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# FE KT T3TTFZ(pod dehiscence) & K G B E AL Bk, TAEAL " b5 S TF 2L 2§ K o 7 B B AR R 22 —.

AP AF KT B H T RBERQINF BHE) 1) 112 MR, RHAE A XIEEEZ(composite interval mapping, CIM)iE, it KE 5
JETFZLER(PDH), TIEE 5 HL(RTW) LUK SE AR E(DFM) 3 AR T A E 04T B2 QTL SEf. HF A &5 LKW, PDH 5 RTW
2 ] I AR R 3 1 67 A DG PE(P=0.01, —0.960), 5 DFM 2 3% A ¢ (P=0.05, -0.740); Tl RTW Fil DFM 2 [A] 2023 1EAH
KA (P=0.05, 0.867).QTL ELL /MR, 75 C2 B HE(RIZE 6 Yeta ) LASIN 2 — /Mg & S8 240 QTL J&4L, a4~ gPDH6 -1
B ALTFARID Satt062 FH Satt520 2 ], LOD {f>4 12.15, BEFEZ N 3.1 cM, AIFEREMIRIAS RR )y 49.44%, T 588K
B, WA 345 2 EBH QTL B A7, 43 B € 44 5 gDFM6-1.qDFM6-2 Al gDFM18-1, 43 547 T 45 ic Sat_062 1 Satt520.
Satt291 Al Satt305 }% Satt217 il Satt130 2 [A], LOD &> 14 6.59. 2.85 A1 2.81, MfLHEE N 7.2 cM. 12.3¢cM F110.6 cM, A f#
BRIRA TN 21.77%-. 9.74% K% 7.74%. H gDFM6-1 J&/7 5 qPDH6-1 {7 F-AH Rl ik ic X [6] (Satt062 1 Satt520 2 [f]);
gDFM6-2 11 qDFM18-1 435167 145 6 A% 18 YefafR K Satt291 Al Satt305 2 [A] LK, Satt217 Al Satt130 2 [, FATEAGNIF] 3
NG REEERE R GESN QTL AL, HIAL T4 11, 4 F1 8 Jefafk b, 4N qQRTWI1-1. qRTWA-1 I qRTWS-1, Z3Jlfir
TFric Satt426 F1 Satt509. Satt361 1 Satt399 }% Sattl87 A1 Satt377 . [d), LOD B 434 3.00. 2.77 A1 2.14, IHALHEEE 25
910.0cM. 0.4¢cM K& 3.7 cM, TfEREIR AL F 2K 9.03%. 8.20%F 7.02%.
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Abstract Pod dehiscence (Pod shattering) (PD) is an important reproductive trait in soybean, while this trait also causes major yield
losses in the mechanically harvested soybeans. In this research, QTL mapping and correlation analysis of three related traits (PD trait
(PDH), ratio of thickness to width (RTW) and days of full maturity (DFM) ) were performeded in 112 strains of soybean recombinant
inbred lines (RIL) population (JINF population) by using methods of composite interval mapping (CIM). The results showed that there was
an extremely significant negative correlation between PDH and RTW (P=0.01, —0.960), a significant negative correlation between PDH
and DFM (P=0.05, —0.740), and also a significant positive correlation between RTW and DFM (P=0.05, 0.867). The results of QTL mapping
demonstrated that there was a major QTL controlling PD, designated as g°PDH6-1, mapped on soybean molecular linkage group (LG)
C2 (chromosome 6) between Sat_062 and Satt520 with a linkage distance of 3.1 cM. The LOD value was found to be 12.15, and about
49.44% of the total variance was accounted for. Total of 3 QTLs linked to DFM, designated as gDFM6-1, gDFM6-2 and, gDFM18-1,
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were examined by CIM. gDFM6-1 was found in the same marker region between Sat_062 and Satt520 as g°PDH6-1 on LG C2 (Chr-
omosome 6), with linkage distance of 7.2 cM , LOD value of 6.59, and 21.77% of total variance accountable. gDFM6-2 was also found
on chromosome 6 in the region between Satt291 and Satt305 with linkage distance of 12.3 cM, LOD value of 2.85, and 9.74% of the
total variance accounted for gDFM18-1 was mapped on LG A2 (Chromosome 18) in the region between Satt217 and Satt130, with linkage
distance of 0.6 cM, LOD value 2.81, and 7.74% of the total variance accounted for. 3 QTLs related to RTW were also identified, des-
ignated as qRTW11-1, qRTW4-1, and gRTW8-1, which were mapped in the regions between the SSR markers Satt426 and Satt509
on LG 11, between Satt361 and Satt399 on LG 4 and between Satt187 and Satt377 on LG 8, with the corresponding linkage distances of
7.2 cM, 12.3 ¢cM and 0.6 cM , LOD values 3.00, 2.77 and 2.14, and 9.03%, 8.20% and 7.02% of the total variance accounted for,

respectively.

Keywords Glycine max L.; Pod dehiscence; Ratio of thickness to width of pods; Days of full maturity; QTL mapping
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IBE=
K& (Glycine max L.)5.3% % (pod dehiscence,
PDH)& 48 KB fEREM, SR THAKZ G, B3k
BT MG L2TT, REHUEE A M
Rtk IXRhFRUR MR A T ST R RE T A
Wt AT I, 7 A KT A I PR AT SR R
W o BFAE K EAE MRS K IR, AR
TEANT R TR P & ST 2R, DU R YR
KGFhL, REGFEAFREENGHRRETE R
RIS EMNERZ —, HENAAITEZ AT
a AR B B BOR ST BRSO, S8 AR
2T . RERGAEH2FBORE 28K,
OV Bl 5K H K 553 1 I 2440 R s v
(PISEAS Al F4 % H 20 [ %2 & (recombinant inbred
lines, RILs), Ff HAFHIX 658 2 5%F & JEFF 2405 13047
QTL AL A4 #7 . Bailey %£(1997)7F K5 F4 fREK &
HOEALE] 12 N5 G T RURHEAH K RFLP (Restri-
ion fragment length polymorphism)fric, iX4& QTL
JERLAY BIAL T 55 2 5 15, 55 16 A% 19 Yethfk .
Funatsuki £5(2006)F| FH &4 X A/ERNE, fERX G HEH
H A2 & H e B — A K E T R AR L
QTL, ¥4 Hdr4 -y qPDH1, i% QTL FEffr T4 16
et ik E ) SSR Fric Sat_093 1 Sat_366 2 [&], Ff
fli Tt HZ QTL HIEHEFE RN 2.9 cM; 2008 4, i
TR 4 MAFERERAEE SRR S MR, FXRUER T
P K G T2 QTL £z qPDH1 £7 T Sat_093
M Sat_366 < [A], FAAR ALK 50%, M Hik KM
Forp | G IETF RN A I, TEA R 8% 15 5t
N B £ A7 (Funatsuki et al., 2008). Suzuki %5
(2009)\ /v qPDH1 JR&fi = 45 il K 5 6 JE T
R, TR SRS R I FR A K
B2 A4« Yamada 25(2009)3&@ i % JLAS K 5 #E Ak
BT M, RO & LT R BUIE  BE R 7EAS [R] )
B R N A E M ER, (B2 E IR,
SRAEH qPDHL A . Kang 55 (2009) @ A7
—/NEBRILLS 3 NKREL QTL FEfr, 1%FE QTL

ot
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JERLAL T2 16 Jetafk b, AT qPDHL Ffiz; 3
ANREL) QTL FERLA AL T-56 5. 5 14 A% 10 e
Ak b, H HANH K 1 5 38 SRR 7R A [ 1 358
B SN RA e E R,

TEABFE, A TR FH ARS8 2 AL P52 BB
FLIER R R 20 B A REFRQINF BEE) (a1
XA, 2003), $KEEILRITRRFE . LA Z ATRE
R BIPRA R ED R B 58 3 R B (dys of full mat-
urety, DFM) 15 3 /55 Lt (rtio of thichness to width,
RTW), #HATHIC A QTL AL AN T kS
TITF R DL S AR A BLOR &R, it —
Ay ERL IR DL K431 B P . FH B85 JE At

1 &R0
1.1 ZAMEARZ TR A I 1 23 i

XS JINF BRI ) 112 MR RS S 380
JF 2445 (pod dehiscence, PDH). K & [ 52 # K 3L
(days of full maturity, DFM) }% 5. 3% J& % Lt (ratio of
thickness to width, RTW)iH47 &AM e fgeit 5, H
SPSS 16.0 At 5 ik 3 ANHREBEATAH SN 34T
S5 RN K S R R S5 AR (3%
MEITELE, KGR E) 2 (A BA —E A ¢
P, H, PDH 5 RTW {84 2 3 1) 57 A7 1
(P=0.01, -0.960); PDH 5 DFM 23 & 2 fi A %
(P=0.05, -0.740). 1fi RTW 5 DFM 2 [a] ] 52 81 &5 2%
1EAH%(P=0.05, 0.867).

1.2 RE SRR MERE QTL EfL

XK JINF Bk 112 AR R 0 & 36T 240k
RBFEAT QTL E L34, FIAH WinQTLCart 2.5 # A4
R A 4 X TA) 4E T 35 (composite interval mapping,
CIM)#5E LOD {>2.0, & 07 F1ZMHARAE B C2
(45 6 utofk) B4 —A QTL Az, 7 T-FRic Sat_062
1 Satt520 2 [8], fir 4~ qPDH6-1, LOD {HiA % 12.15,
BHEFE BN 3.1 cM, AIfRREI R AR 320 49.44%
(B 1, &1).
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R 1ORE JINF BEAR) 112 PR AR, 345 BT RAF A SRR E AL 2 SSR ARid
Table 2 Putative independent SSR markers associated with QTLs for the traits related to the PD in the 112 plants of JINF population

PR QTL J&fir Yoo fk Ar/eM BRI SSR bRiC LODH MR (cM) IPEZAR RAYAR e
Trait QTL location The positionn of The nearest SSR The value Geneticdistance (M) Additive R? (%)
Chromo-some/ ctM  marker of LOD

ST gPD6-1 6/2.01 Sat_062 12.15 3.1 -2.75 49.44

Pod dehiscence

(PD)

TR/ gRTWI1-1  11/0.03 Satt426 3.00 5 -0.014 9.03

The rate of thi- gRTW4-1 4/52.01 Satt361 2.77 0.5 0.013 8.20

ckness/ Width of qRTW8-1 8/31.21 Satt187 2.14 0.5 0.012 7.02

the pod (RT-W)

KEFEHRE qTFM6-1 6/0.05 Sat_062 6.59 7 2.57 21.77

The days of full qTFM6-2 6/22.51 Satt291 2.85 9 1.60 9.74

maturity (TFM) qTFM18-1  18/42.91 Satt217 2.81 15 1.44 7.74
» o ) _? 2;6 5;2 7;8 1();413‘0 1.4 ig‘%%%ﬁﬁg QTL %’ﬁi%ﬂﬁ'ﬁ
sl s I S WinQTLCart 2.5 #c P F 5 4 X [ FEl 52
30\ swsos 7] (CIM i2%), 61 K5 JINF BEARFR 112 ANk AT 5524
R T RHH QTL RS, B LOD f>2.0, SERTIIEI
w0 X S0 6 34 QTL JhL, 435454 gDFM6-1. qDFM6-2 LA
g M swse 41 J% qDFM18-1 (& 3, % 1).
956 gg ] qDFM6-1 Fl qDFM6-2 Ji& o7 #5374 1 ¥ C2
IOQZHR% M Lon (5F 6 Jetafh) b, /3 AlArFArid Sat_062 Fl Satt520 2

1 RETTTREIR QTL 755 6 Yetafk B B
Figure 1 Location of the QTL for PDH on chromosome 6 in the
JINF RIL population

13 KEEXRMERIEN QTL EhL

RATFIH WInQTLCart 2.5 % {11554 X afE
F92:(CIM 72246 K 5 JINF BEAAR (K] 112 ARk &R 1 532
JE 58 Lk AT e AL 43T, e LOD {E>2.0, FEASE] 3
AN QTL BEfL, ZrJildn 4 qRTW1L-1. gRTWA4-1
gRTW8-1 (K] 2, % 1).

qQRTW11 -1 A7 FIERIEE B (5 11 Je0dR) B ks
1t Satt426 #1 Satt509 < [A], LOD {E°4 3.00, AJf#k:
(1R 5750 9.03%, BifLEH 24 10.0 ctM; gRT-
W4 -1 A T EESTE C1 (58 4 Yo tiuk) b FIArid Satt361
F1 Satt399 2 6], LOD {i N 2.77, AIf@RErIRAAR
N 8.20%, BHEHES 0.4 cM; qRTWS-1 fir TiERRE
A2 (5 8 YL ttfk) I (4R ic Satt187 Al Satt377 2 [H],
LOD ffi N 2.14, wfifReRIFRIAS R 20N 7.02%, 5t
{&E S 3.7 cM.
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] DA & Satt291 A1 Satt305 2 [f], LOD i 437 A 6.59
H12.85, AIfERERAAS 203 7 21.77%. 9.74%,
BAEREE /3 719 7.2 cM £l 12.3 cM; qDFM18-1 J#fr
WAL &8 G (5F 18 Yefiufk) - Satt217 1 Satt130
FricZ ], LOD {8y 2.81, AJ BRI AIAR Ny
7.74%, BEREA 0.6 cM.

1.5 fA26 QTL EEALRERA(E BT

R 4 K 5 5 IR 28 99 3 (http://www. phytozome.
net/cgi-bin/gbrowse/soybean/) b )3 R4 EREAE 2.,
AR I qPDHE -1 FERL TR — AN HEHEK KK
N EE EEPE 3L ] Glyma06g00860.1, LA K — Nkt
K B PE A 3 R Glyma06g01500.1. 7E qRTW4A-1
JEEAE BRI R BT — AN AR K R e R B R R
P Glyma04g43150.1, LAK —/Miht 2 58~ FURETE
PR ) L R Glyma04g43340.1. 7E qDFM18-1 J& A
BT R T — gt 22 B4 FLME T BRI (1 ZE ] Gly-
mal8g16870.1.
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0 06 12 1824 30

0 06121824 30
TR S T N

0 0612 1824 3.0

0.00 - Satt426 0 4—+—— 0.00 Satt565 g E 38.60 Satt315 39 o
17.00 || Satts09 10 2‘1‘:28 ggggg ATR %% 4 51.20 Satt632 51 4
2200 A satior 21 4420 Satt578 24 ] 5420 Sat 162 64

: 1 51.30 Satt139 29 1 56.50 BSC 76
36.60 ~- sat251 52.00 Satt361 ﬁ ] 59.80 Satt187
PN 4 53.80 Satt399 pil 89
41.60 Sat 128 ] 5440 Satt190 7] 75.40 sa129 ]
61.00 b sausio 2 58.90 Satt294 59 88.60 Satt377
150 A sasor 63 7 M 96.20 saz27 4]
50 ~}- Satt . ]
‘_’ a 73 4 CHRO04 LOD 100.80 Satt329 126
78.80 7{ Sau583 g3 119.90 Sat333 139
81.40 Satt430 94 156.80 Satt538 151
10420 —ff-Satt359 104 163.50 Satt429 164
- cM cM
CHRI11 LOD CHRO08 LOD

Bl 2 KGR 58 EEMEIR K 3 A QTL 7E58 11, 28 4 A28 8 Jeftufk BfrE
Figure 2 Location of three QTLs for the ratio of thickness to width on the chromosome 11, 4 and 8 in the JINF RIL population

0 14 28 4256 7.0

0.0
15.1
16.5
34.6
47.0
51.7
55.5
58.1
59.9
65.4
74.7
81.1
98.6
109.9

Sat_062
Satt520
Satt291
Satt305
Satt363
Satt489
Satt277
Satt557
Satt100
Sattd60
Satt134
Satt316
Satt371
Satt357

CHRO06

0 06 1218 24 3.0

0.00 Satt275
Satt038
Satt570
Satt356
Satt235
Satt217
Satt130
Satt131
Satt501
Satt594
Satt533
Satt138
Satt564
Sat_094
Saff504
Satt199
Satt505
Satt012

CHR18 LOD

Kl 3 RE e REH) QTL 7255 6 FI%H 18 Jethv ik ERIALE
Figure 3 Location of the QTLs for the trait of the days of full
maturity on the chromosome 6 and 18 in the JINF RIL
population

2 7R

FEVMERIBE T, NN K ST 2
R QTL (QPDHL &L ) A7 T3 16 Jetafk I (Fun-
atsuki et al., 2006; 2008; Liu et al., 2007; Kang et al.,
2009; Suzuki et al., 2010) . Kang %5(2009) I 7T IA A
FEARIRRE iy, E3efITREE B —E %
Jt o FATHIHF 7K K E 3T R MR QTL (gPD-
H6-1):& M fE5 6 Jefufk b, X5 A MiRkiEHA

1404

— . XARESIRA TR SR EH B REA L
YL FEEARM AR R P “ KA AR

BRI SR, KIUAE C2 EANTHE(E 6 e
k) ERAZA QTL Jiéhir. Horfr, PDH 1)—4~ QTL
JEE A7 qPDH6-1 7E2 6 Jetafk 1) 0.4~3.6 cM HIfL
E. DFM KIEX QTL {7 qTFM6-1 I B N
0.1~7.3 cM, FF HiIX# > QTL #47 T Satt_062 Fll Sa-
tt520 Frid 2 18], 15 DFM JE8iK) gTFM6-2 JERIAE
% 6 Jetaik LA BN 16.4~28.7 cM, X 3/~ QTL
JA B BAHAT, XK ZS Ak b, B EHIR
TG IR R ) B A

Tsuchiya (1987) 4 5 4 B K &5 3% (1) J&E FE Al
i 5 2 8] R FUARN HETT 2R AT — € RGN, [R] I
NN, K JER BN B8 FE AR K G0 W T
PERITCHERVSIE Pz 8], JEEA BRI % R . Cavi-
ness (1969)W\ A K G & JE M) R PR IR 52 K 2R R
PN G- A A (T NG R 2 T8 I N R ALk =ty N R 3
(& 5 LGB R /N e B TN K 6 SR B e
I 3 (1) J5 5 LU R 58 A 1) 38 B0 IE 3 1 Bk o
PE, UESE T HET ARSI .

Arnaud 5 (2010)iA N AE KR IEXFHAEYI K S
JEF RS R AR EEAER . A8 1%
BRI E LB BEST QTL JFRALsk T AEME B2
Frick, 7255 6 Yettfhk b1t qPDHE-1 &7 1T & 30
T IANEAAEKRERPEEEEREERE Glymao6g-
00860.1, 1M 7E 28 4 Jetafhk b T & 32 58 LB
qQRTWA -1 Ji& A7 f I A7 — AR KR B AR
Glyma04g43150.1, S & HHi X T1X 2 AN FEA 1) 744

v Ak

TR IEAE R, (HRIANTH I —E ML L
WHNERRKAERGGII R T RE A HE
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FER, NN — BRI et 7 —2 M7 .

Christiansen %5(2002)7E K &+ &I 2 58 - AL b
i 12 I (polygalacturonase, PG)5 i 1% 3L K H
A ERIZES, {2 Petersen 25(1996)%5 182NN
TSI R TT R 5 2 R U RE TR R A O, 15
ER, RAE qRTWA-L FEA TR T Glyma-
04g43340.1 LK 5 18 Yetifk ¥ gDFM18-1 Ji& 47
BT Glymal8g16870.1 J: K 4whd it H# A A £
RPN, XU PG nREAE K & AT
R AA —E R, AT 2R
ft—E 7 1]

T A T € SRR ) 1) T 24 AR e A OB 1Y
YER , IXTE 5 S LR P IR 0 2 5 i 2 52
f)(Fry et al., 1992; Agrawal et al., 2002). Tfi7E5 6 S
tuthk qPDH6E-1 J AL BT, FRATTAIN T — gtk i
it () %54 Glyma06g01500.1.

ST BRI PR IE A TE 2, DL
X e 5L R B 1A RS PR 2 5 5 S R RAH
KIHARA O, (HRTRATMB TR HAERK R AHM
(1) 22 58 - FL W 1 R g DA S /K S B AE K B 3T R
REVE ) V3 M 2% vhnl Be B 1 — 8 IR - b 4h,
Arnaud % (2011) 5B NG I, BB BT IX
ISP RE DR 31 Rt S SR ) T 2R e AT I 4%, XN
NP R T R I TR 4 ) % AN PR ) L A
FARAE T EE T FARATT [ .
3B EHE
3.1 ARl

KGREAR: g A 5 & 237(Glycine max Merr.,
CV. Jinbean 23), 7&K M J5 5 AN 5 54T
A B AR SRR <K A 37 (Glycine max Merr., CV.
ZDD2315), R G, JFERF AR KM 2T
5 DL ER BT TR S T ) A 1Y) A 5 R (reco-
mbinant inbred lines, RILs)/& & (JINF #44)112 4Nk
F (N X2, 2003)3) o L PE A AR & B E P AL
B2 SURRE e R AR A o

32 REBEEMEK QTL 4

96 5 7 25 (2005) F H K G JINF BEAA R R,
& T —ikBA 227 4 SSRs At K s L 81 A,
Ja RIS 7545 (2006) 5 T 1% BT 7T ) SSRs FRic A
LKA ERE R AL, ERFEA T KN
T AT TR A A 384 PRI S 3 T TINS5 45 (2006)
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L HIEEF ) 240 /> SSRs brid 4RI K241
AT T

7 SPSS 16.0 #f Analyze I f] Descriptive Sta-
tistics 7134 £ Frequencies, 7 JFAE e 1+ x4 15 HE )5
7£ Charts W11 #% Histogram i% 37 /2 With normal
curve J5 AT BRI AT I IE&S A Giit . 48
SPSS 16.0 %1t Analyze "~ Correlate #1i%+¥ Biva-
riate, %A J5 7t Options Hi% 71 Means and standard dev-
iations LA &z Excludes cases pairwise, {1 & Corre-
lation Coeffecients i 1l &y Pearson, Test of Signifi-
cance Hi% ¢ Two-tailed, %8 J5 1% 7 Flag significant
correlations Z JE T 3 MR EIRIAHICME BT %
AR QTL % fi7 /& #F WInQTLCat 2.5 #F (http://
statgen.ncsu.edu/qtlcart/WQTLCart.htm) o 5 N E 45
Ja, K CIM i, ¥ Walk speed ¥5E N 2, SRJEH#
By Manual Input % &4 11.50, HR NERIME.

3.3 H[AFE

A RE SR A AT HEATHERD 1 d, T 2011 4E 8
H 5 BTE#G A R RO IR T R 50 BT BTN
B s = AT R Al BEFPSR A 20 cm X 20 cm (1)
75 BHAT, R Y 4 kg (Y LR Rl — ARk
ATRIN—K), SEFHETEYE LR AU . 3 b
TAEARCEE 23X AT L) 3 %5, 112 4> RILs %
1%, MEFEM5~6 Fifh T, HHKE VABIGEL
ANZHEM RS 2 A WA TN, B
TREH 3 AR R o A8 T AR K AT 2 B R Be /K B B
SR OGN A B AR, FETEAH B A A K A i £ i
SR AE

3.4 KA 2
3.4.1 HIEFFRR R ATAY

KRG K% R8 WI(Full maturity, EI5 95%f)
GHMBIEA A, FREBE BA)N, [FRES
R, AEVEKS 10~20 NS, JEHAERRAET
T4 15d.

SRIGHEAT b2, FLAAR IR A2 75702 ) Tukamu-
habwa %5(2002) A 7T 1EAT, A AT sl), BKALAE
TR 80°CJa, MAJERHME 5h Ch TP IE T R
SN ZE RO GETT, W SE RN = A fE FERONEEAE),
SRIGEUE = MRS TR E ML, IS
BIERITE T, % LR %K AR TR
FEE, RIGTERMRRM 3 NEEHRFIME, F
F SPSS 16.0 343 HAEIE /341 (K] 4).
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201 Mean=0.57
Std.Dev.=0.193
N=111

SES
Frequency
S

00 02 04 06 08 1.0 1.2
pdr

Kl 4 112 NREMR R T EITTRYPIRE P I A S bt
fihi 2

Figure 4 The frequency distribution in 112 soybean plants for the
shattering rate

3.4.2 G R T LRI AL VR
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Figure 5 The frequency distribution in 112 soybean plants for the
rate of width and thickness of pods (T/W)
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