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QTL Analysis of Seed and Pod Traits in Soybean RIL Population
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Abstract: Seed and pod traits are important factors affecting soybean yield, which are controlled by polygenes. The
previous studies have identified many QTLs associated with yield and its component. The previous genetic analysis also
pointed out that improving the seed and pod traits was an efficient way to increase soybean yield, but there was little QTL
analysis on seed and pod traits. In order to find out steady and repeatable QTLs of these traits, 255 recombinant inbred
lines (RILs) derived from the cross between Zhongdou 29 and Zhongdou 32 were used to map QTLs of seed and pod traits
in two years. ANOVA analysis showed that the characters of one-seed pod, four-seed pod, and number of seeds per pod
had significant year-line interaction in two years, while number of pods and number of seeds had not. A genetic linkage
map of soybean genome was constructed, which consisted of 23 linkage groups with 98 SSR markers. The Interval Mapping
method(IM) and Composite Interval Mapping method( CIM) were used to identify QTLs associated with one-seed pod, four-
seed pod, number of pod, number of seeds, and number of seeds per pod. A total of 51 QTLs for these traits were
identified in two years using different statistic methods. Among them, 24 QTLs explained the phenotypic variance ranging
from 5% to 80% by using interval mapping method, and 27 QTLs accounted for 4% to 73% of the variance for the 5 traits
using CIM. Tow QTLs of four-seed pod and tow QTLs of number of seeds per pod were found in two years with different
methods. These results can be used for the further fine mapping and marker assisted selection of these traits.
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1 wEMmTE

1.1 ABEEAAXABAHERIEHEROEE

ERAERESAKBTHNELPE 29 b T
2R ELELAR,E 2004 FELERBT 4
B 406 ™ F, R RABMKREEHARERE, €4
9 soy01 BEfK, ZEARE S, UM T soy01 Bk
HR 2SS ARARARKEEAICERE ERAH
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RERABNLRART, #24EE, T 2004
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1.4 SSRiFIEHH

2] 2004 £ Song U B RAEH A L E ¥,
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ABAEE I (cM) o K MapDraw( Microsoft Excel %)
ik HE S EE, fl A Windows QTL
Cartographer Version 2.5 /4 %t $iE #7447, K A
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Table 1  Variance analysis of seed and pod traits in soybean RIL populati
—Hi3 [IF 5% [X°F:37 BHREK EEZ
One-seed pod Four-seed pod Number of pods Number of seeds Number of seeds per pod

- df MS F value MS F value MS F value MS F value MS F value

X 4] Block 1 5.139  6.10° 0.623 0.06 51.009 0.82 164,081 0.28 0.170 8.90" "

B} Year 1 233.092  156.54" " 4316.121  212.06" * 1 162.881 17.09% " 76594.268  123.68" * 22.084 883.36" "

& R[] Line 254 2.581 1.73% " 169.442 8.33" " 162.125 2.38% " 1420.848 2.29*°  0.384  15.36"*
=

fﬁ’\x?"ﬁ 254 1.489 177" 20.353 1.94% % 68.040 1.10 619.287 1.05 0.025 1.32%"
‘ear x line

R Error 509 0.843 10.490 61.832 591.170 0.019

TR AR %M 1%BEAF, and
REIOR R EH AR B 04 8 R ik

FESRMEERE 2, FRERIEROBEER R
BABEENRR, FERKWES , LR EaE

mean significance at 5% and 1% probability levels, respectively.

SR BT BT . RIER G ISR B Bk
Mo mBaRTRFERSTE 29, )ETREE
L RE T HEN TSI,

F2 AETERNURERABTREERHIBRBESBIOHEN
Table 2 Distribution and of genetic of seed and pod traits of soybean RIL population
3R S  wm  hEm  REE FHH R Bkm o BREER
Trait Year  Zhongdou 29 Zhongdou 32  Mid-parent  Mean Min Max ——omae O gonetlc pammeters
2 CCV(%) B (%) _

—HET) 2004 0.45 3.90 2.18 0.64 0.00 5.40 0.273 46.59 14.42
One-seed 2005 0.40 1.80 1.10 1.60 0.00 8.10
ERIE(A) 2004 10.45 3.95 7.20 10.02 0.20  46.20 37.272 76.65 60.98
Four-seed pod 2005 11.40 2.60 7.00 5.91 0.00  20.70
HBRIER(4) 2004 22.25 74.40 48,33 39.32 22,60 76.70  23.521 12.69 25.96
N of pods 2005 29.00 70.20 49.60 37.15  15.00  64.70 -
BB ) 2004 73.75 198.40 136.08 120.77 €5.50  252.10  200.390 12.64 20.99
Number of seeds 2005 94.60 183.80 139.20 103.26  34.60  175.60
FIERBOR) 2004 3.31 2.67 2.9 3.01 2.36 3.57 0.091 10.54 58.31
Number of seeds per pod 2005 3.26 2.43 2.85 2.72 1.88 3.39

2.2 EgiEEHEE

TEABRA 322 % SSR 1, H 109 MERE
Ry W A B EAW . FAX 109 4 SSR iR
ICHRESEE, B —kad 23 M ESR, it
98 I SSR AR K ES A (E 1), HFFH 11 Mrid
BREEHLE, X B I EURSALEEERTN
T4, SSRARIT 78 2 QB+ 9 HE 50 B A 2L

W EERAEUBAARLEE PN AL D2
BB AR

2.3 KREXEHHERH QTL Efi

2.3.1 REFERGLR 38 X (8] £F B ¥ %
REH IR R BT QTL & 4L, 76 2004 4F 71 2005
IR E] 24 1 QTL, LT 9 MEYB P (F3),

£3 XAEBZ(IMBRNBMHATREER QTLs
Table 3  Putative QTLs of soybean seed and pod traits detected by IM method
R AR ik R piRE oo g FHRE
Trait Linkage group QTL Marker flanking the up end(cM) LOD score AE R*(%)
—R 3 oP 3(C2) gOP-3-1 Sat_270-Satt079 2.0 17.9 -1.80 41
23(0) q0P-23-1 Sat_291~S5a576 55.9 3.8 -0.19 7
PO SE FP 2(A2) gFP-2-1* Satt228 - Satt429 43.1 3.0 2.11 7
17(1) gFP-17-1 Sat_ 268 -Satt671 6.9 37.5 6.00 72
B XM NP 3(C2) gNP-3-1 Sat_270-Satt079 2.0 4.9 ~11.14 19
BEHNB NS 3(C2) gNS-3-1 Sat_ 270~ Satt079 2.0 4.8 -30.36 18
IR E NSP 2(A2) gNSP-2-1 Sat_097—Sat_294 11.0 4.2 0.10 12
2(A2) gNSP-2-2 Satt409 - Satt228 25.9 4.3 0.09 9
2(A2) NSP-2-3 Satt228-Sattd29 41.2 3.6 0.09 9
11(D1b)  gNSP-11-1 Satt095-Sat 373 32.9 3.2 0.08 7
17(D) gNSP-17-1* Sat_ 268-Satt671 6.1 37.6 0.26 72
2005
—Rr 3 op 10(N) qOP-10-1 Satt080—Sat379 52.6 4.2 -0.35 8
17(1) qOP-17-1 Sat_268-Satt671 2.0 16.7 -0.69 30
T3 FP 17(1) qFP-17-2* Sat_268-Satt671 6.1 52.5 4.94 80
BB XE NP 1(A2) gNP-1-1 Sot_067—Sait589 25.6 2.9 -2.06 7
7(C1) gNP-7-1 Satt578-Satt621 5.0 3.1 1.95 6
10(N) gNP-10-1 Satt152-Satt080 47.2 3.7 -2.39 9
14(F) gNP-14-1 Sat_357-Satt554 6.1 3.7 -2.53 11
17(1) gNP-17-1 Sat._ 268-Satt671 0.2 3.8 -2.04 7
HENB NS 7(Cl) gNS-7-1 Satt667-Satt294 1.0 3.1 5.35 6
14(F) gNS-14-1 Sat_357-Satt554 8.7 4.7 -8.11 14
14(F) gNS-14-2 SattS54— AW756935 26.0 2.8 -5.24 s
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. . R B v B =
R EYB AL A% X A3 Distance from LoD {8 JmE 28R HRF
Trait Linkage group QTL Marker flanking the up end(cM) LOD score AE R*(%)
14(F) gNS-14-3 AW756935-Satt656 35.0 3.0 -5.56 7
45 B I NSP 17(D gNSP-17-1* Sat_ 268 —Satt671 6.1 55.0 0.30 77

RN 2ERERMA QTL.
OP: one-seed pod; FP: four-seed pod, NP: number of pods, NS: number of seeds, NSP: number of seeds per pod. *: indicates the steady QTLs detected
by different methods in two years.

LG1(A2) LG2(A2) LG3(C2} LG4N) LG5(B1)
O sat 383 O 5007 — s 20 sawsz ., Satt197
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08— o208 ps— 1 S#.306 26,0
H— sctos7 44— » 5
= H—saum 1 Sstass LG8(C2)
02— 4 Satt 277
12— o711 Sat281
H— sattseo 29/ U\ Soume H—sat 300
6.7~ sat 181 - Sarzs LG7(C1) 13.4—
- - e 140 1 LG8(D1a)
i L S8 gy
g saum 69 Sattés1 Sat305 Set sz
LG6(B2) 84— 33 anaL 81—
0= . Satiz4 LG12(E) Satt1as
[ Set2a7 LG11(D1b) Satt384 LG13(F)
r
H— Satzze 977 -
= 4 sat 3w
. sa129 23— 88— Sat212 -
59— _Hsatzr LG22(M) 108~
ag—[_ Saten STTH— sat3s1 04— saneso T Satt6d9
T Awizd@ |+ sct 03 = - N\ Sate?
T Sattate 1287 25—
— [T Sat095 [J— sat551
&7 08— so—| [ gnSPH LG;{O) 341
H— sat 273 N
| E— H— settas 95— Sati500
” H— Satg34
LG10(N} 87— H— Satte59
o2 Awrsros U Sats42
04 < Satt077 BI— LG15G) 192~
Satt439 [T Set.164 307
H— sattes3
25— 194
g saties7 113
1. H— a5
| I LG14(F) H— rer2 saa7 o
1T Sat %75 82— 1550 .:_.Smtess
G | S Le18()
85— —_— 4a—H— Sat_291
227 O— st 17 07 bt
LG17() 78 Sattd05
N 72—
[ Setoso O s SAZD  ypa— SsL23
iy 1 j&— 4rPgNSP*
AWPS685 4, LG198(d)
85— T sataz
—satsse U s 195 3'8_9—: Sal 3%
M5 LG16{H) LG21{L) H—satti23 Satta31
39— Sate66 Sa_150 17— LG20(K)
e | -
124~ T ; o _g: Sat 02
52— 15 -
J— s=ts7e 1 Sats68 Sat_099 Y—sat s Sat 126

B1 KESSRAFHRIZEEBR(FBEAXNMNEHLABBEHMRE)
Fig.1 A linkage map of soybean constructed by SSR markers
CRISKBIRAER 2 FESRWBMTE QTL. " The arrows denote the linkage location of steady putative QTLs.
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SR FEMHXH QTL HEHXITRWE 3 4, H
2004 ERMBIH 2 4, 00F A2 0D ESRE,
HEERBTESRPE 29, 55IBB 7% 2% 198
15728 5 ;2005 SER W B 1 4, F1 2004 45 4 W BI B9 1
FIEYHN QTL L EMF, AR RE T RS
FE29, BT 0BHNBIEER,

5Bk FEHAR XM OTL B4R HRME 6 4,
b 2004 WA 14T 2 EYH HNER
KRETFHRAFE 32,8 19% M8 £ 7 ;2005 4
BB 54, F A2.CL.N.F #1 I E BB, BRI T
Cl ESBN QTL A EF KRBT HRA R E 29 51,
HAts QTL MM EEBME W FHEAPE 32, X 54
QTL 3B B 7% 6% 9% 11% 1 7% i) 38 1574
F2EPRFRMBHEER QTL.
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5B gp R 8 QTL F4E LT W F) 5 4,
Hodr 2004 WP 14T C2 PP HHER
FREFEEPE 32, HF 18% M #1535 7 ;2005 6
R 4 AP 1 MIF CLESRE, MEE X
BFEEPEH 29, BREOHNBEERIAMNTF
YR R ERARRETRA+SE 32,058 R
14% 5% 1% M MEER,2 FPRA KB HEFE
B EBRR B QTL.

5@ I0R B X QTL W 4ESLH N F 5 4,
HH 2004 £ E 5 A, 456 F A2.D1b 1 E M
B, RPN T Db S BMNEEERRETFES
hER,EEIRHBREER. Hab 4 MRER
HBRBETEFPE 29, 2BE 12%.9% 9%
72% K8 575 5 52005 SE R B 1 4 QTL, fi T 1%
B, 2 2004 ERABIMALT 1 EYEEH QTL &
FARGE, HREERBRTFELAFTE 29, R
11 % W BIEESR,

232 E4RAARLGH EdHEAXEER
B K ERIBRER AT QTL RE AL, 7E 2004 FI 2005 4F
R RB 27 4~ QTL, AL F 8 MEGBFH (K 4)0

x4 WAREFEERE(CIM) BNBHATREER QTLs

Table 4  Putative QTLs of soybean seed and pod traits d d by CIM method
HR o fLk RfFie T T
Trait Linkage group QTL Marker flanking up end(cM) LOD score AE R* (%)
2004

—Ri3 op 3(c2) qOP-3-2 Sat_270-Satt079 2.0 17.5 -1.81 33
WK 3 FP 3(C2) gFP-3-1* Sat_270-Satt079 2.0 6.9 -7.41 15
17(1) gFP-172° Sat_268-Satt671 6.1 37.2 6.70 67

HABRIEH NP 3(C2) gNP-3-2 SaL_270-Sat079 2.0 5.4 -11.04 17
HBRBH NS 3(c2) gNS-3-1 Sat_ 270-Satt079 2.0 5.3 -32.33 17
IR NSP 2(A2) gNSP-2-4 Sat_ 097 -Sat-.294 14.0 3.8 0.07 5
2(A2) gNSP-2-5 Sat_294-San409 20.5 3.7 0.06 4

3(C2) gNSP-3-1 Sat_270-Satt079 4.0 2.8 -0.20 11

11(D1b) gNSP-11-2* Satt095-Sat 373 30.8 4.1 -0.07 5

17(1) gNSP-17-1* Sat_ 268 - Satt671 6.1 37.3 0.24 63

2005

—H 3K oP 17(1) qOP-17-2 Sat_268-Satt671 2.0 16.5 -0.64 25
23(0) gOP-23-2 Sat274-Sat_038 102.2 3.4 -0.27 4

PUR3E FP 3(c2) gFP-3-2* Sat_ 270-Satt079 4.0 5.6 -4.85 18
17(1) gFP-17-2* Sat_268-Satt671 6.1 51.9 4.75 73

HBRIEH NP 1(A2) gNP-1-2 Sct_ 067 - Satt589 22.0 4.2 -1.98 6
7(C1) gNP-7-2 Satt578 - Satt661 6.2 4.7 2.14 7

7(C1) oNP-7-3 Satt661 - Sat1294 15.0 5.1 2.22 8

14(F) gNP-14-2 Sat.. 357—Satt554 6.1 4.7 -2.57 10

17(1) gNP-17-1 Sat_268-Sau671 0.2 4.9 -2.11 7

BRI NS 1(A2) gNS-1-1 Sct_.. 067~ Satt589 21.7 4.1 -5.74 7
7(C1) gNS-7-2 Satt661 - Satt294 13.1 6.0 6.92 10

14(F) gNS-14-4 Sat_ 357-Satt554 10.0 8.1 9.71 20

17(D) gN5-17-1 Sat_ 268~ San671 16.0 2.9 5.51 6

BIER W NSP 11(D1b) gNSP-11-3 Satt095—Sat 373 32.9 4.2 -0.07 4
11(D1b) gNSP-11-4* Sat_373-634 37.8 4.2 -0.07 4

17(D) gNSP-17-1° Sat—268-Satt671 6.1 52.8 0.29 69

23(0) gNSP-23-1 Satt477-SaL_274 94.5 4.5 0.07 5

* RN 2ERTRNMAN QL.

OP: One-seed pod, FP: Four-seed pod, NP: Number of pods, NS: Number of seeds, NSP: Number of seeds per pod. *: the steady QTLs detected by

different methods in two years.
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SR IEH KR QTL F4ERH WA 4 4, K
o 2004 FFRTE 2 A4, AL F C2 TSR, ME
HaBlkBFEEAPE R P E 2,558
15% 1 67% &) % 1% 25 7 ;2005 ERWE 2 4, f
2004 SERPB K 2 MU EAAR, AEBBHBESE
RHEEN, SAERRE 18%M B3R HBRETR,

SR IEREXR QIL FELITRNE 6 4,
Ho 2004 ERRWE] 1A, T C2 SR HBER
KRB TFFEEAFEL 32, B 17% KB E F;2005 4
KRB 54,0 FE A2.C1.C1.F 71 1 LR BR AL
TClEMBN 2 MU ERARBETEELASE 29
ShOHAMRIM M E RS REFEERPE 32, X 54
QTL 3 SIfB R 6% 7% 8% 10% 1 7% HJ i 16 %%
5.2 FRARNBERG QTL.

SR AL 0 QTL W4T E 51,
Hoep 2004 ERWB 1AL ATF 2 EOH WHERR
FETFEREPE 32, 8B 17% 98157 7 ;2005 4
KB 44, b 1 MITF A2 B8R, WREE K
BFFEETE 2, BB 10REER, B 3145
i F CL.F I 1S, MEERERE T4+ E
29, BB 10% .20% 6% HMET R, 2 FHE
A R I 2046 7] B S BB QTL.

58 IOREMEEN QIL EXTHRME 9 4,
FHorp 2004 SEREWIR] 5 4, 4 BIALTF A2.C2.D1b.I #
i#E, HPMT C2.D1b ESIFFHY QTL W B EE R
BTEREPE 2, 05IBBE 11T SHHREER,
534 QTLBiF A2 f I B, B HARE T
FARPH 29, FHHEE 5% 4% .63% HBET R
2005 SF KW B 4 4~ QTL, £ F D1b S BEAY 2 19
REEXRETHE 2, BFER 400 BEER. 52
ASFBILTF IR O 8B, BMEERBETHE 29,
FHBERE % 5% MEER, P T 1 %48
BEEY QTL 71 2004 FR M BIA AL F 1 £ BB EY QTL
kb FAERAE , B R F—4 QL.

233 BEHRAEBF EAANHGHE LG QIL
HTHFEERE SREMNELE, X QIL BT
B3 AR TE T B 7E R R A9 A5 & BORR R A 37 3 o

HHBEM QTL, AT, WXt 2 EFAE
BAFENE, R THNERME R EN
QTL,4r#i7E C2.D1b M I # B (F 3. K 4" fF
R)o FCHMLF I BB B PR SE RN A5 IR 4
9 QTL 7E 2 4R 2 Fiff B 7 o P #S g W 21, Wil &L
HAEMREA LR, 87 0% £ F , X8 QTL 1 U
ATFRARRMSTiRicHBEMH. R CIM &,
T C2 SHEYBLRWE 1 MR IR IR QTL 7£
2004 F12005 FEEHR, M BEHRE, AREHER
K(15% 7 18%), 7E D1b ZESIH M BB —1
FEH B IOR B QTL H7E 2004 71 2005 SE EH H I,
P BEAE ERREHED, B 5% 4%, —2i#
AR M QTL 7E5R A IM M CIM ot #R Bk
WA, R —seik % AR MR QTL R Al CIM %17
2EFEERND, KA MEARERNB, HH
KA M ERE T AR — 3 QTL.

FIRT IM 370 CIM 3 ,2004 SER M E) 1 ~—K
FQTL i F C2 M, #ETMEHEA 30%
(33% 1 41% ) ; (B R7E 2005 EH B AEHRVLER
WB—R3E QTL, MY I EHBRNE 1 ~—K
FEQTL, BAE T MMELBL T 20% (25% # 30%)
HHEREANZHEREFEFEREENTE, Bl
QTL X ¥ 3% = 3l 3 SURK
2.3.4 BHREAEEFEGKE 2EHEMERE
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