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Dynamic QTL Analysis for Kernel Dry Matter Accumulation in Wheat

LI Meixia, SHEN Weinan, YANG Rui, LIANG Ziying,SUN Fengli,
XI Yajun, WANG Zhulin, LIU Shudong”

(College of Agronomy,Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: A genetic map composed of 14 linkage groups including A genome and B genome was constructed
with 241 SSR(Simple Sequence Repeat) markers by using a population consisted of 99 F,, recombinant in-
bred lines(RILs) derived from a cross of Triticum polonicum L. line *XN555’ and Triticum aestivum L.
line ‘Zhong 13’. With growth curve fitting of Logistic equation, conditional and unconditional QTLs for
thousand-grain weight in the period of slow growth,rapid growth and plateau phase were detected. (1)5
unconditional QTLs and 5 conditional QTLs for thousand-grain weight were detected on A genome and B
genome in total. (2) Of unconditional QTLs,two QTLs were found in the period of slow growth and rapid
growth each and one QTL was found in the plateau phase,associating with chromosomes 2B,3A, 3B and
7A. The phenotypic contribution of individual unconditional QTL was in the range of 9. 66% ~15. 18%.
(3)Of conditional QTLs,one QTL was detected in the period of rapid growth and four were detected in the
plateau phase,involving chromosomes 1A,2B,5B and 7B, respectively. The phenotypic contribution of indi-
vidual conditional QTL ranged from 13.01% to 29. 27%. (4)One unconditional QTL and one conditional
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QTL in the period of rapid growth,as along with one unconditional QTL in the plateau phase,were detec-

ted between markers Xbarc361 and Xwmc422 with a distance of 0. 05 ¢cM away from marker Xbarc361 on

chromosome 2B. For dry matter accumulation of wheat kernels,numbers of QTLs and the genetic effects of

the same QTL were different in differing grain filling periods, which indicated time-dependent and se-

quenced expression of QTLs.

Key words: wheat;dry matter accumulation;thousand-kernel weight;dynamic QTL

NERMARAFERBEYZ - HEEXRE
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PER S AR T At 7 A4 B TR 3R 52 IS A5 1 5 e 458
N —HZHEEEEMNEMR . BEE S TR
ENEE S GRS S W T R R N A
ROQTL) A g, QTL e AL 53 Hr i H Fif 5 A7 20
B VAR B AL 3 W 7 1 B AR B R A% 43 BT RE A
iy b 2 S P AR 1% 5 B AR H B SR A R
P B RN . AN ERE QTL MR CH
RLZRE . Patil %5 F] FHE4H H 38 & (recombinant
inbred lines, RILs)7E 5 AR WM A 2] 11
AN SR A K QTL, 457 F 2B.2A 4B fil 7A
Jefafh, A~ QTL A BER AL AR S 7. 8606 ~
23.70% ., Ramya %7 1A.1D.2B.2D.4B.5B #
6B ek EAT I B 10 A~ SR EAMALH QTL, £
T B AU 2N BB A RIL B4, 63 3 1 35
ARLEAHSCH) QTL AL HA> QTL AT fif fg ¢ AL S
S 4.36% ~16.80% ., ¥ M /NFE 1A 1B.2A . 2D,
3A.3B.4A 4D, 5A . 5B,6D I 7D ¥ a4k, 3 H7E
IB.2A Fl 3B B4 I 3 F2 € 19 QTL i s, ™ IR
SFEUIR AR AR N TE LA L AB Yo iR A T 3
SR ERKM QTL, REZSETFMHEMN AL R
B R3] 6 ki QTL 7 55, H14~ QTL 7] fig
PR AR S 6.00% ~25.00%,

R K/NERE QTL W58 1 & DL G
I 2k R A AT AL 58 QTL % 43 #r s BT )2
W 9 2 1 22 2k TR TR 3 A R 2o AR v 3R R 00 i) AR
ER B TR ENL . SR 2 AW AR 2 3 A1
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A —S/NEZhEWRN QTL MR IRIE . N &
I I 4 25 A e R0 AR T R O PR R Y SR
QTL FHEAMF QTL @™ . K/ TR E M
A& QTL 434 H A A U g 25 1 0F 78 436 b
IR A 6044 F0°01-35" #4 g RIL B4R AAESS 10 d
EEERG 5 d Jy— > WL B 8] 6L 7E 2 FhREE 25 F F 3
e 2 2 A~ fER E S A QTL fil 14 4> TRiE QTL,
A QTL Al ff BE kA8 B9 1. 00 % ~25.00% ,

R EAHM K T/NEES QTL M5 ik iE
HBIE N A Rl 3 AR 2 FR 08 00 B () A T AL Y
QTL HESRBEAE Pl R B b e eV R & B A A B B
A REAEAE R FE I (QT L) A £ (HAS REAR 47 st 1015
RFBZAR . RZ IR /N RRLT Wy I
FAS-Suw ol iR VA R e RN R S NS e D B
X551 Y S 1 2 i I bR G R T AT AR 3
AR ARBFSE R A Logistic J5 R 8L /N 22
LR RIS UN VBB N ISU S B R Y
3913 A IF 39 Sy R e B EDOL I BF [R] 6 A A/ 2 T
AL BN AS QTL, D T 47 1y 3 i /N 22 H7 6 1) Jox
TR BAG R L B st HLIR, Ry /N2 3 7 8 b 4
HETE 4 i R K .

L APRAT %

L1 # #

1.1.1 NEHR W22/NE (Triticum polonicum
L. & CXN5557 i1 358 /N 22 (Triticum aestivum
LO@AR P 1874584 Fi W Fr ASZE R F. AL
HTF emlR . mEAE. ALE LR K
HA 10.00%~20.00% ,F, RHLLGE AT RS
PRI IEH  JF R HI SR L3R4 T AU 24 B 32 R A
I 99 MRRR . BT BR R Gk 40 S A 14
2n=42 FRY @R R A B Qe @Rk B L/
E RUB RN S e I DR R N o I S R ]
AN R 1370 RRGEAR M E 4 A R
Bl PUALRARBL B R 2N oy 7 B MR 4R 41
1.1.2 SSR5[4# i TAHEFE A RIL ik R
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A FIL B e (R 4 J2 e I 22 /N FZ R CXINGS5 T B
/NG R P 137 A AR, H Ik, Rk A Rl
B e fa k40 b9 SSR FRid . 4% Xwme, Xcfa, Xcfd
LRGN I 595 X5l . 5l F 5 = M hip://
www. wheat. pw. usda. gov R 3415 &, i db 7 B Rl
YA R TEAT 2w A s 3 R EALE B L hte
tp://www. GrainGenes. org [’ ¥ ,

1.2/ i&

1.2.1 HEMEMERKFE 20124 10 J] B4
B 09 NEA AR 2 ADSEAREF TG IR AR
Fe Ry LK i3t .3 REH .2 171X,
78K 1 m. A7 25 cm, #RIFE 6 cm, H ] 45 25 W] K H
AT, TP R F IR O KA —2
B ER/INER NI AR 1 22 B MR G . A B A
REDFRIC 40 ME, fB)E 4 d BRI Z )5
b S d B — IR HBE . BAEHA LR E
YIRS AL ) B0 /)N il O 00 B 35 R B L i L AR S
105 ‘CA % 10 min, 60 “C 4L~ 2 i & , FR U1 5 JF:
E N B A

1.2.2 ¥Z#EEME ] Logistic T Y=K/(1
+ae ") (K R KR TR.E ., ¢ PG KEa F1 b
R B8O X R T K BT LA X Logistic
T B R B S B A5 3 Eh 9208 1 K R A B P
0T 1 B TR 453 0 (o ) R pl PR 185 3 i A 31 £ 0
AR 8 () o H 00 e AT Y =K/ (1+
ae” ") 3 Sl SR AT 22 1% 18 1 1 RPR S 1 K 0 25 AR Y
TR E(TGW, Fl TGW.) , 25 (1) fix & T kL 5 A
R R Y TR (TGW,) . TGW,-TGW,
M TGW,-TGW, 1922 8 53 54 Ay ~F- Fe 3 AP ok 1%
K0T A T K R (TG WL, il TGW, ),

1.2.3 DNA BWRE HWIHEHE N EH A LR
ot 1 og A 47, R CTAB 37 42 L DNA,
FH 10 1 B R A 68 s R TR T DNA B i 43 o6 6
71 NanoDrop 2000 £ ] DNA & &, H # B i 50
pg/pl B EE T PCR ¢4

1.2.4 SSR 4 #  #]f BIO-RAD 2 @ 4 72 1y
PCR U Hi & 75 B[] B A7 2 25 PE 1) SSR 514 . I *f
i vk B 2 S E I W AE RIL BEARth AT 9735 . )
M AR &l 25 L, 10 X Buffer 2.5 pl, MgCl, (25
mmol/1) 1.8 pL.dNTPs(25 mmol/1.)0. 8 pL,SSR
5149 (10 pmol/L) 0. 3 ul, Taq B 0. 15 L, B4R
DNA 1.0 pL,ddH, O 10. 0 pL. 84 £ i 3 4 3% .
PCR "I FE )7 94 CHIZZ M 3 min; 94 ‘CASE 1
min;50 °C /55 ‘C/60 ‘C/65 “C (G| ¥l F) E 1k 45

$372 ‘CHEMP 1 min; JEFF 35 K372 “C ZEA 10 min;
e 10 CORAE. 6 0748 M 5% P 4 Ik e 28 i Wl Tk
OB VR
1.2.5 BJEEHEEHERM QIL EAM M SSR
PIGEE R, 5 /N i & CXNGSS5 A [A] By Al B
PECA”, 5% /N di & ¢ rh 137 A 8] 9 4 B30 AR
“B” A R EUCE BB AT BCAES — 7 A A
I A 5 0 2wk 38 45 R0, % ] Mapmaker/
EXP 3. 0 F {4 2 50 i ) i 4 st 4% 1% . R
Win QTL Cartograph 2. 5 {4 [ & & X 8] 1 &
wE AL TGW, , TGW, F1 TGW, T ki & Ik 4 1
QTL., BRAKMAERN LY 45 &2 A KE
Kl TGW,, JTGW,, TR & 4 {F QTL, LOD
B E R 2.5, QTL g4 2 B McCouch 457"
Mar 2 B Q+ R A A4S + R Ek+ %5
CnfF— a8 A 24 QTL)”,
1.3 #HiEAE

FH SAS(Windows NT Version) 1 Excel 2007
X RV AT AL

2 5 SA

2.1 ZERMNBEABXZHTHENREEZR
3

Xk 2 18 4 Y L PR A S A AR 3 A B Y
SR 1 TR E (TGW, VTGW, H TGW,) LK P
B K RO AR 0 R A Y K B (TGW,, Al
TGW, ) #EATE AL A 58 &K ) 22 57 W35 P 0 b 45 21
TR R Al LLAE 34 I R TR DL

1 SERMNPTHEMNESEKENKREER
Table 1 Phenotypic difference of thousand-grain

weight and net increase of grain weight in RILs

i N ERAN
£ Fifi A e
Phenotype Mean Range Coefficient of
7 ¢ variation/ %
TGW, 11.7040. 91 0.95~1.47 7.80
TGW, 43.64+3.29" 3.63~5.20 7.50
TGW; 49.30+3.52" 3.76~5.65 7.10
TGWyy 31.944+2,43" * 2.68~3.83 7.60
TGW;., 5.98+1.28" 0.16~0. 84 19.00

How o FREA AL RMERF KT 0.01 BEKF; TGW, . TGW, HI
TGWo 43 ) 2 75 /N 22 b T 2 15 3 4 390 DR 3 4 00 00 7 R 00 9 T b
TGWoy Fl TGW- 73l 5273 H s 3 A< 1 1P B 0 f b 2 v 0 I A

Note: * * stand for significant difference among RILs at 0. 01 level;
TGW, . TGW; and TGWj represent the thousand grain weight during the peri-
od of slow growth, rapid growth and plateau phase, respectively; TGW,.1 and
TGW3., represent net increase of grain weight in the period of rapid growth

and plateau phase.
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Kttt TGW,, fl TGW.., (745 5 R 505 5 7. 60 %6 Al
19.00% , 6B 3 A Hsf 1 74 - 2 AR 34 4 10 K% T
o0 ) b T v 38 K it A TR AL A 58 AR A AEAE B ST
BB S R B MR B A TR
2.2 ABReBEANEEERILHE

595 X A B Yo k4] b %) SSR 5| 4y A
223 XF 7E B G 22 /N F2 i & S XING55 7 IS 58 /)
bR 137 EA 2 R, X 223 XF 5] A D
RIL #4114 X5 PR 250, 28R
WA 51,21 %, #X 114 i S aE s k%
M S AT R G i d AR B Qe R4 iy 14
A BIRE s A% I8 1% L B 241 4> SSR ARid.
A 1338, 92 M. b5 id [A] Y 7 X 8t 1% BE B
5.56 cM, FHRAEBRE T H 17. 20 Mrid, &
B A 1S 7B YA, ik 5] 183,67 <M, & A 25
AbRic s B IR TA Qe ik, U 37,48 ML EH
13 M Hrid
2.3 FBERHEMOTHE QIL 5347
2.3.1 FE&KMH QTL RIE/DNEF R TP B R
1% 3G PR A I R AR 0T 3 AN I TR E
B B A DX TR AE T3k R U AR 45 78 QTL. 45
R 2 FME 1. LOD B{H Ny 2.5 wf, Sk 2] 5
AT RLE AR S QTL . 2248 1K R P st 45 < 00 &
24 QTL, Pl 1 4~ QTL,

GG RN 2 AR & TR E QTL 434
T 3A M TA ok b, Hog L 3A Pk AR
A QTL i F Xwmc50 ~Xgwmb Fric Z i . 5 iz i
FRic Xwme50 FHEE 0. 01 M, fin 4 % W iy 0. 05,
A B AR F 0 10, 31 % BT I 44 4 Qhgw3A;
TA B4R E AR & QTL i T Xgwm635 ~
Xwme346 #1ic Z ], 5 & 3K A5 ic Xwme346 £ B

0.01 M, Ik &5 W fE A 0. 10, AT fi B 38 70 A8 S5 (1Y
9.66% Bl iy N QhgwTA, P Ky 2 4
e QTLs 434 T 2B Fil 3B Jeafk b, Hrf,
2B B ik AR S5 QTL A7 T 45 ic Xbarc361 ~
Xwmced22 2 7], 5 & £ #5ic Xbarc361 AHEE 0. 05
ML PR RGBSR — 0. 40, AT i BR 2 LR S
13.56 %0 BB iy 44 0 Qhgw2B-1;3B YL ik Ik
M QTL fii Fhric Xbare75~Xwme51 Z i), 5 &
JEARIC Xbare75 FHEE 0. 01 M., hnPE RN 8 5 0. 30,
Al R BRI AR S 10, 92 %, BT i v 4 A Qhgw3B.,
SEARBIA IR Y 1 AN IES M QTL 7 F 2B Qe fa{k
I Xbarc361 ~ Xwmcd22 #ric Z 8, 5 & iE #ric
Xbarc361 FHEE 0. 05 M, Jin 1% W {6 A —0. 77, 1]
fif B R AR S ) 15, 18%0 . BT iy 44 A Qhgw2B-2,
g3 b, PR BE KO R OF RS W 7E 2B Y A (K
Xbare361~Xwmcd22 f5 i Z [6] F il 2] — A~ Tk &
4 QTL, MR J5 ml — 3. 5 &% i A5 il
Xbarc361 [ E &5t AH 6], H 5Tk R 4 2 57, vl RE &
[ 1A QTL 75 A [a) i 399 1) 22 S & 3k 5 HoAth T ki 8
e QTL #8278 — 45 & i 91 A fe A D it o .
IR IR L /N FE KR HE IR 2 i LLRE 0 L 28 1 4
F I PR G RIS RR 3 AT RO TR B B B TT
B H T 0 0] 52 A [) 2k R 45 ) 503 (] — 5 R AR A [
B39 1Y) 3k 1A [ T 5 S 1

2.3.2 &M QTL % Hhe i 1 < 09 01 F2 009 09 s
0GR A2 A DX TR JR1 A I3 2 A B 409 1) 6
B QTL. R W4 3 FE 1. LOD BN 2.5
IF RGO F] 5 AR E S50 QTL, Horp i K 1
AR 4 A PSRBT AR QTL LT
2B YR 1) Xbarc361 ~Xwmced22 $ric Z 8], 5
EARIC Xbarc361 FHFE 0. 05 oM, hn Pk &% Wi {5 K
—0.29, Al fR B R AV SR 13, 61 %0, Bt g &4 K
Qhgw2B-3, PRIk 2] 1 4 40 E & 1F QTL,
Sl FIASBR7BY A ik | 1A A (K -

K2 FRERFHPTHREIESH QILs

Table 2 Unconditional QTLs for thousand-grain weight based on composite

interval mapping analysis in different filling phases

- N e BRI BB ~ e ik R2
R ) *EM& b ”“[.l“ﬂ Distance from LOD g Additive Contribution
Phenotype Chromosome Marker interval nearest marker/cM LOD effect rate/ %
3A Xwmc50~Xgwmb 0,01 2.72 0.05 10. 31
TGW,
7A Xgwm635~Xwmc346 0.01 2.69 0.10 9. 66
2B Xbarc361~Xwmc422 0.05 3.70 —0.40 13.56
TGW,
3B Xbarc75~Xwmc51 0.01 2.77 0.30 10.92
TGW, 2B Xbarc361~Xwmc422 0.05 4.06 —0.77 15.18
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A2 AREFEM QTL, 43 34 Thric Xbarcl58 ~ PR AR 521925, 2900 . 5B el Bl 1 AV ki 4%
Xbarc83 fil Xbarc83~Xwmcb1 Z[a] . B fiv % N Qh- 4 QTL i FAric Xwmed15~Xwme326 2 [8], 5 f
gwlA-1 Fl QhgwlA-2, QhgwlA-1 Y5 & i ¥ ic VAR IC Xwme326 A1 BE 3. 59 M, bk 2L v R
Xbarc83 #HHfE 0. 61 M, LRV {E Ky — 0. 10, 7] fig —0. 14, A R B R AAR S (1) 29. 2400, T 7B Y fn
B A AR R 13, 01205 QhgwlA-2 5 £ 3 #1 id R EW 1A RLE KM QTL. /278 T A5 e Xwmce526
Xbarc83 #HHE 2. 97 <M, N AL M AE N — 0. 22, 1] i ~Xgwmd00 Z i), 55 iFEFric Xwme526 FHEE 1. 97

1A 3A 7A 5B
0.0 Xcfa2129 0.0 Xwme50 g 0.0 Xgwm471 0.0 Xwmed15
51—~ | — Xgwm5
143 — || — Xcfd59 6.8 - barc356 2‘3_/_\ Xwme596 11.6 Xwme326
31.3 ~\ Xcfa2135 8.4 — | [~ Xcfa2234 34 || Xwmcd2?2 12.7 Xwmc27
36.5 ~—L— Xbarc269 12.3 —A T Xwme326 i s 13.9 \ / Xbarc59
— 260 13.9 A INS— barc3 14 N = =74
‘5‘22 11 iw‘“"y & / \ barcs1 10.2 /—\ Xwme346 '41"; —~= Xba““;s
8 —TT—— Xwme 1 wmel53 Xwme7
[ ] 10.7 Xgwm282 T~
57.5 = [>— Xwmc336 18.3 =/ Xcfa2193 ¢ 233 Xwme289
84.4 Xwmell 231 / \ WICR64 = barea22 26 N Xwme28
. 23.7 | barc86 1 wme
93.8 _/ Xbarcl7 28 /—\ Xgwm369 24‘5\_ barel27 26 >_< Xwme235
et L=\ T O kT T
101 — ™~ Xbarc834 5 / \ oy L Xwmc283 32 — [ [~ Xbarcl40
108.1 "] |- Xoumes? 55 el T Xwmedss 34.5 — || > Xbarc429
3.3 arcl2 33.7— [T Xcfa2028
132.3 ~_ | Xegwm99 439 bares7 Py 37.7 Xwmced7
136.3 Xwme716 61.6 barc1177 375 arc 43.1 Xbarc340
7B 2B 3B
0.0 Xcfa2028 0.0 Xwme243 0.0 -— Xgwm389
2%; ;((wmcfzkg 6.0 X\bvm0257 233 Xgwm533
3. wmc 10.6 Xbarc200
ds— | Xwmcd26 225 Xgwm374 %gili §Sv?:10c7551
49.6 Xgwm297 219 —__ L~ xwmcar7 30 Xb
50.2 Xwme218 2 h arc84
24.9 Xcfa2278 30 =T
51.6 [~ — Xbarc267 26.1 Xwme344 3 Xwmc326
54.8 Xwmcd76 303 Xbarc183 30.5 T
61.2 — Xwmc402 34.4 Xcfdll 33.8 Xbarc371
64.2 ‘ Xwme335 344 Xbarc? 41.7 Xwme597
64.7 Xwme364 34.4 Xwme597 52.9 Xwmell
68.4 Xwme396 35.5 Xbarc167 648 Xgwm566
69.7 Xbarc278 36.1 Xgwm630 76.1 Xowm?285
727 Xbarc258 37.3 Xbarc349 y :
835 Xwme613 487 Xwmcdd| L Xbarc139
87 Xgwmo611 60.8 Xgwm191 79 Xgwm376
101.2 Xbarc1073 64.6 Xwme592 81.6 Xbarc1044
Hg% \ ;((W'“CZ%S g;z Xwmc51 85.5 Xgwm77
: gwm ' Xbarc361 88.2 =
129.9 \ Xwmc264 70.1 Kwmea2o AOH 916 % \ §xmggg
139.1 0 Xwmcd7s 74 Xwme764 =l
1487 X Xwme232 75.6 Xbare3s 1%‘{-? = i‘g"“cfl‘)ll
154.7 Xwme51 86.4 Xbarc1072 : aLo
160.6 Xwmes01 96 Xwme27 106 — S Xwmess
1837 ——— Xgwm302 117.6 L Xwmc722 122.8 Xbarc102

P

Bl 1 NERCE SRR R QTLs ZEQ IR -y &
@. TGW, B W4 QTL A5 ; M. TGW, B4 QTL s A TGW, B AE &4 QTL A8
O. TGWo BHWI 26 QTL f i s A TGWoo B 1119 25 QTL fiL 55
Fig. 1 Conditional and unconditional QTLs for wheat grain weight on chromosomes
@. Unconditional QTL for TGW, ; M. Unconditional QTL for TGW; ; A. Unconditional QTL for TGW3;
O. Conditional QTL for TGW.; ; /\. Conditional QTL for TGW_,
R3 AEERMETHRESYG QTLs
Table 3 Conditional QTLs for thousand-grain weight based on composite

interval mapping analysis in different filling phases

u N I 5 R i W 2 Sk R2
Phﬁnﬁ; Chrﬁfﬁim M"E:E‘%Jﬂrvql Distance from L;)géﬁ Additive Contribution
enotype omosome arke erve nearest marker/cM ’ effect rate/ %
TGW, 2B Xbarc361~ Xwmcd22 0.05 3.69 —0.29 13.61

1A Xbarc158 ~ Xbarc83 0.61 3.21 —0.10 13.01

1A Xbare83~Xwmc51 2.97 3.56 —0.22 25.92
TGWs;.,

5B Xwmed15~Xwme326 3.59 2.70 —0.14 29.24

7B Xwmeb26~Xgwm400 1.97 3.02 —0.12 20.07
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ML RN S — 0. 12, B fi B & A8 57 19 20. 07 %%
A R 1 K 0 R0 P A2 N A R A D 2 A W] B A% R
QTL, 7] g & K 2 52 J5 1] & 3k HIK 30 1 ¥ 43 &40 » 3%
o307 A1 725 /N T A R A I R L R AT RB R AR KR
1, Ty o FR BRI R AL A i A i R DG ) DR T 4
o TEPR TG B BRI 2 9 25 F QTL(Qhgw2B-
3) o 55 A PR 1 A I RO R A A ) 1Y 2 AR S
QTL(Qhgw2B-1 Fl Qhgw2B-2) , fii F [i] — Y {1 £
] — 7 s PR W] — R R R e R a6, fEfe
WA AE R DN ) 5 AR S QTL A7 &4 A W] Y 45 1
QTL, Al GE 1E b S e 1 35 P 363K I I 25 s 5 1k

31 ®

VEEIREAR — R /Y 25 P8 o 4 S 1 0 32 3t £ 14
TR AL QTL Y B At L 35 1% 181 3% B iR R0 L A il
Z 0] PR B/ QT L i AL 25 R BORS il T 5. A
MR A AR N AB @ kd] 14
AT BT R AL B3 h 241 4> SSR FRIC 4L BRid
(] {1 P-4 B Oy 5. 56 oML X TE AT ZAUHR 1048 2
INZ it g A% T vh S AR T B RS D ) Y
QTL i & 5 fx 3 bR 19 B 8 18] 5 R A i 3. 59
M, 31 QTL 5EIEAric AR 0. 01 M,
WA 34 QTL 5aiEtric MR E S 0. 05 cM, JLF
ST EMRIC I B X O SR B SR B E T R
U A S 3 S -l B R R AR R S P R AR

5t QTL &AL KA LAMEIR & 4 mi i) R A
HRBE AT QTL J3 47, 33X Bl & 037 43 14 45 SR ]
il B L e B DR 3R 3 Y 3R BB AL SO0, (H 2 W T
PERIE B & BRIk . S8R R T 32 3 ] ) 2%
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