2009 49 A T E R AR

2009,31(3) :285 - 292 Chinese journal of oil crop sciences

KRG E [0 PR R 52 67 i 5 R B 73 Afr Je QTL %€ if

ZRAR A AR A ik,
§i#‘%l,2"%ﬁ%l,z’%‘}£ml* ’éﬂi)ré_z,a*
(L ARAbA b R 22 Bt , WA 7RI 15003052, SRV A BREMIF & Fh buly , AR IE 1500905
3. [ %A TR ARBEFT L, W R 150050)

A A Clark 3 ARNZLFE 11 58 500 BIEE T A R IET 05 28 00 R 1 A i St i R, e 2R 4 e, 3k
15 36 M 22 MHEFE R AR X R EES A RIIT LI E AL SSR FRicd i, 3+ LAREAUE A AE it B, 13 it ik
FERI RIS AR, ) R O 00 S0 A ) 2 2 0 43 23 7 SSR BRI 85, 456 GOT B/ B R U 544 %o 45 e € 1 126 43
BT 0T HA e L SN Sau398 Fl Sattl56 P mi A W M EHA R BB S A7 IS, AR IE R 7L S5 A0
#y0.916 7 F10.958 3,7 {5k 182 F1201.5, B4k, 16 F AU Satd23 | K ESURENY Satt167 LUK N 1
I Sat_084 S5 s AR LA S A T B A 40 B NG o IR AF, X iy 2 S0 s 52 S o P oA X R 2 R R B 3B 1 35 Mk
FR AR — FRic i) iy 5 ) 7 25439 (P <0.01) F1 QTL g7, LAz E] 14 4GNS & 2F 50 QTL, 34 7E 4 4~
TEBIRE L, b 5RO B A A 45 SRAH LUK, 7 Sattl 56, Sattd23, Sattt167 55 55 B — S0, U 267 S 2 5
KT P B AHOCH QTL {705 LA 25 50 i — 25 I Jj R W i 52 A ) 356 PR AR 4 e o7 L Se e Rn 43 180 11 75
BEE [ Al

KRB KE; RAR RN HE BT 5 QTL 2 7

i E 4% 2 .S8565. 103 THRFRIRAD A STE4ES 1007 —9084(2009)03 - 0285 — 08

Genotype and QTL analysis of drought tolerance loci for directional population in soybean
LI Can — dong" , JIANG Hong — wei'? | LIU Chun - yan'*,QIU Peng — cheng'** ,
ZHANG Wen —bo'* LI Wen —fu'*,GAO Yun —lai"*,CHEN Qing — shan'* ,HU Guo — hua’*"
(1. College of Agriculiure Northeast Agricultural University , Harbin 150030, China;
2. Land Reclamation Research and Breeding Center of Heilongjiang Province, Harbin 150090, China;
3. The National Research Center of Soybean Engineering and Technology ,Harbin 150050, China)
Abstract; Soybean is grown worldwide where many areas are under drought stress. The drought tolerance
(DT) becomes a very important trait. Previous studies have identified many QTLs associated with DT and its relat-
ed traits, but there was little research on the genotype analysis. In order to obtain more useful DT material and find
out related steady and repeatable QTLs,a primary backcross introgression lines (ILs) were constructed with Hong-
feng 11 as recurrent parent and Clark as donor parent. 35 drought tolerance introgression populations were screened
from 72 BC,F; populations using germination screening. Then 36 individuals from 11 super introgression popula-
tions were obtained after seedling screening. Comparing with the random population, which were selected from the
same generation of ILs, the whole genome SSR markers and calculation for the frequency of donor genes segments
had been analyzed with the 36 DT directional populations. In addition, X* test and GGT analysis for the genotypes
had also been computed. There were excessive introgression of Satt398 and Satt156 in L linkage group,with the fre-

quency of donor genes were 0.916 7 and 0. 958 3, respectively, and the values of X* were 182 and 201.5, respe-
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ctively. The same were Satt423 in F linkage group, Sattl67 in K Linkage group,and Sat_084 in N Linkage group.

The QTL identification of the relative germination index was conducted by one — way ANOVA (for single marker a-

nalysis, P <0.01) with the 35 DT introgression populations. 14 QTLs in 4 linkage groups for relative germination

rate were investigated. Comparing with the results of X” test, there were many consistent QTLs including Satt156,

Satt423 ,Sattt167. It was proved that these loci were associated with DT of soybean. The results above would be a

good foundation in fine mapping, cloning and molecular breeding of favorable genes related to DT in soybean.

Key words ; Soybean ; Introgression lines ; Drought tolerance ; Genotype analysis ; QTL identification
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Table 1 Donor allele§ frequency and its parameters of introgression lines from directional drought selection

i A% NN /ME X FRifEZE Uiz i B
Population NO. Max Min Mean SD Kurtosis Skewness
Randﬁfr?lfjpﬁiaﬁon Freq 55 0.564 8 0.218 1 0.3189 0.116 7 2.669 7 1.630 7
X? 31.9 0.1 3.48 14.19 6.014 2 2.657 8
\ie dz 3y
Direcl%nﬁigjjilation Freq 36 1.000 O 0.8194 0.905 0 0.169 2 6.415 4 -1.9249
X2 220 147.1 178.8 25.13 -1.303 2 0.278 6
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i P <0.005, LRG0T 15 S ge ek giat
1) 26 A DX 3R Py AL 4 467 07 PRI 3 A0 26 5t R i 2 A
(3 2), W TRIEZEFERARLEH (52 —48)
D B 56 DR A S o) e 48 g s ] S e A DU 381 1) K 22
BT PRI PR E AR 5 A (Excessive Intro-
gression ) fi /5,7 o BC, [0 Sg BEAR (LR S5 437 JE 1R 14
SASRRFIE R 0. 25, BEHLXT BEBE A SRR I H
W o T OB I S A (HIF A A 3 B KT
AT T BEATLXS REBEAAS , it 52 2 1o e 38 4 D) 5 R
R e 1) A S LR S AR, v Sat_084

Satt167 1 GMSC514 B 5 AHI R E%] 1. 000 0, K5
{H E ik 220 ; Satt556 , Sattd23 Fll Satt385 1) 5 A HK
IKF0.972 2, RIFERIA 207 o 33X SL A 5 A] 52 5 T
SRR YIRC
2.3 EREEESH

S5E RO R A 255, X B i 1) 36 /T 5
R ARIATEDR B BB, BT X BC F, AR
PR R st AR S BT A 2 8 SSR Arid iy 4,
FRWRFARET RIKE N 87.0% ~98.8% ,°F-
BESIKE R R 92.9% , % F ARFLLFE 11 [
Rl S A, ZH AR EHBRDINEFA
FB

PLL A K S R ), A s A R BRI ),
TE L 0 Satt398 F Satt156 Fric iz i Bl 7 it



288 hE R ER AR 2009,31(3)

R By B A7 G, B 5 AL R 3 43 )
0.916 7 F10.958 3, 17 bifi 11 X:F HEAE A4 FE 35 R 4> 17 558
S Ay 0.345 4 F1°0.287 0, ] I, H 30 ™ 5 i
GBS, 2R O R I Ik B X2k 182 A
201.5, 7 K %EBERY Satt167 1 SOYPRP1 i/ 45 th
WL T HMA R Berg B S A7, LR Saul67 43 47,
P AR 1, RO (E L 220, R A
(07 5 I8 M BRI GMSC514 LU Je N % 8 i

Sat_084 (% 2) . M T 7L+ 7 AR KA H A
[ ZARRALL T 11 TSt — 2, AR Z A%
ABEATREY 22 5 B B NGRS AR RS A
Fr BURIIHREA G, HLIT A B TR 5 e SR A A 6 TR 4
HA I A TR — B ) LA B 0 B e A7 LR
X PSP AT BRI Z A R Z BT L BAT SR A T S
I A

x2 MREFRBERBENTBEE SSR ARG EMERSNFRINFANE

Table 2 Probability and X” test for donor parent in SSR markers between random population and directional population

Tl LRI (n =55) R (n = 36)
Random population for CK Directional population for drought
s Yufa fh % 5%
Voker  Cmen A WPl L
Satt385 Al 42 4 9 0.218 1 0.10 0 2 34 0.9722 207
Satt589 A2 18 11 25 0.564 8 31.9 2 0 34 0.944 4 194.2
Satt583 B1 36 6 13 0.290 9 0.49 5 2 29 0.8333 147.83
Satt556 B2 35 9 11 0.281 8 0.30 1 0 35 0.9722 207
Satt126 B2 39 9 7 0.218 1 0.10 3 0 33 0.916 7 182
Satt371 c2 29 9 17 0.390 9 5.82 4 2 30 0.861 1 158.8
Sat_112 E 31 17 6 0.268 5 0.25 6 0 30 0.8611 158.8
Satt269 F 26 11 18 0.427 2 15.21 6 1 29 0.8194 147.1
Satt586 F 29 14 12 0.345 4 2.67 5 0 31 0.888 8 170.1
GMRUBP F 31 8 16 0.363 6 3.79 2 0 34 0.944 4 194.2
Satt343 F 15 8 32 0.254 5 0.20 4 3 29 0.847 2 153.2
Satt423 F 33 12 10 0.290 9 0.49 1 0 35 0.9722 207
Satt394 G 32 11 12 0.318 1 1.36 6 1 29 0.819 4 147.1
Satt472 G 31 10 14 0.345 4 2.67 4 0 32 0.883 8 170.3
Satt288 G 29 16 10 0.327 2 1.75 2 1 33 0.930 6 192.4
Satt440 | 29 16 10 0.327 2 1.75 2 5 29 0.857 1 157.8
Satt287 J 30 13 11 0.324 0 1.61 3 3 30 0.914 3 181.8
Satt167 K 35 12 0.254 5 0.20 0 0 36 1.000 0 220
SOYPRP1 K 40 6 9 0.218 1 0.10 5 2 29 0.8429 152.5
Satt694 L 15 33 0.263 6 0.23 6 1 29 0.8194 147.1
Satt156 L 36 5 13 0.287 0 0.40 0 3 33 0.958 3 201.5
Satt398 L 30 12 13 0.345 4 2.67 3 0 33 0.916 7 182
GMSC514 M 30 8 15 0.358 4 3.45 0 0 36 1.000 0 220
Satt237 N 30 11 14 0.3545 3.20 3 2 31 0.8889 170.3
Sat_084 N 32 8 15 0.345 4 2.67 0 0 36 1.000 0 220
Satt581 0 32 12 11 0.309 0 1.02 1 1 34 0.861 1 158.8
2.4 FAEHSN PRE Satt167 #Y TTHER A& 35 13, 12% , Jin ik &L

T 3 W 2 B SR TR, % 36 SR R ET TR X
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S AH SRS 5 T PR R .

ShG R IV AR ZR (B ZF 3 52 55 0 AR O K 2R R
FHE) 35 PR R ) 1 JE R B4 40 47 SAS PROC
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DE] 14 ASEERIA K ZFRAR (K 4) 70T F,
K. LAN USSR (B 2) . Hp AT K jea

-2.37, BAERON Ny - 3.29; i TN G Ky
Satt237 TTRRFE A 12. 1% RO 1. 10, B HERL
N 5.215 i F L3 8 {K (1) Saut398 5T ik R Ny
10.06% , RN A — 1. 35, S8 hy 2. 48, 3%
=AML FERL QTL,

HA 11 A7 sS4 R I AR R B IE RN,
HHIX 28 QTL v o5 i S5 LR 240k F SR A Clark JE[H
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AT —0.57 ~ —3.52, 3R 67 1] &8 70 1 1
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Fig.1 Analysis of graphical genotypes for drought tolerance directional population in linkage group L and K
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Fig.2 Relative germination index loci and SSR markers of donor allele in four linkage group
*3 BHHFPEMEEFEKRRARFARNENZFE
Table 3 Relative germination rate of super strains and their parents tolerance to drought
H | Repeat | H 4 Il Repeat 11 H & I Repeat 111 BN
A TR R R R REFR CREF BRI kREFER ORF O MRH O RHEE $i§/[éf$
P; arenl§ and Germinated Total Germination Germinated Total Germination Germinated Total Germination germination
strains seeds NO. seeds NO. rate seeds NO. seeds NO. rate seed NO. seeds NO. rate rate /%

/A /A /% /A /A /% /A /A /%

479 11 Hongfengll 3 20 15 2 20 10 1 20 5 10
Clark 2 20 10 3 20 15 2 20 10 11.7
NHO1 7 20 35 5 20 25 7 20 35 31.7
NHI10 10 20 50 8 20 40 5 20 25 38.3
NH11 7 20 35 7 20 35 9 20 45 38.3
NH12 4 20 20 5 20 25 5 20 25 23.3
NH20 5 20 25 7 20 35 8 20 40 33.3
NH48 8 20 40 7 20 35 8 20 40 38.3
NH49 5 20 25 6 20 30 6 20 30 28.3
NH54 7 20 35 7 20 35 8 20 40 36.7
NHS55 8 19 42 6 20 30 6 20 30 34.0
NH59 9 20 45 6 20 30 5 19 26 33.8
NH66 4 20 20 5 20 25 7 20 35 26.7

1 ) 48 A, A S 2 B I B SO, S
AT 0.03 ~ 16. 00, 22 T 1F [ 3B 49 52 Pk B 1) B
BYE(FR4).

3 &gt
ABEFEXT 72 43 BC, Fy W1 1585 AR AT H

ZF 0 B T SRS, X O H Y 36 AT E
[ PR SR SR R S AR GE 3T, R4

B LT BB A TR A I, 245 2 26 4~ SSR
PR or LS, it GGT E/RFE R B Hr, 8 fi7E 15
ANTEBRE o XTI 2F IR 1 1Y) 11 A bk R ik
TTIAEXT R 2E 3800 QTL AL, L 67 T 14 A4 AHXF
REFFN QTL AL, Hodr 9 AN SHE R 7 T g5 v ]
EF AR D 281 , P R o o] R 7 i S P P E 6
B QTL & 7 R B BEARE /2 F, 8¢ BC, 5§
SrBIREUR R T A0 B R A B 8 A 4 R B L
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QTL, {HAZ 4>y 1k A WA FI) FH 4 55 42k PR 4 19 3
R FE ALK T QTL B4HGE .

TSN QTL JEHOUZ XK QTL AyH4IE, 1M HoR
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Table 4 Probability and X’ test for donor parent in SSR markers between

random population and drought directional population

o BE REEF @R P WE W BERE | BEE | AWE

Marker Chrom. Distance F — value Prob. Add. Dom. D/1AI Contribution
1 GMRUBP F 0.00 10.82 0.001 2 -1.55 2.94 1.90 1.25
2 Satt586 F 3.63 11.20 0.004 8 0.81 1.43 1.77 2.36
3 Satt423 F 20.56 14.77 0.000 4 -3.96 -6.69 -1.69 7.45
4 Sat_229 F 62.79 6.81 0.003 6 -2.56 -1.45 -0.57 0.58
5 Satt167 K 45.74 12.34 0.000 7 -2.37 -3.29 -1.39 13.12
6 Satt518 K 46.63 5.84 0.003 4 -0.94 2.12 2.26 2.61
7 SOYPRPI K 46.94 9.75 0.002 6 -1.17 -4.12 -3.52 0.64
8 Satt398 L 30.58 10.50 0.005 9 -1.35 2.48 1.84 10. 06
9 Satt694 L 30.80 6.50 0.009 2 0.48 7.68 16.00 8.380
10 Satt156 L 56. 14 15.07 0.000 3 -0.35 0.01 0.03 9.56
11 Sat_099 L 78.23 5.08 0.007 1 -1.90 -1.35 -0.71 0.58
12 Satt009 N 28.52 5.74 0.004 3 -0.54 1.25 2.31 2.14
13 Sat_236 N 57.59 5.28 0.005 9 -2.63 2.37 0.90 2.16
14 Satt237 N 74.99 9.10 0.003 4 1.10 5.21 4.74 12.10

RBFFCALTE 11 ke A, Clark g fiEp 32
Ay S ARBEGR, 7E BC,F, (LR A0 i 5 ]
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