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QTL Analysis of Major Agronomic Traits in Soybean
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Abstract: [Objective] Soybean is a major crop, whose most agronomic traits are quantitative. Locating these quantitative trait
loci in soybean genes has strong application values. [Method] A F,.;o RIL population containing 154 lines derived from cross
between Charleston as female and Dongnong 594 as male parent were used in this experiment. A genetic linkage map was
constructed with 164 SSR primers screened in two parents and amplified in the 154 line population. 12 agronomic traits showing
polymorphic in parents were investigated and QTLs were analyzed. QTLs of all the traits were analyzed with software Windows
QTL Cartographer V2.0. [Result] The agronomic traits included the following quality traits: protein content, oil content, content of
protein and oil; yield traits: pods per plant, seed weight per plant, 100 seeds weight; and other agronomic traits such as plant height,
days to maturity, branches, nod number in main stem, average leaf length, average leaf width. Results showed that a total of 68 QTLs
were found in 12 agronomic traits. Number of QTLs per trait varied from 3 in average leaf width to 11 in 100 seeds weight and plant
height, with an average of 5.8. Good accordance was displayed in many QTLs between our results and those obtained by related
studies. These QTLs may provide valuable information for soybean molecular marker assistant breeding selection. [ Conclusion] In
this study, 68 major QTLs of 12 important soybean agronomic traits were located.
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1 MRE5AEE
1.1 REAH

PLE [F 2R KOG WA Charleston AEFA, ZRb
AN S B R R ARAR 594 K XA L HE Fogo 1R
A AASRM 154 MER N SR E . 2002 KA
154 MERLEAR AN R A7 80 H PR ke, BEAL
XA BT, SmATH, 3KEE . KEKRITEER, FIH
Perten8620 1T Z1 AN it 043 Hr S 3 £ 1 o 4% s
o 2003 SRR S AAE AR A AR R A I
56 FH AR RS AR, BEHLIX 2010t 5 m AT,
%3 RES . WA AR ZIR, ORGSR
ARSI IRIR, JFRIA Perten8620 BEAT &R 17
SR B A A T IR I E
1.2 SSR 43R
1.2.1 KELGA DNA [F$2HL 78 IR &k R AR

Fmt e, SR SDS VR EUEE/A DNA

1.2.2 SSR5IY) M Soybase M i fit (1) K & SSR
JEHIE 400 X514, T ANV RNE AR RLE TS
JIT R S 5 B s S 5 5 B B AR I B B it R Ay ik
5149,

1.2.3 5% PCR I RMERA 20 ul Nk
%: 30ng it DNA, 1.5 umolL™' 54 (3% Lis19)
ARSI 5 2.5 umol- L ANTP, 1.5 ul 10 X buffer,
1 U Taq M, HIEAEAKKN E 20 plo

PCR J% ¥ 7£ T-Gradient PCR {HHT, I 45 1F 4 -
95 C T 5 min, HEAFAIR: 94°CAME: 30s; 47CH
P£ 30 55 72°C ZE1H 30 s; T FR 20 ]G 4 72 °C ZEH 5 min,
BT 4C T RAT.

HLYK 7 i B PCR N AR F N 8 pl AR AL
4, loading buffer (7 PCR #Z I) , % T PCR {48
PE 10 min, RJEHNKKBEEYIFAH . PCR P=HI4E
6% 58 AR R AR AEDI P Jle b 23 B9, P bR SR F b e
) DYIII-88A %4, 7E 100 W fH I3 R HLIKZY 2 h.

BBTEN . H 10%iP9H+0.5% LR ] 5E B 3
min, FEHLE 10%T9H5+0.5% 2. 5+0.2% AgNO; e,
5 min, 7KL 2 min 5 7E 3% NaOH+0.5% F s 7 i
ff, 5~10min. HAH.

1.3 MRipE

QTL F3H FH A MR PR A — ST 3 E . K30
SRR A ARHES I (P ERE R RIET,
22 T AT R

d TR T A AR vE Dl . B A R o i
I 58 730 h bk R A RS, B S0g B R
Perten862 UL £LAM )it JTU A T A4S, FHE 73 Bk
(%) o SEAREBEL 1 AMRRME A0S = /h o
TRFLEH, HESHER (%) .

FEE PRI R A ARUE A . PR EBOR FR kA
IEH SR, MRRFEM 3 B, THEIME. R
or T T R A I A SRR, BEAR R D 3 Bk,
VHESAE . EORLEEE HE PR IE 5 45 SR R ORI
BI5)10 100 RIARE, A2 K WHHEIME (o) .

Hee R AR AR UE A« PR i 7E 5 ) 5 R
JEFE T SO 2 2 2K T (1 S PR A, S H
KALEFRI R (em) o A F WA B KGR
FEH A REL (D) o i EUE R 25 LI R
B AW R B — W ERN D, a8
R AEN . EEECR RN T AR S
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2R T (1) SR 1A PO SRR A 8~
10 5P AN FPP G (em) o ST 5E 2 1R
FEREH EEBE 8~10 5 52w o [A] /N i (1) - 2 i 5
(em) M,
1.4 BURGITH

I F Mapmaker/EXP3.0 1E B %A, M Thrid
EBE WL, FJH Windows QTL Cartographer V2.0 4T
A D RME B AR 2R QTLs, BMBISRLEE LR
(likehood ratio) A 11.5, EIXiA LOD fH KT 2.5
YE4 QTLs AA/EM e . FIAH MapChart 2.1 hiuAZ: il
BRI

2 HRE5SH
2.1 REMRKRFTM
BN A EBHEREILE 1. g 1 ]
DA HE, PN SEALE & A LB SR [ 2 Sk,
S th A HREPEIR G QTL 43 MR T et (s A 15 5t
RILs B A BR 2 19 35 B S PR GE T 2R F W 47
A, I 2 T U AR SRR I S M.
B AE2 22 S AR AR (RO 431 RO
WeAER IR ], BEaR. WA, B,

&2 RILs BARZIHR A

Table 2 Analysis of agronomic traits in RILs population

R 1 KERILBHFERANEZKLE

Table 1 Comparison of major traits between parents in RIL
population

PER JEA Parents
Trait Charleston NEAU594
% H T 7 & Protein content(%) 42.38 45.17
1432 Oil content(%) 19.63 21.83
FRRIEHL Pods per Plant 132.7 78.8
HLRRRL F Seed weight per plant(g) 20.4 17.3
IR EE 100-seed weight(g) 15.6 22.4
¥ Plant height (cm) 56.6 76.6
A H Y] Growth period 135 112
5% Branches 2.7 0
F 2K 40 Nodes of main stem 17.4 13.0
SPH4FK: Average leaf length (mm) 76 102
P35 Average leaf width (mm) 53 35

PRIEH . PRI, PORCE. 453E)PE. HEA. o
B FEIKEE LR SR TE R R IES 0, H
ARAMWEES; PR BRI B2 feEm
FEAE R A8, SBT3 B i B TEAE
HL2A WA T2 580 LB, B4R E
PEAR AU SERIBOTAH, W fRFE . SRR, fEAK
B A ENRI R IUN IEZS 3, D AIPERAT 2%

R

PR fe/MiE PN E I RN fiJ¥ Skewness W[ Kurtosis
Trait Minimum Maximum Mean STDEV Statistic STDEV Statistic STDEV
SRR Quality traits
Y
& ﬁ ) 37.70 43.87 40.74 1.34 0.22 0.20 -0.45 0.40
Protein content
955 H(%)0il content 19.29 23.30 21.09 0.86 0.19 0.20 -0.25 0.40
Al A (%

8 gl‘_( ) 59.88 63.84 61.82 0.90 0.04 0.20 -0.55 0.40
Pro and oil content
PR Yield traits
HRSE4L Pods per plant 36.47 113.78 67.84 14.33 0.17 0.20 -0.16 0.40
Pk
PR X © 36.33 114.66 79.01 14.73 -0.17 0.20 -0.19 0.40
Seed weight per plant
ORI (g)100-seed weight 14.81 27.06 20.13 2.35 0.34 0.20 0.33 0.40
He MR Other traits
¥k % (cm)Plant height 34.28 130.78 90.59 22.50 -0.57 0.20 -0.34 0.40
4 & 11(d)Growth period 134.00 153.00 147.18 4.94 -0.99 0.20 0.00 0.40
S F % Branches 0.06 5.74 1.90 1.31 0.79 0.20 0.21 0.40
EZ55% Nodes of main stem 7.83 22.56 16.79 3.17 -0.88 0.20 0.16 0.40
N2 Al D /.
PR (mm) 125.80 210.75 160.19 18.26 0.39 0.20 -0.56 0.40
Average leaf length
S B
PRI 5 (mim) 57.17 118.83 84.50 16.05 0.04 0.20 -1.52 0.40

Average leaf width
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Table 3 QTL analysis of agronomic trait in soybean

PRI B IR AR ZPEIRIEAT T 70, PRI 3.

Flk oL Hbit FNE R LR fi AR LOD {4 RS IR
Traits Linkage group Nearby primer (cM) LR value LOD value Explainable variation ~ Additive effects
MR WaeE Qsoil 1 GM4-B2 Satt094 (11.0) - Qsoil 1- (28.2) Satt536 233 5.04 21.98% 043
Quality traits Oil content Qsoil 2 GM7-Dla Sat 001 (0.0) -Qsoil 2- (7.3) Sat 114 37.82 821 18.10% 0.52
Qsoil 3 GMI9-N Satt257 (17.0) - Qsoil 3- (5.9) SattSs1 19.34 420 13.17% -0.32
Qsoil 4 GMI9-N Satts51 (5.0) - Qsoil 4- (18.8) Satt022 18.82 408 12.73% -0.32
HAGE Qspro 1 GM8-DIb Sat 135 (13.0) -Qspro I- (0.2) Satt537 11.68 253 5.16% 0.35
Protein content ~ Qspro 2 GMI10-E Satt263 (0.0) - Qspro2- (0.9) Sattl51 2107 587 14.14% 0.54
Qspro3 GMI0-E Satt151 (5.0) - Qspro3- (1.6) Sattl17 2361 5.12 14.29% 0.52
Qspro4 GMI9-N Satt445 (4.0) - Qspro4- (269) Satt257 18.67 405 13.46% 053
Qspro 5 GM20-0 Satt173 (9.0) - Qspro5- (6.6) Satt581 12.93 281 12.09% 055
EbE Qsproil 1 GM2-A2 Satt468 (39.0) - Qsproil 1- (0.7) Satt327 12,00 260 5.56% 0.2
Pro and ol Qsproil 2 GM§-C2 Satt202 (5.0) - Qsproil 2- (22) Satt134 2755 598 15.44% 0.42
content Qsproil 3 GM§-C2 Satt289 (2.0) - Qsproil 3- (6.0) Satt277 3249 7.05 16.80% 0.46
Qsproil 4 GMI0-E Satt263 (0.0) - Qsproil 4- (0.9) Satt151 14.82 3 6.62% 0.24
Qsproil 5 GMI0-E Satt117 (1.0) - Qsproil 5- (1.5) Sattd52 14.64 318 6.58% 0.24
PR RN Qsppp | GM6-C2 Satt334 (33.0) - Qsppp 1- (5.4) Satt002 1597 346 12.67% -6.34
Yield traits ~ Pods perplant ~ Qsppp 2 GM6-C2 Satt002 (2.0) - Qsppp 2- (2.8) Sat 092 20.86 453 9.52% -5.78
Qsppp 3 GM§-C2 Sat 092 (4.0) - Qsppp 3- (9.0) Satt460 19.70 427 8.94% 519
Qsppp 4 GM20-0 Satt173 (12.0) - Qsppp4- (3.6) Satt581 1522 330 8.11% -491
FHRRE Qsswpp 1 GMI-Al Satt300 (0.0) - Qsswpp 1- (7.3) Satt522 27.96 6.07 12.56% 710
Seed weight ~ Qsswpp2 GMI-Al Satts22 (3.0) - Qsswpp 2- (4.0) Satt571 251 489 14.32% 9.22
per plant Qsswpp 3 GMI-Al Satt276 (9.0) - Qsswpp 3- (3.6) Sat 119 30.61 6.64 21.06% -8.56
Qsswpp 4 GM5-Cl Satt195 (1.0) - Qsswpp 4- (10.9) Sat 042 19.38 420 9.63% 467
Qsswpp 5 GM6-C2 Satt372 (39.0) - Qsswpp 5- (5.2) Satt076 3131 6.80 26.28% -8.48
Qsswpp 6 GM§-C2 Satt076 (4.0) - Qsswpp 6- (23.1) Satt334 3101 6.73 23.16% -8.26
Qsswpp 7 GMI9-N Sat 095 (6.0) - Qsswpp7- (1.6) Sat 091 16.4 357 15.14% 671
A Qsswph 1 GMI-Al Satts22 (5.0) - Qsswph 1- (1.0) Satt571 30.79 6.68 14.16% -121
100-seed Qsswph 2 GMI-Al Satt587 (6.0) - Qsswph 2- (2.9) Satt276 2028 404 9.11% -0.88
weight Qsswph 3 GMI-Al Sat 119 (9.0) - Qsswph3- (1.3) Satt242 3675 798 19.78% 140
Qsswph 4 GMI-Al Satt242 (4.0) - Qsswph4- (20.0) Sat 105 37.66 8.17 24.76% 152
Qsswph 5 GMI-Al Satt390 (0.0) - Qsswph 5- (18.2) Satt218 1737 37 7.36% -0.68
Qsswph 6 GM3-BI Satt509 (11.0) - Qsswph 6- (2.9) Satt197 1371 298 771% 085
Qsswph 7 GMI9-N Sat 095 (6.0) - Qsswph 7- (11.6) Sat 091 12.99 28 11.84% -1.03
Qsswph 8 GM20-0 Satt331 (1.0) - Qsswph 8- (144) Sattl73 22,56 490 12.33% 117
ek HE Qspl 1 GMI-Al Sct 067 (20.0) -Qspl 1- (1.4) Sattsds 1845 400 6.15% 742
Other traits ~ Plant height Qspl 2 GMI-Al Satt545 (5.0) - Qspl 2- (254) Sat 087 18.98 412 9.10% -8.19
Qspl 3 GMI-Al Satt276 (9.0) - Qspl 3- (3.6) Sat 119 13.60 295 4.94% -6.05
Qspld GM3-Bl Satt426 (3.0) - Qspl4- (15.6) SattS09 42,56 9.23 17.82% 12.26
Qspl 5 GM3-Bl Satt509 (9.0) - Qspl 5- (49) Satt197 215 467 11.71% 10.75
Qspl 6 GM3-Bl Satt197 (1.0) - Qspl 6- (2.1) Satt251 19.28 418 7.95% 9.84
Qspl 7 GM7-Dla Satt502 (8.0) - Qspl 7- (0.8) Satt342 2.15 412 1.71% -6.49
Qspl 8 GMI0-E Satt263 (0.0) - Qspl 8- (09) SattI51 13.06 283 3.68% 447
EEHM Qsmp 1 GM6-C2 Satt202 (5.0) - Qsmp 1- (2.2) Satt134 3768 8.18 25.85% 346
Growthperiod ~~ Qsmp 2 GM6-C2 Satt243 (0.0) - Qsmp2- (3.8) Satt341 15.75 34 6.45% 1.83
Qsmp 3 GM7-Dla Satt495 (3.0) - Qsmp 3- (9.8) Satt584 3146 6.83 15.30% -3.26
Qsmp4 GM7-Dla Satt084 (5.0) - Qsmp 4- (7.6) Satt220 1235 268 12.35% 253
it Qb1 GM3-BI Satt233 (18.0) -Qsb 1- (7.8) Sattd26 2485 539 21.07% 075
Branches Qsh2 GM3-Bl Satt426 (8.0) - Qs 2- (10.6) SattS09 21.86 474 16.34% -0.68
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%% 3 Continue table 3

Qsh3 GM3-B1 Satt509 (10.0) - Qs 3- (3.9) Satt197 043 7.04 20.50% -0.84
Qsb4 GM§-C2 Satt334 (25.0) - Qsb4- (11.4) Satt002 16.84 365 21.88% 0.7
Qshs GM§-C2 Satt002 (3.0) -Qsb5- (1.8) Sat 092 17.06 370 6.02% 0.4
Qb6 GM§-C2 Sat 092 (4.0) - Qsh6- (9.0) Satt460 16.76 3.64 7.17% -0.48
Qb7 GMI0-E Satt263 (0.0) -Qsb7- (0.9) Satt151 19.10 414 6.04% 033
FEH Qsmn 1 GMI-Al Sct 067 (19.0) -Qsmn 1- (2.4) Satt545 4027 8.74 16.56% -1.38
Nodesof Qsmn 2 GMI-Al Satt545 (7.0) - Qsmn2- (23.4) Sat 087 42,54 9.3 2153% -1.54
main stem Qsmn 3 GM3-BI Satt233 (24.0) - Qsmn3- (1.8) Satt426 30.78 6.68 13.05% 1.56
Qsmn 4 GM3-BI Satt426 (8.0) - Qsmn4- (10.6) Satt509 60.72 13.18 28.46% 28
Qsmn S GM3-BI Satt509 (8.0) - Qsmn 5- (5.9) Satt197 317 8.07 23.01% 234
Qsmn 6 GM3-Bl Satt197 (1.0) - Qsmn 6- (2.1) Satt251 1493 324 7.12% 143
Qsmn 7 GM7-Dla Satt502 (8.0) - Qsmn7- (0.8) Satt342 22.86 496 7.93% -0.92
SRSLEN Qsall 1 GMI-Al Sat 087 (13.0) - Qsall I- (7.7) Satt200 40.16 8.71 19.64% 1035
Averageleaf  Qsall2 GMI-Al Satt200 (2.0) - Qsall 2- (14.4) Satt164 34.04 7.39 1291% 8.18
length Qsall3 GMI-Al Satt164 (13.0) - Qsall 3- (11.0) Sat 105 1521 331 9.46% -1.02
Qsall 4 GM4-B2 Satt094 (39.0) - Qsall 4- (0.2) Satt556 16.02 348 439% 3.99
Qsall 5 GM4-B2 Satt272 (9.0) - Qsall 5- (0.5) Satt168 13.62 296 4.04% 3.96
Qsall 6 GM§-C2 Sat 103 (11.0) - Qsall 6- (2.0) Sct 033 13.89 301 6.14% 55
A5 Qsalb 1 GMI-Al Satt545 (21.0) - Qsalb 1- (9.4) Sat 087 49.57 10.76 21.41% -15.68
Average leaf  Qsalb2 GMI-Al Sat 087 (14.0) - Qsalb 2- (6.7) Satt200 167.28 36.30 49.67% -15.35
width Qsalb 3 GMI-Al Satt200 (2.0) - Qsal 3- (144) Sattl64 13277 28.81 46.15% -14.03

2.2.1 fnJEPER dh IR, R R AR

i€ 7 5 A QTL f7s%, f7 T GM8-D1b. GMI10-E.
GM19-N Fl GM20-O 45 4 5B B TR A e
KB 5.16%~14.29% 2 18], i 2% v il 4
~0.35~0.55 2 [A] o 5533 & |AT KM T 4 4 QTL
P i, AT GM4-B2. GM7-Dla Al GM19-N %% 3 4%
BURE b o PTRRE A S R/ IR 12.73%~21.98%2
5], IRy s FIAE-0.43~0.52 2 i), SEMRME
KIHfE T 5/~ QTL AL s, 7T GM2-A2. GM6-C2
1 GMI0-E % 3 880 . nl iR i) 48 Sy [ A2 )
1 5.56%~16.80% 7], MLV EETE 0.21~0.46
Z i,

2.2.2 rERPRR S UEMERT, 5RO
E T 4 QTL A7 A%, 7T GM6-C2 Fl GM20-0 %5 2
SRIEBUE B IR AS 2 KN TE FLAE 8.11% ~
12.67%2. 10, INPERNIEHI{E-6.34~-4.91 ZIf]. Y
UM EEAT G2 T 74 QTL A&, 7T GM1-Al,
GM5-C1. GM6-C2 F1 GM19-N %5 4 S8R E. nf
FRFE AR S RN 9.63%~26.28%2 1], ANtE%L
MU AE-8.56~9.22 2 [f]. 5 R EA KM T 7
A QTL £7 14, 7T GM1-Al. GM3-Bl. GMI19-N Al
GM20-O %5 4 ZEEB0RE o mlfARE (AR S K /N il
7.36%~24.76%2 ], MPERNVIEHE-1.21~1.52 2
[A] o

2.2.3 HeRZMWR HegZrERd, SHEEA R

MIffE T 8 A~ QTL A A%, A7+ GM1-Al. GM3-Bl,
GM7-Dla fl GM10-E %5 4 7B o Tl B 148 5
KNTEEAE 3.68%~17.82% 2 18], Ik 25 3 [ £
-8.19~12.26 A, S54AH WA RKKME T 4 > QTL
i, AT GM6-C2 il GM7-Dla %5 2 3680 .
AT AR IR S K/ME FEIAE 6.45%~25.85%2 7], NPk
RN I E-3.46~2.53 Z 1] 5 R8CA R E T
74 QTL f7 45, fiT GM3-Bl. GM6-C2 Fil GM10-E
B3 BV B TR AR S K/ NE AR 6.04%~
21.88% [1], INERL NG HIE-0.84~-0.33 Z[f]. L

ZEHCE KRR E T 7 QTL AL A, 7T GMI1-Al.
GM3-B1 fil GM7-Dla % 3 438 L. nl i B 148 ¢
KNTEFIAE 7.12%~28.46% 2 8], Ttk 24 W 3 FBl 76
-1.54~2.34 2 [il. 5P CHIE T 6 A QTL
7, AT GMI1-Al. GM4-B2 Fll GM6-C2 %5 3 4%
B b AIRRE IR AR e KB HIE 4.04%~19.64%2
B, RN Y FEl£E-7.02~10.35 2 [a], 5573458
HRMET 3 A QTL A7 4%, LT GMI-A1 &8
o ATRRRE AR S K/ S EITE 21.41%~49.67%2 [,
TR N s BRI AE-15.68 ~-14.03 2 [H].

3 itig
KBTI T A8 20 ASEEBLRER A o (% [,

FEXFREEEREMEIREIT T QTL 2¥71. 11 NRE
PEIRILSHTAER] T 68 4> QTLs, {HIX4E QTLs 7r 4
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BE EIEARI S A . A IIEBTRA H I QTLs &
%, W GMI1-A1 Jy 20 4>, GM6-C2 24 15 4>, GM3-Bl
11 AN AR AR, W GM19-N 4 5
A, GM4-B2 J 3 4>, GM2-A2. GM5-Cl. GMS8-D1b
B 1A oA SRR R A A Y QTLs, Wl GM9-DI .
GMI1-F. GMI2-G. GM13-H. GMI14-I. GMI15-],
GM16-K. GM17-L. GMI18-M. #—Jjifi, WL
S TARICE A QTLs HAMRIELL, &% M
GM7-Dla #BUHEAT 28 4> SSR 4> Fhrid, HIEAH 5
/> QTLs, GM8-D1b 45 11 /> SSR 3 Thxid, HAH 1
> QTL; GMI1-Al Fl GM6-C2 %45 19 4NF1 18 4> SSR
S TARIE, KT 20 ANRT 15 AN QTLs, GM3-B1 &4
BEA 9 1 SSR rFhrid, FrH 11 4> QTLs. UiHA
WFFE R 5 1) QTL A AR QTL J3 ARtk
hf, UV T e S KGN MR B ROERE. S
WAMABFR LK, fEERE, EARSE. oy
B BRSO B AR O — B X
PEUE 2T A PR AR IR G QTL 76 K G
AT S A BN AR AR A R

AT SR FH IR 58 AR RE 2 26 B 2P JR A K 5 it Fof
Charleston FlE A (1R 8 TR A R ARAK 594, 5EN
AMRIFCE BEACSE AR A LL, Charleston 144 594 £F
J PR YRR A ORI ZE S, AR TR
PR ISR, BlkAE QTL Efr b BATHEZ 1L
e, e AR PRI QTL A7 5.

Ui, AREEHAREA AR, HRED
HRBALAL L C L2ty , RIS T s kG
TR EARR QTL A7 AU B /R IL I RN, HIARE
I AR T e o R VA [ LGy B S A NS N
(1) 2N 3, Lark 070 A I PERON & BT QTL
P (e SR IR IR, A s BB RN AN,
Nt DN CE PEy VUNA SN =R OR R IN IR AV NI
KPS AR () QTL 4347 58 oy S35 RS o5 e
PLBO SRS B BLAEAE S 3t 75 EER Py AR AR 3t
AT 53 BTl m] IR 2 B AL BE AR AT A 1R B LA 3
LSRR TR N

4 g

L Charleston Fl1Z: 4% 594 Kt Fy o fREH4L A R
1) 154 DNRER N SEEA B, XRESEANMFIRNZER 12
MR EHIRPEAT T A, JFEAT T QTL 4047, 45E
1, 12 AMRETRRILR T 68 4 QTLs. &R

QTLs A tH MBI 5619 3 BRI bR
(17 8 A, PRI 5.8 4> L5 [ A S
AR QTL Kl 45 RAEL, 2R QTL AL 4%
)8, VW] QTL AlvERf R 8, ATLLit—2P T
VSRl NSELR
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