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Construction of Molecular Linkage Map and QTL Mapping for Earliness in

Short-season Cotton

FAN Shu-li, YU Shu-xun, SONG Mei-zhen, YUAN Ri-hong

(Cotton Research Institute, Chinese Academy of Agricultural Sciences; Key Laboratory of Cotton
Germplasm Improvement , Ministry of Agriculture,Anyang, Henan 455004 ,China)

Abstract: CCRI 36, a short season cotton variety, and TM-1 were used to create 207 F; segregating
population in Anyang, Henan. Two parents were used to screen 73 polymorphism markers from 518
pairs of SSR primers, 1200 RAPD primers and 153 pairs of SRAP primers. 207 F; populations were
tagged and mapped with 73 polymorphism markers, including 25 SSR, 35 RAPD and 13 SRAP mark-
ers. 43 of the informative loci were used in linkage map construction and were assigned into 5 linkage
groups. The linkage map was composed of 9 SSR loci, 28 RAPD loci and 6 SRAP loci. The total
length was about 1174. 0 cM, covering 23. 48% of the whole cotton genome. The linkage distance
ranged from 11. 8 cM to 48. 9 cM. The marker number associated with a particular group was from 2
to 23 while 30 loci were not linked to the map. 7.16% ~39. 73% phenotype variance could be ex-
plained in the F, generation. 12 QTLs were examined, among them 8 QTLs were clustered on the
first linkage group according to our study. More than 30% phenotype variance in the F, segregation
population was explained by 3 QTLs relating to the sowing to boll opening period, and the sowing to
flowering period and the percent of pre-frost lint, respectively. The linkage map construction for stud-
y on short season cotton, QTLs against earliness mapping and clustering haven't been reported before.
The results are valuable to further research for earliness MAS of short season cotton.

Keys words: short season cotton; earliness; molecular marker; QTL mapping
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AR, ESFIH 2 MREMBHE 96 D Fo s MR F
129 MRE-BRA S, 53 T 138 A~ RFLP i
Mo HPFMA 120 MESLT 31 AMNEYR.BET
865 cM, 4 ML E A K 18. 6%, F
AR H 119 F. RAMEBERNESE. 4
BB R 17T ANEYB.BE T 700.7
M REF ARG ZREH 152 4 F, Bk, 18
B 67T NS HET S MEME,EKA
1337.4 cM,BBET 26. 5% WMERE A, &
4 R X A A6 2R R 4 B 5T R IR A, A Y
BEECR B H, K8 QTLs Wil %, SR H A
EREABKS . a0 RN RR AR
RE,—~BRAGEEETH EYERITHERE
K#. LAY HR, BERARE MG
BREERAY ., SRBHEEXRNEER, AT
B RGBSR A IR 4 MR DU 8 BE
R E, HK A BB, N A B A,
FERIIER DL BN X R H AR DA £ , [ &
REBFRINME AR . B B2 38 Fe
N Fo B, S 49 ML A B T HI=
EHRTERHER QTLY ., EXEEREAK
HAR XM R K4 FHRic A QTLs K5 R L
., A FRET 36 TR AR T R BRI
QTLs &+ Fhricffi e, U E T 5 R BB R
QTLs #H M 4 Fhnid, A R B MRS Fhric sl
BB mm S Rtk R E E.

1 HoRAe0r &
1.1 gik#rs

FREZER P HEET 36 13K B ARk & F g &
PRAER TM-1, 2000—2001 47 o 4 BT % FRIX B
Mo H 3R 52002 42 N TR 3l 6 , 2002 4F & Z= 5| g

BRI F, fARF,2003 £ EHR R
BEARIE T Z R K H 2} F, AOBEAR 207 4> Bbk
FTUERIEE , F LAIK 207 AN BLAR A 1 B B4k 5
17 QTL 43 #7.

BIF 518 X} SSR F147.1200 %& RAPD 5|4
#1153 4~ SRAP 51945 , ¥ 207 A~ F, fRELBRIHE
750 Fhric i B2 R R QTLs 4L,

1.2 EBRSHFE

DNA K 12 B AR 48 18 76 % DNA B 48 B &
RAPD 43 —3C 42 B DNA 95 55, BT
—sufi k.

SFRIERA S, UARIENE N FEER
ik, E B FRAIN YRGS, I S153
KA &L Z RAPD 519, 51 ¥ % 5 & 153;
SSR121 FAZARiL &K IR T SSR W51 9,519
45 & 121;]SP121 R ZAnic &R BT SSR 1
519,51 945 2 121;M2el5 R EBIERET
SRAP # Em2 fl Mel5 RIB| 4 & .

* A Mapmaker/Exp(Version3. 0) ¥ 18 4
R EEYRE, LOD E&/NA 3.0, R KL
FEE N 50 cM, FH WinQTLCart(Version 2. 0)
AT E AL R R AR MR E R, YA
KoK TF 13.80 B (LOD=3. 0), A N B K F 7
—1 QTL,

2 BRE5H
2.1 FEERHEXERAORA

MR 1AL W EA PR BT 36 F1 TMAL &
ATHMEE 24.5 L REHMES.6 dIFE—1EE
2 18. 6 d, JFIE#IMZE 15. 1 d, RESATHEZ 3. 6
T RAME 1M ANESR, BERYREREE
K THE — T B RREERAEE,

F1 REPRBERRR

Table 1 Earliness traits of parents

MR ETH REH  JTEE WE-ITE /B R OREET RS Ra ®E
WS /d /d /d /d /d /cm /% /d /% /8
FABET 36 107.67  33.64  58.25  24.80  49.23  60.87  4.99 58.25  42.39 5.02
TM-1 132.20  39.25  73.36 25,12  67.83  59.06 8. 63 73.36  34.85 5.21
X? 49.06** 11.22** 30.22** 0.64  37.2**  -3.62 7.28**  30.22** -15.08"* 0.38

Xt Fe SRR Se MR 2547 IE & 2 A A U DL
#T QTL @ fuadr. ATHERRESHEIE
oA, AR ETEE MBI E, KB
B ITEAFEIES ST, B U HH#T 1g #Hik

HHT QTLa#r. BE —FUHELHEBEIAK
BESSM, AR HE — FHE#T QTL 4
WED.
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Table 2 Earliness traits of F, population and test of normality

R 1 BE L 3; 3 Rk PRfER T TRAY
BEHY -0.2121 0. 0187 7.25 1. 59 2.54 21.98
21 -0. 2371 0. 3780 56,97 6. 90 47.55 12.10
EEFH 0.4678 -0. 2988 121. 26 8.01 64.12 6. 60
P i 0. 3149 -0. 2040 64.90 5. 20 26.99 8.01
REW -0. 9191 1. 8920 39. 00 3.31 10. 98 8.49
®E -0. 2371 0. 3781 62. 87 11. 32 128.13 12.10
K4 -1. 4432 12,1725 38. 84 4.45 19. 81 11. 46
lg(RA4) -0.4786 1. 3539 1. 587 0. 046 0.002 2.908
©®®\ 0. 0507 0. 0082 4.76 1.17 1. 38 24,65
WE—Fik 4,2152 29. 5442 26. 36 5.73 32. 84 21.73
lg(BE — T 1. 5264 8. 7930 1.41 0. 076 0. 005 5.41

2.2 EXEADPFHRIENSTEMERFIESE

FIFH CottonDB (4B FE B 207 %t SSR B4 1
JESPR 445 311 %} SSR B|#5,1200 & RAPD
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Fig.1 Linkage map for SSR,RAPD and SRAP markers with QTL
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PMEMET — M 43 MLa 4 Finic 8t
B (&8 1), HH RAPD 4312 35 4, SSR #71L 25
A, SRAP #ric 13 4, ZAnicESEIIF 5 &
BIFLOD=3. 0, BN EYBHET 2~23 M
. ARIEE SRR B AR B/ NIF X & & U8
i . B EH B KB 23.1~638. 4 cM, ¢
LR B /ME A BE B O 11. 8 cM, | K IR 15 HE
BEHN48.9 M, BKEN 1174 M, BERIERN
HEKER 23.48% , Xt 43 Mpid s M F, 4
B AT X WK, A 78.3UMRIEFE 31
Bl:2:1 M5 LA, Hd M3e5-850, M8ed-
500,SSR139, 51070, S1318, 51201, S1496, S294 ,
SSR174 #r Ik F £ 2 B . #] H RAPD, SSR,
SRAP #Ri A7 Bl M & T/E, E M EM ik ok
JLIRIE .

2.4 EFEHBEHMERX QTLs BMl

MAZeXEERELENE 12~58%F
B X MR B QTL(LOD=3. 0), 43 7E 3
NEYRE LB 7.16% ~39. T3S M RRB R,
Hop 2 M55 5 HMERAEREXEAF R
TEBREBMEKN QTL, MER F ETMEXT
38.45%0 M 39. 73%;5 N Al 5 RE W B
B 24BN EMEREXAE AN TRSRER
R QTL, M RAE F XTI 100 E, &
BiFFLG1 WP 8 4~ QTL, 1 NERBHWH
KANEREFEHMER 3N EF2EFTHMK, 24
S5REHHEX 1N E5R/AERME R, QTL &4
FEWZ%xl10], 5 & HRHERXK QTL L
%3,

x3 55FTRERMEREXH QIL R EL T HE
Table 3 QTLs mapping for earliness traits on linkage groups

R EYH  QTLME QTLAH WEXNFC HMicHEER LODE  MiEHE BHXE  JBRE
REHT 1 435,31 qNFFBl.s5  S1a1s-Siie 40.1 6. 01 -1.76 -0.74 10. 37
nEY 1 427.31 qBDlyr  Sias-Sue 40. 1 2,02 -2.25 1.33 17.61
FiE 1 292.71 qFDlyg  Sizss-Sisst 25, 6 3.51 -2.87 -10. 38 7.16
FiE 1 530, 41 qFDlss  Sisig-Sizs 24,2 3.39 -10.19 3.76 38.45
S8 2 68.51  qBODZg SRAP.5-S;0  20.2 4,84 -4.62 15,02 14,27
SEEY 1 646. 41 qGDlgys  Siss-Siou 32,0 4,22 8.59 -1, 07 34.74
SEEY 1 431, 31 qGDlsi  Sus-Sis 40. 1 3.97 -5.65 -14. 65 17. 45
EEFH 1 573.91 qGDlsrs  SusoSier 30. 8 4, 65 -4,23 -14, 51 8. 65
g i 1 591,91  qPFLPlsy  Siigo-Sis 30. 8 4.7 -5.78 39,52 19. 64
B 3 140,31  qPFLP3.4,, SSRis-Sse 47,8 3.70 -40. 87 19. 95 39.73
Log 4> 3 134,31 qLD3.4s  SSRuis-Spes 47.8 5,59 -2.29 -4. 34 13.07
Log &4 3 110. 21 qLD3.,;, SRAP;-SSRe  48.2 5,17 -2.20 -4, 14 11.79

7 :NFFB; %&ﬁﬁ%v GD: %ﬂiﬁ%ﬁv LP; Log Rﬁ')‘v LD. ﬂ:%%v BOD; ‘i’%%v BD; ﬂ%%ﬁv PFLP, %ﬁﬁ%ﬁo

Xt KA BL B SRR B 30 MRIC#EAT T Sbs
et (B ODERM,F 5 N4 Fhric SSR63, SS-
RJ234,SSR63, $495., SRAP107-1990 5 F#E 85, &

2T AR S — AR B 5K 03 H R AR B K
W& A 2 DO A B3 o T B A 38 A, X
SARIC Al RN A AR RN E E 0 TRt

x4 EEFEREREREXNEAFIIAERE R

Table 4 Single marker for earliness traits

PEAR marker b0 bl LR F(1,n-2) pr(F)
i3 SSR63 6. 689 -0. 644 7.233 7.351 0.008"*
EEMHER SSRJ234 95. 282 11. 618 11. 441 11. 878 0.001"*
EEMHER SSR63 107. 344 -15.133 15. 56 16. 499 (Vi
B ER S495 6.037 -2.327 7.354 7.478 0.007"*
B/ Rk ER SRAP107-1990 5.165 -2.578 8.619 8. 821 0.004"*

3 #hG5H#®
3.1 fEEBHARK
DAL B 08 £ 22 5 K B o R (R R SRR A O 1

BIREAR (207 > Fo B8R, FE B R AR B B 35
200 #ELA b, 33 2 DL 7 i i 2% 32 1 B B AR AR A 3
B, B, 7E RV F. BE AR B 0 B E
L, FARIRZ RN EM LR E M E,
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3.2 BRMEEXEREESS

LR T PCR WARIC AT, WM E T — 3K
B 43 MRIE, BK 1174. 0 M HE F 1 18
feEgE ., SUBTRRNE AL, X2 BRTL
B 5240 M B R M O = I Bl B 2% 32 1 58 — Sk oML
B . B 2 B 0 7T R 3R R IR R A A
BROFTHARNEBHEXERESB RS &
BB P PR 7E S1418-S1119 REEF A/ T2
AEH REPMRBERVHEXER QTL, X
GRANSTFRKELERT2ABTH AEHMER
BHZHEMBEMERXR, AREELHEEZE
8 L R 4 B 3 0 N R R P R R AT B o, T B
WT QTL WAL & R HBAAMNL. WAlER KR
BYAHXEREEEAMS, FANRIEYE
RFLP #Rig, ARt B FRIEE 2L BEREMA S
FAFRICHEBIERE. MAXHNEETF PCR
MtRit, B F 4 FiridWBE &, Eian s
BRI 12 4~ QTL o, 8 MM #E LG1 & 81
LRI #E— 20 5 R 20X QTL X i
IR 4HE DL, TERE 5 4 B A R iy BB R 3% Bt
AREEREAERBRERRT.
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