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BACTERIAL DEFENSE SYSTEMS AND 
METHODS OF IDENTIFYING THEREOF 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This application claims the benefit of U.S. Provi 
sional Application No. 62 / 928,269 , filed Oct. 30 , 2019 , and 
U.S. Provisional Application No. 63 / 051,161 , filed Jul . 13 , 
2020. The entire contents of the above - identified applica 
tions are hereby fully incorporated herein by reference . 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 

[ 0002 ] This invention was made with government support 
under Grant Nos . HG009761 , MH110049 , and HL141201 
awarded by the National Institutes of Health . The govern 
ment has certain rights in the invention . 

REFERENCE TO AN ELECTRONIC SEQUENCE 
LISTING 

[ 0003 ] The contents of the electronic sequence listing 
( “ BROD - 4610US_ST25.txt " ; Size is 2,039,992 bytes and it 
was created on Oct. 30 , 2020 ) is herein incorporated by 
reference in its entirety . 

TECHNICAL FIELD 

[ 0004 ] The subject matter disclosed herein is generally 
directed to bacterial defense systems and methods of iden 
tifying thereof . 

BACKGROUND 

comprises causing an A to G mutation in the target nucleic 
acid . In some embodiments , the system further comprises 
one or more phage proteins . In some embodiments , the one 
or more phage proteins are in Tables 18A - 18B . 
[ 0007 ] In another aspect , the present disclosure provides 
an engineered system comprising one or more reverse 
transcriptases comprising one or more UG1 , UG2 , UG3 , 
UG8 , UG15 , or UG16 reverse transcriptase . In some 
embodiments , the system comprises a first and a second 
reverse transcriptase . In some embodiments , the first and the 
second reverse transcriptases are comprised in a protein . In 
some embodiments , the system further comprises a SLATT 
domain . In some embodiments , the system further comprises 
a DNA polymerase . In some embodiments , the DNA poly 
merase is a family A DNA polymerase . In some embodi 
ments , the system further comprises a serine protease 
domain linked to or associated with the reverse tran 
scriptase . In some embodiments , the system further com 
prises an MBL domain . In some embodiments , the system 
further comprises a nitrilase . In some embodiments , the 
nitrilase and the one or more reverse transcriptases are 
comprised in a protein , and the nitrilase is at a C - terminus 
of the protein . In some embodiments , the system further 
comprises a non - coding RNA element . In some embodi 
ments , the reverse transcriptase comprises an active site , 
e.g. , ( Y / F ) xDD ( SEQ ID NO : 1-2 ) , where X is any amino 
acid . 
[ 0008 ] In another aspect , the present disclosure provides 
an engineered system comprising a retron or one or more 
molecules encoded by the retron . In some embodiments , the 
retron is an Ec67 retron . In some embodiments , the retron is 
an Ec86 retron . In some embodiments , the retron is an Ec78 
retron . In some embodiments , the retron is a Tol / interleukin 
1 receptor ( TIR ) domain - associated retron . In some embodi 
ments , the TIR domain has NAD + hydrolase activity . In 
some embodiments , the retron is a topoisomerase - primase 
( TOPRIM ) domain - associated retron . In some embodi 
ments , the TOPRIM domain has nuclease activity . 
[ 0009 ] In another aspect , the present disclosure provides 
an engineered system comprising an NTPase of a STAND 
( signal transduction ATPases with numerous associated 
domains ) superfamily . In some embodiments , the system 
further comprises DUF4297 , Mrr - like nuclease , SIR2 , a 
trypsin - like serine protease , and / or a helical domain . 
[ 0010 ] In another aspect , the present disclosure provides 
an engineered system comprising a von Willebrand factor 
( VWF ) , a PP2C - like serine / threonine protein phosphatase , 
and a serine / threonine kinase . 
[ 0011 ] In another aspect , the present disclosure provides 
an engineered system comprising SIR2 or a function domain 
thereof . 
[ 0012 ] In another aspect , the present disclosure provides 
an engineered system comprising a transmembrane ATPase . 
[ 0013 ] In another aspect , the present disclosure provides 
an engineered system comprising an ATPase , QueC syn 
thase , and TatD endonuclease . 
[ 0014 ] In another aspect , the present disclosure provides 
an engineered system comprising a S8 peptidase . 
[ 0015 ] In another aspect , the present disclosure provides 
an engineered system comprising DUF4011 , a helicase , an 
a Vsr endonuclease . 
[ 0016 ] In another aspect , the present disclosure provides 
an engineered system comprising a silent information regu 
lator ( SIR ) 2 - DUF4020 . 

[ 0005 ] To survive from attacks by viruses ( e.g. , phages ) , 
bacteria have developed a variety of defense systems , 
including proteins and nucleic acids that help recognize and 
eliminate foreign proteins and nucleic acids , e.g. , those from 
the infecting phages . A number of bacteria defense systems 
have been discovered , many of which have been adopted 
and engineered to tools in biotechnology . An example is the 
CRISPR - Cas systems , which recognize and cleave foreign 
RNA or DNA in bacteria and have been developed as a 
powerful gene editing tool . In view of the great potential of 
bacterial defense systems in biotechnology and new thera 
peutic or diagnostic applications , there is a need for identi 
fication of novel defense systems in a high throughput 
manner . 

SUMMARY 

a 

[ 0006 ] In one aspect , the present disclosure provides an 
engineered system comprising an ATPase and an adenosine 
deaminase . In some embodiments , the ATPase comprises a 
sequence of WP_012906049.1 or WP_155731552.1 , and the 
adenosine deaminase comprises sequence of 
WP_012906048.1 or WP_064360593.1 . In some embodi 
ments , the ATPase comprises 1100 or less amino acid 
residues . In some embodiments , the adenosine deaminase 
comprises 1100 or less amino acid residues . In some 
embodiments , the system further comprises a membrane 
protein . In some embodiments , the membrane protein com 
prises a SLATT domain or Csx27 . In some embodiments , the 
system is configured to modify a target nucleic acid . In some 
embodiments , the target nucleic acid is RNA . In some 
embodiments , the modification of the target nucleic acid 
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ent to those having ordinary skill in the art upon consider 
ation of the following detailed description of illustrated 
example embodiments . 

BRIEF DESCRIPTION OF THE DRAWINGS 

reverse 

[ 0017 ] In another aspect , the present disclosure provides 
an engineered system comprising a Polymerase and Histi 
dinol Phosphatase ( PHP ) -ATPase . 
[ 0018 ] In another aspect , the present disclosure provides 
an engineered system comprising SIR2 and HerA . 
[ 0019 ] In another aspect , the present disclosure provides 
an engineered system comprising DUF4297 and HerA . 
[ 0020 ] In another aspect , the present disclosure provides 
an engineered system comprising DUF 1887 . 
[ 0021 ] In another aspect , the present disclosure provides 
an engineered system comprising DUF499 , DUF3780 , and 
DUF1156 methyltransferase and a helicase . 
[ 0022 ] In another aspect , the present disclosure provides 
an engineered system comprising a type I - E CRISPR 
associated ATPase . 
[ 0023 ] In another aspect , the present disclosure provides 
an engineered system comprising Ape A. 
[ 0024 ] In some embodiments , any one of the systems 
herein comprises two proteins fused together . In some 
embodiments , any one of the systems herein comprises one 
or more components in a retrotransposon system . 
[ 0025 ] In another aspect , the present disclosure provides a 
polynucleotide comprising coding sequences for one or 
more proteins in the system herein . 
[ 0026 ] In another aspect , the present disclosure provides a 
vector comprising a polynucleotide herein . 
[ 0027 ] In another aspect , the present disclosure provides a 
cell comprising the polynucleotide herein . 
[ 0028 ] In another aspect , the present disclosure provides a 
method of identifying a defense system in a microorganism , 
the method comprising : identifying genes of known defense 
systems in a plurality of genomes of the microorganism ; 
recording candidate genes located within 10 kb or 10 open 
reading frames from the identified genes of known defense 
systems in the genomes ; identifying homologs of each 
candidate gene in the genomes , and selecting candidate 
genes , wherein at least 10 % of homologs of the candidate 
genes are within 5000 nucleotides or 5 genes from one or 
more known defense systems on the genomes . 
[ 0029 ] In some embodiments , identifying genes known 
defense systems comprises identifying known defense genes 
and filtering false positive hits among the identified known 
defense genes . In some embodiments , the method further 
comprises validating the selected candidate genes . In some 
embodiments , the homologs of the candidate genes share at 
least 70 % sequence identity with the candidate genes and / or 
the homologs have an e - value of 10-5 or lower . In some 
embodiments , the recorded candidate genes are within 10 kb 
from the identified genes of known defense systems on the 
genomes . In some embodiments , at least 15 % of homologs 
of the selected candidate genes are within 5000 nucleotides 
or 5 genes from one or more known defense systems on the 
genomes . In some embodiments , the plurality of genomes 
comprises at least 100,000 genomes . In some embodiments , 
the known defense systems comprise one or more of a 
CRISPR system , Type I RM and McrBC system , BREX 
associated system , Zorya system , Wadjet system , Druantia 
associated system , Hachiman system , Lamassu system , Tho 
eris - like system , Gabija system , Septu system , pAgo system , 
Shedu system , Kiwa system , DUF499 - DUF1156 system , 
and Toxin / antitoxin system . In some embodiments , the 
microorganism is E. coli . 
[ 0030 ] These and other aspects , objects , features , and 
advantages of the example embodiments will become appar 

[ 0031 ] An understanding of the features and advantages of 
the present invention will be obtained by reference to the 
following detailed description that sets forth illustrative 
embodiments , in which the principles of the invention may 
be utilized , and the accompanying drawings of which : 
[ 0032 ] FIGS . 1A - 1Y . FIG . 1A shows diagrams of exem 
plary identified defense system comprising reverse tran 
scriptase and nitrilase . FIG . 1B shows diagrams of exem 
plary identified defense system comprising a 
transcriptase and a nitrilase , and a topoisomerase - primase 
( TOPRIM ) . FIG . 1C shows diagrams of exemplary identi 
fied defense system comprising a reverse transcriptase and 
TOPRIM . FIG . 1D shows diagrams of exemplary identified 
defense system comprising a reverse transcriptase . FIG . 1E 
shows diagrams of exemplary identified defense system 
comprising a deaminase . FIG . 1F shows diagrams of exem 
plary identified defense system comprising a transmembrane 
ATPase . FIG . 1G shows diagrams of exemplary identified 
defense system comprising an ATPase , QueC synthase , and 
TatD endonuclease . FIG . 1H shows diagrams of exemplary 
identified defense system comprising a protease . FIG . 11 
shows diagrams of exemplary identified defense system 
comprising DUF4011 domain . FIG . 1J shows diagrams of 
exemplary identified defense system comprising an Hsp90 
ATPase and SF2 - family helicase . FIG . 1K shows diagrams 
of exemplary identified defense system comprising trypsin 
STAND . FIG . 1L shows diagrams of exemplary identified 
defense system comprising DUF4297 - STAND and another 
protein . FIG . 1M shows diagrams of another exemplary 
identified defense system comprising DUF4297 - STAND . 
FIG . IN shows diagrams of exemplary identified defense 
system comprising a STAND ATPase . FIG . 10 shows dia 
grams of another exemplary identified defense system com 
prising Mrr - STAND . FIG . 1P shows diagrams of exemplary 
identified defense sy comprising VWA , phosphatase , 
and kinase . FIG . 1Q shows diagrams of exemplary identified 
defense system comprising SIR2 and a DUF4020 domain . 
FIG . 1R shows diagrams of exemplary identified defense 
system comprising SIR2 . FIG . 1S shows diagrams of exem 
plary identified defense system comprising SIR2 - STAND . 
FIG . 1T shows diagrams of exemplary identified defense 
system comprising PHP - ATPase . FIG . IU shows diagrams 
of exemplary identified defense system comprising SIR2 
and HerA . FIG . 1V shows diagrams of exemplary identified 
defense system comprising DUF1887 . FIG . 1W shows dia 
grams of exemplary identified defense system comprising a 
CRISPR - associated enzyme and an ATPase . FIG . 1X shows 
diagrams of exemplary identified defense system compris 
ing reverse transcriptase and a protease . FIG . 1Y shows 
figure legends used in FIGS . 1A - 1X . 
[ 0033 ] FIG . 2 shows diagrams of exemplary identified 
defense system comprising reverse transcriptase and ami 
dase . 
[ 0034 ] FIG . 3 shows diagrams of exemplary identified 
defense systems that comprise reverse transcriptase . 
[ 0035 ] FIG . 4 shows an exemplary method of identifying 
defense systems . 
[ 0036 ] FIG . 5 shows another exemplary method of iden 
tifying defense systems . 
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[ 0037 ] FIGS . 6A - 6B show the examples of the identified 
bacterial defense systems , their domain structures , and their 
effects on phage growth . 
[ 0038 ] FIG . 7 shows selected identified bacterial defense 
systems and mutated forms , and their effects on phage 
growth . 
[ 0039 ] FIGS . 8A - 8C : Domain - independent identification 
of novel systems that were enriched in defense islands . ( FIG . 
8A ) Computational pipeline to identify uncharacterized 
putative defense systems across all sequenced bacterial and 
archaeal genomes . Defense systems were identified based on 
de novo analysis of amino acid sequences , independent of 
pre - existing protein domain annotations . Histograms of 
defense association probabilities for ( FIG . 8B ) selected 
known systems used as control and ( FIG . 8C ) novel seed 
genes ( minimum 50 identified homologs ) . Seeds to the right 
of the dashed line ( 0.15 ) were selected for further analysis . 
[ 0040 ] FIGS . 9A - 9B : Experimental validation of 29 novel 
defense gene cassettes . ( FIG . 9A ) Experimental validation 
pipeline using phage plaque assays on E. coli heterologously 
expressing a cloned candidate defense system . ( FIG . 9B ) 
Anti - phage activity across a diverse panel of coliphages with 
dsDNA , ssDNA , and ssRNA genomes ( mean of n = 2 repli 
cates ) . Also shown is a bar graph of the abundance of each 
system within sequenced bacterial and archaeal genomes . 
See also FIGS . 12-13 . 
[ 0041 ] FIGS . 10A - 10E : RADAR employs a divergent 
adenosine deaminase that edits RNA in response to phage 
infection . ( FIG . 10A ) Examples of genomic loci containing 
three subtypes of RADAR ( standalone , Csx27 - associated , 
and SLATT - associated ) . ( FIG . 10B ) Mutations at putative 
rdrA and rdrB active sites abolish activity against phage T5 . 
( FIG . 10C ) Representative RNAseq reads from E. coli 
expressing either RADAR or an empty vector control . ( FIG . 
10D ) Examples of editing sites in the host and phage RNA , 
with identified RNA secondary structures . ( FIG . 10E ) 
Growth kinetics of RADAR - containing E. coli in compari 
son with an empty vector control under varying multiplicity 
of infection ( MOI ) . 
[ 0042 ] FIGS . 11A - 11C : A diversity reverse transcriptases 
( RTS ) mediate antiviral immunity . ( FIG . 11A ) Examples of 
genomic loci containing novel antiviral RTs . Three validated 
RT systems are shown ( with two representative subtypes for 
each system ) . Domain architectures and component essen 
tiality of ( FIG . 11B ) non - retron RTs and ( FIG . 11C ) retron 
like RTs . See also FIG . 15 . 
[ 0043 ] FIG . 12 : Novel defense systems with diverse 
domain architectures . Graphics show domains identified 
using HHpred , with mutations at active sites . 
[ 0044 ] FIG.13 : Representative plaques for phages T3 , 17 , 
QV - 1 , and qX174 ( n = 2 replicates ) on E. coli strain C , 
corresponding to the right panel of FIG.9B . A total of 5x106 
virions were deposited per spot , and images were acquired 
after 68 h incubation at 37 ° C. 
[ 0045 ] FIG . 14 : Abundance of defense systems within 
sequenced genomes stratified by phylum . Defense system 
homologs were predicted using a two - step HMM - based 
search across all sequenced bacterial and archaeal genomes 
in Genbank . 
[ 0046 ] FIG . 15 : Anti - phage defense activity for two RT 
containing systems 28 and 29 ( see also FIGS . 11A - 11C ) . 
Ten - fold serial dilutions of phage were spotted on a soft agar 
overlay containing E. coli . D313 is the putative conserved 
active site aspartate for the family A DNA polymerase PolA . 

[ 0047 ] FIGS . 16A - 16C : Domain - independent prediction 
of putative antiviral defense systems . ( FIG . 16A ) Compu 
tational pipeline to identify uncharacterized putative defense 
systems across all sequenced bacterial and archaeal 
genomes . Defense systems were predicted based on analysis 
of amino acid sequences , independent of domain annota 
tions . ( FIG . 16B ) Histograms of defense association fre 
quencies before filtering and after neighborhood context 
based filtering ( minimum 50 homologs ) . Seeds to the right 
of the dashed line ( 0.1 ) were selected for further analysis . 
( FIG . 16C ) Pie chart of the domain diversity among pre 
dicted defense genes , based on additional analysis using 
HHpred against pfam domains . 
[ 0048 ] FIGS . 17A - 17D : Candidate defense systems 
exhibit antiviral activity in a heterologous system . ( FIG . 
17A ) Experimental validation pipeline using phage plaque 
assays on E. coli heterologously expressing a cloned can 
didate defense system . Example plaques ( FIG . 17B ) and 
zones of lysis ( FIG . 17C ) for six candidate defense systems . 
( FIG . 17D ) Anti - phage activity across a panel of 12 
coliphages with dsDNA , ssDNA , and ssRNA genomes 
( mean of n = 2 replicates ) . The bar graph shows the abun 
dance of each system within sequenced bacterial and 
archaeal genomes . Domains : MTase : methyltransferase ; RT : 
reverse transcriptase ; TIR : Toll / interleukin - 1 receptor 
homology domain ; TOPRIM : topoisomerase - primase 
domain ; Quec : 7 - cyano - 7 - deazaguanine synthase - like 
domain ; SIR2 : sirtuin ; S / T phos : serine / threonine protein 
phosphatase ; membrane : transmembrane helix ; DUF : 
domain of unknown function . Proposed gene names ( under 
lined ) : DRT : defense - associated reverse transcriptase ; 
RADAR : phage restriction by ADAR ; AVAST : antiviral 
ATPase / NTPase of the STAND superfamily ; drs : defense 
associated sirtuin ; tmn : transmembrane NTPase ; qat : QueC 
like associated with ATPase and TatD DNAase ; hhe : HEPN , 
helicase , and Vsr endonuclease ; mza : MutL , Z1 , and AIPR ; 
upx : uncharacterized ( P ) D- ( D / E ) -XK defense protein ; ppl : 
polymerase / histidinol phosphatase - like . 
[ 0049 ] FIGS . 18A - 18F : RADAR mediates RNA editing in 
response to phage infection . ( FIG . 18A ) Examples of 
genomic loci containing three subtypes of RADAR ( stand 
alone , Csx27 - associated , and SLATT - associated ) . ( FIG . 
18B ) Essentiality of the core RADAR genes rdrAB and the 
accessory gene rdrD against phages T2 and T5 . ( FIG . 18C ) 
Representative RNAseq reads from E. coli expressing either 
RADAR or an empty vector control . ( FIG . 18D ) Expression 
of phage T2 RNA relative to total host RNA in E. coli 
containing RADAR . Each dot represents a phage gene . Cells 
were infected at a multiplicity of infection ( MOI ) of 2. The 
p value was determined by a Wilcoxon signed - rank test . 
( FIG . 18E ) Representative editing sites in the host and phage 
transcriptomes , with corresponding predicted RNA second 
ary structures . ( FIG . 18F ) Growth kinetics of RADAR 
containing E. coli in comparison with an empty vector 
control under varying MOI by phage T2 . 
[ 0050 ] FIGS . 19A - 19E : Diverse families of reverse tran 
scriptases ( RTS ) mediate antiviral defense . ( FIG . 19A ) 
Examples of genomic loci containing two validated RT 
systems ( DRT type 1 and type 3 ) , with two representative 
subtypes shown for each system . ( FIG . 19B ) Essential 
components of non - retron RTs ( left panel ) and retrons ( right 
panel ) . ( FIG . 19C ) Effect of defense RTs on the expression 
of phage T2 genes in E. coli infected at an MOI of 2. ( FIG . 
19D ) RNAseq reads mapping to the DRT type 3 system . 
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( FIG . 19E ) Predicted secondary structure of the highly 
expressed non - coding RNA identified in ( FIG . 19D ) . 
[ 0051 ] FIG . 20 : Domain architectures and mutational 
analysis of additional defense systems . Graphics show 
domains identified using HHpred , and stars indicate loca 
tions of active site mutations . Bar graphs ( n = 4 replicates per 
bar ) show either log10 fold change of efficiency of plating 
( for phages T2 , P1 , and N ) or log2 fold change in the area of 
the zone of lysis ( for phages 17 and qV - 1 ) relative to the 
empty vector control . MBL : metallo B - lactamase ; SIR2 : 
sirtuin ; HerA : helicase ; QueC : 7 - cyano - 7 - deazaguanine syn 
thase - like domain ; TatD : DNAse ; VWA : von Willebrand 
factor type A ; PHP : polymerase / histidinol phosphatase ; 
MTase : methyltransferase ; PLD : phospholipase D. 
[ 0052 ] FIGS . 21A - 21C : Selection of filtering thresholds 
for prediction of putative defense genes . Contour density 
plots for predicted ( FIG . 21A ) toxin - antitoxin / abi genes , 
( FIG . 21B ) mobilome genes , and ( FIG . 21C ) CRISPR - Cas 
genes . Boxes indicated the parameter thresholds selected for 
filtering putative defense genes . 
[ 0053 ] FIG . 22 : Summary of tested homologs of candidate 
defense systems , stratified by source organism ( Enterobac 
teriaceae vs. non - Enterobacteriaceae ) . Systems 1-29 corre 
spond to the numbering in FIG . 17D . 
[ 0054 ] FIG . 23 : Representative zones of lysis for phages 
T3 , T7 , V - 1 , and X174 on E. coli strain C ( n = 2 replicates 
each ) , corresponding to the right panel of FIG . 2D . A total 
of 5x106 virions were deposited per spot . 
[ 0055 ] FIG . 24 : Abundance of validated defense systems 
within sequenced genomes , stratified by phylum . Defense 
system homologs were predicted using a two - step HMM 
based search across all bacterial and archaeal genomes in 
Genbank ( see Methods ) . 
[ 0056 ] FIGS . 25A - 25B : Domain and locus architecture of 
the RADAR deaminase . ( FIG . 25A ) Unrooted neighbor 
joining tree of Rdr? homologs with the Jukes - Cantor 
genetic distance model . Distinct clades of RADAR incor 
porate accessory membrane proteins RdrC ( Csx27 ) or RdrD 
( SLATT ) . ( FIG . 25B ) RdrB contains a split deaminase 
domain ( red ) with uncharacterized insertions . Domain 
boundaries were predicted using HHpred . Percent identity 
was calculated from a multiple sequence alignment of 535 
representative homologs with at most 98 % pairwise simi 
larity . 
[ 0057 ] FIGS . 26A - 26B : Deamination by the RADAR sys 
tem occurs only on adenosines within RNA and requires 
both RADAR genes . ( FIG . 26A ) Empirical probability mass 
functions of editing frequency for each of the 12 possible 
RNA base changes , calculated using the highest - expressed 
mRNAs in the transcriptome of E. coli K - 12 ( ATCC25404 ) 
expressing the RADAR system from Citrobacter rodentium 
DBS100 . Cells were harvested 1 hr after infection by phage 
T2 at an MOI of 2. ( FIG . 26B ) Editing frequency at a 
selected site within the transfer messenger RNA ( UmRNA ) 
locus ( RNA or DNA ) . Sequences below the graphs show 
representative reads . 
[ 0058 ] FIG . 27 : RADAR preferentially deaminates 
adenosines within loop regions of RNA stem - loops . Pre 
dicted RNA secondary structures of the 48 highest - ex 
pressed strong RADAR editing sites ( 50 % editing ) . 
[ 0059 ] FIGS . 28A - 28F : Effect of expression of specific 
phage genes on RNA editing by RADAR . ( FIG . 28A ) Phage 
genes were cloned after IPTG - inducible T7 promoter and 
transformed into E. coli heterologously expressing the 

RADAR system from Citrobacter rodentium DBS100 . 
( FIG . 28B ) Structure of E. coli transfer messenger RNA 
( tmRNA ) ( PDBID : 6Q9A ) , highlighting adenosines 
strongly edited by RADAR . ( FIG . 28C ) Scatter plots of 
RNA editing frequencies for two replicates . Each dot rep 
resents a different phage fragment . ( FIG . 28D ) Locations of 
fragments on the phage T2 genome . Each colored box 
represents a distinct fragment . ( FIG . 28E ) RNA editing 
frequencies of the fragments shown in ( FIG . 28D ) at A93 
and A121 of the E. coli tmRNA . ( FIG . 28F ) RNA editing 
frequencies induced by expression of RADAR with indi 
vidual genes within six of the highest - activity fragments 
identified in ( FIG . 28D ) . Purple squares indicate active site 
mutants created by site - directed mutagenesis . dam = DNA 
adenine methyltransferase ; a - gt : DNA alpha glucosyltrans 
ferase ; gp50 : head completion protein ; gp2 : DNA end pro 
tector protein ; frd : dihydrofolate reductase ; rnh : RNase H ; 
dsbA : dsDNA binding protein ; denA : endonuclease II . 
[ 0060 ] FIGS . 29A - 29C : Mutational analysis of three RT 
containing defense systems . Active site mutations abolish 
defense activity against phage T5 for the ( FIG . 29A ) RT 
( UG2 ) , ( FIG . 29B ) RT ( UG15 ) , and ( FIG . 29C ) retron + 
ATPase + HNH ( Ec78 ) systems . The ATPase and HNH pro 
teins in Ec78 comprise the Septu defense system . 
[ 0061 ] FIGS . 30A - 30C : The nitrilase domain of the RT 
( UG1 ) defense system forms a distinct Glade among nitri 
lase enzymes . ( FIG . 30A ) Stacked histogram of E - values of 
sequence - profile matches ( RPSBLAST ) between prokary 
otic proteins in Genbank against a custom position - specific 
scoring matrix for the RT ( UG1 ) nitrilase domain ( minimum 
20 % coverage ) . Proteins matching a known nitrilase PSSM 
from the CDD database ( E - value -10-6 ; minimum 40 % 
coverage ) are shown in green . ( FIG . 30B ) Unrooted neigh 
bor - joining tree of the reverse transcriptase ( RT ) domain in 
nitrilase - associated RTs ( n = 588 ) . Colors indicate distinct 
clades ( cutoff tree distance 0.15 ) . ( FIG . 30C ) Unrooted 
neighbor - joining tree of the nitrilase domain in proteins in 
( FIG . 30B ) with the same color scheme ( based on RT 
domain Glade ) . Also included in the tree are the non - RT 
associated nitrilases ( green ) that are most similar to the 
nitrilase domain in RT ( UG1 ) among all prokaryotic pro 
teins . 

[ 0062 ] FIG . 31 : Effect of mutations in the multi - copy 
single - stranded DNA ( msDNA ) hairpin on defense activity 
for the Ec86 retron from E. coli BL21 . 

[ 0063 ] FIGS . 32A - 32B : Bacterial densities over time for 
( FIG . 32A ) retron - TIR , RT - nitrilase ( UG1 ) , and RT ( UG3 ) + 
RT ( UG8 ) defense systems infected with phage T2 and ( FIG . 
32B ) additional defense systems infected with phage 17 . 
[ 0064 ] FIGS . 33A - 33C : Phage and prophage association 
frequencies for validated defense system clusters . ( FIG . 
33A ) Overall association frequency for 28 defense systems 
in this study . The rex , immunity gene from phage lambda 
is shown in red . ( FIG . 33B ) Per - system analysis of the 
distribution of phage association frequencies for each asso 
ciated cluster in ( FIG . 33A ) . ( FIG . 33C ) Example of the 
transmembrane ATPase located within an incomplete pro 
phage . 
[ 0065 ] The figures herein are for illustrative purposes only 
and are not necessarily drawn to scale . 
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DETAILED DESCRIPTION OF THE EXAMPLE 
EMBODIMENTS 

General Definitions 

[ 0066 ] Unless defined otherwise , technical and scientific 
terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
disclosure pertains . Definitions of common terms and tech 
niques in molecular biology may be found in Molecular 
Cloning : A Laboratory Manual , 2nd edition ( 1989 ) ( Sam 
brook , Fritsch , and Maniatis ) ; Molecular Cloning : A Labo 
ratory Manual , 4th edition ( 2012 ) ( Green and Sambrook ) ; 
Current Protocols in Molecular Biology ( 1987 ) ( F. M. 
Ausubel et al . eds . ) ; the series Methods in Enzymology 
( Academic Press , Inc. ) : PCR 2 : A Practical Approach ( 1995 ) 
( M. J. MacPherson , B. D. Hames , and G. R. Taylor eds . ) : 
Antibodies , A Laboratory Manual ( 1988 ) ( Harlow and Lane , 
eds . ) : Antibodies A Laboratory Manual , 2nd edition 2013 ( E. 
A. Greenfield ed . ) ; Animal Cell Culture ( 1987 ) ( R. I. Fresh 
ney , ed . ) ; Benjamin Lewin , Genes IX , published by Jones 
and Bartlet , 2008 ( ISBN 0763752223 ) ; Kendrew et al . 
( eds . ) , The Encyclopedia of Molecular Biology , published 
by Blackwell Science Ltd. , 1994 ( ISBN 0632021829 ) ; Rob 
ert A. Meyers ( ed . ) , Molecular Biology and Biotechnology : 
a Comprehensive Desk Reference , published by VCH Pub 
lishers , Inc. , 1995 ( ISBN 9780471185710 ) ; Singleton et al . , 
Dictionary of Microbiology and Molecular Biology 2nd ed . , 
J. Wiley & Sons ( New York , N.Y. 1994 ) , March , Advanced 
Organic Chemistry Reactions , Mechanisms and Structure 
4th ed . , John Wiley & Sons ( New York , N.Y. 1992 ) ; and 
Marten H. Hofker and Jan van Deursen , Transgenic Mouse 
Methods and Protocols , 2nd edition ( 2011 ) . 
[ 0067 ] As used herein , the singular forms “ a ” , “ an ” , and 
“ the ” include both singular and plural referents unless the 
context clearly dictates otherwise . 
[ 0068 ] The term “ optional ” or “ optionally ” means that the 
subsequent described event , circumstance or substituent 
may or may not occur , and that the description includes 
instances where the event or circumstance occurs and 
instances where it does not . 
[ 0069 ] The recitation of numerical ranges by endpoints 
includes all numbers and fractions subsumed within the 
respective ranges , as well as the recited endpoints . 
[ 0070 ] The term “ about ” in relation to a reference numeri 
cal value and its grammatical equivalents as used herein can 
include the numerical value itself and a range of values plus 
or minus 10 % from that numerical value . For example , the 
amount “ about 10 ” includes 10 and any amounts from 9 to 
11. For example , the term " about ” in relation to a reference 
numerical value can also include a range of values plus or 
minus 10 % , 9 % , 8 % , 7 % , 6 % , 5 % , 4 % , 3 % , 2 % , or 1 % from 
that value . As used herein , a " biological sample ” may 
contain whole cells and / or live cells and / or cell debris . The 
biological sample may contain ( or be derived from ) a 
“ bodily fluid ” . The present invention encompasses embodi 
ments wherein the bodily fluid is selected from amniotic 
fluid , aqueous humour , vitreous humour , bile , blood serum , 
breast milk , cerebrospinal fluid , cerumen ( earwax ) , chyle , 
chyme , endolymph , perilymph , exudates , feces , female 
ejaculate , gastric acid , gastric juice , lymph , mucus ( includ 
ing nasal drainage and phlegm ) , pericardial fluid , peritoneal 
fluid , pleural fluid , pus , rheum , saliva , sebum ( skin oil ) , 
semen , sputum , synovial fluid , sweat , tears , urine , vaginal 
secretion , vomit and mixtures of one or more thereof . 

Biological samples include cell cultures , bodily fluids , cell 
cultures from bodily fluids . Bodily fluids may be obtained 
from a mammal organism , for example by puncture , or other 
collecting or sampling procedures . 
[ 0071 ] The terms “ subject , ” “ individual , ” and “ patient ” 
are used interchangeably herein to refer to a vertebrate , 
preferably a mammal , more preferably a human . Mammals 
include , but are not limited to , murines , simians , humans , 
farm animals , sport animals , and pets . Tissues , cells and 
their progeny of a biological entity obtained in vivo or 
cultured in vitro are also encompassed . 
[ 0072 ] The term " exemplary ” is used herein to mean 
serving as an example , instance , or illustration . Any aspect 
or design described herein as " exemplary ” is not necessarily 
to be construed as preferred or advantageous over other 
aspects or designs . Rather , use of the word exemplary is 
intended to present concepts in a concrete fashion . 
[ 0073 ] As used herein , when an enzyme is mentioned , the 
term also includes a functional domain of the enzyme . For 
example , a reverse transcriptase may refer to a reverse 
transcriptase protein or a reverse transcriptase domain . 
[ 0074 ] A protein or nucleic acid derived from a species 
means that the protein or nucleic acid has a sequence 
identical to an endogenous protein or nucleic acid or a 
portion thereof in the species . The protein or nucleic acid 
derived from the species may be directly obtained from an 
organism of the species ( e.g. , by isolation ) , or may be 
produced , e.g. , by recombination production or chemical 
synthesis . 
[ 0075 ] Various embodiments are described hereinafter . It 
should be noted that the specific embodiments are not 
intended as an exhaustive description or as a limitation to the 
broader aspects discussed herein . One aspect described in 
conjunction with a particular embodiment is not necessarily 
limited to that embodiment and can be practiced with any 
other embodiment ( s ) . Reference throughout this specifica 
tion to " one embodiment ” , “ an embodiment , ” “ an example 
embodiment , ” means that a particular feature , structure or 
characteristic described in connection with the embodiment 
is included in at least one embodiment of the present 
invention . Thus , appearances of the phrases “ in one embodi 
ment , ” “ in an embodiment , ” or “ an example embodiment ” in 
various places throughout this specification are not neces 
sarily all referring to the same embodiment , but may . Fur 
thermore , the particular features , structures or characteristics 
may be combined in any suitable manner , as would be 
apparent to a person skilled in the art from this disclosure , 
in one or more embodiments . Furthermore , while some 
embodiments described herein include some but not other 
features included in other embodiments , combinations of 
features of different embodiments are meant to be within the 
scope of the invention . For example , in the appended claims , 
any of the claimed embodiments can be used in any com 
bination . 
[ 0076 ] All publications , published patent documents , and 
patent applications cited herein are hereby incorporated by 
reference to the same extent as though each individual 
publication , published patent document , or patent applica 
tion was specifically and individually indicated as being 
incorporated by reference . 

Overview 

[ 0077 ] The present disclosure provides various types of 
bacterial defense systems and the methods of identifying 
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thereof . In some aspects , the present disclosure includes a 
number of newly identified defense systems . In some 
embodiments , the systems may be engineered , e.g. , to have 
a desired activity or function . The engineered systems may 
be used as tools ( e.g. , to manipulate expression and / or 
activity of target genes or proteins ) in biotechnology and 
medical applications . In one example , the system comprises 
an ATPase and an adenosine deaminase . Such system may 
be engineered to function as a base editor for gene editing 
applications . In another example , the system comprises one 
or more reverse transcriptases . In another example , the 
system comprises a retron or one or more molecules 
encoded by the retron . In another example , the system 
comprises an NTPase of a STAND ( signal transduction 
ATPases with numerous associated domains ) superfamily . 
[ 0078 ] In another aspect , the present disclosure includes 
methods of identifying novel defense systems . In general , 
the methods are based on the fact that defense systems are 
often clustered in bacterial genomes . In some embodiments , 
the methods comprise identifying genes of known defense 
systems in a plurality of genomes of a bacterial species , 
identifying homolog genes close ( e.g. , within 10 kb ) of the 
known defense systems , and selecting candidate genes 
among these homologs . For example , candidate genes may 
be selected when at least 10 % of homologs of the genes are 
within 5000 nucleotides or 5 genes from one or more 
defense systems . 

tant to infection by at least one phage ” may encompasses an 
activity providing increased resistance of a host cell to 
infection by at least one phage in comparison to the host cell 
of the same species under the same developmental stage 
( e.g. culture state ) which does not express the functional 
defense system . In some embodiments , a host cell may 
comprise a microbial cell . In some embodiments , a host 
comprises a bacterium . Anti - phage activity or resistance of 
a host cell to infection by at least one phage may be 
determined by , for example but not limited to , bacterial 
viability , phage lysogeny , phage genomic replication or 
phage genomic degradation , or a combination thereof . 
[ 0082 ] In some embodiments , the defense systems may 
provide a host cell with resistance to foreign nucleic acid 
invasion . In some embodiments , a defense system described 
herein , provides the host cell with resistance to a foreign 
nucleic acid invasion , wherein the foreign nucleic acid 
invasion comprises resistance to at least one phage infection , 
or resistance to plasmid transformation , or a combination of 
resistance to at least one phage infection and resistance to 
plasmid transformation . In some embodiments , it is the 
combination of defense systems that provides a host cell 
with resistance to a foreign nucleic acid invasion . One 
skilled in the art would appreciate that defense against a 
foreign nucleic acid invasion may encompass , defending 
against entry of a foreign nucleic acid into the host cell , as 
well as , defending against the actions of a foreign nucleic 
acid that has entered the host cell . In some embodiments , 
defense against a foreign nucleic acid invasion comprises 
defense from phage infection . In some embodiments , 
defense against a foreign nucleic acid invasion comprises 
defense from plasmid transformation . In some embodi 
ments , defense against a foreign nucleic acid invasion com 
prises defense against entry of a conjugative element . In 
some embodiments , defense against a foreign nucleic acid 
invasion comprises defense against any combination of 
phage infection , plasmid transformation , and entry of a 
conjugative element . 
[ 0083 ] In some embodiments , the components in the sys 
tem may be heterologous , i.e. , they do not naturally occur 
together in the same cell or an organism . 
[ 0084 ] The components in a system herein may be derived 
from the same or different prokaryotes . In some cases , the 
components may be engineered to be optimized for express 
ing in eukaryotic ( e.g. , mammalian ) cells . 

Defense Systems 
[ 0079 ] In one aspect , the present disclosure provides 
defense systems in prokaryotes such as bacteria . The defense 
systems may include proteins and nucleic acids that play 
roles in the defense of virus and other foreign organisms ' 
attack and invasion . The present disclosure also includes 
nucleic acids encoding the components of the defense sys 
tems and vectors comprising such nucleic acids . The func 
tions and applications of the defense systems herein are not 
limited to defending bacteria from foreign organisms ( e.g. , 
virus ) . Rather the defense systems may be used in various 
applications , e.g. , as research tools and reagents , therapeutic 
agents , and diagnostic agents . In some cases , a defense 
system may be engineered to have a desired function . Such 
engineered defense system may not have a function related 
to defending bacteria from foreign organisms . 
[ 0080 ] The defense systems provided herein may be of 
various types . These defense systems may comprise one or 
more enzymes that can manipulate ( e.g. , cleave , eliminate , 
degrade , etc. ) the proteins and nucleic acids from the foreign 
organisms . In some examples , a host cell with the defense 
system may be resistant to foreign organism attacks . The 
term “ resistance ” to , for example , foreign nucleic acid 
invasion , encompasses a decrease in activity ( e.g. phage 
genomic replication , phage lysogeny , circularization of 
phage genome ) in bacteria expressing a functional defense 
system in comparison to bacteria of the same species under 
the same developmental stage ( e.g. culture state ) which does 
not express a functional defense system . According to spe 
cific embodiments the decrease provided by such resistance 
to foreign organism invasion is at least 1.5 - fold , at least 
2 - fold , at least 3 - fold , at least 5 - fold , at least 10 - fold , or at 
least 20 - fold as compared to same in the absence of the 
functional defense system . 
[ 0081 ] In some embodiments , the defense systems have an 
anti - phage activity . The term “ anti - phage activity ” or “ resis 

Gene Clusters 

[ 0085 ] In some embodiments , the components of a 
defense system may be in a gene cluster in a prokaryotic cell . 
The terms “ gene cluster " , " cassette of genes ” , “ cassette ” , 
and “ components of a system ” , may in some embodiments 
herein be used interchangeably having all the same mean 
ings and qualities . In some embodiments , each gene of a 
“ cassette of genes ” comprises a nucleic acid sequence 
encoding a polypeptide component of the defense system . In 
some embodiments , a “ cassette of genes ” comprises nucleic 
acid sequences encoding components of the defense system 
including open reading frames encoding defense system 
polypeptide components , regulatory sequences , and non 
coding RNAs . A skilled artisan would appreciate that a 
" cassette of genes ” may encompass an operon . In some 
embodiments , a cassette of genes comprises regulatory 
sequences . In some embodiments , a cassette of gene com 
prises non - coding RNAs . 
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Host Cells mutans , Streptococcus pneumoniae , Streptococcus pyogenes 
( group A streptococcus ) , Streptococcus salivarius , and 
Streptococcus sanguis . 
[ 0088 ] In some embodiments , the term “ Gram - negative 
bacteria ” as used herein refer to bacteria characterized by the 
presence of a double membrane surrounding each bacterial 
cell . Representative Gram - negative bacteria include Acine 
tobacter calcoaceticus , Actinobacillus actinomycetemcomi 
tans , Aeromonas hydrophila , Alcaligenes xylosoxidans , 
Bacteroides , Bacteroides fragilis , Bartonella bacilliformis , 
Bordetella spp . , Borrelia burgdorferi , Branhamella catarrh 
alis , Brucella spp . , Campylobacter spp . , Chalmydia pneu 
moniae , Chlamydia psittaci , Chlamydia trachomatis , to 
Chromobacterium violaceum , Citrobacter spp . , Eikenella 
corrodens , Enterobacter aerogenes , Escherichia coli , Fla 
vobacterium meningosepticum , Fusobacterium spp . , Hae 
mophilus influenzae , Haemophilus spp . , Helicobacter 
pylori , Klebsiella spp . , Legionella spp . , Leptospira spp . , 
Moraxella catarrhalis , Morganella morganii , Mycoplasma 
pneumoniae , Neisseria gonorrhoeae , Neisseria meningiti 
dis , Pasteurella multocida , Plesiomonas shigelloides , Pre 
votella spp . , Proteus spp . , Providencia rettgeri , Pseudomo 
nas aeruginosa , Pseudomonas spp . , Rickettsia prowazekii , 
Rickettsia rickettsii , Rochalimaea spp . , Salmonella spp . , 
Salmonella typhi , Serratia marcescens , Shigella spp . , 
Treponema carateum , Treponema pallidum , Treponema pal 
lidum endemicum , Treponema pertenue , Veillonella spp . , 
Vibrio cholerae , Vibrio vulnificus , Yersinia enterocolitica , 
and Yersinia pestis . 

[ 0086 ] The defense systems may be from or originate from 
microorganisms such as bacteria or archaea . In some 
embodiments , the defense may be from or originate from 
bacteria . As used herein , when a defense system originates 
form a species , it may be the wild type defense system in the 
species , or a homolog of the wild type defense system in the 
species . The defense system that is a homolog of the wild 
type defense system in the species may comprise one or 
more variations ( e.g. , mutations , truncations , etc. ) of the 
wild type defense system . The terms “ ortholog ” and 
“ homolog ” are well known in the art . By means of further 
guidance , a “ homolog ” of a protein as used herein is a 
protein of the same species which performs the same or a 
similar function as the protein it is a homolog of . Homolo 
gous proteins may but need not be structurally related , or are 
only partially structurally related . An “ ortholog ” of a protein 
as used herein is a protein of a different species which 
performs the same or a similar function as the protein it is 
an ortholog of . Orthologous proteins may but need not be 
structurally related , or are only partially structurally related . 
Homologs and orthologs may be identified by homology 
modelling ( see , e.g. , Greer , Science vol . 228 ( 1985 ) 1055 , 
and Blundell et al . Eur J Biochem vol 172 ( 1988 ) , 513 ) or 
" structural BLAST ” ( Dey F , Cliff Zhang Q , Petrey D , Honig 
B. Toward a " structural BLAST ” : using structural relation 
ships to infer function . Protein Sci . 2013 April ; 22 ( 4 ) : 359 
66. doi : 10.1002 / pro.2225 . ) . See also Shmakov et al . ( 2015 ) 
for application in the field of CRISPR - Cas loci . Homolo 
gous proteins may but need not be structurally related , or are 
only partially structurally related . 
[ 0087 ] In some example , the host cells are E coli . In some 
embodiments , the bacteria may be gram positive bacteria . 
The term “ Gram - positive bacteria ” as used herein refers to 
bacteria characterized by having as part of their cell wall 
structure peptidoglycan as well as polysaccharides and / or 
teichoic acids and are characterized by their blue - violet 
color reaction in the Gram - staining procedure . Representa 
tive Gram - positive bacteria include : Actinomyces spp . , 
Bacillus anthracis , Bifidobacterium spp . , Clostridium botu 
linum , Clostridium perfringens , Clostridium spp . , 
Clostridium tetani , Corynebacterium diphtherias , Coryne 
bacterium jeikeium , Enterococcus faecalis , Enterococcus 
faecium , Erysipelothrix rhusiopathiae , Eubacterium spp . , 
Gardnerella vaginalis , Gemella morbillorum , Leuconostoc 
spp . , Mycobacterium abcessus , Mycobacterium avium com 
plex , Mycobacterium chelonae , Mycobacterium fortuitum , 
Mycobacterium haemophilium , Mycobacterium kansasii , 
Mycobacterium leprae , Mycobacterium marinum , Myco 
bacterium scrofulaceum , Mycobacterium smegmatis , Myco 
bacterium terrae , Mycobacterium tuberculosis , Mycobacte 
rium ulcerans , Nocardia spp . , spp . Peptococcus niger , 
Peptostreptococcus spp . , Proprionibacterium spp . , Staphy 
lococcus aureus , Staphylococcus auricularis , Staphylococ 
cus capitis , Staphylococcus cohnii , Staphylococcus epider 
midis , Staphylococcus haemolyticus , Staphylococcus 
hominis , Staphylococcus lugdanensis , Staphylococcus sac 
charolyticus , Staphylococcus saprophyticus , Staphylococ 
cus schleiferi , Staphylococcus similans , Staphylococcus 
warneri , Staphylococcus xylosus , Streptococcus agalactiae 
( group B streptococcus ) , Streptococcus anginosus , Strepto 
coccus bovis , Streptococcus canis , Streptococcus equi , 
Streptococcus milleri , Streptococcus mitior , Streptococcus 

Examples of Systems 
[ 0089 ] A system provided herein may include one or more 
enzymes or functional protein domains , and / or polynucle 
otides encoding thereof . The systems may comprise one or 
more wild type proteins and / or polynucleotides . In certain 
cases , the systems may be engineered systems , e.g. , com 
prising one or more mutations or variants compared to 
corresponding wild type counterparts . 
[ 0090 ] In some embodiments , the systems herein may be 
configured to modify a nucleic acid , e.g. , DNA , RNA , or a 
hybrid or duplex of RNA and DNA . In one example , the 
systems may be configured to modify RNA . 
[ 0091 ] The systems and components thereof may be or 
share sequence homology ( e.g. , sequence identity ) with the 
example systems and components herein . In some embodi 
ments , the systems or components thereof may share at least 
50 % , at least 60 % , at least 70 % , at least 80 % , at least 90 % , 
at least 95 % , at least 99 % , or 100 % sequence homology 
( e.g. , sequence identity ) with the example systems or com 
ponents herein . 

Systems Comprising ATPase and Adenosine Deaminase 
[ 0092 ] In some examples , the systems comprise an 
ATPase and an adenosine deaminase . The ATPase may be a 
KAP - family ATPase . In some cases , the ATPase may com 
prise 1500 or less , e.g. , 1400 or less , 1300 or less , 1200 or 
less , 1100 or less , 1000 or less , 950 or less , 900 or less , 850 
or less , 800 or less , 750 or less , 700 or less , 650 or less , 600 
or less , 500 or less , 400 or less , 300 or less , 200 or less , 100 
or less amino acid residues . In one example , the ATPase may 
comprise 1000 or less amino acid residues . In certain 
examples , the ATPase may comprise 900 or less amino acid 
residues . In some cases , the adenosine deaminase may 
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comprise 1500 or less , e.g. , 1400 or less , 1300 or less , 1200 
or less , 1100 or less , 1000 or less , 950 or less , 900 or less , 
850 or less , 800 or less , 750 or less , 700 or less , 650 or less , 
600 or less , 500 or less , 400 or less , 300 or less , 200 or less , 
100 or less amino acid residues . In one example , the 
adenosine deaminase may comprise 1000 or less amino acid 
residues . In certain examples , the adenosine deaminase may 
comprise 900 or less amino acid residues . 
[ 0093 ] In some examples , the system comprises an 
ATPase that is or share at least 50 % , at least 60 % , at least 
70 % , at least 80 % , at least 90 % , at least 95 % , at least 99 % , 
or 100 % sequence homology ( e.g. , sequence identity ) with 
the sequence of WP_012906049.1 and a adenosine deami 
nase that is or share at least 50 % , at least 60 % , at least 70 % , 
at least 80 % , at least 90 % , at least 95 % , at least 99 % , or 
100 % sequence homology ( e.g. , sequence identity ) with the 
sequence of WP_012906048.1 . In some examples , the sys 
tem comprises an ATPase that is or share at least 50 % , at 
least 60 % , at least 70 % , at least 80 % , at least 90 % , at least 
95 % , at least 99 % , or 100 % sequence homology ( e.g. , 
sequence identity ) with the sequence of WP_155731552.1 
and a adenosine deaminase that is or share at least 50 % , at 
least 60 % , at least 70 % , at least 80 % , at least 90 % , at least 
95 % , at least 99 % , or 100 % sequence homology ( e.g. , 
sequence identity ) with the sequence of WP_064360593.1 . 
[ 0094 ] In some embodiments , the system comprising 
ATPase and an adenosine deaminase may further comprise 
one or more proteins or polypeptide domains . In some 
examples , the system may further comprise a membrane 
protein or domain . In certain examples , the system further 
comprises a SMODS and LOG - Smf / DprA - Associating Two 
TM ( SLATT ) domain . In certain examples , the system 
further comprises a CRISPR ancillary protein . The type 
VI - B CRISPR ancillary protein , e.g. , Csx27 . 
[ 0095 ] In some embodiments , the systems may be engi 
neered to function as a base editor gene editing applica 
tions . For example , the systems may modify a nucleic acid . 
The modification may cause an A to G mutation in a nucleic 
acid . In some cases , the systems may modify RNA . In some 
cases , the systems may modify DNA . 
[ 0096 ] In some embodiments , the adenosine deaminase 
may be those described in International Patent Publication 
Nos . WO2019071048 , WO2019084063 , WO2019126716 , 
WO2019126709 , WO2019126762 , and WO2019126774 ; 
Cox DBT , et al . , RNA editing with CRISPR - Cas 13 , Science . 
2017 Nov. 24 ; 358 ( 6366 ) : 1019-1027 ; Abudayyeh 00 , et al . , 
A cytosine deaminase for programmable single - base RNA 
editing , Science 26 Jul . 2019 : Vol . 365 , Issue 6451 , pp . 
382-386 ; Gaudelli N M et al . , Programmable base editing of 
A • T to G • C in genomic DNA without DNA cleavage , Nature 
volume 551 , pages 464-471 ( 23 Nov. 2017 ) ; Komor A C , et 
al . , Programmable editing of a target base in genomic DNA 
without double - stranded DNA cleavage . Nature . 2016 May 
19 ; 533 ( 7603 ) : 420-4 , or any variants , homologs , or 
orthologs thereof . 
[ 0097 ] In some embodiments , the system further comprise 
one or more phage proteins . Examples of phage proteins 
include those in Tables 18A - 18B . 

template . In some embodiments , the reverse transcriptase is 
error prone . For example , the reverse transcriptase may have 
low proof - reading ability . For example , the reverse tran 
scriptase may introduce one or more errors ( i.e. , nucleotides 
that are not complementary to the corresponding nucleotides 
on the template ) . Examples of reverse transcriptases include 
the transcriptases from Vibrio harveyi ML phage , Bifido 
bacterium longum , Bacteroides thetaiotaonicron , 
Treponema denticola , cyanobacteria , such as Trichodes 
mium erythrism , the genus Nostoc , or Nostoc punctiforme . 
[ 0099 ] As used herein , the reverse transcriptase may be 
full - length reverse transcriptase or a functional fragment 
thereof . A functional fragment of a full - length reverse tran 
scriptase may be a polypeptide that is shorter than the 
full - length reverse transcriptase but has reverse transcriptase 
activity . For example , a functional fragment of a full - length 
reverse transcriptase may have at least about 50 % , at least 
about 60 % , at least about 70 , % at least about 80 % , at least 
about 90 % , at least about 95 % , at least about 99 % , or at least 
about 100 % of the activity of the corresponding reverse 
transcriptase . The reverse transcriptase activity may be 
measured as amount of cDNA generated with certain 
amount of RNA template . 
[ 0100 ] For example , the systems may comprise a first 
reverse transcriptase and a second reverse transcriptase . The 
first and the second reverse transcriptases may be comprised 
in the same protein . The first and the second reverse tran 
scriptase may be the same . In certain cases , the first and the 
second reverse transcriptase may be the different . The 
reverse transcriptase may be error prone . 
[ 0101 ] Examples of reverse transcriptases include UG1 , 
UG2 , UG3 , UG8 , UG15 , or UG16 reverse transcriptases . In 
some examples , the system comprises an UG1 reverse 
transcriptase that is or share at least 50 % , at least 60 % , at 
least 70 % , at least 80 % , at least 90 % , at least 95 % , at least 
99 % , or 100 % sequence homology ( e.g. , sequence identity ) 
with the sequence of WP_115196278.1 . In some examples , 
the system comprises an U2 reverse transcriptase that is or 
share at least 50 % , at least 60 % , at least 70 % , at least 80 % , 
at least 90 % , at least 95 % , at least 99 % , or 100 % sequence 
homology ( e.g. , sequence identity ) with the sequence of 
WP_012737279.1 . In some examples , the system comprises 
an UG3 reverse transcriptase that is or share at least 50 % , at 
least 60 % , at least 70 % , at least 80 % , at least 90 % , at least 
95 % , at least 99 % , or 100 % sequence homology ( e.g. , 
sequence identity ) with the sequence of 087902017.1 and an 
U8 reverse transcriptase that is or share at least 50 % , at least 
60 % , at least 70 % , at least 80 % , at least 90 % , at least 95 % , 
at least 99 % , or 100 % sequence homology ( e.g. , sequence 
identity ) with the sequence of WP_062891751.1 . In some 
examples , the system comprises an UG15 reverse tran 
scriptase that is or share at least 50 % , at least 60 % , at least 
70 % , at least 80 % , at least 90 % , at least 95 % , at least 99 % , 
or 100 % sequence homology ( e.g. , sequence identity ) with 
the sequence of GCK53192.1 . In some examples , the system 
comprises an UG16 reverse transcriptase that is or share at 
least 50 % , at least 60 % , at least 70 % , at least 80 % , at least 
90 % , at least 95 % , at least 99 % , or 100 % sequence homol 
ogy ( e.g. , sequence identity ) with the sequence of 
WP_001524904.1 . 
[ 0102 ] In some examples , the systems comprising one or 
more reverse transcriptases may further comprise one or 
more proteins or polypeptide domains . In some examples , 
the systems further comprise a Cas protein , e.g. , Casl . In 

Systems Comprising Reverse Transcriptase ( s ) 
[ 0098 ] In some examples , the systems herein comprise 
one or more reverse transcriptases . A reverse transcriptase 
refers to an enzyme capable of synthesizing DNA strand 
( e.g. , complementary DNA or cDNA ) using RNA as a 
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a 

a 

some 

some examples , the systems further comprise Abi . In some 
examples , the systems further comprise a nitrilase - family 
C - N hydrolase . In some examples , the systems further 
comprise a DNA polymerase . The DNA polymerase may be 
a family A DNA polymerase . In some examples , the systems 
further comprise a nitrilase . In some examples , the systems 
comprise a protein comprising one or more reverse tran 
scriptases and a nitrilase domain . The nitrilase domain may 
be at the C - terminus of the protein . In some examples , the 
systems further comprise topoisomerase - primase 
( TOPRIM ) , and a nitrilase . In some examples , the systems 
further comprise a Tol / interleukin 1 receptor ( TIR ) . In some 
examples , the systems further comprise a protease . The 
systems may further comprise a serine protease domain 
linked to or associated with the reverse transcriptase . In 
some examples , the systems further comprise an integrase . 
In some examples , the systems further comprise a transpos 
ase . In some examples , the systems further comprise an 
MBL domain . 
[ 0103 ] In some cases , the system may comprise a poly 
nucleotide encoding the reverse transcriptase . In certain 
examples , the polynucleotide comprising the variable region 
and / or the template region may comprise a coding sequence 
for the reverse transcriptase . In some examples , the poly 
nucleotide encoding the reverse transcriptase may be differ 
ent from the polynucleotide comprising the variable region 
and / or the template region . 
[ 0104 ] In some embodiments , the reverse transcriptase 
comprises an active site , e.g. , ( Y / F ) xDD ( SEQ ID NOs : 
1-2 ) , where X is any amino acid . 

further comprise one or more proteins or polypeptide 
domains , such as DUF4297 , Mrr - like nuclease , SIR2 , 
trypsin - like serine protease , and / or a helical domain . 
Additional Examples of Systems 
[ 0108 ] In some examples , the system may comprise a von 
Willebrand factor ( VWF ) , a PP2C - like serine / threonine pro 
tein phosphatase , and a serine / threonine kinase . In some 
examples , the system may comprise SIR2 or a function 
domain thereof . 
[ 0109 ] In some examples , the system may comprise a 
reverse transcriptase and a nitrilase . In some examples , the 
system may comprise a reverse transcriptase and a nitrilase , 
and a topoisomerase - primase ( TOPRIM ) . In 
examples , the system may comprise a reverse transcriptase 
and TIR . In some examples , the system may comprise an 
Ec67 retron . In some examples , the system may comprise 
Ec86 retron . In some examples , the system may comprise a 
reverse transcriptase . In some examples , the system may 
comprise two reverse transcriptases . In some examples , the 
system may comprise adenosine deaminase . In some 
examples , the system may comprise KAP ATPase . In some 
examples , the system may comprise KAP TatD . In some 
examples , the system may comprise a transmembrane 
ATPase . In some examples , the system may comprise an 
ATPase , QueC synthase , and TatD endonuclease . In some 
examples , the system may comprise S8 peptidase . In some 
examples , the system may comprise a DFU4011 domain . In 
some examples , the system may comprise a DFU4011 
domain , a helicase , and a Vsr endonuclease . In some 
examples , the system may comprise a DUF3684 Hsp 90 - like 
ATPase and a helicase . In some examples , the system may 
comprise Trypsin - AAA35 . In some examples , the system 
may comprise DUF4297 - AAA3 and another protein . In 
some examples , the system may comprise DUF4297 
AAA35 . In some examples , the system may comprise 
AAA35 . In some examples , the system may comprise RE 
AAA35 . In some examples , the system may comprise VWA 
and phosphatase and a kinase . In some examples , the system 
may comprise SIR2 - DUF4020 . In some examples , the sys 
tem may comprise SIR2 - STAND - TPR . In some examples , 
the system may comprise Polymerase and Histidinol Phos 
phatase ( PHP ) -ATPase . In some examples , the system may 
comprise PHP - SMC . In some examples , the system may 
comprise SIR2 and HerA . In some examples , the system 
may comprise DUF4297 and HerA . In some examples , the 
system may comprise Unknown - DUF1887 . In some 
examples , the system may comprise DUF262 and DUF262 
HNH . In some examples , the system may comprise 
DUF499 , DUF3780 , DUF1156 methyltransferase , and heli 
case . In some examples , the system may comprise Type I - E 
CRISPR - associated protein . In some examples , the system 
may comprise RT - protease . In some examples , the system 
may comprise ApeA . 
[ 0110 ] Details of these systems are shown in Tables 1 , 2 , 
5 , 6 , 9 , 10 , 12 , 13 , 15A , and 16A . Sequences of example 
systems are shown in Tables 6 , 12 , 15A , 153 , 15C , 16A , and 
16B . 

Systems Comprising Retrons or Molecules Encoded by 
Retrons 

[ 0105 ] In some examples , the systems herein comprise 
one or more retrons or molecules encoded by retrons . As 
used herein , a retron refers to a genetic element ( e.g. , a DNA 
molecule ) which encodes components enabling the synthe 
sis of branched RNA - linked single stranded DNA ( msDNA ) 
and a reverse transcriptase . Molecules encoded by retrons 
includes retron msr RNA that is the non - coding RNA 
produced by retron elements and is the immediate precursor 
to the synthesis of msDNA . Molecules encoded by retrons 
also include the reverse transcriptase and the corresponding 
RNA ( e.g. , mRNA ) . 
[ 0106 ] In some examples , the retron is Ec67 retron . In 
some examples , the retron is Ec86 retron . In some examples , 
the retron is Ec78 retron . In some examples , the retron is TIR 
domain - associated retron . The TIR domain may have NAD + 
hydrolase activity . In some examples , the retron is TOPRIM 
domain - associated retron . The TOPRIM domain may have 
nuclease activity . 

Systems Comprising STAND NTPase 
[ 0107 ] In some examples , the systems herein comprise 
one or more NTPases of a STAND ( signal transduction 
ATPases with numerous associated domains ) superfamily . In 
some examples , the systems comprising the NTPase may 

TABLE 1 

# genes in 
operon Construct Short Description Donor Strain Diagram File Name Note 

PLG018 1 RT - nitrilase Klebsiella pneumoniae PLG018_RT - nitrilase 
NCTC9143 

UG1 / UG6 in Zimmerly & 
Wang ( 2015 ) 
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TABLE 1 - continued 

# genes in 
operon Construct Short Description Donor Strain Diagram File Name Note 

PLG022 1 TOPRIM - RT - nitrilase pLG022_TOPRIM 
RT - nitrilase 

UG10 in Zimmerly & Wang 
( 2015 ) 
Novel retron PLGO24 1 RT - TIR 

Vogesella indigofera 
DSM3303 
Shigella dysenteriae 
NCTC2966 
Escherichia coli 
NCTC8623 

PLG026 1 Ec67 retron pLG026_RT - TOPRIM 
( retron 

Ec67 retron ( reported in 
Lampson et al . Science 1989 ; 
function unknown until 
present study ) 
Ec86 retron ( reported in Lim 
et al . Cell 1989 ; function 
unknown until present study ) 

pLG199 Ec86 retron Escherichia coli BL21 

pLGO28 1 RT PLG028_RT Escherichia coli 
21 - C8 - A 
Escherichia coli 
ECOR12 

pLG125 2 RT - x2 

pLG032 2 Adenosine deaminase Citrobacter rodentium pLG032_Deaminase 
DBS100 
Escherichia coli PLG034_KAP 
ECOR25 transmembrane 

pLG034 1 KAP ATPase 

Two RTs acting in concert ; 
UG3 / UG8 in Zimmerly & 
Wang ( 2015 ) 
ATPase + highly divergent 
adenosine deaminase 
Large transmembrane 
ATPase ; described 
computationally in Aravind et 
al . Genome Biol ( 2004 ) 
Described computationally in 
Aravind et al . Genome Biol 
( 2004 ) 
Proteasome - like ATPase + 
serine protease 

PLG037 4 . KAP_TatD pLG037_KAP Escherichia coli 
NCTC9009 

pLG039 2 S8 peptidase PLG039_Protease 

PLG041 1 DUF4011 

Escherichia coli 
ECOR52 
Escherichia coli 
ATCC43886 
Vibrio harveyi 
ATCC43516 

pLG041_DUF4011 

pLG044 2 DUF3684 Hsp90 - like 
ATPase + helicase 

PLG044_Hsp90 Large gene ( ~ 2500aa ) with 
large stretches of unknown 
regions ; associated with a 
helicase 
STAND ATPase ( these are 
not typically thought to be 
defensive ) 
STAND ATPase 

PLG046 3 

PLG049 2 

PLG050 1 STAND ATPase 

PLG051 1 STAND ATPase 

PLG053 1 STAND ATpase 

pLG056 3 

Trypsin - AAA35 Erwinia pLG046_Protease 
piriflorinigrans STAND 
CFBP5888 

DUF4297 - AAA3 + Salmonella enterica pLG049_DUF4297 
unknown NCTC13175 STAND 
DUF4297 - AAA35 Salmonella enterica PLG050_DUF4297 

NCTC10718 STAND 
AAA35 Escherichia coli PLG051_STAND 

NCTC9087 
RE - AAA35 Escherichia coli PLG053_STAND 

NCTC11132 
VWA + phosphatase + Escherichia coli PLG056_VWA_ 
kinase NCTC9094 phophatase_kinase 
SIR2 - DUF4020 Escherichia coli PLG061_SIR2 

NCTC9112 DUF4020 
SIR2 Cronobacter sakazakii pLG062_SIR2 

NCTC8155 
SIR2 - STAND - TPR Escherichia coli PLG063_SIR2 

NCTC13384 STAND 
PHP - SMC Escherichia coli pLG066_ 

NCTC8620 Phosphoesterase 
( PHP ) -SMC 

SIR2 + HerA Escherichia coli PLG070_HerA 
NCTC11129 

PLG061 1 

PLG062 1 

pLG063 1 STAND ATpase 

PLG066 1 

PLG070 2 

pLG071 2 DUF4297 + HerA Escherichia coli 
NCTC11131 

pLG070_HerA 

pLG080 1 pLG080_DUF1887 

Modular system ( HerA pump 
can be paired with SIR2 , 
DUF4297 , etc. ) 
Modular system ( HerA pump 
can be paired with SIR2 , 
DUF4297 , etc. ) 
~ 1200aa gene ; first ~ 1000aa 
are unknown 
Described computationally 
in Makarova et al . 2011 
Restriction - modification - like 
system described 
computationally in 
Anantharaman et al . 2013 

PLG157 

Unknown - DUF1887 Salmonella enterica 
NCTC6026 

DUF262 + Escherichia coli 
DUF262 - HNH ATCC43886 
DUF499 + DUF3780 + Escherichia coli 
DUF1156 ECOR58 
methyltransferase + 
helicase 

2 

pLG078 4 
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TABLE 2 

#genes in 
operon 

Donor Diagram 
Short Description Strain File Name Construct Note 

6 CRISPR ATPase Type I - E CRISPR 
associated 

Described computationally in Shmakov 
et al . PNAS 2017 ; predicted to be non 
defense 
Retron ; described computationally in 
Zimmerly & Wang ( 2015 ) 

1 RT - protease RT - protease 

[ 0111 ] FIGS . 1A - 1Y , 2 , and 3 show diagrams of domain 
structures of exemplary defense systems . 
Additional Exemplary Systems 
[ 0112 ] Additional examples of systems are shown in 
Tables 3A - 3B below . 

TABLE 3A 

Row 
No. Vector System System details 

# 
genes Organism Strain bp Note Source 

1 PLG003 Control BREX type I 6 E. coli 

2 PLG004 Control Druantia type I 5 E. coli 

NCTC9078 
( DSM5212 ) 
NCTC9078 
( DSM5212 ) 
NCTC13846 
( DSM105182 ) 

13703 Goldfarb et al . 
2014 

11823 Doron et al . 
Science 2018 

6946 3 PLG005 Control Type I RM 3 E. coli bloodculture , 
human 
bacteraemia , 
UK 
Feces 4 pLG006 Control Zorya type II 3 E. coli ATCC8739 

5 PLG007 Control RT - AbiA 1 E. coli ECOR30 
( ATCC35349 ) 
W - 1 

3917 Doron et al . 
Science 2018 

1921 Odegrip et al . 
2006 

2102 Wang et al . 
NAR 2011 

Bison , Alberta , 
Canada 

6 PLG008 Control RT - AbiK 1 

7 PLG009 RT RT - protease 1 TG_2005 

8 PLG010 RT RT - protease 1 KC2145 

9 PLG011 RT RT - protease 1 2029 ATCC51230 
( DSM7462 ) 
127_PMIR 
PA - W9 

clinical 
specimen 

1 10 
11 

2009 

Lactococcus 
lactis 
Stenotrophomonas 
maltophilia 
Haematobacter 
massiliensis 
Sphingobium 
yanoikuyae 
Proteus mirabilis 
Pseudomonas 
aeruginosa 
Photobacterium 
damselae 
Paraburkholderia 
silvatlantica 
Bacillus subtilis 
E. coli 

PLG012 RT 
PLG013 RT 

RT - protease 
RT - protease 1 

12 PLG014 RT RT - protease 1 NCTC11646 2657 human , leg 
wound 

13 PLG015 RT RT - protease 1 PSCR - 88 

1 14 
15 

PLG016 RT 
PLG017 RT 

ATCC13952 
N1 

2203 
4154 1 

16 PLG018 RT 

RT - protease 
RT - kinase 
nitrilase 
RT - kinase 
nitrilase 
RT - nitrilase 
RT - nitrilase 

1 NCTC9143 Urine 5272 SLATT 
associated 

3679 
3479 

1 17 
18 

PLG019 RT 
PLG020 RT 

NCTC4169 
KPNIH39 1 

Klebsiella 
pneumoniae 
E. coli 
Klebsiella 
pneumoniae 
Pseudomonas 
rhizosphaerae 
Vogesella 
indigofera 

19 PLG021 RT 1 DSM16299 8446 TOPRIM - RT 
nitrilase 
TOPRIM - RT 
nitrilase 

human , excreta 
uterine 
secretion 
rhizosphere 
of grasses 
Garden soil , 
Pacific Grove 
California 

20 PLG108 RT 1 DSM3303 

21 
22 

PLG023 RT 
PLGO24 RT 

RT - TIR 
RT - TIR 

1 
1 

NCTC9024 
NCTC2966 

2393 
2139 

E. coli 
Shigella 
dysenteriae 
E. coli 
E. coli 

monkey with 
enteritis 

1 23 
24 

PLG025 RT 
PLG026 RT 

RT - TOPRIM 
RT - TOPRIM 

NCTC13441 
NCTC8623 

2569 
2405 1 gastro 

enteritis 
25 
26 
27 
28 

PLG027 RT 
PLG028 RT 
pLG029 RT 
PLGO30 RT 

RT - 345 
RT - 345 
RT - x2 
RT - X2 

1 
1 
2 
3 

E. coli 
E. coli 
E. coli 
Acinetobacter 
calcoaceticus 

STEC 66 
21 - C8 - A 
NCTC9091 
NCTC7412 

1951 
2141 
3648 
4236 SLATT 

associated 
human , urine 
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TABLE 3A - continued 

Row 
No. Vector System System details 

# 
genes Organism Strain bp Note Source 

29 PLG031 ADA 2 E. coli NCTC11116 5533 

30 PLG032 ADA 2 ATCC51459 5526 Laboratory 
mouse 

Urine , France 31 PLG033 ADA 

Citrobacter 
rodentium 
Pluralibacter 
gergoviae 
E. coli 

3 ATCC33028 6689 SLATT 
associated 

4415 32 PLGO34 KAP 1 Dog , New York ECOR25 
( ATCC35344 ) 
NCTC8620 33 PLG035 KAP 1 E. coli 4037 human , diarrhoea 

Adenosine 
deaminase 
Adenosine 
deaminase 
Adenosine 
deaminase 
Transmembrane 
KAP ATPase 
Transmembrane 
KAP ATPase 
KAP + 
unknown + 
QueC + TatD 
KAP + 
unknown + 
QueC + TatD 
ATPase + 
serine protease 
ATPase + 
serine protease 

34 PLG036 KAP 4 E. coli 4891 ECOR10 
( ATCC35329 ) 

Adult human , 
New York 

35 PLG037 KAP 4 . E. coli NCTC9009 5408 

36 PLG038 Protease 2 E. coli 3678 

37 PLG039 Protease 

ECOR12 
( ATCC35331 ) 
ECOR52 
( ATCC35371 ) 

2 E. coli 3676 

Adult human , 
Sweden 
Orangutan , 
Seattle Zoo , 
Washington 
pathogenic 
to chicks 
Feces , human 

38 PLG040 Protease 2 E. coli NCTC9008 3917 

39 PLG041 DUF4011 1 E. coli ATCC43886 5958 

40 PLG042 DUF4011 

ATPase + 
serine protease 
DUF4011 
helicase - Vsr 
DUF3320 
DUF4011 
helicase - Vsr 
DUF3320 
Hsp90 - like 
ATPase + 
SNF2 

1 NCTC9067 6502 Citrobacter 
braakii 

41 PLG043 DUF3684 2 10581 Pectobacterium 
wasabiae 

CFBP3304 
( ATCC43316 ) 

Japanese 
horseradish , 
Eutrema wasabi , 
Japan 
Mouth of 
shark , Bahamas 

42 PLG044 DUF3684 2 Vibrio harveyi ATCC43516 10687 

43 PLG045 DUF3684 1 NCTC9528 5918 butter 

Hsp90 - like 
ATPase + 
SNF2 
Hsp90 
DUF3684 
DUF3883 
PDDEXK ( CTD ) 
Protease 
AAA35 

Raoultella 
planticola 

44 PLG046 AAA35 3 7847 Erwinia 
piriftorinigrans 

CFBP 5888 
( DSM26166 ) 

necrotic 
pear blossoms , 
Valencia , Spain 

45 PLG047 AAA35 3 7740 Pectobacterium 
fontis 
E. coli 

M022 
( LMG30744 ) 
NCTC9036 46 PLG048 AAA35 1 6514 

47 PLG049 AAA35 2 NCTC13175 7175 

48 PLG050 AAA35 1 

Salmonella 
enterica 
Salmonella 
enterica 
E. coli 

NCTC10718 

Protease 
AAA35 
DUF4297 
AAA35 - TPR 
DUF4297 
AAA35 
DUF4297 
AAA35 
Unknown 
AAA35 
unknown 
Unknown 
AAA35 
unknown 
RE - AAA35 
DUF2357 

6261 

49 PLG051 AAA35 1 NCTC9087 5109 

50 PLG052 AAA35 1 E. coli NCTC10650 4781 

51 
52 

PLG053 AAA35 
PLG054 Kinase 

1 
7 

NCTC11132 
DSM2777 

4964 
12191 ale yeast 

E. coli 
Obesumbacterium 
proteus 
E. coli 53 PLG055 Kinase 2 NCTC13919 6873 Clinical isolate . 

Human , rectum 
54 PLG056 Kinase 3 E. coli NCTC9094 3605 

Kinase 
helicase_1600aa 
VWA + 
phosphatase + 
kinase 
5 - gene MerBC 
like 

55 PLG057 Kinase 5 DSM25287 11931 Plasticicumulans 
lactativorans 

lactate - fed 
bioreactor 
inoculated with 
activated sludge 
from a sewage 
treatment plant , 
Kralingseveer , 
Rotterdam , 
Netherlands 
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TABLE 3A - continued 

Row 
No. 

# 
genes Organism Vector System System details Strain bp Note Source 

56 PLG058 GTPase GTPase 3 4789 Pantoea 
cypripedii 
Pectobacterium 
wasabiae 

LMG 2657 
( DSM3873 ) 
CFBP3304 
( ATCC43316 ) 

57 PLG059 GTPase GTPase 3 5216 

cypripedium orchid , 
California 
Japanese 
horseradish , 
Eutrema wasabi , 
Japan 
faeces ( arabian 
gulf ) 

58 PLG060 GTPase GTPase 3 E. coli NCTC10962 4577 

59 
60 

PLG061 SIR2 
PLG062 SIR2 

1 
1 

NCTC9112 
NCTC8155 

4212 
4329 

SIR2 - DUF4020 
SIR2 - TPR 
HEAT 
SIR2 - AAA35 

E. coli 
Cronobacter 
sakaz akii 
E. coli 

tin of dried 
milk 

61 PLG063 SIR2 1 3411 NCTC13384 
( ATCC11229 ) 
NCTC10727 62 PLG064 Misc 5 11911 Pseudomonas 

aeruginosa 

63 PLG065 Misc 5 Aquimonas voraii DSM16957 11635 water , 
As India 

Dcm + 
unknown + 
unknown + 
HerA + Vsr 
Dcm + 
unknown + 
unknown + 
HerA + Vsr 
Phosphoesterase 
( PHP ) -SMC 
Helicase 
nuclease_unknown 
DUF3893 
( possible pAgo ) 
RecQ 

64 PLG066 Misc 1 E. coli NCTC8620 3066 human , diarrhoea 

65 PLG067 Misc 2 E. coli NCTC9033 7356 

66 PLG068 Misc 3 DSM10604 6714 common lilac 

67 PLG069 Misc 1 NCTC11696 5424 

Pseudomonas 
syringae 
Klebsiella 
oxytoca 
E. coli 
E. coli 

68 
69 

PLG070 Misc 
PLG071 Misc 

2 
2 

NCTC11129 
NCTC11131 

3308 
3419 

70 PLG072 Misc 4 E. coli 7655 NCTC86 
( DSM301 ) 

71 PLG073 Misc 4 E. coli NCTC11560 6042 

72 PLG074 Misc 4 Klebsiella NCTC9735 4755 
aerogenes 

SIR2 + HerA 
DUF4297 + 
HerA 
Dem + Hsp90 
sensor histidine 
kinase + 
response regulator 
Dcm + Hsp90 
sensor histidine 
kinase + 
response regulator 
Palatin + 
nucleotidyltrans 
ferase + 
UBCc / ThiF + 
ubiquitin - like 
Sensor histidine 
kinase + 
phosphoribosyltrans 
ferase 
PH - TerB 
DUF726 

( transmembrane ) + 
Nup ( transmembrane ) 
TerB 
DUF2791 - Lhr 

73 PLG075 Misc 2 NCTC13717 4088 Pseudomonas 
aeruginosa 

74 PLG076 Misc 2 NCTC11357 3637 Klebsiella 
pneumoniae 

75 PLG077 Misc 3 E. coli NCTC9024 

76 PLG078 Misc 3 E. coli DUF499 + 
DUF1156 

ECOR58 

( ATCC35377 ) 

6037 Identified in 
Doron et al . 
Science 2018 

9809 Identified in 
Anantharaman 
et al . Biology 
Direct 2013 , 
8 : 15 

11425 

Lion , 
Seattle Zoo , 
Washington 

77 PLG079 Kinase 5 DSM29955 5 - gene MerBC 
like 

Yoonia 
sediminilitoris 

tidal flat 
sediment , 
South Korea 

78 PLG080 Misc 1 NCTC6026 4100 DUF1887 
CTD ; no other 
domains 

Salmonella 
enterica 
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TABLE 3B 

Sequences of loci of row numbers 1-78 of Table 3A . 

Row 

No. Vector Locus 

1 PLG003 acagcaccacgttcatcttccttttttaactgattttacagagactttaatacagttaaaattttatttcctgagctgtaatcgat 
taagttgatgcatttaatgggaatgatatagggtcatttccagtctcacttatagaaatggctaaagcatgactctcgccaaaacc 
gtttatgtgttgtacataacgcgatcatccctctcacaaattgccttttctcatggcatctcgcccggtcccccattacaatcact 
ttttgttttttgcgagctgcattccagtcttcagagggtttttcgatgattaaaaatgacaaggcatggataggagacttgctggg 
cggaccgctcatgagcagggaaagccgcgtcattgccgaactgttgctaaccgatcccgatgaacagacatggcaagagcaaattg 
ttggccacaacattttacaagcctcttctcctaacaccgcaaaacgttacgcggcaacaatcaggcttcgcctgaacacgctggat 
aaaagcgcgtggacattgattgccgaaggtagtgaacgggaacgccaacaacttctgtttgtggctctgatgctacattcgccggt 
agttaaggattttctggctgaagtggtgaacgatctgcgcaggcagttcaaggaaaagttgcctggcaatagctggaacgaatttg 
tgaatagccaggttcgcctacatccggtactcgccagctactcagattcatctattgcaaaaatgggaaacaatctggtgaaggcg 
cttgctgaagcgggttatgtggatacgccccgcagacgtaacctgcaggcagtttaccttttaccggaaactcaggcagtgttaca 
gcgcctgggacaacaggacttgatatctattctggagggaaaacggtgatagatcccgttcttgaatatcgcctgtctcaaatcca 
gagtcgcattaacgaagatcgcttcctcaaaaataacggctccggaaatgaaattggtttttggatctttgattatcccgcgcagt 
gcgaactgcaggtacgggagcatttgaaatatctgctccggcatctggaaaaggaccataaatttgcctgtctgaatgtcttccaa 
atcatcatcgatatgctcaatgaacgcggccttttcgagcgcgtctgccagcaggaagtcaaagtgggtactgagacgctgaaaaa 
gcagcttgctggtccgttaaatcagaaaaagatcgctgattttatagcgaaaaaagtcgatctggctgcccaggattttgtcatto 
ttaccggcatgggcaacgcctggccattagtacgcggt catgaactgatgagtgccttgcaggatgtcatggggttcaccccactg 
ctgatgttttatcctggcacctacagcgggtacaacctttccccgctcacagacaccggttcacaaaattattatcgcgctttcag 
actggtaccagatacgggacccgcagcaacattgaatcctcaatgaagagcataacaatgaatattgaacagatttttgaaaaacc 
totaaaacgaaatataaacggggtagtcaaagcagagcaaaccgatgatgccagcgcgtacatcgagttagatgaatatgtcatca 
cccgcgaactggaaaaccatcttcgccatttcttcgaatcctatgttcctgccactggcccggaacggatccgtatggaaaacaag 
atcggcgtatgggtttcaggcttcttcggttcaggtaaatcgcactttattaagattctttcttatcttttatctaaccgcaaagt 
tacacataacggtacggaacgtaatgcttactccttctttgaagataaaatcaaagatgcattattccttgccgatattaacaaag 
cggtgcattacccgactgaagtcattctgttcaatattgattcgcgtgccaacgtagatgacaaagaagatgccattcttaaagtc 
ttcctgaaagttttcaacgaacgcattggatactgcgctgattttccgcatattgcccatcttgagcgcgagctggataaacgcgg 
tcagtatgaaacctttaaagccgcgtttgccgatatcaatggctcgcgctgggaagacgagcgcgacgcttactacttcatcagcg 
atgacatggcacaagcattaagccaggccacgcagcagagtcttgaatcctcccgccaatgggtggaacaactcgacaaaaacttc 
ccgctggatatcaataatttttgccagtgggtaaaagagtggctggatgacaatggtaagaacatcctctttatggtggatgaagt 
cggtcagttcattggcaaaaatacgcaaatgatgctga agctgcagactattactgaaaaccttggggtaatttgcggtggccgcg 
catgggttatcgtgacttcgcaggccgatatcaacgcggcaatcggtggtatgagcagtcgcgacggacaggacttctccaagato 
caggggcgcttctctacacgcctgcaactttccagctctaacacatcagaagttatccagaaacgtttgttggtaaagactgacga 
agcaaaagcggcactggcaaaagtgtggcaagagaaagccgatatcctgcgtaaccagctggcttttgacactacaacaactactg 
cactacgtccttttaccagcgaagaagagttogttgacaactacccgtttgtcccgtggcactatcagattctgcaaaaagtgttt 
gaatctattcggacgaaaggtgcagcgggtaaacaattggccatgggtgagcgttctcagctggaggcattccagacggcggcgca 
gcaaatctcagcgcaagggctggattctctggtgcctttctggcgcttctatgccgccattgagagcttcctggaacctgccgtta 
gccgcaccatcactcaggcttgccagaatggcattcttgatgagttegatggcaacctgcttaaaacgctgttcctgatccgctat 
gtggaaacgctgaaaagcaccctggataacctggtcacattgtctatcgataggatcgatgccgataaagttgagttgcgccgccg 
ggtcgaaaaaagtctcaacacgcttgaacgcctgatgctcattgcgcgcgttgaagataaatatgtgttcctgaccaacgaagaga 
aagagatcgaaaacgagatccgtaacgttgatgtcgatttctctgcgatcaacaaaaaactggcatcgatcatctttgatgacatt 
ctgaaaagccgtaaatatcgttatccggctaacaagcaagactttgatatcagccgcttcctgaacgggcatccattagacggcgc 
agtgcttaacgatctggtggtgaagatcctgacccctaaagatccgacttattcgttctataacagcgatgcgacctgtcgccctt 
atacgtcagaaggcgacggctgtattttgattcgtctgcccgaagagggccgtacctggagcgatattgatttagtcgtccagact 
gaaaagttcctcaaagataacgccgggcaacgtccgga acaggcaaccctgctctcagaaaaagcgcgtgaaaacagcaaccggga 
aaaattactccgtgttcagttggaatcactacttgcagaagcagacgtctgggcgattggcgaacgcttaccgaaaaaatcctcca 
cgccatcgaacattgtcgatgaagcctgccgttacgtgattgaaaacaccttcggcaagctgaagatgctgcggccttttaacggt 
gacatctcccgtgaaattcatgcattactgacggttgagaacgacaccgaactggatctcggtaacctcgaagagtccaaccccga 
cgccatgcgcgaggtagaaacctggatcagcatgaatatcgaatacaataaacctgtgtatttacgcgatattctgaaccattttg 
cgcgtcgcccttatggctggcccgaagacgaagtgaaactgctagtagcccgtctggcctgcaaaggtaaattcagcttcagccag 
caaaacaacaacgtcgagcgaaaacaggcgtgggagttatttaataacagccgccgccatagcgaattgcgtctgcataaagttcg 
ccgtcatgatgaagcgcaggtgcgtaaagccgcgcaaaccatggctgacatcgctcagcagccgtttaacgaacgggaagagccgg 
cgctggttgaacatattcgtcaggtatttgaagagtggaagcaagagctgaacgtattccgcgccaaggcagagggcggaaacaat 
ccggggaaaaacgagattgaatccggtctgcgcctgcttaatgccattcttaatgagaaagaagattttgccctgatcgaaaaagt 
ctcatcgctgaaagatgaacttctggatttcagcgaagaccgtgaagatttggtcgacttctaccgtaagcaattcgccacctggc 
aaaaactgggtgctgcgctgaatggcagctttaaatctaaccgcagcgcgctggaaaaagacgccgcagcggttaaagcgctgggc 
gagctggaaagcatctggcaaatgccggaaccttataagcatctcaatcgcatcacgccgttgattgaacaggtccagaacgtcaa 
ccatcagttagtcgaacagcatcgccagcacgccctcgaacgcattgacgcccgcattgaggaaagccgtcaacgcttgctggaag 
cgcacgccacgtcggagctgcaaaacagcgttctgctgccgatgcaaaaagccagaaaacgcgctgaagtcagccagtcgattccg 
gaaattttggcggaacagcaagagacaaaagcgctgcaaatggatgcagataaaaagattaacctgtggatcgacgagctgcgtaa 
aaagcaagaagcacaactccgggcagcaaatgaagctaaacgcgctgccgactcagaacagacttatgttgtggtggaaaaaaccg 
ttatccaaccggtaccgaaaaaaacgcatctggtgaatgtcgccagtgagatgcgtaatgccaccggtggtgaagttctggaaacg 
accgaacaggtggaaaaggcgctcgacacgttacgcacaacgctgctggccgtcattaaagcaggcgatcgcattcgccttcagta 
actcccatttcagggcagcactctgctgccctttgcaggattttctatgaataccaataacattaaaaaatatgccccacaggccc 
gtaacgacttccgcgatgcggtgatccagaagctaacgacgcttgggatcgctgcagataaaaaaggcaatttgcagattgccgag 
gccgaaaccattggcgagaccgtgcgttacggtcagtttgattacccgttatcgacccttccccgccgcgaacggctggtaaaacg 
cgcccgtgagcagggttttgaggtgctggttgagcactgcgcctacacctggtttaaccgottatgtgcaattcgctatatggage 
tacacggttatcttgagcacggcttccgtatgttgtcccacccggagacgccgaccgcgtttgaggtgctggatcatgtgccggaa 
gtggcagaagccctgctgccggaaaataaggcgcagctggttgaaatgaagctttccggtaatcaggacgaagccctgtaccgcga 
actgctgctggggcagtgccacgccctgcaccacgcgatgccgttcctgtttgaagcggtagatgacgaagcggaactgctgttgc 
cggataacctgacccgtaccgactctattctgcgtgggctggttgatgatattccggaagaagactgggagcaggtagaggttato 
ggctggctgtatcagttctatatttcggaaaagaaagatgccgtgattggcaaagtggtgaagagcgaagatattcctgccgccac 
ccagctgtttacgccaaactggattgtgcagtatctggtacaaaactccgttggccgccagtggttgcagacctacccggactcgc 
cgctgaaagacaaaatggagtactacatcgagcctgcggaacaaacgccggaagtgcaggcgcagctggcggcgattaccccagcc 
agcattgaacccgaaagtattaaagtgctcgacccagcctgcggctccggtcatattttgattgaagcctataatgtgctgaaaaa 



US 2021/0130833 A1 May 6 , 2021 
15 

TABLE 3B -continued 

Sequences of loci of row numbers 1-78 of Table 3A . 

Row 
No. Vector Locus 

tatctacgaagagcgtggttatcgcgggcgtgatattccacaactgattctggaaaataatatttttggtcttgatatcgacgacc 
gcgcggcacagctttccggctttgcattattaatgatggcgcgtcaggatgaccgcagaatatttacccgcgatgtacgtctgaat 
attgtctctttgcaggaaagcctgcatctggatatcgccaaactctggcagcaactgaatttccaccagcaggtacaaaccggcag 
tatgggggatatgtttgctgaaaataacgcgttaacccaaactgacagcgcagaatatcagctgctgatgcgcacgctgaaacgct 
ttgtgaatgcaaaaacgctgggctcactgattcaggtgccgcaggaagaagaagcggaactgaaggtattcctggacgcgttgtat 
cgcctggaacaggaaggcgatttccagcagaagacggcggcaaaagcgtttattccgtttattcagcaggcgtggattttagcgca 
gcgatatgatgcggtagtggcgaatccgccgtatatggggggtaattatatggagacagaacttaagaatttcgtctcttcttact 
accctcaaggaaaggcggatctttattcttcatttatggtcagattacttttacaattaaaagataatcgcactttaagcctaatg 
accccctttacttggatgaatttatcatcatttgaagagctccgaaaaattatacttacaaatttcagcattcagtcattagtaca 
gcctgaatatcattcattttttgagtcagettatgtcccaatttgtgcttttagcatttcaaataccccattaagctggaatgcaa 
aattttttgatttatcagatttttatggagaaaaaaatcaagctccaaattttcagtatgcaattaaaaatgacaataaatgtcat 
tggaaatataacagaatcaccacggactttctatgtactcccggatatatcattgcttactctctgcctgattctgcgttatcttg 
cttcaaaacatccaaaaaacttcatgatgtttgcaatctaaaacaaggattaattactggtgataatgaaagatacctaagattct 
ggcatgaaatcagctataactctttcagtctcaatgaaaaaagaaaaaaaacaaaatggttcccatatcaaaaaggtggtgcatac 
cgtaaatggtatggtaataatgattatgttgttgactgggagaatgatggttattccattaaaaacttttataatgacaaaggtaa 
attacgctcacgccctcaaaacatacaattttattgtaaagagggtttaacatggacaagtttaactatttcgtcactatcgatga 
gatatgtaccaaatggatatatttttgatgcaaaaggacctatgtgttttccgaaatcctctttggatatctggaatattcttggc 
tatgcgaatagcaaagtaatagatatatttctcaaacaattagcgcccaccatggattattctcaagggcctgttggaaatgtccc 
attcaaatttaacgatggtgatttgaacgagataataaaagaactcgtaaacattcacaaacgtgactgggatgaaaatgaaacat 
cttttgagtttaagagagatatgttggttcatttttcaagagatattaacactattaagggtagttttacactaaggcaaggggaa 
aataaaaaagcgattaacagaacaaaatttttagaagaaatgaataactctttctttataaattgctttaatctaactgatatttt 
atctccagaaattgaactaaacaaaatcacgttaacgcatgcaactattgaaattgatattcaaaaaataatttcatatgcaatag 
gctgccaaatgggacgttactcccttgatcgcgaaggtctggtatacgctcatgaaggcaataatggcttcgccgatcttgtcgcc 
gaaggtgcttataaaagcttcccggctgatagtgacggcattctgccgctaatggatgaagagtggtttgacgatgacgtcacctc 
tcgcgtcaaggagtttatccgcaccgtttggggcgaagaatatttgcgcgaaaacctcgattttatagccgaagttctcaagccca 
aaaaaggcgaatctgcgctggagaccattcgtcgctatctttccacccagttctggaaagatcatctgaaaatgtataaaaagcgt 
ccaatctactggctattcagctccggtaaagagaaagcgtttgagtgcttggtgtatctgcatcgctataacgatgccacgctgtc 
gagaatgcgtaccgaatatgtggtgccgctgctggcgcgttatcaggccaatattgatcgcctgaacgatcaacttgatgaggott 
ctggcggtgaatccacacgtctgaaacgcgaacgcgacagcctgatcaaaaaattcagcgaactgcgcagctatgacgatcgcctg 
cgtcactatgctgatatgagaatcagtattgatctcgacgatggcgttaaggttaactacggcaagtttggcgatctgctggcaga 
tgtcaaagccatcaccggcaatgccccagaggtgatctaaaccagacggcacgttctcctgttgccgggttctgcccggtggcaaa 
taccaccgggaaacgcgccgctgctgacatttctccacctcacttcatgataaaatgcgccaccgtgtcaaaatctccttttcgcg 
ttttggcgctttcttattcatcgtaacaacatgggattgtgaacttgcaaaatcaggactttattgctggccttaaagctaaattt 
gccgaacatcgcatcgttttctggcacgatcccgataa acgttttattgaggaactggaacagctcaagcttgaaagcgtcacgct 
aatcaacatgacccacgagtcacagctggcggtaaaaaaacgcatcgagattgatgagccagaacagcagttcctgctgtggttcc 
cccatgatgcgccgcctcatgaacaagactggctgctggatatccgcctttacagcagcgaattccatgccgattttgccgccato 
accctgaacacgctgggcattccccagcttggcctgcgcgagcatattcagcgacgcaaggccttcttcagcactaaacgcacgca 
ggcgctgaaaaatctggcgacagaacaggaagatgaagcctcgctggataagaaaatgattgcggtgatcgctggcgcaaagaccg 
cgaaaaccgaagacattttgttcaacctgattacccagtacgttaaccaacaaatagaagacgacagcgaactggaaaacacgcag 
gcgatgctgaaacgccacggtctggactcggtattgtgggaaatgctcaaccacgaaatgggctaccaggcagaggagccatcgct 
ggaaaacctgctcctgaaactgwtgtaccgatctctctgcccaggccgacccacagcagcgcgcctggctggaaaaaaatgtcctg 
ctgacgccatccggcagagcatctgccctggcatttatggtgacctggcgtgccgatcgtcgctataaagaggettatgactactg 
cgctcagcaaatgcaggccgccctgcacccggaagatcattaccgactcagctcgccgtatgatttgcacgaatgcgaaaccaccc 
tcagcatcgaacaaaccattattcatgcgctggtaacacagctgctggaagagagcaccacgctcgatcgggaagcctttaaaaaa 
ctgctctctgagcgccagagcaaatactggtgtcagacacaaccagagtattacgccatctatgacgcattgcgccaggctgagcg 
gttgctgaacctgcgcaatcgccacatcgatggtttccactaccaggacagcgccaccttctggaaagcctactgcgaagaactgt 
tccgcttcgaccaggettatcgcctgtttaatgaatatgccttgctggttcacagcaaaggagcgatgatcctcaagagcctggat 
gattatatcgaggcgctctacagcaactggtatctggcagagttaagccgtaactggaacgaagtgctggaagcggaaaatcgtat 
gcaggcgtggcaaatccctggcgtgccgcgtcagcaga acttcttcaatgaggtggtgaagccacagttccaaaatccgcaaatca 
aacgcgtgttcgtgataatttccgatgccctgcgttatgaagtggcggaggagctggggaatcaaatcaataccgagaaacgcttt 
accgcagaactgcgctcgcagctcggcgtgctccccagctacacccaactgggaatggcggcattgctgccccatgaacaactttg 
ctatcaacccggtaacggcgacatcgtttatgctgatgggctgtcgacctcgggtattcctaaccgcgataccattctgaagaact 
ataagggaatggcgataaaatcgaaggaccttctggagttaaaaaatcaggaagggcgagaccttattcgcgattacgaagtggtg 
tatatctggcataacacgattgatgccactggcgacacggcatccacggaagataaaaccttcgaagcgtgccgcacggcggtggc 
tgaactgaaagatttagtcaccaaggtgatcaaccgcctccacggcacacgcatttttgttacggcggatcacggtttcctgttcc 
agcaacaggcgctttcggttcaggataaaaccactctgcaaattaagccggaaaacaccatcaagaaccacaaacgctttattato 
ggccatcagcttcccgccgatgatttttgctggaaagggaaagtggcggataccgcaggcgtgagcgacaacagcgagttcctgat 
tccgaaagggatccagcgcttccatttctctggcggcgcgcgcttcgttcatggcggcaccatgttgcaggaggtttgcgttccgg 
tattgcagataaaagccctgcaaaaaaccgccgcagaaaaacagccacagcgccgcccggtggatattgtcgcttaccatccgatg 
attaagctagtgaacaatatcgataaagtgagcctgttgcagacgcatccggtgggcgaactttatgaaccgcgtatcctgaacat 
ttacattgtcgacaacgccaacaatgtggtctcgggcaaagagcgcatcagctttgacagtgataacaacaccatggaaaaacgcg 
tacgcgaagttacgctgaagctgattggcgctaacttcaaccgtcgcaatgagtactggttgatactggaagacgcacaaacggaa 
acggggtatcagaagtacccggtcattatcgatctggcgttccaggatgatttcttctaagtgaggcgatatgcaaacccatcatg 
atttacctgtttcaggcgtatccgcaggggaaattgcctccgagggttacgatctggacgccctgctgaaccagcattttgctggt 
cgcgtggtgcgtaaagatctcaccaagcaactcaagga aggggcaaacgtcccggtgtatgtgcttgagtatctgctcggcatgta 
ctgcgcctctgacgatgacgatgtggtcgagcaagggttgcaaaacgttaagcgtattctggctgataactatgtgcgcccggatg 
aagcggagaaagtgaagtcgctgatccgcgagcgtggttogtacaaaatcatcgataaagtgtcggtgaaactgaaccagaaaaaa 
gacgtttacgaagcccagctttctaacctcggcatcaaagacgcgctggtgccctcgcagatggttaaagacaacgagaagctact 
gacgggcggtatctggtgcatgattaccgtcaactatttctttgaagaagggcagaagacctcacccttctcattgatgacgctca 
agcctatccagatgccgaatatggatatggaagaggtgttcgatgcgcgtaaacactttaaccgtgaccagtggatcgatgtgctg 
ctgcgctcggtgggtatggagcccgccaatattgagcaacgcaccaaatggcaccttatcacccgtatgatcccgttcgtggagaa 
caactataacgtttgcgagctggggccgcgtggcaccggtaaaagccatgtgtataaagagtgttctcctaactccctgttagttt 
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Sequences of loci of row numbers 1-78 of Table 3A . 

Row 
No. Vector Locus 

ccggcgggcaaacgaccgttgccaacttgttctacaacatggccagtcgccagatcggcctggttggcatgtgggatgtggtagcg 
ttcgacgaagtcgcggggatcactttcaaagataaagacggcgtgcaaatcatgaaagattacatggcgtcaggatctttctctcg 
cggcagagattcgattgaaggtaaagcgtcgatggttttcgtcggcaacatcaatcaaagcgtagagactctcgttaaaaccagcc 
atttgctggcaccatttccgactgcgatgattgatacagcatttttcgaccgctttcatgcctatattcccggttgggaaatcccc 
aaaatgcgcccggaattctttaccaaccgttacgggctgattacggattatctcgctgaatatatgcgcgaaatgcgcaaacgcag 
tttctctgatgcgattgataaattctttaagctgggtaacaacctcaaccagcgtgacgttattgccgttcgacgtaccgtgtcgg 
ggttgttaaaactcatgcatcccgatggcgcgtacagcaaagaagatgtgcgagtctgcctgacctatgcgatggaagttcgccgc 
cgcgtgaaagagcaacttaaaaaactgggcggtctggagttcttcgatgtgaactttagctacatcgacaacgaaacgctggaaga 
gttttttgtgagcgtaccggaacagggcggcagcgaacttattcctgccggaatgccaaagccgggtgttgtgcatctggtcacto 
aggcagaaagcggcatgaccgggctgtatcgttttgaaacacagatgactgccggtaatggtaagcatagtgtatcgggtctgggt 
tcaaatacctccgcgaaagaagctatccgcgtcggtttcgattacttcaaaggcaatttgaatcgggtaagcgcggccgcgaaatt 
ctccgatcatgaatatcaccttcatgtcgttgaactgcataatactggcccaagcaccgcaaccagtcttgctgcgcttatcgctt 
tatgttcgatattgctggcaaaaccggtgcaggaacagatggtggtgttgggcagtatgacgcttggtggggtaattaacccggtg 
caggatcttgccgccagtttgcagctcgccttcgacagcggtgcaaaacgggttctgttgccgatgtcctcggctatggatattoo 
aacggttccggcagagttatttaccaagtttcaggtgagtttttactcagacccggttgatgctgtttataaggcgctgggtgtga 
attaacgtagtaactattttaatgaac ( SEQ ID NO : 3 ) 

2 PLG004 ggtgaacgtttggttgatagggtagtaaaactagtaatcatcctataattagctatattcgtggttattagattgaaaacagataa 
cattaacaaaatctataaatcgatttgaatgatttttttcatcaatactgttgtaagctcctgctatcaaaagttttgcacacaat 
ctataagctcccagaattgcttgtataaatgctatcattggcgctgtcccgatcgagggagcaaggaggggactctcttgtgccat 
gcgattaatcactggggctctaagtgaaatttagtgggactaaatactaattggaacgtgagataaaaatgcacaaatatccctct 
ataatagttaatatcaaccttcgagaagccaaactgaaaaagaaggtacgtgagcatttacaatccttgggttttacaagatctga 
ttctggagcgctccaggccccgggaaataccaaagatgtaatacgggctcttcatagttctcaacgagctgagcggatatttgcaa 
accaaaagttcataacgctaagagcggcaaagcttattaaatttttcgcatccggcaatgaggtcattccggataagatttcaccg 
gtacttgaacgtgtaaagtcaggaacctggcaaggagatctctttaggttagcagcattaacttggtccgtacctgtttcaagcgg 
atttggaaggcgtctccggtatcttgtatgggatgaaagcaacggaaaattgatagggctgatcgcaattggtgaccctgtgttca 
accttgcagtccgagataatttgattgggtgggatactcatgccagaagttcccggettgttaatttgatggatgcatacgtcctc 
ggtgctcttcccccttataatgccctgctgggaggaaaattaattgcatgtctgcttcgtagccgcgatctttatgatgactttgc 
aaaggtctatggtgataccgttggagtaatatctcaaaaaaagaaacaagcacgtcttttggctattacaacaacatcgtctatgg 
ggcgctcatcggtatataaccgtttaaagctggatggaattcaatatttaaaatcgattggatatacaggcggttgggggcatttt 
catatacctgatagcttgttcattgaattacgtgattacttacgtgatatggatcacgcttatgcagatcattatatgtttggtaa 
tgggcctaactggcgtttacgtacaactaaggcagctttaaatgcactaggatttagagataatttgatgaagcatggaattcaac 
gtgaagtgtttatcagtcagctagcagaaaatgcaactagtattctgcaaacaggcaaaggtgaaccagatctaacctctttgott 
tctgctaaagagatagctgagtgtgcgatggcacgatggatggttccacgatcaattcgcaatccagaatatcggctttggaaagc 
aagagatctatttgattttattagtaatgactcgctaaactttcccccgtttgacgagatagcgaaaacagttgtctaatcttaac 
tgaagggggagtaagtgaattacgctattgataagttcaccgggacactgatattagcagctcgagcaacgaaatatgctcaatat 
gtttgcccagtttgtaaaaaaggtgttaacctccgtaaagggaaggttatacccccatattttgctcatttgcccggacatggtac 
gtcagactgtgaaaattttgttcccggaaattctatcattgtcgaaactattaaaactatttcaaagcgatatatggatttgcgct 
tattgattcctgtcggaagtaatagtcgagagtggtcattagaattagtgttgccaacctgtaatttatgtagagcaaagataacg 
ttagatgtaggaggcagaagccaaacgcttgatatgaggagtatggtaaagagtcgccagattggtgctgaattatcagtaaaatc 
ttaccgtattgtttcatatagtggtgaaccagatccaaaatttgtaacagaagttgaaagagaatgcccaggtttaccttctgagg 
gagcagcagttttcactgctttagggcgtggggcatcgaagggatttccacgagcacaagagttaagatgtactgaaacatttgcc 
tttctttggcgacaccctgttgctccagattttcctgatgaattagaaataaaaagtttagctagtaaacagggatggaatttago 
tcttgttacaattcctgaagtcccttctgtggagagtatttcatggctaaaatctttacataccttcctgttgttcctgccagaac 
atctattacagcaatttggccgttcctaaatcaaaaaacaagtattaatcatgtcgaatgtgtttattctgacacaatattgttgt 
caacaaatatggcaccaacatcatcagaaaatgttggaccaactatgtacgcacaaggttcctctttattactttcagcggttggt 
gttgaaacatcacctgctttcttcattctaaatcctggagaaaatgactttgtgggcgtttctggctcaattgagcaggacgtaaa 
cttatttttttctttctataaaaaaaacgtttctgtacccagaaaatatccctcaatagatttggtttttactaagaggaataaag 
aaaagaccatcgtttccttacatcaaagaagatgcattgaagttatgatggaagcacgaatgtttggccataaattagaatacatg 
tctatgccttctggtgttgaaggagtggcaagaattcaaagacaaactgaaagtaatgttattaagttagtttctaatgatgacat 
tgcagctcatgataagagcatgcggttactatctcctgttgcgttatctcaattatctgattgcttagcaaacttaacatgtcatg 
tagaaatagattttttaggtcttggtaaaatatttttacctggttcttctatgctatcattagatgacgggaaatttattgaatta 
tctcctaatcttcgctcacggatattaagttttatacttcaaatggggcacaccctccatggttttagtttaaataatgatttttt 
attagttgagaaattagtggatttgcagccggaaccacacttattaccgcattatagagcattggtaaaagaagttaagaccaatg 
gatttgaatgtaaccgctttagataaggtgccttcgaatgagttaccaatatagccaagaggcaaaggaacggatctctaagttgg 
gacaatccgaaattgttaactttatcaatgagatttctccaactttacgacgtaaagcttttggttgtttaccaaaagtaccggga 
ttcagggcaggacatcccactgaaattaaagaaaaacagaaaagattgattgggtatatgttccagtcacatccttcctctgagga 
gagaaaagcatggaaaagtttttctcttttttggcagttttgggctgaagagaaaattgacaaatcatttagtatgattgataatt 
taggattaaaagaaaactctggctctatttttattagagagcttgctaaaaactttcctaaagttgctagagagaatatcgagcgc 
ctgtttatctttagtgggtttgctgatgatccagacgttataaatgcatttaacctttttcctcctgcagttgttcttgcccgcga 
tatcgtgattgatactcttccaattcgtttagatgagcttgaagcacgtattagtttaattgccgataatgttgagaaaaaaaata 
atcatattaaagaacttgagttaaaaatagatgctttttccgaacagtttgataattactttaataatgaaaagagcagtttaaaa 
ataattaatgaactacaatctttgataaactcagagactaaacaatctgatattgctaataaagctattgacgagctttatcattt 
taatgaaaaaaacaaacagctaatattatctcttcaagaaaaattagattttaatgctctggctatgaatgatatttctgagcatg 
aaaaattgataaaaagtatggctaatgacatttcagaatttaaaaatgcattaacgatcttgtgtgataataaaataaagaataac 
gagttagattatgtcaatgaattaaaaaaactcactgaacgaatagatacacttgaaataaacacatctcaagctagcgaagtgag 
tgtcaccaatagatttacaaaattccatgaaatagcgcactatgaaaattatgagtatctttcatcctccgaagacatatctaata 
gaatttctttaaatttacaggctgttggattgacaaaaaattcagcagaaaaattggctagattgacattagctaccttcgtttct 
ggacaaatcattcaattcagtggctctttggcagatattatcgcggatgcaattgccattgctattggtgcaccacgttatcacat 
atggagagttccagttggtattatttctgacatggatgcttttgattttatagagactatagctgaatcatctcgctgtctccttt 
tgaaaggggccaatctttcagcatttgagatttatggagoggcaattagagatatagttgttcaacggcaaatacatccaacaaat 
tatgaccatctggcattgatagctacctggaaacaaggcccagctacattccctgatggaggaatgttggccgagttgggacctgt 
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Sequences of loci of row numbers 1-78 of Table 3A . 

Row 
No. Vector Locus 

tattgatactgatacattaaaaatgcgtggtttatcagctactttaccccaattgaaaccaggttgtcttgccaaggataaatgga 
caaatattgatggactacatcttgatagtgttgatgattatgtagatgaattaagagcattactggacgaagctggatttgatggg 
ggaactttgtggaagagaatgattcatattttctatacttcactcataaggatccctaatggaaattatatttatgatctttattc 
tgtcttgtctttttatactcttacatgggcaaaaattaaaggtggccccgtccaaaagatagaagatattgccaatcgtgaattaa 
aaaattatagtgcaaaaatatcttcttgaggaggtggttaatggagtggagagcagtatcacgagacaaagcactggatatgttat 
caactgcattaaattgtcgatttgatgatgaagggttgagaatttcagcagtttcagaatgcttaaggagcgtattatatcaatat 
tctatatctgaaacagaagaagctaggcaaactgtaacctcgcttcgactcactagtgcagtaaggcgaaaattggtacctttatg 
gccagacattgctgatattgataatgctatacatccgggcattatgtctatattgaacagcttggctgaattgggtgacatgatta 
agttagaaggtggtaattggctaacagctcccccacatgcagtacgaattgacaataagatggctgttttttttggtggagagcct 
tcctgtacattttcaacgggcgtggtagctaaatctgctggaagagttcgcttggttgaagaaaaagtgtgtactggaagtgttga 
aatctgggatgcaaatgagtggattggtgccccagcagaaggcaatgaagaatggtcatccagactactatctggaactatttccg 
gctttatcgatgcacctggcaatatgagtgaaacgactgcatatgtgcggggaaaatggctccatttgtcagaactttcttttaat 
aaaaagcaaatctacttatgcagaatgtccgttgataatcacttttcctattatttaggagaaattgaagctggacgcttatgtag 
aatgaattcgttagaatcgtctgatgatgtcagaagattacgtttttttctcgatacaaaagataattgtccgctaaaggtccgta 
tcaaaatatctaatgggctagcaagattaagattaaccagaagattaccaagacgagaaacgaaggtactcctgctaggctggaga 
gaatcaggttttgaaaatgaacattcaggaataacacaccatgtattccccgaggaaatattacccatagtgcgtagcgcttttga 
agggcttggtattatttggattaacgaattcacgcgacggaatgaaatatgattaataaaaataaagtaactgaacgttcaggtat 
acatgataccgtgaaaagccttagtgaaaatctgagaaaatacattgaggcacaatatcatatccgggatgaagggttaattgctg 
agcgacgagcgcttttacagcaaaatgaaactattgctcaagctccttatatagaagcaaccccaatttatgaacctggtgcgcca 
tacagtgaattgcctattcccgaagcagcaagtaatgtgctaactcaactatcagaacttggaattggcctctatcaacgccccta 
taaacaccaatcacaggcacttgagtcatttcttggcgaaaacgcttctgatctggtcattgcaacaggtacaggctccggtaaga 
ctgaaagctttctaatgccaattattggaaaattggcgattgaatcttccgagagacctaaatctgcatcccttccaggttgtaga 
gcaattttattatatccaatgaatgcattagttaacgatcaacttgctcgtatcagacgtctttttggtgattctgaagcctctaa 
aatactgagatctggaagatgtgcccctgtacgctttggcgcttatacgggaagaacgccttaccctggtcgtcgtagctctagac 
gagacgagctttttatcaaaccccttttcgatgagttttacaataaactcgcaaataacgcccccgtacgtgcggaactgaaccgc 
attggtcgctggccaagtaaagatcttgatgctttttatgggcaaagcgcatctcaggctaaaacctacgtctcaggcaaaaaaac 
gggtaagcaatttgttttgaacaattggggggagaggctaattacccagcctgaggatcgtgagctaatgacccggcatgaaatac 
agaatcgctgtccagaattactgataacgaactactccatgottgagtatatgctgatgcgacctatcgagcgtaatatttttgag 
cagactaaggaatggctcaaagctgatgagatgaatgagcttatcttagtgcttgatgaagcgcatatgtatagaggagcaggggg 
agcagaggtagcccttttaatacgtcgcctctgtgctcggttggatattccccgggaacgtatgcgctgcatccttaccagtgcta 
gtctagggtccattgaggatggagaacgttttgcccaagacttaactggettatcaccaacctcttcgaggaaatttcgaattatt 
gagggtacaagggaatcgcgtcctgagtcacaaattgttaccagtaaagaagctaatgcactggctgaattcgacctaaattcatt 
tcagtgcgtagctgaggatottgaatctgcatatgcagcaatagagtctcttgccgaacgaatgggctggcaaaagccgatgataa 
aagatcatagtacactacgtaattggttatttgataatttgactggttttggtcctattgaaacgcttattgaaatagtttcaggt 
aaagcggttaagctaaatatcttgagtgaaaacctttttccagactctccacagcaaatcgcagagcgagcaacagatgcattact 
cgcattgggttgctatgctcagagggcatccgatggcagagtgcttattccaactcgcatgcatcttttttatcggggattaccag 
gtctttatgcctgtatagatcccgattgtaatcaacgtttgggtaaccatagcgggccaactatacttggccgcctttatacgaaa 
ccactggatcaatgtaaatgcgcttcaaaagggcgagtctacgaattatttacccaccgtgactgcggtgcggcttttattcgtgg 
atacgttagttccgaaatggactttgtatggcaccagccgaacggaccattatcagaagatgaggatatcgatcttgttcccatag 
atatattggtcgaggaaacacctcatgtacatagtgattaccaggacagatggctacatatagcaacaggacgcctttctaaacag 
tgtcaagatgaggattctggttatcgtaaagtctttatacctgaccgagttaagtctggatcagaaattacatttgatgaatgccc 
tgtttgtatgcgtaagacaagaagtgctcagaatgaaccgtctaaaattatggatcatgttacaaaaggggaagcaccttttacaa 
cgttagtacgtacacagatatctcaccagccagcgagt cgtcctattgatggtaaacatcccaatgggggaaaaaaagtacttatt 
ttttctgatggccgacaaaaagcagctcggcttgcacgtgatattcctagagatattgagettgatttgtttcggcaatccattgo 
tctcgcctgttctaaactgaaagatatcaatcgggaacccaaaccaacatcagtactttaccttgctttcctatcagtcctttctg 
aacatgacttgcttatttttgatggggaagattcacgaaaagttgtaatggcccgtgatgaattttatcgtgattataatagcgat 
ctggctcaagcttttgatgatagcttcagcccccaagagtcaccgtcacgatataaaatagcgttgcttaaacttttatgtagcaa 
ttactattctctttccggaacaacagttggttttgttgaaccatcgcagcttaaatcaaaaaaaatgtgggaagatgtgcagtcca 
agaagctcaatattgagagcaaggatgttcatgctttagctgttgcttggattgataccttactcactgaatttgcttttgatgaa 
tctattgattcgacactacgaatcaaagcagctggattctacaaacccacttggggtagtcaaggacggtttggaaaagctcttag 
gaaaaccctgatacagtatcctgctatgggggagctttatgtggaagttttggaggagatttttcgtactcatctgacattaggaa 
aagatggtgtctactttcttgctccaaatgcactacgtctgaaaatagatctcttgcatgtctggaaacaatgtaatgactgcacg 
gcactaatgccatttgctttagaacattctacttgccttgcttgtggtagtaacagtgtcaaaacagtcgagccgtcggaaagcag 
ctatattaatgcacgaaaaggattctggcgttcgccggtagaagaagttttggtttcaaattcgcggcttctaaaccttagcgttg 
aagagcatactgctcaactctcacatagagatagggccagcgttcatgocactacagaactctacgaactgagattccaagatgtt 
cttattaatgataacgacaagcccattgatgtacttagttgtacgacgacgatggaagtgggggttgatattggatctctggttgo 
tgttgctttaagaaacgtccctccgcaacgagaaaattatcagcaacgtgctgggcgagcaggccgccgtggcgcatctgtttcaa 
cggtggttacatattctcaaaatggccctcatgatagttattatttccttaatcctgaacgcattgttgcaggttctcctcgtaca 
cctgaagtgaaagtaaataatcccaaaatagccagaagacacgttcattcttttttagttcagaccttttttcacgagttaatgga 
acaaggaatttataatcccgcagagaaaactgccatacttgagaaagcacttggtactacacgagatttttttcatggagcaaaag 
atactggcctaaatctcgatagctttaataattgggttaaaaaccgtattctatctactaatggtgatttgagaacaagtgttgca 
gcatggcttcctcctgttcttgaaactggagggctttctgccagtgactggtttgctaaggtagcagaggaatttttaaatacact 
ccatgggctggctgaaattgttccacaaactgccgttcttgttgatgaggaaaatgaagatgatgagcagacttctggtggaatga 
aatttgcacaagaagaattacttgagttcctgttttaccatggtttattaccaagttatgcatttcctacaagcctctgtagtttc 
ttggtagaaaaaattgtaaagaatattagaggttcttttgaggtgcgaacagtacaacagcctcagcaatcaatttctcaggctct 
gagtgaatatgccccgggacgtttgattgttattgataggaaaacctatcgctctggtggtgttttttctaatgcattgaaaggcg 
aactaaaccgggcaagaaagcttttcaataatcccaaaaagtttattcattgcgataagtgctcttttgtccgcgatcctcataat 
aatcagaatagcgaaaatacttgtccgatctgtggtggcattctaaaagtagaaataatgattcagcccgaagtctttggacctga 
aaatgccaaggaacttaatgaggacgacagagagcaagaaatcacctatgtaacagcggcacaatatccacaacctgttgatcctg 
aagattttaagttcaataatggaggtgctcatattgtttttactcacgcaatagatcagaaactggtgacggtgaaccgagggaaa 
aatgagggggagtccagtggtttttcagtatgttgcgaatgtggtgcggcctccgtttatgattcctactcaccggcaaagggggc 
acatgaaagaccgtataaatatatagcaactaaggaaacgcctcgcttatgctctggcgagtataaacgcgtttttctcggacatg 
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atttccgtactgatttgcttttattacgaataaccgttgggtctccgcttgtaactgatacttcaaatgctatcgttttacggatg 
tatgaagatgcattatatacaatagcggaagcactaaggcttgcagctagtcgccataaacaactggatcttgatcctgctgagtt 
tggctctggtttcagaattttacccactatagaggaagatactcaggcattggatctcttcctttatgatactttatccggcggtg 
cgggttatgcggaagtagcagcagcgaatctagatgacattcttactgcaacactcgcattgttagaaagctgtgagtgcgatacc 
tcctgtacagattgtctcaatcatttccacaaccagcatatacaaagccgtctcgataggaaactaggtgcatctttacttcgtta 
tgcactatacggaatggttcctcgttgtgcttcacctgatattcaggtagaaaaattgtctcaattgagggcaagtctggaattgg 
atggttttcaatgcataattaagggaactcaggaggcacctatgattgtgagtttgaatgaccgttctattgcagtgggaagttat 
cctggtcttattgatcgacccgactttcaacacgacgtatataagtcaaagcatactaatgctcatatagcctttaatgaatatct 
tcttcgttcaaatctgccacaatcgcatcaaaatattagaaaaatgttgcgctgatagcagcagtattgagtgccctaaagccctg 
tagggcactcaaggttttcagtgcgtgagcgggctttaactgaagccataaatgtacgtatgggagaaaatgtgaccatttaacto 
gccagcaactattgcacaatgtaaaattatgcccattgag ( SEQ ID NO : 4 ) 

3 PLG005 acggtaatgctgagtttctccattaccattgcaaatgactcaccagagcagactgaacagcgcagaagtgggattgtggatacgtg 
aagtgagagtaaggggaaaatccacaataatcatctatcgaacagggaggcgaactttacacgatggttttccgggagtgcttacc 
cggggttcctcacctctggctaatctctggattgagtcgcgatactccaacaaaagcaacaagctaacgcagcaagaagttaacgc 
tcatcgagagtaaaatgcacacttttatggcttactcgttacaataacagccagtttgttcagaaaaccggattcagtatggccag 
aataccaaccaaaaaagctaaagcaaaaaaagggtttgaagaaacattatgggatgccgcaaatcagcttcgcggcagcgttgagt 
cctccgaatacaagcacgtggtgttgagcctcgtgttcctgaaattcatcagcgataagtttgaaacacgccgcaaaaaaatgatt 
gccgatgggcaggcagatttccttgagatggaagtgttctaccagcaggacaacattttctacctgccggaagaggcgcgttggtc 
atttatcaaacaaaatgcaaaacaggacgatattgcggttcgtattgacaccgccctctcgaccattgagaaacgtaacccaaccc 
tgaaaggtgcgctgccagacaactacttcagccgtcagaatctggaaaccaaaaaactggcatcactgattgataccatcgacaac 
atcgaaacgctggcacacgagactgacgttgaaacgttatcgaaagaagacctggtcggacgcgtttatgaatacttcctcggtaa 
gtttgccgccactgaaggcaaaggcggtggtgagttctacacgccaaaatgtgtggtcacgctgttaactgaaatgctcgaaccct 
tccagggcaaaatttatgacccgtgctgcggctcggcaggaatgttcgtgcagtcggtgaagtttgtcgagagccatcagggtaaa 
agccgtgatatcgcgcgtatggtcaggagctgacagccacgacgtataaactggcaaaaatgaacctcgctattcgcggtctttca 
gotaacctcggcgaacgcccggcaaacactttctttagcgaccagcacccggacctgaaagctgactatattctggcgaacccgcc 
gttcaacctgaaagactggcgtaacgaagcagaattaaccaaagatccacgttttgccggttatcgtatgccgccaaccggtaacg 
ccaactacggctggattttgcatatgctctccaagctgtcggctaacggcacagcgggttttgtgctggcaaacggttegatgagt 
tctaacaccagcggtgaaggcgagatccgtgcacagatgatogaaaatgatctgatcgactgcatgattgctctgccaggtcagtt 
gttttacaccacgcagatcccggtgtgtttatggtttatgaccaaatcgaaggctgccgatccggccaaaggttatcgtgatcgtc 
agggcgagacgctgtttattgatgcgcgtaacctcggcaccatgattagccgcacaactaaagagttaacagcggaagatattgcc 
acaatcgccgatacttaccatgottggcgtagcacgccagaagaactggctgcacggattgcgcgtggtgacagcaagctggaaaa 
atatgaagaccaggcaggcttctgcaaagttgcgaccctgcaagatattaaagataacgactacgttctgacaccgggccgctatg 
tgggtgcagccgagcaggaagaagacggcgtggcatttgagaccaaaatgcgtgaattgtcgaagacgttgtttgagcagatgaag 
caggcggaagaactggatcgtgcgattcgccagaatctggaggcgctgggttatggggagtaaatgggagaaaataaaacttaaag 
aagttgtagatattatcactactaaagttgatgtatcgcaaattagtctttgcgattacatatcaactgaaaatatgcttaccaat 
tttggaggtatatcaatagcaaatagtaaacctagcacagggaaaataacaaaatttcattctggagatattttattctcgaatat 
cagaacatattttaaaaaactatggcttgcagatcgaactggtggctgttctaacgatgtaattgtattccgtcccaaaaaacata 
ttaattctaattatattttatcagtattaatggatcaaaaattcatcgaatatactgttttaacatccaaaggcaccaaaatgcca 
aggggtgataaaacagctatattagattatgaatttaatcttgcaccagataaatattgccaacatatcgcaaaaacaaacactct 
tatatttagtaagttaaaatccaatgaagtaataaataagtcattagaacaaatgtcccaaactctcttcaaatcctggtttgtgg 
attttgatccggtgatttataacgctctggatgcaggaaatccaatcccggaagctctgcaatctcgtgccgaattacgtcaaaaa 
gtacgtaatagtacagattttaaaccgcttccggcggaaatccgttcgcttttcccaagtgaatttgaagaaacggagttgggttg 
ggtgccgaaaggatggagtattgttcgaactgaagatattgcattgaaaataggaatgggaccatttggttccaatattaaagtat 
ccacatttgttaatgctggtgtaccaattataagcggccaacatctgaaagccctccttcttatcgatggggataataatttcatt 
actccagagcatgctgaaaagctcaaaaactctgctgtatatagaaaagacataatttttacacatgcaggtaatattggccaagt 
ttctttaattcctgaagattctgaatatgacagatatataatttcccaacgtcaatttttcttacgcgtaaatgaatcaaaatcat 
cgccgtactatttgattcattattttaggtcagaaaaaggacaacatgctctgctttctaacgcctctcaggttggtgttccttca 
attgctcagccttcaacacatttgaaaaatatatcattcctaaatcccccaatggttttgottaaagagtttgaaaaatttagcac 
ccctttattccatcgctttagtaaaaatagaaaatgtggagtctcactaacagccctccgcaacaccctgctcccgaaacttatct 
ccggtgagctatccctggaagatcttccggatctcagcaccgatacagaagccgcataacgcattttgcccctgtaaaatcagggg 
ctttctggtaaggttttctactgatacaggaatgcttaccagaaattagccagggttggagcgcgatatgagtctctctttcagtg 
aagcaaaattagaacaagcgatcattgaactgttacaggatcaggggtatcaacatctgatcggcgataatgtcccacgttcgagt 
ctcgatcaggtcattatcgaagacgatctccgtcattatttagcggcacgctaccagcctgatggcattactgaagaagagattca 
gcgactgatcaaacagttcaccacgcttccggcttccgatctttatgaaagcaacaaaacattttgtcgctggctggcaaatggttt 
tctgttcaaacgcgacgatcggcaacaaaaagatctctacattgaattgctcgacacccggcatctacctgccgcactgcgccaga 
tatttgacgccgaagatgtcctgttgcaacaggctgcggaactcccgccctcctatattaatccgccgcttaacctgattaagatt 
gttaatcagcttaaaatctccggcaaagataatcagagtcgtattcctgacggcattctctatatcaacggtctgccactggtcgt 
ctttgaatttaaaagtgcggtgcgcgagcaggatgctagtattggcaatgcctggagacaactctgcaaacgctatcgccgggata 
ttccgcaactgtttatctacaacgcgctctgcattattagcgatggagttaataaccggatgggcaacctgtttgcgccctatgaa 
tatttttactcatggcgaaaagtcaccggtaatgaaaaccgtgaacaggatggaattccatcattgcactcaatgattcaggggct 
gtttcatccggtacgtctgctggatgtaattaaaaactttatctgcttcccggataaagccaggcacgaagtaaaaatttgctgcc 
gatatccgcagtactatgccgcccgcaaactctattacagcatcaagcaagcgcgtaaacctttcggtaacggtaaaggcggcact 
tactttggcgcaacgggctgtggcaaaagttacaccatgcaatttttaacgcgtcttttgatgaagagcgtagagtttgccagccc 
gaccattgttttgatcaccgaccgcaccgatctggacgatcagctttctgcgcaaatgtgcaacgccaaaaattacattggtgacg 
acaccatccttcccgttaccagccgtgaagatttgcgtaatcaactggcgggacgcaatagtggcggtgtcttcctgacaacgato 
cataaattcaccgaagacaccgaactcctttctgaacgcagcaatatcatttgcatctcggacgaagcacatcgcagccaggttaa 
cctcgaccagaaagtcatcatcgataaagaaagcggaaaagtgcgcaaaacttatggctttgcgaaatacctgcacgattcactgc 
caaacgccacctatgttggctttaccggcacaccgattgacgcgacgctcgatgtcttcggtgaggtgatcgacagctacaccatg 
accgaagccgttcaggatgaaatcactgtacgcatcgtgtacgaaggccgtgcggotaaagtgatcctggactccagcaaactgga 
ggaagtcgaaaagtattacgaagagtgcgcaaacgcaggcaccaatgagtggcaaatcgacgaaagcaaaaaagccaccgcaacca 
tgaatgcggttctgggtgatgaagatcgattaaaagccctcgcggaagattttgccaaacattatgaaaaacgcgtagccgaaggt 
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TABLE 3B -continued 

Sequences of loci of row numbers 1-78 of Table 3A . 

Row 
No. Vector Locus 

tccaccgtaaaaggcaaagccatgtttgtttgtgccagccgtgaaattgcctgggatttctaccgccagcttaaagctattcgccc 
tgcctggtttgaagtgaagcaagcccccgatggcgtcttcctgacagaacaggagcaaaaagagttaccgccttctgaaatggtga 
agatggtcatgacgcgcggtaaagatgacgacgaggcgctttatgatttactgggcacaaaagaatatcgcaaagagctggataag 
cagttcaaaaacgctaaatcgaatttcaaaattgccattgttgttgatatgtggctgaccggttttgatgttcctgaactggatac 
tatctatattgataagcccttacaaaaacataaccttatccagactatttctcgcgttaaccgtaaactggaaggcaaaagcaaag 
ggttagtggtggactacatcggcattaaaagtcagatgaaccaggcactggcaatgtattcccgcattgatgccaccaactttgaa 
gatattcagcaatcggtgactgaagttaaaaaccatctcgatttgttggggcaagtcttttacgactttgacagtcgggattattt 
tagtggtgagccacaagcgcaattatcctgcctcaaccgcgcggcggaattcgttctgcgtacccagaaagttgaacgtcgtttta 
tgggactggttaaacgcatgaaagccgcctacgacgtctgctgcggcagtgaagcactatcacagacagaacgtgatcatattcac 
tattatcttgctgttcgttcaattgttttcaaactgacgaaaggtgacgcaccggatgttacccagatgaatgcacgcgttcgtga 
aatgattgcagaagcgctaaaagctgatggcgtagaagaaatttattttcttggcgataaaaaagcggaatccatcgatatttttg 
acgaagattatctggcgcgaattaacaagatcaaacttccggcaacgaagatccagctattacaaaaattactggaaaaagcgato 
agcgacttcaggaaagtgaaccagttgcaagggattaacttcacccgccgcttccaggctattatagatcgttataatgagcggcg 
agaagatgatgtactcaacggtgaagaattcgatacattcagtcaggaaatgaccgatattatctatgatattaaaacagaaatgg 
gcacctgggccgatttaggtattgatattgaagaaaaagcgttcttcgacattcttgctcatatgcgcgataaatatcagttcacc 
tatgacgatgaaaaaatgctgtcgctggcaaaagagatgaaaagcgtggttgacaacacatcgaaatatcctgactggagtaaacg 
cgatgatattaaagcgaaactgaaagttgaacttattctgcttctacacaagcataagttcccgccagtagcgaatgatgatgttt 
atatgggggtactggcgcaagcagagaactttaagaaaaatcacatgagttgagtctgtcataatggagtatctcatcagatacto 
cttctttatctattttgtaagagccaaaatagataaattatgttacgcataaccagctcatttaaactatctggtctgtttcctcc 
ggttctacaaaaatagataggggtgcacctacgttaccaatactggcatcatggctacatacggtggtcagtttacgcttactcac 
cattctttacttttttataagcgtcaataggtttgtaagcgactcgtcagaaccgtattgatat ( SEQ ID NO : 5 ) 

4 PLG006 acctgccttcctttgatacaattcgtaacaggttactatcatcataaaaaagctcaacccgatgaactcgctaaaaatgagacaaa 
tcatttatatctcgaaaaaacttgttacaatcatgagcgctacaccgaacttaaccatataaattatgtgtgttttgtttattttt 
taaacgattacaactatccattatttacacaggtatcaaaatgttagcgcagctttttgagcagttgtttcaatcgatagactcta 
cactgatcaccaatattttcatctgggctgttatattogtatttttatcagcgtggtggtgtgacaaaaaaaatatacatagtaag 
tttagagaatatgctccaaccttaatgggggcattaggtattctgggtactttcattggtattattattggtttactcaattttaa 
taccgaaagtattgataccagcatccccgtattattaggtggcctaaaaacagcattcattacaagcattgtaggtatgttttttg 
ccattttatttaatggaatggatgctttcttttttgccaataaacgaagtgcgttagctgaaaataaccctgaatctgttacacct 
gaacatatctatcatgaattaaaagagcagaaccagactctgactaaattagtctcgggtattaacggtgatagtgaaggttctct 
tattgctcaaataaaattactacgtactgagattagcgattcctcgcaggcacaattagctaatcacactcatttcagtaataagc 
tttgggaacaacttgaacaatttgcagatctaatggcaaaaggtgctacagaacaaattattgatgctttgcgacaagtcattatt 
gattttaatgaaaatttaactgaacagtttggtgaaaactttaaagctcttgatgcctctgtaaaaaaacttgttgagtggcaggg 
aaattataaaacgcaaattgagcagatgtcagaacaatatcaacaaagtgtcgagtccctggttgaaacaaaaactgcggttgcag 
ggatttgggaagaatgtaaagaaattcctctggctatgtctgaactgcgtgaagtgcttcaggtgaaccaacatcaaatcagcgaa 
ctctcccgccatttagaaacctttgtcgccatccgcgataaagctacaaccgtattacctgaaatacagaacaaaatggctgaagt 
gggtgaactgctgaaatccggagctgcaaatgttagtgcatctcttgagcaaaccagccagcaaatacttcttaatgcagattcaa 
tgcgcgttgccctggatgaaggtaccgaaggattcagacaatcggttacccaaacacaacaagcatttgcctcgatggcgcatgat 
gtcagcaattcctccgaaaccctaaccagcacgttaggtgaaacaattactgaaatgaaacaaagtggtgaagaattcctgaaatc 
actagagtcgcactcgaaagaattgcatagaaatatggaacaaaatacgacgaatgtgattgatatgttcagtaagactggtgaaa 
agattaaccatcaactatccagtaatgccgataatatgtttgattcaatccagacatcatttgataaggctggtgcagggctgact 
tctcaagtcagagaatcaattgaaaaatttgctctatccatcaacgagcagttacatgcttttgagcaagcaactgaacgtgaaat 
gaaccgtgaaatgcaatcattaggtaatgctctgctttcaatcagcaaaggttttgtcggtaactatgaaaaacttattaaagatt 
accaaatagttatggggcagttacaagcattaatttctgctaataaacatcgagggtaatcgatcatggataagattatagggaaa 
caattacctaaaaaagatcaagataatgaacattgggtatccatgtcagacctaatggcagggctgatgatggtttttatgttcat 
atctattgcttatatgcactacgtacgtattgaaaaagaaaaaattaaagaagttgccgtagcctacgagaatgctcagttacaga 
tttataatgctctggatattgagtttgcaaaggatttacaagactgggatgcagagatcgataaacagactctggaggttegattt 
aaatcaccggatgttttatttggcttaggaagcacagagctaaaaccaaagtttaaactcattcttgacgacttctttcctcgcta 
cctaaaagttctagataattatcaggaacatattactgaagtccgcattgaaggtcacacaagtactgactggacaggaacaacga 
atcctgatattgottattttaataatatggcactatcgcaaggtcgtacacgtgcagtattacaatacgtttatgacataaaaaat 
atcgcgacacaccaacaatgggttaaaagtaaatttgccgcagtaggttattcatctgcacatcccattcttgataaaaccggcaa 
agaggaccctaatcgctctcgtcgtgtcaccttcaaagttgtaacaaatgccgagttgcagattagaaagattattcaggagtaag 
agatgaaattatctatcgacatttcagaacttattcaattagggaagaaaatgttaccagaaggagtcgatttttttctggatgaa 
tcccctattgactttgatcctatagatattgagttatccacgggtaaagaagttagtatcgaagatcttgaccctggtagcgggct 
tatctcttatcatggccgccaggttcttttatatattcgggaccattcagggcgttatgatgcggctatcgtagatggcgaaaaag 
gaaaacgttttcatattgcctggtgcagaactcttgatgaaatgcgccataaaaatcgatttgaaaggtatcatgcaactaaccgc 
atagatggtttattcgaaattgatgatggttcaggtcggagccaggatgttgatttacgggtatgtatgaattgcctcgaacgact 
taattataaaggaagtattgataaacaacgaaaaagagagatttttaaatcattctcattaaatgagtttttttcagattatagta 
cctgttttcgtcatatgcctaagggtatctatgacaaaacaaatagtgggtatgtcgaaaactggaaggaaatatctaaagaaata 
cgagaaaaggcaaattatgtttgtaatgattgtggcgtgaatttatcaaccgccaaaaacttgtgccatgtccatcataaaaatgg 
catcaaatatgataatcaccatgaaaaccttcttgttctgtgcaaggattgccatcgaaaacagcccctccacgaaggtatattcg 
ttacccaagcagagatggctatcattcaacgtttacgttcccaacaagggttattaaaagcagaatcctggaatgaaatatatgac 
ctgactgatccatcagtgcatggtgatattaatatgatgcaacataaaggctttcaacctcctgttcctgggttagatcttcaaaa 
ctcagaacatgaaattattgcaaccgtagaagctgcatggccaggccttaaaattgcagttaaccttactcccgccgaagtcgaag 
gatggagaatatataccgtgggtgagctggttaaagaaatacaaaccggagcctttacgccagcaaaattgtaaattctaaaactc 
cgtgaaagttaaggetttcacggaagataaataaagtttccctgatttgtgactcaaattacaaaagtagtttatggcataacttg 
tctgatttttatggtgtaacaggtataaaagcatatgctatggttcgcctcatacttaaaacttccctcatatgggtgaaggttaa 
agcttggtagacagaagacagtcacaatgaataaagcaataaattga ( SEQ ID NO : 6 ) 

5 PLG007 acatcccgtcatcatgccatcacgacgcgctgagacgctgaaaaaataaaatcagcaccaccgtcagcgcgcagtgctttccccgc 
ctcgcccgcccgcttcatgagacggttttaatgcagttgcattatgtcccgctcctcagtgctgcgctccatcctgattacaaaaa 
ccgttatcaaaaacacatgcaaatagacgcagtcaaatgcgctaccgcctctcgcaataccttcaatttcatgataaaaaacatca 
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Sequences of loci of row numbers 1-78 of Table 3A . 

Row 
No. Vector Locus 

tccctaacaagagcattatcctcatgaaaaaagtatatgaactaaccagtgaagaagcactgtcatattttcttcgccatgactcc 
tacacaacattagaattaccggettatattaatttcaccacattattaaatgatattaattcatctatccataacaaaaaaattaa 
aattgaaccaaccgccaaggagctgatgggtaaagatatcaattatgaggtgottgtcagtaaagatggtctatatagctggcgta 
ggataacacttatcaatcccctttattatgtctacttctgtagaaaaatcacagcaccagcaacctgggaaatcataacagaaaaa 
ttcaaatcttttgaatcaaacgacctttttacatgttcaagcatccccgtcagaaaagacaactcgtcaaacattgctgcgtctgt 
aatgaattggtgggaagattttgaacaaaaaagccttgcccttgctcttgaatacgaattcatgttcagcactgacatctcaaact 
tctacccatcaatatatactcatagttttgaatgggtattcatatcaaaagaagaggcaaagaagaaaaaaagcaaaaataaccca 
gggggattaattgacagccacattcaaatgatgatgaacaaccagacaaatggtattccactcggcagcacattgatggatacatt 
tgctgagcttatcttgggtcaaatcgatatagaattaagaaaaaaaactaacgaactcaaaataataaactacaaggtagtacgct 
accgtgatgattaccggatcttctctaatagcaaagatgatttagacataatatcaaaatgtttagtcaatgtattgggcgatttt 
ggtttagatctadactcaaaaaaaactgaactatatga agacatcatacttcattogttgaaacaagctaaaaaagactacatcaa 
agaaaaaagacataagtcactccagaaaatgctctattcaatatatttattttcacttaaacatccaaactcgaaaacaaccgtta 
gatatotaaatgattttcttaggaatttatttaagcgaaagacaattaaagataacggccaacaggttgatgctatgcttggtatt 
atttcaagcatcatggcaaaaaaccctacaacgtacccagtaggaacggcaattttctcaaaactcctcagttttctttatggtga 
tgacacccaaaaaaaattaacaaagctagaacaactccataaaaaactggataaacaacccaatacagaaatgcttgacatatggt 
ttcagcgaactcaagcaaaaataaacctagagtggaataaatcttataagtcagctctatgcgtccgtataaatgatgaactcaca 
aaagagaaaacattttctgtaaataatttatggaatattgactggatccaaggaaaagaaacaagccccaataaagccaaaatatt 
atccttgctaagaaaaacaaaaatcgttgacacagataaatttgataaaatggatgacaatataacacctgaagaagttaatctat 
tctttaaagagcacagcaattaatatcccaaagccatgttagtaacataacatggcttttttaaatcactcattatcagttatcaa 
gaacgaacataacattctattccgaggag ( SEQ ID NO : 7 ) 

6 PLG008 agttttttaaaggggttattttctaattatagtcccttaatttccattttcgtgtctaattatttgacattagtccatacaatagt 
gactctaagatttaaggataacatcaactttcaacataagcacaataactatttttttattataattgaaaagagaattgaattat 
tacctataaaacttaaaggagtataattatgaaaaaagagtttactgaattatatgattttatatttgatcctatttttcttgtaa 
gatacggctattatgatagatctattaaaaacaaaaaaatgaatactgcaaaagttgaattagacaatgaatatggaaaatcagat 
tctttttattttaaagtatttaatatggaatcctttgcagattatttaaggagtcatgatttaaaaacacattttaacggtaaaaa 
acctctatcaacagacccagtatattttaatattccaaaaaatatagaagctagaagacaatataagatgcccaatttatacagtt 
atatggcattaaattattatatatgtgacaataaaaaagagtttatagaagtatttattgataacaaattttcaacgtcaaaattt 
tttaatcaattgaattttgattatcctaagacacaagaaattacacaaacattattatatggaggaataaagaaattacatttaga 
tttatctaatttttatcatactttatatacacatagtataccatggatgattgatggaaaatctgcatctaaacaaaatagaaaaa 
aagggttttctaatacattagatactttgattacagcttgtcaatacgacgaaacacatggcattccaactggaaatctattgtct 
aggattattaccgaactatatatgtgccattttgataaacaaatggaatataagaagtttgtgtattcaagatatgtagatgattt 
tatatttccgtttacttttgagaatgaaaagcaagaatttttaaatgaatttaatctaatctgtcgagaaaataacttaattatta 
atgataataaaacgaaagttgacaatttcccgtttgttgataaatcgagtaaatcggatattttttctttttttgaaaatattactt 
caactaattccaacgacaagtggattaaagaaataagcaattttatagattattgtgtgaatgaagaacatttagggaataagggag 
ctataaaatgtattttcccagttataacaaatacattgaaacaaaaaaaagtagatactaaaaatatagacaatatcttttcgaaaa 
gaaacatggttaccaattttaatgttttcgaaaaaatattagatttatcattaaaagattcaagattaactaataagtttttgactt 
tctttgaaaatattaatgaatttggattttcaagtttatcagcttcaaatattgtaaaaaaatattttagtaataattcaaagggc 
ttaaaagaaaaaatagaccactatcgtaaaaataattttaatcaagaattatatcaaatattgttgtatatggttgtctttgaaat 
agatgatttattaaatcaagaagaattactaaacttaattgatttaaatattgatgattattctttaattttagggacgattttat 
acctaaagaatagttcatataaattggaaaaattattaaaaaaaatagatcaattatttattaatactcatgccaactacgacgtt 
aaaacttctcgtatggcagaaaaattatggctatttogttatttcttttattttttaaattgtaagaatatttttagtcaaaaaga 
gataaatagttattgtcaatctcaaaactataattcaggacagaacggatatcaaacagaacttaattggaattatattaaaggtc 
aagggaaggatcttagagcgaataacttttttaatgaattgatagtaaaagaagtttggttaatttcttgtggtgagaacgaagat 
ttcaaatatttaaattgataagtatttgaaatctattattagttcctgaaaaaatagctgtgtcttgtcaatataaatgacaagac 
acagctattttttttaattttgaaatttataatt ( SEQ ID NO : 8 ) 

7 PLG009 

8 PLG010 
9 PLG011 gcccatcattgcattaagtgatgggcggagcctttggcctctaatctggaactagctgcgattttcagactcgaatgctaaaaggt 

cgtttcgcacctgaaatcaagctgctagagttctcttacggggttctcccctcgcatacgcgctgtagtaactgeggcgtaagagta 
aatgtctgcacatatcatgcccgccatgatcattcggtaattcctggcgtgactggaagggagaccccgtgccacctatgggccata 
tttttggaccagtgagtttcgtgaagttgccgccggagttgatgagtgaggccagtcttcttgctcatcttggcgttggccgtgccg 
aacttaatgtcattagttggtacgccggtaggatgtaccataaattcgacattaaaaagaagtctggcaaggcgagggtgattaatg 
cgccggatcgtcggctgaagatgttgcagaggaagatcgccgatttgctgacgcctctctatcggaggcgcaaccctgttcacgggt 
tcgtgatcggtcgttctgtgaagaccaatgctcagtcccatctgggcagcaagttcatcgtcaacttggatttgaaggatttcttcc 
cgtccatttogtacggacgcgtgacgggcgtgctgcgttcgcttggcatgaagcgcgaggtcgcggaagctattgcgacaatttgct 
gcctcaatgggacgttgccccaaggcgctccgagcagtccgatcttgtccaatatggtttgcttccgcttggatcggaggctgcggg 
agttagccaaggacgcccgttgcatttacacccgctatgcggacgacctgagcttttccagctaccagccgctaatgggattgtteg 
aaacgacaccaccggcttcagggcatttctcaccggatctgttgtcggaaaaacttaagcagattttcagcggtaacgggtttgtgc 
tgaacccggacaaggctcactatgctgacaagcattcgcgccgcaccgtgacaggcatccggattaacgaggctctcaatgtcgacc 
ggcggtttgtgaggaatttgcgggcagccctttactctgttgaaactttgggactggccgccgcccaggcaaaattcaaatccttgo 
atggtggtaaagctgacgtcggccagcacctgcaaggcaaggtatcgtggttggggtacatcaaaggcgcatctgacccagtctttc 
ggagtgtcgcatcccgtttcaacgctgcattcccgccgctcgcgctcgatattttgcccagtccccaagaaatacgagaacgatcag 
tgtggctgattgagcactgggaaacagggggtgaccaaggcacggcgtttttcatgaagggtgtcggtctggtaacggcagagcatt 
gcatatcgccgtccggtatagttgagttgtatcacccgacgaagccgtcgaataaattcgcggcgtccgtgaagcatcgatgcccag 
atcgcgatctggccgttctcgaccatgcaatccccaacaacgaattctatgagctcgaaaccgccggcaaggcagccgcgacaggcg 
atgccacgaccgcgatcgggtatcccggttatggacccggcgacagactgaacatccgacctggcgcagttacgtccctgccaacta 
agagtgcggtgaagatggtcgaggtccagcagatgctgacgccgggcatgtcaggagggccattgctggatgtggatgaccgcgtcg 
ttggcgtcgttcacaagggcggccatgatcatggtcggcaactcgctattgccatatctgaactgcatgcttggctgccctgacctg 
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TABLE 3B -continued 

Sequences of loci of row numbers 1-78 of Table 3A . 

Row 
No. Vector Locus 

attagccgaaccggctaatcgcgcaggcgccgaaccagccgtttccagcttgcttcactgttcatccagtcaggccggtccggttgt 
cgaggcgttggagcaaatcgttcaggatgtccccgacagcgcgtgcagcgcaggtgcgatccgacggtttccatagcggtgttccag 
caatgcgcgaggaaccagcggttgagttt ( SEQ ID NO : 9 ) 

10 PLG012 tctatctaaaagtatacatatagtatttcaatgaaggttatattatattttgtggctgttttctaattttatcaataagattattg 
caaaaggctgataaatataatagctttattatatcggaggagttgatttaactttcctatactatctgtataggctaataccaatg 
gcaattttgccctcaaattggtctccttaatgtttatcaacgtgttatacggtagtgataaaacctcctccgatatttttctcatg 
aattgggatattttaaatatgttttgctcagtaaccaagttgcatgaatgtaaaaatgttgaacaattatactattttttaggatg 
tgaagaggctgaaattagtaggtttttatatagtggagtaattaaataccgctctttttccatacttaaaaaaaatggtaatttta 
gaaatataagagcacctgtaaagtatttaaaagaaattcagtataagataaaggatgagctcgaaaaatattataccccgaaatca 
tgtactcatggttttatagctggaaggaatataatcacaaatgcgaaacctcatataagaaaagaatttattttaaatatagattt 
aaaggatttttttgattcaattaattttggacgagttagtcgtttatttcaaagccaacctctaaacttgccagagaatgttgccc 
atgttttggcacatatttgttgctataatagagccttacctcaaggtgctcccacatccccaattatatctaatatgatatcttat 
cgtttagacagacaattgaaggagttggcaagaaataatgcgtgtacttataccagatatgcagatgatataactttttcttttac 
taaaactaaaaagtatcttccaaaatcaattgtttctttaagtaaagataataacattatactaggccatgaattaaaaaaggtaa 
ttgaagataattggtttgaaataaatgaaggaaaagtaaggttacaacataaaacacaaagacaatcagtaacaaatattacggtt 
aacactaaaattaatataagtagaaaatttaaaaaacaaacttcagctatggttaatgcattatttaaatatggagcatctaaagc 
tgaaagagaatattttagtaagtatcacaagggttatatagcagaaaggcaatataataagattaaagaaaaaccaggtttattat 
ttacacaaaaagtaagaggaaggttgaattatatccgattagtttgtggtaagaataatgaaagctggagaaagctcatgtataaa 
tatactgtggcaataggacaacctaatgaggagtacaatagaacattgtgggatattgctggtgattcaacgttcattctttggtc 
gaattcctcacaaggaagtggtttttttcttgaaaatattggtttagttacaaatgagcatgtaatcgaaggaatagaaaacagca 
atattaataatgatctaataatactttggttaccaaatgaaagaaaagaatatattgagttacacttagcttggaaagatgataat 
actgatttagctgtaattacttctaatatatcttttcttgacataaagcctttacaagtagagccagttcctatttatgatatagg 
aacagaagtatatgcagttgggtatcctaattatgacgccagaggctcaattggaaaacctactattattacagcaaaaataacga 
gtataattactcgagaaaggcaagaaagaatcgttatagaccaaccaatagtacatgggcatagtggtggggtcgttttaaatgct 
gatggacgtgtaataggcattgttgcaaatggaaatgccgagggggaattaagagtagttcctaatgcttttattcctattgaaat 
attattaaatgagcacaagttacgaactaaatcataaaattattattcttaaaataattaaatattttttaaaaccactagtttga 
taactagcggttttttatttttggagtacat ( SEQ ID NO : 10 ) 

11 pLG013 

12 pLG014 ttataacaagcatttatagtttaaagatactttttctaatcaagtagaacctttgggtggcatcggcctatctcgcttttgtccaa 
atgtgggctgatggggcatgaaaaatggaaatgccccattcctacttagtgctattactcattcatacctcgttaacgtgattttg 
gattagttttattcactgtatatatcaacagttataatgaagcgcggtgattttatcgctttagttctgtttttaataagaaatat 
ttcttgttaaaaacagaagtgaaatcataactaattgaaaattatatcgtttaacatttcagtttgtatttaataagactgattaa 
atacatttcttacttttcacaccctctttcaaatcggtgagtataagaaagtgccagtaagctcataatatttaacgattatatcg 
agtataatatctatcttttataagtatatttttgcgtaaaagtaagaatgcttattaatatactgttagttgcatcaagtgatgca 
ttgcattctgtttagtattgttatagattctgccgcaagaggcgagagtttaactttctgctgttaatctgcggcggtcataagca 
tgtttctttttaccggttttcagctagtctgatgatgccgttacgctgtacaagagaaaacaaaatcgcctcgttctttaagggtt 
tgttactttggtagacatttcattaatttcccaaattgcagctaaagctgcattctcatccaatattcaagtacctctacctaata 
aattgaaagattgctcatgcgttgaagggctgactcaatatctgggttttacgaattatgatgagctgaaaaaactgatatacccc 
tcagttgaccacctatataaaggctttagcattcctaaaaaaaatggcgagtttcgaacgattgatgcgccaaaaaaggagctaaa 
aacaatacaaagtttcctttcgaaggaattggttcaagtttactctcctcgtaatgctactcatggttttgtaaaagatcgaagta 
tagttacaaatgcgtcgaagcatgtagacaaaaaatacgtactcaatttagatcttgaggacttcttcggctcaattcattttggt 
cgcgttcgaaacctgtttcaatcgcatcctttgaacttacaccattcggtggcgacggttttatctcacctatgctgccacaatgg 
caagttacctcaaggcgctccaacatccccgatcatctcaaatatgatcgcttatcgtttagacaagcaactgcagacattggctt 
ctaaaaatagatgcacatatacacgctatgctgacgatataacattctctttcacacaaactcgtgggcgcttgcccaaatctatt 
gttacgttaactcgcgatctacaactctctttgggtaatgagctaaaggagcttattactgagaatggttttgttatcaattctga 
taaaactagaatagctgcgcgaagtaataggcaagaggtcactggtgtgatcgtcaatgagcgtatgaatgtgtctcgaaagtaca 
ttaaacaaacacgttccatgctatatgcatggaaaaagtttggtctcgaagatgctgaagaaacctacttgagaaagtttcatgga 
aaaacagtgtttgagaagcaccagcggcgaattgacgaaaagaaagggcagttttttaagaaagttgtaaaaggcagaattaactt 
tattaaaatggttcgtggtgctgaagatttaatatacagaaaaatagcttacgaattctctgtattaattagcaagcctaaaccag 
agcttgtgcaaaccccattggataaagcgtgtgattcaatatttatcgttgaaaatatggtggagaagagccaagggacagcgttt 
ttgctgaagggaattggtatcgttacaaatgaacatgttgtgcgtggaatcgatgaggaactgtcagatcttttggagctatttag 
gtatcatgagcaggaaactaagcgtccagttaaatttcaaaagtcatgcagatctagggatttggctattctaaaaccaactacaa 
gctacaacggtattaagcgcttggatgttggtgatgatagtcagatcggtattggttcggttgtaaccgtcttaggttttccccag 
tattcgcctggtgaaacgccttatatcaatacaggcaaaattatccaatctaaagtattgtttggtgaacgcgtctggttgctaga 
tatacctgtaatccatggaaatagtggtggccctgttcttaatgaccgtcaagaagttatcggcgtagctgcaataggttcgccaa 
cacatgaccactcaacgaaactccatggcttcataccaatttccacottattagcgtatgtggaagaatgcaactaacaaataagg 
atatgtgtcgcgaagccgacacctatccgaagtgttggacaagcccaagccaccttatataagtaaataccatcaagagtaatgtc 
aaatccttacttttcctaatctctaaaagcctaaatagaacgaacggtctaagaagcttttgtccaacaacgagctagcttatgtg 
atagctagtttgtgatcaaactttagatttttacactctacaaatagcttgaaaagtcacatttccgatcagactta 
( SEQ ID NO : 11 ) 

13 PLG015 

14 PLG016 cgttaataattatgttgttagcttaccacatttcattatcataaatacttacagtaggtaagataatgtaaaacatcgcgattaaa 
tataaacttttcaaaaatgctgttaatattgatgaatatatatagtataatttacactgacagcaagggtaagaaaaaattgactt 
tatggcggtgaaatcgccgtctgttatttaaagggtatacttaatttacacgcttattttatcttcgaagttttattcgatttgtc 
taatcgctattaggagaagggtagaattttaacccttgctgttgtaaataggaggggattgctatggtttataagttaaattttga 
attacagagcaatctagaggatattaaacaaaatttcaagaatttatcttgttttgaagatgtagctctccttttagaggtaccaa 
aagaattattgtggaaagtacttataaaaaataaaggagctaattataaggcgtttaaattaaaaaagaaaaatggttcagaacgt 
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Sequences of loci of row numbers 1-78 of Table 3A . 

Row 
No. Vector Locus 

gttattttttcgcctactttaagtttatctattctgcaaaaaaagctagcttatattttggagtctaactataaaaaccataggca 
atcatatggttttgtaaaaggaagaggaatagttgataatgctcaaaagcatttaaataaaaaatatgtactaaattttgatatag 
agaattttttcgaaagtataacctttagaagagttagatcaatgtttatgacatattataaatttaatgaaaaagttgctacaacc 
ttagcaaatatatgttgtcatccgaatggttttctgccacagggagcagcaacatcccctatcatatcaaatattatatgtaatag 
aatagataaagagttttctaaattggccaaaaacaacagatgtcaatatactaggtatgctgacgatataacgttttctacaagca 
ggagggttttccctcatgatattgcatatataaaagaggggtctatttttctgaatagtaatgtaattagtattgtggaatatcag 
gggtttaagattaataaagaaaagacaagacttcagaattatagacaaaatcaaactgtaacgggaattacggtaaatgaaaaatta 
aatgttaaaagaagctatgtaagaagaataaggtcaattcttcactgtattgaaaaaaacgttgaagatttacagaaagcagaacaa 
attttcgaagaaaaatacccatttcgtcaaaagaaatatcttgataatattaatatgtttgctattttaaaaggtatgatttcaca 
tgttgggcatgtaaaaggaaaagatgaccctttatatttgaaattagcaaagagatttaataaaatatcttatcttagtgaaacta 
tatctccttttaaattagaatctttaaagaaatttcatgaaacttatacatatataattgattatgatgataaagttcctttagtt 
tgttttgaaaacgataaaatggaggaaatattatacggtcaaggaacgggctttttattaaagggagttggcttaatcactaatgc 
tcacgttatagaagatgcaatagaagctattaaggacaataaaaaatttaacaatgagtatggtatctcattttttagaggtaatt 
atcctgatttaaaatataaagcgaaagtatccaaatatgacctagataaagatattgcaattttagatataaaaggttttaatata 
gacaatcaaggatatgaatataacattgacatgaaagatgggcagaaaattgaattaatagggtatccagactacaaaatagggca 
agaaataaaaatcgaaactggccacctaaaaggtattagaaaacatagagattcaaccggaacgttccattcacgacgggaaatat 
cggcaatcatatacggaggaaacagtggcggacctataataaatgaaagtaatgaagtcataggagttgcagttaaaggtgctacc 
cttcatggtgtttccccaagcgagattattccaattgaagatgtaattaatttaaactccagtaactcagaggtcagctccaagat 
tgcaactaagcctcattaaaagatttaatattttaatgcgaaaagtcgatttttaatcaatctacttttttatttttcattttaag 
ttgtaaatatctcttacaatttattttatttcaacgacatatttgggtatc ( SEQ ID NO : 12 ) 

15 PLG017 gtggcaagattataccccatcaggcataagatgctttgacttataacgcatcagtttgaaacacaatggtgatgggggtcacaggg 
gctgacatgtacttttaagattaaaaagcattaacatctacttttgaagaaaacagaaaaaaacaatcacaaacctttaaaaacaa 
aaactatgccaattattaataaaaagtatcaagagcttcagttaacagatgagtacattaccgatccactgctcatggccctagcc 
tggaagaaaagccatcactacatacgtaccacaaattggtatgctgacaactttgaactagacctgtcggctttggacctaatgca 
gcactgtaaagattgggtcaagagaatgcaggacaaaa aagaatttaaattttcagagctacaacttgttcctgtaccaaaagcct 
gtaaatgggagtttaagactgtcgaaaataaggttctatggcaaccttgtgatgaaaaagaacttaccctacgcccccttgcccat 
atacccatagctgaacaaaccatcatgacattagtcatgatgtgcctagccaatacaatagaaaccaagcaaggaaacccagacac 
cagctatgacatcgtccaccagaaaggtatcgtcaattacggaaatagactttattgtcagtatattgacgataaagcagagcaca 
gottcggtgcaacagtgacatatagtaaatacttcactgattatcggaaatttttaaataggccttatcattttgcgtcaaaagcg 
caaggtgaaatttcgccggacgaagccgtttacatcatagaactagatcttgcgaagtttttcgatttagtaaacaggaagactct 
aattcaaaagataaaaaaccatatcagtgagtcaataaacaataaagaaaacccactcgccaatcatttatttaaatgttttgcaa 
actgggactggactgcatctagcataaaaaattatgacatatgcaagtcagacgaagtaacagaaataccaaaaggcatccctcaa 
ggattggttgcagcagggtttctatcaaatatttacttacttgaattagatcaattcttgcataataaaattaacacagacataac 
tgatgacattaaatttgttgattactgtcgatatgtcgatgacatgcgatttgtggttaaggttaaaaaatcaaaaaataataata 
ccgcattcataaatgatgtaataaccaatcttcttaaaaatgagatagataatcttggactgataattaatcctaaaaaaacaaaa 
gtagaaatttttagaggcaaatccgcaggcatctcgcgtagottggaaaacatccagaccagattaagcggcccaatatcaatgga 
tagcgccaacgaacaacttgggcatcttgagtcattattaagtctgacaaaaaccgattttgaaccaccgaaaaatggtaaatcaa 
atagattagctgagattgaaaaagaccgtttcgatgtcagggaggacactcttaagcgcttttctgccaataaaatcagtaagata 
ctaaaagagttaagacatttcatctcgcaggatatagatactgatggggaggttattgccggggaatgggattatctgcaagaacg 
tttggcacggcgttttattgtctgttggagccatgacccgtcactggcactgctactcaagaaagggctggaacttttccctgato 
ctaagctattagaccctatacttgaacagctttgctcactcattgaaagcgataatgaaaaacaaagtgcagtagctacttattgo 
cttgctgaaatatttcgacattcagcaatgactattcataaaaaagacacctatgcattccctgcacaagccaatgtggatgggta 
ctttgaaaaaatacaacattgcgccgcgacattcattaataagcgcagcgcctctgacaacgaaacttggaacctgttaattaato 
aggctagttttctgttgottgtgcgtttagataatacattagaaaaaaatggcactgatgccaggcatgatcttatcttaaaactg 
gcatcaggctttagaacaattacacttcccactaaaatggatagcaagactatagcctcatgtattttgttggctagtcaattagt 
taaagataacaaaccatttattcgctcctgcgcttctttgtgcgaaagaatttatgacaaagaacacgtcataaaattgaagaaaa 
tagttagcataatatcacatcaaaacttatcattgtttaaatccttagtttatcattcacgacctttacaacagaagtggotaaac 
tcagactccgtgaaaataataattaatgaatgccatatagatatacaacctttggcgacttctttaggcatgataaaaagtagtca 
ctcattacttagaatcatatcaagacctgataacccatttgccaatgagataatggcattaaaactgatgcaagcccttttattgg 
acaggattgtttgcctggataataaaaaagattatcaaataagtgtagcaaacaccaaagtgacgtttcataactactccaaccct 
ccaacatcgaatgtcttcgatgcaggaatggatatggatgcaaaattattcaaatcatcgggatgggtcgattctattttcacgga 
tgatgcagacactcaaatattgtatagagttgccatgtgcatccgttcagtactactcggcaaacaagactggacagattttggto 
aagcaatitcccccaaacagggttatcggggiattaaaactagtagagacaaacgtcaattggggatgatgacaacacctgagtcc 
attgccggtgagaactctcaggtttctggttggcttaccacactcttatccaagttgcttgcctggccgggaatttcagtgggtga 
taatggatatcaatggccagcaatttttacagtagatgctgtcagaaaactagttgatgctcggctgagtaaacttaagcaggatt 
actgcaaactatcaggaactccgggacttacagaaaaaatacagttcaactggtctgactcgaaaaaagccctaacagttgctatg 
gtccagtcaaaactgcctgcaacgaaagattttgtcagccatggacttcttttaaactccgcaaagtatagagtgattcatcgcag 
acatgttgctgaagtggctgatttagttgtaaaacacacgcttgcacaaaaaacaactcaacgaactcatggtgaaaaaatagaga 
acattgatttaatagtatggcctgagctcgctgtacat agtgacgatttggatgtactcatcgccttatctagaaaaacgaatgca 
atcatatactcgggcctgacatttattgagcaacctggaatcaaaggaccaaataattgtgccgtttggattgtcccacctaaaag 
caatagcagccagaaagaaatgataagacttcaaggcaagcataatatgatggaagatgagaaaggccgggttgaaccctggagac 
cataccaattgatgcttgaacttgttcacccccaatttactgataaaaaaggatttgttctcacaggctccatttgttatgacgca 
accgacatcgcgctaagtgcagatctcagggataaatcaaatgottatottgtagcagcattaaacagggatgttaatacattega 
ttccatggttgaagcactgcattatcatatgtaccagcatgttgtgctcgttaactcaggggaattcggaggatcttacgctaaag 
caccttacaaggagccgtttaatcgtttgattgctcatgttcatggcaatgatcaggtagctataagtacgtttgaaatgaacatg 
tttgatttccgtcgtgataat gaaaaagtatgcaat ggttagat aaaaactgctcctgcaggaatcataatgtaata 
aatattagatatttttatattagaggtgaggagatggcgtcacctctaatattttcgctgattgtatttagcatcaaataataaag 
gtacaattaatttaagtgactatcatgaaaaaattagttccgccatatcaagtaaccccggcacaaatctatcgttccgttgccag 
ttctacagccattgaaaccggaaaac ( SEQ ID NO : 13 ) 
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Row 
No. Vector Locus 

16 PLG018 gottatcccctccctactggtaacagcgttatcgaact tggaataccatcatttatacctatatctgttggtagatgtgcattgaa 
gtgggttgaccttgagagagccagtatcgcgggcgcaggaatgacaggtaagcactaaatttcaggcacaaaaaaagctgccctta 
agcgacttgattgtatcttttggtgcgaaggccggactcgcacataaaacttaacctcatgatttaaaaaagataacaaaaaacag 
tttaattttataccaacacagataccaacacgaaaattcattgttcttgggtatcgaacccggacaaacatgactgagttgtatta 
gctcagatttgacctgacacagttatggcacagatctcaacctaatctgacaggcagctccgtatcagaagcggaagtgatgacca 
agtttaagcatcattcttggcttgtatgagaatggcactgatctagcgatcagtaaaacttcat ctcatcgaaatgccctaaa 
actttagattaggagaaagttctatttatgccagctacaatttttcgggggagttaccttaccgctaaataaaccgaaaatcgatg 
ctggacaatctctaactcggtggtcaattttcgttgaccactacataatggtcctcctgatgcatctgatgtatcaggaggaccgt 
ccttaaacacgacaaaacctgtgatacttaccatggattcctctatgaaggaaaggtagtatagccattttgggtgatacatacag 
tgaatgtcattgctgtagttgaagtgagtaagagcgcttaagattaagttgagagaaaatgaaactacttgataaaaagtattaca 
acctcgagcccaaatatgagtaccttaaggactcatttattttaggactggcatggaaaaaaacagatagttttgtaagaactcac 
aattggtatgcagatattttagagctggacaagtgtgcgtttgatattagtgatgaagtcactaattggtcaaacgagatctcaaa 
gaacgctctttccaaaagtgatattgaattgataccggctccaaaaggagcaagctggttcattaatcaaggtaaatggactacca 
ataaagataatagaaagataaggcctttggctaacatatctattagggatcagtcttttgctacagcagtaacaatgtgccttgct 
gatgctatagaaacaagacagaaagactgttogttgagcaatcttggctatgctgagcatgtaaagaacaaggttgttagttacgg 
aaataggottgtctgcgattgggacaatgaaagggcaagatttcgttggggaggaagtgaatattataggaagttctcttccgatt 
atcgaagctttctacaaagacctatctatataggcagggaaacagtaaataaagttagcggaattgatgatgtatatatcatcagt 
ttagatctgaaaaattttttcggttctataaaaataaaccttctgttagaaaaaatcaaaaaaatatccgctgatcattatgcagc 
taaattcataaatgataatgaattttggactttggcgaatcggattttaagttgggattggcctgaagaatctttatctttacttg 
agagtttggatataaaagaaaaaaatgttggtcttccccagggattagcttctgctggtgctctggcgaatgcatatctcattgag 
tttgatgaatctttaatttctaagcttcgtactaagat agaagacagccaaataatactgcatgattattgtcgatatgtcgatga 
tattagattagtgatttcaggagaagcactagaaagtaataagattaaggaatctattcatgcattagttcagggcattcttgatg 
agacattggctcaaaatccgtcagataatgaaccatatttaaaaattaacgatagcaagacttatattcttgagctttcagacatt 
gacaacggaagtgggcttacaaatcgaatcaatgaaattcagcatgaagtaggagcttcgagtatcccagagcgtaacggactcga 
taataatatcccggcacttcaacaattattactgaccgaacaggataatttttccgaggatgttgatagtttatttcccgggttta 
aaaatgataagtcgataaaggtagaatctgtacgtagattttctgcccataggctggaaaaaagtttggotaaaaaaagcaagcta 
atttcacctgaggagaggaaacaatttgataatgaaacctcactgattgcaaaaaaattattaaaagcttggctaaaagatccato 
aattatggttatcttccgcaaagcgatagctatcaatcctaatctagatgcttatagcaccattcttgaaattattttttcaagaa 
tacaacgcaatcgtgataaacgagataaatatataatgctgtatcttctttctgatatatttogtagcgtcattgatgtctatcga 
aacctagaatcagaatacgtcgacgattatcaaaaattgatgggtgaagttacattgtttgcccaaaaaatactttcctgcaaatc 
ttttattccaaattacgcatatcagcaagcattattttatctcgcagtgatcaataaaccatttatagctagtaataaagcttctt 
ttgatcttgcaaggettcaatgcgtcttaattaaacagcatttagaaccgttgaatagtagtgatggatacctatttgaggtatct 
gctcaaatcagtaaagactaccgagcaaatgccgcttttctactttctcatacaaatagtaacaaagtagtagacttaattatcga 
aaaatttgctttccgaggaggtgaattctggaatgcaatttggaaagaaattgttaggatgcaagataaagataggattaacgaat 
ttagatgggccatatcaaaatatgagtcaaagccaaat agttcggagcactatctttcatcagtgatcagtttcaaggaaaaccca 
tttagatatgaacatgcgcttctcaagctaggtgtagcattagttgaactctttgatgatacagagaaaaacgtatggcaacctga 
tggtaagcagtattctccacatgaaataaaagtaaaattagaaggtaactcaacctcatggggtgaattatggcgtccaaatttta 
gtatttcatgctcgatagataagaaaggtgaacctggtaaagacccacgctatataagccctgagtggttggcaaattatccacag 
actcaaaatgatgaacaaaaaatctattgggtttgcagtgtgctaagaagtgctgctttaggcaatgtagattatactcaaagaaat 
gatttaaaacttgataaagctaagtatgatggtatccattctcagttttacaagcgacgtatgggaatgttacatacaccagagtca 
attgttggttcatatggaactataacagattggtttgcaagttttcttcagcatggattgcaatggccaggtttttcttcttcgta 
tataagccaagaagatatattgtcaattactaatattattgagtttaaaaactgtttattggaacggctaggctacttaaataagc 
agatatgtatttcatcgaatgttccaaccttaccgactgttgtcaacaggcctgaattagcatctaaccattttagaattgttacg 
gttcagcagttatttcctaaggatactaatttccatccttctgacgtgactttggctaatcccgatgtgcgctggaagcacagaga 
gcaccttgcggaaatctgtaagctaacggagcaaactttaaatgcaaaacttaaaactgagtctagggaacatacaagcacagctg 
atctaatcgttttttctgagttagcagttcacccagaagatgaagatatagttagagcactggcatttagaaccaaagccatcatt 
ttttccggctttgtcttctgtgaacaagatggccgaat agttaacaaagctcgttggattattccagactcttcagagtctgggac 
ccaatggcgtgtccgtgatcaggggaaacatcatatgaccagtgatgaagtggctcttggcattcaaggatatagaccatcccaac 
atattatttcaattgagggtcaccctgagggaccatttaaattaactggtgcgatttgctacgatgcaacagatataaagcttgcg 
gcagatctgagagatttgactgacatgtttgtcattgcagcatacaataaagatgtagacacatttgataatatggcttcagcact 
acaatggcatatgtatcagcatattgttattacgaatacgggagaatatggaggctcaactatgcaagccccgtacaaagagaaat 
atcataaattgatttctcatgctcatgggactggtcaaatagcaattagtactgctgatatagatttagcagcattcaggcggaag 
ctacaaatatataaaaagaccaaaacccagcctgctggatacaatagaaaacattaaggatttttatggatactttagttaagtta 
gctacaattatttctccattaattagtgctggagtagctatttgggcaattttggttgctaaaaaaaccatcagtgaaagcaaaga 
aattgccaagaaaaccatcgctgatacggcctaccaagcatatttgcaattagccatggagaacccacaattttcgaaaggctaca 
gcgcagattgtagacaggagcgagaccctatgtatgatcaatatgtttggtacgtggctaggatgatattctgctttgagaaaato 
atcgaggttgaagtaaacttaaaagatagttcttgggcaaatacgttggaaaaacatttgaagtttcattctgaacattttaagaa 
aacgaatgttgtcgaagaggctctctatattccccctattttggatctcataagatgtgcagctaactaataacttatcccaatag 
gattatattccacacgataagcocactggaaaatgtaacatcccaagatagtttttgggattgtttcccagtgggcggaaagtato 
atgatagttgtcacccccggtggagctgcaaagatttttatggggtgggtgttacattgcgcgataaatttgaaatcgtggcttta 
atttctgcttcttgctcaaaagcagactgtcagatttgattgtgtgctgccagtgagaagcgtcagatcaagtctgagctaataca 
actgagttaagatgccgaaatctg ( SEQ ID NO : 14 ) 

17 PLG019 agggatacgccacagcaagaaatagtttacttattcctcattttgtcgactaaaaatcgacattaaacaaaaaattcaaacttaat 
cactttcgggaaaaatgtgacaaatatatgctcggactggttgcggggagcgtgtaacatggatacaaatcaaaattattgccagc 
ctcactgatggattactggtgtcaagagccccccttcgggcatgaaacggctggctaattctgtacagactgtaatctaaggacga 
taacgcatgacatatcaggcaattttcactggctgggatgatctgacgattgaagaccttctggtcgcttaccggaaagcaaaagc 
cgatagcttctttgagaatacatttcctgttgctatcaaatttgccgagtatgagcaggaattacttgaaaacctgcaaaaactct 
tagatcttttgcagagcgaagatggattcagtagcaataagaagttgattggcaaatttcgtttgttaccgaaaaaattaaccaca 
aagaaaaaacatgaatcccaaaatggacacgtccacttttctaatcctaaacgagcagccgaccatttatttaataattttgatct 
gataccagagtttogtattattggtgacttcccggttgatagtcacattatctctgcactatggattaacatggtcgggcataaat 
ttgatgccagcttagataactgttgctatggcgcgcggctaaagcgtattogtaatgatgaattatttagcaatgagcaggataat 
ccattccatatcagtgccgtgggttcttttagcccctacttccagccctaccaaaaatggcgtggtgatggcttaaaagctatacg 
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Sequences of loci of row numbers 1-78 of Table 3A . 

Row 
No. Vector Locus 

tgacgagttggaaaaagatcgtgacattatcgccgcctcactggatttaaaaagttactatcattttattgatccactggctataa 
cctctgatgatctctataacacactaaacataaaactgactgaggatgaaaaagcgtttactgcacagttagcagtattcttaaag 
cactggtctgacggcgcagcggcatttggaaagaaaatagcgtacaaaacacctgttattaatggtggtctggtcattggattaac 
agccagtcggatcatttcaaatatattgctacaccattgggataaattagtcattgaaaaactatcaccaattcactacggtcgtt 
atgtcgatgatatgttccHgtaatacgcgatacagggacaattactaataatcacgaatttatgttattgctgcaagataggottg 
gcaatgattgcgtttatttgaaaaacgagcaaaaacaaatatggcaaatacagcagggcgagcatttccagggtaagaccaccato 
cagttacaatccgataagcaaaaacttttcgtgcttcaagggagggctggaatagacctgctcgacagtatcgaaaaggagatcta 
cgagctttctagtgaacaccgcttgatgccttcaccggatcaactggaacactccaccgcagctaaagtcctttccgctgccggta 
gtgtaggtgaaaatgccgatactctgcgccgtgcggatggattaaccattcgtcgtttgggctggtcactgcaattacgctacgtt 
gaaacactggcacgagatctgcctccaagtgaatggaaagaacagcgggaagagttttatcagtttgcctacaaccatattcttag 
ggctgataatctatttgcacattttagttatctgccaaggctgcttggctttgctatcagtatgaatgaatggcagcacgcggaaa 
aaattgtacttaaagcttacgaatccatcaacctgttggcatcggtgattacttcaggtaaggaagtgaatataaatggttgcaaa 
actcgagcagtaaatgatctttggcgctgtataaaaggcacattaagctggctatttgttgatgcagcgacacgatattacagtcc 
tgacagattatttcttgataaacgttcaaagaaagaagagtgccttgcggatacattttttaatcatatttcacaaagtctgacga 
atctaaaggatttactggatcttcgctttgattcagcagatttttatttaaaagcgccattggtagotcgagctgatttagcaaag 
gaaccttataaacagatcgtaaagagtcagtcggcagaaaaacttgttaatcagcgtgatagtaaaaaagaagttaaaatactgaa 
attaatgagcgactcatcgcttattgatattgacgttattaagctatttttgaaatcaaccaagaataccogactggaaaaagtgg 
ctaaaggaaatcgtaagaacgaaagttacctaccttacattttccctacacgtcctttaacacccgctgaaatatcagaactggcc 
cccgaatgtgttggattaccctccacatccgacaaaaaaccagatgagagaccgtccaccatttgggcaaaatatactcaagcatt 
acgcggagtatggatcaaaccgacgttgctagcatcggagcaggactcagatgaagcgacaaaaaaagctcggcctaagaaattca 
ttcatattggcacagacaggaaacataaagttgtcgttgcgctaaccagcattaaaacagaggaggacgactgggctaaaatggcc 
tgcaataaatctaacttgtcccgttcaaggtaccagcggatttctgaactggttaatgcaacattgaaactatctcctaaacctga 
ttatgttttattccctgagctttcaatcccgttacgctgggttaacagtattgctgatcgtttgagtteggcgggtatcagtctaa 
ttgcgggaacagaataccgccacttagacgataatcaactgaagagtgaggccgtacttgtcctttcagataacagactcggctat 
ccagcgagtgtcaaaatatggcaacccaagctggaacccgccgtaggtgaagatgaggcattattttcaatttatggtaagtcttg 
ggattcgacacttaatgttaaacaacgtaagccggtatatattcatcacggcgtcaattttggcgttatgatttgctctgaactcc 
agaatagtaaagcgaggatccgttttcagggcgcactcgatgcattaatggtattgagctggaataaagatctagatacgtttgca 
tcgttgattgaatcagcagcgctggatattcatgcctatactattttagtgaataaccgaaaatacggcgatagtcgcgtacgtto 
cccggcaaaagaaccctttatgcgtgatattgctcgtgtgaagggcggtgataatgactttgtggtcgctgcaacgctggatatcg 
actcgttaagggcatttcagagcagggcaaaacgctggcctaaaggcggcgataaattcaaaccgttacctgaaggattccagttg 
gcaaagaaccgcaaaaagctaccgccaaaataagaaactgattttcgctattaataatcagggtatttttgcgtgagatgttggta 
aacatgatgtagcccttgccactcatgaccaatcgcagtatctttctcccgcgcctgcaaaatcaggcgtcgggattagcctcctg 
aagaaatcttatcggcgacacatgacgcgccagcgtctttttttgtgttgttcgcacggttacatc ( SEQ ID NO : 15 ) 

18 pLG020 ttttcaaaggagtttcgctttccaaatatacaagaaatcattatttctaaaggtatctataagtggatgattcgttttattggaac 
agttgcattctcgttaattaaagcggctgcttccgaccggcgaatggtcattcagaagctgagaatgtggttattttttaaagagg 
aattggcatgattattagccttgaagagcttggccttgcctaccgaaaagcaaaagtcgatctgtactattcatcccatgtttcgc 
tggaagcaattgcgtcttacgaagagtccctacatacgaatctgacggttctgcaggaaaaaatacaaggtgacgacgaatcatgg 
gtggaagagaatgagttcactggcaactggtttctggccacaaaatctgtagacatgtcttgctgggaacagcagcgagaaccgca 
agctaacggtctcatattttcctcacctgctgaaaagtgggcatatgcttgcaacccaatggctgataaaaacgaacaaaaaaaaa 
tcaaagccgagtttcgagtaatggctcaatgcagtctggattttcatgttctctcgactctttggatgttaaaagtcgggcatctt 
tttgatgccaaattatctacctgtgcttacggtaaccgcctgcgccgtactctagatggaaaagacatcaatgcactttcaattgg 
ttcttttcaaccttacctcagaccttttcgtgattggcgtgacaatggcattaacgccatgcggagcgcgctaagtgaaagcaaaa 
aaatcgtggcactcactgctgatgttagttctttctatcacgaactgaatcccgggtttatgottgatccaaccttcgtcaaagat 
attttggagttggaactcactgctgaacaaagcaagcttaatcgattattcattaatgcgttaaaagcatgggcaattgagactcc 
gttgaagaaagggttaccagtaggtctccctgcttcagctgttgttgccaacgtagccctgatcgagctggatcgcgttattgagc 
agcaagtcgcacctatatattacggacggtatgtagatgacatcattctggtcatggaaaatggtgcgaatttccgttccatggca 
gagctatggcaatggttgttcgcccgttcttccggcaaactggactgggtaaagggcgaggaaaacaaacagatcagttttcaacc 
aaactacctgcatgacagccagattcgttttgcaaatgcgaagaataaagtgtttatccttgcgggtgactccggaaaaaccttag 
tggaagctattgctcatcagatttatgaacgagccagcgagtggcgagccatgcctcggttaccgcattcctcgaacaatgttgga 
actgatttgcttgctgcaactcaaagtaatggcgaagtcgctgacaatttgcgtaaagcagatgcactgactatgcgtagggctgg 
ttttgccatcaaactacgcgactttgaagcctatgagcgtgacctgcaaccgggcacatggaaaggccatcgccaggcattttttc 
gggcatttattgatcatgttgtggtgctgccacaattctttgatttatcagtctacctaccccgagtgatccgactggccacggcc 
tgtgaggactttgtcgaactgcgcaaacttatcttagcgctcgagaatatttgcgatgaagttegagaaaattgcctccttaccat 
caaggcgtgtcctgatgatcacctcccttttgaagcagagattattggcaaatggagggctcagctttttagcagtgtgottgaag 
ctatcgttgcggcatttcctccgcgtatttccaaggtgggtaagcaaacctggaatgaccatttaaaaaactggcacgcccggtgt 
gggctagacattcaatattcgggtcgtgatttttcattaaagggctaccaagaacagcaggcgagattattctctttcgacttago 
gcacatgccattccgctttattggtctaccaaaagagatgattgctcaacggggcatacccgctccgaaaacagtagcccactgtg 
cggaagcagcagaattactgcctgatattgtcgttttgggtaatcaggttgtagcaaaatggtgcaaatttaaaatcattccacat 
ggactgctatttgccacccggcctttcagcctgccggaactctttatcctaaacaatgaggettatacagcttcagctcagcaaga 
aatgcgagctattattttcgctgttcgcggttttgtactcggtaataaaacaccttgtgtcgataaacaaggcatattgcaaatcc 
ctgacggccaatctgctggaaaatatggggttgccatatctagctggaaaacgtccatgtcaagctggactgcggcggtcatgcgt 
tcagccgatccggatgcaaaccgttacgctcgcttatgtcgottgcttgatggtgtgatagcccaaccacataacagtcgttactt 
aattctgccggagctctcactccctgcgcactggtttattagaattgcccgtaagttacaaggtcgcgggatttcacttgtcaccg 
gcattgaatatttacatgccagtaaagcaagagtacgcaatcaggtatgggcttccttgtctcatgatggattgggttttccttca 
ctaatgatttaccgtcaggacaaacaacgcccagcactgcatgaagagcaggaattacaacgaatagcagggctagaaatgaaacc 
agaaaagaaatggacaacgcctcccatcattcaacacggtgattttcgtttttccttgttgatttgtagtgagctgaccaatatta 
gttatcgcgcagcgctgcgtggcaacgttgacgcgctgtttgtgccagaatggaatcaggatactgaaactttcaatgccttggtc 
gagtctgctgcgctagatatccatgottacatcatccaatgcaatgaccgccagtatggcgatagccgcatccgaggccctttcaa 
agatagctggaagcgtgatgtattgcgagtcaaaggtggtattacagattattgtgtaataggcgaaattgacgtacattctttac 
gacaatttcaaagtagctatcgttctcctggtaaaccctttaagccggttccggatggatttgagatagagcactctcgaaaaatg 
ttgccagaagcataagtaaaattggaaaaaaatatcgatgcaggttattaaagatgaggcaacatgccatagtcaatcataacctg 



US 2021/0130833 A1 May 6 , 2021 
25 

TABLE 3B -continued 

Sequences of loci of row numbers 1-78 of Table 3A . 

Row 
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cagatgtaatttgaaactgcatgttgagaattacggatttatttgtgtattcaccctcgcataaaaatgaagtagctttcatatto 
cacactactgataccccctgaaaatatataactaaaaaaaacaattttaaaacatgaggtaggaatagcaatctgactgtgatgta 
gttatttttttgatgaagataattaggtgctcgttgttc ( SEQ ID NO : 16 ) 

19 pLG021 ccactacaccggtgaccatgatttattgatcgttcctccttagtgaaccgattctgcccgcttaaccttaccccctggggggtaga 
tgtaagcaacggagttctgttcgccgccaggtcaaaccacgatgacttgatcggcaggacagggaccacaatagaccttcaggtcg 
gaatcagggatagaaggggacatgggcgaccgacagatatgaagatatgatggctatggcggcatctctgcccaccctcaggtcca 
aagcgaaaggaatcggaatgccccgtatcaacgttgagaaactgctgcttgagatcgaaatcgacaaggtggcagagcgattgggt 
atggcgcttaggagcgaatcagctacgcgcaagctcacgctgtgcccgttccatgacgataaaactccttcccttctaattgatac 
gagcagagataattctggacagcattaccactgctttgcctgcggtgaacatggagatgcaatcgatctggtgaagggagttcttc 
atatcgatttcaaaggtgcattagagtggctgtcaccaaactctactaccacccctgtaaatagggcgagaaaacagaaggctatg 
cagcctgagcagccagaaggctcagggcttgcgcaagcttataagttatacctgttaagcaatgacaagcaacgactagctaactg 
ggtgactgatcgcaagcttgatatttttttgatggaagatgcaggattcatatacgcacacaaaaactcactatctaaacaggttt 
cctcaagaaaagattttggaacgaagcgtgaattagcagcaacattggaagaagcgaacctaatacgcaaaatccttccaagctcg 
gggttccaaaactactatttaaatctacagtcaatccacgacaacaactatatagactttttttcaggggatcgaatcgtattccc 
gataagagacgatcagaaaaaactactaggccttgccgcccgggcggtagatgagcaaccagcaaaatacctattctcaaaaaact 
ttccaaaatccaaagctatttttagaatagagcaagctacaaccactctacgagcattggctaagcgaggcgaaacagatctacgc 
ttatatatctgcgaaggattttttgacgctctaagattggaaagcttgggatttcctgcagtagcagtaatgggaacatcaattag 
caaagaacaaattaagattatgaaagggcttagcgacacgctcccttcaaagctagcctctttgacaatctgtatttgttttgato 
gcgatgaagcgggattaagaggagcatccgaggctgtactaaaattcttaggcgctaatctcgacgtggtatttgtatggcctact 
actgctcagcttacaagcgcagaccattcaaacacaagcataaaagatcctgacgaatatttgagaaatttgtccgcgccgcaggc 
caagtcacttatcgatgtttccacctatggacctgtagtagcagtactagcaaatcagtttggtgtgcatgccgacgaactgettg 
aaaatctaaagtggaacagtgccagtcgctctcgaaaatacaggtcatttgagaaaactcgtgctgaactcaggaaagttgtagcc 
aacccccatctccaatcaagcgacctttttttaaatggccgaacagatcttgactcggcggctcaaatagaatggattgatttttt 
aagtgtcgacattgcgactgaagccgctccatcggaatgttatcttaccaactcaggcaccagactaaaccacgcccgactgctcg 
cctatatgggctcacgaagaggagagttgccctgcgaagaatcaaaatgggagcggttagatattgcggcaagtgcattcaatgtg 
ttgctcgctgaacgattggctaatgaaatacatggacccatcgacccgttcgaggccgtatgggtgccgaggtccttcggcgcaga 
agagccgagattaaaggtgatgcctcaacctgaggatttaatagcgcatcagtacttactaaatgagctacttacagaacgctggg 
atgcttccgctctcggtgttacagcattcagccagtgcataccagctgtccgctattaccgcgaagaaagaaaaactgttacgaca 
ggaatatctaccccctcagataacacccaacctattat acttgaacagacgctaagtttcgcctatcaaattgatatggaggttat 
tgagggcaggcagccagcttcagatcagggaatgtttcgtccgttcctagactgctggcgagactttatgcagtcccttaaaaatc 
aagccaaatctataaattacgtgcatgttatccgcctcgatgtcagtcgatattacgaccgcatccgcagacacgtcgtaagagac 
agcattcaaccatttatacaacaagctctggaaactgtcgctgataatgcaccggcgtttgctgaactgatgaaaatacaagcatc 
tgcggatgaagcagcggacaaatccgcaataattgtcgagcaattatgcgacatgctctttggctacccataccttagccctgata 
acgggagaattaataaatcagatcccttacgcggtattcctcaaggcccagtaatctcagcatggttaggctcagtggctttgttt 
ccagtagatctcgcggcactggaaatgatgaacaaatacaatgtagacggggaaactcatctagggtatgcaaggtatgtagatga 
catagttttactagctagcagctccgtacttcttgaggaactgagagagctagttgatcaaaaaactcggagcttagacctggcgt 
tggtcgcgaaagctgacgctattccgccaatgtctgctgaggaatttgcagattatgcaaatcaagggcgagctttagaagcatct 
ggtccagcgtgggaaccaccgttggctggcgatggtgaagcggggtgggagttttggtcaggcactcccccctcagatagacaato 
tgccctgcaactgctatcaaattgggagatatacaaaagcccaatagaaataatcttgcaaacagtgaaaacgtccttcctagcta 
tggatttacgttctagcgagcttgcaaagggagcaaggctaatatggtacgttgtagcatccgacctcctctcagctgacattgat 
ccaagcgatgcggcagatttagcgtgggaaatttatgatcgctattggaaggaatgtactgaggagtgtgggtggcagttaaaccc 
ggatagtttcggatgggaggcaccgaatctgttcgcacttgagggactggaaaagcttatagatcataaaaatagcctccaatcgg 
gtttaactgctttagaaaataccgtteggcacaaacgcatctctttcctagctagaaccgtgcttggggagcggttcaaactgcat 
gctcttgaaagcagctctacgcttaagcaccagatagataaaagactagatctcctcgaatggaaagcgtcaaaatcgtgcggaat 
gcccgttogtagaactaaatcctacgcagagcgatcaatgtatattcgctcctggcaacccttcaactggttocatgccgcagtag 
aagatttcatgctcgcggatcagtccagcggatccgacccattgagttcatatgtcactcagttocaatctatagaaaagagcato 
agacctaatcacgccgcttcttatgagttcttccggtatttactgccatccgatggcagcgatagcgatcttgagtttttctcaaa 
aacagagaatcgatactccggettagcaattcagattttggttgcattagtccctcgggaaagcataatacagattctctcaaata 
gagcgcgcttactttgtcctctagaagctggtaaaaaactattagtcatgccccctcttcctggcgtcaatcagcaacgtatagtt 
gottgccagatcgatagctcctcagaaaacaaaatcaaaaaaatcagctcgtttgagtgctatgaaatagattcaactaaaaccaa 
taccacatctctagacttttttggtgcaaactctgcgggcgtagttgtgcttacacccacatggaacaccgaagcccaacctcaat 
ccgccatacttcgatcaaactcagaagtcccgaaaaatcttttgttggaggtatttgagaaaccgtcaaccggtttcccttccgct 
attcagggattgaagcacgtagcctcactatatagagccattgtggtaataatggctgaatacgagaggcaaaatgatggtttaga 
gottatacccgottggccataccttgccacagatatgacctctgggaactgctacctaatttgtgagggcgtaacgaaaggagaag 
taggaaaccgagcatttgtaagagacggtgggcgggccctaagaaccattgagataccgatatacgaagcccagttgtggcgagcc 
ggggttgcgctaagcgattacataggcctgcacgacgatattgctaaatttagctcctccgaatccgaaatacctttggatgcgac 
aacgcttgccgccccgtcacagtacgtgctacgaagccaacttcgtaaactgaggggtgcctttgctaactcacaaatagggcggo 
gcgttatgcccccaagttttcttccggcaagtgttgaacgtgcgcttgagttattggagcattttccggaagactcagatagtaca 
aagatgcagctaatgcatctgcttgccactgaaaccgaaactgcgggaatgcgcgtccgctatgagaaaaatattgaggtcacaga 
gctcacggtatttctacgtgcggtcgccgacagggttctaacgaaactacccttaagcataggtgaggtcattgctgcaccgacta 
cagcagtcagtggcctgaggagagacctgagtggggtcttgacccttgccagaagcatatggtcgatggatgaagaagaaaaacto 
tctccaatttttgcgtggaagatttttcgagctggaattgtaggtattggtatcgctgttgctctacgggggattatagcttcact 
aagaagccacggggggtttgcacgctttgagggatttgattttccagcggaatgggagcttccccctgccacagcagttttatccg 
aaccggcgacaacagataaaaccactgatgaaaatgtaagcctcctcgaccatttccgggtactcgtatcacatctcggacaccga 
atgaggttggacgacaacggcgagccacaaatcccagaagaaatcagcacagaaataagaaaatacgctacagcattagcgggcct 
cactactaaagactcaactgcggtggacgcaagcgactggcctttctttgatatcagcgaaaaagtttttgataccctaaatatag 
aattattagagaacgtcagcaatctaatcaaaaacttagattccgcgcttggtctccaggtaattttggttacgcaacaatcatac 
ggcttcaatgctcaaaccaaacgcttcactgactcaagaggacttgcatgggatataaagccatggatgatctcgcaatacccatt 
gcgtgctcgccacgttgaggagtgttttgatcaagaccgtagaatcgtacgtgtatggagcgagatttacgaaaaaaacagtcaac 
gcctgctttctatatcagtactaggcgagcctttcgcatcaattgcactatgtaaggacttggaatcgccttatgccgagactaaa 
aatgtagacagcaagcacaacactgtattaggtcctagcgagcagggttctgaaagcgcacccatagatatttcaccgattcttga 
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Sequences of loci of row numbers 1-78 of Table 3A . 

Row 
No. Vector Locus 

aactgctgagcctgaggccgagactgccttagcagacacacaattaataccaaccccaaaccaaactagcactgaagacagctttg 
ataaaatagatactgagcgtaatacaacacacaataaaaaactaccgcttaccgacgcaacactcaacgcccgaaagaattcattt 
agaaatagccagctaacagcctggagcgataggaagtccaataaaaaccctgcccatgttcgggtagctctatttcagtgggacca 
agagctgagctatgcacaccctatggtggaggccaccccacaaaaatggcctttcagttccgtctgtaaaccagcagttttaaaag 
aacttaaacgcctatataactctccctatcaagcccttttgaatgcaactgaatctgccggtcaacaccacctatggaaaaacgaa 
aatatttccctacccagctggggtgagcttcgtcgtcggcgattattgctcaacgcagtgaacgcatgccagtcatttggcgtgga 
cttattgatacttcctgaatactcagtccgtgcagaaactgttaagtggttaaaagaagagtgcttacccggaaagacggtagcgg 
ttttagcaggaacatttttagctttcgactccggtccgccccccctaaaacaaagcgcgagcctcaacctcttgtggcccgtaccg 
cgtgatattgccgaatgcctcaaaccgcttgcacccaaaacaaatgaagatgctatgtccttgagtgacaagattgacaagggcat 
tgtattgcaatggggcagatcaaagaaataccgatcagtagctctaaatgagttcatccggcctggaactgatcctctcacccccc 
tgttcatgcccggaaaaataatagatgaattgagacgtgcaaattgggatctggacgctgatggtgttgttaagttgctagccaac 
acagagttgccacttgcgaatttcatggagctgatatgctctgagattttcctgttcacgagcccaaccaacattccagagatggc 
aagagattatgtttcaatgtgtgcaagatttggcttcggcgctgcagaagctcaagtctgggcggatctcaaactactatctaaat 
ggctttcggtctgttccaagcctggtggtgccgactctagacgatcaattttgatcgtacctgccgcgaccactcgtactgctgat 
tattggatagcaggccaagctggcttgottgccgccggcactacaactgtatttatcaatggcgtaggatctgggcttaagggtgg 
cagttgttttattggcagagagagctggaaaacaggggctggttctcacggttacattgagaccattacgccataccatggctggt 
caaaaggaatttactataatagcaaacatgacccactgagcgaaattgatcaagcattggtgatcgcagatatcgatcctcataac 
atgcttgaaggcaaacctagacctcagatgctgccagttcccttacagctagtggcatacctaccaatcgttgaaactgtcgacga 
aacaagcttggaccaaactctctgtgacgcagttcaggttgaccataacaatattgcaagaattaatcagggtcagcgattgggtg 
gacgacttaaaagtcgaaatgagttctggcaacttatcacgcaaagtataaataatgatgtcgacaacgactttatcattaacttc 
agtaaatactttactgatgggaaagcgattcttgagcgagcaaactctttcttcaacaatggacaccaacagcctttttcatcggt 
agttaagctagacctgctctgctctccggcactttacgactggctagaggccgatatgacgttgcgggagggtgaggcgttaccca 
acatctcagtcccttcatggaccaaataacttcggatagattacgagcccctaggataaagcctgtcgataggggctggtcacatt 
ccccgcagcagggcggtgccgataatagctgctcacatagcttagagagcagtcaccgcttggcactttggagctgggagagcgtt 
ggcatcgtagaatcgtcggcagtgaaaattcggtacagctacggtacggcacctagcttctgtcaactaattcaaactacactcaa 
caccatatactacggtgcctccagctatgccaacctacgttcagctaagaacgacttcactaggcatacatggtcgcccagcaact 
cataatcccttggtcgcaggttcgagtcctgctgggcccaccaagctttgagagccgcgctttgcgcggctttttttgtgaagcca 
agcactcagtttggtccgaacaccacgccaaagtgtttttcaagatcgcacatcccagaccacacgatgcacagacttcatgttga 
agcgccgtcttcagaaataagctgggaaaaggtcaatagctttcaatttgtagcagccaaccgtgatcacaggtagagcacgggtc 
gatttgatcttgcaatcctttgggcagcaagacccttgggctgttcaccggcgttgctgcacaaccagccacgctggaatcattac 
tgtcatcaaggttgagaa ( SEQ ID NO : 17 ) 

20 pLG108 

21 PLG023 atccctgaattccccgaaggtgaacaatocactgttcacccttcaccgtatattaacccgttatcacactgaaattaaaagagaaa 
aatgaaaggtgaacagtgtgaacaatcaaatcaaaaaa actttctactcccactatagcctgactggtcgtctccaaaacgagcgg 
aaaagcatcaacaatgaatagttaactgttaactccgcgccaactcattaccacttaactcaatgatattaaatggaaaactatcg 
aaatgaatactctgcaaaattaaatgcaaaaaaatatatgccagtcaaatttcgttacgcactctcttccaagaaagagataaatg 
ctttatacgtccaccatactatgttatttttttaatacggctctgccttaaatctgtgaggttgtttcgcctcgaagtatcttatg 
ttagcacatcacgctaccaatcagcggttagttacttgacgtaactgttaattggctaaagtttgcatagagtgattgggcggage 
cgtaaatttagtccataaatacagtaacgaggtagagagtgtctttacatgacaagctactgatgcttagtctcaatteggcgaat 
aaagaagaagatgagacaatcccggagttacctaagttagagcctcagccctatcaagctggaaataagttgaaatgggataataa 
agagctgaaaaatcagcccatcacttcaaagaatgacattaatgtaatatgcaaaaaaattgaaaacaaaagcattgtaattacat 
cagcaaacgatgtagccaatctgttagaagtcccggtcggacaattattatttattttatataataaaaaagataactatagaact 
tttgaaataaaaaagaaaaatggaaaaagtagaatcataaatgcacctcaaggcggtttatcaattctgcaagagaaattaaagcc 
agttcttgagtacttttatcgccccaaaaaaccagcacatggatttattaaggataaaagtatattaacaaatgcagaaaaacata 
caaagaaaaaatatgttgttaatgtagatttagaaaattattttggttcagtcactttcgctagagtatatgggatatttaaaagt 
aagccatttaatttctctcatcctgcggcgagtatattagctcaactatgtactaaggatggaaaattacctcaaggagcatgtac 
ctcccctgttctagcaaatttagcatcagcctcactcgataaacacctaacccaactggcacgtagaaaaaacatcacatatacaa 
gatatgcagatgatattactttttcatttaatcaacgacaagtcagagaaatcataacgctagataatgaaaataattttgaattg 
ggcgaggcgattatctctgtgatagagaaaagtggcttcagcataaacacaagtaaattcagagttcagaaaagaaatgaacgtca 
aaaagttactggtctagtggtaaatgaaaaagtaaatgttgagcgtaaatatcttagagttactcgttcattagttcataaatgga 
gagaagacaagttaacatcagcattgttgtttgttactaaaaaaggttttaaggcaacaaataacgaacatgctatatcaattttt 
cgcaatcatatttatgggcgattgagttttataaaaatgatccgtggtgaggacttcccgttatatcttaaattaatggctgaaat 
gagtcatcatgatcctttaaaaacaaaagaagggcttagagcaatgaaagaaactgaaacttacgatgtatttatttgtcatgcaag 
cgaagataaaacatccatcgcaattccaatttacgaagaattaattaaattaaatatatcaacattcatagatcatgttgaaataaa 
ttggggcgattcattaatccaaaaaattaactcagctcttgtaaagtctaaatatgtaattgccattctttcggctaattctgtag 
ataaacattggcctaagaaagaattgcattctgtgcttgcaagagaaatcactgaaggtgaagtaaaattacttactcttgtaaaa 
gaagcagatgaagcaatagttgctgaatctttgccgctcttaagtgataagctttatatgacctataaagataatccggcagaagt 
tgcagataaggttcgtgcgcttttaaacaagtgacagctactgtcaaatgtgtataaagtcattgatattttatataaaatcaatg 
gattgcaatccatataagattccttatgcatcagtgacccggtgctcgcccggtcactgcttcagtcccagcagaactcagacgag 
gcgcttaacatctaacgggatgccaacccgacgtttggttttatcggctatctagcctatatagaagca ( SEQ ID NO : 18 ) 

22 PLGO24 ctattgtgagcgagaaacgcgctactactatatatagacagacaagatgcacttactgaataaatactcataacggagaaaccagc 
tgtatagtgaacaatagatttccagtagcatatttttacttcacttttagttattaatatgataatcataaactacggctctgcct 
taaatttgtgaggttgtttcgcctcgaaggaactaatgttaggacatacgccaccgttcagtcgatggtaacgcttcttaactagt 
ggtccgctaagtgatgcgcaaagtgattgggcagagccgaaacgtttacaatccgataggagttggttttgtcgctacatgataaa 
ttattaatgcataacttcgcattagccaataaaaaaagccctgacttcatatctgaacttcctcaaattgaacctaaaccatacag 
caatggacataaaattaaatggataaaccacacacttactagcactgaagttactccccctgataacctgattaaaatatgcatat 
tgattgagtcaggggaaattgctataacatcagtaagtgatattgccaatttacttggagttcctgctggccaattactttatata 
ctatatcgtaaaaaagataattatcgtacttttgaaatagaaaagaagaatggtaaaaaaagagtcattaatgctccttgtggcgg 
tctatcgatactccaaacgagactaaagcccgttcttgaatatttctacaggccaaagaaatctgctcatggttttataaaaggaa 
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Row 
No. Vector Locus 

agagcatcattactaatgctgggatgcatattaaaaaaaattttgtcgtaaacattgatctagaaaactatttcgaatcaataagt 
tttgctagggtttatggaatatttaaaagtaaaccttttaattttgctcatcctgcagctactgttttagctcagttatgtactca 
caatggaaaattacctcaaggtgcgtgtacatcgccaatattagcaaatattgcatcagcttctctagacaaacagctcacccaat 
ttgcaggaagaaaaaaaatatcttattctaggtatgctgacgacataactttttctttcaatcagagaaatattgatataatcaaa 
aaaaacgacgacggaagttatagtcttagtgaaactatagacaatattatttcaaaaaatggctttaaaataaattatgataaatt 
tagagttcaaaccagaaatacaagacaaagtgttactggcttagtggttaatgataaagttaacattaacagaagatatataagaa 
ttacacgttcaatgattcatagatggacagatgataagctaaagtatgcacttctctttgctacagaaaaaggatatcaggcaaag 
gataataaccacgcaattcaaattttccgaaatcatatttatggaaggcttagctttataaaaatggttagagggaaagactatco 
aggatatttaaaactgatgtcatacatgagtcataacgatccattaaaaacccaagaaggattgcgagcaatgaaagaaacagaaa 
actttgatgtttttatatgccatgcaagcgaagacaaaaaagacattgcaattccaatatatgacgagttaactaaacttaaaatt 
tcagccttcatagatcatgttgagataaaatggggcgactccttaattgataaaataaatgcagcactagttaaatcaaaatatgt 
catcgctattttatctgctaattcagtcaataaggaatggcctcaaaaagaattaagagcagttttagccagcgaaatatcgagtg 
gcgacgtaaaacttttgaccttattaaaaaaagaagacgaggaggtcgtaaacctatcattacctttacttagtgataagttttat 
atggtctatgataataatcctgaagtagtcgccaacaatattaaatcactcttacaacgataattctctcacaaaagaaaatgtgc 
agattgatgcgtattaagtattaatctgcacatacaaaaaaaataataaaataatacatttttcataacttgtaggtaacaacaat 
atatgtcgtaacgaatatttggataacctctataccctattaaccaaccaattaactctatgtaatctcgcagcc 
( SEQ ID NO : 19 ) 

23 PLG025 cacgtaaatatgaaaactgttagcccacatagcccaacaaaaatatttgatagttaaccttctgttactaaagaaaacaggaaagt 
aaaagtgggctaaagcttatgcgccctcgatgttgggctagocccaaaaacggtaaatttagcttaagtgcataattggttagctc 
aaaagcattatttttcatttaaataaattagttaattggtcttgtttagatgattcaactgggctgactactttctttgtatatac 
tccggataaattttcccagctaacttgcctaatcatcactctgatgccagaaatgaacagaacgcaaaccatctataacttattga 
ggattttgaaaaaaattgattgggggcttgagttatatgatgactatgctaatttaatacggcacatgcaggtagatttgttggtt 
gtggtatcgcaatcagtgttaacaaggtcgggagtattcgccctctgactgccgtcaagtcatcttggcgtcaccgttaaatgcgt 
aagagtacctgcatgtgcattaacataatcaataatggaatttactgttatgtttaaacctacctatctggcaaggctgcaggott 
gttgtaacaaatttgaactggctgatttgcttcagattaaagttacatttctgactaatgttttgtatagaataaggccagaaaat 
caatacaaaaaatttactataaagaaaaagtctggaggagagcgggagatctttgctcctgatgaaaaactgaaagatattcaaca 
acgactttctgaacttctatatatatgccaggaagaaatttgggcaaaaaataatattaaacaaaatgtatcacatggttttgaga 
agaataaaactataattacaaatgctgagaggcatcgagataaaaatattgtatttaatattgatattgagaatttcttcccatcc 
tttaattttggtcgcgtgcgaggatattttattgcaaaccaaaatttcaagttacatccaaatgttgcaaccattattgcgcagat 
agcctgcctggatggatcgcttccgcaaggaagcccttgttctccagtaataactaatcttatttgtaggattttagatttcagat 
tatcaaagctagcagtcacatatggttgtagttacagccgctatgcagatgacattacgttttcaacaaacaaaaaaaacatccct 
gatgcattagtttctaatgagaaagaaaacgaaccaggtaagatattggtagaagaaattcatcgtgcaggcttcactttaaacca 
taataaaaacagagtgtctaggtgtacatcaagacagcaagttacaggtttaactgtaaataaaaaaataaatgtaagcagagagt 
atataaagaatacaagagcgatggcgcattctttatactttgaaggttogtatacacttattgagaaagatggaaaacatagaaag 
ggcacccttagtgaattagaagggcgatttgcatttatcgatatgcttgataaatataataatgtggaagcaaagaaaaatgcgcg 
tcctgagagatatgtggttaaaggatttgggttggattttaagcagagacttaactccagagagaaagcatacagcaaattcctat 
actataaaaatttctatggaaatgagcaaataacaatcttaacagaagggaaaactgacccggtttatcttaagtgtgcaattgat 
tctttgtttttggattaccctcagttagttagagaggaaaaaaacacaaagaatagagtgttaaaagttaatttatttaaaaccaa 
tgacaagaaaaaatattttctcgatttgtctggtggagctgcagactattcgaggtttttcagacgacatggtttactttgtaaag 
cgtatgaaaaacagcctcctaaaaatccagtgataattttattagataatgacacagggccatctgacttcataaatcaaataata 
aaggattattcgcatctaccaaaaaaagcggaggatgttagaaaaggggcgttttatcacttagagagtaatttatatgttctttt 
tactccgttattaccaggggataactattcttcactagaggatttttttgaaccaaaagttttgcaaatgaagtataatggaaaaa 
gottegataaaagcaataatcatgacagttctactacatttggaaaagatagatttgctacttatatagtaagggaaaatagaaaa 
actatcgatttttcattattcaaacccatacttgattcaattattgaaatcaaaaaacattttatcaatctacacccatcaaagtg 
atggttatgaaaagagataaaaatgctgatgtcaaaagaggettatgctcggcacagtggagtgagctgccaaactgtcgatgact 
gggtagccggtggggcggaagtagttatgtcccgtagcaaggttaagatttgctcttgtgtgtggggaaccttagtcaattacttt 
cctggcgcactgtgttagattttgtaaaattttaaaagactaaagatttaatatcacttctccatggaggttgtg 
( SEQ ID NO : 20 ) 

24 PLG026 ctatacgccgttatagctgaattttccggtgatttcagggcacattaaccaatttagataatactatagtaatggttgggctgatt 
tttcaagaacaaaagtaattttcaagctttgtaacatgttgattttccgcttttcgctcaagcgagctttcatctttgcaagccca 
tatgttcgtttttcaagcgattattcagatacgttaacttcccatggcagtgcatgactatgctgcatgaaatcgcatgatcgatc 
gaggatcgtctatgcttagaccagccagaaatggcgggcttttgctcatgtcatgcagctgcatgaaaaccactgcataaagtggg 
caggcgtggcggggatacgagggcgcgctatcacgtaaaataggcaaaatacttctggaaaacagaaagttgaagtgatatgttca 
taaacacgcatgtaggcagatttgttggttgtgaatcgcaaccagtggccttaatggcaggaggaatcgcctccctaaaatccttg 
attcagagctatacggcaggtgtgctgtgcgaaggagtgcctgcatgcgtttctccttggccttttttcctctgggatgaagaaga 
aatgacaaaaacatctaaacttgacgcacttagggctgctacttcacgtgaagacttggctaaaattttagatgttaagttggtat 
ttttaactaacgttctatatagaatcggctcggataatcaatacactcaatttacaataccgaagaaaggaaaaggggtaaggact 
atttctgcacctacagaccggttgaaggacatccaacgaagaatatgtgacttactttctgattgtagagatgagatctttgctat 
aaggaaaattagtaacaactattcctttggttttgagaggggaaaatcaataatcctaaatgcttataagcatagaggcaaacaaa 
taatattaaatatagatcttaaggatttttttgaaagctttaatttcggacgagttagaggatattttctttccaatcaggatttt 
ttattaaatcctgtggtggcaacgacacttgcaaaagctgcatgctataatggaaccctcccccagggaagtccatgttctcctat 
tatctcaaatctaatttgcaatattatggatatgagattagctaaactggotaaaaaatatggatgtacttatagcagatatgctg 
atgatataacaatttctacaaataaaaatacatttccgttagaaatggctactgtgcaacctgaaggggttgttttgggaaaagtt 
ttggtaaaagaaatagaaaactctggattcgaaataaatgattcaaagactaggettacgtataagacatcaaggcaagaagtaac 
gggacttacagttaacagaatcgttaatattgatagatgttattataaaaaaactcgggcgttggcacatgctttgtatcgtacag 
gtgaatataaagtgccagatgaaaatggtgttttagtttcaggaggtctggataaacttgaggggatgtttggttttattgatcaa 
gttgataagtttaacaatataaagaaaaaactgaacaagcaacctgatagatatgtattgactaatgcgactttgcatggttttaa 
attaaagttgaatgcgcgagaaaaagcatatagtaaatttatttactataaattttttcatggcaacacctgtcctacgataatta 
cagaagggaagactgatcggatatatttgaaggctgctttgcattctttggagacatcatatcctgagttgtttagagaaaaaaca 
gatagtaaaaagaaagaaataaatcttaatatatttaaatctaatgaaaagaccaaatattttttagatctttctgggggaactgc 
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agatctgaaaaaatttgtagagcgttataaaaataattatgcttcttattatggttctgttccaaaacagccagtgattatggttc 
ttgataatgatacaggtccaagcgatttacttaattttctgcgcaataaagttaaaagctgcccagacgatgtaactgaaatgaga 
aagatgaaatatattcatgttttctataatttatatatagttctcacaccattgagtccttccggcgaacaaacttcaatggagga 
tcttttccctaaagatattttagatatcaagattgatggtaagaaattcaacaaaaataatgatggagactcaaaaacggaatatg 
ggaagcatattttttccatgagggttgttagagataaaaagcggaaaatagattttaaggcattttgttgtatttttgatgctata 
aaagatataaaggaacattataaattaatgttaaatagctaatgaacagccctaacgttatgaacgctaaggctgatttttcg 
( SEQ ID NO : 21 ) 

25 PLG027 aattccccgaaaatccgcccgtttttactgaaaaaagccatgcatcgataaggtgcatggctttgcatgcgttttcctgcctcatt 
ttctgcagaccgcgccattcccggcgcggcctgagcgtgtcagtgcaactgcattaaaactgccccgcaaagcgggcgggcgaggc 
ggggaaagcactgcgcgcaagctatgtgaggtgatgtgtaatacatatcacgaatagcgtaggtagctgttggctttgcctgatca 
aggtgacagtatacatatcttaaaatataaatatttatgattatttatttgaaagaggttgaataatgatttttgatgaaaaaaga 
catttatatgaagctctgctgcggcataattattttccgaatcagaaggggacgatttcagaaatcccaccatgtttttcttcaag 
aacttttacaccagaaatttgtgaattaatagtttctaatgagccggggaaaagaaaattacatggatacgattgtgtcgaatact 
catcgactaggtataataactttcccagagtattatccttaattcacccaagagcatatgcacagttagcaaagcatttgtatgag 
tcttgggatgagattcgaaaaatcaaagaaaataaaaacagtatgattaaacctgaaatgcatcctgacggtagactttttatcat 
gaattatgaggatgcagaaacaagaactgtaagggagttaaacgatggatttggaagacgatttaaagttaaaactgatatcgcag 
gatgttttaacaatatatattcacactcaattccttgggctgttgtcggtgtgaataaggcaaagacatcaatgaataagcataaa 
aatagccaagatgttcattggagtgatagattggattattatcaaagacaaacaagacgaggcgaaactcatggtgtccctgttgg 
acctgcaacgtcaagtattgtatgtgagataatattaagttccatagataatattcttgagaaaaaggattottattcagacgtt 
acattgatgattatacatgttattgtaaaactcatgatgaagcgaaagagtttctccatgttttaggtactgaactttctaagtta 
aagttatctctaaatttgcataaaactaaaattaccagtcttcccagtacattgaatgatgattgggtgtcgttgcttagtattaa 
ctctccatccaggagagtattcaggaataatgactcggatatattatctgcatctgaggttataagctttttggattatgcggtac 
aacttcatctgacgaatgggggcggtagtatattaaagtatgctatatctttaattattaataaagtagatgaggcgtcagcaaga 
gagatgtacgactacgttttaaatctgagttggcactatcctatattaattccatatttagatgtattgcatccaaagattaacat 
taatgatgaggtcaggttaaaacttaatgaggttttgaattcctgcatagataataagttttctgatggcatggcttgggtgttgt 
attattgcttaaaatattccattgatattgacagttgtctcattagtaagatttttgaaaacggtgattgcctaagtatttgtatt 
ttggataaaactggaagatatgataaggaaatagaagaattttctaaaaatataatttcattggattatttgtatgaggttgataa 
atattggatattgttttatcagcgattctattcagggaaaggatataatccttacaatgatgattgttgtttcgatataatgaaaa 
catatggagttaattttatgcctgatgatggttatcaaacgaaagctgaacactattgtaatatagtaaatagtccatttcttgag 
aatgatgaacaagtaataagttttaacgattattgttcataatttataattagcctccg ( SEQ ID NO : 22 ) 

26 PLG028 cctgtcaaaaaatccccgtaaatcccgctatttttaacgaaataagccatgcatccataaggtgcatggttttgcatgcgttttcc 
cgttcctgtactcccgaccagcgtcagtcccggcgcgacctgaggtcacctttgcacctgcattaaaagcggccccttaagcgggc 
aggcgtggcggggagagcattgcgcgccaaagcgtattgatatactgccagcattttttgatactcacacccatctacaggagtag 
gtcactaccgatgtagagcttttccggattcagataaaaccacttagcatcggagcaaagtaactcaataccgaacaataaatatg 
agcccttcgtgaaaccgggtaaggtcaaactcataaaccaacaaaaggggaaaagtgggatatgtgaggcgtgtatgatttttatt 
tattgggcttcgttaaaaatggtgatttaatagccctttaaatttatcactttttaactaactccgagggtttatggttatttttg 
atgaaaaacggcatttgtatgaagccttactgaggcacaattatttccctaaccaaaaaggttcaataagtgaaatacctccgtgc 
ttttcttccagaacattcacaccggaaatagcagagctaatttcatctgatacatcagggcgcaggagtctacaaggttatgattg 
cgtggaatattacgccaccagatataataacttcccaagaacgctgtcaatcatccatccaaaagcgtactcaaagctagocaago 
atatacatgataactgggaggaaatacggtttataaaagaaaatgaaaacagcatgatcaaaccagacatgcatgctgacggtcgc 
atcataatcatgaattatgaggacgcagaaactaaaaccataagagagctaaatgatggttttggacggcgatttaaagttaacgc 
agatatatcaggctgctttacaaatatctactcacactctatcccgtgggcagttataggggttaataatgcaaaaatagccttaa 
atactaaagtaaaaaaccaggataaacattggagcgacaaacttgactactttcagcgtcaagctaaaagaaatgaaacacatggt 
gttcctattggtcctgcaacctcaagcattgtttgtgagattattttaagtgctgtggataagcgtcttagggatgatggattttta 
tttagacgttatatagatgattacacatgctattgcaaaacacacgatgatgctaaggagtttttacatttactcggtatggagttg 
tctaagtataagttatcactgaacttacataaaactaaaataactaatctcccaggaactttgaatgataactgggtttctttgct 
taatgtaaattcaccaacaaaaaaacgttttacagatcaggatttaaacaagctaagttcttctgaagtaattaatttcctagatt 
acgctgtacaattgaacactcaggttggtggtggaagcatactaaaatatgctatttccttggttataaataatttagatgagtat 
acaatcactcaggtgtatgactaccttctaaacttatcatggcattatccaatgctcatcccatatctaggcgtacttatcgaaca 
tgtctatttagatgatggtgatgaatataaaaataaattcaatgaaattttgagtatgtgtgcagagaataaatgttctgacggca 
tggcctggactctttatttttgcatcaagaataacattgatattgatgatgatgttatagaaaagattatatgtttcggcgactgc 
ttgagcttatgcttgctagatagctcagatatatatgaagaaaaaattaataattttgttagcgatatcatcaaactagattatga 
atatgacattgacagatattggctccttttttatcagcggttctttaaagataaagccccaagcccttataatgacaaatgctttg 
atattatgaaaggttatggcgttgactttatgccagatgaaaattacaaaactaaagctgagtcatattgtcatgtcgtcaataac 
ccatttctagaagacggagatgagattgtaagctttaatgattatatggcgatagcgtagcttttaggcctcatt 
( SEQ ID NO : 23 ) 

27 PLG029 gcgttgaatggtataactatggcacggttaccgcatgttttgagctgtaatcgaagttatgaaaattgctatataaagcggtcgct 
gttgtggagatacgattgcgggaagtgatggaaagagctataaaaagtacagaggatagtttaatgagggtattatgaaccgtcag 
ccgtttacttcagcagcacttaaacgaaacttaagtgaaagtgagaaggcttattattttaaaaaaaataatgttgctgagttaga 
atcattaattagtgatgccgttttaattgctaatgagaattttcgctctggtgtgagtgtaaagaaactaaatattaagggacgct 
gcgtttacactgcttcatgtttgaaggaaaaaataatacttagacattgcaatgcaaatttaaaatgccttgaatcgcttcgtccc 
aaacaacgaaatacaataattagtgagcttaaaatttatttggaagaaggtactccattcaaaatatatcgtttggatataaagtc 
tttctttgaatcaattgatttaccgcagctttttcagctcttacataacgaaacacgactgtctagacatacaaaaaatttgctag 
aatggtatcttaaatcgtgtgaaaggcttcactcttcgaaaggattacctagagggttagaaattagtcctatgttatcagaattg 
tacttggcacaatttgataatagtattcataggcatccagaagtattttattattcaagatttgtagatgatatggtaatcgttto 
aagtggttgtgaatgtgaagcgtcctttatggaatttatacaagatgtattaccaaagggattggcwaaataaaaataaattaaaa 
atatctccatgcataccaaagagaagtaagggtttaaataaacaggataaattgcttcatgaatttgactttctagggtactcgtt 
ttctataatagacacacctttgagcaaagatggtgagattaatagctgttacagaaaggttgttgttaatttatctaaatctcgcc 
tgaagaaaattaaaacaagaatagctaggtctttctactcttatcatattaatggtgattttaaactattgctagacaggatttct 
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Sequences of loci of row numbers 1-78 of Table 3A . 

Row 
No. Vector Locus 

tttttgactagtaacagggatttaaatcgcaaaataaaatcgttaagttctttagaaaaaagcaagataagtacaggtatttatta 
cagtaatgcgaagttagatgttgactccatatccctaaaaaaattagatgactttttgctatattgtgtgcaatctaatactgggc 
gtttgaatagtgttgcaaaaaaaccttttaatttgaagcaaaaaaaagaactgctaagaaatagttttagaaaaggctttgtggat 
agagtatatagaaagtataactttaagcgctatactgagattacaaaaatatggttataaagaaaaacattaaacttgataagaaa 
gattatctcagggctttactatgtgatacactgcccggtgattgtccaattattttttcaaatgatggcttatatataaacttaac 
agaatatgatagagtttgtaatgatttgttacattttacto gtttcttctttcttaaaaaaaatagtt accctaatttagact 
cttctattagtgtcgcagatcgccaccgagaaaagaagaaacaaagctccccatttggctattgtatagtaaaagatgcctttagc 
caaagacatctttctttaattcacccaagatctcaaattaattattcggaattttataaaacatactcatccgttatcacattaaa 
tactttaaaaagtaatttttctattcgctacccacgta aggtcgctaactctttctttttatatgaaaataatgctttggaaaaat 
ataaaggggaagatatcgaaacaacaaaggatgagttaatgaggaaatattcatcctcttattttagttatggcggtttcaacagg 
atatataaactatttcaaagtaagatgtttattgagcttgagaaaagattctcggtgatgtggatgttagatgtatcacattgttt 
tgatagcatatatacgcattcggtttcttgggcattaaaaaataaatcatatatcaaaaaacatgttaaacacagcaatcaatttg 
gacaagaattagatacactgatgcaacgtagcaataataatgaaacaaatggaatacctattggttcagagtttagcagggttttt 
gcagaattaatatttcagcgaattgattgcaatattgagtcatgccttcttagtgaacatggatgggttaataataaagattatgt 
tatattgagatatgtagatgattttattgttttttgtaatggtgagtcaagtgccgaagttattacaaaaataattaatgtgaagt 
taaatgaatataatctacaattaaatgtaaacaagcttaagaagtattctaggccattttgcactagcaagacaagtttgattgtc 
aaagttaatgaattaattcgcaatttagaaattaaactgtatgaaaaacgtgatagtggctttactttaaataaaataagaagtaa 
gcatgatttaaagatatatgtaattaatcatgtcaagtctatatgcattgaaaatcaagtgtcttattctgatgtttcatcatata 
taatatcatctctttccaaaagattaatatcaataattgatatattacgagttcaagaaaatgaagatgatgtagatgtaaaaaaa 
aggattaaggacttaattttcacaataaccgatattatgttgttctttttcagtgttaacccaactgtttcatcatcttataaatt 
atcaaagacaatggttgttgttaataactatttgaatgaaatatctagtgactatagtagtatttttatgactacgttagtgaatg 
ctgcggaaaacattaattttggtgagaatgataatgggctgtttattgatgatttcatttcaattgaaaaggttaatttaatcttg 
gctgctactttttttggagataattatcttataagtgacagtttttttcatggagttatacataaaaagaaattggactactttac 
tataatctcactgctattctattttagaaacagaagatcattccgaaaattgaagtgtataatagagggtgaaataaaggaaatat 
taagttctaatatggatttgctgcaatcatcggaaaaggcacatttatttttggatgtcatgtcatgtccatttgtctcaatagag 
acaaggcgttttttatatagaaaatatctcaagagctatgagccaaagctgaacagaagtcatctggagattgagaatgatttgca 
atctctgcttcaaacatattggtttgtcaagtgggatgagttagatattgtgaaaatgattgagaaaaaagaattgaaagaaagct 
attaatttgataaatatgagtcgtggtcagtttcaaaatacttacgtcatcgtcgtcggtgtattttatatcgattatgaagacga 
tttcgctggaactgaaatcggcttgaatgcttaaacttaagctaaaaaaacagtttgagaccaaagcctaaattattaggctttgg 
attttcaggttcagttgagagtaattgctgtctg ( SEQ ID NO : 24 ) 

28 PLG030 cttgagtttgcgtaagataatttcgtgaaaattaaagcaattaatataaaaaatgtaattactagtgtgtacagatatgaaaaatg 
atagttataaaaccatatgaaaattgaagaaagagttcaatttttgccttgtcagtaacaaataggtagcttattgaaaaaagata 
aaaaattaacaaaaaatcaataaattcatatagaataaaaatattaaagaaatgaaataagtgtttgcttcatcagttttagggat 
acattaaagtggttgataaagaaaaatattatactggattaataaaagatataaaaatagtagcttatgcaagattcaataaaata 
cgtcgtttaaagagaaataattttttaggattgttatctatttcggtagtttctatcttagttattatattatcaattgtagaaaa 
aatttataatataaaaacaatgagtttaattccattgtttgaaccaaatatagaaatatggttcttttgtatacttgcttcaataa 
ttattctttgtatatctattgcactctctactatgaagattgatattgaaatagaaaggttaaataaaagtgcagttgaacttaat 
gaagtaaggcggaaaattgaatttaatattgagaatagtaattatcaaaatagtacattgtttgataaatatcttgaaataataaa 
gtcagacttaataaatcatgatgaggttgattataaaataaataagtatttagtcagtaaagttggtagtaagtttgcttattato 
gaatgtattttattgatcagaattttacatcaatattttatctttttataacatttttaagcttttcttcaattatttcaattatt 
ttgcaggtaatgttgaagtgataagacaagattttagtgtaaattccctgttgagaatcacaactaaaaatgaaattgttaaattt 
aacttgggtcgtaataaggaagagtatgctattgcattatctcaagtttctaattatctattagagggcaatgaaataatagataa 
tttaagctgtagaatagaaagaaataaagttatatttagtactaattcaattaatactttttatgctttaaaaaaaatttctaaag 
atttaagccgattgtataaaattgagcctcctaatagagatgatatttctgaacaaatttatagaatttttgaacactctacaagc 
tatagtattgtaaggttagacattaaaagtttttatgaaaatattcaatataatgaggtaattaaaaagctggatagagataaaat 
actagttgcaaaatctattaaaattcttaaggatttatataactttattgataatggtttaccacgaggtttatctataagtccta 
ttttgtcagaaatatttatgaaagaagtcgatcaacaaattagaaatatagatcatgtatactattatgctagatatgttgatgac 
ataatagtaatttcaacagataagagtgattctatatatgaaaaaacaattaaagttttagagaaatatgatttaaatgttaatag 
taagagatatataaaaaatattcctgctgtgaacaataatgaaatctcaactttatataagtttgattacttaggatataagtata 
ttatagatacaatttcatataaaaataaacgaatagttaaagcggaactgtcagatgataaaaaaagaaaaattaaaactagaata 
atacatagtcttttagatagagtttataatacaacgcattatgatcgggaggagttgttaattaagcgattaaaagtgttatcctc 
taactactcaataacatataatgaattgtcaaaaactaatttaaaagctggtatgttttatagtcataggttagtaaataattatg 
gtatttttagtgaatttaataaatttttatctaaagctatctactgtcaacaaaacaatttctttggtaaagctatgtcgcagatt 
cctagtaaagaaaaagaaaatattattaaaagtatttgttttgttagtggatttaaagataaaaactttattgagttagagagggt 
tgaaatggaacgagtaaaaaagtgttggaaaaataaacgatataagaagctttgaggtaaaaatgaaaagtaagatttatttagat 
aaaaaggatttttatagagtattgttaactgatgtattaccctatgaagtaccttttattttaagtaatgaaggtttttatagaaa 
cttaaaaagcaactcatttcattcagttactaaaaaaatattagaattaactttatttacttcacaagtaaacactaatcctttta 
attttaaaatctctaaagatgatagtaattttaggaagttatatttagttcacccaagttcacaaataaaaatatcaaatttatat 
aaaaattattatcaattaattacgcatttgtgtagtagaagttctttttcacttagatatccaacttatgttgcaaaagcttttta 
tagtatagaaagagatagatctaattccgaaaattataaagatgaagatattgaattactgtcacaaaaaagccctaaatatgcaa 
gtacttattttgtatataaagatatcagttttttatataaattctatgattcttatagatttcaccgtattgaaaaaaagtttaat 
aaactattaaagtttgatattgctaaatgttttgactcaatatcaacatttcaattacctagatcagttaataaaaattgtagott 
tgaaagtcatacagatatacatagttttgaacatttattttcttcaattatgaaaggtgcttatcatggtaatacacatggtattg 
taataggaccagagttttctagaattttcgctgaaattttattgcaatctatagatgtagcaataaaaaataagttaagaaatgaa 
atgggaattaaggagggtgttgattatgttataaaaagatatgtagatgattattttttattttataataatgagcaaacttcaaa 
tttaatttttgaatgtattgttgaagaactttctaagtatagactattttgcaatgaatcaaaaagtattaggactactattcctt 
ttattacaggtattactattgctaaacatgaaataaggaagagattagaaactttttttgaattatttgagtcaataaataataaa 
gatgattatattgggctaaaattaaatcattattataaaatatcaaatcaattaattagtgatattaagtgtattgtttttaataa 
taatgtaagttattcaagtatttctggttatttttttactttaatgaaaaatcatgttttgcatataaaaaatagtttttcttttg 
aggataaatctaaagttgaaaatttaagtaagttatttcttattattcttgatgtttcgttttttgtttactgtatgaattttaaa 
gttagaagcacatatttaatttctcaaattatagttttgattagtactattgctgaatcatttgatttaaatttgatagatttaat 
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Row 
No. Vector Locus 

taataaaaaaatatatgatgaggtggatttggttttaa agataaagtcaaattcaaacttattgaataatattgaaattttaaatc 
tattaattgctgttagagatattgatcttaattatcagatcttagtagatgatcttatgttattgttttcttcagaaaggattaat 
aagtataattatttctctttaatgacttttttattttatgttcaaaggaaaaaacagtatcagcctatcagagatagaatttatge 
aataataattcaaaaatttaatcagaataatctaaatgtctcaaatgattctgagttaattcacattttttttgactcacttagct 
gtccttatttaactaaaaatcaaaaaattaatataactaactctgcattaaattctattattaaattaaatgataatgaaattgat 
gtttttgtagaagaaatgagcaaaactaattggtttattgactggaacttgcaaacaaaagatgcaattcagcgtttgctgatgaa 
aaaagaattgaaatcaccctatgaaaattgagataattaagctagaaactagatatacctccgacatttgttggttgattttacac 
actatataactcctagtttctataaaaggatgtttctaacatccttttattttttttgagatttaatttttcttttagtgacaact 
aagttttactataactaatagc ( SEQ ID NO : 25 ) 

29 PLG031 actgctcgacaaaacgaaccgttcattcgcgaggatggtggcagtgaatgaggtggtcagttttatcagcgcttcaaggtagcttt 
ataggatggattgtagcgaagtgcccaacaaattgattgaagctaagggcattgagcattgcatgcatcatgctcagactgacaaa 
aaatcaaaataaatggattgatacggacatgacagacagcgtacagactgaaactaccgagggaaaaatcatcatcaacttgtttg 
ctcccaatcttcccggaagtaccaaagaagatgatctcattcagaaatctctgcgtgaccagttggttgagagtatccgaaactcg 
attgcttatcctgacaccgataagtttgctgggctaacacggtttattgatgagtccggccgtaatgtattttttgtggatggtac 
tcgcggtgcgggtaaaactacttttatcaatagcgtggtcaaatctctgaacagtgatcaagatgatgtcaaagtcaacatcaagt 
gtttgccgaccatcgaccccaccaagttgccgcgtcatgagccaattttggtcactgtgactgcccgtctgaataaaatggtgtcc 
gacaaattaaaaggatactgggcgtcgaatgactatagaaaacaaaaagaacaatggcagaatcatcttgcacaacttcagcgtgg 
tttacatctgctgacagacaaggaatataagccggaatatttcagtgacgctttgaaactggatgcccagcttgattactccattg 
gtggtcaggatttgtcagaaatctttgaggagctggttaaacgcgcgtgtgaaattctcgactgcaaagccattttgattactttt 
gatgatattgatactcagtttgacgcgggttgggatgtacttgaatctattcgtaaattctttaacagccggaaattggtggtggt 
agcgacaggtgacttgcgtctatattcccaattgattcgcggtaaacaatacgaaaattacagcaaaactttgctcgaacaggaaa 
aagagagcgtccgcttagcagagcgaggctatatggttgaacaccttgaacagcaatatttattaaaactttttccggtacaaaaa 
cgtattcaattgaaaacaatgttgcaattggtcggcgaaaagggaaaagccggtaaagaggagatcaaggttaaaaccgagccagg 
catgcaggatattgacgccatagatgtteggcaagcaattggcgatgctgttagggaaggccttaatttgagagagggatcagatg 
ctgacatgtatgtaaatgaactgctgaagcagccagtgcggttgttgatgcaggtgcttcaggatttctatacaaaaaaatatcat 
gccacatcggtaaagcttgatggtaaacaaagcagaaatgaaaggcctaatgagttatcagttccgaatttacttagaaatgcctt 
atatggctcgatgctaagcagcatttatcgtgcagggttaaattatgaacagcatcgatttggtatggattcgctctgtaaggaca 
tttttacctatgtaaagcaggatcgtgattttaacactgggttttatttacggcctcagtcagaaagcgaagcattaagaaattgo 
tctatttacttagcgtctcaggtgagtgaaaactgtcagggcagtctgtcaaagttcctacagatgcttttggttggttgtggctc 
tgtcagcatattcaaccaatttgtgaccgagttagcacgagctgaaaatgatagagaaaaattcgaacagcttattagtgagtatg 
tagettatatgtctgttggcagaattgaaagtgcctcacattgggctaatcgatgttgtgcggtggttgcaaacagccctaatgat 
gagaaaattggtgtttttcttggcatggtgcaattaaatcgtaaatcacgacaacacatgcctgggggttacaaaaaatttaacat 
tgatactgagaatggcctagcaaaagccgcaatggcgtcttccttgagtacggtagcttcaaataatcttatggatttctgtagtg 
tttttaatctgattggtgctattgcagatatctcagcatgccgttgtgaaaggtcagccattactaatgcttttaataaagttata 
gctcagacaacatgtattgttcccccatggagcgaggctgctgttcgtgcagaaatgaaaggctcaagtaaaagtgcagataacga 
tgctgctgttttggatgtagaccttgatcccaaggatgatggcgtgattgatgaaagtcagcaggatgacgcaacggaattttctg 
atgccattactaaagttgagcaatggcttaaaaacgtaaacgaaatcgagattggaattcgtccgtcggcacttttgattggtaaa 
gtatggagtcggttctatttcaaccttaataatgtagctgatcaacataaaaccagactctatagaaatgcagagcatggacgaat 
ggctagtcaatcaaatgccgcgaaaattatgcgttttaatgttttagcatttcttcatgcggtattggttgaagagagtttatato 
attcggttagtgatagggaatatatcggtgaggggttaagactaaatccagttacttcagttgatgagtttgagaaaaagataaaa 
ataattggtgagaaattaaaagcggataataaaacatggaaaaatacccatccattgtttttcttattaattagctgtccaattct 
acatccgttcatttttcctgttggtgggattaattgttcagtcaaagcactgaacaaagaaacaagtttcaataagctgattgatg 
aaattgttggcgataaattactttctgatgaagaatgggactatctgactaaaaataatgatcaaaaaacaaacactagacaacaa 
atttttcaaaatactataacatcgctgaattcctccacaatcgtcggagcatcatacgataaggatacaccagccaggaaaaccaa 
gtcacctttattaggtgatagcgaagaaaaatgataatggccttcgtataaggattgggtatggaaaggtttcttcttaactcaac 
agttctgttatataggctaagcacagtctctttggatgaggtatcacttgatgagagagtggagtcatctgtattccttgctcaat 
acgaacaggctcgtagtttacctgatcatgtagctaaatctgcttggtcatatttagtgcaacaaatcaaacagcggaatatgaaa 
ctcggcccagtagcaatcttacgcctgatagctgaaaagtttattaaaaacgagaaaggtggccccaaaatcgatctacctatgtt 
ctcggaatggcaaacgctgatgagtcgagtatcgtgtctaccaattatagcgtgtcatcaggtatttaatccagggccagccagtc 
aggaatatagttttcgctggcctttatacccatatcacccgacggttgaagactacattacccgtgaatgcttacatgaaactcac 
caacacctaaatggcagtaccagtgcagaagagtgttggctggatgcactcaaacacccagaagcatgcctcagagattttgagaa 
gggctgggcatctcaagagatgaaacaactctgcgcccagattgatccatctctgacacctagaatcttcaaggatcgtttgcaaa 
tcgcctgtaatattcgcgaaattctttgtcgggttgctcagggcgtggaattgccagagtggatagcatcaatgcaaaatccgcag 
caactggcgaatagcacaattctgcataatggccgggagtatgggtttgcgacagtttggccaattgacgacaaatacagtcagga 
gtctgagttttgctggctaaccggattgttggaaaaatggcggtttaatgcgccagaagggttagaacgattgctttggatttacc 
tgctgattcaaaatcagtacttgaccttactggttcagcgagacgattttttcggatttgaacagttccagaattacaccatgacg 
gagttgagggaggaaacagagaaatcttatttgtctcgttttaaacatgctcatggtgcaggagtgtattctcaggtgcgttatct 
ggaaggacgttttgctccgaagagcgaccccaacaaaatgcaaaagctgctcttcagtgtgttaagaggatattgggaatatctga 
gtgctcatatgtccatggaatgggtgcatgaaaagcctctgactatatcgcaagtgctcgataacctcgaactggttgaacctcat 
ggcaagtgtgtagagctggcgctagtgccgcactttatcaaaagaaagcccaaaaatggtgaggcctatcctcacgcattactatt 
caaagacctgaaaaatcaggcagctattctgatggacatgctgaagtctgaaccgcgtctgacaggctggattcgaggagtagatg 
ccgcagctaatgagatgcacgcaccacctgagttattttgccccttgttccgggtactagccaaatcaggtattgctcattttacc 
tatcatgttggcgaggactttccgcatctgatcagtggtattcgctccattgatgatgccttgagatttttaccattgcgtaatgg 
cgatcgtcttggtcactgcacggcgattggtattacacctagcatctggaaacgctctttgccattgtccttatccatgaccaaag 
agacgagattgctcgatttggtgtttatctggcgggaacttcgaagtcatccggaactgctgcgUacgctagtgatgcagcgattg 
aagctgttcgcttggctcataaagtgttttcgctggaagaggaagtctcgattaccacccttgatcaggtatttgaaatgcggggg 
ctgttggccgaatcggaaggcctactgagtgagctaaatgaaccattaaaacccaaatccctctggttggaagagtatgagcgcgc 
cagagagttggttaaaacaacgggtatgaaaaggccgttgaagttgtataagcaatggctaacatctgacaatgtgcgaaagcago 
gtgctgaatatgttgaagttgccctagaatatttgccggatgaagcagttgttgcattacaacaagctgtaatggcaaaaatggca 
gaccgaaacattgcgatagaatgcccaccgaccagcaatacacgtatcagtcagtaccgaaacgtcagcgagcatcatatctttcg 
ctggatgggcttgccgggtgaggcgattgaaggtgatgttcctatgtctatttgccttggctctgatgatccggggatcttcgctg 
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TABLE 3B -continued 

Sequences of loci of row numbers 1-78 of Table 3A . 

Row 
No. Vector Locus 

cggacttgaaatccgagttctatcatctgttcgttgtgttaacccgaaagttcggtttgtcgccagcagatgctttgagaaaggta 
gctgaggtgaacgagaatgggcgcatttatcgctttcatgatgtcagctagcctgtatacattgaggattctgtaattgttcaaga 
ccagcagtgctcattgctaactatctat ( SEQ ID NO : 26 ) 

30 PLG032 gaggatttatgcacaaaatcctgatgcgaaatgttttcaaaaattgtcaggttaacgttcctgcagatctttgcgttacatgtcat 
ttctggat tttcccgacaggttaggttgtgattgatatga ccatctctcattttagtgatcgttatccctttataaacagg 
agtttatatgttatctatatgcaatagacttaaatcgatatacgtgcgcagcttacgattcacctctctacttactatttaaggaa 
aagagtgaggggagaattgattttcattaagatattatgagagaattatgactagtgaaatagtgttaaatcttgatttcccagaa 
tataaggatgatttttgtactgatagcattgatgagcaagataatgagttgtggcagcaacaggccaataaaaagctactttcgtt 
tctcgaggtgatgggggaggaagcaagacgatataaagaaaataattcccgtagtacgcatccacattataagacattgagtagtt 
atcaccatgcaatctttatcagtggcgcgcggggggcggggaaaactgttttcatgagaaatgccagatttagctggcaaaaacat 
tataataaagatctaaaacgccctaagctatattttattgatgtgattgacccgacgctattgaatattgatgaccgtttttctga 
agtcattatcgcttcaatatatgctacggtagaaaagcggatgaagcaacctgatattgcgcagaatatcaaagataattttatta 
attcgcttaagacgttgtccggtgcattaggtaaatcaaaagattatgatgaatataggggcattgatcgtattcaaaaatatcgt 
tctggaatccaccttgaaaaatatttccatcagttcttgatttcaagcgttgagttactggattgcgatgcgctggttttgccgat 
tgatgatgttgatatgaaaatagataacgcttttggtgttctggacgatattcgctgcctgttgtcatgtccattagttctaccat 
tagttagtggggataatgatctttatcggttcattgccaaaagtaaatttgaggaattattaaatcgtaaagcaaactctaattat 
gctaaagaaggcagcgagatagcagaaagattatcagaagcatatattactaaagtattccccagccatgtgaagatacccctcca 
accgatagatgagttgttgccatatctttatatacattctaatgaagatgaaaataaacaacatacaagctattotgaatttatca 
aacttgtacaacaaaaattctactttctttgtaatgggcaagaacgaagcacaaattggccgcagccgagaagcgcacgtgaagtt 
acgcaactaatccgttctttacctccgtctactcttagtaaggaagatgattcgggaactgatttatggcaacgcttcgctgtctg 
ggcggaagaacgtcgcgatggattagcattaaccaatgttgaatcttatctgtttattaagaatgcgaaagcagtagaagatttaa 
atctgtcaaatcttattgcttttaatcctttactgcaaaaaggaaaatatccctgggcagaaaaggatttttataaacagcagtcc 
caacgtcggaaagagctcaatgcccccgaaacaaattcaggtatccttaataccgtattttccgaacaaaggaaagattttatttt 
aagaagtatgcctgcgctggaactcattatggagcctatgtatgtcactaagacggtagcagaaaaaaatgataattctgcgctta 
tagcgatctatacccattctgattattacagccagcagcagaacagacgatgtcatatattttttggcagagcttttgaaataatg 
ttctggtcagtattagcgaaaactgaaaatcttccacaagaattttatgaaaaagataagtttaaatctttatttogtaatatttt 
caaaaaagtaccattctactcaatattttcaatgaaccctacaaaggttgttgatgaagaaaatgacgatggcagtgaacctgatt 
tttcgcaaaaactggacgatagcattaatgaactggtggaagatatatatatctgggcaaccagtaataaattgcgagccttcaaa 
aataaaaatttaatacccttaatgacgtgcgtttttaataaggtattttcacagatcaatgtactgagaaaaaacgtgcaggacag 
agttaaatttagagatgaacatttgtcagatctggotaagcgatttgagtatatgtttattaatgctatctttactttcatcagag 
aaggggtagttgtcaataccaatgtggcaacaggcgcagctcctgccagagtacgtaatttatcagagtttaataggtatgataaa 
acattatccaggaatatgtccgggattttatccgtgaaagaggataatggcttaacgatagtcaaagagagtgagggcgatatcgc 
agatctgttatttgaaatttggcatagcccattatttaaattaacaaccaggacatgttacccaataggtaaaataaattcgcaaa 
atacggcccaggaaaatttatcatcagattttaattcattttttgaaaatggtatcaacttcgaattgataaaacaatattattgg 
caaacttcaaatcatgataatatcaggacagcagacgttagggaatgggcaacttcacgtcttaatgaagcaatcatccttttttc 
atggatgaaagaaagcaagtctattaaagcgaaaattgacggacagagctacgagggtcggctctttcgcgggcttcagcaggcgc 
tggaaggttatgaggaggtctgagtatgtttaatcaggatccttattggctcattcctaccctttgtctggcatcagaccgaattt 
tttatgcacaattgcgagaccacttaggccagaaaagt agcggtgaacgcaaaaaagaaaaaaatggatatatactggtacaggcg 
gcacaagactatcaattctattttggcggccgtattcggaaagaggatgtgcaaaataatgccttaatgtggcagatagaaactgg 
taatgaaaattgcttatcgatgcttgatagtttgtcagcatatttcctcacatggcgcggcaattgttttgaggtcaggcgtgage 
gacttgaaccctggctgatgatctgttccgtgatagatcccgcatggattattgcctatgcataccaacaattgattaaacaaaat 
gttgtatgtgatagtgagcttatttctttgctgacagaacatcaatgtccatttgcctttccaaaaggcagaggggacatttcctt 
tgctgataatcatgtccatcttaatggtcatggttatagttcaatttcaatgctgaactttatagatggaaattataaggttaaaa 
aagggataaaatggccctatcggcaggaatacaccctctttgaaagtggtcttctggataaaaatgatcttccccgctggctgtcc 
gettatagctcttgcttacttaaaaatgtatataattcatttcaacaaggaaaaagatccgaggtagatttcacatgtctgaagga 
tgcggtcgaaacggtgcttgcggatgaggataaatattattttttagaggtagcttcgctatatgatgttgtcaccttgcagcaaa 
gagtgctttatgaagccgcccagcagaaatatcactcacatcaacgttggttactgtatacttgcggaataatgttaggtacagaa 
totgaagattatgcgaatgcgctggctaacctgatccgaatcagcaatattctaagaaactatatggttgtatctgcggttggatt 
gggacaatttattgattttttcggcttcaactatcgtcgaataacaaagccagctgatacaaacaaccgagttcattatgattctt 
ctgctggtatttccagagaatatcgtgtctctcctgattttgtactgggtagcggcgtaatgcctgatatatatgccaggcaactt 
ttcgatttttattgtacccaagcacgcaagggcgtacccgaacaaggacatattgttgttcattttacacgttcctttcctgacaa 
aaaatcaacatatgataaattgctaaccgagtgtcgcgaacggttacgttctcagtgtgattattttggccgttttttaacatcgc 
ttactttgcagtcgatagaatataaaaatttatctactgatgaagatcgaagcatagacattagaaaattagttcgtggctatgat 
gttgctggaaatgaaaacgagctacaaatagaggtatttgccccggttctccgggtactgcgtgctgctaaatttaaaggggaggg 
ggtgaactttaaaaggctacagcgcccttttattactgtacatgctggtgaggattattgtcatatactcagtggccttcgggcta 
tggatgaagccgttgaattttgtatgttaggagaaggcgatcgtatagggcatggattagctctgggagtagatataaaactatgg 
gcgaatcgccaaaagcgagcatacctgacggttggacaacatcttgataatttggtttgggcatatcatcaggcagtattactttc 
tcaacatattgtcgagcatataccagtaatgcatgaattaagggataagatccattattggtctcatcaattatatagtgaaactt 
atacgccagatttactctttaaagcatggctgctccgccgtaactggccggattataagtcaatcatatctgatccagcaaatatc 
aatgaatgggtgcctgaccaacatattttagtcagtacagatgagactacagctaaggccagaaaaatttgggaacgttatttaaa 
tagcggtctggcagaaaatgatgtttttaacagaataatttcagtaaattgtgcgcccgatacagcgcaaaatttttcaatgacct 
ttaatgaaaatgaagatattttatccaaaggggaattattattgtatgaagctatccaggatttcttaatcgaaaaatatagtagg 
ttgggtttagtcatagaagcttgtccaacctcaaatatttatattggcagactggagaaatatcatgagcacccattattccgttg 
gaatcctcctgactcccaatggattaaacctggtgggaaatttaatcgctttggattgcgcacaggacctttatctgtctgtataa 
atacagatgacagtgcattgatgccaaccacaattgaaaacgaacatcgcttaatgagagactgcgccatacatttttatggtatt 
ggaacatggatggcggatttatggataaactcaatacgcataaaaggtattgaaatattcaaaggtaatcatttaagtcaggattt 
agataatttaatctaaatgtaaacaagaaatccacgcaaatgcgtggattttaagtcaacttattattctctgaaacggtttaacc 
gttcggaacaacagattaaatc ( SEQ ID NO : 27 ) 

31 PLG033 tgtggttagttatcacagcactaacctattttcgagctttttgattgaccaataccatttcttttaattatgaataatgatgcgtc 
aaccgatggcgaacgggccaaatccactcttctacaactgcccattgtcacggtgtggaataattaaaaattttagatttttgaga 
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TABLE 3B -continued 

Sequences of loci of row numbers 1-78 of Table 3A . 

Row 
No. Vector Locus 

ttattctcattaccatcttgattttatttggttttgcatcaaaattcatagttcacaagcttttctcactccaaaaacaactgtaa 
agggattattgtgaacacgatatacataccattagacagcggagagtctgcggttcttaaggatccagataccttacttccccgaa 
atatttacgaacagcttactcgatttattgaaaaggctgttaatgaagtaccgaagcctcacgaagcgcttaatgaaacccgtago 
cataaggctatatcgattgacggcgcaagggggacaggaaaaacgtcggtgctagtgaatttgaacgactatctgcagagtaatgo 
tcagcaactggcggggaaaattcatatccttgatcctatcgatccgactctacttgaagatggtgagtcgctgttcttgcatatta 
ttgttgctgccgtgcttcatgataaagagatcaaaactgcccaaagcagagacctcgataagtccagagtgtttacccagaagott 
gagaacttggcacacggactggagtccgttgatttgcaacagaatcaacgtggaatggataaaattcgctccttatatggcagcaa 
gcatctggcaaattgcgttgaagagtttttaaaatctgcgttggagttgatcggaaagaaattattgatactaccgattgatgatg 
tggacacttcactaaaccgggcatttgaaaatctggaaatattgcgtcgttatcttacctctccgtatgttttgccggtagtgagc 
ggcgatcgccgtttatatgatgaggtctgctggcgagattttcatggaaggttgaataaggattcagcatataatcgcaagaacac 
atatgatattgctagagatttggcaattgagtatcagcgtaaaattctgccgctaccgcgcagactgagtatgcccgatgtaagtg 
attactggcagcaagatggtatcgaagttacgctagataaaaatggcattcctctgcgtaattttatggcatggttgaaaatattt 
attactggccccgtgaatggccttgagggtagtgatttacctctaccgataccttcaatacgtgctttaacccagttcatcaacca 
ttgcagggatttaattcgtgagcttcctgaaccattcagaaagaaagtcagtacgctggccttacgtcgtatgtggcaaatgcctg 
atgttcctcttgatgttcttgaaagttttgctgaaaaacatcgggaattgagtaaagaagctaagcgtgaatatggggaggcttac 
aagctattttatgatggactaaagaattttactgcttgggatagtaaggcttatctagaagatgataaacaatctgcatggctcga 
taggttgtgtgagtattttcgttttgaacctaaggctggggctgtgtttttaacgcttcaggcaaaacagttctgggtctcatggg 
cgcagggtgacaatcgtaatcaatcgattcttgcgactccgctttttcaacccttattgcataattttcgtgaatacgatgtcttt 
gaaaggtatgatgatctttctgattgggaatctcagttaagaacaaggttaccggagagttggttgactgccattaaagggcaaaa 
aacgcttttaccctatcctgtagcagaagcgggaattaataccagtttaaagtggaggtattgggaagaattagagaactatgggt 
ttgatcctgctttggaaagcaaggcaaatttccttttgtccacgttgatgcagaggaatttttatacaaactctaaacagtcagtc 
gtgataaatattggtagagtttttgaaataattattgctagtcttgtttcggatttagagttggccgacttgcagagaattagaca 
acgttctccattttactctgctagcgcgcttgcacctaccaaaacgttagatttggaagaggattttacgaaaaagaatacaagat 
ttatgaataacagaagtgaaactgacagagacatttctgatgatattcttgttgatgtgccggataaaaatgaggacgcatggaaa 
aaaatttgtgatgaaataaaccattggagaaagacacacaatgtggctagtacaaacttatcaccttggctggtttataaggtctt 
taataaaacatatagtcaggttgctaataatgtgtttgttcccagtggaatgcaaaatgttgatgcggctctaaatgtttttggta 
gggttttttatgcagtttggtcagcatttggtagttttgaaaaaggegaattgttcggactatccgatgtggttgctacaactaat 
attatttcggcaaaaaatttttataatcatgataacttccgagtgaatgttggaccgtttacgcctgagcaaaaccaaaattctga 
cagcgatcgtgaggcatatcagcatcgcaaaatgtatggtgaaaaaaccagagcggtaagttatgtattagcaactcatccgctga 
aaaaatggatcgacgaggtattacgcactgagtttaaacaaaaacagaatgctcagattcagaccgagagaaaaatgccgattcag 
gotgagaaaattatagatatcagcccggcaagagagtttatcacaagaaaactttcattaaattcacactcccggttggttaaaac 
acgtataataaaacagcttaagatgttatatccaaactacgataaggctaaggacttcattgatgaagttacaaaccacttccctc 
agaatgatcccgcaattaatacgcttcagaaagcatttgcagaactttaccccgatggtgacaaataatgttaactcggtctctaa 
gtgaacatgctgcagggtgttttttcactgatgagcgtctgtcacaacgctttctagatatccttttatcgccacccaaggatttt 
gaaacgtggtcatcattgcaggaggaatctttcaagctgctcgttaagagcatcgatagccgatatccacgcacttaccggttaac 
cgacgtacgccagcttgtggggaacatatgtgacaacgggttactgacgagtccgacactaccttggctcgatgtcattgcggato 
agttactgttgcggaatggcgacttactctattaccgcgaaaataaggttcaagactacgtgcgaatagctgcggaactcgaccct 
gcccttctagtgggatggcgtcttggcgactggcttttgcaaagcccaccgccgcgattgacggacataacccgtgtggtgatggc 
gcagaatccgttttttgctccacctgctaatgcaggtaaaccttttgccgaggggcacgtacatctcgggggagtgacggctggag 
atactattttggatggctatctttttgaagagattgaactacccaaaagcaaagatatgttgttgtgggcgcacaaagagcatgat 
gagttaacaccgttgataaatcgagcaaagtctttgcttacagttctactttctgccccccctcaaacggtttctgagcaaactca 
aaatggttttgatcagcgtaaaactgtatctgagaagt acaaggcattacagaacccaatggatagcatccatcgtctcccagact 
ggttattgottgctaaaaagaatcgcggaactgaaagcgtcagccccggctggtttttaaaccaactggcgcatgcctccgaaaaa 
aaacatccctcgcgctggctgtggctgcagctatacctttgccactcttatcagcttaaagacactcatccactggagcgcacggc 
aatactctgtttttggcttacggtaaatgcgctacggcgtcacattattatggacggacaggggcttgcgtgttttaccgagcgtt 
attttaatggtgctttacgtgcgggtaagaaagctgacagtagcaatatgcgctacctgtttgccggtaaagacgatgtggccgaa 
gtgaaagcatccccaaaggctttcgatcatgagatggtcactggattttcctcgacattgctgaaaaccctcggcattccagctgt 
ttttccaccgtatatttttggtgagcatgagattaagccagatgaacgcgtgctgcgctatattggagcactggagcgctggcagt 
tttgtgggcacttttctcgctctaaaactgcaagtcgcggcaagcgagcaaaggctgatttgcaggctaactggacagaagcggag 
cgattgttacagaaactgtacagtcataatggctggaatcatcccgtcttcttagggggtaaacgtaacccacattttcattttca 
gccgtcgaactggtttcgggggcttgatgttgcaggggatgaaaacgtactaaaaattgcaggctttgccccgatgctgcgctggc 
tacgaagtggattatatcccgtaccagaagggcttcgcgccagtatgagttttcatttcagtattcatgccggggaggattacgca 
catccggcgtcaggattgcgtcatattgatgaaacggttcgcttctgcgaaatgcgggagggagaccggctaggacatgctctggc 
tctcggaattgaacctgcgctctgggcgaaacggcatggtgaaatgatactacctctggatgaacatttagataatcttgtctggo 
agtggcactatgctacgcttttatcggcttcattgcctctcgctcaggcggtattaccgctgcttgagcgtagaattgcacgcttt 
attgcacggtgcgaatggtgcaaaaagagacctccgcaaatagataacagtgtggtggggaaacaggcctgtagtgatgataaacc 
tctggaaaatattacacctgatacgctctaccgggcctggctactgeggcgtaattgttcatatcgactccagcaactccacggcg 
gttcccctttgacctcgcaagagaaatgtgcgctgccggattgggccacgctcagcgataaaggcaatgtggcggcgcagctttat 
cagcaaagacactcgagtctccttgacgatatgccgccgcaactggtagttgtgcgtgtagcggacgaatggggaactcaggagct 
tattggcttgggaaatcctggtaaactgcgtcagcaggctcttgacggtaaagatatcctccaagacattgatacgccggtagagc 
tgcaatttatgcatgctttacaggactatttgctagatcactatgatcgtaaagggttaattatagaaaccaacccaacatcaaac 
gtatatatcgcgcgattcaaaaagcacgtagagcatcctatttttcgttggaatcctccggatgaagaactgttgaaaccaggcgc 
tgaatttaatcgttatggattgcgccgtgggccagtcagggttctggtcaatactgacgatccagggattatgcctacgacattac 
ggacggaatttttactactgegagaggctgcgattgagcgtggtgtcagccgaacgatggcagaatattggctggaaaggctgcgc 
ctgtacgggctggaacagtttcagcgtaatcatttaaatgtatttgaagttattgaatagaggattttatcgtgagtggtacatto 
ccttacttgcaatatacggatgtcaatgggctacaacctaagctcaaagaagagttgaaaaatttacggagaaaagagtatttgtc 
ctactggcctcgttttctgatacgtagaatttcgctttatgctcttccattcctcatgttcttcacttttttcttttgtctgagtc 
tgacgaagaaagttggggcagaggaagtgactaatattcttggaaccgtgagtatatccttcagtagttgcctgctgctggggatt 
attatttctggtgtcgtgttactcttgcagtggacgtgcttcaactgtaaatacagtccgcaggatacgaatggagttgttggggc 
tcgtaagttaaattataaattacttgctcatgttgtatttgttattgcatgcgtgcttttatttgtttttatttattgcaccaata 
ataaagtgttttatggttttatcgtgtttcttggtttgacattattaccattggtaattgaccgtaccttgggggtgactcgtcaa 
aatgaacgtcacaaactctatatcagaaggttagagcgcctcgatgaattgaatattctccgggagaaaatgaatattaaattega 
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TABLE 3B -continued 

Sequences of loci of row numbers 1-78 of Table 3A . 

Row 
No. Vector Locus 

agaatcccatttcatcgagtatatgaagcttgttgatgaagctgatcacggaaaaaaccaggatacagtaagcgatacatcctatt 
ttatgacgttgatagaaaataagctaaaagtgtaatcggttttaatatgatgctgtataaaaaactacgcaattgcgtggtttttt 
gtcggactatgagggcaaggttgccctaaaacagaggttaaacgttgggatgtgatttattgcacatcatgccgtgcccatccagt 
agaatccggttcgaaatgtgtataggattgtgtatatgtttctgttcggtctcggattcttatacac ( SEQ ID NO : 28 ) 

32 PLG034 accgtgctggcatgtttttacggagtgacgctttcattaacctgtacacgaacttctattccggcatcatgacaggcctgcagcca 
ctgcgccacttccagcggatcgccctcccggcgtaccactctgccttctttattccataactgcagacaggtgctgccgtcgagacg 
caccacaaaatccccacggcaggcctgataggggtttgagggccaaccgtacgaaaacgtacggtaagaggaaaattatcgtcttaa 
aaatcgatttatgctatcacagtcgtctcttcaggtaagtacggttgcctttgcctgctttcttctcgtctggttaagttaagaaat 
tcagagatccatgottgagataaaagcggaataaaaccagtaaaatgtaactaaaacaacaacggaattgtatcaatgataatgtcc 
acaccgtggctgacaccgatcgttgccgatagtgatcatgctgaggcaaatgcagtgagctatgaagcactgactccgacagaactc 
gactcagataaagcaggctgttatatcagcgcgcttaattatgcttatgaacatccggatatccggaatattgctgttaccgggccg 
tatggggcagggaaaagctcagtattaaaaacatggtgcaaagctcacaatgggacactgcgggtgttaaccgtttctcttgctgat 
tttgatatgcagagacatgtggatgaaagtaatggggacagcagtagtgacgaagggacgaaaaatactggtagtgttgaaaaatct 
attgaatacagtattctgcaacaaatactctacaaaaataaaaagcatgagcttccctgttcccgcattgaccgtatatcagatgtg 
actgcgggacaaatattgcggtctgcgtcttttctgacaggaaccattttactgagtggagctgctttatttttccttgcgccggat 
tacgttacaacaaagctatctttgccgggagcattcgcccgttaccttcttgaatgcccgtttggggtgcgtgtgtccggtgcagtg 
gcatctgtgatgggatcgttatgcctgcttttgaaccagttacatcgtatcggtatatttgacaggaaagtaagtcttgataaagtg 
gaccttctgaaaggcgctgttacaacccgggcatcatcaccttctttacttaatgtctatattgatgaaattgtctatttttttgat 
tcgactaaatatgatgtagtgatattcgaagatcttgaccgttttaacaatggccggattttcgtgaaattgcgggaaatcaatcaa 
attattaataactgcctttctgacagaaaacctgtaaaatttatttatgctgtcagagatggtattttcaactcagcagagtcaaga 
acgaaattctttgattttgttatgcctgttattccagtgatggataaccagaatgottatgagcattttgttaaaaaattcaaagaa 
gaagagataaataataacttaagcgaatgtatttctcgtattgcgacatttattcccaatatgcgtgtaatgcataatattacaaat 
gagtttcgactctatcagaatttagtcaatagtcgggaaaatctggccaaactacttgccatgatagcatataaaaatctctgtgcg 
gaagattatcatggtatagatagtaaaaaaggtgttctttatcattttattcaaagctacttagaccatgaaattcagaatgaatta 
ttacattctgcaaataacgaacttgaggatatggcacagtcacttgtagcgataacaaatgaaaaactcgcaaaccgggaaaatctg 
cgcgaagaactgctcatgccttaccttagtaaaaattatagcggcgcgcttgttttttatacagaaggaaggcaaataagtcttgat 
gatttgatacaagatgaagatgaatttctcatgcttttagataaggaaaatattcaggtcgttaccccctataacagacaaaatttt 
ctcatgataaatcagcgggatacagaaaaactgaagcagcagtatgaaaaacgatgccatttaattgaaactaaatctgttgataat 
ataaccagagtgaaaaataatatttccagtctggagtcattgaggaccgaaattctttccggaactgtagctgatatagcagaaaag 
atgacaaatgaaggetttgttgcctggataaagaagaa agaggatacaggtgtcctgacgattcagtcggaacatgaacagattgat 
tttatattttttctgttatcaagtggttatttatcaacagattacatgtcctatcgctcaatcttcattcccggagggctgagtgag 
acagataatttatttcttaaggatgttatgtctggtaa aggtccggaaaaaacattctcattccatcttgataacgttaataatatt 
gttgaacgactcaaaaagctgggggttctgcagcgtgacaatgctcaacatcctgctgttatcagatggctgattgataatgaccct 
gataccctgaaaaacaatataatggcattactgagtcagacgggtagccagcgtgtggttagtttgctgatgttgatgcagaacgat 
ttcacaacgtatgttcgcctgcgttacctggagatttttatgtcagatgaacatatactgaacagattgctggcacatttatgtgcg 
tcagaagaacgcacacccgagcaaaagttttttgttcaggaaatagcggcacacctgttatgcctgactgaaaaatcaaatatctgg 
caatcggttgagattaataaacgtatcggtgagcttatagattcctccccaattcttattactgctgtgccaaaaggatatggtgat 
gcgttttttgaagtgttgaaagataatacactttcagtttcatatattccaggtgatgtgggagacgagaagtgttctgttatcagg 
aaaattgcgggtgcaggattattcaaatattccgtcagtaatcttaaaaatgtttatctttgcctgacgcaagacaagaatgaagaa 
agaatgtcattctctctttatccgtttcattgtctcgagtccctggctatttctgaattaacagaaattctgtggactaacatagaa 
gattttattttatcggtatttattgaatcggaagagattgatcgtattcctgaattgctgaattcttctgaagtctcaatgactgtt 
gttgaacagattatagccaaaatggatttttgtataaataatctggatgatattattaatcgttcagagtgtgcggacaataatgct 
tcagggagaaatatctatagcatgctgttgcagcatgacaggatttttccatcctttgataatattattcatttattgcatgataca 
tcaattaatacttccggtgaacttgttcagtgggtaaatgagaaacactttgaatttgaaccatctgatatagtcataaatgataca 
ggaatatttaataattttatttctgaattaatttgctcgccagtcatttcagaagaagctttactgaaagtactgagtaatttaaac 
gttgttattatcgatgtgcctgaaaacattccattgcgaaatgctgaactgttatgttcagagaaaaaactggcaccgacagttaat 
gtctttacggtgttgtttaatgctctcagtgaaaatgttgatgatattaacaggatgaatactctgottggtaaccttattgcccag 
cgtcctgagattattacccaggagccagaagatattttttatatcgagggtgactttgatgaagaactggcaagcgaactttttcgt 
cacaagctaatcggtatgaatataaaagttgccgctttacgctggttgcgtgataacaaaccgggaattcttgataagagctacctg 
ctgtcattagatattctggcagaactgagtccctggatgggtgacgatgatctgcgcctgacactgcttaaacgttgtctggttgcc 
ggggatgctggcaaagacgcgctttgcgtggtgctgaacagttttgctgatgagagctatcatggactgttaccacatgacaggttc 
aggaaaatccctcactccgtggatttgtgggaagtggccgaattaatcagcaatcttggatttattcagccgccaaaaatggggtca 
gggcgtgatgaacacaaaattgttattactcccgtacgctatgtccgtgatgttgagttttatgactgagcatcattgatacggtgt 
tttaattgccttaaatacaaaaataaaaacagattaatgottaatgtgcattaatctgttttagttatcaatggctgttaattattg 
ttaattttacattaatctttctttttcttcaggaagat ccgaaaactcctggtcacggatcttcct ( SEQ ID NO : 29 ) 

33 PLG035 attatctgccaaccgataagatggctgcctaagtcgtagcgattcagcactgttttagcggcgctcgattgcaaagtcgtgctttg 
ctgacttgcgattgtgctctttacgagcaaagctttcaggtatagtaagtgctaactgtagtgtaaaattatagggatagatgaag 
aaaacaacgaggctttagctaatctttgcagttgtgtctgctataataaggcgaaattttatctgcatgattttgtttgattaact 
ccgaaagccagctctctcggtgaagattgggaagggatatcaatgagtgatgatagctataaatttcaaaagttaacgccgttcag 
cgatgttgagctgggtgtatataaaaatgcgatagattttgtttttgccaataacgatctaaaaaatgttgcgatatcagggcaat 
atagcgcaggaaaaagtagtcttatcgaatcctataagaaaagtcattcaaatataaagtttgttcatatctcacttgctcatttc 
agatcgattgaggaagctgaaactaatgaaccaagtaa agatataaatgaaaccgcgttagaaggtaaagttcttaaccagttaat 
tcaccaaattaatgctgatgatattccccagacacattttaaagtaaagaaaaaaataaaaactaacaacattgtgataaacacca 
tctttacggtgttatttatcgccatgatactacatatcacgctatttaataagtgggaaaagtttgtttcacttttatctgaaggt 
aatataaagacactacttacattatcaactaaatacgatacgcttttaattagtgggtttatatgtactatcctatcttgtatttt 
catttacaagttaataaaaacccaaaagaatcgtaatgttcttaagaaaataaatttacagggtaatgaaatagagatttttgaag 
aaagtaacgagtcttatttcgatagatatttaaatgaagtattgtaccttttcgagaacgttgatgctgatgccattgtttttgaa 
gacatggaccgttttaatagtaataacatctttgaacgtcttcatgaggttaacagactggttaatattcaacgggacacagcagg 
gcacaagaaatcgacgttacgttttatttacttgcttcgtgatgatatcttcatttcgaaggatagaaccaaattctttgattata 
tcattccagttattcctgttgttgatagttctaactcttacgatcagtttatcacacattttgatggtggtggtattctcaagttg 
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TABLE 3B -continued 

Sequences of loci of row numbers 1-78 of Table 3A . 

Row 
No. Vector Locus 

ttcaatgaaagatttctacaagggatgtctttatatattgatgatatgagaatattgaagaatatttataacgaatttcaaattta 
ttataacaaattaaacacgacagaacttgactgtaataaaatgttggccattattgcctataagaatattttcccaagagatttta 
gtgagttgcaacttaatcaaggtatggtttataccatatttagtgaaaaagacaaccttattattgaagaaataaagaaaatagaa 
aaagatattagagatagaaaaaaagagattgaggcaatcaatgatgaaatactcaactctagtcaggaggttgatgctatatacga 
taaggaattatctagatataataatcatcctcactataatcaggctgagaaagctgatatagcaaagagaagggcggctagaaaag 
aaagtgttgaaaataaatttaatggt aatagaagaaattaatgagettatatcaagatcaagagaaagtttggttgattctaga 
aacaaaagacttaaagaagtaataactagagaaaacattgatgaaatatttaaactcacctataccaatgaaattggagaggaaag 
agactttaatgaaataaaaagcagtgagcattttgacttgottaaataccttattcgtgatggttatattgatgaaacctataccg 
actatatgacctatttttatgaaaatagcctgagtcgaattgataagatgtttttacgcagcattaccgatcaaaaaggcaaagag 
ttcacttatcaactcaagaaccccaagctggtcgttgcccgccttcgagaagtggattttgaacaggaagaggcgcttaattttga 
tttattagettatctgcttcaaacgccagcccaggtaa acttaataaaacgtttattcaaacaactaagaaaagatagaagagttg 
agtttattcgtggttactttgaaactgagagggctcagcctgtcttcattaatcgattaaatacacagtggcctgagtttttttct 
tatgcgctgacagagagtgaattttctgctgattgggttaaactctactctataggcacgttttattattctgccaatgacgccat 
cgaggccattaatattgatgattgtctgactgattacatctctgattcggcaggttatttagcaatatcagaaccgaaggttgaca 
aattaattagtggttttaagttgcttaacgtctcttttgtcagtattaaat Ugaaaacgcaaataaagtactctugatgcggttta 
ccagcattcactttatgatattaatttttccaacctgaccttaatgctgagtaaggtttacacgcttaatagtgaagatgatatto 
gccataagaactatacactagtgatgtcacaacctgattctcccttggctagttatgttaataaccatattagggactatctggat 
atggttttatctagttgtgatggttcaatcgtggatgatgaatccattgttttatccgttcttaataatgagggaatatctgatga 
acaaaaaggccagtatataaacgctttgcaaactttcgtgacatctctgagtgaggttgagagcgaatctttatggtcatctttgt 
tggataaagatagagcagtgtgctctgaggaaaatattgtctcttattttgaacatgttgatggactggatgactcacttatcgaa 
tttatcaatagaactgatgtagacctgaattttcaaaatattaatattgataacgagcttaaaggtaaattatttaaatcgattgt 
tatctgtaatgatttatcaaatgataaatatgaaaaattaatttgctcactaaatattatttgtaaaacatcctttagcgctagta 
atatcgcgagtgataagttcaaaatattagtggataaaaatattattcgtatgaatgttgcgccacttaatttcatacgagataac 
tattcagagcaactttcctattatattcataagaatat cagggcatacgttgaattaatgacgattgataactttattttggatga 
ggctatatcaatactttcttggaaagttgatgatgatttgaaagttaagctactcgagtttgttaaaactccgttggctatttata 
gtaagaattactctcaggtcgttaatgactatattttagaaaataattttaaaccagatgaacttctaatcttgacgtcatcttat 
aaaacttggggaacctctactcagtcgctcatcttgagtcgagcaatacaggatatatcagcattgatagcaagtcctaatgatgt 
ttctgaaccgttactaaaaaacctgtttgtcgcagagggactgaatatgcagaataaaatagcactgctaatcgctttgttgccgg 
gtaaggatttgagtaagacgacttgcaaagagtatcttgatctgcttggtttatcggagttcagtaaaattttggggcgaggcaaa 
cctaaaattgaagttgattcaactaatcaaagtttattaacagcattaagagataaccacttcttctctgattttgaggtggataa 
tgaaaatcccacttattataaaataacaaggeggcgctctatgtttggctcagatacatagcattatgtatttttctacagtttgg 
gcacttttatagtgcccaatttttacgctgaaacttacgcagataatctgactttttcccagttgacgagtacacctag 
( SEQ ID NO : 30 ) 

34 PLG036 atctatagcagtcatcatattggattattggtgaagtggtacactgaatttgcccacctgaacagagttggttttatcaaacctgt 
agtttactcaatgacgtaaaaattggtgatgtaaaggatataaaaatgtggtcagacaaagagtcatcagaagactacctaaattt 
tggtgaagtatctcagttagccgtggatgtacttaccacgaaagatatgttaccagtatctatcggaatttttggaaactgggggg 
caggtaaatcctctctgttaaaactgatagagcaaaaacttgagcaagacgacaaagattggattgttatcaattttgactcttgg 
ctctatcaggggtacgacgacgcccgtgccgcacttcttgaagtcatcgctacagaattgacaaaagctgctgaaggtaattctac 
ccttatatcaaaaactaagagactccttagtcgagttgatggttttagagctatgggattactagctgagggtacagctttaatgg 
caggattacctactggcggtttgctttctagggggattggtgcattaagaaatatcaccgatggcatccagagccaggaagagtat 
gaggctttaggcaatatagctaaagaaggtaaagaaactgcttgtggtttgattaaaccacaaacaaaaaaaagcccccctcagca 
gattgatgcctttcgtaaggaatatggggaaattctagaagaacttggaaagccactcattgtggtaatagataacctagaccgct 
gtctccctgccaatgctatccatacacttgaagctatcaggctattccttttcttgactaatacagcctttattattgcagcagat 
gaggacatgattcgctcttctgtggctgattacttcaaaggggcatcacagcgccatcaaatagattatctggataagctaatcca 
ggttcctattcgggtgcctaaggctggggtccgtgagatccgttogtatctgttcatgctttatgccattgaacatggcttagaag 
gcgaaaaaataactatgctccgtgagggcttagagaaggcgttacagcaatcctggaaagatgaaccaatctcacgtcaggaggcc 
ttaaaaatgactggtgaagcggatgatagcaacctcgcgctggcgtttgcgcgtgctgaccgtattgctcccattttagccaacto 
tccaattattcatggtaatcccaggatcgttaaacgcttgttgaatgttgtgaaaatgcgatctcaaattgcgaagcgacgagcaa 
tgcctttggatgaagcaattattactaagctagtaatttttgaacgctgtgttggagtggatggcaccgctgatttatatcatctc 
gtggatattgaacaaggtgttccccagatacttaaacagcttgacgataatggcggtcaaatacctactgatgcaccaaagacatg 
gactgatagtccaacgactaaatctttcatcagtcaatgggcccaacttgaacctcgtcttggtgggattgacttaagggccgcca 
tatatctgtcccgagaaactatgccaataggtgcatatgtggttggtttatcgccatctggacgggaagtactaaatgcactaatt 
gaattgaaaaacactagttctcctacagcagaaaaccttttgaaagcacttcctcgtgaggagcaaatacctgtaatggaaggttt 
aattaaccagttacggcaggtatcagattgggatcgtaagcccagaggcttttccggcgcatgtctgttggcccgctactcaacag 
atgcagccagcatattaattogttatctacaggaattacagttggggatgaaacgaccagcgtggatgactgcagcattaaaagat 
gaacaatggaataaggacgcttaatgggaacatcacaatcaagtaaaggtccaggaggtggctctccgctggttccaccatgggct 
gatgatcagecacagcaaccgttaccctcgccgcaagaaaggaggtttgcgccatttcgagaatcgttgggaaatgcggtatcaaa 
tggaaatcgagcagatttcagaaaagccatagggcactacgcgcgaaaagcctccggagggagcagtaacgctgctcggcgattag 
ggagtgtcacgcaagctggggccgaattatttggggctttagtgggaatgccttcggctcccggagaaccaagcatcgatttgggo 
agtttggcaggccttccatgcgaaatagcaatatcaactattgctcaagctttaacatcacaggatggtgactcagaaaagatctg 
tgcggccatgaaccatgctttagtggaggctcttgatggcgtagaaattttcgatcctcaaaaaataactgatggtttgattgttg 
acacaatgattggttatctagcggaaagtattttccttcagatggtaatggattctaatagggcatggaacaaagcagatacacct 
tcaaaggcaattcatgcagaaattgaactccgggaattgattaaagttgttgttgataaacatatggcaccaaaacttgccggtaa 
cataagatcgttcacacgaaaccaaatggtaaaaattgaacgtcaggccattattgaggcctggcaagaatgggaggcataccagt 
gacacaattagttttccatcataaacatcaccatttgccgccagcaagtgagaaagtgttacctgttcagctatatggattaagtg 
gtcagaggcgcggagatatatctgttatcgggaatcctgcgattgatcggatcagacgtttgggagtacagcttccagctaaggtc 
atggattttctgagtgttgcattagcagtaactgcagcagatactttcgttcagcgtgaaagttccgaggatggttggacccgcca 
attgtcgttacgactcccccttcatgaaccatccagatggattagtctaaagaaagaacttgagagtgctttgcattttcttagtg 
gagacatctgggatttcgaattttgtgacgatggttatgcaccgccagagccttatagccagcattcaaggcatcgtctgattaag 
ctaaaagggcttgactgtgtcagcttattttcaggaggtctggattcagctattggtgcaatagatcttctggctgcagggcgcgc 
tocacttttggttagtcatgcttataaaggggataagtctcgtcaagatcagattgctgaaaaattaagtggccaattttcgcgct 



US 2021/0130833 A1 May 6 , 2021 
35 
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Sequences of loci of row numbers 1-78 of Table 3A . 

Row 
No. Vector Locus 

ttgagattaatgctgacccacacatttatcaaggcgtgactgatattacgatgcgaactcgtagcctcaattttcttgcccttgcg 
gccgtaggtgcttgtgccgtacaagagatatctcaacaagaaaagattgatttgttcgtacctgaaaatggatttatctcattaaa 
tgcaccacttactccacggcggataggttcgctgagcacacgaacaacacatccacattttattacgagcatacaaaagatctttg 
atgcgctcggtatttcttgtcaaataatcaatccatat cagtttaagacaaaaggaaaaatgatctccgaatgttcaaataagcag 
ctcttatotaaaattgtggaaagtacagtatcctgcagtcattggaaacgaatggggcagcaatgtggggtatgtataccgtgtat 
cattegacgagcatcacttcatgcagggggaattagtagagatgttgaatatattttccagtccttagctaaagtaatgaatgaaa 
tagatcgcagggacgacctgatcgcccttaggattgcgatcacgcagaaatcgactttgaaaataggtacatggattgccaaaagt 
ggccctttgcctacggcagaatttgataatttcaagcaagtatttaaggatggcctagatgaggttgaaagctatttactgagtga 
gaacatagtatgagcatcgatatgcactgtcatctagacttatatcctcggccagacctcgtggctgaagaaagtaaacgtcgagg 
gacttatattctgtcggtgacaacaacacctaaagcatggcatggtacttctttattggctaaagaaagtcaacgaatccgaactg 
ctcttgggctacatcctcaaatcgcgcatcaaagatcgcatgagttagacctgtttgattcattgctttcggaaactaagtatgta 
ggggaaatagggcttgatggtggacagggatttaaagaacattgggatattcaattgaaagtgttccgacacattctcaacagtgt 
aaatcgggctggtggcaagattatgactatccatagtcggggaagtgcatcagcggtgcttgatgagattgaaaatatcgatgggg 
tggcaatattgcattggttcactggaacacctaagcagcttgaaagggcaattgatttaggatgctggttctcagtggggcctgct 
atgctcgatacaataaagggtaaggccttagttttgaaaatacccaaatcacgcattcttacagaaacagatgggccatttgctaa 
gtttcgtaatgacccactaatgccatgggatagtgggattgcagagaaacagttagccgcattatgggggattagtcagatggagg 
ttaatgctcagctagttgataattttaaggtattatgtacatcataagaatgaaaaacttagatatgcatttacagttcaattcat 
ttttcgtcatcagttaattacacataaaattaaaagtaagaatatatctaccctgtgaatgagcaaggcggatttatatagtttgt 
aattagtttaaatgtaagcagttcgtcagagtgcgtattccgctctattegatcacggattggccgttatgaccc 
( SEQ ID NO : 31 ) 

35 PLG037 gaaattatttggaatggatgatggcgcttgattactggaacaggtctatgacatgaaggttatgatttgttcactgctatgaggtt 
aacactttaacaatttcccttactattcttgtactaattccttccaaatacttctgcttgagattaggatttatcctcttgtagtg 
ttatttacaataaagattgtgatgctgatttaacccaacgtgttgtcagttgccttgctgaactaagttcagtatctagaaattag 
ctcttgatacatgagcgaatcagcgaaaattttcatcccgaccaattaatgaccgtaatggataggatgttgctgctatttggctt 
ccatgagggaacatatgtttttaaacgatcaagaaacgtccactgacctgctgtactacaccgctatcgccagcacagtggttagg 
cttgttgatgaaacgtcagatgcacccattacgattggtgtgcatggtgattggggggcgggaaaatcaagcgtactaaaaatgct 
tgaggctgcctgcgagaaaaaggataaaacgcactgtatctggtttaacggatggacgtttgagggattcgaagatgotaaaactg 
taatcatcgaaaccatcgtcgaggatottgttgcctcgcgcccgatgagcaccaaggtggcagaagcagcaaaaaaggttcttcgt 
cgaattgactggttgaaaatggccaagaaagcggggggactggcgtttaccgcatttactggcatacccacatttgatcagattaa 
ggggatgtacgaactggcatccgactttctaagtgctccgcaggacaagctttctgctgcagatttcaaagcgtttgctgaaaaag 
caggaggcttcatcaaagaggccgatactgatagtaatacgctacccaaacatattcatgctttccgtgaggagttcagggcgctg 
cttgatgctgctgaaattgaaaagctagtggtgatcgttgacgatcttgatcgctgcctgcctaaaaccgcgattgaaacgctcga 
agctattcgccttttcttgtttgtagagaaaactgcatttgttatcggtgcagatgaagccatgatcgaatatgcggtaaaagacc 
atttccccgacctgcctcaaagcaccgggccggtaagttatgcacgcaactatcttgaaaagctcatacaggttccatttcgaatc 
cccgcactgggaactgcagaaacgcgtatatataccacgttgttgcttgcagaaaatgcgttgggttcggaggacgacaattttaa 
agcattgctcaataaagcacgggaagagatgaagcgtccttogatcagccgcgggcttgacagagaggcagtgatggcagcgttaa 
atggaaagattccggaggttgtggaaaacgcgctgctattcagcctacacgttacccctatgcttagttcggggacacatggtaat 
ccaaggcagattaaacgctttttgaactcaatgatgttacgccaggcgattgctgatgaacgcgggttcggtagtgacattaagcg 
tcctgtactggcaaaaattatgcttgctgagcgtttttaccccagcgtatacggaaagcttgttcagcttgtatctaatcatccag 
agggaaaaccggaagctttggcggagtttgaagccttggtcagaggggggaaaactgctccgaagagtcgcgctgacagcaaagag 
aattcctcagagtctgaagacgtccaaaactggctgaagattgattgggcgatcggttgggcaaaagcagagcccgcactttctgg 
agaggatcttcgtccatatgtgtttgtcactcgtgacaaacacagtactttgagtaatctggtcgtatcaagccatctcattccta 
taatggagaaacttcttggtccgaaaattgggatggtgaaaatcaaaggggatttagagaaactgagtccaccggatgctgatgaa 
ttattcgaaatgcttagcgataagcttttccaagaagacagtttcaatcgaaaaccaagaggatttgacggcctcgaatatctcgt 
agaaacacaacctcaccttcaaaggagattgattgattttgcacggcgcattcctgtaaaaaaagcagggggatggcttgctaccc 
gtattgcgcaaagcctagtggaccctacgttaatagaagaatatacaaaactgatccaagaatgggcgagtcaggacgaaaatctg 
tccctctctaaatcagcaaaagcaaccctccagttatcgggatatcaacattaatgggaacctcaaaagcttacggggggcctgtt 
catggcctaatccccgatttcgtggagaatccatctccaccgaccctgccgcctgttgaccctgcggatgatagcacgctggatac 
gccgctcattccaccggattcgagtggctcagggccacttagcacaccgaaagcaaactttactcgatactcccgttcaggaagtc 
gtagttctctgggtaaggcggtcgctggatatgtccgcaatggagtggggggcgcaggcagggccagccgccgtatgggggcctca 
cgcgctgcagcagggggactgctcggtctcatcagcgactatcagcagggaggtgctactcaggctcttgagcgcttcaatcttgg 
taatttggcagggcagtctgcatcgactgctcttctctcccttgttgaatttttatgccctccaggtggttctgttgacgaggggg 
ttgcgcggcaggctatgotagagaccatcgccgatatgtctgatgtaggagaggagaattttgatgagctcactcccgatcaatta 
aaagaagtctttattggtttcgtggttcactccattgaagggaggctcatggcggatattggtaaaaatgggatcaagttaccaga 
cgacatagacgctatcgtcagtatccaggaggacctgcatgattttgttgatggagctactcgtacacagctccgtgaggagctga 
ggaatcttacagggctttcaggggatgctatagacagaaaagtggaggagatttacaccgtggcatttgaattacttgcccgagaa 
ggggagagattggaatgagccatcataccttagttgcccgtttgggcactgacgataactccgatttacagctcagccgccaaagc 
acgcatctgacagaaattaattttctcaaagagaacggtaaactggatttcggtctcgggcaggcgctgaatggtttgagtgatct 
tggtttaacgccaatggatgtctccgtggatctggcactactggccgcaacggtgactgeggcggacacccgaatctcacgtgggc 
ataacgctcaagatctgtggacgcgcgaaattgcactttatatcccggtagcttccccgacattatggaatagtcagactggattg 
ctcagcaggatgttgaattttcttaccggcgaccgttggacaattcatttccgctcgcgccctgttattgagcacgggctcattca 
gcgatcctctaaggaacgttcggtgaaccctacttctgtttgcttgttttccggggggctcgacagcttcatcggtgccattgatt 
tattatctaatgggggaaccccccttctgatcagocactactgggatacgactaccagcgtttatcagcagaagtgtgctcagctg 
ctgtcggagcgatatggacaatcgttcagccatgtgcgagctcgtgttgggtttgaaaaaacaacgattgagggagaagatggaga 
aaacacccttcgtggccgctctttcatgtttttctcgctcgcgacaatggccgcagacgccctcggcgggccggtcacgataaacg 
tccctgaaaatggtttgatctctctcaacgttcccctcgatccgcttcgtgtcggagcgctaagtactcggacaacccatccgttt 
tacatggcgcgttttaatgagctgctgggcaaccttggcatcagtgcacatctggaaaatccctacgcctacaaaaccaaaggtga 
gatggctatccattgccatgaccatgcttttctaaggcaacacgcggctgacaccatgtcatgttcgtctccgcaaagtacgcgtt 
ggaaccctgcgctgaatgagcagcaatcaacacactgtggccgatgtgttocatgottaatcaggcgagcatcattgtttacagct 
ttcggcacggacgatacgatttaccgtatcccggatctccgtagccgggtactggacagctctaagcctgaaggtgaacacgttcg 
ggcatttcaatttgctctggcaagattggcgcgatcaccgagtcgagcaaaatttgatattcacaaaccagggccgctcagcgact 
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Sequences of loci of row numbers 1-78 of Table 3A . 

Row 
No. Vector Locus 

atcccgactgcttagctgagtatgaaggtgtttatctgagaggaatgaaagaagttgaacgcctgctgagtggagtcataacgagg 
ccccttacatgaaattagcaggacagaagcccgctccacaatgggtcgattttcactgtcatctggatctataccccaatcactct 
gcactcatccgtgaatgtgacatttcacgtgttgccacgctagcggtgacgacaacccccaaggcatggatgcgtaaccgggagtt 
aacttccgattctccttatgttcgtgtcgcacttggtctacatccccagctgattgcggaacgtgagcatgagatagcgttactgg 
agcactatctcccttctgcacgttacgttggggagatagggcttgatgccagcccgcgcttttatcgcagctttgaagcacaggag 
cggattttttcccgtattctgaatgcctgtttcgagcagggggataagattctcagcatccacagcgttcgcgctgcagccaaagt 
gttgggacatttggaaaacaccagacttactgaaaattgcaaggctgtcctacactggttcactgggagtatctccgaggctcgac 
gagctgttgaacttggatgctatttctctattaatgaagagatgctacgttctcctaaacatcgaaagctggtgtcctttttgcct 
ttcgaacgtatcttgacggagaccgatggaccttttgtgtttcacgaagaaaaagcgatacaccctcgtgatgtgcagcgtacggt 
tcatgaaatcgcgcagatccaccacgtatcggacacagatgctgctatgagaatactttataatcttcgaagtttagtcaccaata 
gttctcacagtgagaatagttcatgaatctaattagttggattaatacaggggaatagttgaatacttcagtcccctaaaagctaa 
tatgctctatgtcatctaatgataagtggctccaaagagccacttatcattaacttttctaaagggaggtagaagt 
( SEQ ID NO : 32 ) 

36 PLG038 ttaatgcaaacgcatcaggaagggcagacctagtcacatgtagaatacgatagcaataaaaaagtctaattagaatgcaaattgat 
gcaactctatgccctccaagaactccaaacctgaaagatttatgtaaaacatagtgttcgtttcaccaaaatacatataaactaca 
ttaaaatagaaatttgtctcacctataagccatttagacaacagattaatgaggtttgtatcacaaatgaccacaaacgagatact 
ttcgcagcttatcagtcttggactcaaaggggataaagttgcttttgttcggcaggcttcgaaactcgcgcgttcctatgattcta 
tggggctgcctgagcttgcttcagccattagaggtagtattcaagataaaaacacgtttaacttgcagaaagtatcacgcagtaca 
tcacctatttttgaacgtcttgatacattacctgtagataaagaaactaaatttgatttagcagacgtaactcaaccgtcttctga 
aattcaactcccattgttgaaagatagcactctgaaaaaaattaaagaatttttgactttcactgaacgagctaaagaattaaagg 
atgccggtcttggcgtgacatcctctatgattttatatgggccaccaggttgtggtaaaaccttgacatcaaaatatattgcatcc 
tgtctaaatttaccgcttcttactgcaagatgtgactccttagtctcatcatatctggggtctacttctaaaaatatcaggcagct 
atttgagtatgcaagtaaagcaccatgtgttttatttctagatgaactagattctctagcaaaggotagagatgatcagcatgagt 
taggtgaactgaagagggtggtggtttctttattgcaaaatattgacaatctacctgaagaaacaatattgattgctgcaagtaat 
catgaaaatcttctagatagcgcagtttggaggcgctttgagtatagaatatctattggattgcctgattttgaagtcagaaaaca 
actatttgaacaatattcaaacataaaagctacatatgacgattttgttgatgaccttgcggaaatatcatcagggctaaactgct 
catttatagaacaatgctgcttaagatctgagcgacatgctctggtttacaataataaacaaatcgatacccgatttttagtcgag 
gctatcttagaagcgaagggagttacatttgatgaagaagataatttacttataaagattgtgaccactctcagagaatacaatco 
caaaagatttacaatacgaaagatagcaaaaatactagggctttcaaatgctaaagtgtcaaggctaactaagaactatagagaga 
tattatgagtaacaaagaaagaccaataaaaataattgaggcgacacctcaagattttactgaaaaaacatataatttcggaaaga 
aacaacctatccgaacagtaacaactagtctaaaaaatagactcaaacaagaagtcgatgacgttaaaaattttttccagagctca 
tttaaaaaatggcccaatataccggcggtggctagagttactcttcatgaaaaagctcttgctaagtcacatcgcccatcaagcct 
attaggtgataatacatgtcccgtaataggcagtgataattttggagaattacttataagtgttactgaaaaagggttagcacaac 
ttcgcaaaaaaattgaaaatagcactaattctcataatgggacagtacatattgctgtaattgaaaagatcgaaccttttagtctt 
aaccatgatgttatagataaaaataaatcagatagttttcttctgaaactctttgaccataaagatagaacaactaaccgcagtat 
cgacaaagaattaatggaatttgcagatgaactaggaatacaaaaacccaaaaagtatgatatcagttcagatttgagtatatatg 
aagtaaaagggaatgataacatcgcccaactggcaagttttattggcatacgaaaattagaacctatgccaacatttggtcttact 
catacagtatcgcaatatattcctgctgaaactctagacctagatgattttcccttacctcaagaggataaacattatccactact 
cggaattatagatagcggagtcgatcccaataacaacatacttaggccatggatttgggatagtttagatttagtaaaaggagaac 
acgactattctcatgggaacatggttgcaagtttagcaattaatggaagatggttgaataactatgctggttttcctcaatgccaa 
gotgaaattgttgatgttgcagcctttcccaaagatggtacgctcaaattgccacaattaatgaaagctatccgagaggctgtgac 
cacctatccagaagtacgtgtatggaatctgtcattaggttgtcaatccccatgttctgaagacagcttctctgaattggggcatt 
ttttaaatgcacttcatgatgagcatgattgtcttttcgtcgtagcatccggcaactacatttatgatcctcaacgaacctggcct 
cctcaagaattaggtgggcatgacagaatatcagcccccgcagattctgttcgttcattaactgttggctcagttgcccatttaga 
atcgtctgactctgtggtcaaaagatttgaaccttcatctttttctagaagaggtcccggcccagcctttatacccaaaccagaga 
taaatcactttggaggtaattgtgacagtaaattaaactgtgaacataccggaatcatagctattggcgaggacaatgctctttgc 
gaaagtattggcacaagtttatcagcaccgttaatctcaagtttagcggcatcactgtggcatgaactagatgttaatggttctat 
ttcaccatcgcctgaacgtatcaaggcactattaattcattctgcgttaaaaaactcaccagccaaaacggagcattatgcgttta 
attatcaaggatttggacgcccaagcgatcatataaatgatattattggttgcaataaaaatgagattacatttctatttgaaata 
gatacccgagaaggtattgaattcagtagaacgccatttgtaataccacagtcattacgtactgaggatggaaaattcacaggtga 
aattattatgacactcgtttattctccaccgcttgattatgactacccatctgaatattgccgttctaatgtggatgtgtcattcg 
ggacttacacttatgatccagttaacgctaaatggatacatagcggaaaaattccacaaataaaagaaaagagtgaattatttgaa 
aaggtactgatagaaaatggcttcaaatggtctccagtcaaagtttatagaaaacaatttccgcaaggtataaatggggagcaatg 
gagacttaaacttgatgttcagagacgagcagagcaagagcctctatcttcacctcaacgtgctgtattggctattacgttaagat 
ctcttgccaattctactacagtctacaacgaagccgaggttgaaataaataatcttggttggaaagaaactgatattgttgttegt 
gaacaaccaaaaatcaggattcgtcaaaaataagcattatggtcaccttttataggtgaccat 
tta ( SEQ ID NO : 33 ) 

37 PLG039 atagaacgatgaaggatggaagctacatattctcggtactaagatttatttttctgacacaaaatgaccatttggcgttacataat 
cccaaaaaaacgtatcaaaaatctcaaaatgcgttacgattagagagtattttgattctgcgtgctcattttttgattgctgtggc 
tttttgttgtgggagtgttgaatggattatttatcaga agtgttaaaaatcattgaaggtgcaacaaaggcaaatgcttcgatggc 
tagtaattatgctgggttgctggcagataagctcgaacaaaaaggggaggtcaagcaagccagaatgataagagaaaggttgotta 
gagctccccaggcgttggcaggagctcaaagggctggaggtgggatatctctgggctcattaccggtagatattgatagtcgactc 
aacactgttgatgtcagttatcctaaattagacagttcagagatttttctgcctgcagcaatcagtacccgtgttgaagagtttat 
cactaatgttcaacgttatgatgagtttgttaaagctgatgcagcattgccgagtcgtatgctcgtgtatggaaagccaggaacag 
gtaagactatgttatctaagtacatcgctacccgcttagattttccacttcttacagtgcgttgcgatactttgattagtagttta 
ttgggacaaaccagcaaaaatcttagacaggttttcgattatgtaatgcagaggccatcagtgctttttttagacgaatttgatge 
tttagctggagcaagaggtaatgagagagatataggtgagcttcagcgagttgtcatttcactattgcagaatatggatgcggcat 
cagaggatacggtaattattgcctcaactaaccatgagcaacttctggatcctgcaatctggaggcgatttagcttcagaattcca 
atgcctctgcctgacatacatcagagagagttaatttggaaaaatcgtttaaagaatatgatatgtagcgatctagatttaagtga 
tttatcaagaaaatcggaaggattatccggagcaataattgaacaggtgagcttggatgcacgtagggatgcagttattgaaggtg 
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Row 
No. Vector Locus 

caagtgtgataaatcaccataaattgtataggcgtttgtatcttgctcaatcgcttatggaaggtgtaaatttaagcacttacgaa 
gatgaaattcgttggttacgttctaaagataaaaaattattttctatcagagttcttgctaatttgtacaaacttacatcaagagt 
aatttcaaacattctgaaggagtcaggagcatatgagcagaaggggtacacagtttagtaacgcaaaagttacaaacccaatgtta 
agaatccctttttccagtagtgacttgggtgcaatagtaaacgctggcggtggggcaaaggtattggttgatgtaacagccgaata 
tagacaagggctagtaagaaatttaacaaccagtaaacattatttagaatccaaactttcagagtaccctggaagcttgggtactt 
tggttttcaaattaagagaccagggaatagccaaaacgcataggccgaacaaaattgctcaagaggctggattgcaaaatgccggt 
catgccaaaatagatgaaatgttggttgctgctcatgccggctgttttgacgtattagagtcagtcattttacatcggaatattaa 
agcgattttggctaatctaagcgcgattgagcgcattgaaccttgggatgagaataggaaggttccaggaggcactgatggtttgt 
ttgaatcatcaaacatccttgtacgactatttgagtacacaggtgaagatgcaacttacaacaactatgaaaacgttatttctata 
ttagaacaacacggagttaaatatgatgagattagacaaaaatgtggtcttcccttattaaggataatggatttatccccaaatga 
tagatatatattagacattctcattgattacccgggtataagaacgttaattcctgaaccaaaatattcagcattcccggttagtg 
taagtgattctgttggcattgaaacaaatagctttcccgtaccatcagaagaattacccattgttgctgtatttgacactggggta 
agccccatcgcggcaacaattactccttgggtagtgagtagggaaacatacgtaattcctcctgatacgagttatgaacatgggac 
tatggtgtcttcattgatatcaggcgctcattttttaaatgacaatcatccatggattcctgatacaaaatctaaaatccatgatg 
tttgtgccttagatgaaaatggatottatatatcagatttaattctgaggctagcagatgctgtaaataaaagaccagatataaaa 
gtctggaatttgtctttgggaggcggaccatgtaatgagcagacgtttagtgattttgcgatggagttagatcggctcagcgataa 
atttggtattttgtttgtagttgctgcaggtaattatgtagatgaacctatacgtacatggccaaatcctgatccgcttggaggtg 
ctgatttaatttcctctcctggagagtcagtccgagcactaacagttggttcagtttctcatatggaagctaatgatgctttaagt 
gaaattggaacaccgacaccatatactcgtcgtggccctgggcctgtatttactccaaagccagatataatccatgctggcggtgg 
ggttcatagaccttggaatgtaggagcaagcagtttaa aggtcgtagggccagataataggctttgctctaattttggtactagtt 
ttgctgctccaattgtggcaagtttagctgcgcatacatggcagagaatagccactaatacagactttaatgtttcaccatcattg 
attaaagcattattaattcattccgctcaattatcttctcctgattactcgccaagtgaaagacgctatttgggagcgggaattcc 
taatgaagttattgagaccttatatgatagtgatgataggtttactctgattttccaaacattcttggttcctggggtgaggtgga 
gaaaggataactatcccataccatcggcacttattcaaaatggaaaatttaaaggtgagattgtaattactgctgcatatgcacca 
ccactgaaccctaatgccggcagtgaatatgttcgcgcgaacgtagagctaagttttggcttaattgagaataatactataaaagg 
aaaagtgcctatggaaggagaaaacggtcaatctggatatgagagagctcaaattgagcatggtggaaagtggtcaccagtaaaaa 
ttcatcgcaaggcatttaataaaggaattacttcgggtaactgggctcttcaggctaaaacaacgttgagagcgaatgaaccggcc 
ttaatggagcctttacctgtaactattgtagtaactttaaaatcattagatggaaacacacaagtttatgctgatggcgtaagago 
tttaaatgctaataactgggctcactatccattgcctgctcgtgtgccagtttccgtataacaactatataaatcaaacccgctgt 
agcgggtttgatttatttgtgggtgtgttttataaaaataccgcccatacacaacaaaatacaa ( SEQ ID NO : 34 ) 

38 PLG040 gggacactcaggttacataacaatgagtgatacagttcacgtagtgaaggtactatgcctaggtgtttgattacactttgatcatt 
gatgatacgctcatgaaggtattactttcctgtaatgagcaggtaggtaacgatgtcgaactaaatgaatttatagtaaactttgc 
aacaagagaacaagggagtatgaggggttatggctactgcagagcagatcaaagctttattgaaaagccacgttgatcgtgatgat 
cagcgtttcttttctattgctttgcaggtggcagctaaggaagcaaggcaaggtcatcataagcttgctaatgatataaaaaactt 
agttgataaaaatcagaaaacaacgagttctgtaggtttagttgaaaaacgacttacaccatttgttaagcagcctgatggtgatc 
ttaaggggttacttgagcaaacgaacaagccagtacatcttcaagatctggtgatttctggaagcgttagggaaagattgaatcag 
gttctgcttgaacaaaaacagaaagataaactttctgagtttgggcttattccaagaagaaaaattcttttcactggtcctcccgg 
tactggtaagacaatgtccgcatcagtcattgctacagagttaaagctaccactttatacagtcgtcttagataatctaatcactc 
gctatatgggtgaaactgcagctaagctgcgtttaatttttgaccacatacggcaaacaagagctgtatatttttttgacgagtto 
gatgctataggaactcagcgtggcgctcagaatgacgttggagaaattogtagggtcttaaattcttttttaatgtttgtagagca 
ggatgattctgagagcatagttttagctgcaaccaatcatccagagcttttagatcgcgccttatatagacgatttgacgatatta 
taccgttcacaaggcctgaggataatctaatcaggaatcttattgaacagagactcgctgtctttgacctcggtaatttattttgg 
agtgagatcattgatagtgcttcaggtctaagtgcagcggagatcacgcgagcaagtgaagatgctgccaaagaatcagtgcttta 
taatgcaaacaatattacaaccgatttgttagtaaaggctataaagcgtaggcaagaaagtagacaataagggatgaaatgactac 
caacaagaggcatattttattaaacggctatgtttcccccgaaaactatcgctctaggagcaatggtcgtagtccccaagtcccag 
ctcgtgatcgagcggtacatggtatatcattactaaatcagtatagccgtatattgaatcattatgatgaaagaccgaggottccc 
cctgttactgatgaaaaagggatttatgttaggctaatcagttttgaacaatgcgatcttcctatagataaaatcgataatactta 
tttcaagctttgttctttagttaaatcaaataatcgtgaaactgcgattatatacattaatgaaaatgacagaactaaattcacta 
aaaaaataaatgactatttgaatccatcgaaggatggtatcgagttccctagaaatcatttgttaattgatagcatacaaaatatc 
gagttagcagatataacttctttctggacagataaaaaagatcttattccggatgatcacggtgttgaaaagtggtttgagctttg 
gottaagggtaataaggaggatgtgctaaatattgctcggcgtttatgcgaaagaattaatggaaggctcgggaatacttctatta 
attttttcgatactactgttgttcttatccgtacgagtctatcgagattaaaagtttgtcctgaattaatatctaatttaaaagag 
ataagatcagcgagggatgatatatcagttatagttaattccttacctacagaacagcatcagtgggcagaaaatgttgctgcaag 
aattacgcgtaacaatgaagctgatgtttctgtttgtatattagatacaggtgttaactacaataatocactattatctagattta 
ctaactcatcactggcagctgcttgggacatatcttggccacttttcgatgattataatcaaaggccttataatgaccacggttcc 
agacaagcaggactatgtgtttatggagatttcctgtctgttttattgaacgatcaggacatttcgattccgtacaatatcgaatc 
aggaaggatactacctccaagagctactaatgatcctaatctttatggagctattactacaggaacgtcaagtcgtctggagctgg 
aaaacccgaactggcgcagagtttattcgcttgctgtgacagcagagcctaatactcttggaggccaaccgtcctcatggtctgca 
gagattgacaagtttagttttggtttagaggatgatat ccgcagattatttataatttctgcgggtaactctcaacctacaaattt 
agaattagattattgggattcagtgactcttgctgaaattgaagatcctgctcaatcttggaatgcattaactgtaggggcgtata 
ctgataaaacaacccatacagaccgcgaatatgatggttggtctcctttcgctatgtcagaagatattgcaccgtcatctcggtca 
tcggtatcctggggatggaaaaagcatgccccatataagccagatttagtagaggaaggcggaaacaaacttatatcacctagccg 
tgatgaaatcacaaatacaattgaattatctttgctcacaacctctggcagggcaacaaatcaattgtttgaagttaattcagata 
ctagcgcagcctgtgctctagtatcaaaacatgctgctatgctaatggctcagtacccagaatattggcctgaaactattagggga 
ttacttgttcatacagcaagatggactagtcgtatgcacgaacgatatagaacagaacgtgcacaggggacaccaaaatcggotaa 
agaaagcttattaaggatggttggttatggagtacctaatttaaatcgagcaatgcatagtgcggaaaatgcacttacattaatat 
ctcagtcggaaatcaccccatttaaaagagatggttctactgatcctacattgaatgaaatgcatctgttttcactcccttggccc 
gtagaagctcttcgcttactaccaccagaaacaaatgttattttaagaatcacattgtcgtattttattgaacctaatccaagtca 
aaaaggattcagacgacaatattogtatcaatctcatggattgagatttgcagttattagacctaatcagacccttgaaaatttcc 
gtgcttcgataaaccgtaatgcgaataatgaagaatacaatggacctgaaggagatgcgtcaggatggtttctggggcctcaacto 
agagttagaggttcattacactcagatgcttggaaaggcagtgctgcagatttaacagagatgaatactatcgctgtctatcctgt 
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tggtggatggtggaaatatcgtactgcgcaggatcgctatattaacaatgttaaatatagtttattggttagcatagatgtaccag 
atgagaacattgatatttacagtgagattcaaaacattattcaaattgataatcaaatagatattgaacattaaggttttatgcct 
aaggtttaatgagtttgaaatgaaaaatcctttactaattggctgggtcgatgataaagacctggccatctttttatacggaaatg 
atttatgttttattttactaaatttatattagaaccatcgtgcagattgtgataattccttcatactgattttttacctattatag 
ttgatttttgttgcttgatatctctctttaatacaacggcgtagtac ( SEQ ID NO : 35 ) 

39 PLG041 cggattgaatctgtttatgaaatttggctgctatcaactaatgggcgttaagttgattgtatgatctgattgataaagaaggggct 
aaaaatctcctcttctttgcagcagtttactgcggtctttttgtgatgcatcagcataaaacgttttacttgtggaccctaagaaa 
tggagaacattatgtcgactgtagatacctctacagcagaggaactcaatcaaggaggctcagattttattctgacttccctcgag 
gctatgcgtaagaagttattggaccttacgtctcgaaatcgacttttgaatttccctatcactcaaaaagggtcttcactacgtat 
tgttgatgaattaccagaacagctttatgaaaccctttgctcggaaatcccgatggaatttgctcctgtgcccgatccaactagag 
cgcagctgttagagcatggctatctcaaagttgggccagatggtaaagatatacagttaagagctcatcctagcgctaaggattgg 
gcgcacgtcttaggaatccgtacagattttgatttaccagatagccataaaacggttgtttctgattcagatagagagttgctgga 
aaaagcccatcagtttatcttgcaatatgcccaaggccagaatggaaaattaacagggattcgttctgaatacgttaatcaaggta 
tagetttgtcagcgttgaaggaggcgtgctgcttagcaggctatgaagggcttgaggattttgaacgacaggcaaaggctgggaat 
gagattagtatatcttcttccaatccctctcatgacgataatcggatacaggctctgctttatccaaatgaactggaagcttgttt 
gcgcgccatctatggtaaggctcaaactgctttggaggagagtggcgccaacatcttgtatttggcgttagggttccttgagtggt 
atgaaagcgattcctctgaaaaggcacgttatgcaccgttatttacaattccggtgagatgtgaacgaggaaaattagatccgaag 
gatggtctttacaagtttcaactttattacacgggtga agatattttgcccaatctctctttgaaggaaaaacttcaggctgactt 
tggcctcgctcttcctttgttcaatgaagaggaaactccagagtcttattttgcttcggtgaagaaggttgtagagcagcacaaac 
ctaaatggtctgtgaaacgttatggtgcacttagcttgctcaattttggcaagatgatgatgtatcttgacctcgatcctgcccgc 
tggccttgtgacaagcgcaatatattgtctcatgaagtaattcgtcgctttttcaccagtcagagctgtggtcaagagaattccgg 
cttacctggtggcttcggtcagcatgagtactgcatcgatagttaccctgatattcatgacaaggttccactaatcgatgatgcgg 
atagctcgcagcacagtgcgttgatcgatgctatccgtggtcaaaacttagtcattgagggccctcctggtagtggcaaatcacaa 
acgatcaccaacttgattgcagcagctctgctcaacggtaagaaagtcctgtttgtggcagagaagatggctgcactggaggttgt 
caaacgtcgcttggatcgtgcggggctaggtcaattttgcttagagttgcacagtcataaaactcataagcgcaaggtgctggatg 
atattaatgctcgcttggtgagtcaggcgaccatgcctactatggaagagattgatgctcagattttgcgttatgaagatcttaag 
cagcagctcaatgaatatgccgcattgatcaataaccaatgggcgcaaacaggcaaaacgatccatcagattttgagtggtgcaac 
ccgttatcgtcacaaattagatattgatgcaacagcacttcatatcgaaaacctttccgggaagcagttggataaagtgacccaat 
tacggctgcgtgaccaaatagtagaatttagccgcatctacaaagaggttcgtgagcaggtgggggctaatgcagaaatatatgag 
cacccttggagcggtgtgaataacacacaaattcaattgtttgacagcgctcgtatagtcgatttgctacaaacttggcagacato 
aattatcgactttcaacatagctatcaagaatatgtagataagtgggcgttagaaggcgaaagccttaatacgcttcaatatattg 
agcaatfggtagaagatcagtcgaatcttccagtgttgtgtggttcagagcatttcccagcacttagtgagctagattcacccgat 
gccattgcacgggtgcgtcactatttagataggttegagttgctacaaggtcattatgtggccttgagccaggttatcgagcctca 
aaagctacgacttttagaacaaggacaatcgtgtgactttcctcgtgaagagctggaaaaatatggtgcagcagaggatttcactt 
tacgtgatttggtcaggtggcttgaatccatccaatcaattcatgatgagttatcatctatttatgcgcaattaaacgatttcaaa 
aatgotttgccagatggtattgcttcgtatatcgatgattcgcaagctggattgctattctgctctgagttgttgtcgattctggg 
tgctttaccgactgagcttattagagttcgagatcctctttttgatgatgatgatatcgatgcagtattgcgcgacttaatgtgtc 
aaatcgaaacattgcgtcctttaagagatggtctatctactttgtatcaattggaccagttgccttcccaagagatgctcgcgcat 
gccgttgctgttatccagcaagggggattatttgcatggtttaagagtgattggcgtagtgccaaggcactgctcatggcgcaatc 
tcgaaagcctgacactaagtttgctgagttaaaacgctgctcagctgatttgctcaagtattcggagctgttacaacggtttgaac 
aaagtgactttggtaatcaacttggtaatgcattccgagggttggacaccgactgtgaacaactcatgttattgcgtgattggtac 
aagaaggtccgagcttgttacgggataggttttggaaagcgagttgcgataggctctggattatttaacctagatggtgagattat 
caaaggtgtgcatttaatcgagaaatcgcagattagctcaagattaatgactttggttaaacgggtcgagcacgaggotaagttat 
taccgcgtatttctagcttgttggaagaacatgcatcttggttaggtgagcaaggtgtattgatgcaatcttaccgacaggtgcgg 
aatactctcattgccttgcagggatggtttatcaatccagatatatcattagagcagatgactcattcctccgagattttgcaaaa 
cataaacgatcttcagatatcccttgaaaatgactcgttacagttaggggcgtttttacaattaaccccattggcttgcggtgcgt 
ataaaaataatcaactgacgttagacactattaacgacacgctgaattttgccgagcaactggttgataagataaattgcgtatcc 
ttggctacccagatcagacatttggctagtggtagtgattacgatttactatgtcgtgatggtggagaaatagtttcgaaatggaa 
tgaacagattaaaaatgctgagttatatgcgctagaaacaaagttagagcggagtcagtggctcaagtcgactgatggttctctta 
atacattaatcgagcgcaacgaaagagcaatacagcaaccccgttggttgaacgggtgggttaactttattcgttgttacgagcag 
atgcatgaaaatggattgcagcgaatctggagtgctgtacttgcgggctcgctcccgattgaaaaagttgaattgggtttagcatt 
agcaattcatgaccagctggcgcgggaggttattcacatccaccctgaattgatgagagtttccggotcacagcgcaatgctttgc 
agaagtcatttaaagagtacgacaaaaaactgattgaattacaacgtcagoggattgcagcaaaaattgottgccgaaatatacca 
gaagggaattctggtggtaagaaaagtgaatatacaga actagotttgatcaaaaatgagttgggtaaaaaaaccagacatattcc 
aattaggcaattggttaaccgtgcatgtaatgcgctggttgcaattaaaccttgtttcatgatggggccaatgtcagcagctcatt 
acctagaacctggacgaatggaatttgatctggtggtgatggacgaagcgtctcaggtgaagccagaggatgcattgggtgtcatc 
gcgaggggcaagcaactagtggtcgttggtgacccgaaacagctaccaccaaccagtttctttgatcgaagtgccgacggagaaga 
tgacgatgatgccgcggctttaagtgatactgacagcattttggatgctgctttgccactgtttcctatgagacgtttgcgttggc 
actatcgttcacgacatgaaaagttgattgcatactctaaccgccatttttataacagtgatttggtgatattcccttccccaaat 
gctgagtctccagagtatgggattaaatttacctatgtgtcaaaaggtcggttctccaatcaacacaatattgaagaagcccaagc 
agttgctgaggccgtacttcatcatgcgcatcaccggccgggtgagtcactcggggtagtggccatgagttccaagcaacgcgato 
aaattgagcgcgctatcgatgaattgcgccgaaatcgccctgaatttaacgatgcaatcgatggcttacatgccatggaagagcca 
ctttttgtgaaaaaccttgagaacgttcaaggggatgagcgtgatgtaatctttatttcctttacctatggaccttctgagcatgg 
tggaaaggtttatcaacgctttggacctatcaattccgatgttggctggcgtcgcttgaatgtgcttttcactcgatcaaaaaaac 
ggatgcatgtgtttagttcaatgcgttctgaagatgtattgacgagtgaaaccagtaaacttggtgttatttogttgaaaggtttt 
ttacagtttgccgaaagtggcaaactagattccctcacaacgcataccggcagggctccagatagtgactttgaggttgctgtaat 
ggaagcactcaatcacgctgggtttgagtgtgaacctcaggtaggggttgcaggattctttattgatctagctgtgaaagatccag 
gttgtcctggccgttatttaatgggcatagagtgtgatggtgcggcttatcactcagctaaatctgctcgtgatcgtgaccgtttg 
cgtcaagaggttctggagcgtttgggttggagaattagccgcatttggtccactgattggttcagtaatcctgatgaggttctatc 
tccgattatccgtaaactccatgagcttaaaacattggctccagacgttgttgtaccttcctatgaatatgtcgaaacgattgagt 
caagcgctgaagtggcgtctgactcaattgattctcttatgcccaatttggggcttaaggagcaacttaagtattttgccacacat 




































































































































































































































































































































































































































