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Analysis of Oil Content Underlying Major Soybean Cultivars of Heilongjiang

Province and SSR Molecular Marker-assisted Identification

SUN Meng-yang, WANG Yan,WU Lin,HAN Ying-peng,ZHAO Xue, TENG Wei-li, WANG Gui-ling, LI Wen-bin
(Key Laboratory of Soybean Biology in Chinese Ministry of Education/Key Laboratory of Biology and Genetics & Breeding for Soybean in Northeast China,
Ministry of Agriculture/Soybean Research Institute of Northeast Agricultural University , Harbin 150030, China)

Abstract; A total of 92 major soybean cultivars( lines) of Heilongjiang province ,which were analyzed for the oil content in year
of 2010 and 2011 respectively,were chosen as the object to explore SSR markers associated with oil content in order to identify
the oil content of the cultivars(lines). Analysis of variance underlying oil content showed that the range of variation of tested
materials for oil content was 17.1% -23.14% in 2010 and 17.7% -23.04% in 2011 ,and the average was 17.4% -23.09% .
The analysis of dendrogram of the cultivars combined with SSR data could roughly define the major cultivars of Heilongjiang
province into two class with 20% as the border of oil content. Moreover, two SSR markers ( Satt428-900, Satt502-150) , of which
the label index showed significantly correlation with oil content with —0.41" and 0.41 " as correlation coefficient respective-
ly, were significantly correlated with oil content.
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Table 1 Tested cultivars or lines
P i (R) e/ AR () P A (R)
Number Cultivar(line) Number Cultivar(line) Number Cultivar(line)

Gl 4k 9822 G32 7 98-199 G63 L

G2 A 163 G33 4335 G64 1=

G3 B F 96-26 G34 Wk 45 G65 A 17

G4 91782 G35 REOE G66 e 11

G5 4K 3816 G36 B 19 G67 R%G21

G6 Y] 22 G37 AF25 G68 G 47

G7 BR%ET 29 G38 24 10 G69 HE4

G8 BYT 26 G39 REGTS G70 R%g24

G9 Jk 98-151 G40 ok 14 G71 Bu4e
G10 5238 014046 G41 i 3293 G72 mae 15
Gl1 ] 95-750 G42 & 45 G73 1271
GI12 Ak 9602 G43 BYT 19 G74 3t 98-02
G13 BT 18 G44 B 18 G75 YT 26
Gl4 3T 95-750 G45 PN A G76 1t 9897
GIS b 16 G46 aF 12 G77 By 27
G16 H3F 96-1525 G47 Wk 43 G78 Y 31
G17 857-1 G48 A 35 G79 23 30
G18 4740 G49 Mg 41 G80 23 19
G19 HAF 972481 G50 Je 7 96-118 G81 R 27
G20 224 96-8319 G51 495 G82 HF 42
G21 B 17 G52 FH 02-1 G83 At 46-1
G22 R Y23 G53 A 931542 84 M%7 99-1582
G23 4+ 43 G54 BTG 25 G85 4t 99-21
G24 §EF2 99-112 G55 42K 5918 G86 723 29
G25 YA 18 G56 A 46 87 Y] 24
626 Ry G57 RRS S 88 i1 =
G27 99-5404 G58 aIE 11 G89 Hofe 44
G28 &40 G59 FETH G90 JL=RFEIT 1526
G29 7 98-139 G60 1t 9464 691 JU=RPGIL 711
G30 7 97-825 G61 % 825 G92 JL=KPGIL 151
G31 #9629 G62 4E39

1.2 7% FBFFEES BOBS , CTAB 3% 42 UL [H 41 DNA, RNA {1

1.2.1 X%t 5T 2010 12011 4E7E AR L
gl K 2 iy S 2 ) B ik AT, BEALEESY , 6 47
X, 474K 6 m 47 0. 70 m, ¥k 0.05 m,3 IRFER,
HOOLH AR, BRI REALIR 3 B, I R
T,

1.2.2 Kamhaswne  Ja& e R
VT LT M A3 B ASORI BARE ST 2T A1 i 5 43 74X ( Foss,
1241 ,Sweden)

1.2.3 DNA RIRAEF E#n 51 g Frignt

fifto ML 10 wL DNA FRfEFE, 76 0. 8% (W/V) BfiEHH
BERE LYK 30 min, 7628 AN ST A GE i I
FR,
1.2.4 SSR-PCR #3384} Song %5y &t 11y
N IEEIGEHEAT 0T, PR AR 55 K A BRI 2H 1Y
341 X SSR 5| Wik 17 2 S ET . A4 SoyBase
Hil (http://129. 186.26. 94/ ) 4241 () SSR 514 ¢ 51,
7S B AR B A PR B A A

PCR SR FR « OB EMARN 20 WL, SO i £,
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$5 2 pL Mk DNA(25 ng+ uL™'),2 wLl0 x PCR 2%
i, 1.5 wl MgCl, (25 mmol +1.™") 2.0 wlL SSR 5[4
(10 ng-uL™"),0.2 pL dNTP(10 mmol-L™"),0.2 pL
Taq fi§(5 U-pL™") ,ddH,0 %M 20 pl, A6 05
o RAPD WA AR 2 wL(20 ng-pl™") , buffer
2 pL, & LEE 2 pl, 5149 2 pl,dNTP 0.3 uL,Taq i
0.2 puL,ddH,0 %% 20 pL, PCR 2 R F2J%: 7F 95°C
AR 5 min,94°C A5 30 5;47°C & M 30 s;72°C ZEfifi
30 5335 MEH, 72CHEM S min, T 4°C N RAE
SN TOE i € 5 F UK R : PCR 7= 49,
8 WL Ik g X2 2% vh i (2.5 mg - mL™ R 2%
2.5 mg-mL ™' ZH 23 10 mmol - L ™" EDTA ,95% %
WG , & T PTC-100™ peltiter thermal cycler
HARME 5 min, A VKOKIR G WA H 5 min,
PCR /¥ 7E POWERPAC3000 Hiyk{XHr 100 W {E 1)
LA 6% TN W T B Am o I 3 e SR A 5, DA T x
TBE 925 thifi, LUK A0 B, DR g e i
1.3 HIBSH
1.3.1 SSRARiL L e &2 e948 % 57 SSR 4R
05 G P AR S 20 BT SR I SAS8. 21 Ry T
MITESEAT 73BT R bR IC T8 BUOE A i i — 3% A8
KRR MFERR , BV = BARIC A8 £ (i B8 7 2 A1
BRI B Y B 53 28 (6] 5 AR D5 & 5 A DG i AR
IR A Rz 22) RERE R E AR & it
1.3.2 SSR ARiteysiitfe b 22 05 ik MRIGHEEAL FLIK
PEITERT 2 B4 R A5 A8 R — AT S 1, Al il ok
1, e e 0,345 0,1 46R% . /33 HA LU 244

3517 40 A
301 a 35 -
z z
g 25 g 30
€ 20 g 251
<3 < 90 4
05 15 A I
= ® 15 4
10 A 10 4
5 5 4
0 4

0 -
<19 19~20 20~21 21~22 >22

<19 19~20 20~21 21~22 >22

D35 4~ SSR 7 sT A SEA S 4L (NA ) Rl 25 1
FE & (PIC)

PIC,=1-3P/

PR © AN AR S BB PIC [l T
AL 5 2 AKX A A fE 1

Qi ML) 2 M4 Robert™™ il Robert' ™ #f
FEH T AT R PR AL R B (SMC)

SMC =a/(n-d)

a SR S ] A B S5 B, n R B AR R
d RS SRR SR () 557 8. F NTsys 2. 10e 3K

HitiE SMC,
1.3.3 H %454  HH NTsys 2. 10e {4, 7£ SMC %t

il b, FLFHAE AT 33 (UPGMA) Xt 0, 1 5 [
PRI, LR

2 #BR5H5H

2.1 KEBREEN%HITSHH

w1 R ,92 A EFR KRG M (R) BRI &
i FEENHE 19% ~21% , 5 240 70. 6% , i5 1T &
FBAE 19% LR FIE 22% VL 30, 439005 s
14.1% F13.26%

H T 220 BT S (2 2) AT 0L, 2010 A3 41 )
Hei & AR RIE 17, 10% ~23.14% ,2011 4E{it
AT RIE I & B AR Y o 17.70% ~23.04% , W
FEHRNT S A RV N 17.40% ~23.09% , 3%
B BV A A K S R IE Iy i 3 AL AR S ol =E
[ERpN Py L O T g =

40 7

b 35 ¢

30 1
25 4
20
15 4
10 4

b4
04

¥ Quantity

<19 19~20 20~21 21~2 >22

AEli i 0il1 content/% AEli ¢ 0il content/% A 0il content/%
2000 AE RIS 3 b 9 2001 AR At s AR A i

a,b,c indicate distribution of oil content in 2010,2011 and its average ,respectively

Bl ERMERSESHER

Fig. 1

Qil content of different soybean cultivars

xR2 KEEFEEBESN
Table 2 Analysis of soybean oil content( % )

A IR + R W2z AR EEEN
Year Mean + SD Range Range Variation coefficient
2010 19.032 =1.330 6.040 17.10 ~23. 14 6.6
2011 19.023 £1.289 5.340 17.70 ~23.04 6.4

-3 Average 19.041 = 1.305 5.680 17.40 ~23.09 6.5
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2.2 SSR #RiIEHITHIE R SR
PEPEIEATE 55 K G A KL 4 1Y 341 %) SSR
519, T 5 2T . 45 R T 51

bp
2 000
1 500

750

500

X 1 5 10 15 20

WA E =Y, A 53 X514 BA 240 G2 0L
2) , ZBNER IR 15.5%

25 30 35 40 45 50

2 #B4Y SSR #Rid Z AL
Fig.2 Screening for part of polymorphic SSR markers

2.3 SSREmZHEUKIEMSEEESH

XF 92 A FARKR L fnFl ( F2) WA & B, 53 A
SSR A g A 121 AN B, BB A 2. 28
NSRS o Ho AR SE AL AR S ECR 2 A, AR
AR BN 3 AN Satt518 (Satt314  Sattl 14 Satt545 |
Satt519 | Satt336 , Sati514 | Satt547 | Satt576 | Satt388 Fil
Satt589 , 251 AF B E N 4 D HIA Satt544 Fll Satt244 |

SEH PIC 128k A 0.112 ~0.795(F£ 3) .

FIH Jaccard 253145 2] SSR Fric st AH
S, T FH Mantel #a6° S PPA 18 1 4RI 4 1
AHOCHRE, 15 B 5 U5 & £ AH ¢ R EGE 2 0. 395 ~
0.561, F UPGMA SKAfiiA R G5 Fl (52 I SC R,
FE45E SSR Ha i it RGTsEAA (181 3) , AT LKt
Wn A () LUIBN & i 20% F R KB M,

£3 BMIREENSHNERYRZSHERSER

Table 3 Numbers of alleles and PIC value of each locus

L& AR E 2 ESkin LA, EE LR B
Locus Alleles PIC Locus Alleles PIC
Satt604 2 0.49%4 Satt066 2 0.390
Satt187 2 0.455 Satt358 2 0.399
Satt341 3 0.532 Satt244 4 0. 646
Satt518 3 0.575 Satt239 2 0.399
Satt]184 2 0.374 Satt226 2 0.452
Sattl 14 3 0.565 Satt380 2 0.135
Satt544 4 0.684 Satt126 2 0.724
Satt545 3 0.534 Satt082 2 0.403
Satt552 2 0.401 Satt076 2 0.384
Satt590 2 0.468 Satt514 3 0.795
Satt537 2 0.719 Satt482 2 0.292
Satt556 2 0.663 Satt307 2 0.548
Satt519 3 0.563 Satt420 2 0.112
Satt575 2 0.449 Satt437 2 0.729
Satt490 2 0.425 Satt389 2 0.212
Satt094 2 0. 146 Satt561 2 0.356
Satt380 2 0.561 Satt296 2 0.130
Satt293 2 0.702 Satt543 2 0.455
Satt168 2 0.147 Satt177 2 0.592
Satt237 2 0.464 Satt547 3 0.543
Satt197 2 0.261 Satt452 2 0.532
Satt198 2 0.616 Satt576 3 0.673
Satt285 2 0.277 Satt211 2 0.573
Satt270 2 0.653 Satt201 2 0.454
Satt274 2 0.468 Satt388 3 0.520
Satt122 2 0.323 Satt589 3 0.487

Satt336 3 0.519
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Fig.3 Dendrogram combined with SSR data
2.4 EBHRESHFRIZHNEXSR R4 SRS EETHEENIRC
T &0 % B 2 4~ SSR #5 it ( Satt428-900 . Table 4 Markers closely associated with oil content

Satt502-150) HBRIC A BRI & fik 5L 5 3 G A BRIE FRIZHOR Marker Frequency — fCRR
N A D B * S IH e ) Marker >20% <20% Correlation coefficient
f%%ﬁﬁﬂjj\z: O'\4] A 0'1‘ ‘< %4) ’Vﬁﬁ/‘%ﬂj Satt428-900 0.28 0.69 -0.41"
(%) BTl o fik oA B R oo
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H iy 4 E R E P Flor AR R 2 T i, 7 A
AN, B8 2 R 0 b i A IR 24 K = Ik 1
FERAAE . BRI R E MR E AR X,
PR, AR5 R 0 g I 1 2 X BE R i R S A
MeE R S TR R X,

ARG AR 92 DS ERKE M (R) N
FFEXT G2, Ak XF HAg 0 5 & 647 50 Hr, 4 R 3R
2010 4FF1 2011 AF 79 4F Jig 105 & 1 7 34 48 S5 30 [l o
17.40% ~23.09% . AT UL, BRI 114 FA KT
an A (R ) BRIV EAE 22 S ok 2, ) 5 R 43 i
FhENR I & BEARXT 8 R . DRI A LR RV &
FAR T A (R) MR & /2 5 TE 20% #2447,
DAL 56 T v il £ 2 A R AN, PR OB VLR 6 32 2
TR A B S UME DR SIS R S DT T, [
BF, AT 46 SSR B i 92 > R F (R ) &R
i Am, AT DR S A (R ) LUIR DG & i 20%
For NP

AR, ASBIE ST S8 0 H 2 A5 B8 D7 & i B AH G
[ SSR #7ic ( Satt428-900  Satt502-150) , Hipric ¥5 %k
SRR & R B A (MR ECh -0.417
0.417) o 3% 2 Ahnic i FHF Al DLekcit K w08 15 &
H T AR Cs B E R

5% Uik
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