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Abstract:In order to enrich the mumber of wheat functional molecular markers,lay the foundation for the re-
search of wheat functional gene location, copmarative genomics, wheat origin and evolution. In previous studies,
8 389 potential EST-SSRs were identified from wheat transcriptome data. In the present study,585 pairs of primers
were randomly selected for further analysis from 8 389 EST-SSR primers with a primer score of more than 95 points.
And a wheat genetic map for the recombinant inbred line population derived from Chuanmai 42 x Chuannong 16 was
constructed using these newly developed EST-SSR markers and combined with SRAP markers and SSR markers.
The results showed that 555 of the 585 pairs of primers were able to amplify the stable and clear bands in Chuanmai
42 and Chuannong 16, and the primer efficacy was 94.87% . Of these ,44 pairs of EST-SSRs exhibited obvious and
stable polymorphisms in parents with a polymorphism rate of 7.93% . There were 12 linkage groups in the genetic
map containing newly developed EST-SSR markers. And these 12 linkage groups were composed of 163 markers,
including 17 EST-SSRs markers,73 SSR markers, and 73 SRAP markers. The average distance between adjacent
markers of 13.11 ¢M,and covering wheat genome length of 1 551.5 ¢M. This study enriched the number of func-
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tional molecular markers in wheat and laid the foundation for the study of wheat functional genes localization , com-

parative genomics,wheat origin and evolution.
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JIZZ 42 5114 16 4238 J5 - H A a4 A
TERBEA(RILs) ,F,, (2018 4F) , 4L 125 ME R %
HEAA ER U148 L BHBE i B = 58 g, B —
NREZFH AT, ATFE 0.2 m, BRIE 0.2 m, H K H
IKABAE B AR 3 H R 4E 3 ~ 4 et it v =k
RIEET - 80 CHEIRIE KA H IR .
1.2 REAHZE
1.2.1 DNA #&HC  FIHME Y DNA $ UL 6 (=2
Y, th EWTIL) $2 U 22 42 114 16 K RILs
AL LA DNA, EARERAES IR &Y
VL5 HEAT . 1% SRR WEEERS R UKAG I DNA (1958 4%
£, Nanodrop 2000 fi{ & 45 4h-1T UL 4356 5% B 11
DNA (1) BE RN SRR | Ve JC R A 46 BE /= 1) DNA A
i T e 2218
1.2.2 EST-SSR fi fififii vk 51 Wi it AL 5
A 5 SR 2 A B T Y 8 389 A~ SSR i A
EHL 585 A7 s T 51T S BUR I .
AR =R DUTIR IR S IR
HE I EZ WA R T35 T 10,7,5,4,3,
SSR v 5 K F 825 F 20 bp, EST J¥ 51 K & kK F
150 bp, FIH Primer Premier 5.0 #1549, 51
YIS KT 95 43, i A EST-SSR 5191t 4= T/4E 9
TR ) HRRAFE K.
1.2.3 PCR ¥Rk RN 42 F)il4k
16 1) DNA X 585 %} EST-SSR 5|4y F 17407 A i 1%
PCR JZ WK & A 10.0 pL:2 x Taq Master Mix 5 pL;
10 pmol/L HYIE [0 51 4 (F) Sz [ 5149 (R) %%
0.5 wL;30 ~ 50 ng/pl AIEIHR DNA 1 pL; ddH, O
3ple MW A ERFHEY R, ALK RH
Touchdown PCR F&/%:95 °C HiZ8 1 3 min; 95 °C 7%
P 30 5,65 CiB A 60 s (H—FFHW 1 °C),72 CHE
i1 60 5,3t 10 MEF ;95 CAEM: 30 5,55 ~62 Cild
k60 s (FIHRYIR KREENER 1 FoR) 72 °C & {f
60 s, 330 MEFF, 72 CHRLELEM 5 min, & 5%, R
FH 1. 5% (A3 A 56 158 P, RS I J2 5 47 34 i 2y 5 JL
WK, R 8% 11 5 T s Tk fg 68 Mg v K O 16 AT 2 2%
YRS R B2 ST 125 4~ RIL K &
AT PCR 448 1R TR s e e Je FRLVAK
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Mo B s e A 12 Msid e 2 42,401 A
M)A 16,
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A, X EERRICAMETE 12 AR L, B & m
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SR T NSRRI AT R 1 551.5 oM, AR Z
[ FRSFIRE RSy 1311 eM (1 2) . P LT B Jefafk
A ARicHZ, 395 4>, 045 SRAP Frit 43 4, SSR Fr
144 A~ EST-SSR tric 8 4>, 5K 707. 4 <M;D 44
IR EhRicE 11 A, 552 4~ SRAP #rid,7 4>
SSR ARICAN 2 4~ EST-SSR #rict, B ai (K 0 231.5 M,
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A HUOE 1A FL4A Jefifh 45 2 4~ EST-SSR Fric sy
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M. JI| £ 42;N. JI|4¢ 16 ; P. pBR322 Marker; BL/0%% 54 21 1 84 IR R,
M. Chuanmai 42 ;N. Chuannong 16;P. pBR322 Marker; Missing lines with numbers 21 and 84.

Bl 1 5% comp584 1811 42 x )l K 16 EHB X RAI TR H HBLRR B A Bk E
Fig.1 SDS-PAGE of RILs derived from Chuanmai 42 x Chuannong 16 amplified by comp548 primers
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Tab.1 The characteristics of 17 pairs of EST-SSR primers on the genetic map

5194 PR FIWFS (57 -3") HEHIC T A BeR /v bp B IR/ C
Primer name Primer sequences Repetitive unit ~ Expected segment size Annealing temperature
compi?2 F. GTTCTTCCTCAACTCCGCCA (TCG)7 256 59
R: CACCAACTCCTTCCTCACCC
comp48 F. CCGAGGTCCACCAGATCTG (GCGA)5 213 60
R: CACCTCACCGCCTCAGAAAG
comp210 F. TACACCGGCGAATTCAGTCC (ATCC)5 215 61
R: GAGGTAACAACCGGACAGGG
comp296 F. CCTTGGTTGCTTGCTTGCTT (TGT)5 164 59
R: ACATGGTGGATCTGCATGCA
comp319 F. CATCAAGGTATCGGCCACCA (AGC)6 176 60
R: CAGTCAGTCAGTCAGGCAGG
comp325 F. CAACAAGAACAAGTGCGGCA (CCGAC)5 170 60
R: ATCGGATCGGATCGGAGGAT
comp346 F. CCCAACCAATCTCACTCACTGA (GT)8 158 59
R: TAACAAGAGGCCACAGCAGG
comp348 F. GCAAAGCCGCCTCTTTTTCA (TA)6 198 59
R: AGACTGTCCTCCCCTCACTC
comp440 F: GGTGACCATCCGCGATGTAT (CCG)5 235 61
R: TCCCCTTGAATCCACAACGG
comp462 F. CGGAAGGATCAGAGGCTCAG (AG)6 240 60
R: GCTCTGTGCGCATTCACAAA
comp516 F. TTCATGCCCCAACGTCTCTC (GCC)5 256 58
R: AAAGGCAGTAGCACCTCCAC
comp523 F. CAGGTTGCTGTTGGTCTTGC (CGC)5 258 59
R: GAATAGCCTTCGCCAGTCCA
comp534 F. GATGCTCGCGCTCTCCATC (CAAG)5 265 61
R: TCGCACACGCCAAAACATTC
comp553 F. GAGCTAACAACGGCGGTAGA (TGC)5 272 58
R: CGGCAATCGGGATCTTCGTA
comp579 F: AGCCGATCGGGTGAAAACAT (GCG)5 280 60
R: GATCGACCAAGCTCCACGAA
comp3581 F. CACCAAACGCTTCTTGGTGG (GCG)5 270 61
R: CATCACCAGCACTCCCTGAG
comp584 F. CCCACATCTGACACGAACCA (AT)6 280 61
R: CGGCTGTCCTGGCAATGAAT
K2 DFHREELREFREELHNH
Tab.2 Distribution of molecular markers on the 12 chromosomes
TvaysaT Tvary
A B EsTssRfugr oo PR SRR e
Number of Number of
Genome Chromosome ~ Number of EST-SSR loci ) ) Length Distance
SRAP loci SSR loci
A 1A 2 6 1 130.9 14.54
3A 1 0 5 90.7 15.11
4A 2 4 1 90.6 12.94
5A 1 9 12 191.2 8.69
6A 1 9 3 109.2 8.40
/N 7 28 22 612.6 10. 84
B 1B 4 10 11 137.5 5.50
2B 1 8 13 172.4 7.84
3B 1 12 4 138.5 8.15
4B 1 2 10 107.6 8.28
5B 1 11 6 151.4 8.41
/N 8 43 44 707.4 7.45
D 3D 1 0 5 119.9 19.98
6D 1 2 2 111.6 22.32
/Nt 2 2 231.5 21.05
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105.8 4 M 1]
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107.9 4
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4 4B 54 5B 6A 6D
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15, 4 ——— Xefd54
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M7E13 6.6 11 erarc}%
38.2 Ul Xgwmos1 7117 Xbare
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' 52,2 ———Xbarc1133 .

50.2 M10E26B

66. 1 ——— Xwmc238
69. 6 —1—M36E8A

77. 4 ——— Xbarc 1096

71.8 M18E21
146. 1 —T1 M38E44

159.2—
169. 311~ M35E7D

Ll ¥barc184-44 100. 3~ |- Xgwmd95
#0- = ara 1019~ |~ Xbarc1144

07. 6—=— comp523

41. 5 1~ Xgwn304
46. 3 1~ Xbarc303
54,7 ~_{-M30E20A
57.0 -1 | Xbarc56

97.5 - |- Xbarcll7
102. 317~ Xbarcl41
108. 97 Xbarec360

124. 4 ——— Xbarc197
137. 1 — Xbarc330

— M22E20D

191. 2——— comp319

11. 8—1— M26E28A
20. 1~ |- M36E11A

24.1--M33E38 g 01— M22E20B

27.5- T~ M18E24

34.5—11 M2E2B J1

10,911 Maapoon  27-2— 1 M29EC

45.6 11 M24E23C 34, 0—- Xbarc107 350 - M33E78
51. 0T MLIE23A

41, 0 —+—— M40EIA
47,6 Xbarc3

54. 4~ M25E3C
55. 4 <7~ Xbarc1055

57. 6 ——— M12E40A

70. 4 —1—Xgwmd99

80.3 M35ETA
84,711 Xbarcd

66. 3—— Xbarc171 668 - comp325

73. 1 M36E21

103. 6—+— comp579
81. 1

— M24E11C
118. 1 Xgwm540 88. 4 - Xbarc196
126.9 XbarcT4

136. 4—1— Xbarc88

89. 37 M30E16A

99. 3—— M25E22A

151, 4—)- Xbarcz1s 2 coml2 1116 o~ Xgm325

PEIBETE Y (AR (K 2050, AR 48 FRTE S (AR I A 200 s AT S0 BT A 1) EST-SSR AT i F &Ik,

Map distances are indicated on the left side of each chromosome,and the

name of markers on the right side; The newly developed EST-SSR markers in this study were underlined.
2 EST-SSR#ricfEiEfR B LR E
Fig.2 Location of EST-SSR markers in genetic map
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GGG =5 BRZE 45 R ITEC 12
Al 10 380 7% EST J¥ 4% 11 135 Xf EST-SSR 5|
Yy, oG 3s 19 82 Xk, I 32 X5 ¥ 47 B Bk
2D 4B F14D M 18 S/ Getathk | i i i 250
FIJH GenBank/dbEST %48 % 1 (1) 265 362 2k /NZ
EST JE5) #1596 4~ EST-SSR 514, ik Hrp
95 4Lk L) 194 A5 X HEAT PCR K, 25 SR 3%
1,165 51 PpnT R 1s thAS e 1 M i 25, PR
TR 23 4~ EST-SSR A7 55 35 2 O A 1y /N2 st A% &
i b ARSEKEA Yang 17 M/ HTS-1 RAE(R
) RNA-Seq Z4 H %65 1 8 389 MU FE Y SSR )7
G, I AT T 5188 XF BE AL Pk 2E A 300 X
EST-SSR 51 #1745, 25 R A 177 D519%F
REY Y AU T M Y 457 . L3R EST-SSR #ric ]
DIE R /INE R GRG0 R B o Fhmic . ABFIT R TE
Yang 2517 LRl BN 8 389 > SSR ] 4%t EAL
BEHL 585 X154 K T 95 43 Ay EST-SSR 519k i714
B, Hor 555 XF5 eI 2 42 FilAk 16 ThREY-
1 RS T T8 25, LR/ 50 ~ 300 bp , HAA AL
494, 87% .,

TE 555 XA 519 44 Xt EST-SSR 5| ¥ 7
JIZZ 42 FIA 16 H LB B 00 RE 2 451k
ZAMRRT.93% , HEZEFREEILT SRAP frid
OSSR ARic ™!, X FEE L T EST-SSR KT
FIKIFAH , i e P AT B m AR S A IE 2
FXAE A (15 EST-SSR Aric i —Fh A Th gy
SrFARIE® . FIHIX 44 4 EST-SSR AR, A1 2
42 514 16 22385 IF A 283K 15 1 RILs #E 1A A 1E
BIREIAR, 456 T ARSI = Hi Y SRAP F1 SSR #rid
Bl T kN R B . SR AR UCH T K
(1) EST-SSR HRict i Sife 3t 12 4>, 35X 12 > i i
M 163 hRicdl Ak, 156 EST-SSR #5ic 17 4>, SSR
Fric il SRAP #5xic 73 4>, @ /N E R F A K E
1551.5 M, A 4B 4% i [8] (%) SF 35 38 1% B 2k
13.11 M B 1B 1A Fl 4A YefafRah  H4m 9 S
tafk B4 1 4> EST-SSR #nic /A, 7E AT Z 8
EST-SSR #5 ic H1 fig % 5 o7 21 44 A 4K - 145 id R
38.6% , il /N SR IR AR, %A AB.D 3 4
Yo fRgl | gL BRS A 21 AN IEBIHE, HA K
FIFH EST-SSR #4414 a8 A% B3k H A & 7 Hop
A 12 A~ EESTRE, 78 1D 2A 2D 4D 6B, 7A 7B flI
7D 9 NP b AT 0 1E B 5 2 % 81 h9 EST-SSR
Fric, XAlBES EST-SSR Fric A B 1 £ M 4%
AR IR L 1 b ic B w0 A 6, Rk, B —2
I RS e AT & 9T EST-SSR #Ric , AWt 5¢ 35 il

FEAEPHE LT, Sl AT A1
PRI 55 A0 2 i 4 1 2 PR i i E A T A (R
TAYT & bmic B /b, Bz i Eaibsid,
K, RA A EST-SSR Fricd fE®4 4, (HAHFSY
FE T/NZ EST-SSR bric MEH . X 48 EST-SSR
Pic A B —30 o0 A7 B A i e RSP RS
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