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Abstract ; Plant height and stem diameter are important agronomic traits in soybean, which have effect
on yield and lodging. The objective of this study was to molecularly map the QTL conditioning plant height
and stem diameter at different developmental stages of soybean growth. A population of 165 recombinant in-
bred lines ( RILs) derived from a cross between Zhongdou 29 and Zhongdou 32 was used in this study.
Based on unconditional and conditional QTL mapping methods, 18 QTLs for plant height and 19 QTLs for
stem diameter were detected on eleven and nine linkage groups respectively. The number, additive effects
and contribution rate of QTLs for plant height and stem diameter were different at different developmental
stages, which indicated that these QTLs expressed timely and selectively. Three QTLs for plant height and
one QTL for stem diameter were detected in three years, and six QTLs for plant height and two QTLs for
stem diameter were detected in two years. The QTLs of plant height and stem diameter on linkage groups F
were mapped to the same loci and they were expressed simultaneously from R1 to R4 stages. Compared with
the late stages, more QTLs expressed in the early stages, and QTLs for plant height expressed more times
than QTLs for stem diameter. The positive alleles of QTLs for plant height and stem diameter were from
different parents. The developmental dynamic of QTLs for plant height and stem diameter was consistent with the

correlation analysis of phenotypic traits at different developmental stages.
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Phenotypic values of RIL population and its parents for plant height and stem diameter at different

%% Parents RIL B#4k RIL population

MY pmw mER o FHE EREE  RE | AR Togs Fanam

Zhongdou29 Zhongdou32 t- value Mean Range Skewness  Kurtosis Net increase per day
e # (cm)
V4 (5/12) 11.501+0.23 12.00+0.00 -3.00 12.79+1.98 8.33~19.00 0.317 0.299
R1 (5/19) 18.17 £0.24 17.00 £0. 47 3.13 18.61+2.46 13.00 ~26.67 0.333 0. 062 5.81+0.78 0.83
R2 (5/29) 35.00+2.36 35.1714.01 -0.51 34.19:4.54 23.00~50.33 0.279 -0.013 15.58 £2. 51 1.56
R3 (6/03) 39.83 +4.01 42.67x2.83 -0.82 41.68+5.51 28.33 ~60.67 0.291 -0.073 7.48 £1. 46 1.49
R4 (6/12) 43.00 +4.71 63.50 £4.95 -4.24 50.19+8.67 31.67~82.00 0.388 0. 040 8.51+4.71 0.95
R5 (6/19) 44.00:6.13 67.00+0.47 -5.29* 52.28+8.77 32.67~82.67 0.334  -0.097 2.08+1.22 0.29
ZH (mm)
R1 (5/19) 4,20 £0.33 3.92£0.17 1.09 3.95x0.42 2.97 ~5.30 0.338 0.139
R2 (5/29) 5.6510.35 5.00 +0. 14 2.41 5.1310.53 3.90 ~6.73 0.211 -0.130 1.18 £0.26 0.12
R3 (6/03) 6.15 x0.11 5.65 £0. 12 4.24  5.66x0.57 4.17~7.43 0.192 -0.321 0.54 +0.13 0.11
R4 (6/12)  6.38 £0.02 6.27 +0. 89 0.18 6.1710.67 4.77 ~8.43 0.296 -0.238 0.5210.21 0.06
R5 (6/19)  6.53 £0.09 7.22£1. 15 -0.83 6.62:0.76 4.97 ~8.80 0.219 -0.29% 0.4510.17 0.06
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Fig.1 A linkage map of soybean constructed by SSR markers

©® HRdERAE QTL; A A 44 QTL .M RT3 R4 AR QTL; O ZH R4 QTL; A A KM QTL; O MKk M QTL
Mo FHRR2EMIERTRMBIM OTL, FESRAMMHAEMBEABRS
® unconditional QTL for plant height; A conditional QTL for plant height ; ll unconditional and conditional QTL for plant height;

O unconditional QTL for stem diameter; A conditional QTL for stem diameter; ] unconditional and conditional QTL for stem diameter

s and *# denote the linkage location of steady putative QTL detected in tow years and three years, respectively

Symbols in parentheses are the codes for linkage groups
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Table 2 Unconditional and conditional QTLs for plant height and stem diameter at different developmental stages in 2008
feik EHE RiZKE %8 ERNECER(M) LRxH wwE(%)
Trait QL Linkage group  Marker interval Type Distance C«fnﬁdence Lob R? ﬂﬁ_\‘i_

interval Additive

B®wHR(V4) ¢PH-2-1 2(A2) Sat_129 ~ Sat_097 t 14.0 7.8 25.0~38.4 4.5 16.9 -0.73

qPH-15-1 15(F) Sat_375 ~ Satt554 t 16.0 7.1 9.9~26.6 3.7 12.1 -0.63

gPH-15-3 15(F) AW756935 ~ Satt656 t 2.0 6.8 35.1~40.9 4.7 10.8 -0.60

(R1) gqPH-2-1 2(A2) Sat_129 ~ Sat_097 t 10.0 11.8 19.8 ~34.9 3.2 12.6 -0.79

qPH-15-1 15(F) Sat_375 ~ Satt554 t 14.0 9.1 10.5~-24.2 6.0 22.1 -1.05

/t-1 14.0 9.1 11.1~24.3 6.4 26.5 -0.41

qPH-15-2 15(F) Satt554 ~ AW756935 t 6.0 2.3 32.0-~-38.4 6.7 15.5 -0.90

t/t-1 2.0 6.3 26.6~33.0 5.3 14.0 -0.31

qPH-19-1 19(1) Sat_268 ~ Satt671 t 0.0 21.2 0.0~10.7 3.2 6.2 0.57

t/t-1 6.0 15.2 0.0~16.2 2.8 9.4 0.25

qPH-28-1 28(0) Satt331 ~ Sat_038 t 4.0 3.4 84.6 ~98.7 3.3 7.0 -0.59

(R2) gqPH-2-2 2(A2) Sat_199 ~ Sat_129 t 0.0 7.0 8.5~14.9 4.4 7.3 -1.16

t/t -1 0.0 7.0 7.2~14.3 2.9 5.1 -0.58

gPH-15-1 15(F) Sat_375 ~ Satt554 t 18.0 5.1 16.2 ~26.6 10.3 27.3 -2.26

gPH-15-2 15(F) Satt554 ~ AW756935 t 4.0 4.3 29.7 ~34.5 1.7 24.2 -2.16

t/t-1 6.0 2.3 29.6 ~37.4 11.7 24.9 -1.31

qPH-19-1 19(I) Sat_268 ~ Satt671 t 0.0 21.2 0.0~ 7.6 4.3 7.3 1.18

gPH-20-1 20(J) Satt405 ~ Sat_228 ¢/t -1 2.0 2.9 0.0~ 4.0 3.0 5.7 0.61

(R3) gqPH-2-2 2(A2) Sat_199 ~ Sat_129 t 0.0 7.0 8.7~12.9 4.9 8.3 -1.48

/-1 0.0 7.0 7.5~13.0 3.2 6.3 -0.37

gPH-15-1 15(F) Sat_375 ~ Satt554 t 18.0 5.1 16.3 ~26.6 11.2 32.0 -2.96

t/t-1 20.0 3.1 18.2 ~26.6 7.1 20.4 -0.69

gPH-15-2 15(F) Satt554 ~ AW756935 t 6.0 2.3 29.8 ~34.6 14.8 31.5 -2.95

t/t-1 4.0 4.3 27.9~35.7 1.5 20.1 -0.68

(R4) gPH-1-1 1(A2) Satt480 ~ Satt589 ¢/t -1 6.0 0.5 24.2 ~40.8 3.0 5.4 -111

gPH-2-2 2(A2) Sat_199 ~ Sat_129 [ 0.0 7.0 8.2~13.3 4.1 6.4 -2.07

gPH-8-2 8(C2) Satt277 ~ Satt489 t 0.0 2.8 15.0~19.8 3.8 6.3 -2.04

t/t~1 0.0 2.8 15.0 ~18.9 7.9 15.9 -1.92

gPH-8-3 8(C2) Satt489 ~ Satt557 t 6.1 3.9 22.3~21.8 5.4 11. 4 -2.71

t/t-1 6.1 3.9 22.9~27.8 9.6 23.6 -2.29

gPH-15-2 15(F) Satt554 ~ AW756935 ¢ 6.0 2.3 29.2~37.9 9.5 17.9 -3.50

(R5) gPH-2-2 2(A2) Sat_199 ~ Sat_129 t 0.0 7.0 8.1~13.2 4.1 6.3 -2.11

gPH-8-1 8(C2) Satt079 ~ Satt643 t 4.1 2.0 10.2 ~13.0 4.3 8.9 -2.47

gPH-8-2 8(C2) Satt277 ~ Satt489 t 0.0 2.8 14.4 ~19. 8 5.4 8.5 -2.45

gPH-8-3 8(C2) Satt489 ~ Satt557 t 6.1 3.9 25.2~27.8 6.7 13.1 ~2.99
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Trait QTL Linkage group  Marker interval Type Distance Cc?nﬁdence Lob R? ﬁ(ﬁ}l
interval Additive
gPH-15-2 15(F)  Sau5s4 ~ AW756935 1 6.0 2.3 28.3~34.9 9.5 17.6 -3.56
gPH-10-1 10(Dla) Satt077 ~ Sattd39 ¢/t -1 0.0 3.2 0.0~3.3 3.2 6.4 0.33
XM (R1) ¢SD-15-2 IS(F)  Sauss4 ~ AW756935 ¢ 6.0 2.3 28.9~349 6.8 16.8 0.14
(R2) ¢SD-6-1 6(C1) Sat_140 ~ Sati294 ¢/t -1 6.0 8.6 0.0~12.5 3.4 1.7 0.09
¢SD-15-1 15(F) Sat_375 ~ Satt554 t 16.0 7.1 8.9~26.6 3.5 12.6 0.16
gSD-28-1 28(0) Sam3d7 ~ Sau3ss  /i-1 4.1 13.7  24.4~38.6 4.7 14.4 0.10
(R3) qSD-6-2 6(C1) Satt294 ~ Satt578 t 4.1 2.4 16.2~24.7 3.6 10.1 0.15
gSD-15-1 15(F) Sat_375 ~ Satt554 t 12.0 11.1 7.1~25.1 3.7 16.1 0.19
qSD-15-3 15(F) AW756935 ~ Satt656 t 4.0 4.8 35.2~40.9 5.9 15.9 0.19
(R4) ¢SD-i-1 1(A2) Satt390 ~ Sct_067 t/t-1 4.1 5.4 12.8~20.2 6.0 15.6 -0.08
qSD-1-2 1(A2) Sct_067 ~ Satt480 t 2.0 6.7 12.2 ~31.1 2.8 6.6 -0.14
t/t1~1 4.0 4.7 23.8~29.7 6.3 16.1 -0.08
q¢SD-4-1 4(B2) Sat_287 ~ Sct_034 [ 28.0 2.9 16.3 ~30.0 3.4 9.7 -0.17
qSD-6-2 6(C1) Satt294 ~ Satt578 [ 4.1 2.4 15.7 ~21. 1 5.2 13.3 0.20
qSD-6-1 6(Cl1) Sat_140 ~Sat294 ¢/t -1 8.0 6.6 1.7~18.8 3.3 9.5 0.07
¢SD-11-1 11(D1b) Satt095 ~ Sat_373 t 10.0 3.5 20.7 ~44.7 3.2 8.2 -0.16
gSD-15-2 15(F) Satt554 ~ AW756935 /5 -1 2.0 6.3 18.9~33.2 7.0 16.1 -0.09
(RS) qSD-6-2 6(Cl) Satt294 ~ Sat1578 t 6.5 0.0 4,0~25.1 3.3 1.7 0.26
qSD-11-2 11(D1b) Sat_373 ~ Sat_173 t 0.1 2.8 41.3~44.9 2.9 6.6 -0.25
qSD-11-3 11(D1b) Sat_173 ~ Satt634 3 6.0 1.6 45,7 ~52.5 2.2 5.4 -0.22
¢SD-16-1 16(G) AF162283 ~ Satt472 t/t-1 3.6 0.0 17.2~23.7 2.5 3.8 -0.19

t RN BRI R QTL;e/t -1 BR ¢ -1 B BHBUAMIRN QTL, TH

¢ indicates unconditional QTLs at time ¢;¢/¢ - 1 indicates conditional QTLs from time ¢ — 1 to ¢. The same as below

MR IERM QTL MG R (R3)KRE, R EMH(V4~-RIKRABKNEAMREELH
EVA~RS BB HEEKNERET %k B, GHM(R4~RS) KR MK EE, TTM 2 0B
RBERNAH R, BRAMINMURRENN K 2HEA AR ELEHERT 2 HE L4 QTL
TR T AR (0 gPH-19-1) (£ 2) ,BRAR HHEE MEBRMEAMTMEYFEER B8R T
BRI RMmERNBRAKREE FHETR  BHEEERRANEREARLTHN AN RS
—H, URS PERE. AMBEMEVWRRARS EARH,

%3 TAEZWHEXESRMEAERS &4 QTL NESHE
Table 3 Sum of both additive effects and contribution rate of unconditional and conditional QTLs affecting plant height and

stem diameter at different developmental stages

B ¥ 3R &4 QTL B H &4 QTL 8 &4 QTL ZH %4 QTL
2] Unconditional QTL for Conditional QTL for Unconditional QTL for Conditional QTL for
B 35 plant height plant height stem diameter stem diameter
Sta.gc

Number Ya(t) XR?(t) Number Ya(t/t-1) TR*(t/t-1) Number Ya(t) Y R*(:) Number Xa(e/t-1) IR (t/t-1)

V4 3 -1.96 22.9 3 -1.96 22.9 - — -— — ~ —
R1 5 -2.76 63.4 3 -0.47 49.9 1 0.14 16.8 1 0.14 16.8
R2 4 -4.40 66.1 3 -1.28 35.7 1 0.16 12.6 2 0.19 26.1
R3 3 -7.39 718 3 -1.74 46.8 3 0.53 42.1 0 - —
R4 4 -10.32 42.0 3 ~5.32 4.9 4 -0.27 37.8 4 -0.18 57.3
RS 5 -13.58 54.4 1 0.33 6.4 3 -0.21 19.7 1 -0.19 3.8

Ta(t) &4 QTL M M¥E BB S ; SR (1) : 44 QTL FAMB LM Ta(e/t-1) ; &4 QTL MMBBB S, TR (/1 ~1) ; £4F QTL
B AR B A
¥ a(¢) :sum of additive effects of all unconditional QTLs; ¥ R? () ;sum of contribution rate of all unconditional QTLs; ¥ a(#/ ¢ — 1) :sum of additive

effects of all conditional QTLs; X R*(¢/t - 1) ; sum of contribution rate of all conditional QTLs
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2.3.2 ARAZEHBEHKERE QIL 447 #HA
& H B B iy & R BUE R A X ) 1 B kAT

QTL 3 , BP LA &4 QTL & ¢ - 1 B2 ZE ¢ B 24 -

BB ERE R AN RERN, R 114
BB %4 QTL, 4% F A2.C2.D1, . F.1# ] % 6 4
EYR P A2 F ERBESNE 3 A,C2 ESE
H2A, K3 NMEHHESBNE 1 4. V4RI,
R1—R2 R2—R3 ,R3—R4 Bf B AR T F 3 4 %
{4 QTL,R4—R5 B EE UKW B 1 4>, ARG A%
4 QTL RikHIK¥ A =7, i gPH-15-2 F1 gPH-2-
25 EELE 3 A2 ANRE BRI ; qPH-
15-1 55178 VA—>R1 #1 R2—»R3 B BRI Z], 2
e BT e i s B Atk 8 AN LR RAE 1 M E B B
WRME, PH-8-1 F gPH-28-1 K BETE 4 K0t
BAKENASFTRUD (B0 E4H QTL),
AIRERIX 2 A QTL ZE R Bt 1A 28 35 MY B 3R 3%/
4 3 4~ %1% QTL(gPH-1-1 gPH-10-1 F gPH-20-
DEEZGTRERT S, TERERMBLUGTE
— AN R IR A HKIE T &4 8O, B A
HOQTL W BB M/ TR EHEND, HEt
SV B IE R L A X R ISR, A R bk A
FERERPREHZINGE R, ZWREFERH
AREEHBE &4 QTL 247 v LAk J 3] — s 3
ZUA A AW 2/ QTL,

B R V4—R1.R1—R2,R2—R3 .R3—R4 B 5
MBI B] 3 MR QTL, BEREAR R EMBR AN
BREmMER N BMELHEEA(FE3),0-V4
HEBEAFRE QTL RAMBE RN EMERR
(-1.96),V4—>R1 BB FREZERMME( -0.47),
FEEER LA, R3-R4 BERIABI R (-5.32),
XENN0-V4 BB LI & R2—R3 .R3—-R4 BT EE A
WMHEEB R A FEE, T V4—>R1 # R1>R2 i
BARERANMEEINAERERE(FE2), HEKH

TSN T R N, RA—RS MBI AR

WP 1 AP RUR IE 1 Rk 8 &4 QTL, 4R %
B, ENRERBNTA QTL £ H vk & M2 1EF &
AREW, RN RLLEN T,

2.3.3 FEEZEMBEEAERE QTL 447 3t
BP9 NEMAE& M QTL,F 71 DI E S B HE
34-,A2. B2 F1 C1 EBBAHRA1 1. R4 HIR
W3 4 ANE& 44 QTL,R3 f1 RS $3 9 51F 3 4, RI
MR2 R B 14, ¢SD-6-2 #1 ¢SD-15-1 438
BEZIIMM2APAREHBEQNE, HM7 418
HAgEE e PR IEEHF QTL, KRRt

WEMAER M QTL B Rimtk R B MR EE 3
BAEM(FE3) BB (R1 F1 R2) W 2] QTL MK HK
e/ F hnhn 300 A AR R I BN BEE AW
Hm, W QTL MR &, Bhn sk A1 5Tk
# R3IHIRPB KM, S R4 FIRS Wi TF R, 3R
FIM F AR . XEHEN R ~ R3 3 4 305
¥RHIERFEIR, R4 FI RS YA E BB XA A
Tk HTRBAMAMBEEL RRNE K, BRAE
HEIH R 4B SMP RIS RIB BT 1 o
23.4 AEETHMBEAEE QTL 447 &
WP 6 MM AL QTL, A2 HLI#A 2 4,C1.F.G
O EMBANNAA LA, RBoRAWEBEHRN T
4NZEH &M QTL,RI-R2 B KA 2 4, R4
RS BYER N R B 1 4, ¢SD-6-1 43 £ R1—
R2 M R3—-R4 BT ER R B), R BI W tE ik, H
o R B HAEE 1AM E M B AR T 8], R2—R3
B BRABRA QN B ZEH &G QTL, K FE 8 B A B
&AM QTL ik i ¥ 34 v B hn {8 i 57 ek 38 2 i i
WEAHEBI(FEI),0-R1 B BI04 %0% F
FRERMEHBME, RI-R2 B EMA EFA,R2
—R3 B}B 5 0 KR35, B /5 R3—>R4 .R4—R5 B B
AP, XEHE R 0—-Rl 1 Rl—R2 B B
NIMEBRNHNERE,RR-RMBHERNE 1 4
QTL A EFiLH 3 4 QTL K fikik,R4—>R5 B Bt
WA 1 4Ha%E QTL, R RHABF XN KR
REBEEEFH,
2.3.5 HKREMEEQTL WA MBAIENH
FESBELEI M KRRIEZHF QLA HE 34X
HAEAHQTLA TR —f &, HEHKE QTL £k
REBEE(FRS), EOANMERNHHRUB 1 ~2
AR QTL M BEHEH kB AP E 32, 2H
QTL AWM K BB L, NEF M (R1 ~R3 ) %
BERRZAWRA T MBI S5HE QTL AF (%
2) WMERNYKkEEAPE 29, FEMBEER
A 1 AZEE %A QTL(gSD-15-2) 5#k & &4 QTL
(gPH-15-2)Rb FHIRALE , %A i ZE M &4 QTL
7t R3—R4 B BE R K, 00t 200 1H 8/ 5 AL A Bk
B %1% QTL # V4—R1 R1—R2 fi R2—»R3 % 4
P23k 3 W, o I 1 B T O I — B, O R A
¥k EHE 32,
MBEEMEHQTLAERARREM BN EE
RE BEAKRR QIL AR LA ERE MM
REERGAMNETEH WA XKL, {X R4-RS
BB i 1 B 5 IE %3k ; 7 £ 2 M QTL
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H oy & ff ® OB ¥ #

1%

MSABMBRATHNER KNG PR RE, &
xf ok A2 QTL X R i FHE M RB UK F E 4
BOQTL W3t itk ¥ RILBAEAR X ENBH R
MEMAMNRBEHATHXESN GERER (R
4)  EHEREWH(RI~RIBHKEMERE
BARERRR , RBEAKLTERFHREER, &
PREGZEFTECAN, 5 1 (R4 ~ RS ) bR B A ZE ML A9 %

REENEMX RAUEBREHUBEEFRER
AORBRKZESE; kR A RN BRAK
BEKBEEHXHESFURAHRNES R, HH
B ZEFF U B & Bk R LA 3E 0 2 5 O i H A
Mo ERGHTXVIKBMEME QIL KB ELAS
REMXMMER B, N THEETHAKR
EHRREEEREM,

£4 FEHEAMBFEHASFNQTLRR HEURKESZHEMNAEAXRY

Table4 Number of QTLs on linkage group F,sum of additive effects and correlation coefficients between plant height and

stem diameter at different developmental stages

3k %1 QTL Unconditional QTL

%14 QTL Conditional QTL

I H Item
va Rl R2 R3 R4 R5 0—-V4 V4Rl RI—R2 R2—»R3 R3—R4 R4-RS
31 QTL 2 2 2 2 1 1 2 2 1 2 0 0
Ya -1.23 -1.95 -440 -591 -3.50 -3.5 -1.23 -0.72 -131 -1.37 0 0
%M QTL — 1 1 2 0 0 — 1 0 0 1 0
Ta - 0.14 0.16 0.38 0 0 - 0.14 0 0 -0.09 0
HXR% r —  -0.174° -0.170* -0.158* 0.083 0.175° —  -0.174* -0.027 0.033 0.187° 0.060

Ta:QTL (LR N B A ; » :0.05 B &K

Y a:sum of additive

23.6 TAFENBERUEHAQTLANRLE
2006 41 2007 F3L iR P 13 M HE QTL #1 9
A28 QTL, 4 %4> % F A2.C2.D1,.F.G.H.J,
L.M.O #E8{Bf A2.C2.D1, . F.J.L BB (X
5), H,2006 4B 7 BB QTL, dE & 4
QTL gPH-15-1 1 qPH-23-1 A #E 3 N R B W B &
Y33k, ,qPH-1-2 O] 7E 2 B §IR W Bl , gPH-15-2
{7 R4 AR W B ; 7E R4RS BY AR I B) 3 4

5 2006 72007 £ MINEHE QTL 47

effects of all QTLs; * :significance of correlation at 0. 05 level

%1 QTL(qPH-8-1,.qPH-8-3 qPH-10-1), 2007
ERWB 10 MBE QTL, A 8 MERMF QTL W E
ZRFERRMN 1 KFEiX,7#E RI-R2 #1 R2—R4 B
BAR B 4 % QTL, B gPH-15-1 %% 2 4t
BB KA, Kt &4 QTL B H7E 1 4 At B 46
B, R QTLZABNERAAREEH BA R
TR SR A ) — B, AR R R N{E 2 BLAT
EAWEH TRES,5 2008 £l 42—,

Table 5 QTLs for plant height and stem diameter at different developmental stages in 2006 and 2007

AR £ Eoim FiCXE *%

BE AR ICEE B (M) BEfAXA op FRE(%) mtrH

Trait Year oL LG Marker interval Type Distance Confidence interval L R2 Additive
HE(R4) 2006 gPH-15-1 15(F)  Sat_375 ~San554 t 16.0 71 14.2-25.5 1.7 25.8 -3.80
gPH-15-2 15(F) Satt554 ~ AW756935 4.0 4.3 26.6 ~40.9 4.2 9.0 -2.42
gPH-23-1 23(L)  Sa238 ~Sat_195 t 22.0 4.6 11.8~24.0 5.3 14.3 -2.82
(R5) 2006 gPH-1-2 1(A2)  Satt589 ~ Sat_l81 [’ 4.0 3.4 31.9-42.8 4.0 8.7 -2.34
gPH-15-1 15(F)  Sat_375 - Satt554 ’ 18.0 5.1 16.2~25.5 8.2 25.2 -4.01
gPH-23-1 23(L)  Sat238 ~Sat_195 ’ 24.0 2.6 15.2~26.0 8.0 19.3 ~3.55
gPH-8-4 8(C2)  Sau6d3 -Sam277 ¢/t-1 0.0 3.9 9.5~18.9 3.9 8.3 -0.51
gPH-8-3 8(C2)  Sattd89 ~Satt557 ¢/t-1 6.1 3.9 19.8~27.8 3.5 8.9 -0.53
gPH-10-1 10(Dla) Satt077 ~Saltd439 ¢/t -1 0.0 3.2 0.0~3.3 4.2 8.8 0.55
(R6) 2006 gPH-1-2 1(A2) Saus89 ~ Sat_181 [’ 4.0 3.4 31.4~42.8 3.9 8.6 -2.38
gPH-15-1 15(F) Sat_375 ~Sati554 ' 18.0 5.1 16.0~26.6 8.1 24.4 -4.04
gPH-23-1 23(L) Sam238 ~Sat_195 ' 2.0 2.6 15.8~26.0 8.2 19.6 ~3.66
(R1) 2007 g¢PH-15-2 15(F) Satt554 ~ AW756935 ¢ 4.0 4.3 27.0~34.6 12.2 3.6 ~1.38
gPH-17-1 17(H)  Sat353 ~ Satt568 : 10.0 5.0 6.3~18.3 3.4 3.8 0.72
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a%
#HR E4# QIL EEH RiCKE £ ERWMIRZER (M) EEXE LoD HERE(%) mEBON
Trait Year LG Marker interval Type Di Confid interval R2 Additive
gPH-20-1 20()J)  Saud05 ~Sat_228 t 0.0 4.9 0.0~4.0 3.4 3.9 -0.66
gPH-25-1 25(M)  Satt680 ~ Satt697 [ 0.0 0.3 0.0~4.7 4.7 3.9 -0.76
(R2) 2007 gPH-15-1 15(F) Sat_375 ~Sau554 ¢/t-1  20.0 3.1 19.3~30.7 14.3 4.4 -2.00
qPH-15-2 15(F) Satt554 ~ AW756935 t 2.0 6.3 24.5~30.9 17.0 12.4 -3.20
gPH-17-1 17(H)  Satt353 ~ Sau568 t 10.0 5.0 9.5~18.3 5.5 12.6 1.74
t/t-1 10.0 5.0 7.6~18.3 3.2 5.0 0.87
gPH-20-1 20(J)  Sa405 ~Sat_228 t 2.0 2.9 0.0~4.0 3.3 13.2 ~1.26
gPH-25-1 25(M)  Satt680 ~ Satt697 t 0.0 0.3 0.0~5.5 6.0 13.4 -1.58
gPH-28-1 28(0)  Satt331 ~ Sat_038 t 0.0 7.4 83.7~96.3 39 13.5 -1.26
(R4) 2007 g¢PH-10-1 10(Dla) Sat077 ~Sattd39 ¢/t -1 0.0 3.2 0.0~3.3 4.4 25.1 1.94
gPH-15-1 15(F)  Sat_375 ~ Satt554 3 22.0 1.1 19.0~30.9 14.2 38.6 ~-4.96
/-1 22.0 1.1 15.4 ~31.6 4.4 24.7 -2.06
gPH-16-1 16(G) AF162283 ~ Satt472 [ 0.0 3.6 13.2~23.7 2.9 40.3 1.92
gPH-23-1 23(L) Sau238-Sat_195 +#/1-1 20.0 6.6 10.6 ~24.0 4.3 22.6 -2.37
gPH-25-1 25(M)  Satt680 ~ Satt697 [ 0.0 0.3 0.0~5.8 3.0 40.7 -1.95
(RS) 2007 gPH-15-2 15(F) Satt554 ~ AW756935 t 2.0 6.3 23.6~32.5 15.5 40.3 ~-5.24
gPH-15-3 15(F) AW756935 ~Satt656 ¢ 2.0 6.8 34.9~39.8 12.4 43.4 -~ ~4,.80
(R6) 2007 g¢PH-15-1 15(F)  Sat_375 - Satt554 ¢ 23.1 0.0 21.9~30.1 15.2 42.3 -5.16
ZH(RS) 2006 ¢SD-1-2 1(A2)  Sct_067 ~ Satt480 t 8.0 0.7 28.3~33.8 2.8 25.0 -1.50
gSD-15-2  15(F) Satt554 ~ AW756935 ¢/¢ -1 4.0 4.3 21.9-~40.3 6.7 4.7 ~-0.11
¢SD-20-1 20(J)  Sattd05 ~Sat_228 t/t-1 0.0 4.9 0.0~2.0 3.9 4.8 0.08
(R6) 2006 ¢SD-1-2  1(A2)  Sct_067 ~ Satt480 t 8.0 0.7 28.1~34.7 3.3 27.0 -0.17
¢SD-7-1  7(C2)  Satt281 ~Sat_153 ¢/t~-1 0.0 14.9 0.0~8.9 4.0 1.9 -0.05
(R1) 2007 ¢SD-11-1 11(Dlb) Satt095 ~ Sat_373 t 10.0 3.5 32.0-~45.7 4.0 4.9 -0.09
¢SD-15-4  15(F)  Sect_188 ~ Sat_375 ¢ 0.0 3.5 0.0~3.5 3.2 5.1 0.07
gSD23-1  23(L)  Sau238 ~ Sat_195 t 10.4 16.2 8.4~12.7 6.0 5.1 0.10
(R2) 2007 ¢SD-23-1 23(L)  Sau238 ~ Sai_195 t 10.4 16.2 5.7~12.7 4.8 9.8 0.12
¢SD-2-1 2(A2) Sau341 ~Sat 199 1/:-1 0.0 4.6 2.4-~8.2 3.7 3.5 0.07
(R4) 2007 ¢SD-1-2  1(A2)  Sct_067 ~Saud80 ¢/r-1 4.0 4.7 18.4 ~34.4 3.4 9.5 -0.11
(RS) 2007 ¢SD-1-2  1(A2)  Sct_067 ~ Satt480 t 4.0 4.7 17.8 ~32.5 3.0 23.4 ~-0.17
¢SD-8-1 8(C2)  Sat277 ~ Satt489 ¢ 0.0 2.8 15.8 ~18.9 3.1 25.5 ~-0.15
¢SD-23-1 23(L)  Satt238 ~ Sat_195 t 2.0 24.6 0.0~7.2 3.2 23.6 0.17
(R6) 2007 ¢SD-1-2  1(A2) Sct_067 ~ Satt480t t 4.0 4.7 16.6 ~34.3 3.5 23.9 -0.18
¢SD-8-1 8(C2)  Sai277 ~ Satt489 t 0.0 2.8 15.0~18.9 3.5 25.7 -0.16
¢SD-15-4  15(F)  Sct_188 ~ Sat_375 ¢ 2.0 1.5 0.0~8.4 3.8 24.5 0.18

2006 ER W B 4 N QTL, FF & 4 QTL
gSD-1-2 E2 AW IR WD), 7 R-RS BB
W3 2 4 &4 QTL(¢SD-15-2 #1 qSD-20-1) ,7E RS
—R6 BEBEARIBE 1 M&{MHF QTL(¢SD-7-1),
qSD-15-2 5 % & QTL ¢PH-15-2 ¥ 7 3t fi ¥,
2007 £ P 6 XM QTL, A 5 MMERM QTL 2
ZWFIKHAL 1 KFiA, % R1—R2 1 R2—R3 B B
KRR E 1 A %M QTL, M QTL ARF &
B BRMEABRAR, M ERMN, FHRAR

R, 55 2008 4 %R -

¥ 2006 4F 2007 4F QTL # il 55 R 5 2008 4 4
WSR3 EWE F EYBRND 2 MkF QTL
(gPH-15-1.qPH-15-2) ,7£ D1, SR W T) 1 Mk
B QTL(gPH-10-1),7% A2 4B RME 1424
QTL(qSD-1-2) ; 5, 554 6 N ¥k & QTL(gPH-8-1,
gPH-8-3 qPH-15-3 qPH-20-1,gPH-23-1, qPH-28-
1)F2/2H QTL(qSD-11-1.¢SD-15-2) 72 4
FHEERMBI(EL),
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3 ik

HRE QTL i KUK B REL KA
FRARBEHRITEN, XF BN QTL 4R
AR R B RIR ) R R, BAEES R
BREEARP AR EENRENHEEMLURAR
FIRENBENKEREHAN . FEERKBERE
SRENEENHX FEERRENEBTH B
#', AMAERTRAREEHERSERWED 18 4
PR QTL #0119 N2 M QTL, i 3k & #F 1 % 4 % 1
QTL 4+ %1% 16 #0111 4~ 3 &4 Fu & fF 228 QTL 4
Sk 12 F19 A, e E R HI(RS) REER IR 11
ABRE QTL #19 NZH QTL, JA LI B ¥R I 4
ZRIHAT QTL Bz, REERW B R R AN E
Hefs HEPERTRENRILHNER; HN
RBEHBRERBRAREMN QTL ENERHET 2
FiRicHBEEXBREANEH, 48 &4 QTL A
FF QTL EAL WS, AT LA T BIE £ QTL, BE
T QTL RZMBRALR, X # QTL RikK Bk
WBREAEE, 2 RAERRA, ARREHHAE
W K Sk R AT 2O B QTL B AR A A, BP
B4~ QTL X K E 4k R M 24 45 € 01 R i 8 &
HBN, B2 QTL XKRE 1 K, FEITERELER
BEARERRAESE IR HAYRENKRNE
# QTL,

BEAZHESHRERASFBEXNERER
TR, BES LR BIRBEMTAN, KEH
RBEERAEHER, ZHEE5ERARMAX KEE5E
HZ (8] Jfy TEH56 52006 £E 42 I 3) 3 Ak E QTL A1 1
A2 QTL,2007 £ 44 W B 3 Mk # QTL A1 4 N2
H QTL, XS5 RAUAU S BR T bk 86 A1 228 A %0 4 Bf
ZEWER %) QTL KX B L& B, £ QTL £ R7
WMBERE, ARRAMARETHEMOKEHKE
MM R B AT R R R P QTL BALBE S, A
ERTEHKRANZE QTL M HE" " HE”
Fik, MAH— U H T Bk & A Z M AR R R B
HEXRAEM. FlmE A2 80 RENEM
QTL 7 R4 (A B SR 00 B, 340 T HBARICIK K
OXBIHER M R2YPAMNBIMB R AMEM
QTL, #¥AEBEEKE F EHH,3 MHE QTL
53 4Z8 QTL EM FR—fI&,R1 ~R4 B F
YRFMZH QTL i ik, (k& FIZEH QTL i3
HERAR, & Aot f8 5 bk A 2EH QTL MH R
MBLA/MAHERE Bk A28 QTL MRKHA

AR RIE R T, BT (V4 ~R3) QTL ZB K E £
MBI (R4 ~RS) RAK BB, 4% F QTL FXK
HEMZEH QTL FEXEE D AR HHH%EM
2o R R AR S M A0 A B R0 08 1M S T U
BIEMIE, WL TEA TR ST B K ch AT e B RS
RS EME, BN PHEAENFETRAN
BEBG. mTFAALEF EHBLN3 MRS
QTL 13 A2 QTL 345 3 M H Itk QTL ™ B g
B3 (2.0 M), A 5@ itk — BB R F 4 Fhs
TE B R AR, LU SR BIE TR WA,
B RS AR TS,

HE%M QTL MBI MR D, Keim 2™ F
RFLP #Ria7E LB E R T 3 A28 QTL, i F4
L 86 ~ 102 cM 2 Ja], ABFF#A A2 .B2.C1.C2,
D1, F.G.L #10 %9 MESBRNE 19 5284
%49 QTL, Hep £ F L A #iB A9 1 4 QTL HA S i
HABE A 240 T 30eM b, 993K QTL 5 AR MIBFE
RE, ERXMEME QTL 5 ZHBEL W, 43 4
ERHEE R RN QTL HE 1 4, 8675 2 MERHE
FRWEN QTL A 2 4, AR FEE MR X 24
QTL B MWK K, B—HH . AHRHWENKE
B B A B SSR ARITHRD , W08 (145 R R o
LB —FTHW, HNALREFEEAEFBML
T A, % R 47 A 8 A2 3, DA B 2R 79 MR A
HERI R

A BT R R W KW B) 18 4K QTL,
445 F A2.C2.D1,.F.G.H.1.J.L.M # 0 % 11 4
B, HPE 3RS QTL A3 MEREER
WE % 6 Mk QTL B7E 2 MEMEE B F,
A2 PISEH Charleston x Z 4% 594 9 RIL #
Pk W 2] 40 K5 QTL, AM5 F 15 A 2 818, 54>
SE A 7 BB S5 AR B AR ), B R 7 R TR I A 9
A RK QTL MM, 5 %A MR K BB
A R 2 ~3 K, AT R A b QTL i 4
Fik4-~5 K, EHXL QTL ERRAR T H BREK
W8 B RN A R E E i g Rk, Man-
sur &Y Orf &1 . Specht 202 21 Guzman 2! gy
REBEBEA C2 & Y B Sa277, San079
Satt489 71z M3 K I ) 4k 7 QTL , A 58 176 3% 2%
FRAC MG K 8 B bk B QTL, 3F 37 R4 F RS #3 1h
B 5ok R R K 3 AMRIE R B
EMTHHATFR~RN QTL, XB KK 5~ &
E3:
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