US 20220177925A1

a2y Patent Application Publication o) Pub. No.: US 2022/0177925 A1l

a9y United States

Liu et al. 43) Pub. Date: Jun. 9, 2022
(54) VISUALIZED SCREENING METHOD FOR CI2N 15/11 (2006.01)
ASPERGILLUS RECOMBINANT STRAINS CI2N 15/80 (2006.01)
WITH MULTIGENE EDITING CI2N 1/14 (2006.01)
(52) US.CL
(71) Applicant: Jiangnan University, Wuxi (CN) CPC o CI2N 15/902 (2013.01); CI2N 9/22

(72) Inventors: Song Liu, Wuxi (CN); Cen Li, Wuxi
(CN); Guocheng Du, Wuxi (CN); Jian
Chen, Wuxi (CN); Jingwen Zhou,
Wuxi (CN)

(21) Appl. No.: 17/676,278

(22) TFiled:  Feb. 21, 2022

Related U.S. Application Data

(63) Continuation of application No. PCT/CN2020/

110404, filed on Aug. 21, 2020.
(30) Foreign Application Priority Data

Aug. 21,2019 (CN) oo 2019107731937

Publication Classification

(51) Int. CL
CI2N 15/90
CI2N 9/22

(2006.01)
(2006.01)

(2013.01); CI2N 15/11 (2013.01); CI2N
2800/10 (2013.01); CI2N 1/14 (2013.01);
CI2N 2310/20 (2017.05); CI12N 2800/80
(2013.01); CI2N 15/80 (2013.01)

(57) ABSTRACT

The present disclosure discloses a visualized screening
method for an Aspergillus recombinant strain with multi-
gene editing and belongs to the technical field of gene
engineering. CRISPR-Cas9 is used in the disclosure to
cleave spore color change-related genes and a target gene in
Aspergillus at the same time, such that editing of the target
gene is visualized and an Aspergillus niger strain with
multigene editing can be rapidly and efficiently screened out
through spore phenotypes. Through different combinations
of visualized genes and non-phenotypic change genes, rapid
screening of the strain with multigene editing and simulta-
neous screening of multiple visualized genes are realized,
and use of resistance genes in industrial strains is reduced.

Specification includes a Sequence Listing.
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VISUALIZED SCREENING METHOD FOR
ASPERGILLUS RECOMBINANT STRAINS
WITH MULTIGENE EDITING

TECHNICAL FIELD

[0001] The present disclosure relates to a visualized
screening method for Aspergillus recombinant strains with
multigene editing and belongs to the technical field of
genetic engineering.

BACKGROUND

[0002] Filamentous fungi have a long history of develop-
ment in the traditional fermentation industry. Aspergillus is
used for food fermentation and production of enzymes and
organic acids. Commercially valuable Aspergillus species
include Aspergillus niger, Aspergillus oryzae, etc. However,
a molecular modification process of industrial Aspergillus
strain is hindered by lack of an efficient gene editing method
and a method for rapidly screening recombinant strains.

[0003] Aspergillus cells are wrapped by hyphae, have a
cell wall structure more complex compared with prokaryotic
cells such as Escherichia coli and Bacillus subtilis. There-
fore, visualized screening of single Aspergillus colony is
difficult to realize. In the common visualized screening
method, green fluorescent protein (GFP) was fused to N-ter-
minal target sequence, and screening by fluorescence. In
prokaryotic cells such as Escherichia coli and Bacillus
subtilis, single recombinant colony can be picked by green
fluorescence deposition of the microorganisms, or single cell
is sorted by flow cytometer. However, when the GFP was
expressed in Aspergillus for sorting, a fluorescence micro-
scope is needed to observe fluorescence of the microorgan-
isms, which is difficult to realize sorting. Screening Asper-
gillus recombinant strain by color reaction of chromogenic
culture medium not only has use limitation, but also has
complex procedure and inaccurate effect. Therefore, a more
rational “visualized” procedure is needed for screening
Aspergillus recombinant strains.

[0004] Different types of Aspergillus have different color
of spores. The different colors of the spores can be used as
visualized features to distinguish Aspergillus. The color of
host spores can be changed by editing spore pigmentation
related genes, which are used as a “visualized” screening
marker for Aspergillus recombinant strain. Generally,
mature spores of Aspergillus niger wild type strains are
black. When the genes related to spore color change and a
target gene are simultaneously mutated in Aspergillus using
CRISPR-Cas9, the target gene editing can be visualized.

SUMMARY

[0005] A first object of the present disclosure is to disclose
a visualized screening method for Aspergillus strains with
gene editing, in which a CRISPR-Cas9 gene editing tech-
nology is used to simultaneously knock out genes (a) and (b)
in the Aspergillus, where (a) are genes affecting a spore color
change and (b) are genes with unchanged phenotypes of
Aspergillus before and after knockout; and

[0006] the genes affecting a spore color change are fwnA,
pptA and/or brnA.

[0007]
is fwnA.

Preferably, the gene affecting a spore color change
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[0008] In one implementation, the genes with unchanged
phenotypes of Aspergillus before and after knockout
include, but are not limited to, amyA, ammA, pepA and
kusA.

[0009] Preferably, the genes with unchanged phenotypes
of Aspergillus before and after knockout are amyA and/or
ammA.

[0010] In one embodiment, the fiwvnA has a nucleotide
sequence as set forth in SEQ ID NO:24.

[0011] In one embodiment, the pptA has a Gene ID of
4985743 (a nucleotide sequence as set forth in SEQ ID
NO:50) and the brnA has a Gene ID of 4987395 (a nucleo-
tide sequence as set forth in SEQ ID NO:51).

[0012] In one embodiment, the amyA has a Gene ID of
4980947 (a nucleotide sequence as set forth in SEQ ID
NO:52), the ammA has a Gene ID of 4984565 (a nucleotide
sequence as set forth in SEQ ID NO:53), the pepA has a
Gene 1D of 4987328 (a nucleotide sequence as set forth in
SEQ ID NO:54), and the kusA has a Gene ID of 4987871 (a
nucleotide sequence as set forth in SEQ 1D NO:55).
[0013] In one embodiment, Aspergillus includes Aspergil-
lus flavus, Aspergillus niger, Aspergillus fumigatus, Asper-
gillus versicolor and Aspergillus nidulans.

[0014] Preferably, the host is Aspergillus niger; more
preferably, the host is Aspergillus niger CCTCC M 2018881,
which has been disclosed in Chinese Patent Application No.
CN110438018A.

[0015] In one embodiment, the method is to construct a
Cas9 expression plasmid and an sgRNA expression cassette
and transfer the Cas9 expression plasmid and the sgRNA
expression cassette into Aspergillus niger for co-expression.
[0016] In one embodiment, a codon-optimized Cas9 gene
sequence of Aspergillus niger is as set forth in SEQ ID
NO:4.

[0017] In one embodiment, the method is to construct an
sgRNA expression cassette by using a Pu3 or Pu6 promoter
and a corresponding Tu3 or Tu6 terminator.

[0018] In one embodiment, the Pu6 promoter has a
nucleotide sequence as set forth in SEQ ID NO:3; and the
Tu6 terminator has a nucleotide sequence as set forth in SEQ
ID NO:5.

[0019] In one embodiment, the Pu3 promoter has a
nucleotide sequence as set forth in SEQ ID NO:2; and the
Tu3 terminator has a nucleotide sequence as set forth in SEQ
ID NO:4.

[0020] In one embodiment, sgRNA is released by using
Aspergillus endogenous tRNAs.

[0021] In one embodiment, the endogenous tRNAs
include tRNA%“, tRNAYZ tRNAS”, tRNA®, tRNAZ*,
tRNAZ* tRNAM® tRNAT"® t(RNA®®", tRNAT”, tRNA",
RNA“ {RNA", tRNA“™ {(RNA” and (RNA“?,
[0022] In one embodiment, when a single gene is edited,
a first tRNA after a promoter is preferably tRNA“,
[0023] In one embodiment, when two genes are edited, a
first tRNA after a promoter is preferably tRNA“* and a
second tRNA is preferably tRNA“"Z or tRNA”"°.

[0024] In one embodiment, when multiple genes are
edited, a first tRNA after a promoter is preferably tRNA*,
a second tRNA is preferably tRNA?"*, and a tRNA in a last
sgRNA is preferably tRNA“Z or tRNA™®.

[0025] In one embodiment, the tRNA has a nucleotide
sequence as set forth in SEQ ID NO:10; the (RNA and the
tRNA®*¢ respectively have a nucleotide sequence as set
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forth in SEQ ID NO:20 and SEQ ID NO:16; and the tRNA™®
has a nucleotide sequence as set forth in SEQ ID NO:19.
[0026] A second object of the present disclosure is to
disclose a visualized system for gene knockout in Aspergil-
lus, the system includes a gene encoding a Cas9 protein, an
sgRNA expression cassette and a screening marker; the
sgRNA expression cassette contains target sequences of
genes affecting a spore color change and target sequences of
genes not affecting phenotypes of Aspergillus.

[0027] In one embodiment, sgRNA is released by using
Aspergillus endogenous tRNAs.

[0028] In one embodiment, the endogenous tRNAs
include tRNA““ tRNAZ {RNAS”, tRNA®, tRNAZ*,
RNAS* {(RNAM (RNAT" (RNA®", (RNA™", (RNA™,
tRNAS™ {RNAT, tRNA, tRNA? and tRNAY.
[0029] In one embodiment,

[0030] when a single gene is edited, a first tRNA after a
promoter is tRNA#4;

[0031] when two genes are edited, a first tRNA after a
promoter is tRNA“* and a second tRNA is tRNA*"Z;
[0032] when multiple genes are edited, a first tRNA after
a promoter is tRNA““, a tRNA in a last sgRNA is tRNA“2
or tRNA”2; or a first tRNA after a promoter is tRNA“, a
tRNA in a last sgRNA is tRNA®= or tRNA™ and a Pu6
promoter and a Tu6 terminator are used to separately pro-
mote and terminate an expression of the last sgRNA;
[0033] the Pu6 promoter has a nucleotide sequence as set
forth in SEQ ID NO:3; the Tu6 terminator has a nucleotide
sequence as set forth in SEQ ID NO:5; and

[0034] the tRNA““ has a nucleotide sequence as set forth
in SEQ ID NO:10; the tRNA" and the tRNAT" respec-
tively have a nucleotide sequence as set forth in SEQ ID
NQO:20 and SEQ ID NO:16; and the tRN A" has a nucleotide
sequence as set forth in SEQ ID NO:19.

[0035] A third object of the present disclosure is to dis-
close a method for improving screen efficiency of gene
editing in Aspergillus, in which a CRISPR-Cas9 gene edit-
ing technology is used to simultaneously knock out genes (a)
and (b) in the Aspergillus, where (a) are genes affecting a
spore color change; (b) are genes with unchanged pheno-
types of Aspergillus before and after knockout; the genes
affecting a spore color change include fwnA, pptA and brnA;
and the genes with unchanged phenotypes of Aspergillus
before and after knockout include, but are not limited to,
amyA, ammA, pepA and kusA.

[0036] The present disclosure also discloses use of a
visualized screening method for an Aspergillus strain with
gene editing in gene editing of Aspergillus.

[0037] The present disclosure also discloses use of a gene
knockout visualized system for Aspergillus in gene editing
of Aspergillus.

[0038] The present disclosure also discloses use of a
method for improving screen efficiency in gene editing of
Aspergillus in gene editing of Aspergillus.

[0039] In the present disclosure, CRISPR-Cas9 is used to
cleave spore color change-related genes and a target gene in
Aspergillus at the same time, such that editing of the target
gene is visualized and an Aspergillus niger strain with
multigene editing can be rapidly and efficiently screened out
through spore phenotypes. Through different combinations
of visualized genes and non-phenotypic change genes, rapid
screening of the strain with multigene editing and simulta-
neous screening of multiple visualized genes are realized,
and use of resistance genes in industrial strains is reduced.
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The method of the present disclosure can also be generally
used in other Aspergillus species and a target gene can be
quickly and accurately knocked out by combining visualized
genes with a color change and the target gene to be knocked
out.

BRIEF DESCRIPTION OF FIGURES

[0040] FIG. 1 is a map of an Aspergillus niger Cas9
expression plasmid pUC19-Cas9.

[0041] FIG. 2 is a map of an Aspergillus niger sgRNA
co-expression plasmid pUC19-sgRNA.

[0042] FIG. 3A is a map of an Aspergillus niger non-
phenotypic gene sgRNA and a visualized phenotypic gene
sgRNA co-expression plasmid pUC19-sgRNA-1.

[0043] FIG. 3B is a map of an Aspergillus niger non-
phenotypic gene sgRNA and a visualized phenotypic gene
sgRNA co-expression plasmid pUC19-sgRNA-2.

[0044] FIG. 3C is a map of an Aspergillus niger non-
phenotypic gene sgRNA and a visualized phenotypic gene
sgRNA co-expression plasmid pUC19-sgRNA-3.

[0045] FIG. 4 shows comparison of a spore color of an
Aspergillus niger visualized transformant with gene editing.

DETAILED DESCRIPTION

[0046] (I) Culture Medium

[0047] PDA culture medium: 200 g of potatoes, 20 g of
glucose, 15-20 g of agar and the balanced water to a constant
volume of 1 L.

[0048] LB culture medium: 10 g of peptone, 5 g of yeast
powder, 10 g of NaCl and the balanced water to a constant
volume of 1 L.

[0049] (1) Reagent Formula

[0050] STC buffer solution: 1.2 M sorbitol, 50 mM CaCl,
and 10 mM Tris, and pH of 7.5-8.

[0051] PEG buffer solution: 25% PEG 6000, 50 mM
CaCl, and 10 mM Tris, and pH of 7.5-8.

TABLE 1

PCR primers for verification of targeted gitesg

Name of

primers Sequence

PptA-F TAACCCAACCCCTCACTTCACCT SEQ ID NO: 25
PptA-R TGGAGACGTATTCCAGGAAGGCT SEQ ID NO: 26
brnA-F TGTTTGGATCTGATGCCGAGGC SEQ ID NO: 27
brnA-R GGCTTGACGCTGATCTTGGT SEQ ID NO: 28
fwnA-F GACCAATGACAAGACTCTGTGGGT SEQ ID NO: 29
fwnA-R TCTTCTTCCCCTCCGCAGTGAC SEQ ID NO: 30
kusA-F TCAAATGCGCCTATCACTTCATGC SEQ ID NO: 31
kusA-R CCGCCGGTTAATACGATGTCATAT SEQ ID NO: 32
amyA-F GCAGGGCATCATCGACAAGGT SEQ ID NO: 33
amyA-R GGTGGTATCGAGATCAGGCAAGG SEQ ID NO: 34
pepA-F TCCATCATGACGGCTGCCA SEQ ID NO: 35
pepA-R CGAACTCGGAGCTGATCTTGC SEQ ID NO: 36
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TABLE 1-continued

PCR primers for verification of targeted gites
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nucleotide sequence as set forth in SEQ ID NO:6) and other
Aspergillus strong promoters were used to express a Cas9
protein (with a nucleotide sequence as set forth in SEQ 1D
NO:1).

A ClonExpress® II One Step Cloning Kit
(Vazyme) was used, pUC19 was used as a vector frame-
work, an Aspergillus promoter sequence, a gene sequence
encoding a Cas9 protein, a resistance gene and an AMA1
(GenBank: X78051.1) sequence were subjected to homolo-
gous recombination twice to obtain a Cas9 expression

Name of
rimers Sequence
P d [0055]
ammA-F GACGCTGTTCTGTCGCTTTGT SEQ ID NO: 37
ammA-R GATCAGGCAGTATGGGTGGAAGT SEQ ID NO: 38
TABLE 2
Sequence of tRNA
Name Sequence
tRNAS GCCCGGGTGGTCTAGTGGTATGATTCTCGCTTAGGGATAC SEQ ID NO: 9
AAACCCAAGCATATCTGCGAGAGGTCCCGCGTTCGATCCG
CGGCTCGGGCC
tRNAY GGGGCTGTGGTTTAGTGGTATAATATTCCCTTAGCATGGG SEQ ID NO: 10
AGAGGtCCGGGGTTCGATTCCCCGCAGCTCCA
tRNACY ACAACCATACGTTAATTGGTAAACTAGTCGTCTTCCAAAC SEQ ID NO: 11
GATAALTGTGAGTTCGAACCTCACTGGTTGTA
tRNAT GCTTCTATGGCTCAGTTGGTAGAGCGCATGACTAGTAATC SEQ ID NO: 12
ATGAGGE CCGCGGTTCGAATCCGCGTGGAAGCA
tRNAF! GGCCGGATGGTGTAGTTGGTtATCACGTATCGTTAACACC SEQ ID NO: 13
GATAAGGt CCTGGGATCGAGCCCCAGTCTGGTCA
tRNASe GTCAGTGTGGCCGAGTGGTt AAGGCGATAGACTAGAAATCT SEQ ID NO: 14
ATTGGGTTCGCCCGCACAGGTTCGAGTCCTGTCGCTGACG
tRNALe GGCAAGATGGCCGAGTTGGTCCAAGGCGTCAGGTTAAGGT SEQ ID NO: 15
CCACCTTAATACCCAGCTTCACAGCTTCCTGATCATCGTA
AGATGGCGTGGGTTCGAATCCCACTCTTGTCA
tRNAT?® GGGGCAATGGCGCATCTGGGAGCGCGTCAGACTGAAGATC SEQ ID NO: 16
TGGAGGEGGCCGGTTCAAGCCCGGCTTGCCCCA
tRNALS GCCCGGCTAGCTCAATCGGTAGAGCGTGAGACTCTTAATC SEQ ID NO: 17
TCAAGGCTGCGGGTTCGAGCCCCGCGTTGGGCT
tRNACH TCCGATATGGTGTAGTGGCLtAACATCGCCGTCTCTCACAC SEQ ID NO: 18
GGCAGCCGGGGGTTCGATTCCCCCTATCGGAG
tRNA® GGTCCCATAGCTCAGTTGGTtAGAGCGTGACGCTAATAAC SEQ ID NO: 19
GTCAAAGEt CGAGGGTTCGAGCCCCTCTGGGACCA
tRNAYE GGCCTGCTGGCCCAATGGTAAGGCGCTTGACTACGGATCA SEQ ID NO: 20
AGAGALTGCAGGTTCGAGTCCTGCGTAGGTCA
tRNAMe AGCATGTTAGCTCAGGGGAAGAGCGCCGGGCTCATAACCC SEQ ID NO: 21
GGAGGECCCTGGATCGAAACCAGGACATGCTA
tRNACH GGTTGTGTAGTGTAATGGTCATCACTCTGGATTCTGATTC SEQ ID NO: 22
CAGCAATCCCGGTTCGATCCCGGGCACGACCT
tRNAD* GGGCCGGTAGCTCAGGGGTAGAGCGTGGGACTGCAGATCT SEQ ID NO: 23

TAAGGtCACGCGTTCAAATCGCGTTCGGCCCT

Example 1: Construction of Visualized
Recombinant Aspergillus niger Strain with Single
Gene Editing by Using CRISPR-Cas9
[0052] A CRISPR-Cas9 system included a gene encoding
a Cas9 protein (a Cas9 gene), sgRNA and a screening

marker.

[0053] (1) Construction of Cas9 Expression Vector
[0054] An Aspergillus promoter PglaA (with a nucleotide
sequence as set forth in SEQ ID NO:7) or Ptefl (with a

plasmid pUC19-Cas9 (a plasmid map was shown in FIG. 1).
A nuclear localization signal (NLS) sequence (CC-
CAAGAAGAAGCGCAAGGTC, SEQ ID NO:56) was
added at a or a C-terminal of a gene encoding a Cas9 protein
(as set forth in SEQ ID NO:1).

[0056]

[0057] A promoter Pu3, a protospacers sequence of a
target gene (See Table 3), a gRNA backbone sequence (a

(2) Construction of sgRNA Expression Cassette
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nucleotide sequence as set forth in SEQ ID NO:8) and a
terminator Tu3 are used to construct an sgRNA expression
cassette.

TABLE 3

Sedquence listing of target dgene protospacers

Target

gene Target gene sequence

fwnA AGTGGGATCTCAAGAACTAC SEQ ID NO: 39

PPta GGCGGGTGTCGATGTACCAC SEQ ID NO: 40

brna ACCATGCCAATGGATTCCGG SEQ ID NO: 41

kusa CGAGCACTGGTAGATGATGA SEQ ID NO: 42
[0058] Screening markers included filamentous fungal

markers of similar effects as hygromycin B (hygB), oroti-
dine-5'-phosphate dehydrogenase, acetamidase and the like
commonly used in Aspergillus. A hygromycin resistance
gene in a recombinant plasmid was obtained from a plasmid
PAN7-1, expression cassette primers Hyg-F/R were shown
in Table 4, and hyg in other resistance replaceable expres-
sion cassettes were selected for construction.

TABLE 4

Listing of primers

Name of
primers Primer sequence
Hyg-F GAATTCCCTTGTATCTCTAC SEQ ID NO: 43
ACACAG
Hyg-R TGAAGAACGAATACCGCGAC SEQ ID NO: 44
ATCCAACCCATC
[0059] A ClonExpress® II One Step Cloning Kit

(Vazyme) was used and pUC19 was used as a vector
framework for recombination with the sgRNA expression
cassette to construct an sgRNA expression plasmid (a plas-
mid map was shown in FIG. 2).

[0060] (3) Transformation of Cas9 Expression Plasmid
and sgRNA Expression Cassette

[0061] The Cas9 expression plasmid and the sgRNA
expression cassette were transferred into a host by using a
protoplast transformation method.

[0062] Aspergillus niger hyphae were cultured in a PDA
culture medium overnight and mycelia were collected and
washed three times with normal saline; the washed mycelia
were enzyme-digested with a Lysozyme for 3 h and filtered
with four layers of lens paper to prepare a protoplast; the
protoplast was collected by centrifugation at 4° C., and
1,000 rpm and washed 2-3 times with pre-cooled STC; and
100 pL of the prepared protoplast was taken, into which 10
uL of the Cas9 expression plasmid and 10 pL of the sgRNA
expression cassette were added and mixed evenly, 2 mL of
PEG 6000 was added, and the corresponding resistance was
added to the culture medium for screening. The culture was
conducted at 30° C. for 5-7 d, a genome of a transformant
was extracted, and editing of a targeting site of a target gene
was verified by PCR.
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[0063] A positive single colony was picked and transferred
to a plate, and each single colony was transferred three times
(that is, a single colony was picked to a new culture medium
for culture).

[0064] A spore color of a starting strain of Aspergillus
niger CCTCC M 2018881 (the strain has been disclosed in
the patent application document with the publication number
of CN110438018A) was used as a control, changes in a color
phenotype of Aspergillus niger spores after transformation
were observed, after fwnA or pptA were destroyed, a spore
color was changed from brown to white, and after brnA was
destroyed, the spore color was changed from brown to olive
(See FIG. 4). When a non-phenotypic change gene kusA was
destroyed, phenotypes of microorganisms did not change. A
spore color change transformant had significantly improved
gene editing efficiency, where, a color mutant strain
accounted for 14%, the color mutant strain has gene editing
efficiency of brnA for 30% and editing efficiency of fwnA or
pptA for 100% and editing efficiency of kusA for 4.16%.

Example 2: Visualized Screening for Recombinant
Aspergillus niger Strain with Double Gene Editing

[0065] (1) Construction of Cas9 Expression Vector
[0066] The specific implementation referred to step (1) in
Example 1.

[0067] (2) Construction of sgRNA Expression Cassette
[0068] A Pu3 mutant promoter (to facilitate assembly of

multiple sgRNAs, a Bsal site related with the sgRNAs was
mutated to facilitate subsequent assembly, specifically a
Bsal site mutation of a nucleotide sequence of the Pu3
promoter sequence as set forth in SEQ ID NO:2 was mutated
from GAGACC to ACCCAC), target gene protospacers
sequences pptA, fwnA and brnA (See Table 1), an amyA
sequence (See Table 5), an sgRNA expression cassette
realized by using tRNA“? a gRNA backbone sequence
(with a nucleotide sequence as set forth in SEQ ID NO:8),
a terminator Tu3 (with a nucleotide sequence as set forth in
SEQ ID NO:4) were used to construct the sgRNA expression
cassette.

TABLE 5

Sequence listing of target gene protospacers

Target

gene Target gene sequence

amyA TCTCTTCGGCCCTTCATGAG SEQ ID NO: 45
[0069] Screening markers included filamentous fungal

markers of similar effects as hygromycin B (hygB), oroti-
dine-5'-phosphate dehydrogenase, acetamidase and the like
commonly used in Aspergillus. A hygromycin resistance
gene in a recombinant plasmid was obtained from a plasmid
PAN7-1, expression cassette primers Hyg-F/R were shown
in Table 3, and hygB in other resistance replaceable expres-
sion cassettes were selected for construction.

[0070] A ClonExpress® II One Step Cloning Kit
(Vazyme) was used, pUC19 was used as a vector frame-
work, an Aspergillus promoter sequence, a gene sequence
encoding a Cas9 protein, a resistance gene and an AMA1
sequence were subjected to homologous recombination
twice to pUCI19 to obtain a Cas9 expression plasmid
pUC19-Cas9 (a plasmid map was shown in FIG. 1). A
nuclear localization signal (NLS) sequence (CC-
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CAAGAAGAAGCGCAAGGTC, SEQ ID NO:56) was
added to a N-terminal or a C-terminal of a gene encoding a
Cas9 protein (as set forth in SEQ ID NO:1).

[0071] A ClonExpress® II One Step Cloning Kit
(Vazyme) was used, pUC19 was used as a vector frame-
work, an sgRNA expression cassette was recombined to the
pUC19 to construct a double sgRNA expression plasmid
PUC19-sgRNA-1 plasmid containing the sgRNA expression
cassette with two protospacers sequences, and tRNA“Y was
used to release different sgRNAs. The sgRNA expression
cassette included a visualized gene sgRNA and a non-
phenotypic sgRNA, and the visualized gene sgRNA was
pptA-sgRNA, fwnA-sgRNA or brnA-sgRNA, and the other
non-phenotypic gene sgRNA was amyA-sgRNA (a plasmid
map was shown in FIG. 3).

[0072] (3) Transformation of Cas9 Expression Plasmid
and sgRNA Expression Cassette

[0073] The Cas9 expression plasmid and the double
sgRNA expression cassette (including any one of pptA-
sgRNA and amyA-sgRNA or fwnA-sgRNA and amyA-
sgRNA, or brnA-sgRNA and amyA-sgRNA) were trans-
ferred into a host by protoplast transformation, and the
sgRNA was directly connected with the tRNA to construct
a strain containing the double sgRNA expression cassette.

[0074] Aspergillus niger hyphae were cultured in a PDA
culture medium overnight and mycelia were collected and
washed three times with normal saline; the washed mycelia
were enzyme-digested with a Lysozyme for 3 h and filtered
with four layers of lens paper to prepare a protoplast; the
protoplast was collected by centrifugation at 4° C., and
1,000 rpm and washed 2-3 times with pre-cooled STC; and
100 pL of the prepared protoplast was taken, into which 10
uL of the Cas9 expression plasmid and 10 pL of the sgRNA
expression cassette were added and mixed evenly, 2 mL of
PEG 6000 was added, and the corresponding resistance was
added to the culture medium for screening. The culture was
conducted at 30° C. for 5-7 d and a single colony transfor-
mant of white spores were picked for sequencing verifica-
tion.

[0075] A spore color of a starting strain of Aspergillus
niger CCTCC M 2018881 was used as a control and changes
of color phenotypes of Aspergillus niger spores after trans-
formation were observed. After fwnA was knocked out, the
spore color changed from black to white, a total of 4% of
single colony on a plate showed white, the white single
colony was directly picked, and the results showed that in
the white single colony, a homozygous transformant with
double-copy destroy of an amyA gene accounted for 25%
and a positive selection rate of a transformant with multi-
gene editing was improved. Editing of the double copies of
the amyA gene did not require new resistance markers,
which was beneficial to industrial production.

Comparative Example 1

[0076] A same method was used as Example 2, a single-
copy recombinant strain with gene amyA editing was con-
structed. A same method was used, the recombinant strain
was cultured until a single colony was grown, the single
colony was picked and gene editing efficiency was calcu-
lated. The gene editing efficiency was 5%.
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Example 3: Visualized Screening for Recombinant
Aspergillus niger Strain with Multigene Editing

[0077] The specific implementation referred to Example 2.
The difference was that tRNA®? behind a promoter in
Example 2 was replaced by tRNA“* and a second tRNA was
replaced by tRNAT"®,

[0078] The tRNA“* and the tRNAT"® were used to ligate
with different sgRNAs. A visualized gene sgRNA expression
cassette was a fwnA-sgRNA expression cassette and the
other non-phenotypic gene sgRNA expression cassette was
an amyA-sgRNA expression cassette (a plasmid map was
shown in FIG. 3).

[0079] A spore color of a starting strain of Aspergillus
niger CCTCC M 2018881 was used as a control and changes
in color phenotypes of Aspergillus niger spores after trans-
formation were observed. After fwnA was knocked out, the
spore color changed from black to white, 36% of transfor-
mants had a white phenotype, the white single colony was
directly picked, a positive selection rate of a transformant
with multigene editing was improved, time for strain puri-
fication was saved, and the amyA gene editing efficiency
was 90%. Editing of the amyA gene did not require new
resistance markers, which was beneficial to industrial pro-
duction.

Comparative Example 2

[0080] A same method was used as Example 3, a recom-
binant strain with double gene fwnA and amyA editing was
constructed by using tRNA Y. A same method was used, the
recombinant strain was cultured until a single colony was
grown, the single colony was picked and gene editing
efficiency was calculated. The results showed that 6% was a
white mutant and the amyA gene editing efficiency was
36%.

Comparative Example 3

[0081] A same method was used as Example 3, a recom-
binant strain with fwnA and amyA gene editing was con-
structed by using tRNA®*, A same method was used, the
recombinant strain was cultured until a single colony was
grown, the single colony was picked and gene editing
efficiency was calculated. The results showed that 37% was
a white mutant and the amyA gene editing efficiency was
70%.

Comparative Example 4

[0082] A same method was used as Example 3, a single
copy recombinant strain with gene fwnA and amyA editing
was constructed by using tRNA**. A same method was
used, the recombinant strain was cultured until a single
colony was grown, the single colony was picked and gene
editing efficiency was calculated. The results showed that
15% was a white mutant and the amyA gene editing effi-
ciency was 80%.

Example 4: Visualized Multi-Phenotype Screening
for Recombinant Aspergillus Niger Strain with
Gene Editing

[0083] The specific implementation referred to Example 2.
The difference was that the amyA gene in Example 2 was
replaced by pepA or ammA (sequence listing of protospacers
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was shown in Table 6), the tRNA“Y behind a promoter in
Example 2 was replaced by tRNA“ and a second tRNA was
replaced by tRNA#

TABLE 6

Sequence listing of target gene protospacers

Target
gene Target gene sequence
pepa CGGTGTCARAGTCCAGATGG SEQ ID NO: 46
ammz CTGCCCCAGGATACTGCTGA SEQ ID NO: 47
[0084] The tRNA“* and the tRNA“" were used to release

different sgRNAs. A visualized gene sgRNA expression
cassette was a fwnA-sgRNA expression cassette and the
other non-phenotypic sgRNA expression cassette was a
pepA-sgRNA expression cassette or an ammA-sgRNA
expression cassette (a plasmid map was shown in FIG. 3B).

[0085] The Cas9 expression plasmid and the sgRNA
expression cassette were transferred into a host and obtained
by sequencing.

[0086] A spore color of a starting strain of Aspergillus
niger CCTCC M 2018881 was used as a control and changes
in color phenotypes of Aspergillus niger spores after trans-
formation were observed. After fwnA was knocked out, the
spore color changed from black to white, a white single
colony was picked, the gene editing efficiency was calcu-
lated, and the pepA or ammA gene editing efficiency was
75% and 80% respectively. The method was beneficial to
perform an in-vivo screening for an active protospacers
sequence of a target gene of Aspergillus niger, and saved
time and cost of molecular operation.

Example 5: Visualized Multi-Phenotype Screening
for Recombinant Aspergillus Niger Strain with
Gene Editing

[0087] The specific implementation referred to Example 2.
The difference was that the amyA gene in Example 2 was
replaced by ammA, at the same time, a third amyA-sgRNA
(sequence listing of protospacers was shown in Table 7) was
ligated with tRNA“*, the tRNA®? behind a promoter in
Example 2 was replaced by tRNA“* and a second tRNA was
replaced by tRNA®"®,

TABLE 7

Sequence listing of target gene protospacers

Target

gene Target gene sequence

ammA CTGCCCCAGGATACTGCTGA SEQ ID NO: 48
amyA TCTCTTCGGCCCTTCATGAG SEQ ID NO: 49
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[0088] The tRNA**“ the tRNA®® and the tRNAT"* were
used to release different sgRNAs. A visualized gene sgRNA
was fwnA-sgRNA and the other two non-phenotypic gene
sgRNAs were pepA-sgRNA and ammA-sgRNA, respec-
tively.

[0089] The Cas9 expression plasmid and the sgRNA
expression cassette were transferred into a host and obtained
by sequencing.

[0090] A spore color of a starting strain of Aspergillus
niger CCTCC M 2018881 was used as a control and changes
in color phenotypes of Aspergillus niger spores after trans-
formation were observed. After fwnA was knocked out, the
spore color changed from black to white. In an optimized
three-gene knockout white transformant, the ammA gene
editing efficiency was 50%, the amyA gene editing effi-
ciency was 100% and the double gene co-editing efficiency
was 50%.

[0091] The method was beneficial to perform an in-vivo
screening of an active protospacers sequence of multiple
target genes of Aspergillus niger, and saved time and cost of
molecular operation.

Example 6: Visualized Multi-Phenotype Screening
for Recombinant Aspergillus Niger Strain with
Gene Editing

[0092] The specific implementation referred to Example 2.
The difference was that the amyA gene in Example 2 was
replaced by ammA, the tRNAY behind a promoter in
Example 2 was replaced by tRNA* and a second tRNA%>
was replaced by tRNA®”*; and at the same time, an sgRNA
expression cassette was added, tRNA? was used for release,
and a Pu6 promoter (with a nucleotide sequence as set forth
in SEQ ID NO:3) and a Tu6 terminator (with a nucleotide
sequence as set forth in SEQ ID NO:5) were used to express
tRNA” and ammA-sgRNA.

[0093] The tRNA** the tRNA®= and the tRNAT"* were
used to release different sgRNAs. A visualized gene sgRNA
expression cassette was fwnA-sgRNA and the other two
non-phenotypic gene sgRNAs were ammA-sgRNA and
amyA-sgRNA.

[0094] The Cas9 expression plasmid and the sgRNA
expression cassette were transferred into a host and sub-
jected to sequencing verification.

[0095] A spore color of a starting strain of Aspergillus
niger CCTCC M 2018881 was used as a control and changes
in color phenotypes of Aspergillus niger spores after trans-
formation were observed. After fwnA was knocked out, the
spore color changed from black to white. In an optimized
three-gene knockout white transformant, the ammA gene
editing efficiency was 69%, the amyA gene editing effi-
ciency was 100% and the two gene co-editing efficiency was
69%. The method was beneficial to perform an in-vivo
screening of an active protospacers sequence of multiple
target genes of Aspergillus niger, and saved time and cost of
molecular operation.

[0096] Although the disclosure has been disclosed as
above in the preferred examples, it is not intended to limit
the disclosure. Any person skilled in the art can make
various changes and modifications without departing from
the spirit and scope of the disclosure. Therefore, the pro-
tection scope of the disclosure should be as defined in the
claims.



US 2022/0177925 Al

Jun. 9, 2022

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 56

<210> SEQ ID NO 1
<211> LENGTH: 4104

<212> TYPE:

DNA

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

<223> OTHER INFORMATION:

<400> SEQUENCE: 1

atggacaaga

attacggacg

cactcaatca

gctactcgac

taccteccagyg

ctcgaagaaa

aacattgtgg

aagctggteg

atgattaagt

gttgataagce

attaatgcat

cgtttggaga

ttgattgegt

gatgcgaage

caaatcggtyg

ctgcteagtyg

atgatcaagc

cagcaattge

gggtatattyg

gagaagatgg

aagcaacgaa

gccatectte

gaaaagattc

cgatttgett

gtcgtggaca

aaccttecega

tataacgaac

tcaggggaac

gttaagcagce

agcggegtgg

attaaggaca

ctcacgttga

agtatagcat

aatacaaggt

agaagaatct

tgaagcgaac

agattttcag

gtttettggt

atgaggttge

atagcacgga

tcegeggeca

tcttcatcca

ctggcgtgga

accttatege

tgtcacttygg

tccagttgte

accagtacge

acattttgeg

ggtatgatga

ctgagaagta

atggcggtgc

acggcactga

cgttegacaa

gacgccagga

ttacattceg

ggatgacccyg

agggtgcatc

atgaaaaggt

tgactaaggt

aaaagaaggc

tgaaggagga

aagatcgett

aggatttcct

cactttttga

cgggctggac

gccatccaag

cattggagcc

ggCthCng

caacgaaatg

cgaggaggat

ctatcacgaa

caaggctgat

ttttcttatce

gttggtccaa

cgccaagget

acaactcccce

tctgactect

taaggatacg

tgatctttte

ggtcaacacc

gcaccatcag

taaggaaatc

gagccaggag

ggaactgcete

cggcetecate

agatttctac

aatcccectac

aaagagcgag

cgcgcagage

cctgccaaag

caagtacgtyg

tatcgtcgat

ttatttcaag

taacgcttee

cgataacgag

ggaccgcgaa

Synthetic DNA

attggaacga

aagtttaagg

ctgetetteg

cgttatacac

gctaaggtty

aagaagcacg

aagtacccaa

ttgcgactta

gagggtgacc

acctacaatc

atcctttegyg

ggcgaaaaga

aacttcaaga

tatgatgacg

ctggeegeta

gagattacta

gacctcacct

ttetttgace

gaattctaca

gtcaagctga

ccgcaccaga

ccatttctga

tatgtgggac

gaaaccatca

ttcattgage

cattcgetge

acggagggaa

ttgcttttta

aagattgaat

ctcggtacct

gaaaatgagg

atgatcgagg

actcggttygyg

tcctgggaaa

atagtgggga

gacgcaagaa

atgactcatt

agcgccatce

ctatctatca

tctacctgge

tgaaccccga

agctgtttga

cgegectgte

agaacggect

gtaattttga

atctcgacaa

agaatctctce

aggccecect

tgcttaagge

aatccaagaa

agtttatcaa

atcgcgaaga

ttcatctggy

aggacaaccg

ctttggeeey

ctcegtggaa

ggatgaccaa

tctacgagta

tgcggaagece

agaccaatcg

gtttcgacte

accacgacct

acatcttgga

aacggctcaa

ttgggctgty
caccgaccgt
gaccgecgaa
tcgecatctge
ctttcatcga
gatctttggt
tcttegtaag
actcgegeac
taattctgac
ggaaaaccct
taagtcgegyg
ctteggtaat
cctggcagag
cttgettgee
agatgcaatc
gtcagctagt
cctegtgegt
cggatacgca
gecgattttyg
tttgettegt
cgagctecac
tgagaagatc
tgggaattcc
cttecgaggaa
ttttgataag
tttcaccgty
agccttecte
taaagtgact
cgtegagatce
gctcaagate
agatattgtc

gacatatgce

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
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catttgttcg acgataaggt gatgaagcag ctgaagcggc gtcgatacac cggatggggt 1980
cgecttagee ggaagctgat caacggcatt cgagataagce aatctggtaa gactatcttg 2040
gatttcctta agtcggacgg cttegccaac cgcaatttta tgcagcttat tcacgacgat 2100
tcectgacgt tcaaggagga catccagaag gcacaagtct caggacaagg ggattccctg 2160
cacgagcata tcgccaacct ggctggatce ccggcgatca agaaggggat tcecttcagacce 2220
gtcaaggttyg tcgacgagct ggtcaaggtg atgggccgtc ataagccaga aaacatcgtg 2280
attgagatgg cccgagaaaa tcagaccact caaaagggtce agaagaacag ccgcgagcgg 2340
atgaagcgga tcgaggaagg cattaaggaa cttggttcectc agatcctgaa ggagcaccct 2400
gttgaaaaca cacagctcca aaatgagaag ctgtatctcect actatttgca aaatggacgce 2460
gacatgtacg tcgatcagga gctcgacatt aaccggttgt cggactacga tgttgaccat 2520
atcgtccecge aatccttect taaggacgat agcattgata acaaggtgct gactcgctca 2580
gataagaacc ggggcaagtc cgacaatgtt ccaagcgagg aagtggttaa gaagatgaag 2640
aactactggc gccaattgcect taatgccaag ctcatcacac agcgcaagtt tgacaacttg 2700
accaaggcceg agcggggagg gectgagtgaa ctegataagg ctggettcat caagegtcaa 2760
ctcgtggaga cgcgacagat cacaaagcac gttgctcaga ttctggactce ccggatgaac 2820
acaaagtacg acgagaatga taagctcatc cgtgaagtta aggtcattac cctcaagtct 2880
aagttggtgt cggatttccg caaggacttc caattttata aggttcggga gatcaacaat 2940
tatcaccatg cacatgatgc gtacctcaac gcagtcgtgg gaactgcgct catcaagaag 3000
tatcccaagt tggagtccga attcgtctac ggggattata aggtttacga cgtccgcaag 3060
atgatcgcca agagtgagca ggaaattggc aaggccacgg ctaagtattt cttttactcce 3120
aacatcatga atttctttaa gacggagatc acactcgcca atggagaaat ccgtaagcga 3180
cctttgattg agaccaacgg cgagactggt gaaatcgttt gggataaggg gcgcgacttce 3240
gctaccgtge ggaaggttct gagcatgccg caagtcaata tcegtcaagaa aaccgaggtyg 3300
cagacaggcg gtttctctaa ggaatcgatt cttccaaagce gtaactctga caagctgatce 3360
gctcgaaaga aggattggga ccccaagaag tatggagggt tcgattctcece tacagtggca 3420
tactcggttce tecgttgtege gaaggttgag aagggaaagt ctaagaagct gaagtcggtce 3480
aaggaactgc tcgggatcac cattatggag cgctccaget tcgaaaagaa tcccatcgac 3540
tttctecgagg ccaagggcta taaggaagtc aagaaggatc ttatcattaa gcectgcectaag 3600
tactctttgt tcgagcttga aaacggtcga aagcgaatgce tcgcatcggce aggagagttg 3660
cagaagggga atgaattggc acttccctca aagtacgtga acttcecctgta tetegegtcece 3720
cactacgaga agctgaaggg tagccctgag gacaacgaac agaagcaact ttttgttgag 3780
caacacaagc attatctgga tgagatcatt gaacagattt cagagttcag taagcgcgtce 3840
atcctegecg atgctaatcect cgacaaggtg ttgtcggect acaacaagca ccgtgacaag 3900
ccgatcecgag agcaggctga aaatatcatt catctgttca cecctcactaa cttgggagca 3960
ccagcagcgt tcaagtattt tgatacgaca atcgaccgta agcgatacac gtccacaaag 4020
gaggtgcttyg atgcgaccct gattcatcaa tccatcactg ggctctatga aacccgtatce 4080

gaccttagtc aactgggggg cgac 4104

<210> SEQ ID NO 2
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<211>
<212>
<213>
<220>
<223>

<400>

LENGTH: 468

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic DNA

SEQUENCE: 2

gatcacatag atgctcggtt gacaggacca cctatagcaa gtactttgta ggaggttctce

ctaacgcttyg gcttcaaate caatcaggat atcagtgagt tactgtttgt catcgcatce

tcatgaagtc gctcaacage cactgagaag caaatatttg ggagaccatce cctgatgttg

aaattttacg ctggagccca ttcaccggtg agetegggga cagtctggee agtggagegg

aaaatcttca actaactctg attggtacca caggtagccce cacagaacaa accgagcaaa

catgaaaatt ttegecttgag gttagegeac tegctagege ctgeccgcaa atataaaagg

ccccgaaate ccatgeattt tggaaatcaa gegactctac gtatgtcate ccectcccta

cctttgggaa aacctctcaa ctgcaagtca gaacattttg ctaacage

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

<400>

SEQ ID NO 3

LENGTH: 508

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic DNA

SEQUENCE: 3

tggttcactt ctctttagaa atcaactgtg ggttttgett tttgettcat tctctttgte

ttcteccatet ttgatcaaat cctggacttt ctcaatccece agctaattca atcatagtca

gttttctatt tttattattt ctttttettt tgaaatgtga ttaacaacca gtccgttata

tatcttgtac ccagattacg cccaactegt getectcage cacaaagata ctcaattgat

agccaagata catacatacc acaaagtaag gactccatge attgagtatt actcatcgta

ttctagacta ctccaaaact cagcacatag acaaacaata cgaacctegt ctaggggtga

ttcagaggcg gcaaagceggg gttttegeat ttgatgttec tggecacttat gtaagceccac

getteceget caactaaacc atcagccaat cagactgcete agatttatet tttgaagggt

aaataaatca ttgtaaagaa gaacaagt

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

<400>

SEQ ID NO 4

LENGTH: 226

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic DNA

SEQUENCE: 4

tgtcaatttt tacacttgat gttggtgtaa tcaggcgatc agagtttgcet caaattctcet

cttgttttag attctgaaga atataatttt tacatgacta gttcatttta cttccaagta

gactatttgt agattgagat tgccgtcaac tttattcata gaatcacatt aaattgectca

ttgacctgca tgtctatgea cacattcaca tctatcttet cagggt

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

SEQ ID NO 5

LENGTH: 134

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

60

120

180

240

300

360

420

468

60

120

180

240

300

360

420

480

508

60

120

180

226
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-continued
<223> OTHER INFORMATION: Synthetic DNA
<400> SEQUENCE: 5
tttttgagca tttatcagct tgatatagag gtaggaatgt atggaggtgce agaatggcta 60
ttttgttatt ggagegggtt cgaaacggag ggcaggagac tttttctaaa tacgtcacgt 120
gatatagagc tgct 134
<210> SEQ ID NO 6
<211> LENGTH: 886
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic DNA
<400> SEQUENCE: 6
cgagacagca gaatcaccgce ccaagttaag cctttgtget gatcatgete tcgaacggge 60
caagttcggg aaaagcaaag gagcgtttag tgaggggcaa tttgactcac ctcccaggca 120
acagatgagg ggggcaaaaa gaaagaaatt ttcgtgagtce aatatggatt ccgagcatca 180
ttttettgeg gtctatettyg ctacgtatgt tgatcttgac getgtggatce aagcaacgcce 240
actcgetege tccatcgcag getggtegea gacaaattaa aaggcggcaa actcgtacag 300
cegeggggtt gtcecegetgca aagtacagag tgataaaage cgecatgega ccatcaacge 360
gttgatgcee agettttteg atccgagaat ccaccgtaga ggcgatagca agtaaagaaa 420
agctaaacaa aaaaaaattt ctgcccctaa gecatgaaaa cgagatgggyg tggagcagaa 480
ccaaggaaag agtcgegetg ggctgeegtt ceggaaggtyg ttgtaaagge tcgacgecca 540
aggtgggagt ctaggagaag aatttgcatc gggagtgggyg cgggttacce ctccatatce 600
aatgacagat atctaccagc caagggtttg agecccgeceg cttagtcegte gtcectegett 660
geeectecat aaaaggattt ccccteccce teccacaaaa ttttetttec cttectetec 720
ttgtcecgett cagtacgtat atcttcececctt ccctegette tectectceccat ccettcetttcea 780
tccatectect gctaacttet ctgctcagca cctctacgea ttactagecyg tagtatctga 840
gcacttctee cttttatatt ccacaaaaca taacacaacc ttcacc 886
<210> SEQ ID NO 7
<211> LENGTH: 1000
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic DNA
<400> SEQUENCE: 7
cctetegtat gcagaggaaa tctccectga tettecgaac tggtegtace tggegaccta 60
tgactatggce accccagttc tggggacctt ccacggaagt gacctgcetge aggtgttcta 120
tgggatcaag ccaaactatg cagctagttc tagccacacyg tactatctga gectttgtgta 180
tacgctggat ccgaactcca accgggggga gtacattgag tggccgcagt ggaaggaatce 240
geggcagttyg atgaattteg gagcgaacga cgccagtcte cttacggatg atttccgeaa 300
cgggacatat gagttcatcc tgcagaatac cgeggcegtte cacatctgat gccattggeg 360
gaggggtceyg gacggtcagg aacttagect tatgagatga atgatggacg tgtctggect 420

cggaaaagga tatatgggga tcatgatagt actagccata ttaatgaagg gcatatacca 480
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cgegttggac ctgegttata getteccegtt agttatagta ccatcgttat accagccaat
caagtcacca cgcacgaccg gggacggega atccccggga attgaaagaa attgcatccce
aggccagtga ggccagegat tggecaccte tccaaggcac agggccatte tgcagegetg
gtggattcat cgcaatttce ceccggecegyg cccgacacceg ctataggetyg gtteteecac
accatcggag attcgtegece taatgteteg tcegttcaca agetgaagag cttgaagtgg
cgagatgtct ctgcaggaat tcaagctaga tgctaagega tattgecatgg caatatgtgt
tgatgcatgt gettettect tcagettece ctegtgecaga tgaggtttgg ctataaattg
aagtggttgyg tcggggttee gtgagggget gaagtgette ctcectttta gacgcaactg
agagcctgag cttcatccce agcatcatta cacctcagea

<210> SEQ ID NO 8

<211> LENGTH: 76

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 8

gttttagagce tagaaatagc aagttaaaat aaggctagtce cgttatcaac ttgaaaaagt
ggcaccgagt cggtge

<210> SEQ ID NO 9

<211> LENGTH: 91

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 9

gecegggtgyg tctagtggta tgattetege ttagggatac aaacccaage atatctgega
gaggtccege gttcgatceg cggeteggge ¢

<210> SEQ ID NO 10

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 10

ggggctgtgg tttagtggta taatattccce ttagcatggg agaggtccegyg ggttegatte
ccegeagete ca

<210> SEQ ID NO 11

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 11

acaaccatac gttaattggt aaactagtcg tcttecaaac gataattgtg agttcgaacce

tcactggttyg ta

<210> SEQ ID NO 12

540

600

660

720

780

840

900

960

1000

60

76

60

91

60

72

60

72
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<211> LENGTH: 73

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 12
gettctatgg ctcagttggt agagcegcatyg actagtaatce atgaggtccg cggttcegaat

ccgegtggaa gea

<210> SEQ ID NO 13

<211> LENGTH: 74

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 13
ggccggatgg tgtagttggt tatcacgtat cgttaacacc gataaggtcce tgggatcgag

cceccagtetyg gtca

<210> SEQ ID NO 14

<211> LENGTH: 81

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 14
gtcagtgtgg ccgagtggtt aaggcgatag actagaaatc tattgggtte geccgeacag

gttcgagtcee tgtcegetgac g

<210> SEQ ID NO 15

<211> LENGTH: 112

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 15
ggcaagatgg ccgagttggt ccaaggcgtc aggttaaggt ccaccttaat acccagettce

acagcttect gatcatcgta agatggegtg ggttegaatce ccactettgt ca

<210> SEQ ID NO 16

<211> LENGTH: 73

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 16

ggggcaatgg cgcatctggg agcgcegtcag actgaagatce tggaggtgge cggttcaage

ceggettgee cca

<210> SEQ ID NO 17

<211> LENGTH: 73

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA

60

73

60

74

60

81

60

112

60

73
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<400> SEQUENCE: 17
geceggetag ctcaateggt agagegtgag actcttaate tcaaggetge gggttegage

cecegegttgyg get

<210> SEQ ID NO 18

<211> LENGTH: 72

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 18
tccgatatgg tgtagtgget aacatcgecg tctctcacac ggcagecggg ggttcegatte

ccectategyg ag

<210> SEQ ID NO 19

<211> LENGTH: 74

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 19

ggtcccatag ctcagttggt tagagegtga cgctaataac gtcaaagteyg agggttegag
ccectetggyg acca

<210> SEQ ID NO 20

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 20

ggcctgetgyg cccaatggta aggegettga ctacggatca agagattgca ggttegagte
ctgegtaggt ca

<210> SEQ ID NO 21

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 21

agcatgttag ctcaggggaa gagcgecggg ctcataacce ggaggtcect ggatcgaaac

caggacatge ta

<210> SEQ ID NO 22

<211> LENGTH: 72

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 22
ggttgtgtag tgtaatggtc atcactctgg attctgatte cagcaatccce ggttegatec

cgggcacgac ct

60

73

60

72

60

74

60

72

60

72

60

72
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<210> SEQ ID NO 23
<211> LENGTH: 72

<212> TYPE:

DNA

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

<223> OTHER INFORMATION:

<400> SEQUENCE: 23

Synthetic DNA

gggceggtag ctcaggggta gagegtggga ctgcagatct taaggtcacyg cgttcaaatc

gegtteggee

ct

<210> SEQ ID NO 24
<211> LENGTH: 6680

<212> TYPE:

DNA

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

<223> OTHER INFORMATION:

<400> SEQUENCE: 24

atggagggtc

ctgegeegte

ttccatgcaa

cgcttecacga

ctggagagtg

ttaccatcta

actaccctac

cggetgtaag

taattgcact

attccgagte

acctgatcga

gtgggatgct

agctctaatg

tgcatttcca

catctgtatg

ctgacegget

gccaagteca

tgctgggaca

tgcaaattgt

gccggtgtga

cggaacctta

tttcctgact

catcgcaaag

aagagaaaca

ccecegattet

gegttgetta

catctegtgt

tgctccaage

ttcgtcaaga

gecatcgttga

cattgacatg

tacttgacaa

accctccaac

ttgcgecaga

gcgactggga

aacatgctgg

cgagtacagt

gacagatgca

gegttactgt

agaattacaa

atgataagga

gttcaccegt

tcaaagatct

aggtcacgga

ttcecgatete

gcatcagett

ctggcaagge

cggatggtac

tcceegeaga

caagcaaagt

tcaacatgtce

cagcgtacga

gtaccttttt

gaagaatagt

gatcgcgaag

tctectttec

catctaccaa

gtctgaccag

agccatcttyg

aatgttggag

atctgegttt

tcagcegttygyg

agtaagaagg

ggctacteceyg

cagcgcacca

gccagtgaag

tatcgaccge

tattcccatce

cttcaaggte

gtcetgcaca

gagtagcgcece

ggagactggg

agaaaattca

ggagagctte

cegttgggac

ggcttacggt

gectegggaa

ggctctegag

Synthetic DNA

ggagaccaga

accattgtcc

ctcecegeegt

aggagtcgtg

ttgggttgtt

ccttecagett

ttggcctgty

agcttattece

ttcgagtteg

tttctggaat

tgtgctette

ccttettega

cctacggtac

gecectatte

atcctgcage

atctccagta

gcactggagg

tcagtctgea

actcaaagtt

gtaggagaga

aagattgcta

tggaacctece

gttgatgcce

tgctggatca

gcactccaag

atggctgget

ccagcgacat

agtccttttt

ctcatcggaa

aatcaggtcc

tcattcagta

ttacggggat

cactggtgtt

agctgcagtyg

agaactggtyg

cagtgaagca

caactttaaa

aaccgtatat

ttgatgaatt

atggcccgta

agtcctetge

acactggaaa

agatactcct

agaccggcac

tgttcacagt

tcgegacgaa

tcattggtat

tgtacaaagg

acgtcgacat

acgaacccgg

cagatcctge

tcatcccgga

cgaagcetgge

ccagcaatge

getettecca

tagccetgte

agtcaatgag

cttggacatg

ctgagcetgea

gaatcggttyg

gactcegecg

gaggctagee

cccecgeatt

cagcgeggta

cgtegagace

ccatgegeca

tctagaagga

gecgatcaag

acgacgacta

aaaccactct

cctcaagaag

cccagaaatg

gtctggaaga

actcgacgta

gaccgggtca

cctgtttgac

acaacgtett

tagctcteca

60

72

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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tcgacgcaga gggaccgtgt gggtattttce tacggaatga ccagtgacga ctaccgtgag 1620
atcaacagcg gccaggacat tgatacctat ttcatcectg geggtaaccg agcatttacg 1680
ccgggtegga taaactacta cttcaaattt agcggcccca gtgtgagcgt tgacacagceg 1740
tgctcgteta gtcecttgctge tatccacatg gcttgcaatt cgatctggag aaatgactgce 1800
gatgccgeca tcactggagg tgtgaacatt ctgaccagec ctgacaacca cgcecggtetg 1860
gatcggggece atttcctgte caccactgge aactgtaaca cctttgatga cggcgccgac 1920
ggctactgta gagcggacgg agttggaagc atcgttttga agcggcttga agatgccgag 1980
geegacaacyg acccgatcct ggccegtcatce aacggtgett acaccaacca cteggcggag 2040
gccgtgtecaa tcactecgtcee ccatgttgge gecgcaagcat tcatcttcaa caagctgcetce 2100
aatgatgcga atatcgaccc taaggacgtg agctacgtgg aaatgcatgg cactggaact 2160
caagcaggtg atgcagtcga aatgcagtcc gttcecttgacg tcecttecgcacce agactaccgce 2220
cggggtcececg gtcaatcget tcatatcggt tcectgccaagg caaacattgg acacggtgaa 2280
tcegcatcag gagtgactge tettgtcaag gtectectaa tgatgagaga gaacatgatt 2340
cctectecatt gtggtatcaa gaccaagatc aattccaatt tcccgacaga cttggcgaag 2400
cgcaatgttc atatcgcctt ccaacccact ccctggaatce ggccagcecttce aggaaagcgg 2460
cgaactttcg tcaacaactt ttectgctgct ggtggtaaca ctgctcttet actggaagat 2520
gctececcatac cggaacgcca agggcaggac cccaggtcegt tecatttggt cteegtgtcea 2580
gcaagatcecc agtctgcatt gaagaacaac gtcgaagctc tggtgaagta cattgactcect 2640
cagggcaagt cctttggtgt gaaagagact gaattccttc caaacctggce gtacacgacc 2700
accgcacgcece gtatccacca tecccttecgt gtcattgegg ttggagcgaa cctacaatca 2760
ctgcgtgact cgctgcatgg tgctttgcac cgtgagacat ataccccagt tceccctcaacg 2820
gctectggta ttggtttegt cttcaccgge caaggagccc aatactccgg aatgggcaag 2880
gaactctacc gcagttgttt ccaattccga accaccattg agcattttga ctgcatcgca 2940
agaagccagg gccttcectte tatccttect cttgtcgatg gaagecgtggce tgtcgaagaa 3000
cttagcectg tegtggtaca agtgggaact acctgtgtac aaatggctct agtaaattac 3060
tggactgctce tgggtgtgaa gccggcecttt atcatcggac acagtcttgg agactatgca 3120
gcccttaaca cggecggtgt tctatccacce agcgatacaa tcectatctttg tggeccggegt 3180
gctcagttge tgacgaagga atgcaagatt gggacacatt cgatgctggce catcaaggcyg 3240
tcectggcag aggtcaaaca tttectcaga gacgagctcecce acgaagtcte ttgtgttaac 3300
gcacctgegyg agaccgtcegt cageggectt gtcgectgata tcegacgagtt ggctcagaaa 3360
tgctccacag agggtttgaa gtcaaccaag ctcaaggttc cttacgcgtt ccattcecctcet 3420
caggttgatc ctatcttgga ggccttcgaa gatattgcecce aaggtgtcac cttccacaag 3480
ccgacaacac ctttecgtcete ageccctgtte ggggaagtga tcaccgatge taactgggag 3540
tgtcteggece ccaagtacct gegcgatcat tgcagaaaga cggtcaactt ccttggcggce 3600
gtggaggcta cgaggcatgc gaagctgacc aatgacaaga ctctgtgggt tgagatcggce 3660
tcacatacca tttgctctgg aatgatcaaa gcaactcttg gaccgcaagt tacaacggtt 3720
gcatctctac geccgcgaaga agatacctgg aaggtceccttt cgaacagtct tgcgagectt 3780

catctggegg gtattgatat caactggaag caatatcacc aggactttag ctectctcecte 3840
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caggtcctcece gecteccage ctacaagtgg gatctcaaga actactggat tceccctatacce 3900
aacaacttct gcctgagcaa gggcgctceca gttgcgacag tageggcagyg gccacagcat 3960
gagtacctga caaccgcggce tcagaaggtc attgagactc gaagtgatgg agcaacagct 4020
acagtcgtga tagagaacga cattgctgat cccgagctca accgcgtcat tcaaggccat 4080
aaggtcaacg gtactgcttt gtgtccctca gtaagttacc gectcttgcece aacgactgceg 4140
ttaagattcg tactaatcag gatatagtca ctatatgccg acatctctca aacgcttgca 4200
gagtatctca tcaaaaagta caagcctgag tacgacggac ttggactgga tgtgtgtgag 4260
gtcacagtgc cacgaccact gattgcgaaa ggcggacagc agctctttag agtatctgeg 4320
acagcggatt gggcggagaa gaagacaacc cttcagatat attcagtcac tgcggagggg 4380
aagaagacgg ctgaccacgc aacttgcact gtccgattet ttgactgcge tgctgcggag 4440
gcggaatgga aacgagtttce ctaccttgtc aagaggagca ttgaccgact gcatgatatc 4500
gccgaaaatg gtgacgctca ccgtettggt agaggcatgg tttacaaact cttegctgece 4560
ttggttgatt atgacgacaa cttcaagtcc attcgcgagg ttattcttga cagtgaacag 4620
cacgaagcga ctgcacgcgt caagttccaa gcaccacaag gcaatttceca ccgaaacccyg 4680
ttctggattg acagttttgg acacctgtct gggttcatca tgaacgcaag cgatgcaacc 4740
gactccaaga accaggtctt tgtcaatcac ggatgggact ccatgcgttg tttgaagaag 4800
ttctegectyg atgtcaccta caggacttat gttagaatgce agccttggaa agactccatce 4860
tgggctggtg atgtctacgt tttcgatggg gatgatatcg ttgcggtgta tggtgcagtce 4920
aaggtgagtt cggcccgege tcagttgcat aagattcaag gtgctaatca ttggtgtcac 4980
agttccaagce cttatcacgc aagattctcg atacggtect acctceccagtt ggggcttcega 5040
agggccccge cagaccagcce getagegete agaaggcegge cectgetget getgecagea 5100
agagtcgtge tagegeccceg gecccggega agectgetge taageccage gcecccaaget 5160
tggtcaaacg ggcacttacc atcctcgcag aggaagtggg tctgtctgaa tecgagatta 5220
cggatgatct ggtcttcgca gactacggtg tggactcect tetttegttg acggtcacgg 5280
gcaggtatcg tgaagagctg gatatcgatc tcgaatccte catcttcatc gaccagecga 5340
ccgtgaaaga cttcaagcag ttecttggcce caatgagceca gggagaagcece agcgatgggt 5400
ccaccagtga cccagagtct agtagctcct tcaatggtgg ctcttcaaca gacgagtcca 5460
gtgctgggte ccctgtcage tcaccaccaa atgagaaggt tacgcaggtc gagcagcatg 5520
ctacgataaa ggagattcgc gccattttgg ccgatgagat tggtgttacg gaggaggagc 5580
tgaaggacga tgagaacttg ggagagatgg ggatggactc tctgcttteg cttacggtgce 5640
ttggtaggat ccgtgagaca ttggatctgg atctaccggg cgagttctte atcgagaatce 5700
aaactctgaa tgacgtggag gatgcattgg gcctcaaacc caaggcagct cctgcegectg 5760
cgectgegece tgctecccegta ceccgcaccceg tgtecgegece catattgaag gagectgtcece 5820
ccaacgcaaa ctctaccatc atggceceggg cgagcccgea ccectegatca acctecatte 5880
tgttgcaagg aaacccgaaa accgcgacca agaccctgtt cctgttccet gatgggtcetg 5940
gcteegcaac atcgtatgca accattccecg gagtgtccec ggacgtgtgt gtctacggat 6000
tgaactgccce gtacatgaag actccagaga agctcaagta tccccttget gagatgacat 6060

tceectatet ggccgagate cgccgcagac agceccaaggg cccgtacaac tteggtggat 6120
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ggtctgcagg tggtatttge gcctatgatg ccgctegcta cctaatcctt gaagagggcy 6180
aacaggttga ccgattgctt cttcecttgact cgceccttece cattggctta gagaagttgce 6240
ccactcggcet gtacggctte atcaactcaa tgggtctett tggtgaaggce aacaaggctce 6300
ccecggectg gttgectceect catttectgg ccttcattga ttcecectcecgat acctacaagg 6360
ccgtececct cecectttgac gatccgaagt gggccaagaa gatgccaaag acattcatgg 6420
tctgggecaa ggacggtatce tgcagcaage cggatgacce gtggcccgag ccggacccgg 6480
acggcaagcce ggacacgaga gagatggtcet ggetcctcaa gaaccggacce gacatgggac 6540
ccaacaagtg ggacacactc gtcgggeccce aaaacgtegg tggaatcact gtgatagagg 6600
gtgcgaatca tttcaccatg actttgggac ccaaggctaa agaattgggc tcgttcattg 6660

gcaacgccat ggccaattaa 6680

<210> SEQ ID NO 25

<211> LENGTH: 23

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 25

taacccaacc cctcacttca cct 23

<210> SEQ ID NO 26

<211> LENGTH: 23

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 26

tggagacgta ttccaggaag gct 23

<210> SEQ ID NO 27

<211> LENGTH: 22

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 27

tgtttggatc tgatgccgag gc 22

<210> SEQ ID NO 28

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 28

ggcttgacge tgatcttggt 20

<210> SEQ ID NO 29

<211> LENGTH: 24

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA
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<400> SEQUENCE: 29

gaccaatgac aagactctgt gggt

<210> SEQ ID NO 30

<211> LENGTH: 22

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 30

tcttettece ctecgeagtyg ac

<210> SEQ ID NO 31

<211> LENGTH: 24

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 31

tcaaatgcge ctatcactte atge

<210> SEQ ID NO 32

<211> LENGTH: 24

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 32

ccgecggtta atacgatgte atat

<210> SEQ ID NO 33

<211> LENGTH: 21

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 33

gcagggcatce atcgacaagg t

<210> SEQ ID NO 34

<211> LENGTH: 23

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 34

ggtggtatcyg agatcaggca agg

<210> SEQ ID NO 35

<211> LENGTH: 19

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 35

tccatcatga cggetgeca

24

22

24

24

21

23

19
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<210> SEQ ID NO 36

<211> LENGTH: 21

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 36

cgaactcgga gctgatcttg ¢

<210> SEQ ID NO 37

<211> LENGTH: 21

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 37

gacgctgtte tgtcegetttg t

<210> SEQ ID NO 38

<211> LENGTH: 23

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 38

gatcaggcag tatgggtgga agt

<210> SEQ ID NO 39

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 39

agtgggatct caagaactac

<210> SEQ ID NO 40

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 40

ggcgggtgte gatgtaccac

<210> SEQ ID NO 41

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 41
accatgccaa tggattcegg
<210> SEQ ID NO 42

<211> LENGTH: 20
<212> TYPE: DNA

21

21

23

20

20

20



US 2022/0177925 Al

20

-continued

Jun. 9, 2022

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 42

cgagcactgyg tagatgatga

<210> SEQ ID NO 43

<211> LENGTH: 26

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 43

gaattccctt gtatctctac acacag

<210> SEQ ID NO 44

<211> LENGTH: 32

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 44

tgaagaacga ataccgcgac atccaaccca tc

<210> SEQ ID NO 45

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 45

tctettegge cctteatgag

<210> SEQ ID NO 46

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 46

cggtgtcaaa gtccagatgg

<210> SEQ ID NO 47

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 47

ctgccccagyg atactgetga

<210> SEQ ID NO 48

<211> LENGTH: 20

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Synthetic DNA

20

26

32

20

20

20
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<400> SEQUENCE: 48
ctgccccagg atactgctga 20
<210> SEQ ID NO 49
<211> LENGTH: 20
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic DNA
<400> SEQUENCE: 49
tctettegge ccecttecatgag 20
<210> SEQ ID NO 50
<211> LENGTH: 957
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic DNA
<400> SEQUENCE: 50
atgtccacce catccgacce caaacccacce ctagtccggt ggtacatcga cacccegecce 60
ctaaccgcca cctecaacge ccteccecte ctegacaccee tcecaacccac cgaacaacaa 120
gccatccaga aatactatca cctgaaggac agacacatgt ccctagectce caacctecte 180
aaatacctcet tcatccaccg cacctgecge atcccctggt cccaaatcac catcagecgg 240
accccagece cgcaccatcg accctgette atcccateeg cagcagtect ctecegectee 300
agctectcaa tcccaacggt cgaattcaac gtcagccacce aggactcaat ggtcegectta 360
geeggcacta ccatcccace caatgccaaa aaagaagaaa tccaagtagg aatcgacata 420
accagcacaa cggaacacct ccgctcecceg cgcaaccegt ccectceccac ccggtcagece 480
ttecctggaat acgtctcecat attcacggag atattctegg cgagggaact atctttgatt 540
aaatcgctca cgcatcectgt gtatcattat ceggtgtegt cgacggaggyg ggtggtgtat 600
agttatcggg tgttttttge gtattgggeg cttaaggagg cgtatattaa gatgacgggg 660
gaagcgttgt tagcggagtg gttgagggag ttggagtttt tggatgtgag ggttccggat 720
aaggatgggg aggtgtatag gggggtcagg gtggagatga aggggaggga ggtcggggat 780
gttagggttyg aggtgcagge gtttgagggg gggtatttgg ttgctacgge ggccagaggyg 840
ggaggtgttg ggaggataga gggagaaggg aaagatgtgt gggagggatt gaggaggttg 900
gatgttgaag gggatgttag ggtttgtgcg gaggggaggt gtgcttgttt ggagtaa 957
<210> SEQ ID NO 51
<211> LENGTH: 957
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic DNA
<400> SEQUENCE: 51
atgtccacce catccgacce caaacccacce ctagtccggt ggtacatcga cacccegecce 60
ctaaccgcca cctecaacge ccteccecte ctegacaccee tcecaacccac cgaacaacaa 120
gccatccaga aatactatca cctgaaggac agacacatgt ccctagectce caacctecte 180
aaatacctcet tcatccaccg cacctgecge atcccctggt cccaaatcac catcagecgg 240
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accccagccc cgcaccatcg accctgette atcccatceg cagcagtcect cteoegectcece 300
agctcctcaa tcccaacggt cgaattcaac gtcagccacce aggactcaat ggtcgectta 360
gccggcacta ccatcccacce caatgccaaa aaagaagaaa tccaagtagg aatcgacata 420
accagcacaa cggaacacct ccgctccceg cgcaacccegt ccccteccac ccggtcagec 480
ttcctggaat acgtctccat attcacggag atattctegg cgagggaact atctttgatt 540
aaatcgctca cgcatcctgt gtatcattat ccggtgtegt cgacggaggg ggtggtgtat 600
agttatcggg tgttttttge gtattgggeg cttaaggagg cgtatattaa gatgacgggg 660

gaagcgttgt tagcggagtg gttgagggag ttggagtttt tggatgtgag ggttecggat 720
aaggatgggg aggtgtatag gggggtcagg gtggagatga aggggaggga ggtcggggat 780
gttagggttyg aggtgcaggc gtttgagggyg gggtatttgg ttgctacgge ggccagaggyg 840
ggaggtgttg ggaggataga gggagaaggg aaagatgtgt gggagggatt gaggaggttg 900
gatgttgaag gggatgttag ggtttgtgceg gaggggaggt gtgcttgttt ggagtaa 957
<210> SEQ ID NO 52

<211> LENGTH: 2044

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 52

atgatggteg cgtggtggte tctatttetg tacggectte aggtegegge acctgetttg 60
gectgcaacyge ctgcggactg gcgatcgcaa tcecatttatt tecttcetcac ggatcgattt 120
gcaaggacgyg atgggtcgac gactgcgact tgtaatactg cggatcaggt gtgttgttac 180
ctactagctt tcagaaagag gaatgtaaac tgacttgata tagaaatact gtggtggaac 240
atggcagggce atcatcgaca aggtaaattg cccctttatce aaaaaaaaag aaggaaaagc 300
agaagaaaaa taaaataaaa agaactctag tcctaaccat cacatagttg gactatatce 360
agggaatggg cttcacagcc atctggatca ceccccgttac ageccagetyg ccccagacca 420
ccgecatatgg agatgectac catggctact ggcagcagga tatgtaagtce gatttcttta 480
aatatctacc tgtcatcttt tacatcaata tgaactaact tgatggtttt agatactctc 540
tgaacgaaaa ctacggcact gcagatgact tgaaggcget ctcetteggece cttcatgaga 600
gggggatgta tcttatggte gatgtggttg ctaaccatat ggttcegtggt cctttgcaac 660
tgacttcgeg gatatggttce atttcagtac tgacaatgag taatatcagg gctatgatgg 720
agcgggtage tcagtcgatt acagtgtgtt taaaccgtte agttcccaag actacttcca 780
ccegttetgt ttcattcaaa actatgaaga tcagactcag gttgaggatt gctggctagg 840
agataacact gtcteccttge ctgatctecga taccaccaag gatgtggtca agaatgaatg 900
gtacgactgyg gtgggatcat tggtatcgaa ctactccagt aagatatttc tccctcatte 960

tacaacttgg ctgatcgatg atacttacga aatcagttga cggcctccgt atcgacacag 1020

taaaacacgt ccagaaggac ttctggcccg ggtacaacaa agccgcaggce gtgtactgta 1080

tcggcgaggt gectcgacggt gatccggect acacttgtece ctaccagaac gtcatggacg 1140

gcgtactgaa ctatcccatg tatggttect ccaaccatga gecttcettgce aagtctcatce 1200

tcctaacgaa acggctaaaa ccagttacta tccactcectce aacgccttca agtcaacctce 1260
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cggcagcatg gacgacctct acaacatgat caacaccgtc aaatccgact gtccagactce 1320

aacactcctg ggcacatteg tcgagaacca cgacaaccca cggttcgcett cgtaagtcett 1380

ccettttatt ttcecegttecce aatttceccaca cagaacccca cctaacaaga gcaaagttac 1440
accaacgaca tagccctege caagaacgtce geagcattca tcatcctcaa cgacggaatce 1500
cccatcatet acgecggeca agaacagcac tacgecggeg gaaacgaccce cgcgaaccgce 1560

gaagcaacct ggctctcggg ctacccgacce gacagcgagce tgtacaagtt aattgcectcece 1620
gcgaacgcaa tccggaacta tgccattagce aaagatacag gattcgtgac ctacaaggta 1680
agcacaacct ctaagcatac cctaatggcce tatcttcaga gtatctgaca caagagacta 1740
atcactggca atacagaact ggcccatcta caaagacgac acaacgatcyg ccatgcgcaa 1800
gggcacagat gggtcgcaga tcgtgactat cttgtccaac aagggtgcectt cgggtgattce 1860
gtatacccte tcecttgagtg gtgegggtta cacageccggce cagcaattga cggaggtceat 1920
tggctgcacg accgtgacgg ttggttcgga tggaaatgtg cctgttceccta tggcaggtgg 1980
gctacctagg gtattgtatce cgactgagaa gttggcaggt agcaagatct gtagtagcetce 2040
gtga 2044
<210> SEQ ID NO 53

<211> LENGTH: 1975

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 53

atgagattat cgacttcgag tctettectt teegtgtete tgetggggaa getggeccte 60
gggctgtegyg ctgcagaatg gegcactcag tcgatttact tectattgac ggateggtte 120
ggtaggacgg acaattcgac gacagctaca tgcgatacgg gtgaccaagt acgttggtat 180
tgcaggactt ccatcattca tctactgact tgaatagatc tattgtggtg gcagttggca 240
aggaatcatc aaccatgttt gtgatcactt catactatecc getgtgegeg tgtctgactt 300
tatttgctge agctggatta tatccaggge atgggattca cggecatetg gatctegect 360
atcactgaac agctgeccca ggatactget gatggtgaag cttaccatgg atattggcag 420
cagaagatgt atgcgectect cctteccata tegtaggett actcetcagge ggegactgac 480
ttgacagata cgacgtgaac tccaactteg gcactgcaga tgacctcaag tccectctcag 540
atgcgettca tgccegegga atgtacctea tggtggacgt cgtecctaac cacatggtaa 600
gtgctgette agcatcctta tcagtgaact ccaagtgcca acgctaactyg taccaggget 660
acgccggcaa cggcaacgat gtagactaca gegtettega ceccttegat tectectect 720
acttccacce atactgectg atcacagatt gggacaactt gaccatggte caagattgtt 780
gggagggtga caccatcgta tctcetgecag acctaaacac caccgaaact geecgtgagaa 840
caatctggta tgactgggta gecgacctgg tatccaatta ttcaggtgeg aattccaacce 900
caatttaaaa taaccatata ctaagtgaaa tcaccagteg acggactccg catcgacagt 960

gtcectcgaag tcgaaccaga cttetteceg ggctaccagg aagcagcagg tgtctactge 1020

gtcggegaag tcgacaacgg caaccctgece ctcegactgece cataccagaa ggtcctggac 1080

ggcgtcecctceca actatccgat gtacatcccce ctatacattg ttcattagat cttegctaac 1140
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tccaaccage tactggcaac tcectctacge cttecgaatce tceccageggca gcatcagcaa 1200
cctctacaac atgatcaaat ccgtcgcaag cgactgctcecce gatccgacac tactcggcaa 1260
cttcatcgaa aaccacgaca atccccegttt cgectcecgtat gtcccacccece cteccectece 1320
tacaatcaca ctcactaata catctaacag ctacacctcc gactactcgce aagccaaaaa 1380
cgtcctecage tacatcttece tetccgacgg catccccate gtctacgceg gcecgaagaaca 1440
gcactactece ggcggcaagg tgccctacaa ccgcgaageg acctggettt caggctacga 1500
caccteccgea gagetgtaca cctggatage caccacgaac gcegatccgceca aactagcecat 1560
ctcagctgac tcggcctaca ttacctacge ggttcegtect tecctecccac ccectttaccce 1620
ccaccctaca aacatcccac atactaacaa catttcaata atgaaataga atgatgcatt 1680
ctacactgac agcaacacca tcgcaatgeg caaaggcacce tcagggagcec aagtcatcac 1740
cgtectetee aacaaaggct cctcaggaag cagctacacce ctgaccctca gcggaagcegg 1800
ctacacatcc ggcacgaagc tgatcgaagc gtacacatgc acatccgtga ccgtggactce 1860
gagcggcgat attcccgtge cgatggegtce gggattacceg agagttcecttce tgcccgegte 1920
cgtegtegat agctcecttege tetgtggcgg gagcecggaaga ttatacgtceg agtaa 1975
<210> SEQ ID NO 54

<211> LENGTH: 1539

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 54

atggtecgtet tcagcaaaac cgctgcecte gttetgggte tgtectceege cgtetcetgeg 60
gegecggete ctactcgcaa gggcttcace atcaaccaga ttgccceggec tgccaacaag 120
acccgeacca tcaacctgcce aggcatgtac geccgttece tggecaagtt tggeggtacyg 180
gtgccccaga gegtgaagga ggctgecage aagggtagtg cegtgaccac gecccagaac 240
aatgacgagg agtacctgac tcccgtcact gteggaaagt ccacccteca tctggacttt 300
gacaccggat ctgcagatct gtaagcettce ctgctegggt gttegggcaa atcgtgacta 360
acctggacta gctgggtett ctcggacgag cteccttect cggagcagac cggtcacgat 420
ctgtacacge ctagctccag cgcgaccaag ctgagcegget acacttggga catctcectac 480
ggtgacggca gctecggccag cggagacgtg taccgggata ctgtcactgt cggeggtgte 540
accaccaaca agcaggctgt tgaagcagcec agcaagatca gctccgagtt cgttcagaac 600
acggccaatg acggectttt gggactggece tttagctceca tcaacactgyg tgagtcaatce 660
ctacatcage cgggttgacc tacctgectga ccgatacaca gtccagccca aggcgcagac 720
caccttette gacaccgtca agtcccaget ggactctecee cttttegecyg tgcagetgaa 780
gcacgacgee cceggtgttt acgactttgg ctacatcgat gactccaagt acaccggtte 840
tatcacctac acggatgccg atagcteccca gggttactgg ggcttcagea ccgacggcta 900
cagtatcggt gacggcagct ccagctecag cggettcage gecattgetyg gtaagaaccyg 960
ccttcattta acacacaact tgtccacctce tttactaact agtgtataga caccggtacc 1020

accctcatce tectecgatga cgaaatcgte tceecgectact acgagcaggt ttetggeget 1080

caggagagcg aggaagccgg tggctacgtt ttectettget cgaccaacce cectgactte 1140
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actgtcgtga ttggcgacta caaggccgtt gtteccgggca agtacatcaa ctacgctccce 1200
atctcgactg gcagctccac ctgctttgge ggtatccaga gcaacagcgg tetgggactg 1260
tcecatectgg gtgatgtttt cttgaagage cagtacgtgg tcettcaactce tgagggccect 1320
aagctgggat tcgccgctca ggcttagatt atccactgaa gtggagtcta tgatctgetg 1380
attgatccct cgacgatgaa ctacatgtgg aaatgcatag cagacgaggg tgatggtgat 1440
gatgttgatt tgatgatgac ccgtacatac ttgatgaagc tcggtacata tgcaaatgtg 1500
actgtatcta tgtgatgaat atatgtatcc atctcatgg 1539
<210> SEQ ID NO 55

<211> LENGTH: 2522

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic DNA

<400> SEQUENCE: 55

atggcggacyg gcaacccaca tcgggaagat gaggeggeeg aggaagaaga ggagattgat 60
gagactgtac gcaaatttac ccatgaactt ggactggaac tctggaactg acaataagat 120
cagagctaca aaccagtcaa agatgeggte ctettegeaa tegatgtcag cgattccatg 180
ttgacgccte geccctcage agatcctaag aaacacacce aagaatcace caccacggca 240
gegetcaaat gegectatca cttcatgcaa caacgaatca tatcaaatcce acaagacatg 300
atgggtgttt tgctgttegg gacccaggeg tccaagttet ttgaagaaga tgaagacagt 360
cggggagacce tgtcctacce caactgctac ctettcactg atctggatgt tcecttegget 420
catgaggtca aaggacttcg agcactggta gatgatgaag gagactcaag ggaggttcta 480
tctecagega aagagcaggt ctctatggea aacgtcctat tttgegccaa ccagatatte 540
acatccagag cgccaaattt cctetecegg cgtttgttea tcataaccga caatgacaac 600
ccccatggtyg atgataaaac cctgeggtca geggegactg tacgtgctaa ggatctttac 660
gatcttggtyg tcacaattga getgtttceg atctcacgee ctgagcatga gttcaagaac 720
agcaagttct atgacgtaag ctatcatact ctatagcaaa gtggcagggg tcgatactca 780
ctacagatac aaaggatatt atctacaagt cattgcccag cgatccagag gegectgeat 840
atctacaatc tgattcaaaa geggcgactyg cgaccgggga cgggatttca ctectcaaca 900
cgcttetgte cagtattaat tcgagaacgg ttecgegteg cactcatttt tcgaacatge 960

ctttagaact tggcccagac ttcagaattt cggtatcggg ctatatactce ttacgaaggce 1020
aagcgccecgce tagaaactcecc ttcatctgge tgaacggcga gaagcctgtg gtecgcgaaag 1080
gagtgacttc ccactccgca gatgatactg gccggactgt cgagaaatgg gagatcagaa 1140
aggcatataa gttcggtggc gaccaagtaa ccttttegece tgatgagcag aaggcgctta 1200
gggatttcgg tgagccagta atccgggtta ttgggttcaa gectatcact gcgettcecat 1260
tctgggcaaa cgtcaagcac ccatatttta tctatccatc cgaggaagac tatgtaggcet 1320
cctegecgagt attttccgeca ttgcatcaga ctettttgeg ttccaagaag atggcactceg 1380
tctggttecat tgcacgcaag ggtgctggce ccgttcectege cgctatgatce gcaggcgaag 1440
aaaagcttga tgagaatggc gtacaaaaat accctcctgg catgtggatt ctteccectcece 1500

ccttegecaga cgatatcegg cagaaccccg aaacaacgtt gaatgtcgece ccggagtcat 1560
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tgattgatca gatgcgcgtg atcgtccage aactgcagcet gccgaaggga gtgtacgagce 1620
ctctcaaata ccccaatcca tgtaagtcac ttctgtettg cattgectcecgt atacgatgaa 1680
cgagaagctg acagcccgtg atcagcecctt caatggcatt accgcatcct acaagctcte 1740
gcattagacyg aagatctcce cgaaaaacca gaagacaaaa ccattccgaa ataccgccaa 1800
atcgacaagg taaatccacc acacccaaca cgagaaataa ccctccagge gtccaactta 1860
ctgacaattg caccacagcg cgccggtgac tacgtattat cctgggccga cgaactcgaa 1920
aagcaatacg ccaaaacctc agcagcggece cctegceccaa ccagcaccct cgtgaaacga 1980
ggatcaaaag accgagcaag cgaaaccgag gactccaagce catcgaaaaa gatcaaggtt 2040
gaggaagact ctggaagcct agaggaggaa gtccgcagge atcacaagaa gggaacgcta 2100
tccaaggtaa gccaccacag gcectttctaca cgtectegtg atggcaaata tgacatcgta 2160
ttaaccggcg gttttctage ttacggtcge tatcctcaag gacttcttga cttceccaatgg 2220
acgctcaaat gccggtaaga aggcggatct tattgagegg gtagaggagt tcettggagca 2280
gtgacatggc gggattgttg gattcgctag tgcgcttctg ttggtggatg tcecgttatgtg 2340
gtgtcttate tcgggttagg cgttcgtgac ctgaggacat gagcttgtaa ttaatgatgg 2400
gttggatgtc gcggtattcg ttecttcageg aaacgtaatg gacacgtatt ttaggcgatg 2460
tacagttata aaaaatcgaa ttcgctgggce tagccggaca tgtcaaaacg aagagcatta 2520
gg 2522
<210> SEQ ID NO 56
<211> LENGTH: 21
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic DNA
<400> SEQUENCE: 56
cccaagaaga agcgcaaggt ¢ 21

What is claimed is:

1. A method for visualized screening of an Aspergillus
strain with gene editing, wherein using CRISPR-Cas9 gene
editing technology to simultaneously knock out genes (a)

and (b) in the Aspergillus;

wherein (a) are genes affecting a spore color change; (b)
are genes with unchanged phenotypes of Aspergillus

before and after knockout; and

the genes affecting a spore color change are fwnA, pptA

and/or brnA.

2. The method according to claim 1, wherein the genes

with unchanged phenotypes of Aspergillus before and after
knockout are amyA and/or ammA; and the amyA has a
nucleotide sequence as set forth in SEQ ID NO:52 and the
ammA has a nucleotide sequence as set forth in SEQ ID
NO:53.

3. The method according to claim 2, wherein the fwnA has
a nucleotide sequence as set forth in SEQ ID NO:24, the
pptA has a nucleotide sequence as set forth in SEQ ID
NO:50 and the brnA has a nucleotide sequence as set forth
in SEQ ID NO: 51.

4. The method according to claim 3, wherein sgRNA is
released by using Aspergillus endogenous tRNAs and the
endogenous tRNAs comprise tRNA®, tRNA“Z, tRNA*,

tRNA”? {RNAZ** {RNAZ®, tRNAM" tRNAT"* {RNAS,
tRNAT” tRNA”# tRNA™ tRNAT", tRNA tRNA”
and tRNA®?,

5. The method according to claim 4, wherein when a
single gene is edited, a first tRNA after a promoter is
tRNA““; and the tRNA“* has a nucleotide sequence as set
forth in SEQ ID NO:10.

6. The method according to claim 4, wherein when two
genes are edited, a first tRNA after a promoter is tRNA*
and a second tRNA is tRNA%% or tRNAZ”¢; and the
tRNA“"Z and the tRNA®”® respectively have a nucleotide
sequence as set forth in SEQ ID NO:20 and SEQ ID NO:16.

7. The method according to claim 4, wherein when
multiple genes are edited, a first tRNA after a promoter is
tRNA_ 4 second tRNA is tRNA?”, and a tRNA in a last
sgRNA is tRNA“*Z or tRNA™; and the tRNA™ has a
nucleotide sequence as set forth in SEQ 1D NO:19.

8. The method according to claim 7, wherein a Pu6
promoter and a Tu6 terminator are used to separately pro-
mote and terminate an expression of the last sgRNA; the Pu6
promoter has a nucleotide sequence as set forth in SEQ ID
NO:3; and the Tu6 terminator has a nucleotide sequence as
set forth in SEQ ID NO:5.
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9. The method according to claim 3, wherein the Asper-
gillus comprises Aspergillus flavus, Aspergillus niger, Asper-
gillus fumigatus, Aspergillus versicolor and Aspergillus
nidulans.

10. A visualized system for gene knockout in Aspergillus,
wherein the visualized system comprises a gene encoding a
Cas9 protein, an sgRNA expression cassette and a screening
marker; the sgRNA expression cassette contains target
sequences of genes affecting a spore color change and target
sequences of genes not affecting phenotypes of Aspergillus;
and the genes affecting a spore color change comprise fwnA,
PptA or brnA.

11. The visualized system according to claim 10, wherein
the genes with unchanged phenotypes of Aspergillus before
and after knockout are amyA and/or ammA; and the amyA
has a nucleotide sequence as set forth in SEQ ID NO:52 and
the ammA has a nucleotide sequence as set forth in SEQ ID
NO:53.

12. The visualized system according to claim 11, wherein
sgRNA is released by using Aspergillus endogenous tRNAs
and the endogenous tRNAs comprise tRNA®*, t(RNA*Z,
tRNAS* tRNAT tRNAL tRNAZ* tRNAM* tRNAT"?,
RNA%" (RNA™" {RNA™ (RNA“™, (RNA"", (RNA“™,
tRNA“” and tRNAY.
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13. The visualized system according to claim 12, wherein

when a single gene is edited, a first tRNA after a promoter
is tRNA4“,

when two genes are edited, a first tRNA after a promoter
is tRNA%* and a second tRNA is tRNA?E,

when multiple genes are edited, a first tRNA after a
promoter is tRNA®*“ a tRNA in a last sgRNA is
tRNA“"Z or tRNA; or a first tRNA after a promoter is
tRNA““ a tRNA in a last sgRNA is tRNA*Z or
tRNA’* and a Pu6 promoter and a Tu6 terminator are
used to separately promote and terminate an expression
of the last sgRNA;

the Pu6 promoter has a nucleotide sequence as set forth in
SEQ ID NO:3; the Tu6 terminator has a nucleotide
sequence as set forth in SEQ ID NO:5; and

the tRNA““ has a nucleotide sequence as set forth in SEQ
ID NO:10; the tRNA“"Z and the tRNAT* respectively
have a nucleotide sequence as set forth in SEQ ID
NO:20 and SEQ ID NO:16;

and the tRNA has a nucleotide sequence as set forth in
SEQ ID NO:19.

#* #* #* #* #*



