegecta 6300
caacaagcac agggacaagc cgatcaggga gcaggccgag aacatcatcce acctgttcac 6360
cctgaccaac ctgggegece cggccgectt caagtactte gacaccacca tcgacaggaa 6420
gaggtacacc agcaccaagg aggtgctgga cgccaccctg atccaccaga gcatcaccegg 6480
cctgtacgag accaggatcg acctgageca getgggegge gacagcagece cgccgaagaa 6540
gaagaggaag gtgagctgga aggacgccag cggctggage aggatgtgac catgggacaa 6600
gtggctttac tgtcagtcac atgcttgtaa ataagtagac tttattttaa taaaacataa 6660
aaatatatat atgttcttga atataaaatt gataaccaaa ttaaaattcg aaccatcact 6720
tatacataat tttactttat tttttataaa acgtgaacgg gaaggactac cgtgaatgac 6780
tatagaacca atcatactag tataaaatat atgatgacac tacgggagag acaaactttg 6840
tctggegeta aatattttge cgagtgtgaa ttcacgggca ctaggcaaag atcttetttg 6900
ccgagtgtta cgctgggcaa agtaagacac taggtaaatc agtcatttgce cgagtgtcecg 6960
ccactaggca aagcaaaaca ctggcaaatc aaaagtttac ctagtgccag acactaggca 7020
aaaaaaaaac gctcggcaaa tcggaagttt cectagtgec agacactaga caaagaaaaa 7080
cacttgataa actagcgtcg tcagctaaca ccatccacca accgttaacg ttgccgagta 7140
tctgacttecg acactcggca aagaaggtct ctttgcctag tgtcggtctg gaacactagg 7200
caaagaggca ctttacctag tgtcgtattt tgacactcag taaaataatt ttttttettt 7260
ctgcttceccaa actttttatg atgtgttcct atagcaccta gaactacatg tcaagttttg 7320
gtaaaatttt tgaagttttt gctatattta cttaatttat tttatttaat tgaatttctt 7380
ttgataattc aaatttgaac tcggcaaggt aagaagcgag ggtagcctgg aaacacactt 7440
tgcctagtgt tacactcggt acaggagcct ccecctgecta gtgctgcact cgacaaaaga 7500
ttegectttyg cctagegetyg cactcecggcac aggagtcegece tttgecctagt getgcactag 7560
gcaaagccte cgttaccgtg cctteccateg tcggaccctt cgaagggatc tttaaacata 7620
cgaacagatc acttaaagtt cttctgaagc aacttaaagt tatcaggcat gcatggatct 7680
tggaggaatc agatgtgcag tcagggacca tagcacagga caggcgtctt ctactggtgce 7740
taccagcaaa tgctggaagc cgggaacact gggtacgttg gaaaccacgt gatgtggagt 7800
aagataaact gtaggagaaa agcatttcgt agtgggccat gaagcctttce aggacatgta 7860
ttgcagtatg ggccggccca ttacgcaatt ggacgacaac aaagactagt attagtacca 7920
cctecggcetat ccacatagat caaagctggt ttaaaagagt tgtgcagatg atccgtggceca 7980
gctggagetyg agetteceggg gttttagage tagaaatagce aagttaaaat aaggctagtce 8040
cgttatcaac ttgaaaaagt ggcaccgagt cggtgctttt tttttcggac cgcgectgca 8100
gtgcagcgtyg acccggtcegt gccectcetet agagataatg agcattgcat gtctaagtta 8160
taaaaaatta ccacatattt tttttgtcac acttgtttga agtgcagttt atctatcttt 8220
atacatatat ttaaacttta ctctacgaat aatataatct atagtactac aataatatca 8280
gtgttttaga gaatcatata aatgaacagt tagacatggt ctaaaggaca attgagtatt 8340

ttgacaacag gactctacag ttttatcttt ttagtgtgca tgtgttctce tttttttttg 8400
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caaatagctt cacctatata atacttcatc cattttatta gtacatccat ttagggttta 8460
gggttaatgg tttttataga ctaatttttt tagtacatct attttattct attttagect 8520
ctaaattaag aaaactaaaa ctctatttta gtttttttat ttaataattt agatataaaa 8580
tagaataaaa taaagtgact aaaaattaaa caaataccct ttaagaaatt aaaaaaacta 8640
aggaaacatt tttcttgttt cgagtagata atgccagcect gttaaacgcce gtcgacgagt 8700
ctaacggaca ccaaccagcg aaccagcagce gtegegtegyg gccaagcgaa gcagacggca 8760
cggcatctect gtcgetgect ctggacccect ctcgagagtt cecgctceccacce gttggacttg 8820
cteegetgte ggcatccaga aattgegtgg cggagceggea gacgtgagece ggcacggcag 8880

gcggectect cctectectca cggcaccegge agctacgggg gattcecttte ccaccgetcece 8940

ttegetttee cttectegee cgccgtaata aatagacacc ccectceccacac cctetttece 9000
caacctegtg ttgttcggag cgcacacaca cacaaccaga tctcccccaa atccaccegt 9060
cggcacctcece gettcaaggt acgccgctceg tcecteccccece ceccectete taccttetet 9120

agatcggcgt tccggtccat ggttagggce cggtagttet acttectgtte atgtttgtgt 9180
tagatcecgtg tttgtgttag atccgtgctg ctagegtteg tacacggatg cgacctgtac 9240
gtcagacacg ttctgattgc taacttgcca gtgtttctet ttggggaatc ctgggatgge 9300
tctagecegtt ccgcagacgg gatcgatttce atgatttttt ttgtttcgtt gcatagggtt 9360
tggtttgcce ttttecttta tttcaatata tgccgtgcac ttgtttgteg ggtcatcttt 9420
tcatgetttt ttttgtcttg gttgtgatga tgtggtcectgg ttgggcggtce gttctagatce 9480
ggagtagaat tctgtttcaa actacctggt ggatttatta attttggatc tgtatgtgtg 9540
tgccatacat attcatagtt acgaattgaa gatgatggat ggaaatatcg atctaggata 9600
ggtatacatg ttgatgcggg ttttactgat gcatatacag agatgctttt tgttcgettg 9660
gttgtgatga tgtggtgtgg ttgggcggtc gttcattcgt tctagatcgg agtagaatac 9720
tgtttcaaac tacctggtgt atttattaat tttggaactg tatgtgtgtg tcatacatct 9780
tcatagttac gagtttaaga tggatggaaa tatcgatcta ggataggtat acatgttgat 9840
gtgggtttta ctgatgcata tacatgatgg catatgcagc atctattcat atgctctaac 9900
cttgagtacc tatctattat aataaacaag tatgttttat aattattttg atcttgatat 9960
acttggatga tggcatatgc agcagctata tgtggatttt tttagccctg ccttcatacg 10020
ctatttattt gcttggtact gtttecttttg tcgatgctca ccctgttgtt tggtgttact 10080
tctgcaggga tccggcagca gccatgcaga agctgatcaa cagcgtgcag aactacgcect 10140
ggggcagcaa gaccgccctg accgagetgt acggcatgga gaaccccagce agccagcecca 10200
tggccgagcet gtggatggge gcccacccca agagcagcag ccgcegtgcag aacgcecgceceg 10260
gcgacatcegt gagecctgcecge gacgtgatcg agagcgacaa gagcaccctg ctgggcgagg 10320
ccgtggecaa gegcttcegge gagctgecct tcectgttcaa ggtgetgtge gecgeccage 10380
ccetgagcat ccaggtgcac cccaacaagc acaacagcga gatcggcettce gccaaggaga 10440
acgccgecgg catccecccatg gacgecgcecg agcgcaacta caaggacccce aaccacaagce 10500
ccgagetggt gttcegeccctg acccecttee tggccatgaa cgecttceccecge gagttcageg 10560
agatcgtgag cctgctgcag cccgtggcecg gcgeccacce cgccatcecgece cacttectge 10620

agcagccecga cgccgagege ctgagcegage tgttcecgecag cctgctgaac atgcagggeg 10680
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aggagaagag ccgcgccctg gecatcectga agagcgccect ggacagccag cagggcgage 10740
cctggcagac catccgectg atcagcgagt tctaccccga ggacagcecgge ctgttcagece 10800
ccetgetget gaacgtggtyg aagctgaacce ccggcgaggce catgttcectg ttegecgaga 10860
ccecccacge ctacctgcag ggcgtggcece tggaggtgat ggccaacage gacaacgtge 10920
tgcgecgecgg cctgaccecece aagtacatcg acatccccga gctggtggece aacgtgaagt 10980
tcgaggccaa gceccgccaac cagctgctga cccagccegt gaagcagggce gecgagcetgg 11040
acttccceccat cecccegtggac gacttegect tcagectgca cgacctgage gacaaggaga 11100
ccaccatcag ccagcagagc gccgccatce tgttctgegt ggagggcgac gccaccctgt 11160
ggaagggcag ccagcagctg cagctgaagce ccggcgagag cgccttcatce gccgeccaacg 11220
agagccecgt gaccgtgaag ggccacggcece gcctggeccg cgtgtacaac aagctgtgat 11280
aggagctcga tccgtcgacce tgcagatcgt tcaaacattt ggcaataaag tttcttaaga 11340
ttgaatcctg ttgccggtet tgcgatgatt atcatataat ttctgttgaa ttacgttaag 11400
catgtaataa ttaacatgta atgcatgacg ttatttatga gatgggtttt tatgattaga 11460
gtcececgcaat tatacattta atacgcgata gaaaacaaaa tatagcgcgc aaactaggat 11520
aaattatcgce gcgcggtgte atctatgtta ctagatcgge gcgcecgcaat tgaagtttgg 11580
gcggcecagceca tggceccgtate cgcaatgtgt tattaagttg tctaagcgtc aatttgttta 11640
caccacaata tatcctgcca ccagccagcec aacagctcecce cgaccggcag ctcggcacaa 11700
aatcaccact cgatacaggc agcccatcag aattaattct catgtttgac agcttatcat 11760
cgactgcacg gtgcaccaat gcttctggeg tcaggcagce atcggaagct gtggtatgge 11820
tgtgcaggtc gtaaatcact gcataattcg tgtcgctcaa ggcgcactcce cgttetggat 11880
aatgtttttt gcgccgacat cataacggtt ctggcaaata ttctgaaatg agctgttgac 11940
aattaatcat ccggctcgta taatgtgtgg aattgtgagce ggataacaat ttcacacagg 12000
aaacagacca tgagggaagc gttgatcgcc gaagtatcga ctcaactatc agaggtagtt 12060
ggcgtcateg agcgccatct cgaaccgacg ttgctggceeg tacatttgta cggcetccgeca 12120
gtggatggcg gcctgaagce acacagtgat attgatttge tggttacggt gaccgtaagg 12180
cttgatgaaa caacgcggcg agctttgatc aacgaccttt tggaaacttc ggcttecccet 12240
ggagagagcg agattctccg cgctgtagaa gtcaccattg ttgtgcacga cgacatcatt 12300
ccgtggegtt atccagctaa gegcgaactg caatttggag aatggcagcg caatgacatt 12360
cttgcaggta tcttcgagec agccacgatc gacattgatce tggctatctt gectgacaaaa 12420
gcaagagaac atagcgttgce cttggtaggt ccagcggcgg aggaactctt tgatccggtt 12480
cctgaacagg atctatttga ggcgctaaat gaaaccttaa cgctatggaa ctcgecgcecce 12540
gactgggctg gcgatgagcg aaatgtagtg cttacgttgt cccgcatttg gtacagcgca 12600
gtaaccggca aaatcgcgcce gaaggatgtc gectgccgact gggcaatgga gcgectgcecg 12660
gcccagtate agcccgtcat acttgaaget aggcaggctt atcttggaca agaagatcge 12720
ttggcctege gegcagatca gttggaagaa tttgttcact acgtgaaagg cgagatcacc 12780
aaagtagtcg gcaaataaag ctctagtgga tctccgtace cggggatctg getcgeggeg 12840
gacgcacgac gccggggcga gaccataggce gatctcecctaa atcaatagta gctgtaacct 12900

cgaagcgttt cacttgtaac aacgattgag aatttttgtc ataaaattga aatacttggt 12960
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tcgcattttt gtcatccgeg gtcagecgca attctgacga actgcccatt tagctggaga 13020
tgattgtaca tccttcacgt gaaaatttct caagcgctgt gaacaagggt tcagatttta 13080
gattgaaagg tgagccgttg aaacacgttc ttcttgtcga tgacgacgtc gctatgcegge 13140
atcttattat tgaatacctt acgatccacg ccttcaaagt gaccgcggta gccgacagca 13200
cccagttcac aagagtactc tettecgcecga cggtcgatgt cgtggttgtt gatctagatt 13260
taggtcgtga agatgggctc gagctaggag caagtgattt tatcgctaag ccgttcagta 13320
tcagagagtt tctagcacgc attcgggttg ccttgcgegt gecgcecccaac gttgtecget 13380
ccaaagaccg acggtctttt tgttttactg actggacact taatctcagg caacgtcget 13440
tgatgtccga agctggcggt gaggtgaaac ttacggcagg tgagttcaat cttctecteg 13500
cgtttttaga gaaaccccgce gacgttctat cgcgcgagca acttcectcatt gecagtcgag 13560
tacgcgacga ggaggtttat gacaggagta tagatgttct cattttgagg ctgcgccgca 13620
aacttgaggc agatccgtca agccctcaac tgataaaaac agcaagaggt gccggttatt 13680
tctttgacge ggacgtgcag gtttcecgcacg gggggacgat ggcagcecctga gccaattcce 13740
agatccceccga ggaatcggeg tgagcecggtceg caaaccatce ggcecccggtac aaatcggcge 13800
ggcgcetgggt gatgacctgg tggagaagtt gaaggccgeg caggceccgcecce agcecggcaacg 13860
catcgaggca gaagcacgcc ccggtgaatce gtggcaagceg gccgctgatce gaatccgcaa 13920
agaatcccgg caaccgcegg cagccggtge gccgtcegatt aggaagccge ccaagggcga 13980
cgagcaacca gatttttteg ttccgatgct ctatgacgtg ggcacccgceg atagtcecgcag 14040
catcatggac gtggccgttt teccgtetgte gaagcgtgac cgacgagctg gcgaggtgat 14100
ccgctacgag cttcecagacg ggcacgtaga ggtttccgca gggccggcecg gcatggccag 14160
tgtgtgggat tacgacctgg tactgatggc ggtttcccat ctaaccgaat ccatgaaccg 14220
ataccgggaa gggaagggag acaagcccgg ccgcgtgtte cgtcecacacg ttgcggacgt 14280
actcaagttc tgccggcgag ccgatggcgg aaagcagaaa gacgacctgg tagaaacctg 14340
cattcggtta aacaccacgc acgttgccat gcagcgtacg aagaaggcca agaacggccg 14400
cctggtgacg gtatccgagg gtgaagectt gattagccge tacaagatcg taaagagcga 14460
aaccgggcgg ccggagtaca tcgagatcga gctagctgat tggatgtacce gecgagatcac 14520
agaaggcaag aacccggacg tgctgacggt tcaccccgat tactttttga tcgatcccgg 14580
catcggecgt tttcectctacce gectggcacg ccgcgccgca ggcaaggcag aagccagatg 14640
gttgttcaag acgatctacg aacgcagtgg cagcgccgga gagttcaaga agttcectgttt 14700
caccgtgcge aagctgatcg ggtcaaatga cctgccggag tacgatttga aggaggaggce 14760
ggggcaggct ggcccgatce tagtcatgeg ctaccgcaac ctgatcgagg gcgaagcatc 14820
cgeccggttee taatgtacgg agcagatgct agggcaaatt gccctagcag gggaaaaagg 14880
tcgaaaaggt ctctttceetg tggatagcac gtacattggg aacccaaagce cgtacattgg 14940
gaaccggaac ccgtacattg ggaacccaaa gccgtacatt gggaaccggt cacacatgta 15000
agtgactgat ataaaagaga aaaaaggcga tttttccgcce taaaactctt taaaacttat 15060
taaaactctt aaaacccgcc tggcctgtge ataactgtct ggccagcgca cagccgaaga 15120
gctgcaaaaa gcgectacce tteggteget gegctecccta cgccccegecg cttegegteg 15180

gcctatcecgeg gecgcetggcee gctcaaaaat ggctggcecta cggccaggca atctaccagg 15240
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gcgeggacaa gccgegecgt cgecactcecga ccgceceggcege tgaggtctge ctegtgaaga 15300
aggtgttgct gactcatacc aggcctgaat cgccccatca tccagccaga aagtgaggga 15360
gccacggttyg atgagagctt tgttgtaggt ggaccagttg gtgattttga acttttgett 15420
tgccacggaa cggtctgegt tgtcgggaag atgcgtgatce tgatccttca actcagcaaa 15480
agttcgattt attcaacaaa gccgccegtcece cgtcaagtca gcgtaatget ctgccagtgt 15540
tacaaccaat taaccaattc tgattagaaa aactcatcga gcatcaaatg aaactgcaat 15600
ttattcatat caggattatc aataccatat ttttgaaaaa gccgtttctg taatgaagga 15660
gaaaactcac cgaggcagtt ccataggatg gcaagatcct ggtatcggtc tgcgattceccg 15720
actcgtccaa catcaataca acctattaat ttcccctegt caaaaataag gttatcaagt 15780
gagaaatcac catgagtgac gactgaatcc ggtgagaatg gcaaaagctc tgcattaatg 15840
aatcggccaa cgcgcgggga gaggceggttt gegtattggg cgctecttecg cttecteget 15900
cactgactcg ctgcgctegg tegttegget gcggcgageg gtatcagctce actcaaagge 15960
ggtaatacgg ttatccacag aatcagggga taacgcagga aagaacatgt gagcaaaagg 16020
ccagcaaaag gccaggaacc dgtaaaaaggc cgcgttgcectg gegtttttece ataggctcceg 16080
ccecectgac gagcatcaca aaaatcgacg ctcaagtcag aggtggcgaa acccgacagg 16140
actataaaga taccaggcgt ttcccectgg aagcectcecte gtgegetcte ctgttecgac 16200
cctgeegett accggatacce tgtccgectt tcteccctteg ggaagegtgg cgctttcectca 16260
tagctcacge tgtaggtatc tcagttecggt gtaggtegtt cgctccaage tgggetgtgt 16320
gcacgaaccce cccgttcage ccgaccgctg cgcecttatec ggtaactatce gtcettgagte 16380
caacccggta agacacgact tatcgccact ggcagcagcce actggtaaca ggattagcag 16440
agcgaggtat gtaggcggtg ctacagagtt cttgaagtgg tggcctaact acggctacac 16500
tagaagaaca gtatttggta tctgcgctct gctgaagcca gttaccttcg gaaaaagagt 16560
tggtagctct tgatccggca aacaaaccac cgctggtage ggtggttttt ttgtttgcaa 16620
gcagcagatt acgcgcagaa aaaaaggatc tcaagaagat cctttgatct tttctacggg 16680
gtctgacgcet cagtggaacg aaaactcacg ttaagggatt ttggtcatga gattatcaaa 16740
aaggatcttc acctagatcc ttttgatccg gaatta 16776
<210> SEQ ID NO 38

<211> LENGTH: 17475

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: vector 24094

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (4)..(259)

<223> OTHER INFORMATION: bNRB-05

<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (330)..(2417

<223> OTHER INFORMATION: prZmGRMZM2G471240-01

<220> FEATURE:

<221> NAME/KEY: gene

<222> LOCATION: (2420)..(7288

<223> OTHER INFORMATION: cAmCyanCas9-01

<220> FEATURE:

<221> NAME/KEY: terminator

<222> LOCATION: (7295)..(8290

<223> OTHER INFORMATION: tZmGRMZM2G471240-01
<220> FEATURE:
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<221> NAME/KEY: promoter
<222> LOCATION: (8304)..(8678
<223> OTHER INFORMATION: prOsU3-01
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (8679)..(8784)
<223> OTHER INFORMATION: rsgRNAZmVLHP-02
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (8680)..(8699
<223> OTHER INFORMATION: ZmVLHP2 target
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (8700)..(8711
<223> OTHER INFORMATION: rCrRNA-01
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (8716)..(8784)
<223> OTHER INFORMATION: rTracrRNA-01
<220> FEATURE:
<221> NAME/KEY: promoter
<222> LOCATION: (8795)..(10786)
<223> OTHER INFORMATION: prUbil-o04
<220> FEATURE:
<221> NAME/KEY: gene
<222> LOCATION: (10803)..(11981)
<223> OTHER INFORMATION: cPMI-09
<220> FEATURE:
<221> NAME/KEY: terminator
<222> LOCATION: (12004)..(12256)
<223> OTHER INFORMATION: tNOS-05-01
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (12300)..(12429)
<223> OTHER INFORMATION: bNLB-03
<220> FEATURE:
<221> NAME/KEY: gene
<222> LOCATION: (12709)..(13497)
<223> OTHER INFORMATION: cSpec-03
<220> FEATURE:
<221> NAME/KEY: promoter
<222> LOCATION: (13592)..(13722)
<223> OTHER INFORMATION: prVirG-01
<220> FEATURE:
<221> NAME/KEY: gene
<222> LOCATION: (13797)..(14429)
<223> OTHER INFORMATION: cVirG-09
<220> FEATURE:
<221> NAME/KEY: gene
<222> LOCATION: (14459)..(15532)
<223> OTHER INFORMATION: cRepA-01
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (15575)..(15979)
<223> OTHER INFORMATION: oVS1l-02
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (16657)..(17463)
<223> OTHER INFORMATION: oCOLE-06
<400> SEQUENCE: 38
attcctgtygg ttggcatgea catacaaatyg gacgaacgga taaacctttt cacgcccttt 60
taaatatccg attattctaa taaacgctct tttectcttag gtttacccge caatatatcce 120
tgtcaaacac tgatagttta aactgaaggc gggaaacgac aatctgatca tgagcggaga 180
attaagggag tcacgttatg accecccgeeg atgacgeggg acaagcecgtt ttacgtttgg 240
aactgacaga accgcaacgc tgcaggaatt ggeegcageg gecatttaaa caaagcettgg 300
tacctegega atgecatctag atgggaccet atttgtacte attecatgte tcataaactt 360
tgggcaccat ccatccaaca catccaatcet aaacacacca aacgatgggyg aatggaaaga 420
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gcagtattcg attcaacaat ggcaaacaaa tatcactgaa ttagaccaag aataaaccta 480
attagacaac gacctcccaa ccatcattcg tcaggctgta aagaagataa agctgecttg 540
gggcatggat caagcagaac accagagatg aatccaaaca cacagaaaat cacgcgcgcet 600
gtctacaatg acaacaagcc ccacatttca ttgcagtaca ctgggctaca aaggcacgta 660
caacaaagag ctagggaaac attgcggagg gcacgagaga gcagctaact tgacaatata 720

gcagactgag cttgcactgt tagcaggcga ggaagggaat catggggacyg gagaatgggg 780

tccatgeceg cgaaggagaa ggcggacgece gccacggtgg caceggegea cgegcacaca 840
gggaacccege acaggcagcec aaggatgetyg cctegecatt gegecggteg tcetetgecac 900
getectetet cteteceget gecatcegeegt ggatggggca agcagagagce agggactgeg 960

acgatctggg cggaggactc gecttggaga gegeggacge agacgggatt ctagggagag 1020
agcgaagacg gggcgcegege ggegetegeg cggegtggtg geggegagat tagegggggt 1080
ggggggaggyg cggagccgtg gtgagggtgt ggacgcccte cttaccctcet taagtagtag 1140
tagagatata atccgttcca aaatatccat ccgttcaatt tatatttcgt ttgatctttt 1200
taccctaaat ttgattgact catcttatta aaaaagttca taactattat taatctttat 1260
tgagatatca tttagcatat aatatacttt aagtgtggtt ttagattttt tttaaaaaaa 1320
aaaattcgca aaaattaaat gaaacgaccc aatcaaactt gaaaagtaaa actaattata 1380
aatttgaacg gaaggagtaa gaggatgttt gaatgtacta gagctaatag ttggttgcectt 1440
taaaatttgc tagtagaatt agctagctaa taaatatcta gataactatt agctaatttg 1500
ctaaaacagc taatagttga actattagct agattgtttg gatgtattcg gctaatttta 1560
atggctaact attagctata gtacaatatt caaacacctc ctaattaaaa tggacaaata 1620
tctettettt tggtecccttyg cgttagattt ttcatatctce cttatttagt ataaaagaat 1680
catcaaaaag tggacaaccc ctagtggaac accattttag tagtggttgc atgaaacctt 1740
tcgecgcacca gtttctatgt gtcactctaa aaatgggaca gcatgtacgt agtgcectata 1800
tatatacaag tcatctatcg ttgccteccte agttcatcac taatcacact tattgtgeccce 1860
tcgacgagta tctatagcta gcectcattaat cgattcgggg gtgtgttgte gaaggcggca 1920
ttggcgagct actcegtcgeg gegtccaage aatacctgta gcacgaaggce gatcgcecggg 1980
agegtggteg gcegagecegt cgtgetgggg cagagggtga cggtgctgac ggtggacgge 2040
ggcggcgtec ggggtctcat ccecgggaacce atcctegect tectggaggce caggctgcag 2100
gagctggacyg caccggagge gaggetggceg gactactteg actacatcge cggaaccagce 2160
accggeggte tcatcaccge cttgctgacce gegeccggea aggacaageyg gectctcetag 2220
gctgccaagg acatcaacca cttttacatc cataactgec cgcgcatctt tcectcagaag 2280
tgagtccgat gectgccgeca ttgttcettge atccatcecag catcgtacgt acgtcectcta 2340
tacatctgecg gatcatcatg tgcgcatgtt tgtggcatgce atgcatgcat gtgagcagga 2400
gcaggcttge gaaaacccca tggceccctgte caacaagttc atcggcgacg acatgaagat 2460
gacctaccac atggacggct gcgtgaacgg ccactacttce accgtgaagg gcgagggceag 2520
cggcaagcece tacgagggca cccagaccte caccttcaag gtgaccatgg ccaacggcegg 2580
cceectggece ttetectteg acatcectgte caccgtgtte atgtacggca accgetgett 2640

caccgectac cccaccagca tgcccgacta cttcaagecag gectteceeg acggcatgte 2700



US 2019/0376075 Al Dec. 12, 2019
138

-continued

ctacgagaga accttcacct acgaggacgg cggcgtggece accgecaget gggagatcag 2760
cctgaagggce aactgctteg agcacaagtc caccttcecac ggcgtgaact tecccgeccga 2820
cggcecegty atggecaaga agaccaccgg ctgggaccee tecttcegaga agatgaccgt 2880
gtgcgacgge atcttgaagg gcgacgtgac cgccttcecctg atgctgcagg gcggcggcaa 2940
ctacagatgc cagttccaca cctcctacaa gaccaagaag cccgtgacca tgccccccaa 3000
ccacgtggtyg gagcaccgca tcgccagaac cgacctggac aagggcggca acagcegtgca 3060
gctgaccgayg cacgecgtgg cccacatcac cteegtggtyg cectteggeg geggeggatce 3120
cgacaagaag tacagcatcg gectggacat cggcaccaac agegtggget gggecgtgat 3180
caccgacgag tacaaggtgc cgagcaagaa gttcaaggtyg ctgggcaaca ccgacaggca 3240
cagcatcaag aagaacctga tcggcgecct getgttcegac ageggcgaga ccgecgagge 3300
caccaggctyg aagaggaccg ccaggaggag gtacaccagg aggaagaaca ggatctgcta 3360
cctgcaggag atcttcagca acgagatggce caaggtggac gacagcttcect tceccacaggcet 3420
ggaggagagce ttectggtgg aggaggacaa gaagcacgag aggcacccga tctteggcaa 3480
catcgtggac gaggtggect accacgagaa gtacccgacce atctaccacce tgaggaagaa 3540
gectggtggac agcaccgaca aggccgacct gaggctgatce tacctggecce tggeccacat 3600
gatcaagttc aggggccact tcctgatcga gggcgacctg aacccggaca acagcgacgt 3660
ggacaagctg ttcatccage tggtgcagac ctacaaccag ctgttcgagg agaacccgat 3720
caacgccage ggcgtggacg ccaaggecat cctgagegece aggctgagca agagcaggag 3780
gctggagaac ctgatcgcce agetgecggg cgagaagaag aacggcectgt teggcaacct 3840
gatcgeccectyg agectgggee tgaccccgaa cttcaagage aacttcegacce tggecgagga 3900
cgccaagetyg cagctgagca aggacaccta cgacgacgac ctggacaacce tgctggecca 3960
gatcggcegac cagtacgccg acctgttect ggccgecaag aacctgageg acgcecatect 4020
gctgagegac atcctgaggg tgaacaccga gatcaccaag gecccgetga gegecageat 4080
gatcaagagyg tacgacgagc accaccagga cctgaccctg ctgaaggecce tggtgaggea 4140
gcagcetgeeyg gagaagtaca aggagatctt cttcegaccag agcaagaacg gctacgccegyg 4200
ctacatcgac ggcggcgcca gcecaggagga gttctacaag ttcatcaage cgatcctgga 4260
gaagatggac ggcaccgagg agctgetggt gaagctgaac agggaggacc tgctgaggaa 4320
gcagaggacce ttcgacaacg gcagcatccce gcaccagatce cacctgggeg agetgcacge 4380
catcctgagg aggcaggagg acttctaccce gttectgaag gacaacaggyg agaagatcga 4440
gaagatcctyg accttccgea tccegtacta cgtgggecceyg ctggcecaggg gcaacagceag 4500
gttegectygyg atgaccagga agagcgagga gaccatcacc cegtggaact tcgaggaggt 4560
ggtggacaag ggcgccageg cccagagett catcgagagg atgaccaact tcgacaagaa 4620
cctgccgaac gagaaggtgce tgccgaagca cagcecctgcetg tacgagtact tcaccgtgta 4680
caacgagctg accaaggtga agtacgtgac cgagggcatyg aggaagccgyg ccttectgag 4740
cggcgagcag aagaaggcca tcgtggacct getgttcaag accaacagga aggtgaccgt 4800
gaagcagctyg aaggaggact acttcaagaa gatcgagtgc ttcgacagcg tggagatcag 4860
cggegtggag gacaggttca acgccagect gggcacctac cacgacctge tgaagatcat 4920

caaggacaag gacttcctgg acaacgagga gaacgaggac atcctggagg acatcegtget 4980
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gaccctgace ctgttcgagg acagggagat gatcgaggag aggctgaaga cctacgccca 5040
cctgttegac gacaaggtga tgaagcagcet gaagaggagyg aggtacaccyg gctggggcag 5100
gctgagcagyg aagctgatca acggcatcag ggacaagcag agcggcaaga ccatcctgga 5160
cttcctgaag agcgacggct tegccaacag gaacttcatg cagctgatcce acgacgacag 5220
cctgacctte aaggaggaca tccagaaggce ccaggtgage ggccagggeyg acagectgca 5280
cgagcacatce gccaacctgg ccggcagecce ggecatcaag aagggcatcce tgcagaccgt 5340
gaaggtggtyg gacgagctgg tgaaggtgat gggcaggcac aagccggaga acatcgtgat 5400
cgagatggcee agggagaacc agaccaccca gaagggccag aagaacagca gggagaggat 5460
gaagaggatc gaggagggca tcaaggagct gggcagecag atcctgaagg agcaccceggt 5520
ggagaacacc cagctgcaga acgagaagct gtacctgtac tacctgcaga acggcaggga 5580
catgtacgtg gaccaggagc tggacatcaa caggctgage gactacgacyg tggaccacat 5640
cgtgecgecag agcttectga aggacgacag catcgacaac aaggtgctga ccaggagcga 5700
caagaacagg ggcaagagcg acaacgtgcec gagcgaggag gtggtgaaga agatgaaaaa 5760
ctactggagg cagctgctga acgccaagcet gatcacccag aggaagttcg acaacctgac 5820
caaggccgag aggggceggcece tgagcgaget ggacaaggece ggcttcatta aaaggcaget 5880
ggtggagacc aggcagatca ccaagcacgt ggcccagatce ctggacagca ggatgaacac 5940
caagtacgac gagaacgaca agctgatcag ggaggtgaag gtgatcaccce tgaagagcaa 6000
gctggtgage gacttcagga aggacttcca gttctacaag gtgagggaga tcaataatta 6060
ccaccacgee cacgacgect acctgaacge cgtggtggge accgecctga ttaaaaagta 6120
ccecgaagetg gagagcgagt tegtgtacgg cgactacaag gtgtacgacg tgaggaagat 6180
gatcgccaag agcgagcagg agatcggcaa ggccaccgec aagtacttet tctacagcaa 6240
catcatgaac ttcttcaaga ccgagatcac cctggccaac ggcgagatca ggaagaggcce 6300
gctgatcgag accaacggceg agaccggcega gatcegtgtgg gacaagggca gggacttege 6360
caccgtgagg aaggtgctgt ccatgecgca ggtgaacatce gtgaagaaga ccgaggtgca 6420
gaccggegge ttcagcaagg agagcatcct gecgaagagg aacagcgaca agcetgatcege 6480
caggaagaag gactgggacc cgaagaagta cggcggctte gacagcccga ccgtggecta 6540
cagcegtgetyg gtggtggeca aggtggagaa gggcaagage aagaagctga agagcgtgaa 6600
ggagctggtyg ggcatcacca tcatggagag gagcagcttc gagaagaacc cagtggactt 6660
cctggaggee aagggctaca aggaggtgaa gaaggacctyg atcattaaac tgccgaagta 6720
cagcctgtte gagetggaga acggcaggaa gaggatgetg gcecagegecyg gcgagetgea 6780
gaagggcaac gagctggcece tgccgagcaa gtacgtgaac ttectgtacce tggecageca 6840
ctacgagaag ctgaagggca gcccggagga caacgagcag aagcagctgt tcegtggagca 6900
gcacaagcac tacctggacg agatcatcga gcagatcagce gagttcagca agagggtgat 6960
cctggecgac gccaacctgg acaaggtget gagegcectac aacaagcaca gggacaagcce 7020
gatcagggayg caggccgaga acatcatcca cctgttcace ctgaccaacc tgggcgccce 7080
ggecgectte aagtactteg acaccaccat cgacaggaag aggtacacca gcaccaagga 7140
ggtgctggac gccaccctga tccaccagag catcaccgge ctgtacgaga ccaggatcga 7200

cctgagecag ctgggeggeg acagcagece gocgaagaag aagaggaagg tgagetggaa 7260
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ggacgccage ggctggagca ggatgtgacc atgggacaag tggctttact gtcagtcaca 7320
tgcttgtaaa taagtagact ttattttaat aaaacataaa aatatatata tgttcttgaa 7380
tataaaattg ataaccaaat taaaattcga accatcactt atacataatt ttactttatt 7440
ttttataaaa cgtgaacggg aaggactacc gtgaatgact atagaaccaa tcatactagt 7500
ataaaatata tgatgacact acgggagaga caaactttgt ctggcgctaa atattttgcce 7560
gagtgtgaat tcacgggcac taggcaaaga tcttctttge cgagtgttac gctgggcaaa 7620
gtaagacact aggtaaatca gtcatttgcc gagtgtccge cactaggcaa agcaaaacac 7680
tggcaaatca aaagtttacc tagtgccaga cactaggcaa aaaaaaaacg ctcggcaaat 7740
cggaagtttc cctagtgcca gacactagac aaagaaaaac acttgataaa ctagcgtcegt 7800
cagctaacac catccaccaa ccgttaacgt tgccgagtat ctgacttcga cactcggcaa 7860
agaaggtctc tttgcctagt gtecggtctgg aacactaggc aaagaggcac tttacctagt 7920
gtcgtatttt gacactcagt aaaataattt tttttcttte tgcttccaaa ctttttatga 7980
tgtgttecta tagcacctag aactacatgt caagttttgg taaaattttt gaagtttttg 8040
ctatatttac ttaatttatt ttatttaatt gaatttcttt tgataattca aatttgaact 8100
cggcaaggta agaagcgagg gtagcctgga aacacacttt gecctagtgtt acactcggta 8160
caggagcctce ccctgcectag tgctgcacte gacaaaagat tcgcctttge ctagegetgce 8220
actcggcaca ggagtcgect ttgcctagtg ctgcactagg caaagcctcece gttaccgtgce 8280
cttccategt cggaccctte gaagggatct ttaaacatac gaacagatca cttaaagttce 8340
ttctgaagca acttaaagtt atcaggcatg catggatctt ggaggaatca gatgtgcagt 8400
cagggaccat agcacaggac aggcgtcttce tactggtgct accagcaaat gctggaagcece 8460
gggaacactg ggtacgttgg aaaccacgtg atgtggagta agataaactg taggagaaaa 8520
gcatttcgta gtgggccatg aagectttca ggacatgtat tgcagtatgg gccggcccat 8580
tacgcaattg gacgacaaca aagactagta ttagtaccac ctcggctatc cacatagatc 8640
aaagctggtt taaaagagtt gtgcagatga tccgtggcag ctggagctga gettceccecgggg 8700
ttttagagct agaaatagca agttaaaata aggctagtcc gttatcaact tgaaaaagtg 8760
gcaccgagte ggtgettttt ttttecggacce gecgcectgcag tgcagcegtga cccggtegtyg 8820
ccecteteta gagataatga gcattgcatg tctaagttat aaaaaattac cacatatttt 8880
ttttgtcaca cttgtttgaa gtgcagttta tctatcttta tacatatatt taaactttac 8940
tctacgaata atataatcta tagtactaca ataatatcag tgttttagag aatcatataa 9000
atgaacagtt agacatggtc taaaggacaa ttgagtattt tgacaacagg actctacagt 9060
tttatctttt tagtgtgcat gtgttctcct ttttttttgce aaatagcttc acctatataa 9120
tacttcatcc attttattag tacatccatt tagggtttag ggttaatggt ttttatagac 9180
taattttttt agtacatcta ttttattcta ttttagcctc taaattaaga aaactaaaac 9240
tctattttag tttttttatt taataattta gatataaaat agaataaaat aaagtgacta 9300
aaaattaaac aaataccctt taagaaatta aaaaaactaa ggaaacattt ttcttgtttce 9360
gagtagataa tgccagcctg ttaaacgccg tcgacgagtce taacggacac caaccagcga 9420
accagcageg tcgegteggg ccaagcgaag cagacggcac ggcatctetyg tegetgecte 9480

tggaccecte tcgagagttce cgctccaccg ttggacttge teccgetgteg gecatccagaa 9540
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attgegtgge ggageggcag acgtgagecg geacggcagyg cggectecte ctectcetcac 9600
ggcaccggca gctacggggg attcecctttece caccgectcecet tegetttece ttectegece 9660
gccgtaataa atagacacce cctcecacacce ctctttcecee aacctegtgt tgtteggage 9720
gcacacacac acaaccagat ctcccccaaa tccaccegte ggcacctecg cttcaaggta 9780
cgecgetegt cctceeccceee ceccctetet acctteteta gatcecggegtt ceggtcecatg 9840
gttagggccec ggtagttcta cttetgttca tgtttgtgtt agatccegtgt ttgtgttaga 9900
tcegtgetge tagcegttegt acacggatgce gacctgtacg tcagacacgt tcetgattget 9960
aacttgccag tgtttctett tggggaatcce tgggatggct ctageccgtte cgcagacggg 10020
atcgatttca tgattttttt tgtttegttg catagggttt ggtttgccct tttceccetttat 10080
ttcaatatat gccgtgcact tgtttgtcgg gtcatctttt catgettttt tttgtettgg 10140
ttgtgatgat gtggtctggt tgggcggtcg ttctagatcg gagtagaatt ctgtttcaaa 10200
ctacctggtg gatttattaa ttttggatct gtatgtgtgt gccatacata ttcatagtta 10260
cgaattgaag atgatggatg gaaatatcga tctaggatag gtatacatgt tgatgcgggt 10320
tttactgatg catatacaga gatgcttttt gttcgcttgg ttgtgatgat gtggtgtggt 10380
tgggcggtcg ttcattcgtt ctagatcgga gtagaatact gtttcaaact acctggtgta 10440
tttattaatt ttggaactgt atgtgtgtgt catacatctt catagttacg agtttaagat 10500
ggatggaaat atcgatctag gataggtata catgttgatg tgggttttac tgatgcatat 10560
acatgatggc atatgcagca tctattcata tgctctaacc ttgagtacct atctattata 10620
ataaacaagt atgttttata attattttga tcttgatata cttggatgat ggcatatgca 10680
gcagctatat gtggattttt ttagccctge cttcatacge tatttatttg cttggtactg 10740
tttecttttgt cgatgctcac cctgttgttt ggtgttactt ctgcagggat ccggcagcag 10800
ccatgcagaa gctgatcaac agcgtgcaga actacgcctg gggcagcaag accgccctga 10860
ccgagetgta cggcatggag aaccccagca gccagcccat ggcecgagcetg tggatgggeg 10920
cccacccecaa gagcagcagce cgcgtgcaga acgccgecgg cgacatcecgtg agectgegeg 10980
acgtgatcga gagcgacaag agcaccctgce tgggcgaggce cgtggccaag cgctteggeg 11040
agctgeectt cctgttcaag gtgctgtgeg ccgcccagee cctgagcatce caggtgcace 11100
ccaacaagca caacagcgag atcggcttcg ccaaggagaa cgccgcecggce atcceccatgg 11160
acgccgecga gcgcaactac aaggacccca accacaagcce cgagctggtg ttegecctga 11220
cceecttect ggccatgaac gecttecgeg agttcagega gatcgtgage ctgctgcage 11280
ccgtggecgg cgceccaccece gecategece acttcecctgca gcagecccgac gecgagegee 11340
tgagcgagct gttcgccage ctgctgaaca tgcagggcga ggagaagagce cgcgecectgg 11400
ccatcctgaa gagcgccctg gacagccagce agggcgagcce ctggcagacce atccgectga 11460
tcagcgagtt ctaccccgag gacagceggcece tgttcagecce cctgectgcetg aacgtggtga 11520
agctgaaccce cggcgaggcec atgttectgt tcecgecgagac cccccacgece tacctgcagg 11580
gcgtggeect ggaggtgatg gccaacageg acaacgtgcet gcegegcecggce ctgaccccca 11640
agtacatcga catccccgag ctggtggcca acgtgaagtt cgaggccaag cccgcecaacce 11700
agctgctgac ccagcccecgtg aagcagggcg ccgagctgga cttcecccatce ceccgtggacg 11760

acttcgectt cagcctgcac gacctgagceg acaaggagac caccatcagce cagcagagceg 11820
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ccgccatect gttetgegtyg gagggcgacg ccaccctgtg gaagggcage cagcagctge 11880
agctgaagcce cggcgagagce gecttcatceg ccgccaacga gagcecccecgtg accgtgaagg 11940
gccacggeceg cctggecccge gtgtacaaca agctgtgata ggagctcgat ccgtecgacct 12000
gcagatcgtt caaacatttg gcaataaagt ttcttaagat tgaatcctgt tgcceggtett 12060
gcgatgatta tcatataatt tctgttgaat tacgttaagc atgtaataat taacatgtaa 12120
tgcatgacgt tatttatgag atgggttttt atgattagag tcccgcaatt atacatttaa 12180
tacgcgatag aaaacaaaat atagcgcgca aactaggata aattatcgcg cgcggtgtca 12240
tctatgttac tagatcggcg cgccgcaatt gaagtttggg cggccagcat ggccgtatce 12300
gcaatgtgtt attaagttgt ctaagcgtca atttgtttac accacaatat atcctgccac 12360
cagccagcca acagctccecece gaccggcagce tcggcacaaa atcaccactc gatacaggca 12420
gcccatcaga attaattcte atgtttgaca gcecttatcatce gactgcacgg tgcaccaatg 12480
cttctggegt caggcagcca tceggaagctg tggtatggct gtgcaggtceg taaatcactg 12540
cataattcgt gtcgctcaag gecgcactccee gttctggata atgttttttg cgccgacatce 12600
ataacggttc tggcaaatat tctgaaatga gctgttgaca attaatcatc cggctegtat 12660
aatgtgtgga attgtgagcg gataacaatt tcacacagga aacagaccat gagggaagcg 12720
ttgatcgcecg aagtatcgac tcaactatca gaggtagttg gcgtcatcga gegccatcte 12780
gaaccgacgt tgctggccgt acatttgtac ggctccgcag tggatggcegg cctgaagcca 12840
cacagtgata ttgatttgct ggttacggtg accgtaaggce ttgatgaaac aacgcggcga 12900
gctttgatca acgacctttt ggaaacttcg gecttecccctg gagagagcga gattctcecege 12960
gctgtagaag tcaccattgt tgtgcacgac gacatcattc cgtggcgtta tccagctaag 13020
cgcgaactgce aatttggaga atggcagcgc aatgacattce ttgcaggtat cttcgagcca 13080
gccacgateg acattgatct ggctatcttg ctgacaaaag caagagaaca tagcegttgcce 13140
ttggtaggtc cagcggcgga ggaactcttt gatccggtte ctgaacagga tctatttgag 13200
gcgctaaatyg aaaccttaac gctatggaac tcgccgcceg actgggctgg cgatgagcga 13260
aatgtagtgc ttacgttgtc ccgcatttgg tacagcgcag taaccggcaa aatcgcgccg 13320
aaggatgtcg ctgccgactg ggcaatggag cgcctgccgg cccagtatca geccgtcata 13380
cttgaagcta ggcaggctta tcecttggacaa gaagatcgct tggcectcecgeg cgcagatcag 13440
ttggaagaat ttgttcacta cgtgaaaggc gagatcacca aagtagtcgg caaataaagc 13500
tctagtggat ctccgtacce ggggatctgg ctecgecggegg acgcacgacg ccggggcgag 13560
accataggcg atctcctaaa tcaatagtag ctgtaacctce gaagegtttc acttgtaaca 13620
acgattgaga atttttgtca taaaattgaa atacttggtt cgcatttttg tcatccgegg 13680
tcagccgcaa ttctgacgaa ctgcccattt agctggagat gattgtacat ccttcacgtg 13740
aaaatttctc aagcgctgtg aacaagggtt cagattttag attgaaaggt gagccgttga 13800
aacacgttct tcttgtcgat gacgacgtcg ctatgcggca tcttattatt gaatacctta 13860
cgatccacgce cttcaaagtg accgcggtag ccgacagcac ccagttcaca agagtactct 13920
cttcecgegac ggtcgatgte gtggttgttg atctagattt aggtcgtgaa gatgggctceg 13980
agctaggagc aagtgatttt atcgctaagc cgttcagtat cagagagttt ctagcacgca 14040

ttegggttge cttgcgegtyg cgccccaacg ttgtccgete caaagaccga cggtettttt 14100
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gttttactga ctggacactt aatctcaggc aacgtcgctt gatgtccgaa gctggcggtg 14160
aggtgaaact tacggcaggt gagttcaatc ttctcctege gtttttagag aaaccccgeg 14220
acgttctatc gcgcgagcaa cttctcecattg ccagtcgagt acgcgacgag gaggtttatg 14280
acaggagtat agatgttctc attttgaggc tgcgccgcaa acttgaggca gatccgtcaa 14340
gccctcaact gataaaaaca gcaagaggtg ccggttattt ctttgacgcg gacgtgcagg 14400
tttegcacgg ggggacgatg gcagcectgag ccaattccca gatccccgag gaatcggegt 14460
gagcggtege aaaccatccg gcccggtaca aatcggcgeg gcegetgggtg atgacctggt 14520
ggagaagttg aaggccgcge aggccgcecca gcggcaacgce atcgaggcag aagcacgccce 14580
cggtgaatcg tggcaagcgg ccgctgatcg aatccgcaaa gaatcccgge aaccgecgge 14640
agccggtgeg cecgtecgatta ggaagcecgcece caagggcgac gagcaaccag attttttegt 14700
tcegatgete tatgacgtgg gcacccgcga tagtcgcage atcatggacg tggcegtttt 14760
ccgtectgteg aagcgtgacce gacgagctgg cgaggtgatce cgctacgage ttccagacgg 14820
gcacgtagag gtttccgcag ggccggecgg catggccagt gtgtgggatt acgacctggt 14880
actgatggcg gtttcccatce taaccgaatc catgaaccga taccgggaag ggaagggaga 14940
caagcceceggce cgcegtgttece gtccacacgt tgcggacgta ctcaagttcect gecggegage 15000
cgatggcgga aagcagaaag acgacctggt agaaacctgce attcggttaa acaccacgca 15060
cgttgccatg cagcgtacga agaaggccaa gaacggccgce ctggtgacgg tatccgaggg 15120
tgaagccecttg attagccget acaagatcgt aaagagcgaa accgggcggce cggagtacat 15180
cgagatcgag ctagctgatt ggatgtaccg cgagatcaca gaaggcaaga acccggacgt 15240
gctgacggtt caccccgatt actttttgat cgatcccgge atcggccgtt ttetcectaccg 15300
cctggcacgce cgcgccgcag gcaaggcaga agccagatgg ttgttcaaga cgatctacga 15360
acgcagtggce agcgccggag agttcaagaa gttcectgttte accgtgcgca agctgatcgg 15420
gtcaaatgac ctgccggagt acgatttgaa ggaggaggcg gggcaggctg gcccgatcct 15480
agtcatgcge taccgcaacc tgatcgaggg cgaagcatcce gccggttcect aatgtacgga 15540
gcagatgcta gggcaaattg ccctagcagg ggaaaaaggt cgaaaaggtc tctttectgt 15600
ggatagcacg tacattggga acccaaagcc gtacattggg aaccggaacc cgtacattgg 15660
gaacccaaag ccgtacattg ggaaccggtc acacatgtaa gtgactgata taaaagagaa 15720
aaaaggcgat ttttccgecct aaaactcttt aaaacttatt aaaactctta aaacccgect 15780
ggcctgtgceca taactgtctg gccagcgcac agccgaagag ctgcaaaaag cgectaccct 15840
tcggtegetyg cgctecctac geccegecge ttegegtegg cctatcegegg cegctggeceg 15900
ctcaaaaatg gctggcctac ggccaggcaa tctaccaggg cgcggacaag ccgcgecgte 15960
gccactcgac cgccggcegct gaggtctgec tcgtgaagaa ggtgttgcetg actcatacca 16020
ggcctgaate gccccatcat ccagccagaa agtgagggag ccacggttga tgagagettt 16080
gttgtaggtyg gaccagttgg tgattttgaa cttttgcttt gccacggaac ggtctgegtt 16140
gtcgggaaga tgcgtgatct gatccttcaa ctcagcaaaa gttcgattta ttcaacaaag 16200
ccgeccgtece gtcaagtcag cgtaatgcte tgccagtgtt acaaccaatt aaccaattct 16260
gattagaaaa actcatcgag catcaaatga aactgcaatt tattcatatc aggattatca 16320

ataccatatt tttgaaaaag ccgtttctgt aatgaaggag aaaactcacc gaggcagttce 16380
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cataggatgg caagatcctg gtatcggtct gcgattccga ctcecgtccaac atcaatacaa 16440
cctattaatt tcccectcecgtce aaaaataagg ttatcaagtg agaaatcacc atgagtgacg 16500
actgaatccg gtgagaatgg caaaagctct gcattaatga atcggccaac gcgcggggag 16560
aggcggtttg cgtattgggce gectcttecge ttectegete actgactcege tgcgeteggt 16620
cgttecggetyg cggcgagegg tatcagctca ctcaaaggcg gtaatacggt tatccacaga 16680
atcaggggat aacgcaggaa agaacatgtg agcaaaaggc cagcaaaagg ccaggaaccg 16740
taaaaaggcce gcgttgctgg cgtttttcecca taggctececge cccectgacg agcatcacaa 16800
aaatcgacgc tcaagtcaga ggtggcgaaa cccgacagga ctataaagat accaggcgtt 16860
tcecectgga ageteccecteg tgcgetectcee tgttceccgace ctgcecgcetta ccggatacct 16920
gtcecgecttt ctececttegg gaagegtgge getttetcat agctcacget gtaggtatct 16980
cagttcggtg taggtcgttce gectccaagcet gggctgtgtg cacgaacccce ccgttcagece 17040
cgaccgcectge gecttatceg gtaactatceg tcttgagtcece aacccggtaa gacacgactt 17100
atcgccactg gcagcagcca ctggtaacag gattagcaga gcgaggtatg taggecggtge 17160
tacagagttc ttgaagtggt ggcctaacta cggctacact agaagaacag tatttggtat 17220
ctgcgcetetg ctgaagccag ttaccttcgg aaaaagagtt ggtagetcett gatccecggcaa 17280
acaaaccacc gctggtageg gtggtttttt tgtttgcaag cagcagatta cgcgcagaaa 17340
aaaaggatct caagaagatc ctttgatctt ttctacgggg tctgacgctce agtggaacga 17400
aaactcacgt taagggattt tggtcatgag attatcaaaa aggatcttca cctagatcct 17460
tttgatccgg aatta 17475
<210> SEQ ID NO 39

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 39

ttgtgctget ccacgaaca 19
<210> SEQ ID NO 40

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 40

gccagccact acgagaagct 20
<210> SEQ ID NO 41

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: probe

<400> SEQUENCE: 41

ctgcttetge tegttgtect cegg 24

<210> SEQ ID NO 42
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<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: promer

<400> SEQUENCE: 42

geggatgetyg gcacage

<210> SEQ ID NO 43

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 43

ggcattgett ccttetecg

<210> SEQ ID NO 44

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: probe

<400> SEQUENCE: 44

cagggagcga ggtac

<210> SEQ ID NO 45

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 45

ctggtggeca acgtgaagtt

<210> SEQ ID NO 46

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 46

gettcacggyg ctgggte

<210> SEQ ID NO 47

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: probe

<400> SEQUENCE: 47

aggccaagece cgccaaccag

<210> SEQ ID NO 48

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

17

19

15

20

17

20
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<223>

<400>

OTHER INFORMATION: primer

SEQUENCE: 48

geggatgetyg gcacaga

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 49

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 49

gecattgette cttegeca

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 50

LENGTH: 16

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: probe

SEQUENCE: 50

cagggaggta cgaacc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 51

LENGTH: 16

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 51

geggcgaaga agcgaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 52

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 52

geggegtete cagette

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 53

LENGTH: 12

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: probe

SEQUENCE: 53

ccaggaactyg cg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 54

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 54

17

18

16

16

17

12
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aagaaacgcce ggctgagt

<210> SEQ ID NO 55

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 55

accttgeggyg gegtt

<210> SEQ ID NO 56

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: probe

<400> SEQUENCE: 56

ccaggaactyg cg

<210> SEQ ID NO 57

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 57

aagaaacgcce ggctgagt

<210> SEQ ID NO 58

<211> LENGTH: 14

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 58

cecttgegegy cgte

<210> SEQ ID NO 59

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: probe

<400> SEQUENCE: 59

ccaggaactyg cg

<210> SEQ ID NO 60

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 60

tgatcctega ggccaaget

<210> SEQ ID NO 61

18

15

12

18

14

12

19
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<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 61

aggtcgaggt ccccteca

<210> SEQ ID NO 62

<211> LENGTH: 14

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: probe

<400> SEQUENCE: 62

cctgetacce ggge

<210> SEQ ID NO 63

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 63

cgegeectge tacce

<210> SEQ ID NO 64

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 64

gegegtgett accagga

<210> SEQ ID NO 65

<211> LENGTH: 13

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: probe

<400> SEQUENCE: 65

tcgaggagtyg ccc

<210> SEQ ID NO 66

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 66

caccgatgag caggceg

<210> SEQ ID NO 67

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

18

14

15

17

13

16
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<223> OTHER INFORMATION: primer
<400> SEQUENCE: 67

agatacacct tccggeceg

<210> SEQ ID NO 68

<211> LENGTH: 14

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: probe

<400> SEQUENCE: 68

ttcctecegy aage

<210> SEQ ID NO 69

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 69

caccgatgag caggceg

<210> SEQ ID NO 70

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 70

agatacacct tccggecagt

<210> SEQ ID NO 71

<211> LENGTH: 14

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: probe

<400> SEQUENCE: 71

ctectecegy aage

<210> SEQ ID NO 72

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 72

caagtttctyg gacaaggaga ttcte

<210> SEQ ID NO 73

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 73

18

14

16

20

14

25
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aagaattcce ttcttaatag ctggaga

<210> SEQ ID NO 74

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: probe

<400> SEQUENCE: 74

cacgagcaca ttgctaacct tgetgg

<210> SEQ ID NO 75

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 75

tcaccgatga gcaggea

<210> SEQ ID NO 76

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 76

atacacctte cggccage

<210> SEQ ID NO 77

<211> LENGTH: 14

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: probe

<400> SEQUENCE: 77

ttcctecegy aage

<210> SEQ ID NO 78

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 78

gatagggcta aagagatgtg ggaa

<210> SEQ ID NO 79

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 79

ctttgttcac attagggete aaataa

<210> SEQ ID NO 80

27

26

17

18

14

24

26
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<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: probe

<400> SEQUENCE: 80

tagactgaga tggatg

<210> SEQ ID NO 81

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 81

aaaaccaccyg gagaagacga

<210> SEQ ID NO 82

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 82

aggtgtggcg gcagtga

<210> SEQ ID NO 83

<211> LENGTH: 14

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: probe

<400> SEQUENCE: 83

caccgtcatt gtte

<210> SEQ ID NO 84

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 84

caagtttctyg gacaaggaga ttcte

<210> SEQ ID NO 85

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 85

aagaattcce ttcttaatag ctggaga

<210> SEQ ID NO 86

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

16

20

17

14

25

27
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<223> OTHER INFORMATION: probe
<400> SEQUENCE: 86

cacgagcaca ttgctaacct tgetgg

<210> SEQ ID NO 87

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 87

gegacgcegyg aaagg

<210> SEQ ID NO 88

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 88

tggcegtggtt tegtettett a

<210> SEQ ID NO 89

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: probe

<400> SEQUENCE: 89

aagagcggeyg tctggaggtg actca

<210> SEQ ID NO 90

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 90

aaccgcatcg tcagaaaaac

<210> SEQ ID NO 91

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 91

tcaacttaac cggccaaatc

<210> SEQ ID NO 92

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 92

26

15

21

25

20

20



US 2019/0376075 Al

Dec. 12,2019
153

-continued

catccettet ctteectect g

<210> SEQ ID NO 93

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 93

gccagtgtga gtgtgtatga gca

<210> SEQ ID NO 94

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 94

catcgtttte tcccctecte a

<210> SEQ ID NO 95

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 95

actgatatge acggegeca

<210> SEQ ID NO 96

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 96

tgcagtagct tcattttcac cg

<210> SEQ ID NO 97

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 97

aggaattgat atgtacgecce gt

<210> SEQ ID NO 98

<211> LENGTH: 16279

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: vector 24075
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(517)

<223> OTHER INFORMATION: bNRB-07
<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (538)..(1697

21

23

21

19

22

22
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<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>

OTHER INFORMATION: prAtEFaAl-02

FEATURE:

NAME/KEY: gene

LOCATION: (1716)..(5885)

OTHER INFORMATION: cCas9-05
FEATURE:

NAME/KEY: mutation

LOCATION: (5205)..(5207)

OTHER INFORMATION: L to V mutation
FEATURE:

NAME/KEY: mutation

LOCATION: (5250)..(5252)

OTHER INFORMATION: I to V mutation
FEATURE:

NAME/KEY: terminator

LOCATION: (5894)..(6146)

OTHER INFORMATION: tNOS-05-01
FEATURE:

NAME/KEY: promoter

LOCATION: (6173)..(6620

OTHER INFORMATION: prAtUé6-01
FEATURE:

NAME/KEY: misc_feature
LOCATION: (6621)..(6640

OTHER INFORMATION: AtGL1 targetl
FEATURE:

NAME/KEY: misc_feature
LOCATION: (6621)..(6725

OTHER INFORMATION: rsgRNA AtGL1-01
FEATURE:

NAME/KEY: misc_feature
LOCATION: (6641)..(6652)

OTHER INFORMATION: rCrRNA-01
FEATURE:

NAME/KEY: misc_feature
LOCATION: (6657)..(6725)

OTHER INFORMATION: rTracrRNA-01
FEATURE:

NAME/KEY: promoter

LOCATION: (6726)..(7173)

OTHER INFORMATION: prAtUé6-01
FEATURE:

NAME/KEY: misc_feature
LOCATION: (7174)..(7193)

OTHER INFORMATION: AtGll target 2
FEATURE:

NAME/KEY: misc_feature
LOCATION: (7174)..(7278)

OTHER INFORMATION: rsgRNA AtGL1-02
FEATURE:

NAME/KEY: misc_feature
LOCATION: (7194)..(7205)

OTHER INFORMATION: rCrRNA-01
FEATURE:

NAME/KEY: misc_feature
LOCATION: (7210)..(7278)

OTHER INFORMATION: rTracrRNA-01
FEATURE:

NAME/KEY: promoter

LOCATION: (7295)..(7640)

OTHER INFORMATION: prCMP-02
FEATURE:

NAME/KEY: gene

LOCATION: (7653)..(8447)

OTHER INFORMATION: cNpt2-10
FEATURE:

NAME/KEY: terminator

LOCATION: (8476)..(8728)

OTHER INFORMATION: tNOS-05-01
FEATURE:

NAME/KEY: promoter

LOCATION: (8755)..(10752)

OTHER INFORMATION: prGmUBI-O01
FEATURE:

NAME/KEY: gene

LOCATION: (10765)..(11454)
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<223> OTHER INFORMATION: cAmCyan-06

<220> FEATURE:

<221> NAME/KEY: terminator

<222> LOCATION: (11477)..(12119)

<223> OTHER INFORMATION: tPsE9-01

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (12193)..(12311)

<223> OTHER INFORMATION: bNLB-03

<220> FEATURE:

<221> NAME/KEY: gene

<222> LOCATION: (12928)..(13716)

<223> OTHER INFORMATION: cSpec-03

<220> FEATURE:

<221> NAME/KEY: gene

<222> LOCATION: (13751)..(14824)

<223> OTHER INFORMATION: cRepA-08

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (14867)..(15271

<223> OTHER INFORMATION: oVCl-04

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (15441)..(16247)

<223> OTHER INFORMATION: oCOLE-06

<400> SEQUENCE: 98

gccaggacgt cggccgaaag agcgacaagce agatcacgct tttcgacagce gtcggatttyg
cgatcgagga tttttcggeg ctgegctacg tccgegaccg cgttgaggga tcaagccaca
gcagcccact cgaccttcta gcocgacccag acgagccaag ggatcttttt ggaatgctge
tcecgtegtea ggetttocga cgtttgggtg gttgaacaga agtcattatc gcacggaatg
ccaagcactc ccgaggggaa ccctgtggtt ggcatgcaca tacaaatgga cgaacggata
aaccttttca cgccctttta aatatccgat tattctaata aacgctcttt tctcttaggt
ttacccgeca atatatcctg tcaaacactg atagtttaaa ctgaaggcgg gaaacgacaa
tctgatcatg agcggagaat taagggagtc acgttatgac ccccgccgat gacgcogggac
aagccgtttt acgtttggaa ctgacagaac cgcaacgttg aaggcgcgcec actcagcaag
cttgatatcg gaagtttctc tcttgaggga ggttgctcgt ggaatgggac acatatggtt
gttataataa accatttcca ttgtcatgag attttgaggt taatatatac tttacttgtt
cattatttta tttggtgttt gaataaatga tataaatggc tcttgataat ctgcattcat
tgagatatca aatatttact ctagagaaga gtgtcatata gattgatggt ccacaatcaa
tgaaattttt gggagacgaa catgtataac catttgcttg aataacctta attaaaaggt
gtgattaaat gatgtttgta acatgtagta ctaaacattc ataaaacaca accaacccaa
gaggtattga gtattcacgg ctaaacaggg gcataatggt aatttaaaga atgatattat
tttatgttaa accctaacat tggtttcgga ttcaacgcta taaataaaac cactctcegtt
gctgattcca tttatcgtte ttattgacce tagccgctac acacttttct gcgatatctce
tgaggtaagc gttaacgtac ccttagatcg ttctttttet ttttcegtctg ctgatcgttg
ctcatattat ttcgatgatt gttggattcg atgctctttg ttgattgatc gttctgaaaa
ttctgatctg ttgtttagat tttatcgatt gttaatatca acgtttcact gcttctaaac
gataatttat tcatgaaact attttcccat tctgatcgat cttgttttga gattttaatt

tgttcgattyg attgttggtt ggtggatcta tatacgagtg aacttgttga tttgegtatt

taagatgtat gtcgatttga attgtgattg ggtaattctg gagtagcata acaaatccag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440
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tgttceettt ttctaagggt aattctcgga ttgtttgett tatatctctt gaaattgecg 1500
atttgattga atttagctcg cttagctcag atgatagagc accacaattt ttgtggtaga 1560
aatcggtttg actccgatag cggcttttta ctatgattgt tttgtgttaa agatgatttt 1620
cataatggtt atatatgtct actgttttta ttgattcaat atttgattgt tetttttttt 1680
gcagatttgt tgaccaggga tccgcggccg ctaaaatgga taagaagtat tctattggac 1740
ttgatattgg aaccaactct gtgggatggg ctgttattac tgacgagtat aaggttccat 1800
ctaagaagtt caaggttctt ggaaacactg atagacactc tattaagaag aaccttattg 1860
gtgctcttet tttecgattct ggagagactg ctgaggctac tagacttaag agaactgcta 1920
gaagaagata tactagaaga aagaacagaa tttgctatct tcaagagatt ttctctaacg 1980
agatggctaa ggttgacgat tctttcecttcece acagacttga ggagtcttte cttgttgagg 2040
aggataagaa gcacgagaga cacccaattt tcggaaacat tgttgacgag gttgcttatc 2100
acgagaagta tccaactatt tatcacctta gaaagaagct cgttgattct actgataagg 2160
ctgatcttag acttatttat cttgctcttg ctcacatgat taagttcaga ggacacttcc 2220
ttattgaggg agatcttaac ccagataact ctgacgttga taagctcttc attcaacttg 2280
ttcaaactta taaccaactt ttcgaggaga acccaattaa cgcttctgga gttgacgcta 2340
aggctattct ttctgctaga ctttctaagt ctagaaggct tgagaacctt attgctcaac 2400
ttccaggaga gaagaagaac ggacttttcg gaaaccttat tgctctttet cttggactta 2460
ctccaaactt caagtctaac ttcgatcttg ctgaggacgc taagctccaa ctttctaagg 2520
atacttacga cgatgatctt gataaccttc ttgctcaaat tggagatcaa tacgctgatc 2580
ttttececttge tgctaagaac ctttctgacg ctattcttet ttctgatatt cttagagtta 2640
acactgagat tactaaggct ccactttctg cttctatgat taagagatac gacgagcacc 2700
accaagatct tactcttcectt aaggctecttg ttagacaaca acttccagag aagtataagg 2760
agattttctt cgatcaatct aagaacggat acgctggata tattgacgga ggagcttctce 2820
aagaggagtt ctataagttc attaagccaa ttcttgagaa gatggacgga actgaggagc 2880
ttcttgttaa gctcaacaga gaggatcttce ttagaaagca aagaactttc gataacggat 2940
ctattccaca ccaaattcac cttggagagc ttcacgctat tcttagaagg caagaggatt 3000
tctatccatt ccttaaggat aacagagaga agattgagaa gattcttact ttccgtattce 3060
catattacgt tggaccactt gctagaggaa actctagatt cgcttggatg actagaaagt 3120
ctgaggagac tattactcct tggaacttcg aggaggttgt tgataaggga gcttctgcetce 3180
aatctttcat tgagagaatg actaacttcg ataagaacct tccaaacgag aaggttcttce 3240
caaagcactc tcttcectttac gagtatttca ctgtttataa cgagcttact aaggttaagt 3300
acgttactga gggaatgaga aagccagctt tcctttetgg agagcaaaag aaggctattg 3360
ttgatcttct tttcaagact aacagaaagg ttactgttaa gcaacttaag gaggattatt 3420
tcaagaagat tgagtgcttc gattctgttg agatttctgg agttgaggat agattcaacg 3480
cttctettgg aacttatcac gatcttectta agattattaa ggataaggat ttccttgata 3540
acgaggagaa cgaggatatt cttgaggata ttgttcttac tcttactctt ttcgaggata 3600
gagagatgat tgaggagaga cttaagactt acgctcacct tttcgacgat aaggttatga 3660

agcaacttaa gagaagaaga tatactggat ggggtagact ttctagaaag ctcattaacg 3720
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gaattagaga taagcaatct ggaaagacta ttcttgattt ccttaagtct gacggattcg 3780
ctaacagaaa cttcatgcaa cttattcacg acgattctct tactttcaag gaggatattc 3840
aaaaggctca agtttctgga caaggagatt ctcttcacga gcacattgct aaccttgcetg 3900
gatctccage tattaagaag ggaattcttc aaactgttaa ggttgttgac gagcttgtta 3960
aggttatggg tagacacaag ccagagaaca ttgttattga gatggctaga gagaaccaaa 4020
ctactcaaaa gggacaaaag aactctagag agagaatgaa gagaattgag gagggaatta 4080
aggagcttgg atctcaaatt cttaaggagc acccagttga gaacactcaa cttcaaaacg 4140
agaagctcta tctttattat cttcaaaacg gaagagatat gtacgttgat caagagcttg 4200
atattaacag actttctgat tacgacgttg atcacattgt tccacaatct ttccttaagg 4260
acgattctat tgataacaag gttcttacta gatctgataa gaacagagga aagtctgata 4320
acgttccatc tgaggaggtt gttaagaaga tgaagaacta ttggagacaa cttcttaacg 4380
ctaagctcat tactcaaaga aagttcgata accttactaa ggctgagaga ggaggacttt 4440
ctgagcttga taaggctgga ttcattaaga gacaacttgt tgagactaga caaattacta 4500
agcacgttgce tcaaattctt gattctagaa tgaacactaa gtacgacgag aacgataagc 4560
tcattagaga ggttaaggtt attactctta agtctaagct cgtttctgat ttcagaaagg 4620
atttccaatt ctataaggtt agagagatta acaactatca ccacgctcac gacgcttatce 4680
ttaacgctgt tgttggaact gctcttatta agaagtatcc aaaacttgag tcectgagttceg 4740
tttacggaga ttataaggtt tacgacgtta gaaagatgat tgctaagtct gagcaagaga 4800
ttggaaaggc tactgctaag tatttcttct attctaacat tatgaacttc ttcaagactg 4860
agattactct tgctaacgga gagattagaa agaggccact tattgagact aacggagaga 4920
ctggagagat tgtttgggat aagggaagag atttcgctac tgttagaaag gttctttcta 4980
tgccacaagt taacattgtt aagaaaactg aggttcaaac tggaggattc tctaaggagt 5040
ctattcttcc aaagagaaac tctgataagc tcattgctag aaagaaggat tgggacccaa 5100
agaagtacgg aggattcgat tctccaactg ttgcttattce tgttecttgtt gttgctaagg 5160
ttgagaaggg aaagtctaag aagctcaagt ctgttaagga gcttgttgga attactatta 5220
tggagagatc ttctttcgag aagaacccag ttgatttect tgaggctaag ggatataagg 5280
aggttaagaa ggatcttatt attaagctcc caaagtattc tcttttcgag cttgagaacg 5340
gaagaaagag aatgcttgct tctgctggag agcttcaaaa gggaaacgag cttgctcectte 5400
catctaagta cgttaacttc ctttatcttg cttcectcacta cgagaagctc aagggatctce 5460
cagaggataa cgagcaaaag caacttttcg ttgagcaaca caagcactat cttgacgaga 5520
ttattgagca aatttctgag ttctctaaga gagttattct tgctgacgct aaccttgata 5580
aggttctttc tgcttataac aagcacagag ataagccaat tagagagcaa gctgagaaca 5640
ttattcacct tttcactctt actaaccttg gtgctccage tgctttcaag tatttcgata 5700
ctactattga tagaaagaga tatacttcta ctaaggaggt tcttgacgct actcttattce 5760
accaatctat tactggactt tacgagacta gaattgatct ttctcaactt ggaggagatt 5820
cttctecacce aaagaagaag agaaaggttt cttggaagga cgcttctgga tggtctagaa 5880
tgtgacgtcg cgtgatcgtt caaacatttg gcaataaagt ttcttaagat tgaatcctgt 5940

tgccggtett gegatgatta tcatataatt tctgttgaat tacgttaage atgtaataat 6000
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taacatgtaa tgcatgacgt tatttatgag atgggttttt atgattagag tcccgcaatt 6060
atacatttaa tacgcgatag aaaacaaaat atagcgcgca aactaggata aattatcgceg 6120
cgcggtgtca tcectatgttac tagatctgca gatcggacce ctaattaget aaaagcttcg 6180
ttgaacaacg gaaactcgac ttgccttccg cacaatacat catttcecttet tagetttttt 6240
tcttettett cgttcataca gttttttttt gtttatcage ttacatttte ttgaaccgta 6300
gctttegttt tettettttt aactttcecat tcggagtttt tgtatcttgt ttcatagttt 6360
gtcccaggat tagaatgatt aggcatcgaa ccttcaagaa tttgattgaa taaaacatct 6420
tcattcttaa gatatgaaga taatcttcaa aaggcccctg ggaatctgaa agaagagaag 6480
caggcccatt tatatgggaa agaacaatag tatttcttat ataggcccat ttaagttgaa 6540
aacaatcttc aaaagtccca catcgcttag ataagaaaac gaagctgagt ttatatacag 6600
ctagagtcga agtagtgatt ggaaaagttg tagactgaga gttttagagc tagaaatagc 6660
aagttaaaat aaggctagtc cgttatcaac ttgaaaaagt ggcaccgagt cggtgctttt 6720
tttttaagct tcgttgaaca acggaaactc gacttgectt ccgcacaata catcatttcet 6780
tcttagettt ttttecttett cttegttcat acagtttttt tttgtttate agecttacatt 6840
ttcttgaacc gtagcttteg ttttettett tttaactttce cattcggagt ttttgtatct 6900
tgtttcatag tttgtcccag gattagaatg attaggcatc gaaccttcaa gaatttgatt 6960
gaataaaaca tcttcattct taagatatga agataatctt caaaaggccc ctgggaatct 7020
gaaagaagag aagcaggccce atttatatgg gaaagaacaa tagtatttct tatataggcce 7080
catttaagtt gaaaacaatc ttcaaaagtc ccacatcgct tagataagaa aacgaagctg 7140
agtttatata cagctagagt cgaagtagtg attgcagtga tgaacaatga cgggttttag 7200
agctagaaat agcaagttaa aataaggcta gtccgttatc aacttgaaaa agtggcaccg 7260
agtcggtget ttttttttgg cgcgcectaaa gcttctggca gacaaagtgg cagacatact 7320
gtcccacaaa tgaagatgga atctgtaaaa gaaaacgcgt gaaataatgc gtctgacaaa 7380
ggttaggtcg gcectgecttta atcaatacca aagtggtccec taccacgatg gaaaaactgt 7440
gcagtcggtt tggettttte tgacgaacaa ataagattcg tggccgacag gtgggggtece 7500
accatgtgaa ggcatcttca gactccaata atggagcaat gacgtaaggg cttacgaaat 7560
aagtaagggt agtttgggaa atgtccactc acccgtcagt ctataaatac ttagccccte 7620
cctcattgtt aagggagcaa ggatcctaaa ccatgattga acaagatgga ttgcacgcag 7680
gttctecegge cgettgggtg gagaggctat tcggctatga ctgggcacaa cagacaatcyg 7740
gctgectcectga tgccgeegtg tteceggetgt cagcgcaggg gegcecceggtt ctttttgtcea 7800
agaccgacct gtceggtgcece ctgaatgaac tgcaggacga ggcagcegegyg ctatcegtgge 7860
tggccacgac gggcgttect tgcgcagcetg tgctcgacgt tgtcactgaa gcecgggaaggg 7920
actggctget attgggcgaa gtgccggggce aggatctect gtcatctcac cttgctectg 7980
ccgagaaagt atccatcatg gcectgatgcaa tgcggcggct gcatacgctt gatccggceta 8040
cctgeccatt cgaccaccaa gcgaaacatce gecatcgageg agcacgtact cggatggaag 8100
ccggtettgt cgatcaggat gatctggacg aagagcatca ggggctcgeg ccagcecgaac 8160
tgttcgecag gectcaaggeg cgcatgecccg acggcgagga tcectegtcegtg acccatggeg 8220

atgcctgett geccgaatatce atggtggaaa atggccgett ttcectggatte atcgactgtg 8280
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gcecggcetggyg tgtggcggac cgctatcagg acatagegtt ggctaccegt gatattgetg 8340
aagagcttgg cggcgaatgg gctgaccgct tcectegtget ttacggtatce gecgetececg 8400
attcgcageg catcgectte tatcgectte ttgacgagtt cttctgatga gagctctaga 8460
tceccgaatt teccccgateg ttcaaacatt tggcaataaa gtttcttaag attgaatcct 8520
gttgccggte ttgcgatgat tatcatataa tttctgttga attacgttaa gcatgtaata 8580
attaacatgt aatgcatgac gttatttatg agatgggttt ttatgattag agtcccgcaa 8640
ttatacattt aatacgcgat agaaaacaaa atatagcgcg caaactagga taaattatcg 8700
cgegeggtgt catctatgtt actagatcgg gaattgggta ccctaattag ctaaattcca 8760
aaattttcag ttagtcctta ctaattatta aattatagta ttaatccaat gtgattgcgg 8820
ttacatcatg tacggaaaaa taattctaat ccttgattta aatttgatct tgactattta 8880
tttattcttt atttcatttt gtaaatcatt ttatgtatct cctggcaagce aattttatcc 8940
accttgcacc aacacctteg ggttccataa tcaaaccacc ttaacttcac accatgctgt 9000
aactcacacc gcccagcatce tccaatgtga aagaagctaa aatttaataa acaatcatac 9060

gaagcagtga caaaatacca gatggtatta atgctttgat aaaattaatt ggaaagtata 9120

aaatggtaga aaataataaa ttataattaa tttaaataag ataaaaaata attaaaaact 9180
aaaatgttaa aattttaaaa aaattatttt aaataatatt taaaaacatt aaaaatcatt 9240
ttaaaaaatt tatttataga acaattaaat aaatatttca gctaataaaa aacaaaagct 9300

tacctagcct tagaagacaa cttgtccaac aattagatga tacccattgce ccttacgttt 9360
tctttaacat caattattgt ttttgtcaac aagctatctt ttagttttat tttattggta 9420
aaaaatatgt cgccttcaag ttgcatcatt taacacatct cgtcattaga aaaataaaac 9480
tcttcecectaa acgattagta gaaaaaatca ttcgataata aataagaaag aaaaattaga 9540
aaaaaataac ttcattttaa aaaaatcatt aaggctatat tttttaaatg actaatttta 9600
tatagactgt aactaaaagt atacaattta ttatgctatg tatcttaaag aattacttat 9660
aaaaatctac ggaagaatat cttacaaagt gaaaaacaaa tgagaaagaa tttagtggga 9720
tgattatgat tttatttgaa aattgaaaaa ataattatta aagactttag tggagtaaga 9780
aagctttect attagtcttt tettatccat aaaaaaaaaa aaaaatctag cgtgacagcet 9840
tttccataga ttttaataat gtaaaatact ggtagcagcc gaccgttcag gtaatggaca 9900
ctgtggtcct aacttgcaac gggtgcgggce ccaatttaat aacgccgtgg taacggataa 9960
agccaagcgt gaagcggtga aggtacatct ctgactcegt caagattacg aaaccgtcaa 10020
ctacgaagga ctccccgaaa tatcatctgt gtcataaaca ccaagtcaca ccatacatgg 10080
gcacgcgtceca caatatgatt ggagaacggt tccaccgcat atgctataaa atgcccccac 10140
acccctegac cctaatcgca cttcaattge aatcaaatta gttcattcte tttgegcagt 10200
tcectaccte tectttcaag gttcgtagat ttecttcetgtt tttttttett cttetttatt 10260
gtttgttcta catcagcatg atgttgattt gattgtgttt tctatcgttt catcgattat 10320
aaattttcat aatcagaaga ttcagctttt attaatgcaa gaacgtcctt aattgatgat 10380
tttataaccg taaattaggt ctaattagag tttttttcat aaagattttc agatccgttt 10440
acaacaagcc ttaattgttg attctgtagt cgtagattaa ggtttttttc atgaactact 10500

tcagatccgt taaacaacag ccttatttgt tgatacttca gtcecgtttttc aagaaattgt 10560
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tcagatccgt tgataaaagc cttattcgtt gattctgtat ggtatttcaa gagatattge 10620
tcaggtecctt tagcaactac cttatttgtt gattctgtgg ccatagatta ggattttttt 10680
tcacgaaatt gcttcttgaa attacgtgat ggattttgat tctgatttat cttgtgattg 10740
ttgactctac agagatctaa aaaaatggcc ctgtccaaca agttcatcgg cgacgacatg 10800
aagatgacct accacatgga cggctgcgtg aacggccact acttcaccgt gaagggcgag 10860
ggcagcggca agccctacga gggcacccag acctceccacct tcaaggtgac gatggccaac 10920
ggcggcceece tggecttcecte cttegacatce ctgtccaceg tgttcatgta cggcaaccge 10980
tgcttcaccg cctaccccac cagcatgceccce gactacttca agcaggectt ccccgacgge 11040
atgtcctacg agagaacctt cacctacgag gacggcggcg tggccaccgce cagctgggag 11100
atcagcctga agggcaactg cttcgagcac aagtccacct tccacggcegt gaacttcccece 11160
gccgacggece ccgtgatgge caagaagacce accggcectggg atccecctectt cgagaagatg 11220
accgtgtgeg acggcatctt gaagggcgac gtgaccgect tectgatget gcagggcgge 11280
ggcaactaca gatgccagtt ccacacctcc tacaagacca agaagcccgt gaccatgccce 11340
cccaaccacg tggtggagca ccgcatcgcec agaaccgacce tggacaaggg cggcaacagce 11400
gtgcagctga ccgagcacgce cgtggcccac atcacctceeg tggtgccctt ctgatgaact 11460
agtgaattcg agctcaagcect ttcecgttegta tcatcggttt cgacaacgtt cgtcaagtte 11520
aatgcatcag tttcattgcg cacacaccag aatcctactg agtttgagta ttatggcatt 11580
gggaaaactg tttttcttgt accatttgtt gtgcttgtaa tttactgtgt tttttattcg 11640
gttttcgeta tcgaactgtg aaatggaaat ggatggagaa gagttaatga atgatatggt 11700
ccttttgtte attctcaaat taatattatt tgttttttcet cttatttgtt gtgtgttgaa 11760
tttgaaatta taagagatat gcaaacattt tgttttgagt aaaaatgtgt caaatcgtgg 11820
cctctaatga ccgaagttaa tatgaggagt aaaacacttg tagttgtacc attatgctta 11880
ttcactaggc aacaaatata ttttcagacc tagaaaagct gcaaatgtta ctgaatacaa 11940
gtatgtccte ttgtgtttta gacatttatg aactttcctt tatgtaattt tccagaatcce 12000
ttgtcagatt ctaatcattg ctttataatt atagttatac tcatggattt gtagttgagt 12060
atgaaaatat tttttaatgc attttatgac ttgccaattg attgacaaca tgcatcaatc 12120
ggaccgttaa ctagctagac ggccaggatc geccgegtgag cctttagcaa ctagctagat 12180
taattaaacg tccgcaatgt gttattaagt tgtctaagcg tcaatttgtt tacaccacaa 12240
tatatcctge caccagccag ccaacagctce cccgaccggce agctcggcac aaaatcacca 12300
ctcgatacag gcagcccatce agtccgggac ggcgtcagceg ggagagccgt tgtaaggcgg 12360
cagactttgc tcatgttacc gatgctattc ggaagaacgg caactaagct geccgggtttg 12420
aaacacggat gatctcgcgg agggtagcat gttgattgta acgatgacag agcgttgctg 12480
cctgtgatca aatatcatct ccctcecgcaga gatccgaatt atcagecttce ttattcattt 12540
ctcgcttaac cgtgacaggce tgtcgatctt gagaactatg ccgacataat aggaaatcge 12600
tggataaagc cgctgaggaa gctgagtggce gctatttcett tagaagtgaa cgtcgactca 12660
tgtttgacag cttatcatcg actgcacggt gcaccaatgce ttctggcecgtce aggcagccat 12720
cggaagctgt ggtatggctg tgcaggtcecgt aaatcactge ataattcgtg tcegctcaagg 12780

cgcactecceg ttcectggataa tgttttttge gccgacatca taacggttcect ggcaaatatt 12840
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ctgaaatgag ctgttgacaa ttaatcatcc ggctcgtata atgtgtggaa ttgtgagcgg 12900
ataacaattt cacacaggaa acagaccatg agggaagcgt tgatcgccga agtatcgact 12960
caactatcag aggtagttgg cgtcatcgag cgccatctcg aaccgacgtt getggecgta 13020
catttgtacg gctccgcagt ggatggcggce ctgaagccac acagtgatat tgatttgetg 13080
gttacggtga ccgtaaggct tgatgaaaca acgcggcgag ctttgatcaa cgaccttttg 13140
gaaacttcgg ctteccectgg agagagcgag attctceccgeg ctgtagaagt caccattgtt 13200
gtgcacgacg acatcattcc gtggcgttat ccagctaagce gcgaactgca atttggagaa 13260
tggcagcgca atgacattct tgcaggtatc ttcgagccag ccacgatcga cattgatctg 13320
gctatcttge tgacaaaagc aagagaacat agcgttgccet tggtaggtcce agcecggcggag 13380
gaactctttg atccggttce tgaacaggat ctatttgagg cgctaaatga aaccttaacg 13440
ctatggaact cgccgcccga ctgggcetgge gatgagcgaa atgtagtgcet tacgttgtcece 13500
cgcatttggt acagcgcagt aaccggcaaa atcgcgccga aggatgtcege tgccgactgg 13560
gcaatggagc gcctgcecgge ccagtatcag cccgtcatac ttgaagctag gcaggcttat 13620
cttggacaag aagatcgctt ggcctegege gcagatcagt tggaagaatt tgttcactac 13680
gtgaaaggcg agatcaccaa agtagtcggc aaataaagct ctagtggatc tccecgtacccg 13740
aggaatcggce gtgagcggtc gcaaaccatc cggcccggta caaatcggcg cggcgetggg 13800
tgatgacctg gtggagaagt tgaaggccgc gcaggccgcece cagcggcaac gcatcgagge 13860
agaagcacgc cccggtgaat cgtggcaagce ggccgctgat cgaatccgca aagaatcccg 13920
gcaaccgeceg gcagceccggtg cgecgtcegat taggaagcceg cccaagggcg acgagcaacce 13980
agattttttc gttccgatge tcectatgacgt gggcacccge gatagtcgca gcatcatgga 14040
cgtggeegtt ttceccegtcectgt cgaagegtga ccgacgagct ggcgaggtga tecgcectacga 14100
gcttecagac gggcacgtag aggtttceccge agggccggec ggcatggcca gtgtgtggga 14160
ttacgacctg gtactgatgg cggtttccca tctaaccgaa tccatgaacc gataccggga 14220
agggaaggga gacaagcccecg gecgegtgtt ccgtccacac gttgcggacg tactcaagtt 14280
ctgcecggcga gcoccgatggeg gaaagcagaa agacgacctg gtagaaacct gcatteggtt 14340
aaacaccacg cacgttgcca tgcagcgtac caagaaggcce aagaacggcc gcctggtgac 14400
ggtatccgag ggtgaagcect tgattagccg ctacaagatc gtaaagagcg aaaccgggcyg 14460
gccggagtac atcgagatcg agcetggetga ttggatgtac cgcgagatca cagaaggcaa 14520
gaacccggac gtgctgacgg ttcaccccga ttactttttg atcgatcccg gcatcggecg 14580
ttttctetac cgcctggcac gecgcegecge aggcaaggca gaagccagat ggttgttcaa 14640
gacgatctac gaacgcagtg gcagcgccgg agagttcaag aagttctgtt tcaccgtgeg 14700
caagctgatc gggtcaaatg acctgccgga gtacgatttg aaggaggagg cggggcaggce 14760
tggcccgate ctagtcatge gcectaccgcaa cctgatcgag ggcgaagcat ccgceggtte 14820
ctaatgtacg gagcagatgc tagggcaaat tgccctagca ggggaaaaag gtcgaaaagg 14880
actctttect gtggatagca cgtacattgg gaacccaaag ccgtacattg ggaaccggaa 14940
ccegtacatt gggaacccaa agccgtacat tgggaaccgg acacacatgt aagtgactga 15000
tataaaagag aaaaaaggcg atttttccgce ctaaaactct ttaaaactta ttaaaactct 15060

taaaacccgce ctggecctgtg cataactgtce tggccagege acagccgaag agctgcaaaa 15120
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agcgcectace ctteggtege tgcgetecect acgecccegee gcecttegegte ggectatcege 15180
ggcecgctgge cgctcaaaaa tggctggcct acggccaggce aatctaccag ggcgcggaca 15240
agccgegecg tegcecacteg accgeceggceg ctgaggtcetg cctegtgaag aaggtgttge 15300
tgactcatac caggccatta atgaatcggc caacgcgcgg ggagaggcgg tttgegtatt 15360
gggcgctett ccgettecte gctcactgac tecgctgeget cggtcegttceg gectgeggcega 15420
gcggtatcag ctcactcaaa ggcggtaata cggttatcca cagaatcagg ggataacgca 15480
ggaaagaaca tgtgagcaaa aggccagcaa aaggccagga accgtaaaaa ggccgcegttg 15540
ctggcgtttt tccataggct ccgcccccect gacgagcatce acaaaaatcg acgctcaagt 15600
cagaggtggc gaaacccgac aggactataa agataccagg cgtttcccce tggaagctcece 15660
ctegtgeget ctectgttec gaccctgecg cttaccggat acctgtceccege ctttetceccet 15720
tcgggaageg tggcgcettte tcatagectca cgctgtaggt atctcagtte ggtgtaggte 15780
gttcgcteca agetgggctg tgtgcacgaa ccccecegtte agecccgaccg ctgegectta 15840
tceggtaact atcgtcttga gtccaaccceg gtaagacacg acttatcgec actggcagca 15900
gccactggta acaggattag cagagcgagg tatgtaggceg gtgctacaga gttcettgaag 15960
tggtggccta actacggcta cactagaaga acagtatttg gtatctgcge tctgctgaag 16020
ccagttacct tcggaaaaag agttggtagc tcttgatccg gcaaacaaac caccgetggt 16080
agcggtggtt tttttgtttg caagcagcag attacgcgca gaaaaaaagg atctcaagaa 16140
gatcctttga tettttctac ggggtctgac gectcagtgga acgaaaactc acgttaaggg 16200
attttggtca tgagattatc aaaaaggatc ttcacctaga tccttttgat ccggacaaac 16260
aaacaaatac agtaattta 16279
<210> SEQ ID NO 99

<211> LENGTH: 100

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 99

aagctgcgca agctcatcct cgaggccaag ctegegecct gcetaccceggyg cgccgacgac 60
gccgegececeg gceggagggga cctegaggag tgccccatcet 100
<210> SEQ ID NO 100

<211> LENGTH: 100

<212> TYPE: DNA

<213> ORGANISM: Zea mays

<400> SEQUENCE: 100

agatggggca ctcctegagg tcccectecge cgggegegge gtegteggeyg ccecgggtage 60
agggcgcgag cttggccteg aggatgagct tgcgcagcett 100
<210> SEQ ID NO 101

<211> LENGTH: 420

<212> TYPE: DNA

<213> ORGANISM: Triticum aestivum

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 101
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ctcatcgagt gttencecgca atgcgetgtt getgattcete aagtgcegtgt gggtgcaggt
dgagagcaga agaaggccgg ccggeagegg cggaggagga dggcgaggca ggeagceggea
ggcgaaggeg cgggagggga cgatgcggcg aagaaacgcec ggetgagtga cgagcaggcg
cagttcctgg agatgagett caggaaggaa cgtaaactgg aaacgccccyg caaggtgcag
ctegecgegg agetgggect ggacaccaag caggtcegegyg tgtggtteca gaaccgecge
geeegetaca agagcaagct catcgaggag gagttctcca agetccegege ggcacacgac
geegtegteyg tcecacaactyg ccacctcgag gecgaggtac agtgcaacag tecggcetgece
<210> SEQ ID NO 102

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: gRNA target sequence

<400> SEQUENCE: 102

ggaaaagttyg tagactgaga tgg

<210> SEQ ID NO 103

<211> LENGTH: 85

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 103

taaatttgat tcgttgatag ggctaaagag atgtgggaaa agttgtagac tgagatggat
gaattatttyg agccctaatg tgaac

<210> SEQ ID NO 104

<211> LENGTH: 84

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 104

taaatttgat tcgttgatag ggctaaagag atgtgggaaa agttgtagac tagatggatg
aattatttga gccctaatgt gaac

<210> SEQ ID NO 105

<211> LENGTH: 86

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 105

taaatttgat tcgttgatag ggctaaagag atgtgggaaa agttgtagac tgtagatgga
tgaattattt gagccctaat gtgaac

<210> SEQ ID NO 106

<211> LENGTH: 85

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 106

taaatttgat tcgttgatag ggctaaagag atgtgggaaa agttgtagac tgagatggat

gaattatttg agccctaatg tgaac

<210> SEQ ID NO 107

60

120

180

240

300

360

420

23

60

85

60

84

60

86

60

85



US 2019/0376075 Al
164

-continued

Dec. 12,2019

<211> LENGTH: 86

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 107

taaatttgat tcgttgatag ggctaaagag atgtgggaaa agttgtagac tgaagatgga
tgaattattt gagccctaat gtgaac

<210> SEQ ID NO 108

<211> LENGTH: 86

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 108

taaatttgat tcgttgatag ggctaaagag atgtgggaaa agttgtagac tgtagatgga
tgaattattt gagccctaat gtgaac

<210> SEQ ID NO 109

<211> LENGTH: 82

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 109

taaatttgat tcgttgatag ggctaaagag atgtgggaaa agttgtagaa gatggatgaa
ttatttgage cctaatgtga ac

<210> SEQ ID NO 110

<211> LENGTH: 86

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 110

taaatttgat tcgttgatag ggctaaagag atgtgggaaa agttgtagac tgaagatgga
tgaattattt gagccctaat gtgaac

<210> SEQ ID NO 111

<211> LENGTH: 84

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 111

taaatttgat tcgttgatag ggctaaagag atgtgggaaa agttgtagac tagatggatg
aattatttga gccctaatgt gaac

<210> SEQ ID NO 112

<211> LENGTH: 83

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 112

taaatttgat tcgttgatag ggctaaagag atgtgggaaa agttgtagac tgatggatga

attatttgag ccctaatgtg aac

<210> SEQ ID NO 113

<211> LENGTH: 83

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

60

86

60

86

60

82

60

86

60

84

60

83
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<400> SEQUENCE: 113

taaatttgat tcgttgatag ggctaaagag atgtgggaaa agttgtagac agatggatga 60

attatttgag ccctaatgtg aac

<210> SEQ ID NO 114

<211> LENGTH: 86

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 114

83

taaatttgat tcgttgatag ggctaaagag atgtgggaaa agttgtagac tgtagatgga 60

tgaattattt gagccctaat gtgaac

<210> SEQ ID NO 115

<211> LENGTH: 86

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 115

86

taaatttgat tcgttgatag ggctaaagag atgtgggaaa agttgtagac tgaagatgga 60

tgaattattt gagccctaat gtgaac

<210> SEQ ID NO 116

<211> LENGTH: 86

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 116

86

taaatttgat tcgttgatag ggctaaagag atgtgggaaa agttgtagac tgtagatgga 60

tgaattattt gagccctaat gtgaac

<210> SEQ ID NO 117

<211> LENGTH: 78

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 117

86

taaatttgat tcgttgatag ggctaaagag atgtgggcta aacatagatg gatgaattat 60

ttgagcccta atgtgaac

78

What is claimed is:
1. A method of editing plant genomic DNA, comprising:

a) obtaining a first plant, wherein the first plant is a
haploid inducer line of the plant, and wherein said first
plant is capable of expressing a DNA modification
enzyme and optionally at least one guide nucleic acid;

b) obtaining a second plant, wherein the second plant
comprises the plant genomic DNA which is to be
edited;

¢) pollinating the second plant with pollen from the first
plant; and

d) selecting at least one haploid progeny produced by the
pollination of step (c) wherein the haploid progeny
comprises the genome of the second plant but not the
first plant, and the genome of the haploid progeny has

been modified by the DNA modification enzyme and
optional at least one guide nucleic acid delivered by the
first plant.

2. The method of claim 1, wherein the DNA modification
enzyme is a site-directed nuclease selected from the group
consisting of meganucleases (MNs), zinc-finger nucleases
(ZFNs), transcription-activator like effector nucleases (TAL-
ENs), Cas9 nuclease, Cfpl nuclease, dCas9-Fokl, dCpfl-
Fokl, chimeric Cas9-cytidine deaminase, chimeric Cas9-
adenine deaminase, chimeric FEN1-Fokl, and Mega-TALs,
a nickase Cas9 (nCas9), chimeric dCas9 non-Fokl nuclease
and dCpfl non-Fokl nuclease.

3. The method of claim 1, wherein the at least one guide
nucleic acid is a guide RNA.

4. The method of claim 1, wherein the edited haploid
progeny is treated with a chromosome doubling agent,
thereby creating an edited doubled haploid progeny.
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5. The method of claim 4, wherein the chromosome
doubling agent is colchicine, pronamide, dithipyr, trifturalin,
or another known anti-microtubule agent.

6. The method of claim 1, wherein the first plant is a
monocot or a dicot.

7. The method of claim 6, wherein the first plant is a
monocot selected from the group consisting of maize, wheat,
rice, barley, oats, triticale, sorghum, pearl millet, teosinte,
bamboo, sugar cane, asparagus, onion, and garlic.

8. The method of claim 1, wherein the second plant is a
monocot or a dicot.

9. The method of claim 8, wherein the second plant is a
monocot selected from the group consisting of maize, wheat,
rice, barley, oats, triticale, sorghum, pearl millet, teosinte,
bamboo, sugar cane, asparagus, onion, and garlic.

10. The method of claim 1, wherein the optional guide
RNA is an 18-21 nucleotide sequence and is homologous to
a sequence selected from the group consisting of SEQ ID
NOs: 2, 4, 8, 21, 23, 25, 29, 32, and 33.

11. The method of claim 1, wherein the first plant
expresses a marker gene.

12. The method of claim 11, wherein the marker gene is
selected from the group consisting of GUS, PMI, PAT, GFP,
RFP, CFP, B1, C1, R-nj, anthocyanin pigments, and any
other marker gene.

13. The method of claim 1, wherein the first plant is a
maize plant selected and/or derived from the lines Stock 6,
RWK, RWS, UH400, AX5707RS, NP2222-matl, or any of
the several other known HI lines.

14. The method of claim 1, wherein the first plant and the
second plant are different species.

15. The method of claim 14, first plant is a wheat plant and
the second plant is a maize plant.

16. The method of claim 14, wherein the first plant is a
maize plant and the second plant is a wheat plant.

17. A gene-edited plant produced by the method of claim
1.

18. A method of editing plant genomic DNA, comprising:

a) obtaining a first plant, wherein said first plant is capable
of expressing a DNA modification enzyme and option-
ally a guide nucleic acid;

b) obtaining a second plant, wherein the second plant
comprises the plant genomic DNA which is to be
edited;

¢) pollinating the second plant with pollen from the first
plant;
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d) applying a composition comprising a lipid or a phos-
pholipase inhibitor immediately preceding, during, or
following the pollination of step (c); and

e) selecting at least one haploid progeny produced by the
pollination of step (c) wherein the haploid progeny
comprises the genome of the second plant but not the
first plant, and the genome of the haploid progeny has
been modified by the DNA modification enzyme and
optional guide nucleic acid delivered by the first plant.

19. The method of claim 18, wherein the composition of
step (d) comprises methyl alpha-linolenoyl fluorophospho-
nate (MALFP), linoleic acid ethyl ester (LLAEE), linoleic
acid (LLA), corn oil, distearoyl-phosphatidyl choline
(DSPC), methyl arachidonyl fluorophosphonate (MAFP),
Palmityl trifluoromethylketone (PACOCF3), Arachidonyl
trifluoromethylketone (AACOCF3), Manoalide, Linolenic
acid ethyl ester (LNAEE), Linolenic acid ethyl ester
(LNAEE), Oleic acid methyl ester (OAME), Oleic acid ethyl
ester (OAEE), Palmitic acid ethyl ester (PAEE), Palmitoleic
acid ethyl ester (PLAEE), Linseed oil, corn oil, alpha-
Linolenic acid (aLNA), gamma-Linolenic acid (gLNA),
Oleic acid, Arachidonic acid, Stearic Acid, 9(Z)-11(E)-
conjugated Linoleic acid, or 2-oleoyl-1-palmitoyl-sn-
glycero-3-phospho-ethanolamine.

20. A method of editing plant genomic DNA, comprising:

a) obtaining a first plant, wherein said first plant is capable
of expressing a DNA modification enzyme and option-
ally a guide nucleic acid;

b) obtaining a second plant, wherein the second plant
comprises the plant genomic DNA which is to be
edited;

¢) crossing the first plant with the second plant; and

d) selecting at least one haploid progeny produced by the
crossing of step (c) wherein the haploid progeny com-
prises the genome of the second plant but not the first
plant, and the genome of the haploid progeny has been
modified by the DNA modification enzyme and
optional guide nucleic acid delivered by the first plant.

21. The method of claim 20, wherein the first plant acts as
the female parent in the cross of step (c).

22. The method of claim 21, wherein the first plant
comprises a mutation in a CENH3 gene, an igl gene, or
another mutation conferring paternal-haploid inducing sys-
tems.



