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Abstract: [Objective] The present study was aimed to reveal the correlation between yield and biomass, leaf area and yield
components, and to detect and map the QTLs of the yield-related traits. [Method] The 184 recombinant inbred lines derived from
a cross between geographically and genetically distant parents, Kefeng 1 from northern China and Nannong 1138-2 from southern

China, were tested in two years and then analyzed for detecting and mapping QTLs of the traits related to yield. [Result] A very

significant positive correlation was observed between yield and above ground biomass, leaf area index, root weight, canopy width
and canopy height with r values of 0.5-0.7. Seven QTLs of above ground biomass were mapped with contribution rate of
6.2%-21.1% and one QTL (qSBO-1) repeatedly detected in both years while eight QTLs of root weight mapped with contribution
rate of 5.2%-20.1% and one QTL (qRTB1-1) repeatedly detected. Five QTLs of R1 leaf area index were mapped with contribution
rate of 6.4%-17.2% while five QTLs of R3 leaf area index mapped with contribution rate of 7.3%-26.2% and one QTL (qLAIR3A2)
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repeatedly detected. Four QTLs of canopy width were mapped with contribution rate of 6.3%-13.1% and one QTL (QCWD1b-2)
repeatedly detected while 11 QTLs of canopy height mapped with contribution rate of 5.2%-9.2% and four QTLs repeatedly detected.
Six, two and one QTL of 100-seed weight, number of seeds per pod and number of pods per plant, respectively, were mapped with
their contribution rate of 6.9%-15.7%. Five and three QTLs of number of pods on branches and number of pods on main stem,
respectively, were mapped with their contribution rate of 6.3%-11.1%. Eight and three QTLs of number of nodes on main stem and
effective number of branches, respectively, were mapped with their contribution rate of 4.7%-15.2%. There was one QTL shared by
above ground biomass and root weight, two QTLs shared by R1 and R3 leaf area index, two QTLs by canopy width and height, one
by yield and number of pods per plant, one by 100-seed weight and number of pods on branches, one by number of seeds per pod and
number of nodes on main stem, and one by number of pods on branches and effective number of branches. [Conclusion] A total of
68 QTLs were mapped for 13 yield-related traits. Among them, only a small part was repeatedly detected in both years, implied their
expression depended on years or environmental conditions. Although significant correlations existed among the traits extensively,
only a small part of the QTLs was shared between the traits, which indicted different gene systems for various traits. There were few
QTLs with large contribution found in the yield-related traits, thus breeding technology for pyramiding multiple genes should be
considered for yield improvement.
Key words: soybean; yield; biomass; leaf trait; yield component; correlation; QTL mapping
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Table 1  Frequency distribution and ANOVA of the traits in NJRIKY

2 I i) WHUMi Frequency distribution F

Trait Time

[ 2005 #idiE Mid 68200 838.00 995.00 1151.00 1307.00 1464.00 1620.00 1776.00 1933.00 2089.00 2245.00 2402.00 2558.00 4.80%*

Yield f 1 +p 3 6 11 15 30 43 4 21 6+p, 4 2

(kghm?) 2006 gipfiMid  790.00 959.00 1128.00 1297.00 1466.00 1635.00 1805.00 1974.00 2143.00 2312.00 248100 2650.00 2820.00 2.70%*
f 4p; 2 6 8 13 26 30 33 34p, 17 8 5 4

GR7} 2005 #AdiE Mid  1932.00 2584.00 3236.00 3888.00 4540.00 5192.00 5844.00 6496.00 7148.00 7800.00 8452.00 9104.00 9756.00  1.9%*

Biomass f 1 6+p; 15 9 27 36 27 31 19+p, 9 2 1 1

kghm?) 2006 gl Mid  1992.00 2482.00 2971.00 3461.00 3951.00 4440.00 4930.00 5419.00 5909.00 6398.00 6888.00 7378.00 105100 2.00%*
f 3 T4 20 15 25 31 26 17+p, 17 10 6 2 1

R 2005 A Mid 198 269.00 340.00 411.00 482.00 553.00 625.00 696.00 767.00 838.00 909.00 980.00 7867.00 3.50**

Root weight f 3 8tp, 21 27 33 34 36 1+p, 5 4 1 0 5

kghm?) 2006 aifEMid 55 165.00 27500 384.00 494.00 604.00 714.00 824.00 934.00 1044.00 1153.00 1263.00 1373.00 1.40**
f 3 1l+p, 34 55 53 14+p, 9 3 0 1 0 0 1

RL Mifi 2005  AdEMid 097 119 140 162 184 206 228 249 271 293 315 337 359 1.90%%

USRS f 2 24p 5 9 17 23 27 29 31+p, 24 16 5 6

RILAI 2006 4ifEMid 03 05+, 070 080 110 130 150 170 180  2.1+p, 230 250 270 300+
f 1 2 4 14 23 36 31 34 26 15 7 1 1

R3 H-{fi 2005  AdEMid - 116 142 168 194 220 246 271 297 323 349 375 400 426 2.80%*

SR 4 f 3 +p 6 8 12 16 33 36 27 26+p, 8 10 10

R3LAI 2006 AIH{EMid 1 122 145 167 189 211 233 256 278 300 322 344 366  270%*
f 4 3 17 28 36 29 38 23 9 6tp, 1 0 1

b 5 2005 #AdiEMid 2340  25.00 2660 2820 29.80 3140 3290 3450 3610 3770 39.30 4090 4250  1.70%*

Canopy f 1 0+py 1 4p; 16 18 17 39 29+p, 23 214p, 10 8

width 2006 AdEMid 3030 3240 3450 3650 3860 4070 4280 4490 47.00 49.00 5110 5320 5530  1.80%*

(cm) f 8 14 26+, 33 4 3 16 11 1 1p, 1 0 1

e 2005 4P Mid 3430 3660 3890 4120 4360 4590 4820 5050 5280 5510 5740 5970 6200  3.80**

Canopy f 2 1+p; 8 14 26 22 31 23 25 13 12+p, 4 3

height 2006 AT Mid 3480 3750 4020 42.80 4550 4820 5080 5350 5620 58.80 6150 6420 66.80  4.10%*

(cm) f 2p 7 3 15 26 27 3 23 14 154, 5 4 2

MRS 2006 ZdfMid  23.00 2750 3190 3640 4090 4530 4980 5430 5870 6320 67.70 7210 7660  2.80**

Pod no. per f 1 5ip, 12 24 3Ty, 42 30 15 10 5 2 0 1

plant

FrRLE 2006 AdEMid  7.70 850 920 1000 1080 1160 1240 1310 1390 1470 1550 1620 17.00  13.00**

100 seed f 1+ 1 8 17 29 32 35 25 17 5 7 5+p, 2

weight (9)

SR 2006 AdEMid 110 120 130 140 150 160 170 180 190 200 210 220 240 1.40%%

Seed no. f 3 0 5 13 214p, 35 34 34 23+p, 11 1 1 3

per pod

HROMEH 2006 4lfH Mid  1.30 180 230 280 330 38 430 48 530 58 630 68  7.30 3.20%*

Effective f 1 1 44p, 25 37 444p, 33 22 8 4 2 2 1

branches

SRR 2006 AT Mid  6.00 920 1240 1560 1880 22.00 2520 2840 31.60 3470 37.90 4110 4430  2.70%*

Pod no. on f 1 4+p, 17 34 38 32+p; 26 15 9 6 0 0 2

branch

LEIH 2006 AP Mid 1390 1600 1810 2020 2230 2440 2650 2860 3070 3280 3490 37.00 3910  3.20%*

Pod no. on f 5 15 17+p; 23 29+p, 27 20 20 16 4 6 1 1

main stem

LEFH 2006 APfEMid 1010 1110 1210 1310 1400 1500 1600 1690 1790 1890 19.90 20.80 21.80  15.00**

Node no. on f 1 3 7+ 19 32 37 26 16 8+p, 8 14 8 5

main stem

Pi: BIE 145, P MR 1138-2. * Forig® (P<0.05);
P1: Kefeng 1, P,: Nannong1138-2. *: Significant at P<<0.05; **: Significant at P<<0.01. Mid = mid-point of the class value; f = frequency

** FoRREE (P<00DL). Mid: 41PqE; f: 4%
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Table 2 Correlation among yield and agronomic traits
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Trait Biomass Root 5% %  Canopy Canopy J%  100seed Seedno. Effective Podno. Podno. Node no.
weight LAl LAI width height Pod no.per weight perpod branches onbranch onmain onmain

(R1) (R3) plant stem stem

RE 0.74**

Root weight 0.64**

T A B 0.54**  0.40%*

LAI (R1) 0.63**  0.59**

T A B 0.72**  0.63** 0.65**

LAI(R3) 0.61**  0.56** 0.89**

S J2 9 0.41**  0.30** 0.50** 0.44**

Canopy width 0.54**  0.32** 0.55** 0.52**

S S 0.46**  0.34** 0.54** 0.42** 0.49**

Canopy height 0.69**  0.46** 0.56** 0.57** 0.63**

PRI 0.25**  0.26** 0.40** 0.38** 0.14 0.15

Pod no.per plant

Ep A 0.32**  0.19* 0.10 0.14 0.20* 0.33**  -0.36**

100 seed weight

FERLEL 0.21* 0.24** 0.19*  0.18* 0.08 0.07 0.02 -0.02

Seed no. per pod

AR B 0.08 010 012 010 -0.05 0.01 0.48**  -0.15* -0.0

Effective branches

TS 0.07 0.07  0.20* 0.17* 0.01 -0.05 0.80%*  -0.35** -0.07 0.77**

Pod no. on branch

TZEJE4L Pod no. 0.33**  0.35%* 0.42** 0.43** 0.22**  0.31** 0.70** -0.19* 0.11 -0.13 0.13

on main stem

FZE40 Node  0.35%*  0.53** 0.54** 0.50%* 0.13 0.20** 0.50** -0.09 0.10 0.27**  0.33**  0.42**

no. on main stem

s 0.72**  0.58** 0.55** 0.66** 0.42**  0.45** 0.28** 0.28**  0.28**  0.11 0.13 0.31**  0.22**

Yield 0.66**  0.47** 0.54** 0.51** 0.52**  0.55**

YUAREREOPAT 2 MEUE N,  RF0R 2005 4RI L5, T Ok 2006 EIRIR L L. * FRoREE (P<0.05); ** R EFE (P<0.0D)
If there are two figures in one cell, the upper one is from 2005 experiment and the lower one is from 2006 experiment. *: Significant at P<<0.05; **: Significant

at P<<0.01
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DURAEE 10.2%~11.2%, SERHIEREK H R 1138-2, &
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Table 3 QTL mapping for biomass of shoot and root in NJRIKY

A520T [ JE 3.1 cM. (3)0 BEIRE satt331-sat_274
1 GMKF082b-satt331 [X [f] f) gRTO-2 Il gRTO-3 LOD
HRPEIIER, 43 91T 2005 FiI 2006 44 H, 1AL
PR AR 145 3 X EA R, HEIE—Mrd,
FHEEAL 3.4 M, AIHEZ R —A QTL.  (4) {Edridx
] Satt592-GMKFO082b [r] Hsf A8l FII AR F Akl b3 2E )
I QTL, MM Wi AR 1 S, A
[ o 398 b A SR AE R Y (R 3D .

PEIR gy BRI QTL frE BRI LOD RA%)  IPEROS  EAFIXTE
Trait Year Linkage Position Flanking marker Additive Confidence
group effect interval
Mo BB R 2005 B1 qSBB1-1 50.1 GMKF082¢-GMKF168b 6.1 14.3 -555.4 43.8-54.8
A_bo"e ground B1 qSBB1-2 64.8 GMKF168b-GMKF046 7.1 21.1 -676.1 57.4-69.4
Plomass 0 qSBO-1 34.6 Satt592-GMKF082b 34 8.2 394.1 32.6-56.8
0 qSBO-2 44.4 satt331-sat_274 4.6 8.2 430.0 42.3-52
2006 D1b qSBD1b 51.4 AB91T-K477I 45 8.1 -375.0 46-55.6
D2 qSBD2 63.0 Satt458-satt135 5.1 10.1 -4145 57.7-66.8
0 qSBO-3 323 LE23T-Satt592 3.0 6.2 332.8 24.9-54.3
qSBO-1 38.2 Satt592-GMKF082b 4.7 9.1 387.3 34.1-42.1
W 2005 B1 qRTB1-1 2232 Satt597-A520T 4.7 10.2 -47.2 216.9-230
Root weight F2 gRTF2 42.8 Satt252-W 2.9 5.4 -338 39-48.4
gRTO-1 34.6 Satt592-GMKF082b 5.2 11.2 47.6 32.6-57.5
0 qRTO-2 45.6 satt331-sat_274 7.7 15.3 585 41.7-46.1
2006 B1 qRTB1-1  226.3 Satt597-A520T 53 11.2 -58.5 220.9-231.9
B1 qRTB1-2 2353 AL118T-Sat_128 38 9.2 -52.0 217.2-241.3
D1b qRTD1b 51.4 AB91T-K477I 36 6.1 -43.3 45.3-54.3
D2 qRTD2 127.3 satt669-Sat_292 3.2 5.2 41.0 114.1-133.6
o gRTO-3 42.2 GMKF082b-satt331 9.9 20.1 79.7 38.3-44.3

IR Sy IE I ASEA R 15, A AR MR 1138-2, FIAESR AR R Z QTL WEER A M 5T QTL k=, FH
The allele with positive additive effect is from Kefeng 1 while that with negative one is from Nannong 1138-2. The boldface linked markers denote the related

QTL was detected in both years or the same of another trait. The same as below

2.3 MERMHAK QTL 4947

2.3.1 "FEAHEE (D A NIRIKY BN EH1EI
(RD) AT A2, B1. M [ 5 AN
QTL, MBZEL 6.4%~17.2% 2 [7], 2 ‘ERKMF|F
JERIEN QTL. &5 F WA 2147 T A2, B1. M. C1.
D1b ) 5 ANHHIFFE B QTL, MRRAE 7.3%~26.2%
Z I8, PRAEA A R QTL AR . (2) 453%
M1 (R3) MHARFEEN T A2 HBTRE LE44D-Sat_036b
X Al Y] qLAIR3A2 PHAERRERI tH, TuikE 7.2%~
13.2%, ML A EESE AR AR 1138-2,  (3) 4

J¢ 3 o T R s BOAL T Bl OJE B EE GMKF082¢-
GMKF168b ff] qLAIR3B1-1 W4, FEATMkR
it 4.7 cM, TTHRZE 13.2%~15.3%, BREE K A il
A 1138-2. (4) 5 gLAIR3B1-1 AHAFIX [H [
qLAIR3B1-2 H 4Rk HAE 2005 EH i, (HotkERHE A

(R*=26.2%) , Hijt[Akric GMKF168b 8.0 cM, 1%
FEN ok B AR 1138-2. (5) 2006 4EA H ) R1 I
R A 2 AN 5SS TARFR S0 gLAIR3A2 F
gLAIR3B1-1 H &, 1) H] LE44D-Sat 036b 1 GMKF082¢c-
GMKF168b [1J3X 2 AN a5 ] B 48 il 44 J1 R 5 ST i AR
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8% (R4 .

2.3.2 BERES

AR E AR 1138-2.  (2) )2 M e QTL B4R

(1) WAL 267 T Db, 1. Ko E] 11 4, 7T C2. Dlb. D2. H. N. O ZEHiE

O IEBRER 4 N e )2 %6 < QTL, R K AE 6.3%~
13.1% 2 [8], HHrh D1b i Satt558-Satt157 [X [i] P4 Fa
JERIH ) gqCWD1b-2, TIik# 8.0%~13.1%, HiRLKE

&4 NJRIKY BEIRRTERIEAR QTL A2 L5 R
Table 4 QTL mapping of leaf traits in NJRIKY

b, RN 5.2%~9.2%. L H I sat_218-satt434
[ [ ff] qCHH-1.0 _I- satt128-Satt473 [X [fi f}] qCHO-1.
O | satt262-satt173 [x [ f) gCHO-2 #i1 O I~ sat_291-

LERN MY EBIRF QTL P S NS LOD R? TERER  EAEXI
Trait Year Linkage Position  Flanking marker (%) Additive  Confidence
group effect interval

- AL 5 2005 A2 gLAIR1A2-1 89.3  B172T-sat_162 3.2 8.1 -0.15 81.8-98.2
Leafareaindex 5595  Ap gLAIR1A2-2 3145  LE44D-Sat_036b 3.4 8.2 0.11 307.1-323.4
R B1 gLAIR1B1-1 385  GMKF177-GMKF082c 6.1 14.1 -0.15 31.7-51.2
B1 gLAIR1B1-2 441  GMKF082c-GMKF168b 6.5 17.2 -0.17 32.5-49.6

M gLAIRIM 55 sat_148-satt245 3.2 6.4 -0.10 53.3-61.6

TR 5 2005 A2 gLAIR3A2 3165  LE44D-Sat_036b 3.0 7.2 018  307.1-3247
Leaf area index B1 gLAIR3B1-1 50.1  GMKF082c-GMKF168b 6.0 15.3 -0.27 44.0-54.8
®3) B1 gLAIR3B1-2 628  GMKF168b-GMKF046 8.0 26.2 -0.34 57.9-67.5
c1 gLAIR3C1 41  Gpatr-K300 3.3 8.2 0.19 0.0-15.4

2006 A2 gLAIR3A2 3145  LE44D-Sat_036b 4.6 132 019  313.7-319.8

B1 gLAIR3B1-1 501  GMKF082c-GMKF168b 45 132 -0.16 44.0-61.7

D1b gLAIR3D1b 457  satt634-LC5T 3.0 73 -0.12 35.7-50

k)2 5 2005  Dib qCWD1b-1 67.7  K4771-Satt558 45 11.2 -1.2 61.4-75.3
Canopy width D1b qCWD1b-2 766  Satt558-Sattl57 6.0 131 13 74.6-78.6
2006  Dib qCWD1b-2 726  Satt558-Satt157 3.7 8.0 -1.2 65.2-78.1

I qcwi 951  B39V-Sat 419 43 8.0 -1.2 90.0-102.1

o) qCWo 98.4  satt262-satt173 3.1 6.3 -1.0 95.6-100.6

Y= 2005  C2 qCHC2 1783  GMKF059a-satt319 5.2 9.1 -1.7 171.8-181.7
Canopy height D1b qCHD1b 795  Satt558-Sattl57 35 5.4 14 72.7-79.2
H qCHH-1 327  sat_218-satt434 4.2 7.2 -15 27.8-38

H qCHH-2 420  satt434-B148T 3.9 7.4 -15 38.0-44.2

N qCHN 154.6  Sat_379-Sct_195 55 9.3 -1.7 143.2-156.6

o) qCHO-1 927  satt128-Satt473 5.1 9.2 -1.7 86.9-101.2

o) qCHO-2 99.1  satt262-satt173 5.4 8.0 -1.6 96.1-104.6

o) qCHO-3 105.3  sat_291-satt608 48 8.1 -15 103-109.6

2006  Dib qCHD1b-1 514  AB91T-K477I 3.7 7.2 -1.7 43.5-56.3

D1b qCHD1b-2 69.7  K4771-Satt558 35 7.4 1.7 64.1-70.0

D2 qCHD2 632  Satt458-satt135 4.2 8.2 2.4 60.9-67.6

H qCHH-1 38 sat_218-satt434 3.0 5.2 -1.6 32.9-44.6

o qCHO-1 927  satt128-Sattd73 33 72 -1.8 86.4-103.7

o qCHO-2 98.4  satt262-satt173 44 83 -1.9 95.1-99.1

o qCHO-3 103 sat_291-satt608 34 6.1 1.7 96.8-107.4
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satt608 X [H][1) qCHO-3 7E 2 4EFiR 50 H ¥ 55 A Al
B, WIMOENYIR ARk 1138-2. (3) L4 QTL H,
7k )2 98 1 qCWD1b-2 Al qCWO 576t J2 151 1) qCHD1b A1l
qCHO-2 &, Je[nl 2l 2 %6 Fljed 2 i QTL.
2.4 FEMRKEZRQTL 2

AMFFE =5 QTL 158 {0 45 W B ) SCHh s , 22
L™ & QTL A~ B N 3 QTL KGR, WS
SCHR[23].

F5 NJRIKY BHA~24H45 QTL HNLER
Table 5 QTL mapping of yield components in NJRIKY

241 BRE. EREEAESR HRER A2,
B1. C1. 02 L#it 6 4 QTL, JEkiAE O LA 2
A QTL; FHAE Bl AT 14 QTL, fBREAHRNER
B AE 6.9%~15.7%2 0], HRSHNE 5. X 3
AP R 1R QTL Ho AR A BIAH EE S R 1, D]
A5 A HAMOL B LR R BT R E RIS QTL
(R BERHRE DR 2405k 1 R A 1138-2, T SR B 0 i A ok
HEHHE 15,

LERON R QTL P g D LOD R? bRy EAEXN
Trait Linkage Position Flanking marker (%) Additive Confidence
group effect interval
R A2 GSWA2 1649  Sat 199-Satt525 7.9 15.9 0710 159.1-171.7
100 seed weight B1 qSWB1-1 277.0 Sat_151-sat_261 10.1 15.7 0708  275.4-280.3
B1 gSWB1-2 2877  Satt426-Satt509 6.6 118 0614  268.2-288.1
c1 gSWC1-1 1872  Satt338-Al794821 39 6.9 -0.469  181.6-190.5
c1 gSWC1-2 2045 AI794821-A63 2T 40 143 -0.666  190.5-216.8
02 gSWO2 31.6  Satt358-sat_196 45 75 0496  26.8-33.6
SERIH 0 gSNPPO-1 346  Satt592-GMKF082b 36 9.0 0062 325382
Seed no. per pod o gSNPPO-2 456 sat_274-BES01128 7.0 13.7 0078 435533
HUPE3E% Pod no. per plant Bl gPPBL 796  GMKF046-GMKFO080 31 13.0 3227 64.0-91.2
IR A2 gPNPBA2-1 160.9 Sat_199-Satt525 35 8.9 1939  153.6-184.3
Podno. on branch A2 GPNPBA2-2 175.8 Satt525-A117_2H 36 111 2153 167.8-183.8
L2 gPNBPL2-1 570  A461T-Satt229 41 8.8 21938 46.2-63.0
L2 qPNBPL2-2 67.3  Satt229-GMKF125a 31 8.6 21906 42.9-75.3
o gPNPBO 947  Satt473-satt262 31 6.3 1624  89.7-983
2 B1 gPNMSB1 00  GMKF104b-GMKF177 3.9 7.6 -1.484 0.0-7.5
Pod no. on main stem G gPNMSG 140.3 Sat_403-L36T 40 9.3 1658  134.7-145.3
0 GPNMSO 1769  satt633-A644l 33 112 1897  163.3-193
IS B1 GNNMSB1-1 401  GMKFO82c-GMKF168b 3.3 4.7 -0.607  30.9-49.3
Node no. on main stem B1 GNNMSB1-2 235.3 A118T-Sat_128 33 55 0641  226.3-242.3
c2 GNNMSC2-1 1763  GMKFO059a-satt319 8.9 152 1089 174.3-179.7
c2 GNNMSC2-2 186 Sat_312-satt286 7.2 13.0 0974 182-188
c2 GNNMSC2-3 1932  satt286-A63_1T 6.3 112 -0.888  189.2-197.1
o) GNNMSO-1 200  sat 231-LE23T 37 85 0.774 9.8-54.5
o) gNNMSO-2 346  Satt592-GMKF082b 8.1 12.8 0946  30.2-38.2
o GNNMSO-3 402  GMKFO082b-satt33l 7.7 124 0931  38.2-42.9
R B A2 gEBA2 197.2 A117_2H-A117_1D 6.5 13.7 0.345  191.4-203.0
Effective branches G 4EBG 216.8 sat_223-A73H 34 6.2 0231 208.9-220.9
L2 EBL2 570  A461T-Satt229 3.0 6.2 0229 443-633
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2.4.2 SACEHMEZEH NE 5 AR
oM 3 AN FZESEH QTL, /A - A2, L2, O i
Bl. G. O I, Ti#kEA 6.3%~11.1%2 [, 5N kL
FH QTL o5 3 4>, gqPNPBA2-1. qPNPBA2-2 Al
qPNPBO (M348 Aok H R4k 1138-2, L 2 kA
B 1 5. 3 AFEZEFE QTL H1, gPNMSBL #l
gPNMSO M2 Kok A Ak 1138-2, gPNMSG >k H £}
F 15,

2.4.3 FEHH OLKWE] 8 A2
QTL, MM T Bl. C2. F1 O BB, #A QTL vrik
RIE 4.7%~15.2%2 ] HoHp 45 5 /> QTL (QNNMSB1-1,
gNNMSB1-2.qNNMSC2-1.gNNMSC2-2 FiI gNNMSC2-3)
IR OE R SR A 1138-2, He 3 MR E R 1 5.
gqNNMSC2-1 ¥ oi R FI N PE N AE 8 AN F 22754
QTL Hig .

2.4.4 ARAOE KE] 3 A R B
QTL, 2 HIA7 T A2.G I L2 SEBIRE, R4 AF 6.2%~
13.7%. JLrh qEBA2 (MR ZRIINPE RN Bz v, B2
FEPIR AREE 1%, Hoe 24> QTL MR achE Rk H
& 1138-2.

o = M B & R QTL, Bl
GMKF046-GMKF080 [X [H]45 == ¥ qYDB1-1 FI3E4L
ff) qQPPB1 AHE &, A2 [ Sat_199-Satt525 [X [&] 4 11 ki
) gSWA2 FI4r ke 50 gPNPBA2-1 Ml HS; O -
1) Satt592-GMKF082b [X |45 ki %k [¥] gSNPPO-1 F
F 21400 QNNMSO-2 AHE R ; L2 | A461T-Satt229
X [A) 7 A SEH ) qPNBPL2-1 A5 342> ke B qEBL2
HES,

Zr b QTL A& R, L= KMy, i
PEIRAE 13 MERILET I 2 68 A QTL; Fpr I EE
R D%, 40 15, AFEESR GRED AR
QTL Fik; JUE MR A 400G, HIL=E) QTL
UDHL, 2515, SHRREILA SR AR; &
TR AR DA KRN I A58 QTL, IR 1 b L
ZREEZHIERRA AR
3 itig

AMFFEAE AR 2 TR NIRIKY BRI LA I 2]
68 AN AR QTL, =& QTLPUL 77
A, BREMRLAZ SN 47% (EZETTH QTL
gNNMSB1-1 ) %] 26.2% C M [ A 5 & QTL
gLAIR3B1-2) , KZA QTL MotERZE AN, LI
B IR R IE, 1K 51 2 FALIF U (1 4

— S, R A eIk QTL AR MBS /A A
BA), FHEAGLE BL M O JEBURE . ARHAR ek
B A4 AT BB, AR I et 2 56 A1 e 2
e QTL HALEE DR 4> ke 19 et J22 o A e 3R A 3K 1)
A A 1138-2 41, HE QTL MM 2 Kk A
FESEA, (R K BARAEE AT, UEHA SR AR ] QTL
(RSB DRl T AMETE L, SR AR I3 RO R AR
HEL, ARME SR AR SR R AN R A0

AIRK QTL &7 45 5 5 e Wk IRl LL iR
RO, A2 B LR E QTL gSWA2 (Sat_199-
Satt525) . Bl FZEHiHE L QTL qSWB1-2 (Satt426-
Satt509) 15 Orf 2P 1) FioRi B QTL £ K 5 A JL
it b2 SIAHEE 10.08 F1 14.01 cM. 1 O EEBIEER QTL
qSWO2 (Satt358-sat_196) L Csanadi %28Hk il 11k
# OQTL %5{7. Bl #EHiHE LYW qSWB1-2 (Satt426-
Satt509) 5K LA (1 ok QTL A7 afi—5K.
f7 F Dla % @i B L 7 & QTL gPYDla-3

(Sat_345-satt436) 55 Orf 2P0 (177 & QTL &4

Mian 25RO 2 0 AT 0 7 1%, sE R0 T 3 AN 2
K QTL, ZMHIAL T C2. F AL ESURE, Hoh T
HEBEE L2 % QTL HAWIIURILN QTL 2547
HAl QTL HAWIFTMSE KB E; Mian 18 A
Mansur 25190 S8 FIRIE T 3 ANE 2 s QTL, 23 A
T C2. F A E BB, BEAYTAEN . QTL L
gE SLBERIE T BT FH (G B AR R4 e S SRR 2 57
W B A bR J A s T 52 e

7 A2 EEBIREN LE4A4D-Sat_036b [X[a], [&] 4
BN, g5 IARFR 20 QTL, RUERI kB
BHE 1495 75 BLIEBIRE GMKF082c-GMKF168b Al
GMKF168b-GMKF046 2 ~[X [A], SEAFA 1138-2 1
IX 2 AN sk AT (R I3 0 b AR A R R PR AL
N AT BL SR QTLSatt597-A520T [X [,
HEHE QTL gqRTB1-1 MR A1)k H R Ak 1138-2; 7F
D1b SR Satt558-Satt157 [X[a], [&] A& £ 7 )2
B A 2 QTL, JF 57~ 5 QTL qYDD1b-1 #xic X [A]
FHIA), BRI FIRE R A Ak 1138-2. DL [ ix stz at
FRac DX TRV PEAR PO T Tl — 38, 7R 4r T A i il i
HEEMMERER. RS, By, o
AR g 5 i R 5 S5 PR AR LRI ARG . i
FHOGHEIR QTL EALE R —hrid X 0], JEF ) — P 284
PERT DUBRE B3 S5 R . QTL AR AE th 40 A 78 /b B 8
FE LA RE MG 25 M . Zhuang 259, Hua 45124
1 Jiang £ ARAE T AL S5 R .
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DA bk fe e e g otk e, M B AR R
M AN TR PR A MR S = A R ARG, eI
AP BERIL QTL @fimgiR, &M 9 4~ QTL
W7 3 B AR 7 A QTL HR I 34N AR,
4% B1 _EY) GMKF046, D2 L[ satt135 Al O L [1)
sat_274; 13 2 MS5HRE 8 4~ QTL Hit 2 AN JLarid,
f45 B1 _Ef# A520T 1 O (¥ sat 2741, 3x Lk
W) B SRR C R AR R AR E,
TEPHAN RO 7= S A TR 8 26 6 200 4K 213 1 5
FIRERRAT, — &I A R e 732, iR,
Ty HERR I A RS, XSS T A
FORMIRE . HABIE KR, 5778 QTL HA JLFFR
W TEIR AR, AR — PR AW
R KU SR IR DRI Y (R A by oK 5 7= AR DG I 3= 2k
AR, TS B ] IX — B R A T

4 ZEig

S AR, AR, AR
ek 2 A R SR A IEAR G, MG AR KL 0.5~0.7,
PR SR 13 MRS I 2 68 4 QTL, A /¥t
IR E R, HARILBREE ESHEA X,
FRUEPRIRIE A A G A3 QTL, HAZ, &
AR A SRR AR DAY DTk SR
BQTL, [ M 2% B2 I RS IR,
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