New SSR markers for barley derived from the EST database
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Introduction

There are currently 1,196 microsatellite [or simple sequence repeat (SSR)] marker primer
sets that have been developed for barley (from both genomic libraries and EST databases) of
which 504 have been mapped (Saghai Maroof et al., 1994; Becker and Heun, 1995; Liu et al.,
1996; Struss and Plieske, 1998; Ramsay et al., 2000; Pillen et al., 2000; Holton et al., 2002;
Thiel et al., 2003; Li et al., 2003; Yu et al., 2005). Unfortunately, the available SSR markers
provide uneven coverage of the barley genome and are concentrated near the centromeres. We
have compared the available mapped SSRs and identified 62 BINs out of the total of 99 barley
BINs (http://barleygenomics.wsu.edu/; http://rye.pw.usda.gov/cgi-bin/gbrowse/BarleyBinMaps)
that have poor coverage. Although this represents, 63% of the barley genome, only 31% of the
available SSRs map to these BINs. Additional SSR markers are needed to increase coverage in
these BINs. Moreover, some of the SSR markers recently published are restricted from being
used to develop new barley varieties, thus there is still a need for additional publicly available
SSR markers that can be used without restrictions.

Materials and Methods

Barley ESTs used for primer development were selected by using either rice BAC or
wheat EST sequences in a BLASTn search for publicly available barley ESTs with the low
complexity filter turned off (BLASTn searches were completed between October, 2002 and
October, 2004) (http://www.ncbi.nih.gov/BLAST/). Matches with e-values between 0 and le-2
were used. The resulting barley ESTs were processed through the Tandem repeats finder which
measures the rate at which the actual EST sequence matches a perfect repeat sequence (Benson,
1999; http://tandem.bu.edu/trf/trf.submit.options.html). Primers were designed for SSRs with
85-100% matches to the perfect repeat sequence. Primer pairs were designed to flank SSR
motifs using Primer3 software (Rozen and Skaletsky, 2000; http://frodo.wi.mit.edu/cgi-
bin/primer3/primer3_www.cgi) and screened on a set of mapping parents to identify which
population(s) were appropriate for mapping. Primer pairs were tested using two to four PCR
protocols to identify a protocol that resulted in clear products (Tables 1 and 2). Products were
separated on 6% polyacrylamide gels and visualized using silver staining.

Newly developed SSR markers were mapped on the appropriate mapping population(s)
including: Steptoe x Morex (Kleinhofs et al., 1993), Chevron x M69 (Canci et al., 2003),
Frederickson x Stander (Mesfin et al., 2003), or Atahualpa x M81 (unpublished). We used
JoinMap 3.0 for map construction (Van Ooijen and Voorrips, 2001). Assignment to BINs was
based on adjacent mapped markers that have been previously assigned to BINs
(http://barleygenomics.wsu.edu/; http://rye.pw.usda.gov/cgi-bin/gbrowse/BarleyBinMaps).
Wheat STS markers were mapped on the barley populations to increase the coverage of
chromosome 3 (3H) (Liu and Anderson, 2003).
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Results and Discussion

A total of 76 new markers were developed that produce between two to six alleles per
locus among the twelve mapping parents: Atahualpa, M81, Chevron, M69, Frederickson,
Stander, Harrington, OUH602, Hor211, Lacey, Steptoe and Morex (Table 3). Sixty of the
markers were mapped using the Steptoe x Morex, Chevron x M69, Frederickson x Stander, and
Atahualpa x M81populations (Figure 1 and Table 3). Of the 60 mapped markers, 41 (68%) have
mapped to BIN positions that were previously identified as being poorly covered with the
currently available SSR markers. These markers should provide additional tools for barley
genetic mapping and marker-assisted selection.
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Table 1. PCR reciEes for UMB SSR markers

PCR recipe A B C
dNTPs (1.25 mM each) 1.0 1.0 1.0
MgCl,* (25 mM) 1.0 1.0 0.5
10 X buffer * 1.0 1.0 1.0
Forward Primer (5uM) 0.6 0.6 1.0
Reverse Primer (5puM) 0.6 0.6 1.0
Betaine (5 M) 0 2.0 0
DMSO (100%) 0 0.5 0
Taq polymerase* 0.075 0.075 0.075
H,O 2.725 0.225 2.425
DNA (10 ng/uL) 3.0 3.0 3.0

Total 10.0 10.0 10.0

* 10 X buffer is provided with purchase of Taq polymerase

Table 2. PCR programs for UMB SSR markers

Temp. Time Temp. Time
Stage °C) (min.) Cycles Stage °C) (min.) Cycles
Program A* Program F*

Initial Hold 95 9:00 1 Initial Hold - - -
Thermal 94 1:00 95 9:00
Cveles-1 64 0:30 18 Pre-PCR 58 1:00 1

Y 72100 72 1:00
94 1:00 94 0:30
(Tjh:fsgaé 55 1:00 30 Téleggzl 58 030 30
M 72 1:00 Y 72 0:30
Ending Hold 72 5:00 1 Ending Hold 72 5:00 1
Final Hold 4 o 1 Final Hold 4 o 1
Program J* Program L58
Initial Hold 95 &:00 1 Initial Hold 95 9:00 1
94 1:00 94 0:10
Té’e?;‘zl 60 1:00 35 Téleg;‘:l 58 0:20 30
Y 72 2:00 y 72 0:45
Ending Hold 72 5:00 1 Ending Hold 72 2:30 1
Final Hold 4 o0 1 Final Hold 4 o 1

* Programs A, F and J are as in Ramsay et al., 2000.
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Table 3. PCR and maEBing information for UMB markers.

Population” Quality PCR PCR
Name Chr. BIN' Polymorphism Mapped Score®  Alleles’ | Program Recipe
UMBI101 | 1(7H) 11-12 A/M; F/S; H/O; H/L; S'M A/M; F/S; SM 2 3 L58 A
UMBI102 | 1(7H) 11-12 A/M; H/O; H/L; S'M S/M 2.5 2 L58 A
UMBI103 | 1(7H) 13 A/M; F/S; H/O; H/L; S'M A/M; F/S; S'M 2 4 L58 A
UMBI104 | 1 (7H) 7-8 C/M; F/S; H/O; H/L; S'M F/S; S'M 1.5 2 F A
UMBI105 | 1 (7H) 10-11 A/M; C/M; H/O A/M; C/M 3 2 L58 A
UMBI106 | 1(7H) 4-5 C/M; H/L; S/'M C/M; S/M 2 2 L58 A
UMBI107 | 1(7H) 4-5 F/S; H/O F/S 3 4 J C
UMBI108 | 1(7H) 2 A/M; F/S; H/O; H/L; S'M F/S; S'M 1 3 A B
UMB201 | 2(2H) 6-7 C/M; F/S; H/O; H/L; S'M C/M; F/S; S'M 2.5 4 L58 A
UMB202 | 2(2H) 6-7 A/M; C/M; F/S; H/O; S/M A/M; C/M; F/S; S/IM 2 2 F A
UMB203 | 2(2H) 4-5 C/M; H/L C/M 2 2 J C
UMB204 | 2(2H) 7-8 F/S; H/O F/S 2.5 2 L58 A
UMB205a | 2(2H) 4-5 C/M C/M 1 2 J C
UMB205b | 2 (2H) 4-5 A/M; C/M; H/O C/M 1 3 J C
UMB206 | 2 (2H) 2-3 C/M; F/S; H/O; H/L; S'M F/S; S'M 2 3 L58 B
UMB301 | 3(3H) 1-2 C/M; F/S; H/L; S'M C/M; F/S; S'M 3 3 F A
UMB302 | 3(3H) 4-6 A/M; C/M; F/S; H/O; S/M A/M; C/M; F/S; SIM 1 4 L58 A
UMB303 | 3(3H) 4-6 A/M; C/M; F/S; H/O; S/M A/M; C/M; F/S; S/M 2 6 L58 A
UMB304 | 3(3H) 4-6 A/M; C/M; F/S; H/L; S'M A/M; C/M; SIM 1 4 J C
UMB305 | 3(3H) 2-4 A/M; H/O; H/L A/M 1 2 F A
UMB306 | 3(3H) 2-4 A/M; H/O; H/L A/M 1 3 F A
UMB307 | 3(3H) 24 A/M; H/O; H/L A/M 1 3 L58 A
UMB308 | 3(3H) 1-2 A/M; C/M; F/S; H/O; S/M F/S; S'M 2.5 2 F B
UMB309 | 3(3H) 4-6 A/M; C/M; F/S; SIM S/M 3 4 J B
UMB310 | 3(3H) 4-6 A/M; C/M; F/S; H/L; SIM C/M; SM 2 3 L58 B
UMB311 | 3(3H) 16 CM; F/S; H/L C/M 3 3 J B
UMB401 | 4(4H) 4-5 H/O; H/L; S'M S/M 1 2 J B
UMB402 | 4(4H) 2-3 H/O; H/L; S/'M S/M 1 2 L58 A
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Table 3 cont. PCR and maBBing information for UMB markers.

Population” Quality PCR PCR
Name Chr. BIN' Polymorphism Mapped Score’  Alleles’ | Program Recipe

UMB403 | 4(4H) 4-5 A/M; C/M; H/O; H/L; S'M C/M; S'M 2 4 L58 B
UMB404 | 4(4H) 5-6 C/M; H/O; S'M C/M; S'IM 1 2 J B
UMB501a | 5 (1H) 6 C/M; F/S C/M; F/S 2 2 L58 B
UMB501b | 5 (1H) 6 C/M; F/S C/M; F/S 3 2 L58 A
UMBS502 | 5(1H) 12-13 A/M; F/S; H/O A/M; F/S 1 3 L58 A
UMBS503 | 5 (1H) 2 A/M; C/M; F/S; H/O; H/L; S'M C/M; S'M 2 6 L58 A
UMB504 | 5(1H) 11-12 A/M; F/S; H/O; H/L; S'M F/S; SM 2 4 L58 B
UMBS505 | 5 (1H) 2 A/M; C/M; H/O; H/L; S/'M S/M 3 3 J B
UMBS506 | 5 (1H) 6 C/M; F/S; H/O; H/L C/M; F/S 2 2 J B
UMBS507 | 5 (1H) 6 C/M; F/S; H/O; H/L C/M; F/S 1 3 L58 B
UMBS508 | 5 (1H) 14 A/M; C/M; F/S; H/O; H/L C/M 2.5 3 L58 B
UMB601 | 6 (6H) 13-14 A/M; F/S; S'IM A/M; F/S; SIM 1 2 F B
UMB602 | 6 (6H) 11-13 A/M; C/M; F/S; H/O; H/L A/M; C/M; F/S 2 4 F A
UMB603 6 (6H) 13-14| A/M;C/M; F/S; H/O; H/L; SSM  A/M; C/M; F/S; S'M 2 4 L58 A
UMB604 | 6 (6H) 7-9 A/M; C/M; F/S; H/O; H/L; S'M C/M; F/S; SIM 1 5 L58 A
UMBG605 | 6 (6H) 14 A/M; C/M; F/S; H/O; H/L C/M; F/S 1 2 L58 B
UMB606 | 6(6H) 1 A/M; C/M; F/S; H/O; H/L; S'M S/M 3 3 F B
UMB701 | 7 (5H) 9 A/M; F/S; H/O F/S 2 2 J B
UMB702 | 7(5H) 10-11 C/M; H/O; H/L C/M 1 3 F A
UMB703 | 7(5H) 7-8 A/M; S/M S/M 1.5 2 L58 A
UMB704 | 7(5H) 2-4 A/M; F/S; H/O; H/L A/M; F/S 1 4 L58 A
UMB705 | 7(5H) 5-6 F/S; H/O F/S 1.5 3 L58 A
UMB706 | 7 (5H) 9 A/M; C/M; H/O; H/L A/M; C/M 1 2 L58 A
UMB707 | 7(5H) 6-7 A/M; F/S; H/O; S'M A/M; S'M 1 3 L58 A
UMB708 | 7 (5H) 10-11 A/M; H/O A/M 1 2 F A
UMB709 | 7(5H) 10-11 A/M; H/O; S'M S/M 2 2 F
UMB710 | 7(5H) 11-12 S/M S/M 2 2 L58
UMB711 | 7(5SH) 11-12 A/M; F/S; H/O; F/S; SM 2 3 L58
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Table 3 cont. PCR and maBBing information for UMB markers.

Population” Quality PCR PCR
Name Chr. BIN! Polymorphism Mapped Score’ Alleles* | Program Recipe
UMB712 | 7(5H) 13-14 A/M; F/S; H/O; H/L; S'M F/S; S'M 2 3 F B
UMB713 | 7(5H) 13-14 A/M; F/S; H/O; S'M S/M 2 4 L58 B
UMB714 | 7(5H) 13-14 A/M; F/S; H/O; H/L; S/'M F/S 3 2 F B
UMB715 | 7 (5H) 13 A/M; F/S; H/O F/S 2 5 J B
UMBO001 H/L 2 3 L58 B
UMBO002 H/O 3 2 F A
UMBO003 H/O 2 4 F A
UMBO004 H/O; H/L 3 2 J C
UMBO005 H/O 1.5 2 L58 A
UMBO006 H/O 3 2 L58 A
UMBO007 H/O; H/L 2 3 L58 A
UMBO008 H/O; H/L 1 3 A C
UMBO009 H/O 2 3 L58 A
UMBO010 A/M; H/O; H/L; S/M 2.5 3 F A
UMBOI11 A/M; H/O 1 3 L58 B
UMBO012 H/O 1 2 L58 B
UMBO013 H/L 2 2 L58 B
UMBO014 A/M; C/M; H/O; H/L 2 3 J B
UMBO15 C/M; H/O; H/L; S/'M 3 5 F B
UMBO016 H/O 1 2 A B

" Bold type indicates BINs with poor SSR marker coverage

? Mapping populations: A/M=Atahualpa x M81; C/M=Chevron x M69; F/S=Frederickson x Stander;
H/O=Harrington x OUH602; H/L=Hor211 x Lacey; S/M=Steptoe x Morex

3 Scale from 1-5 where 1=Very easy to score and 5=Very hard to score

* Number of Alleles based on the twelve mapping parents
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Table 4. Design information for UMB primers.

EST Forward Reverse
Name Accession'  Primer Primer
UMBI101 BE421034 CGGGTTCCATTGAGAAGAAC CACAAATACAGATGCCGCAC
UMB102 CB881209 TTGTGTTTGAGATATCCTGTACTTTTC ACCTTTTGCCGGCTTTTATT
UMBI103 BQ762328 TGCCCATGAAGCCTCTTTAC GGAACGGAGGGAGTATTAAGC
UMB104 CB881555 GGAAAAATAAACTATTCAACATCCTG CAGCGCATGTGTTCTCAGAT
UMBI105 BJ485220 GCCCCTGGTAAGAACTCCAT CTGGGAACCGTACAGTGTTG
UMBI106 AL502019 AGCATAAAGCCGCAAAAGAA GCGTCCTGATGAAGAGGTGT
UMBI107 CB873957 ACGCACGGGCATTTGTACT GCCTGCATCATTTGTTTGTG
UMBI108 CV055381 TCAAGCTGCTGCATTGCT AGCCCAAACCCTTTTGTTTT
UMB201 BJ480735 GCTCCTGAAAAGGACCTCAG TCTCCGCCACCTACACATAG
UMB202 BG299528 GGTCGGCTCCCTCTTCTACT CGAGCGACATGAGGAACAT
UMB203 CB873608 TTTCATTGCTGTGACGGATG AGCCTCACCCGGACTACC
UMB204 BM371159 GAATCCTCGGCCTTCTCAAC GCGGAGCTTGACCTCGAC
UMB205a CB881957 CGGTCGTAGAACGGAATCAG GCACTTCCACCACAAGAAGC
UMB205b CB881957 CGGTCGTAGAACGGAATCAG GCACTTCCACCACAAGAAGC
UMB206 CB863325 GCGCTAGCTATCCACACAAA AACATTAAGGGCGACAAGGA
UMB301 AV944239 CTTCACATGTCTGGGAAAACA GACATGTTGGAAGGTGGCTT
UMB302 CD663662 ACCACAGGTAACCTCGCAAC AAAGTGCTGGGAGCTTGAAA
UMB303 BU979287 CACGAGGGATGCTCTTGAGT TGTATATTTCAAGCTCCCAGCA
UMB304 BM443659 CTTCGCTTACCGCTTTCG TTTCAAGCTCCCAGCACTTT
UMB305 BJ484842 CAGAGCGGGCTCAACGTA ACTTGCTGTCATCCTTGCTG
UMB306 BJ467519 GCAGAGCTGGCTCAACGTA TTCACTGATCGACCACTTGC
UMB307 BJ461914 CTGCAGAGCTGGCTAACGTA TTCACTGATCGACCACTTGC
UMB308 CB859861 CCCCTCAGGTTGTTCATCAT AGCAGCAGCAACAACAACAG
UMB309 BF265771 GCTCGACTTCGAGGACACC ATTCTTGCGGAACGACCTC
UMB310 CB879994 CTCCCAGCACTTTCACCATC CCGATGCTCTTGAGTCGTG
UMB311 CA592691 ATCCAGTTTCAGCCACCAAC ACCGCAGTGATCAGTGACAA
UMB401 AL507067 CGTCTTCGTACTCGCCTCTC ATCGAGATGCACTCCCTCAT
UMB402 BQ466542 TCGATCCATCCAAACATGAG CGTGTCACGTGTGTGTGTGT
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Table 4 cont. Ordering and design information for UMB primers.

EST Forward Reverse
Name Accession'  Primer Primer

UMB403 BM372825 TTCCGCAGATTCATTTCCAC GCTGGACAGGCGTTAAAAAG
UMB404 AJ475924 GGAGGCAAGAACACTTGACAG GCTCGATCTCCTCCTTGTTG
UMB501la  BE421033 CACACAGGCGACCATTTTC CAGCTAGACGCTATGAGCCA
UMB501b  BE421033 CACACAGGCGACCATTTTC CAGCTAGACGCTATGAGCCA
UMBS502 BI1953342 ATCCCATCTCCCTCCTCCTA TGGAGTGCTCCTCCCAGTAG
UMB503 BQ766039 TCCCGGTGCCATATACAAAT TTTGATGAAACGAAGGGAAA
UMB504 CV054443 CAAAGTGCGCGTGAGAAATA AATCACCACCAGCTTCTTGG
UMBS505 BE195848 ATGTTGCAGCAGAGCAGTTG ATTGTTGGGGTTGTTCTTGC
UMB506 CD663377 CTCTTCCGTGAAACGAAACC CGAGCAAGGACGTGGTAGAT
UMB507 CD663377 ATGTTTCAACAGGCCATTCC CATGAAAACAGATGACGATGC
UMBS508 BF621983 GATTAAGGCGTCCAATTCCA TCGGGATGTGAAGAAGGAAC
UMB601 BJ486149 AAATACCGTATGGAGGGTGCT CTACCCCTACGTCCGAGATG
UMB602 CB877685 AGGAGTGGGTCTCAGGTTTG CAAGCAGATGCAACTACACCA
UMB603 CA006980 ATGAAACATCGCGAACTGTG ACTGCAGTGAGGGAAGCTGT
UMB604 CA004840 GAGCAATCCCCTCATCCAAT TCTTTGGTTTCCTCGTGTCC
UMBG605 CD053629 GAGGCTTGTTCCTCAGACCA ATGAGGAAGAGCGGGATCAG
UMB606 CV056304 CGAGCAGCAGCAGATCGT CTCCTGCGCTTGGAGAAG
UMB701 BE421177 ACGTCGTGGATCAACGTGTA TTACATTGCGCACAGCTAGG
UMB702 BF265777 CAGCATCCATCAGCAATGAA CATGTTTGGCTTCTTCGTCC
UMB703 CA025623 GCCGCCTCTTACTCTTTGC GGAGATGCCGAGGGACTT
UMB704 AV942720 ATCCTCCAACGAGGCACATA GAGTCCATTTCACGGAGACC
UMB705 CB876579 TGCTGAGACACACACACACC CGATGCACGAAAAGCTGTAG
UMB706 CB875298 TCAACAGATGACGTGCATGA TCACACATTGAGGGAGGACA
UMB707 CB876579 TGCTGAGACACACACACACC CGATGCACGAAAAGCTGTAG
UMB708 BE421505 CTCCTCAGCTCTGGAATGGA GCGCATATACAAGCCAAACA
UMB709 CV063649 ACGACAAGACTATGGCAGCA AAGGTTTCCTCAGCCTGTGA
UMB710 CV063745 ACAGTTCCCAACTTCCAAGC CAGCACATCAGCCCGTACT
UMB711 BJ553047 GCAACGACACGTCTAAACCA GTGGTGTGGTGTCCTTCCTC
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Table 4 cont. Design information for UMB primers.

EST Forward Reverse

Name Accession'  Primer Primer
UMB712 CB881537 CAAGAAGGAACGAAGCCAAG TGCTAGTTTTTCCGGCTGAT
UMB713 CB881537 ATCAGCCGGAAAAACTAGCA CAAGCGAAGAGGAAGAGGAA
UMB714 CB881537 GCAAGCAAATCACACTCTGG GCGTCATCTACGGCTGATTC
UMB715 CB879524 CCGCGCCTAATTAACAAAAA AGCTGACTGCTGACCAACCT
UMBO001 BI949870 TTCTCCATGTTCGGCTTCTT ATCAGCAATGAAGTTGTCGG
UMBO002 BJ481660 GGCAAGTGAGCTCAACCTCT GCCCTCACATGCAACATCTA
UMBO003 CB881957 TCAGTGGTGACCGTGGTATC GCACTTCCACCACAAGAAGC
UMBO004 BG309433 ACCACGTCCACCACCATC CTCTTTCTCCGCTCATCACC
UMBO005 BQ763410 AAGAAAGCCCGGAAGAGAAG ATGGTGCCATCCTGATTGAT
UMBO006 BQ662872 CGGAGTCGCTTTCGAGATT ACTGACAGCAACGGTGGTAG
UMBO007 CB881851 CGCAATAAAATCGCAGGAAT ACGGAAGACCGGGATAGTTT
UMBO008 BU996005 CTGGAGCCTAGCTTGGAGTG CTCCACCGTTCTTCACGTTT
UMBO009 BI1954579 CATCCCCATCCAGATCCA GTCGAGAGGTGCGAGGATT
UMBO010 BF621983 GCCACAGCCAAGAAAGCTAC GATGGGATCTGCTTGGAGAG
UMBO011 AVI918630 TCTTCTCGCTAGCATCAGCA CAAAGAAGGAGGTGGCTTCA
UMBO012 B1960225 ATAGCGACGTGCTCCAGAGA AGCAGCGACTTCCTTAGCAG
UMBO013 CB873614 GAGCAAGCACGCACGTATTA GGGACCTCGAGATGATCAAG
UMBO014 CB882192 CAGGAGATCCGCGCTCTT CGAGCAGTGAACGATGTACG
UMBO15 CA030737 CGGACGAGGTTTACTCCAAA AGCACAGGAGGATGAGGATG
UMBO16 CA032410 CCATCACCCATTTCTTCCTC GATGGATTTGTCCGTCCAAG

"EST accession from which the primers were designed (http://www.ncbi.nih.gov/)

Figure 1. Map locations of the UMB markers on consensus maps of the Steptoe x Morex (S/M), Frederickson x Stander (F/S) and
Chevron x M69 (C/M) populations. Chromosome 7 (5H) is presented as a consensus map of the F/S and C/M populations with the
S/M population separate. UMBS508 (denoted with '4') has had its location inferred from the C/M population (C/M is included in the
consensus but the inferred marker did not map in the consensus). Markers denoted with 'P' have had their location inferred from the
Atahualpa x M81 (A/M) population. Marker "ABG497D" [chr. 1 (7H), BIN 11], was named "ABG497B" in Canci et al. (2003), but

the "ABG497B" locus should map to chr. 1 (7H), BIN 4, therefore we have designated a new locus name.

39



143
144
145

—

\

Chr. 1 (7H)

RV SEE5 A
hAVYSE5 1A
Bragl? 57
ABG/04
rVYGO3EE
RISIC104A
BCD129
BmagD206
ABG320
iEstS
UMB 108
Hiz3A,
H/hA00 4
WWGTEIA
nAVGOET
ABCIET A
rVYGAE4
ABG3E0
had?
ABC158
UMB 107
FSLIATA,
ABC154A
UMB 106
Brz
ABiG15668
ABC1EED
BCDODS9E
HyMWO1 dh
nVGE118
BCD147
ABCI0E  ABG4TE
BCD344

ABC1548B  UMB104
KFP194  Brmagll 10a
Brmagl321

Amy

BmacO187
Bmacl0&4
Bmagl452b

LIbit

MWESTTD  TLM1
ABC310B
KFP150
RISP103
bBES4E  ABGEOS
ABC305
UMB105 Bmacl156
ABGAI7 D
ApG4E14A  UMB10M
uMB 102

dRcs1

MWWGE36

WEAZ2D  RIGG2
ABGEIZA  ABCZE3
Hywh005

HvWPRFP1E MWGEEISE
UMB 103

PSR106E

Einl

Binz

EBin3

Eind

Eins

EBind

Ein¥

Eink

Ein 10

Ein 11

Einl2

Ein13

P

Chr. 2 (2H)

ASELA

ABGOAE

|| — ABGTOZE
= CDO0STA

hAGETS A

|
IHIE]

LAl
jrguirt
.

ABGOOZ
—iRbcE  LIMBZOE
[~ CHLIZ?

"{‘Iﬁhﬁﬂmﬁﬁﬁ BCO3S1F
‘__‘H.ﬂ«BGSIS
\\.ﬁBmﬁﬁA
\Rﬁ«BGDDE

hAGESS
[ HWhADZ6

T [1UMB205E ABG25E

1ABG4E0  LUIMEZOZ

1Bmaglivde:  LUMB205A

Pox
i G520 4
F— ABGO0S
SedhE  Brmacnzith

| chilGEG2A

hiGEET
™~ UME202

Bmacl132
EBmac0iiia

\
I

\
|

LIME201
EBmaclf2ib

HWwBEKAS|  EBmac0is?
EBmacl521c  BmacO093

05 EBmacDiis
7 bBEMD

W Emaglo03:
ABCIS20
Bmag0003d
s

| Bmacii
'. MIlI’GSSggg

fid0
$T530-142b
IS
EBmacid414
ABCIS3
|_-ARC157
ABC153
P ABG3 7D
T ABEITA
- ABGOIOE
ABGIGE
™~ Per

chMGT20
— BG1ZIA
[bBES4C

171

e

40

GBhai 026

EBinl

Ein2
Ein3

Eind

Bin5

Biné

Ein7

Eink

Ein %

Bin 10
Ein 11

Einl2

Ein 13

Ein 14

Ein 15



0 —&— STE3B-52
1=~ ST53B-80
9~ L~ 3T53B-65
11—~ UMB301
12 7:““ STS3B-47
13/ STS3B-94  MAWGETIC
147 1 1 “ABAIDVE
207 ™ umB308
27 ABC1T
UMEB30s
34 —+—CD0335 P UMB305
3BT MWGETSEE | UME30T
40 WY 5584
44 ABGAT
54 Bmagl325
55\ /UME3I]2
5 _/Eima 0138 UMB309
—1/| UMB304
59 ——=— UMB310
B0 =~ HYDHNT
61 E\HVMEIEIB UMB 303
B2 BragldS8Za ABG3I99A
B3 || Emagl010c  BCDE2G
BmaglD0E  Bmagl1Z2d
B4 i Brnac0067  Bmagl135a
[l Brmagd131
G5
72
73
744
7
799
g1

g3 MW 5958 HWMOBE0
g6 | I ABG315

i | Brnagd010b  ABGA53
91 MWVWEET 1A

a2 PSR78

93 | | CDO345

96 I ABG499

101 | Hyr070

106 t COO1138

1M1 Emagls06

116 S Hisd Brmaghdgd
128 W\ ABGO04

13 W hWGE03

134 i WG 10

135 MABCIS1C mPub
136 BCO1478

138 Ermagld13

139 ABCTET

143 i Brmagdd?yy  MWEI02
147 it AE R4,

141 i Glba

153 iBgl

155 ABG4958

1587 EBmac0541

MWV EE35
ABG319B
ABEC1TZ

178 UMB311

EBinl

Binz
Bin3

Eind

Einé

EBin¥

Bink

Eing
BEin 10

Ein 11
Ein 12

Ein 13

Einl4

Bin 15
Ein 16

By
b bars
it asc3es
il W aBc307
i

Chr. 4 (41)

MW G634
WWSE22
ABG313B
hWS07 7
COOBE9A

i Hw 040
UmMB402

B3ZE

BCD402B

fj BCD351D

fi MWGEZEA

i UMB403

jr UMB401

i TubAl  ABC3O3
ElmagEISEIEa

ir UMB404

i DhnB

Hyh00 3
Wi510268

= BrmacO181
—4A5T536142  ABADD3
i Adhd4  BCD10S7A

ABG454
hWGO5E

i\ ABC32T

W R KFP195

IRl Brmaolane_ ABG715
A EBmac0906

i 'i'l it Brmag0E03

Wil Emag07 40 wG464
il Mhecoioar  bEESHA

u-f-\.; HyMOB R

.||l'|' MWGEIZD

i l'ul'.'. Brmac0310

'.'| il BCD4536

i it ~5G705C

.'."f.\w EBmacd775

Wit 25472

it ~5G3154

i '|| EBmaclB635

i Wi EBrnac0701

) ' EBrmac0738

W[ W rmLoH1A

i R lhiH2  cooozo

\ AEGSO0E

ABG498

il ABG319C
| . Brmagld133b

Hw/h0B 7
ABC305B
Bmy1
ksuH11
ASE1C
ABAIDTA

Einl

Bin 2

Ein3
Bin4

Bin3

Biné

Bin7

Bin 8

Ein%

Bin 10

Ein1l
Ein 12

Ein 13



Chr. 5 (1H)

0 ey MWWEE3EA
2 ——— UMBA503
37 iMWEE3E  UMBADS
B MWEO36LA
13~ MyGEI7

15~ —=Har

17 =T ™~ ABC156B

23 {ABADD4  Bmacd213
31 ~L |- BCDOg9s

7 ABGDE3

42 _/Elma 0372 leal
A4 / ABG%M

49 \ ABGSO0A  CDOS30
51 \— UMB501h

52 _/UMBSI]? UMBA06
54 NE UMBA01a

55~ Hyh020

£F ;E\(Aamam Bmagl? 70

/_ Brnac0090

57 A\ WiETEIE

58 :\ElmacD144h

B1 ‘A ABR337

53 BrmacO144

65 M Gk

BB MWWE2040C

E7 hWS20400

FO0 0 W BrmacO032

734/ [\ ABC1BO

74 BCO733

g2 / L\ MYWGE01E

g7 /_ ABGAES  MWE207T
g2 /_ BrmacO144a

93 His3B

95 ABCI07A

98 /7 \ UMB504

105 chiWG7OGA

110 = [~ ABC257

113 7 UMB502

115 ch G334

121 ~——— Atpha,

123 ABGTO2A,

127 ~1- ABC322B

129 ABC261

132 ~—1— Cah2

134 =T [~ Aga?

137 — T MWiG912

139 -7~ ABG3IE7A 4 UMBSIS

EBinZ

Ein3

EBin4d
Bind
Einé

Bin7

Einig
Ein®

Bin 10
Bin 1l

Binlz

Ein 13

Bin 14

0~~~ ASE1B
2 ——— ABGOR2
Ei UMBG0G
B“Ei/-— hWYGE20
97T 1™ Mart
15 ABG3TE
24 ABCIAZA,
31 oW GES2A  MWGE2040E
3a MWWEZ2218
Jg Brmagls00
45 5] PSR106
49 \— MWEITE  ABG3ETE
52 —/ BimgOo01
el \_ MWWIGEE7 B
ala] \\_%ABGdEB
88~ Brnagla0?
61 - 1-4ABCTEIE  MWGEZ2Z74A
B3 ——=—CD0O497  Brmagl! 73
B4 /1 Brnacdd18
BS /L BmagDDIBe Brnagla70
B7 /: BCD3I40E  BmagllO3a
70 /— Brnac218a  ksuD17
1A Broagls13
73 UMB&®D4
75 1/ H EBmacOBlsa ABC17S
—{ 1 BrmaclZal
790 WEBmacesl?  MWGEZ0
g4 EBmacO806k
a7 /— Mar?
a1 7/ |\ Amy1
85 A hBES45
101 hAWGE34
108 ——— ABC170A
MO —TT1—ABG4E1E
117 UMB&D2
14 BimacO040
131~ |~ ABGT13
135 ) hWYE514
138 ~ - MWGE2196
141~ J 1~ UMBG03
142 ~1=~ UMB6G01
144 —=— MWETIEA
145 <7~ ™~ UMB605

42

Einl

Binz

Bin3

Ein 4
EBin3

Einé

Bin7

Ein®

Bin 10
Ein 11

Ein 13
Ein 14



Chr. 7 (5H)

O/ & F/S Consensus

0—F— Mad2
i ActBD 2~ MWG502
7 — |- ABCa33
5 — T MWGEI20A
11—~ ABG316B
12 UMB704
29 ABG705A
45 >t Bmachled a4~ L~ ABG708
13 7 EBmaclorn 47 11— ABG3I95
i3 79N Emaaogas o o O e 00
15 1\ UMB 705 21 1 Ui
45 B\ BragD3s7 84 71 ™ ksuAad,
47 CDO348D 57 11— w3541
50 MWGEIEG Eg = Wﬁg?g?
51 MWGEISE  ABGAITA Be A IS yiB
= ek 77 ABC302A
74 ABCTES
@M\ oment i3
ma
Eé \ ﬁﬁ%ﬁ& a9 CDO057B
52 ™~ UMB701 95 S
0 CDO400B 100 WYE3E4
15 CDO0598
25 uUMB702 I UMBTS
30 MW G227 B
133~ uMB709
3 ABGOIOD Erl o
37 ~ - UMB711 ~-__
30T Bheonons o i G
rmatc ) R
s -TTHIGMEZ7  ABGIgEA . 148 T o U1
.. 150 MWGETT
54 ABGAIE 153 ABGA95A
180 ABC155
B4 —— UMB715
it o 167 ~|_L- ABC4T2
£G ABGII oo 172\[ ]/ ABCT
71 ABGIT2 13N UMB 712
75 UMB714 e e
181 CDO484
23 UMB712 184 ABG4E3
a9 ~L |- cmso01 183 ABG3148
91— MWGES1E - ___ 191 WWGEST G
92 MVVGETRE R -154 MWGISTE

43

Einl

Bin 2

Bin3
Bin 4
Bin5
EBiné
Bin7

Bin &

Bin 9

Bin 11

Binlz

Bin 13

EBinl4
Ein 15



