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QTL Analysis Associated with Protein and Oil Content in Soybean
YAN Hai-bo, [WANG Yan|, ZHAO Lin, HAN Ying-peng, LI Wen-bin, WANG Gui-ling

( Key Laboratory of Soybean Biology, Ministry of Education/Key Laboratory of Soybean Biology and Breeding/Genetics, Ministry of Agriculture, Northeast
Agricultural University, Harbin 150030, China)

Abstract ; In this study, a F,;population of 136 recombinant inbred lines ( RILs) derived from soybean cultivars Dongnong 47
and PI317334-B was used to analyze normal distribution of protein and oil content, respectively. And a total of 182 SSR mark-
ers were used to construct linkage map and identify QTLs associated with protein and oil content respectively, in order to pro-
vide important basis for further soybean improving and quality breeding. The results showed that a high variation coefficient of
each trait in RILs was found and belonged to basically normal distribution. A total of 9 QTLs were identified with the two qual-
ity traits. Three QTLs were associated with protein content on LG (linkage group) N, Cl and B2 linked with SSR mark SSR03
_0428, SSR04_1192 and SSR14_1153, respectively, explained 7% -8% of phenotypic variation. Six QTLs associated with oil
content were located on LG C2, Bl, B2, D2, G and I linked with SSR mark SSR11_0460, SSR14_0395, SSR06_1630,
SSR17_0721, SSR18_0278 and SSR20_0273, respectively, explained 7% - 43% of phenotypic variation.
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1.1 ## MEER ZHIR I 1,
PARE P L R EL AR AR A 47 SRR, LISE [
F1 FRERZHERLR
Tablel Comparison on agronomic traits of parents
HEG Ml EOFAR WA
i oI it " Frh e PR BT
Pubescence Seed coat Protein content  Oil content
Variety Leaf shape Color Seed type Hilum color
color color /% /%
R4 47 Dongnong 47 Kt A€ YN [5] 7 W A 40. 20 21.53
PI317334-B [ yia KA [®HE W A 42.20 19.99
L2 ik SHEERE AT AR L
L2.1 et 2014 4RMRA R P EHAR 1.3 HiESH
FHR A TR K RS se I By 47 131 Bafubs b0 kR oM R SAS A

£ 3 m, 470 0.6 m, ¥RFE 0.05 m, fEALIX 4111, 3
SRR R

1.2.2 xakafmayezeng BEHRTAT
RESER R/ IN—F TC 2% o 1Y R AP RL, FHIE 21404
W AIATAR 2 I S AR AR 1 R 4, R soy-
bean STM 27 , X REASFEAFTHE 10 W, 45 R B
{H, rAs Eicti B o oK &2 T4 v 0 281 AL Ay
T,

1.2.3 DNA ZREKEAR B g KEH G
BRI RS, R CTAB 3 42 BUHE K 41 DNA,
F+H RNAase 79 fi# 55 [H 41 DNA H1 /) RNA, F| H
UV-2102 PC BLEAMAT WOGOGEE XS DNA kB2 AT
s, IR B B FH R 30 ng- L',

1. 2.4 SSR-PCR #&m| M\ SoyBase (http://129. 186.
26. 94/ssr/html) W37 EC SSR 5#) 750, 519 b
WA TR A PR\ & e PCR R NAK R R
20 pL,50 ng-,_;,L_I DNA 3 uL,25 mmol - L' Buffer
2 wL,10 mmol-L~" dNTP 0.3 pL,5 U-pL~" Taq fif
0.2 uL,10 ,.Lmol'L_1 primer 3 L, f71#% 20 uL, PCR
SRR R :94°C T A8 M 5 min ;94°C A4 30 s,53°C
Bk 30 s, 72°C ZE fif 30 s, 38 ANE FR; 72°C E il
10 min ;4°C{3- 7%

A~ PCR P=¥din A 8 wlL Loading Buffer(2.5
mg-mL ™ ZHHEFE 2.5 mg-mL T RE 22,10 mmol - L'
EDTA,95% % 85 7 W Bt f ) , 7€ PCR {¢ ( PTC-200,
USA) I 94°C A5 10 min, 7KFE 4 CIRfFEH . (-]
6% NI IEREEERS , B 8 L A8 PEf51 PCR 724 I
FE, LA 1 x TBE 2 2% i i 47 H Uk 43 25 ( POWER-
PAC3000 HEykAY ,fEEHRE 1500 V,1 ~2 h), &5

Excel 2010 7148 RILs {48 FH A1 20 F- 2ME A2 5+ &
B, AT I AR RIS B 5T o

1.3.2 SSR ARty % it fe kb 28 P AE W S5 AR 22 1)
HAZ51EW SSR 51 W7E RiLs it — it 2386
PEFE . SEEA (FRAR 47 ) i B —Bony B R RSy
“A” HACAR(PI317334-B ) 4 B — By B K A0
“B” WSR2 FER AL O H” e () JE PR R IE Dy

« ”
- o

1.3.3 #@AFEEMEZ QTL 247  F|H] Mapmak-
er/EXP 3.0b"®' ) group , sequence , compare % iy 4>
F1 Kosimbi pRECTHH 45 SSR Aric (A5 15 5, >R H
Mapeart 2. 1% 2 NG B A A 113 . AT QTL Tei-
Mapping V 3.2 {7 Xt K 5 9 2 11 B i 2Ptk
1 QTL L5 Hr o

2 HZRESH

2.1 KREEAMKDSENH

POPNISAG 2 NS 'Y 2 N S Rl LN ey
WA EEREMRHET ST . R LTI,
PISEARTER AT EAM S SR ZRAERKER.
F R 8 ORI 43 3 s a3k 2 P, PR Y
Fo/ME KA Z W] 225 LA . X RILs 2 (M
TR 53 E B PO A 38 40 A RN L W R E AT A AT, R R
oA BEAE A 55 /0N, rboih o0 35 0 B8 R T (52
AR A ), 2 O o A A B (B TE A (2 BRA g
G3A ), FLIGREAGAS AR P RIERA A6 (K’ 3) 1l
DIV F a7 QTL 43 1 H, PR 1y 22 5
FZEOER B R, Ui W] RILs () 25 HRE BE 45 K, 4 5 A
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Table 2 Analysis on basically data of protein and oil content in soybean RILs

ERUN S - prifER B S i HE 353 R/ME EFN N W2z
Trait Mean + SD CV/% Skewness Kurtosis Min. Max. Range
ﬁ/»\ﬁ
LS 40.70 £1.35 3.31 1.08 4.28 37.70 47. 60 9.90
Protein content/ %
WA
s & 19.99 +0. 96 4.80 -0.42 0.02 17. 04 21.85 4.81
Oil content/ %
90 4 70
80 1 60 -

5 | 5 o]

g 60 g v

& 501 & 401

S B | 0. B
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5 ] & .

® o] . . ® 10 . . .
0 — — ! 0 __=_,_=_,___,___,___,

37.7 40.2 42.7 45.1 47.6 17.04 18.24 19.44 20.64 21.84
FEH & Protein content/% 438 Oil content/%

| XEEHEXRAFEEAMHSSESHER

Fig. 1 Distribution of protein and oil content in soybean RILs
2.2 SSRFRICHITH %R B2 i 2 182 X Z A5 E5 19 (181 3) , 5 514 B8
FIH 1200 Xf 7 s6 R G FENALRY SSR 511 15.17% o KA E 9 182 xf 22545 ¥ 78 RIL i
TEZRAC 47 55 PI31T7334-B hft Ay Z25 kb, 36 IRrP AT SR EU 0T, Sl B SR e

ME) 347 X5y HA 285 (K- 2) , 2855197 AT RS 0 1 H %) 182 A~ 2851 SSR #xic H
SEARALIT 5 B AR A 33.91% . KA EEB L IS (E 4) .

K 347 X2 1E5 1 W01E RILs rh gk — 2Pt ik , 3L

4567 8 9]0111213141516171819202]2223 2425262728293031323334

1.3.5.7.9.11,13.15,17 192123 25 27 29 .31 33 43 jHRF AR 519 T BEA 9719 55t 5
2.4.6.8.10,12.14 1618 .20 22 24 26 .28 30 32 .34 3 HREAF 51 N XA M B4
1,3,5,7,9,11,13,15,17,19,21,23,25,27,29,31,33 represents amplified bands of the female
parent of different primers, respectivery;2,4,6,8,10,12,14,16,18,20,22,24 ,26,28,30,32,34 repre-
sents amplified bands of the male parent of different primers, respectivery.
2 #B4> SSR FRIETEEAEIH &5
Fig.2 Polymorphic SSR markers screened between parents

1 234567 8 910111213141516171819202122232425262728293031

A2 SRR FEARNSIA Y 3 5540 53 ~ 31 AR A AR P L ~29 SR
Wl

1 and 2 represents the amplified bands of female parent and male parent; 3-31 represents the ampli-

fied bands of 1-29 recombinant inbred line.

El 3 #B45 SSR M HEEEMER
Fig. 3 The PCR product amplified by polymorphic SSR primers
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0.0——SSR03_1570 o o—— SSR14_0395 0.0 ——SSR04_0113 0.0 SSR11_1461 0.0—F SSR06_0279
15.9~] | - SSR03_1620
24.1~1- ggﬁgg_i%g 22.2 1 SSR14_0524
31.3 _ 31.9 ——SSR04_1302 30.6— SSR06_0117
35.77] > SSR03_1671 fg-‘l‘ N gggiﬁ_% 199 SSR04_1302 37 g1 L SSR11_0460
A1~ -
61.0—H- SSR14_1312 55-9 —[T~SSR04_1489
77.1 - SSR03_0302 75 5 —1— SSR14_1297 -, » 1 ssRo4 1473 75.6—-SSR11_0849
91.6 11 SSR03 0317 . || copya 1092
101.4 —H— SSR03_0428 74-4 = 77105.4 -1 L-SSR04_1192
};g-‘l‘:;: ggggg—g;gg 1152 ~--SSR04 1113, 10 o | | sop1y 715
- ! min 424.9 -TT~SSR04_1145" "% PO Al
130.5 9~ SSR14_1153135 g —1-SSR04_1065 130.6 1 SSR06_1630
G 145.4 —>—SSR04_0682 147.2—1 SSR06_1462
e SR 2l 2e0 Do 164.5—1-SSR11_0442164.5 — SSR06_1532
v.v OON10_1004 179_7___SSR1 1_0961
6.6—=—SSR17_0197 193.6—SSR11.1026 . oL ssRog 0329
219.9—1-SSR06 0211
39,511~ SB17 1187 234.5~1-1-SSR06_0195
78.0—H-SSR18_1562 493 SEK Son 171 oas 241.5—5-SSR11_0082343 5 - SSR06_0248
i - g %;2; 7:\ RS 555.2—|J- SSR06_0345
61.47 1 1\ SSR17_0869
78.7/| [\ SSR17-0721
92.6-TT~SSR17_0786
138.7—11 SSR18_0278
130.4—+SSR17_0212
145.0—5—SSR17_0231

186.6—

I

—SSR18_1316

218.5———SSR18_1346

4 ETFHERA xPBI7334-B A XMEHB R RBEFEINKEIN N EEEDEG
Fig. 4 Soybean genetical linkage map based on a soybean RILs from a cross between
Dongnong 47 and PI317334-B
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A QTL IciMapping V 3.2 F X Fo HAL
SC AR UM o & AR AT QTL 2304, #5
LOD {8 2 2.0 i, IR 2] 9 4~ QTL(% 3) .
Horfe N CL A1 B2 X 3 A& Qe (iR F AL E] 3 4>
HHEFAMZCH QTL, 43515 SSR #5ic SSR03_0428
SSRO4_1192 il SSR14 _1153 Y8, fE % fif B i1 # 15

N EL
AR5t

LI 7% ~8% ;¢ C2 . B1 B2 D2 .G Fil T 4%

@R LRI 6 4~ 3k o 5 R AHSC Y QTL, 2331
15 SSR #RiC SSR06 _ 1630, SSR11 _0460, SSR14 _
0395 SSR17_0721 ,SSR18_0278 ,SSR20_0273 i 4,
RS AR R R AR S 7% ~43% , HLIntE sk

I AE4 A A o

®3 XEMKEXE QTL &7

Table 3 QTL analysis associated with soybean traits

E2N o1L Fric AS LOD f& FTBkR NP
Trait Marker Position/cM LOD value R%/% Additive effect
BHEA R qPC-N SSR03_0428-SSR03_0153 0.01 2.64 7.0 -0.36
Protein qPC-C1 SSRO4_1473-SSR04_1192 24.69 2.44 8.0 -0.39
content/ % qPC-B2 SSR14_1092-SSR14_1153 21.19 2.67 8.0 -0.40
v s q0C-C2 SSR06_0117-SSR06_1630 73.58 2.08 37.0 0.59
0il qOC-B1 SSR11_1461-SSR11_0460 20.24 2.85 22.0 0.46
content/% qOC-B2 SSR14_0395-SSR14_0524 13.18 2.76 13.0 0.37
qOC-D2 SSR17_0869-SSR17_0721 12.61 2.58 8.0 0.28
q0C-G SSR18_1562-SSR18_0278 33.95 3.44 43.0 0.64
qOC-I SSR20_0273-SSR20_0761 0.01 2.63 7.0 0.27
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