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Construction of a SSR Genetic Linkage Map of Wheat
Using DH Population Derived from BS20 x Fu3 and
Mapping QTLs for Sterile Gene

TIAN Zai-min' ,ZHANG Li-ping”, WANG Li-hui’ ,ZHAO Chang-ping*,SHAN Fu-hua®,LV Ai-zhi',GONG Xue-chen'
(" Hebei North University , Zhangjiakou 075000 ;> Beijing Academy of Agriculiural and Forestry Sciences , Beijing 100097 )

Abstract: The genetic linkage map of wheat was constructed with DH population consisting of 289 individuals
from a cross between BS20 and Fu3. 1112 SSR and EST-SSR primers were used to detect the polymorphisms be-
tween the parents. Applying QGA_CN software to carry out linkage analysis, the genetic map covered 19 chromo-
somes except 4D and 6A which included 128 SSR and 6 EST-SSR markers. The linkage map covered 2749.2 ¢M
and the average distance was 17.4 c¢M. All 19 linkage groups consisted of 2-15 markers, with the coverage of length
from 15. 3 to 244.4 cM. At the same time,we constructed three DNA pools including Beijing sterile pool, Fuyang
sterile pool and restorer pool for screening the sterile genes using BSA method, and these primers were Wmc264 ,
Wme73 and Xgwm350 , which distributed by chromosomes 3A ;5B and 2A/7D. Six major QTLs were detected when
the F value >7.5 by mixed-model composite interval mapping. Thirteen major QTLs were found when the LOD val-
ue >2.5 with composite interval mapping. After the analysis of BSA and QTL, three QTLs were shared from two
methods , the sterile genes were located on chromosomes 1BL,2BS and 3 AL, the marker intervals were Wmc365-
cfa2129 , Wmc602-Xgwm148 and Wmc264a-cfa2262 , respectively. The photoperiod-thermo sensitive genic sterile
genes were realy located on 1BL,2BS and 3AL.
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HYA/NE A R Fud A 83849 3] F B F,
PELG AL 21 I A R A%, 4815 289 > DH &
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FEF AT 3L RS T 2005 - 2006 45
2006 —2007 4F 43 Bl 7E L 50 T E X (39°59'N, 116°
17'E) ZEBUELPH (32°35'N, 117°14'E) 47 Fli , 3F
SR/ N AR E N R SIS, 2005 - 2006 4F 5%
AHI DH £ F 2005 429 H 28 H A1 10 H 14 H %5
TEAL TR BB BH AR AR, T 2006 4F 6 H 14 HA1 6
H 3 HUgk, 2006 -2007 4, F 2006 410 A 1 H
10 H 16 H 3 5IFEde st M2 g s iR e, T 6 H
15 HA12007 46 H 5 HYR, 50k HBEHLIX 41
Wit 3 S BRI 22 17 (& 2 AT AT B
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40 ~55 XF, B IE A M. S. Roder 25147 HR3A 1Y 198
X Xegwm 5190, EFr/NEE SSR PMELLARY 591 XF Wmc
519, E. Pestsova 21 % F£ 8 30 XF edm 5|97,
http://www. scabusa. org {4 J& i 122 X Barc 5l
%,http;//wheat. pw. usda. gov BB R 97 % ofd .
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28 X cfa 2 XF enl 10 Xf Ksum 1 10 X cwem 5|47,
MRS L R 14 X dp 514, BRI EN &
W10 XF swes 514, 19 LG s A FHLA
RN w) ARG B8 1 BRI AR PR R A5 AR
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ddH,0,1 L 10 x Buffer,0. 25 pL 10 mmol/L dNTP,
0.8 wL 25 mmol/L MgCL,,0.2 pL 5 U/pL Taq Hif,
2 pL 2 pmol/L SSR 5|4, 4 pl 50 ng/pl HE
DNA, #RJ5 7€ PCR A L AT 9 34, ¥ 3% ) i by
94 °C FiANE 6 min;94 CZEPE 1 min, 50 ~60 °CiE k
1 min,72 CZEAH 40 s, PE¥F 35 WK, feJq 72 °C LA
10 min,4 CIRAF. AV IEPHhmA 3 pL L2
M (98% W% .10 mM EDTA .pH 8. 0.0. 025% 5
W24 0. 025% —H K% ) ,94 CAEME S min 537 R
BFUK R, 2 6% BN Ik i A2 1 6 i L Tk
IrE .

WS DH & 5804 BS20 AH [F] 18k
1, 544 Fu3 MHFEIE R 2, 82 R 0,
1.3 EEEIZMNHER BSA-QTL i
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P 7 B T T e B B PR B ARSI R S DH B,
Y (2 RS IR Ay i R S AT o 2R e (AR RS
e BHEEE B 0.5 M, 4 EE B3 B T By 31E
CAOLEFGL ¥, N FH SAS B A4: % & PEEE 17
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PERZ: (MCIM) P X F PEEAT QTL 4347, F (KT
7.5, [FAF SR WinQTLCart 2.5 #4518 4 X
) VE % (CIM) #6:31) QTL, LOD Il A4E 4 2. 5., BSA
SBT3 /) DNA S, AR 15 4> DH R 1Y
DNA RIRG, Z AL | B E Ph1E A Ik
W (FEPIAE P b AR I e B k) AL SN B i A LB
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2.1 FERRBEHEES T

N BRI R R A 3 R, 4 ok E bR
PGSR N A SRR ZE SN A 2006 4F
2007 A 50 RN B BH 9 M4 B XX 3 ROy ik AT
INEF RGN (R 1), lZR 1 7]
DUE B NS SR (N) 5 EPRELE IR (G) (4
SIE/INFERR () A T AT 9 b [ 34 2 80 R B 2 A T A

%, HAEXE R KT 0.8, 1 2007 4E 4L 5T,
P e 8 SR N4 S/ NER I FH O R BUCR 0,72,
AR SO T 45 52 3R 1 3R 25 ORI 8 B X8 Sy [ P
R (FD)

£1 3MBEERBWELSF

Table 1 Phenotypic correlations of three fertilities

AEA) Year  HbH Location IR Characters G N
2006 dent N 0.89 %"
J 0.87°*  0.95%*
B N 0.96 "
J 0.93**  0.95%"
2007 dent N 0.80""
J 0.72 0.81""
B N 0.89**
J 0.90"*  0.90*"

YT P<0.01 KT EM, G FBREEE S0, N, [ N R4 S04,
IFE Y B
“* is significant levels less than 0. 01,G;International seed setting rate,

N:Internal seed setting rate, ] : Spikelet seed setting rate

I B R U], /NAZ DH B R TE PR AR TR b 15 3
U LA S I A R 2R | L P k2 S
RIEER AL G B BAE RRRE X AR
PHHIE A TR 9 & HEEE T4 1T (3% 2) ,2006
AE1 2007 4F, BS20 114 [ A1 45 55 R R BLAE I, 2006
ER M E AL 1.7% , 2007 4F 4t 5T & RO
55. 1% ;Fu3 YR LSS S0 40t e T 8 H 530
12, 8% F12. 4% ; FHAE-EEIL 1 & T R,
S 8.5% N 12% . J5 253k W (R 3) 7
TR b o5 R) 35 R 7 i) 1 285 0 S R A B 3 25 5
F 82099 460. 1 F1 15,7 , 156 B b 5 F1E BH 7 4 7Y
BYEAWEEN 2R, Rt B2 m TR, 4F
PyTa] ARGy NP B H A b g AR B B AR DL K&
ARy Mgl SRR = H AR IR A 25 S (HAE
Jr AT, B B i EE RSN, F ORI A S R
1%, B T A I RF A BOR | TR I 05 (Y i PB4
N BRI 3 = AR S ok VR 1 PR BRGR B T A
AR B ER FER/N(1.5.4.2.2.8.2.0),
5 AR — 25 BBk B0 E
2.2 BOMIBEFARBEEENSE

LI Xgwm1053  Xgwm294 A1), 5] SSR Fric 7F
DH #HARM 7 B A5 OL(B 1.2) ,2 MRiC e EAR ] £
ARG HARE , 7R RN 4 B 4776 DH BRI 5F
S BRI,
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Table 2 The statistics of parents and DH population by in-

ternal seed setting rate

®3 ERNEEIENAESW

Table 3 Anova analysis of internal seed setting rate

A5 SRR A by FA{A
. A ;. Source df MS Fvalue
L ML AR b FHE YR
arents
Year  Location No. of samples Mean Range Ay 1 91.4 1.5°"
BS20  Fu3 Hb sk 1 28020. 7 460.1**
2006 b 289 0.4 89.7 74.0 4.0~96.2 HE T 288 954.9 15.77"
3 7 : o
FLIH 289 2.1 76.9 655 1.1~92.7 FOPRE AL ILAf: 288 254.5 4.2
. Mo A R AR 288 168.7 2.8%*
2007 B 289 58.2 89.7 81.8 42.6~95.6
g AR SR PR R B A 288 123.9 2.0%"
EAIIH 289 3.1 87.3 69. 8 0.5~96.0 i%% 2304 60.9 —
. i B -
e Terew *

PP,

P, :BS20;P, : Fu3, H:4% >k BS20 x Fu3 ) DH &, F[H

P, :BS20,P, :Fu3 ,others are DH lines, the same as below

E1

SSR #RiE Xgwml1053 FEEB B A h S B 1ER

Fig. 1 The segregation of Xgwm1053 in the mapping population

2.3 EHMESIYHTGIE

AT T 3RAR [ Z2 P TfE 19 h SSR Il EST-
SSR 514y, —3L 1112 X459y, 23815 |9 243 Xf, 23
PES IR & R 21. 9% , Xgwm BRI ZS1ED 1Y)
B2 83 4, Hik ol Wme 2751 72 4, HF15 25065
VI LG5 50 41. 9% F1 12.2% (F 4) .
2.4 INEHSTFEEEHEIENHE

ARIFFEAEEA P 2 ER) 243 X519+, H
PRI 158 X5 1A T DH FEAR I 2 251
B, A 134 MR s fE G IS (K 3) . g
FlE I 134 ADFRic, 145 49 4 Xgwm 39 4~ Wme
23 /> Bare .10 > cfd 4 4> cfa 3 > Ksum .2 > swes .2
A~ gdm 1 4> ewem F1 1 A4~ dp ARic, FRic oA 26/
F 19 KUk I BAESRE FEYA 6.4 NhRid
PR (R S)  FRie A s FEAS R G o R g v i) 43 A 22
SRR, o A BRI 4L 38 4~ B BRI 60 4~
D BKZHA 36 4>, 40 5 i bric SR 28. 4% |

B2 SSR#RiE Xgwm294 7E(EE B AR 9 BH1ER
Fig.2 The segregation of Xgwm294 in the mapping population

%4 SSR #1 EST-SSR 5|#1#) & #5145 %
Table 4 Frequency of polymorphism from different SSR

and EST-SSR primers

2L

Gk E iR EZ 3 EIE /K

A< PR LI(% )
Primers No. of polymorphic

No. of primers Proportion of
combination primers
polymorphic primers

Xgwm F 51 198 83 41.9
Wme £ 51 591 72 12.2
Barc %% 122 43 35.2
ofd 51 97 22 22.7
gdm R 30 9 30.0
cfa R5 28 6 21.4
dp &5 14 1 7.1
Ksum %% 10 3 30.0
cwem Z 4] 10 1 10.0
swes 251 10 2 20.0
enl 51 2 1 50.0
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192—
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1B 1D
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10. 7_,—-_\ cfd65.1 16'4__ cfd65.2
51| | gV me30%qQrL2 ofd21
’ vQTL10 18.2—7
g T cfa2129 cfa2129
(— Xgwml31a 44—
Barc81 v SWES86
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47.4—
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2B 2D
M 7\
175 Xgwm257 Wmc459
7.5—T7—
Wmc602 34.7——
e | Wmcl44
Xgwm148
6.5— 35.1—t
: Xgwm374
Tle———vQTL3 Wmcl8
22.4—7 | g—— *QTL3 29.0—t
Wmc474
19.9—+ Xgwml57
6.0—F Ksum73 30.5—+
0.7 Wmc477
0.7 cfa2278 g— Wmcl75
2.1 Barc91
25 Barc167
123 Xgwm630
18.3 Wmc441
14.5 Xgwm501
Xgwm47b
'

— Wmce54 6.5 Xgwm71
134 Wmc78 3.7 Wmed01
21.6 @ Xgwm895

— 1] >gdm72
97—F Barc164 14.4 Wmes33
’ v Xgwml31b
3.7 gwm547 36.5—
s Xgwm645
15 _\ gwm247 &
0.7 gwm340
gwml81
4B
)
Wmc413
38.8—
& Ksum62
14.8—
Barc20
\
Xgwml192
16.8—t
Wmc491
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99—F] Senm i 112 Barc109 Barc143
724 ! Xgwm335
18— ™~ Barcl80 ?g/__ wwms sss|
Barc141 7'3/__ Xgwm67
) 1] Barc4
219 ™ Xgwm537 s gdm138
v 1B cfd266
SR 26.1—1 lg—— vQTLI3
J XYoL
83—F Xgwm271 A — Q
2T T Wme75 I
" 182 1q AQTL6
05— Xgwm292
9T Wmc215
Barc59 vorL?
6B 6D
N '
Wmc487 cfd132.1
30.6— 25.9—+
Wmc4d94 cfd132.3
36.5— 34.5—t
8 8——- Barc146 [ Barc196
41— Barc198 26.3—
138~ e Xevm8 g = cfd190
: '__hv
126 -:—\ Wmc486
Barc178
7A 7B D
'
15 3—T cfd62 Xgwmlll os—1 Barc126
O Wmc479 n—1 e——— vQTLY Xgwmdd
35.8—
76—F Xgwm537 [ *QTL6
T Wme76 22 =~ ofdl4
18T 3.6 T\ Xewmd13
15.4— @ parc’2 17.1 Xgwmd37
9— [ Barcl76 Barcl72
Z'g_/—IZ\ Xgwm?297 Xgwm428
12,0} > Wme3 31.8—F
12 8—F[ > dp205
" U Ksum69 Xgwm37
49—+
Wmc273

W (R 2R BRI ; o CIM AR T E /Y QTL; W - MCIM A I E ) QTL

M : Centromere region, % :The QTLs of mixed-model composite interval mapping analysis, ¥ : The QTLs of composite interval mapping analysis
B3 BS20 x Fu3 DH B#{kiEfE 41 EiL

Fig.3 The linkage map of DH population derived from BS20 x Fu3

x5 BRBEANRCHH

Table 5 The distribution of the markers in each chromosome

YR etk Chromosome ot Y
Genome 1 2 3 4 5 6 7 Total Average
A 6 15 4 7 4 0 2 38 5.4

B 8 14 8 5 9 7 9 60 8.6
D 5 5 6 0 7 4 9 36 5.1
AT Total 19 34 18 12 20 11 20 134 -
FH4 Average 6.3 11.3 6.0 4.0 6.7 3.7 6.7 - 6.4
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44. 8% F126. 8% , X FH] DH #HiAH , B FLH 4
WG AR R, D SRR A 1t 2 8RR, A
R Z 8 A 25, ik 24 Eitrid
WEZ N 154 Yo @R 7A ERbRicHD R 2 4,5 2
et ARFR o R IR 1Y 2 8k ey, 56 4 L AR R 41
(R ) 2 2 PR AR

A FE A% I L ALY SSR ARid A 12 4
(#6), Hih Wme20 E N 1E 1A, Wme365 % i 1F
1B, Xgwm 401, Xgwm817 , Xgwm1052 *E {ii £ 2A,
Wmed59 ENAE 2D, Wmed01 , Xgwm895 5E N 1E 3D,
Xgwm1036 5E i 7E 4A, cfd62 E 7 7E 7A, Wmc3 |
dp205 ETE 7B,
&6 FHENMA SSR R
Table 6 The new located SSR markers in the study

FRic 2R FRfEg ek || FRiC AR B G ok
Marker name Choromosome Marker name choromosome
Wme3 7B Xgwm 401 2A
Wmc20 1A Xgwm817 2A
Wmc365 1B Xgwm895 3D
Wme401 3D Xgwml036 4A
Wmc459 2D Xgwm1052 2A
dp205 7B Cfd62 TA
_—— ——
e - —
1 2 3 4 5 1 2
Wmc264

3

Wmc73

2.5 BSA &S

P g 3 > DNA b, BV & 3t 30 50 A 75 3 A B
FHANE M, 2047 2805 [ i, 25 SRk 1 6 %
514, KB k£ R Xgwm294 | Xgwm374 | Xg-
wmdd SITE 2A 2B 7D Yefa ik 110 R
FRC N Wme264 . Wme73 Fl Xgwm350, 43 1ii 7E 3A |
5B F12A/7D Yefifk b (Kl 4)
2.6 BRI QTL &#f

SKFH MCIM X7 [ k25 SR 51T QTL 437, 4
F>7.5 B AR E] 6 >3/ QTL(£ 7). A fEg
& 1AS Y SWESI31-Wmc24 . 1BL Y Wmc365-
cfa2129 2BS H) Wme602-Xgwm148 | 3AL i) Wme264a-
cfa2262 6BL ) Barc146-Barc198 Fil 7DS ] Xgwmd4-
cfd14 [XJa] 70 FEES SWESI31 4 12.9 ¢M Wme365
0.6 ¢cM Xgwml48 }2.2 M cfa2262 S5 0.5 ¢M Barc146
2.9 M Xgwmdd 7 16.7 M, F {54 10.0 ~20.2, 1
PERAN K —2.5 ~ —4.0, BTHkHEN 2. 1% ~5.3% , [Flf}
XFERL QTL #EAT HAR/M T (3R 8) 4RI ENTEL
SR QTL BAEX A 3 41, 4 1BL 1Y Wmce365-
cfa2129 F1 7DS Y Xgwmd4-cfd14,2BS [ Wmce602-Xg-
wml48 F1 6BL BY) Barc146-Barc198, 6BL HY Barcl46-
Barc198 1 7DS (1) Xgwmd4-cfd14 X [a], BTk =43 5K
4.5% 0.6% 2.7% , 3 XA AR HI T (E,
LA 3R QTL A7 s Bl BAERON AT PR BRI

LB R

4 5 1 2 3 4 5
Xgwm350

1:BS20;2 . Fu3;3 . bt R & ;4 ;5 . BRFIHAE I
1:BS20,2 :Fu3,3; Beijing sterile pool,4 : Restorer pool,5 : Fuyang sterile pool
El4 BSA EXAREEEMFIE

Fig. 4 Screening of male sterile genes using bulked segregant analysis

K CIM 0 [ LSS 94T QTL 2347, 24
LOD {8 >2.5 if, HAG W 2] 13 A TR QTL(FE 9) .,
I ARAE YL 4K 1BL Y Wme365-cfa2129 2AS K Xg-
wm830-Xgwm1053 Fl Xgwm1053-Wmcl77 ., 2BS
Wmc602-Xgwm148 | 3AL ] Wmce264a-cfa2262 4AS
i0] Xgwm610-Wme491 | SAL B Barc180-Barcl141 .

5DS 1) Barc143-gdm138 Fll gdm138-cfd266 , 5DL [
cfd266-Xgwm583 Fll cfd3-Xgwm292 6BS ) Wmc487-
Wmcd94 7BS i) Xgwm111-Xgwm537 [X[8] | Jii sk i
H-12.8 ~ =37.3, 5THkFE R 7.2% ~23.6% , H
H1,2AS 1 QTL 78 3 > FREE gl 6 2], 4347 7
Fric Xgwm1053 AP, 25 Xgwm1053 4 1. 8 ~
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Table 7 The QTLs of internal seed setting rate with mixed-model composite interval mapping analysis
QTL %5 e i FRIE X ] PLE (M) Fl IR TR (% )
The numbers of QTLs Chromosome Marker interval Position F value Additive effec Variance explained
QTL1 1AS SWES131-Wmc24 56.0 10.2 -3.1 3.2
QTL2 1BL Wme365-cfa2129 17.0 18.8 -2.5 2.1
QTL3 2BS Wme602-Xgwm148 40.0 10.0 -3.0 3.0
QTLA 3AL Wmc264a-cfa2262 49.0 20.2 -2.5 2.1
QTLS 6BL Barc146-Barc198 70.0 14.3 -2.7 2.5
QTL6 7DS Xgwmd4-cfd14 37.0 11.6 -4.0 5.3
*8 RESESSEW QTL L mEHEE
Table 8 Interaction analysis of the QTLs by internal seed setting rate
Fric X [A] etk Fric X 18] POGRES TUHRAE (% ) Iy eA P
Marker interval Chromosome Marker interval Chromosome Variance explained Additive effect P value
Wme365-cfa2129 1BL Xgwmd4-cfd14 7DS 4.5 -3.7 0
Wmc602-Xgwm148 2BS Barc146-Barc198 6BL 0.6 -1.3 0. 000025
Barc146-Barc198 6BL Xgwmd4-cfd14 7DS 2.7 -2.8 0
*9 SAREMEERZEKRNENELELER QTL
Table 9 The QTLs of internal seed setting rate with composite interval mapping analysis
AEGy Hi s QTL %5 E RIS FRic X [H] fiE (M) JRK LODfH TR BTHKR (% )
Year Location  The numbers of QTLs Chromosome Marker interval Position Max. LOD Additive effect  Variance explained
2006 JbiL QTL1 2AS Xgwm830-Xgwm1053 24.0 7.0 -29.5 17.5
Beijing QTIL2 2AS Xgwml1053-Wmel77 39.8 4.0 -27.6 12.1
QTL3 2BS Wmc602-Xgwm148 37.2 4.4 -32.1 11.2
QTLA 4AS Xgwm610-Wmce491 6.0 2.7 -29.5 10. 8
QTLS SAL Barc180-Barc141 21.1 5.2 -33.4 12.6
QTL6 5DL cfd266-Xgwm583 79.3 7.9 -37.3 23.6
QTL7 5DL cfd3-Xgwm292 12. 1 8.5 -32.9 21.5
QTL8 6BS Wmc487-Wmed94 18.0 4.4 -25.9 12.8
QTL9 7BS Xgwml11-Xgwm537 11.0 5.2 -28.0 13.5
ELFH QTLI1O 1BL Wme365-cfa2129 17.8 3.4 -25.3 17.2
Fuyang QTL3 2BS Wmce602-Xgwm148 37.6 3.1 -31.5 10.0
QTL11 3AL Wmc264a-cfa2262 45.7 7.0 -30.5 19.8
QTL6 5DL cfd266-Xgwm583 81.3 6.2 -22.9 23.6
QTL7 5DL cfd3-Xgwm292 12.0 5.2 -27.6 17.8
QTL8 6BS Wmc487-Wmcd94 18.0 2.3 -22.4 11.7
QTL9 7BS Xgwml11-Xgwm537 12.0 3.1 -23.0 13.9
2007 Jbgt QTLI 2AS Xgwm830-Xgwm1053 26.0 2.6 -18.1 8.8
Beijing QTL2 2AS Xgwml1053-Wmel77 41.8 2.9 -12.8 12.7
QTLI12 5DS gdm138-cfd266 48.5 3.0 -13.1 7.2
QTL7 5DL cfd3-Xgwm292 12. 1 4.8 -25.6 21.5
ELPH QTL1 2AS Xgwm830-Xgwm1053 22.0 2.6 -20.4 14.1
Fuyang QTLI13 5DS Barc143-gdm138 46.0 2.7 -21.8 10.5
QTLI12 5DS gdm138-cfd266 50.5 2.6 -22.0 9.2
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