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Inheritance and Molecular Marker of Chilling Tolerance of Soybean in Early
Stage
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Abstract : Soybean is an important source of human protein and oil,and it is susceptible to temperature and light. Low tem-
perature susceptibility affects soybean yield not only in high latitude area but also in low. Inheritance of soybean chilling tol-
erance in early stage was analyzed jointly in P, and P, parents,F, ,F, and F,.; generations derived from the cross Zhou 9311-
3 x Xu 9125 by using the joint segregation analysis of the mixed major gene and polygene inheritance model of quantitative
traits. And then through ¢-test analysis and bulked segregate analysis( BSA) ,SSR markers which linked lightly with chilling
tolerance were screened. The results indicated that the inheritance of chilling tolerance in the population was accorded with
the D-0 model ,namely the inheritance of the chilling tolerance in the population was controlled by one major gene with ad-
ditive- dominance effect plus polygene with additive- dominance- epistatic effect,and the major gene showed overdominance
effect. Two molecular markers satt562 and satt157were found linked with the chilling tolerance genes in the F,population of
Zhou 9311-3 x Xu 9125. The individual effect of each marker was reported as R* value,and explained 13.9% and 3.4%
respectively. And the markers of satt562 and satt157 situated on I and D1b linkage groups, respectively. The satt562 with
larger phenotypic effect could be regard as major gene locus,and satt157 with relative smaller effects could be regarded as
polygene locus.
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FENA FLAE ARG IR A 2 R G A ™= 4, — 8ok =
28.2% ~34.8% I ) E I AR K AR
JIri B B o SR FESRSEIGE , RO AT A
[F) A PRI Ak 3, #405 mT A fef A MR A K 2208, AR B 3
B BRI K L TE 10°C ~35°C Z A K 5
HE VT R R R BE S R AOC R IR B ARG, i e
[ e 3 3 1% N NI R LN B DO R (31
(A BBURR P AN B T 24 T R G 7R R 4 R Ml X A 7

MU T E BTN RS M
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AR g R R T I I AT 8 AL 4y
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1 #R57EE®

L1 s

T FH PR B A A 9125 FRAIG L H3 1 BiUEk
MR 9311-3 Sy SR AHC B 1Y IE R AL A B 1FEF,
F, Rl Fyq AR
1.2 RBELF

RGBT AN TAEFE B IR PR B , 2471
IR RIS E . FBHACR 8 2L, Fy ok
FHBEALIX H %71 ,2 IR

EARDR AR N TAUEAE 10°C, 12 h G IRV (IR
WFAET, DLt R R I 250, R e
Rt 5 K- AT (RTFR A7) By B[R] Sy %5
SEFTRR o
1.3 DNA gtz

TEHC 10 4> T0CARIE T Fh - H i B2 PR 1Y F, 5
PRI R EIE 2 DNA JF0 e e B, S5 TR B A8 A
MR IR (CT) o [FIFEEOR 7 HY B 3R 12 Y 10 4
F, BRI BE IO P 24 DNA JRIE Wk, S iR A
AR I AU (CS )
1.4 SSR #Rig 447

BEALLEH] 600 X SSR 5141, 519751 % A Soy-
base (http://129. 186.26.94/ssr. html) , fj | ¥ H /&
A REIRE 5 . SSR 973, PCR i G AR
20 L, MgCl 21.5 mmol L™';dNTP(N = A, C,

G,T) ( FH#HBEMR) 160 pmol L™',2.5 wL10 x 4
19 F57 I 22 #hf (100 mmol L' Tris — HCI pHS. 0; 500
mmol L' KCl;0. 1% gelatin; ¥ HGEHZ) ;1.2
UTaq i ( b7 BB R ) ; 519 4% 8 pmol; i
DNASO ng; Jop M4l /K % 20pl, PCR ¥ 7E PE
PAHFRUL (2400 K5l PTC—200 1) b BEAT , W HE G
FE94°C 3 min;95°C 1 min,47°C 1.5 min,72°C 1
min, 30 MEW ;3235 72°C 8 min, 4°CIRIE, P Hire
YT 5% AR VER N IR TE 2R LTk, 1 x TBE /24
HLIKZZ Pl ,80 V HITK 2 h 7245
1.5 SFitsathAE

K1 SAS Ge it B AT Or 200 M. s 8
i SR I — X P I + 2 EEPR A s LR
R A 20 B AR08 73 i (joint segregation
analysis of multiple generations ) HEAT AL b
S HIFRARIC ik b T ¢ D056 23 Brbrac 5 vtk
PO R R 2k T R ie SR
] (Y E 20 5 PR S i [ R P B e R AL R
VEJbRic RERS R BEMRIR A S iy i)

2 HER5HMH

2.1 PPy F A F MR R IR R o #f

XF F, IE B SZ MR B0 P R e B AT T 22 ) Bk
g, (1) FWIH 9311-3 x & 9125 1 F, BEIATT
FFRSARE, T RR B 1E R AT R 80
S 411 F140. 8, B LR ERARFE (R 2),
PR, i FH 2 & A DR S Al AR AS A 7 240 J
JREON
F1JH9311-3 x 1 9125 A HY F, IF [R5 T7 22 7 B 56

Table 1  Test for variance homogeneity between reciprocal

crosses of Zhou 9311-3 x Xu 9125 with F, populations

A R Source DF MS F Fo.0s

JZ 32 Reciprocal cross 126 25.65 1.187 1.36

1E3¢ Normal cross 109 21.61
F2 JA9311-3 x 1% 9125 G F, IE 3 -4 ¢ 4645 R
Table 2 Results of ¢ test for mean between reciprocal

crosses of Zhou 9311-3 x Xu 9125 with F,

AR Populations SEI{E Mean N4(n) .M (5% ) Difference
1E3¢ Normal cross 41.1000 110 a
J2 32 Reciprocal cross 40. 8425 127 a

AT Fo 58 5 PR S B S8 8 45 R T7 2204,
KK R 27w E (F=2.14"") (F£3), &



6 11 1 £ 45 - R SLMMIR IR 1 B st A% 20 M 5 40 T hsad 907
WSEARJE 9311-3 fif 9125 Z A7 1E ik fE 25 5%, 3 Fy BEPR 10°CIRIEL T Hy I 18] 7 22 3B
FHIX — 214 JE AR AT I S TR IR T e AT S Table 3  Variance analysis on emergence time of
AT F,.;population under 10°C
NN Mz — = “/\
EHAR IR B BT R e 2 e TR e WS Fowlue PF
4o WTLUE PRI RIS P MR A X4 Block 1 1314062  1.314062  0.13  0.7180
FEARR, R B AR K F, F, #E R A B %% Line 79 1691.493438 21.411309  2.14  0.0004
EE/J/BZM %\%%jﬁ;ﬁﬁ{&ﬁ%’ltﬂ i i’ﬂ(ﬁ HE%.)& "2 Error 79  790.230937 10.002923
JJA J23t Total 159 2483.038437
W o
F4 JH9311-3 x 1 9125 (i P \F, P, 1, Al Fos BT v X8 A
Table 4  Frequency distributions of chilling tolerance at early stage in P, ,P, ,F,and F,.; populations
in the cross of Zhou 9311-3 x Xu 9125
A H i ] Germination/d PR R - b2
Populations 30 32 34 36 38 40 42 44 46 48 50 52 54 56 Total plants Mean = SD
P, 2 18 45.7+1.5
F, 2 4 3 2 13 46.5 £3.5
P, 10 6 3 19 35.5+1.5
F, 11 6 17 32 24 21 45 42 22 12 5 237 41.0 4.8
Fas 4 9 8 13 13 19 5 6 2 1 80 42.2 +4.2
2.2 WHMREHBEMWRNEESESH A 45 a1 D-0 B AL 2 kB 5 22 55 RIA 2

S5 I T 5 28 24 PRI AR KA SR (H AN
AIC {8, "] LA 24 Bl D-2 BEAY ) AIC {H fix
JIN, 9 2090. 0894, D-0 il E-1 B AIC {f 40 %}
B/, 4355 2094. 0847 F12093.2920. 35 FHHEL A
SRR (LRT) W H TR 6 ) 45 5 &, D-0 i D-
2RI E R A S (X2=1,P>0.05);D-2 fl E-1
B[] 22 5 3% (X2 =5.4,P < 0.05), AJ L D-0,
D-2 MG A AR,

Xf D-0 F1 D-2 BIRI TG G R (R 6),

ANIE A PER IR ST T R WY 5 o3 B R A B4 3 A
JE B, 2 U4 R 22 M0 A v D R AT R
s D-2 BRI S ik 3 2 sl 3% 25 =, By
S5 AV A PR S0 GE T i SR DA T 5 g B A R 4
A e A —Ehy . Al WL, D-0 BRLE &5 1L b D-2 A
TUEAF . WiE D-0 KRR e PRl o AT A A 41
B (J9311-3 x £ 9125 ) Ay i AR itk i v otk oy —
D0 )15 €T R i S Y P 16 ST S W VA 22 0
et

S5 JH9311-3 x 4 9125 41 R AT TECM B Al A AN [R] g A 50 B ATC (AR KUK 1

Table 5 MLV and AIC values of variant genetic models calculated with IECM method in the cross of Zhou 9311-3 x Xu 9125
8| PR ABLIA o i1 AlC fH x| S ONIENTE ] AIC A
Model Max- likelihood- value AlC Model Max- likelihood- value AlC
A-1 -1088.4193 2184.8386 D-0 -1037.0424 2094.0847
A-2 -1089.4353 2184.8706 D-1 -1048. 2026 2112.4053
A-3 -1105. 0231 2216.0464 D-2 -1038. 0447 2090. 0894
A-4 -1117.3706 2240.7412 D-3 -1047. 1230 2108.2461
B-1 -1066. 6312 2153.2625 D-4 -1064. 7205 2143. 4409
B-2 -1078.8733 2169. 7466 E-0 -1047.1119 2126.2239
B-3 -1084.5249 2177.0498 E-1 -1032. 6460 2093.2920
B-4 E-2 -1046. 1384 2112.2769
B-5 -1096. 7283 2201.4565 E-3 -1066. 9832 2149.9663
B-6 E-4 -1063. 6393 2141.2786
C-0 -1047. 1166 2114.2332 E-5 -1044.4591 2104.9182
C-1 -1063. 8019 2141.6038 E-6 -1051.5642 2117.1284

E-1-5 -1044.4592 2104.9185
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Table 6 Tests for goodness- of-fit of genetic model D-0 and D-2 for chilling tolerance in early stage

Hm PEIE il & 2 %L Parameter for goodness- of- it

Model Populations v v i} W2 D,

D-0 P1 0.000(0.9937) 0.132(0.7165) 2.022(0.1551) 0.1319 0.2108(0.3400)
Fy 0.007(0.9315) 0.231(0.6308) 5.086(0.0241) * 0.1266 0.2139(0.4101)
P, 0.015(0.9024) 0.210(0.6467) 1.845(0.1744) 0.1715 0.2458(0.3298)
F, 0.711(0.3990) 0.465(0.4951) 0.289(0.5906) 0.2716 0.1033(0.0887) *
Fy; 0.067(0.7951) 0.084(0.7720) 0.023(0.8783) 0.0728 0.0880(0. 1540)

D-2 P1 0.356(0.5510) 0.845(0.3581) 1.868(0.1717) 0.1618 0.2074(0.3400)
F, 1.218(0.2697) 0.173(0.6773) 6.813(0.0091) *~ 0.2657 0.3223(0.4101)
P, 0.474(0.4914) 0.928(0.3353) 1.413(0.2345) 0.2131 0.2108(0.3298)
F, 4.209(0.0402) * 4.141(0.0419) * 0.038(0.8462) 0.6263*  0.1378(0.0887) *
Fy.3 0.127(0.7212) 0.185(0.6674) 0.113(0.7363) 0.0937 0.0957(0.1540)

55 AUONRERAE; " AT 43500 0.05 H10.01 225 B EHEKF

The value in parenthesis means probability; *
2.3 WHMERSHEERNEESENMET

B SEAL A R R, FEH A (J8 9311-3 x
#0125 ) rh gl IR R 1) =R 1 X, A
WO o HINPERONAE d =2, BAERNAE h =
7.6, AR h/d =38, ROV AR /N T AR RON
SR BE T L, T30 4 T AR R Y FE
AN AR IE R (RT) .

FT YA R 9311-3 x 1 9125 AL S EUNAL THE

and *

‘able 7 The heritability estimates of genetic parameters of chilling

tolerance in early stage in the cross Zhou 9311-3 x Xu 9125

—HEH fiiHE

1st order parameter Estimate

LKAV e fliHE

Generations 2nd order parameter Estimate

m, 43.72 F, o 23.48
m, 38.86 O 16.44
mg 37.48 O 2.45
m, 36.91 b, (%) 70.02
mg 44.81 W, (%) 10.43
d 2.00 Fys o 17.85
h 7.60 O 7.39
h/d 3.80 0o 5.87
b, (%) 41.40

h2, (%) 32.89

o2 R % ok IR, ohy BRI 2 W (%)
SEDAL %02, (% )  ZIERE L%
0'}2) : phenotypic variance, O'lz,g :polygene variance, O'ﬁ‘g :major gene va-

riance ,h2_ (% ) :major gene heritability,h?, (% ) :polygene heritability

s Mg *pg

* significantly indicate different at 0. 05 and 0.01probability levels, respectively.

A (JR9311-3 x #:9125) AR P, . F, .
P, F, Fl Foy R AUE S — B Z80H , 1158 st
240, AE F, AR Wt Hh i MR 0% 32 5 1R st
134 70. 02% , Z2 B A a8t % %2 R 10. 43% ; 7F
L | (7 I A i A R G SR NI R N - Y PN B Y o S
41.40% , Z I 1Y 545 3 R 32. 89% o it B T 1K
T TR DR A st A DA R SRR VE FD R 3= TR I A AE
L NEUEZS XY O
2.4 XEMMRRMERES FIRE

BE AL ZE H] 600 XF SSR 5| 4 % 5% A A7 i 1
Hrp 219 X fEEAB A Z8M S rEHI YN
36.5% . 40 A B TE R A T R Z B
e, FEMEAF Y CT b F CS b B 4k 22 it 17 2 5tk
i , AT B A 22 A M Kol R IR B AR 4 1 A
e 1 X, X 1L X 51T F R AR PCR -
KB 1 g5 5 o3 ) 4 A AU R R S E 4
SBAE M BG A S B nT D, satt]l 57 N satt562
St AR I B B PR AR A AR AR OGP . AR YA 3 1Y
K 3% B R T 40 Sattl 57 {7 F D1b i 8 RE I
Satt562 7E T HEARE 1, AL ke 5 ) K S TR G iR i
W QTL {7 T T % i ff b #1 D1b % 81 fiF I,
Satt157 Fric X IR A8 S il B3l 3. 4% , Satt562
FRic XHPER (4 48 5 ff B % 13.9% , Sat562 1) i
ERRERT Sattl57(F 8)
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Table 8 Average analysis of chilling tolerance in early stage of SSR marked genotype in the F, population of the
cross of Zhou 9311-3 x Xu 9125(¢ test)

Frid df, uy S12 df, u, S22 df;

. " "
u3 832 df’ |, b df’ 5 bis df’; 5 b3

Satt143 21 41.6 2.61 12 42.6 4.65 41
Satt231 24 42.9 3.93 25 42.1 3.09 30
Satt253 36 41.8 3.65 18 42.5 3.45 25
Satt509 21 41.6 4.20 17 42.6 3.19 41
Satt562 34 43.2 3.20 20 42.3 2.82 24
Satt600 15 42.5 2.52 22 42.5 3.17 40
Satt688 18 42.6 3.84 18 41.2 3.35 43
Satt157 28 40.9 3.98 16 43.6 2.53 33
Satt197 27 42.4 4.11 17 42.6 3.10 36
Satt198 21 42.9 3.35 19 41.8 3.34 39

Satt316 18 41.9 4.44 12 40.8 2.63 48

42.3 3.16 15.1  -0.71 47.8 -0.87 14.1 0.27

41.6 2.84  43.7 0.41 40.6 1.41 49.4  0.62

42.4 2,67 35.8 -0.62 58.8 -0.64 30.8 0.11

42.4 2,68 359 -0.87 28.6 -0.76 25.9 0.31

40.3 3.15 44 1.09 50.1 3.45** 41.8 2.22°

41.8 3.67 34.1 0.01 36.7 0.82 49 0.79

42.5 2.97 33.4 1.12 26 0.11 28.8 -1.35

42.4 2.67 41.4 -2.78"" 45.9 -1.63 31.2 1.65

41.8 2.64 40.5 -0.21 4l1.6 0.64 27.4  0.93

42.1 3.20 37.6  0.99 39.4 0.94 34,5 -0.23

42.6 2.93 27.7 0.89 22.8 -0.50 18.5 -1.97

S AR 0.05 F10.01 255 5 K,

“and " * indicate significantly different at 0.05 and 0.01 probability levels, respectively.

3 itig

it PP, FF, K F, L AR & 5t 4% 0 A
SEIRFRU RO IR I s v PR el 3 R PR n 22 3
i, BRI PBE RO R B, K G
IS BRI R, . T F I s R IE
)R e, i DA ARG HE A 2 Il 1 i R B R
Y B RR B SR ZR N, 45 S Al A 1 B B R R LR L
BR,

FH BSA J5 % R GG R PR #4753 A il
TR, BSA J7 i — M T 1w PR AR il
B, (LB 25 A T A 237 7 3 ) AN T At , — 26 Ji
AN R 2 B R G5 A A R, Bl SR A DA 2
)| B2 PN ik a4/ NS = i 10 B S @R e X AN O 0 oo
FREEG I T o Fhacfs B QTL 4 b M 5 &=
PR F I - Z R LR R & 5. B BRI
A 9311-3 x 4 9125 9 5 A AR BEAT T3
HBAE AT, G5 R R G MG R — X 32 5
RO Z B st e i, FIHA G 8 9311-3 x 1)
9125 4 AR FOHEAA, DL BSA J7 vk i BEAil , HAE
SEAFIML A 2850 SSR FRiffE F, 47 PCR
UG S5 A, FRRR D 7 0 TR AN L 2 R 4 e g AR ik
(e T X I R A IS B 7T 0 N £ I S £ e 7
ice SR g AT QTL 454 70 A A L 3¢, BAS
Tk — M TovE X H bR iR 0 QTL 354785 5 %2 7,
BB KRB THERR Y AR iC g B i T

AR, BEAR T A, A F T4 AR C i B B
B o

RS2 I DX AR 5 A VR, A () A= 25 B 10 R 5L
s A SAH (] A 252 R it o, 0 A (W) A 8 B 00 6 T
RIS A A [ 1 382 A% B XA QTL A7 i A 75 E
—2HypsE. Rl b AR B PSS AR, 4
JEN T DIb ZEWIHE Y satl57 AT T IR b
B4 satt562 . i F 1 i RE L A satt562 A 13. 9% B
708 S iR R 23 ROV Uk 7 2 R PR A DG B i, 2
T DIb EHHE LY satt157 4 3. 4% W72 Sl B
SEMZIEHFAOCPRIC . XDERATH T REF
S MR e R ATt I BT R o PO NS AT K (1 R e
1 QTL K54l M 2%

4 HFig

I F, 1E R AR R AL, B R ST AR
U P RN FELE AR BTRAON, o P 25 8 4 1
() —XFE X E I + Z 5L RHR &Rl 3G
LA B AR B 0 #T : (joint segregation analysis
of multiple generations) #1715 1% 43 7 , B 78 K W1}
R B PR — X T2 R in 22 R TR ) as A AR 5
R ST IR 1 F AR AR

K1 BSA J7 A4S 3 WA~ 5 R SR I
ARFAC B 73 FHRIC satt] 57 (satt562 , 45 5 fif B 43 Jjl]
9 3.4% F113.9% . sattS62 KRR A R A 5%
SRR 053 T-HRIC , satt157 50N (5 88/ N J2: 1 £ 4k
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