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Development and Mapping of EST-SSR Markers in Wheat

PAN Hai-tao, WANG Jun-jun, WANG Ying-ying, QI Zhao-liang, LI Si-shen

(National Key Laboratory of Crop Biology/College of Agronomy, Shandong Agricultural University, Tai’an 271018, Shandong)

Abstract: [Objective] The objective of this study was to develop new simple sequence repeat (SSR) markers from EST
(Expressed sequence tag) sequences (EST-SSR markers) for wheat. [Method] The wheat EST sequences from GenBank/dbEST
(from April 18, 2006 to February 4, 2007) were used to search for SSRs, EST-SSR primer pairs were designed using Primer5.0
software, the validity of primer pairs were detected using three wheat varieties, and the marker loci were mapped using RIL
population and Mapmaker/Exp3.0 software. [Result] From the 265 362 wheat EST sequences released in GenBank/dbEST, 6 314
SSRs were found which amounts to 2.38% of the total number of ESTs. Among those EST-SSRs, the most motifs were dinucleotides
and trinucleotides, which were 2 237 (35.43%) and 2 084 (33.01%), respectively. For dinucleotides, GA/CT (17.85%) and AG/TC
(10.37%) were the most frequent repeat, followed by CA/GT (4.07%) and AC/TG (2.53%); and for trinucleotides, CAA/GTT
(3.93%), CGG/GCC (3.83%), CGC/GCG (3.36%), GGC/CCG (3.14%), CTT/GAA (2.53%) and TGC/ACG (2.27%) appeared high
frequency. Based on these EST-SSR sequences, 596 EST-SSR primer pairs were designed, 194 of which were synthesized, and 165

(85%) led to PCR amplification products. Using a RIL population, the polymorphism of 21 EST-SSR primer pairs with 26 loci
were detected, and 23 of those loci were integrated on the wheat genetic map. [Conclusion] A total of 165 new wheat EST-SSR
markers have been developed. EST sequences are important sources for developing SSR markers.
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Table 1 Distribution of EST-SSR based on motif size

B pTe i) Kt Aot B

Motif Number  Percentage (%) Frequency (Mb)
%17 % Dinucleotide 2237 35.43 10.42

ZHZ R Trinucleotide 2084 33.00 9.70

VUAZ TP Tetranucleotide 865 13.70 4.03

TLIZAFIR Pentanucleotide 1128 17.87 5.25

#71l Total 6314 100 29.40

2.2 1\Z EST-SSR BY4 f43HE

6314 > SSR 1, % ¥ T GA/CT il AG/TC
HER %, 20 SSRREL 17.85%41 10.37%,
HIX CA/GT (4.07%) Fl AC/TG (2.53%) tHLI#
L (£2) , AT/TA 1 TA/AT ISR,
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Table 2 Distribution of EST-SSR according to motif sequence type

HHHIC Repeat motif

%= Number

14> 44 Percentage (%)

HHHIC Repeat motif

%i8 Number

147t Percentage (%)

GA/CT 1127 17.85
AG/TC 655 10.37
CA/GT 257 4.07
AC/TG 160 2.53
CAA/GTT 248 3.93
CGG/GCC 242 3.83
CGC/GCG 212 3.36
GGC/CCG 198 3.14

CTT/GAA 160 2.53
TGC/ACG 143 2.27
GAG/CTC 117 1.85
GTT/CAA 102 1.62
ACA/TGT 97 1.54
GGAC/CCTG 214 3.39
CGATA/GCTAT 189 2.99
GACGA/CTGCT 118 1.87

GC/CG F CG/GC AT BL. =#Z 1KLL CAA/
GTT IR, h 3.93%; HJE CGG/GCC.
CGC/GCG. GGC/CCG. CTT/GAA. TGC/ACG, !
B 59)h 3.83% 3.36%. 3.14%. 2.53%- 2.27%

(£ 2, HeRMBISERAC. RN BAZ
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Table 3 Distribution of repeat motif according to repeat number
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TR HFLIC Repeat motif 5% Range AL Total T4 TG Repeat motif 5% Range B Total
GA/CT 10—76 63 ACA/TGT 7—24 10
AG/TC 10—69 60 GAA/CTT 7—31 8
AC/TG 10—37 19 CTT/GAA 7—16 7
CA/GT 10—39 17 TGC/ACG 7—16 6
AT/TA 10—23 8 TCT/AGA 7—16 6
TA/AT 10—28 7 GGAC/CCTG 5—6 3
CAA/GTT 7—20 12 CGATA/GCTAT 4—5 2
GTT/CAA 7—18 11 GACGA/CTGCT 4 1
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Table 4 Description of 165 wheat EST-SSR primer pairs

519 X Tm  Ewmsl¥ (53D His 1 (539 519 e Tm  ZEEGSIY (53D A5l (5-30

Primer Motif  (‘C)  Forward primer Reverse primer Primer Motif (‘C)  Forward primer Reverse primer

SWES966  gcg 61 AGCAGAGGAAGACAGGCAGGAC AAGCAGCAGGAGGCGAAGC SWES1002 gcg 57 CTTCCACAGCCACAACCG CCCGCCGTCAACAATCTA
SWES967  ccg 61 GAAGCAGCAGGAGGCGAAGC  GCAGATGACGCACGAGTTGG SWES1004 cgc 57 AATCACAAACGCCGAAGAAG  CGAACCACGACGAGAACG
SWES968  cgg 60 ACTTCCCTAACCCTACCCAACC GACATCGCAGGACCATACCG SWES1005  cccct 57  AAAGAAGAGGTCTGGGAAGGA ACGGGAATCAAATCAAGCAA
SWES969  ac 59 CTTGACCCGCCGCCGCTTCT TCGCCCTTCGCCGCCATCT SWES1006 gga 57  AGAGCGAAGAGGCGAAAC GGTGGGAAGTCCGAACAG
SWES970  cgc 59 CCGTTGAAGGACGAAGCC AGGGAGGAGGTGGTGTTGG SWES1007  gete 57 CAGAGCGGCAGCAGTTAT ACCAGCCTTGACCATTCC
SWES971  gag 59 CCACCTTGTACTCCTCGCTTTC TCTCCCTGCCCAGACCTTC SWES1008 ca 57 ACCCTGCCAGTCTCATCAC CGCCGACATCAACACCTT
SWES972  gca 59 CGGCGTTCTACCATTCCC TCCTCAGCGAGCCACAAG SWES1009 aggc 57 GCGGGACAGTGAAACAAAT CCTGGCGAACCTGACCTT
SWES973  cgc 59 AGCCTTTCCAACTTCATCTCCT TAGCCACCGTCCGCATCT SWES1010 gac 56 CAGCGGCGAGGAAGATGA CACGGAATAGGCGGCAGT
SWES975  cgg 58 CCGTCGCTCGTTAGATTAGA TGATGTGCTCCACCCTGA SWES1011  ggc 56 GAACCACGACGAGAACGC CACAAACGCCGAAGAAGA
SWES976  gca 58 TCCGCTCGTCTCCGCATTT ACGGCGTGGATAGGGCATC SWES1012 gagag 56 GTCATCAAATCAAATGCTCGTA TCCACCACCTTCCTGTCG
SWES977  cgg 58 GCCTCCGCAAACCCTAAC AGCCCTCCTGGTACAACCC SWES1013  cag 56  GCAAGCACAACAGCCACA GAGCCGAACCTGAAATCC
SWES978  gca 58 CCTTCGCAGTAGCCACCT GCCGACATTCACCACCAG SWES1014  ggc 56 CGCCAATGTATCCGTGCTT CTTCCTGCTTGCCGCTCT
SWES979  ccge 58 GCAGACCTTCCCTTTCCC CCATCTCCAATGCCCTTC SWES1016  ggc 56 CAAACTCGCCAATGTATCCG CTTCCTGCTTGCCGCTCT
SWES980  gac 58 AGCCCACGCTGCCACTCTT CCTCTTGTTGCCCATCTCCC SWES1018 cgc 56 TTGATTAGACGACCAGACCG CAACAACAGCCACCGACA
SWES981  gcg 58 TGTTTCCCGTCCATCAGTT CTCCTCACAAGCAGCGTCTA SWES1065 gag 54 GGAGGACAAGGGAGGTGA CTTTGGAGGTGGGCAGTT
SWES982  gctgt 58 TTTACATTGCCCATCCTCG GCGGTCCGTCATCGTATT SWES1066  gct 54 AGCCCTTTACTTGCTACCT AGCCCAACACTGCTTACC
SWES983 gt 58 CGGACCAGCAGAGCAAGA CAAGCAAGGGCGTCGTAG SWES1067  cag 54  ACCGATGGCAATCAACAT TGGCAAAGCCCTAAGAAG
SWES984  ccgat 58 ATTCCCACCCTCCACCTC ACCTGCCACTCAAACACG SWES1068  cgc 54  CATCTTCGCCTCCTTCAA TCCTCAATGCGTCCAATCT
SWES985  tcc 57 GCGGAAGTTGCCGATGAA TGGTGCCTGCCTTTGTGG SWES1069 gag 54  GCCAGGTGGAGGGATAGT TGTCTCGGTCTTCTTGTCTTT
SWES991  gag 57 CCTCCCGACCTACTACTATCC  TGTACCCTGTTCCGCTCAT SWES1070 ag 54  ACGAAGCCAGCCCTATCA TGCCGACACCAAGGTCAT
SWES992  ct 57 CTTGCTCCGTGGTCTTCTT TGTAGGACAGCCTCATCTGC SWES1071 tg 54 TCTTCGTCGCTTTCATCG AGTTTAGCAAGGCGTCCC
SWES993  cag 57 CCACCAGCAATGCCAGGAT TGCCGATGACGATGAGCC SWES1072 gac 54 CGATGACTACGGTGATAAGAA TGGGTGAATGAGGCAGGT
SWES994  cgg 57 GCAAGTACCCACTCCCACG CGCTTCCGCTGTCCATTT SWES1073 ggaa 54 TTGACCGACCGAACCATT TTCTCCTCGCTGAACACG
SWES995  aag 57 GCGACAGAAGCCAGTGAATC CGAAGACGAGGAAGTAGAAGGT SWES1074  ccaac 54 CGTGTTCATCGTGGAGGC AGACGGACGGTGAGGGTT
SWES997  cgg 57 GGCTTCCCGTTCGTGTTC GCGTCTCCTCTGGGTCAAT SWES1075  ccct 53 CAGCACCCAATGTATCCC CACCCAAACAAACCACCA
SWES999  gct 57 ACGCTGCGGATGAAGATG GCTGGCAATGCTGAAAGG SWES1076  gtce 53 ACAAGTGACCGCCAACCG ACGAGCCAGCCAACAGCA
SWES1001 agc 57 GCTGGCAATGCTGAAAGG GACGCTGCGGATGAAGAT SWES1077  tgc 53 CGGGAGGAAGGAACCAAT AGCCCATCTTATGAAACTGCT
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Primer Motif  (C) Forward primer Reverse primer Primer Motif (‘C)  Forward primer Reverse primer

SWES1078 tgc 53 TCCGTCGTTTCTTTCCCTC TACCCATTGGTTGGTTCAGC SWES1018 cgc 56 TTGATTAGACGACCAGACCG CAACAACAGCCACCGACA
SWES1079 tgc 53 AAAAGGTCAAGTTAGGGAGT GGATCAGAAAGAGGAGGC SWES1019  gcc 56 ATCCTCCCGAGTCAACCA CACTGCCTCAGCCAACAC
SWES1080 cgceg 53 AAAACCACCAAATCAAAGGG  GATGTCGCCACCATAGCC SWES1020 tgc 56 TGAAGCCAGAGCCGAACC AACGCAGATGGACGAGGG
SWES1081 ttcag 53 AGTCGGAGGAGTGAGTGAAACC AATCAGACAAGCAGCGAACAA SWES1021  gagg 56 CATTCCCAGGTCCCTTTC TGGTGGCACTGAGTCATACA
SWES1082 cag 53 TATGTTGAATCTTGACCACCTC CGCTGTTTGCGACTCTGT SWES1022 tc 56 GAAGTCAATCACCACCAGC CCACAAGGCAACAACAAAG
SWES1084 tccct 53 CGATACGGCGGTCTCATT TGTTGTCGTGCGTGTTCC SWES1023 tc 56 AAGCAAGGGCGTCGTAGT GGACCAGCAGAGCAAGAG
SWES1085 tcg 53 ACTGGAGCACCGTAAACA TACAGCATCAAGGGCAAG SWES1024  att 56 CGGAACCGCTACAAGGGAA TCGGACCAAGCACCAACA
SWES1086 tccaa 53 AACCTCGCTCGCTTCTCC TATCTCGCTGGCTGGCTC SWES1026  cgce 56 CGACCCAATCTCACATCAC CGGGCAGAGGAGTTCATA
SWES1087 ac 53 GACAGGACGCACATCACTC ATCAAAGCCCGATAACCC SWES1027  cag 56 ACCTACCCAACACCCATCA TGTGCCTGTCTGCTTTCG
SWES1088 ac 53 GGTCGGAGAATGAAGAAGC GACGGGCGGATAATAAGG SWES1028 cgg 56 CCCCTCCTCCACTACTCCT GCCTACCAAGCGAATCAG
SWES1089 ctg 53 TCCAGGTTCTTTGTGACTT AGCACTAACGGGTGAGGT SWES1029 agaag 56 CACCATCCGCACGACATT CTTGAGCACCGCCACCTT
SWES1090 ctg 53 ACCCACCATTTCTGTTCT TGATATTGCTGACCCTGA SWES1030 tc 56 GAAGTCAATCACCACCAGC CACAAGGCAACAACAAAGT
SWES1091 gct 53 CAAGGCTTCAGTGGAGGT ATGGATTTACAGGGACGA SWES1031 tcg 56 AGTGCTATGAGGCTGCTACG CGGACTTGATGGACGATTT
SWES1092 tca 53 AAGGTGCTGCGTGTTAGG CGGGACGGGATACAAGAT SWES1032 cctce 56 CTCGTGTTGTTCACCCTC CCACCAGCAGCACTCTTA
SWES1093 ac 52 GCTGCCTTTCATACCAACC ATCGCTGCTACCTGACCTG SWES1033 cttct 55 CTTGAGCACCGCCACCTT CCATCCGCACGACATTTT
SWES1094 tc 52 AAACGCAGTCCACAAAGG CGACGAGGAAGATCAAGC SWES1034 agc 55 AGCCAAAGAAGAACAAGAGC GAAATAAAGACAGGGAGAACG
SWES1095 cac 52 ACAGCGGGAGTGATAGTGA CAGGAGATGGAGGCAAAT SWES1035 ggac 55 AACAGGCAACGACGACAG GCCAAGACCTTCCACGAC
SWES1096 tct 52 CCTTCCTTGTCGCCCTCT GCAGCCTCGTAAGCCTTTT SWES1036  gtcc 55 GCCAAGACCTTCCACGAC AACAGGCAACGACGACAG
SWES1097 ccgca 52 TAGTTATTACTCGCACCACCA  CCCGTCCATCCTCTTGTT SWES1037 ctg 55 CGTTCTTCTGCGGGTAGT GACGAGGGTTTCTTTGGA
SWES1098 tggc 52 CCCCTTCCGAGTTTAGTT CGAGTCATTGTGCCTATTT SWES1038 ctca 55 AGGAGGCAACACCAGGAC TGGACAGCACCAACAACC
SWES1099 tgagg 52 TCGGAATAAATCGGAGAA CTTGGAGGAAGGAGGAAT SWES1040 atctc 55 CGATGCTCGCTTTGTGGT TGATGCGGCAGATGGACT
SWES1100 ca 52 CTCCGAACGCAACCTAATA ACCCGCAGAACTACCTCAT SWES1041  gct 55 CGCTGTTGCCGTATTGCC TGTGGTCGCTGTCCTTGC
SWES1101 gtt 52 CTAACAACCGAAGCCTCAT CCAGTGGTGGCAACAATA SWES1042 tgc 55 GAAATAAAGACAGGGAGAACG GAAGAAGAGGCGGGTGAT
SWES1102 cgaca 52 CACATTCACCACCGCAACT TCAAGATCGTCTTCTACAACCC SWES1043 ct 55 AATCCCAGCCAGGCAAAC TCATCCACGCCGTCATCT
SWES1103 caa 52 CAGCAGCCTCAGTAACAA GTACCGAAGATGCCAAAT SWES1046 agagg 55 CTACTCGCTTGTGCTTTGG TCCGCATCTCCTTCTTGG
SWES1104 ca 52 TGCCACGACGATCCTAAA CGCAAGATGAAGCGAGAA SWES1047  tgc 55 ACAGGAAATAAAGACAGGGAG CGTCAACAGCCAGAAGGT
SWES1105 ct 52 CCGAGTCCTCCGTCCAAA TGCCCATCCTATCAACAAGTA SWES1048 attc 55 TGAAAGACAAATGGACGGGAGC CATAAGCCACGCCGCAAA
SWES1106 ctt 52 TCCCAGATGTCCGCCTCA AAGCAGCCAGCCACCAAT SWES1049 tcttt 55 GCACCTGTCGGTCAAACG CTCCTGAAGCCAGCCATT
SWES1107 gca 52 GGACGAGGGTTTCTTTGG GCTGTGGCTGTTGTGCTT SWES1050 ccg 55 TCTCCCACTTCTCCACTCC CCCTGTAATCGGTCTTCC
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Primer Motif  (‘C)  Forward primer Reverse primer Primer Motif (‘C)  Forward primer Reverse primer

SWES1051  cct 55 TCAACACCAACGCACGAA GGGCATCAGCCAGAACAA SWES1124  gtge 51 GGAATCATCATCGGTTGT GCTCATAGGCTACGCACT
SWES1053 cag 54 TAACGCAGATGGACGAGG CATGTTGAAGCCAGAGCC SWES1125 taga 51 GCCAGGTTACAAAGGCAGAG  ACCACGACAGCGACGAAG
SWES1054  gact 54 TGATGAACCTAAAGACACCCTA CAGTGCCAAGAACGAACA SWES1126  catct 51 CACCGCAGAACCTAAACT CTGAGGAAGATAGCACCC
SWES1055 gca 54 TGGAGGTGAAGAAGAGGC CAGGAAATAAAGACAGGGAG SWES1127 ct 51 GTTCACAACTTGCTTCCCATTA CAGCCTTCCTTCATTCCTCA
SWES1056 gag 54 CCACCATCGTCTCCTTGA GGCAGTTTGTCTCCTCGTT SWES1128  tct 51 GCCTACCATCCCATCTTC CCTCCCTTACCCTATCAA
SWES1058 gct 54 AACGGTAGAAATCACGGAGTA ACAAGGACAAGGCTATGGA SWES1129 agc 51 AAGGGCTCACTCTGTCTTATC  CTTGTGCCGTGCGTATTT
SWES1059 acgg 54 TGACGGTGCTGACGATGA GGAGGCGATGCGATTCTA SWES1131 ac 51 AGCCTACAGAAGGAACACG AACACCGAGAAAGCGAGA
SWES1060 gggtt 54 ACAGACGGACGGTGAGGGT GGCAGCAAGCGAGTGGAA SWES1132  ac 51 AGCCATTGGTTCCTTCCT TCGGGTGTCTGGGTGTAA
SWES1061 cag 54 AGAAGCCAAGAATACCAATAGC TCCAGATGCCAGACCACC SWES1133  agc 51 CAACGGGACATTGAAACA TTGGCAAAGTAGCGTAGTG
SWES1062 cct 54 CCTTGCCATCACATAACAC TGCCCTTGGAGACATACC SWES1136 tag 51 AGTTTGAAATCACCAGGGAA  AGCGAGACACGGAGGAAT
SWES1063 ttc 54 GACGAGGAAGAAGGAGCG CAGCAGGAGCAAACGAAA SWES1137  actg 51 TACATCCTTCGGGCATAG GCAACCCTTCTTCACCTC
SWES1064 gaatg 54 TGCTGCTATGCTCTGCTC ACTCACCTCCACCAACCC SWES1139  ccat 50  GGTCTTCAGACGACGATAA GATGGGTGGATTTGTTTT
SWES1108 aac 52 CAGTGGTGGCAACAATAGA AACAACCGAAGCCTCATC SWES1140 agatg 50 TACAAGGCTGAGGAAGAT ACCGCAGAACCTAAACTA
SWES1109 gaa 52 AGCAGCCAGCCACCAATG TCCCAGATGTCCGCCTCA SWES1141 caa 50  AGGGATGTCATCGTCTTG GTTACTGAGGCTGCTGGT
SWES1110 gctee 52 TGGCTGAAACCACGATAA CCAAACAACAACGACCCT SWES1142  cta 50  AGCGAGACACGGAGGAAT TGAAATCACCAGGGAAGG
SWES1111 tactg 52 AGTGATTGGGAACTTGGAGA CACGCTGACACCGACATAC SWES1143  gat 50  TGTCCAGGGATACATTCG CCAGATTTGGCACATTCA
SWES1112 ag 52 TACGGTAGAAGAAATGTAAGAG CCTAAAGAGGAAGGAGCA SWES1144  tcct 50  TTACAGCATCACGCAAAT AGAAGGTAGCGGAGGAGT
SWES1113 tca 52 AAGGTGCTGCGTGTTAGG CGGGATGGGATACAAGAT SWES1145  agtc 50 GCAACCCTTCTTCACCTC ATACATCCTTCGGGCATA
SWES1114 cgca 52 AAATCACGCTCATAGGCT GGAATCATCATCGGTTGT SWES1146 cag 50  TTTCCTCCTTACTCTTCCTGTA AGATTGCGGTGTTGTTGG
SWES1115 ac 52 CTGGTCGGAGAAGAAGCA ACGGGCGGATAATAAGGT SWES1147  atag 50 CATCTGTTTGGTGCCTTTG TCGGACGACTGAGCCTAT
SWES1116 tgc 52 TGGCTGTTGTGCTTGCTG ATGGACGAGGGTTTCTTTG SWES1148 tga 50  AGGACCACCCGTCATCTA TCAAAGGAGCCCTCTGTA
SWES1117 tgc 52 GATGAGCCCAGTGAGAAC GAATGGCAGTGACAAACA SWES1151 tatcg 50 CGCCGAGAATAAGACGAG ACGGTACAAGCCACAAGG
SWES1118 ctgaa 52 TCAGACAAGCAGCGAACAA GGAGGAGTGAGTGAAACCC SWES1152 tg 49 GGGCTACGACTACCTCAG TGGTTATTACAATGGGATG
SWES1119 aag 52 GAAACCCACCTCCCTTAC AGAGCCTACCATCCCATC SWES1154 ga 49  AAGTACAAAGGAAGGCTAA GGATTCGGTAAGAAGTGAT
SWES1121  ctt 51 GTCATCCGCCAAACCAGA TCATTGCCTCCTCCCATT SWES1156 aca 49 GTTCTACCGCAACAATCAC GCTGCTGGAGGAATACTTT
SWES1122 gct 51 CTGCCACCATTGCTACTG GTTCAAGGAAGAGCCACTA SWES1158 ac 49 GCAGCAACTCAACCTTCT ACCTCAGCGGCACTATTT
SWES1123  catct 51 CAAAGCGAGCGAGTGAAT CAGCCAGTAGAAGTGAGACCA SWES1159 ag 49  AGCCTTCCTTCATTCCTC CACAACTTGCTTCCCATT
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ASCHAE B s R HIZe (SWES966—1159, LOD=3.0) o KHEFERAARIIZEIL, bl BRTER ORI L SRciR T BEmIX arEiEfid,
1, LOD=3.0 s i HIAL A R, LOD 24 3.0-1.0 HIE# 7K R A5 (%) RO i H v E AR S A—— WU R A e S e (0
The new mapped loci in this study (SWES966-1159, LOD=3.0) were underlined. Map distances are indicated on the left side of each chromosome, and the
names of markers on the right side. The most likely intervals are on the far right side, of which the loci with LOD=3.0 were showed in bold letters and with
LOD from 3.0 to 1.0 in normal letters. Asterisk (*) indicates that the loci were located on chromosomes using Chinese Spring nulli-tetrasomic lines

[ EST-SSR#RIC/EIZIEEIE LRIIE (SWES966-1159, FRIZIIAL LD
Fig. Location of EST-SSR makers in genetic map (SWES966-1159, loci with underline)
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