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The interspecific maps of (G. hirsutum × G. barbadense) 
populations almost saturated. 

Our objectives are to construct high-density genetic map 
and to map QTL for agronomy traits. 

Rong et al. (2004), 2584 loci, 4447.9 cM. 
Guo et al. (2008), 2247 loci, 3425.8 cM.  
Yu et al. (2011)，2316 loci, 4428.9 cM.  



Marker  development 



ISJ（intron-exon splice junction）marker 
ET-ISJ（exon-targeted intron-exon splice  junction） 

4096 primer combinations 

 ET-ISJ04F61R 

IT-ISJ（intron-targeted intron-exon splice junction） 
4096 primer combinations 

IT-ISJ01F22R 



SSR marker 

G. ramondii BAC-ends’ SSR 5000 pairs 

SWU2313   SWU2314  SWU2315   SWU2316   SWU2317    SWU2318  

Transcription factor SSR 1592 pairs 
RFLP probe 363 pairs SSR 

G. ramondii gnome SSR 953 pairs 



Genetic map 



Yumian 1 T586 

Fiber trait Yumian 1 T586 CCRI35 7235 
Length (mm) 29.2 20.5 29.2 33.2 
Uniformity (%) 85.8 79.4 79.7 83.9 
Micronaire 4.5 2.5 4.2 4.0 
Elongation (%) 6.4 7.4 6.6 6.2 
Strength (cN/tex) 36.7 19.5 30.7 35.8 

CCRI 35 7235 

Population parents 



ET-ISJ19F13R0.0
MON_DPL0271b8.8
IT-ISJ20F11R14.1
PGML0311617.1
JESPR23421.9
BNL1167(C4)26.9
ET-ISJ01F03R32.4
MON_DPL012633.5
SRAP36F02R36.6
BNL3988(C4)46.0
PGML0336948.8
PGML0308751.7
MON_DPL0655(C4)54.3
PGML0171256.0
CIR09159.7
TMB143761.4
MUSS145a62.7
NAU2489a64.5
NAU2291a65.7
NAU0974a
NAU0913a67.0
HAU0086a67.4
NAU2477a68.8
NAU2162a70.1
MON_DPL045174.4
CIR122a79.4
MON_CER0164(C4)83.4
HAU025186.0
BNL257296.5

SRAP32F54R50.8
IT-ISJ06F59R51.0
JESPR04551.3
SRAP06F05R51.8
SRAP63F26R52.1
BNL3800(C8)52.7
MON_DPL0030(C8)52.9
MUCS41853.6
CM16153.7
SRAP31F47Rb54.0
SRAP31F23Ra54.4
IT-ISJ07F11Ra54.7
SRAP36F22Rb55.2
SRAP36F10Ra55.5
TMB2899(C8)55.8
ET-ISJ04F61R55.9
MUCS16056.1
MUSB004056.4
CIR29156.7
IT-ISJ11F05R56.9
MUSB0640(C8)57.0
SRAP05F56R57.3
BNL1664(C8,24)57.6
SRAP04F02R57.9
ET-ISJ04F13R58.2
SRAP36F14R58.3
SRAP36F22Ra58.5
SRAP24F21R58.8
SRAP02F61Rb58.9
SRAP01F60R59.1
MUSB0013a59.3
MUSB016759.5
TMB0029(C8)59.7
MUSB0059(C8)
IT-ISJ11F50R60.0
SRAP36F31R60.4
ET-ISJ01F55R60.6
STV06560.8
PGML0165161.0
ET-ISJ04F23R61.1
NAU2914(C8,24)61.4
BNL3474(C8,24)61.6
PGML0286261.9
ET-ISJ18F58Ra62.0
MON_CGR6889b62.1
MON_CER0152(C24)62.2
PGML0390162.4
Gh37762.5
IT-ISJ21F08R62 7

Population 1: 

1775 loci 

270 lines 

Chr04(29) 

Chr08(135) 

（Yumian 1 × T586） RIL  

4250.6 cM 
74 linkages 



MON_CGR6254(C12,26)0.0

MON_DPL005715.2
Gh2700.0

MON_CGR6149(C12)13.2

NAU3236(C26)0.0

HAU25777.3
NAU0943(C12)13.2

MON_DPL030323.0

Gh24330.7

JESPR019(C12)44.2

HAU074837.1
BNL3948(C20)38.4
TMB1939(C20)42.8
TMB0437(C20)44.0
TMB0443(C20)45.3
Gh68747.3
MON_CGR5740(C20)48.1
MON_CER016749.0
Gh18350.1
MON_DPL0108(C10,20)50.8
BNL3660(C20)51.7
MON_DPL0135(C20)52.7
BNL0946(C20)53.3
CIR359b54.0
PGML0267854.6
PGML04061a55.5
PGML02810a56.2
BNL166557.2
BNL389558.1
PGML03829b60.0
PGML0152762.9
NAU523767.7
BNL307168.9
NAU3665(C10,20)72.6
SWU192774.4
CIR04375.1
NAU2869(C10,20)76.0
MON_DPL044277.4
BNL016980.9
BNL0511(C20)82.8
NAU122982.9
SWU000784.6
CM04586.7
PGML0275488.0
PGML0047589.3
HAU151690.6
CM082(C20)94.4
SWU182595.8
JESPR140b96.2
SWU182997.9
SWU182698.4
NAU336899.4
PGML0253299.8
SWU1805100.9
MON_CGR6154(C20)103.4
MON_SHIN1421104.7
MON_CGR6145105.1
SWU1797105.4
MON C2 0133105 9

(Yumian 1 × CCRI 35) RIL 

3729.7cM 

1132 loci 
180 lines 

Chr12(10) Chr20(84) 

Population 2: 

83 linkages 



（Yumian 1 × 7235） RIL 

2887.7 cM 

180 lines 

1444 loci 

NAU3988(C24)19.5
Gh268 NAU3696 MON_DPL023119.8
BNL0500(C24) NAU3721(C24) BNL3474b(C8) NAU0827(C24) MUSS16720.0
MUSB0507 NAU3290a NAU3207 NAU2830 Gh222
NAU3953 NAU3089 NAU6183 MON_DPL0111 PGML00049
PGML01544 MON_CGR6037a NAU2240a PGML00624 CIR064
HAU2927 TMB1289 PGML00044 PGML01450 NAU4065(C14)
HAU1127 MON_DPL0191 MON_DPL0534 PGML00065 MON_CGR6902
JESPR102 MON_DPL0146 MON_CER0152 PGML01575 PGML00317(C24)
MON_DPL0755 HAU3119 NAU3602 MON_DC20168 HAU0356
MON_CGR5098 PGML00103 PGML04921 HAU1749 NAU1336
MON_DPL0114 NAU0891 Gh070a MON_CGR5415 HAU1547
HAU1837 PGML01939 NAU2214(C8) MON_CGR6376 PGML01535
BNL1688 PGML02885 HAU1045b HAU0785 PGML02911
HAU2778 PGML01994b NAU3189a NAU6616b MON_CGR5230
NAU2829 CM045b Gh454 BNL3030 NAU5286
MON_DPL0251 PGML00552 MON_CGR5840 BNL0387 MON_CGR6089
PGML02796a NAU1164(C8) MON_CGR5142 NAU3499 HAU3147

20.3

MON_DPL0559a PGML04216 MON_SHIN1592 PGML03461 HAU199520.6
HAU323520.9
SWU1335a PGML03312 HAU2086 PGML0485023.1
HAU313223.7
MON_SHIN1457 PGML0232924.0
NAU3339 PGML04215 NAU345625.1
TMB166526.5
HAU1311 MUSB025527.2
MUCS531 PGML04214 Gh17927.7
PGML03120 PGML01340 PGML00872 PGML00963 PGML04467
PGML03720b PGML04500 PGML00225 MON_COT035b MUSB0642
MUCS113

28.3

MUSB088428.9
SWU218629.5
MUSB079030.0
HAU2832 PGML03266a MUSB112231.7
NAU4010(C8) BNL1664b HAU0709b NAU6460 PGML01276
NAU3605 HAU1974a MON_DPL0092 NAU3632a PGML00910
CIR050 HAU3252 PGML00446 HAU3346 PGML03236
HAU3293 MON_CGR5359 MON_CGR5311 HAU2756 BNL2993(C08)
HAU3360 HAU0722 PGML02752 MUSS250a Gh501
PGML04462

32.0

SWU109733.2
MUSS444 BNL2961(C24)34.3
NAU3201a34.6
MON_DPL0457 MON_CGR5120b PGML00510 SWU0255 PGML00656
PGML01639 NAU1037a34.9
MON_CER010335.5
NAU0780a MON_CER0029 MON_DC4007835.8
NAU4902 NAU3515a36.0
HAU1647b36.6
PGML04657 NAU1211b37.8
PGML0487138.4
SWU135739.5
PGML0308440.6
MON_DPL064642.3
PGML03686 PGML04094 PGML03512 PGML03220 NAU2292(C24)
PGML04170b HAU2357 TMB1639 CIR359a53.2
TMB2103 PGML00912 PGML0029353.8
NAU6269(C24)54.3
NAU2665(C8,24)54.8
HAU0690 NAU4099(C24)55.1
TMB0865a55.4
TMB0696 MON_CGR5145 Gh554 PGML01130 TMB1190
NAU3169 NAU6544 NAU6631 PGML03718a PGML02661
HAU1627 PGML02654 PGML02630 Gh465 MON SHIN0352

PGML007790.0
MON_DPL0592(C3)2.8

MON_DPL0268(C3,14)16.1
MON_DPL0756
MON_CGR5258a19.7
NAU3639(C3,17)23.0
MUSS172(C3)27.9
HAU145531.7
BNL0244(C3,14)33.7
MON_DPL003835.5
BNL0226(C3)36.3
BNL4034(C3)38.3

MON_CGR546650.9

A03(13)
BNL3089(C4)0.0
PGML030872.1

MON_CER01640.0

HAU02514.9

NAU229114.9
NAU2162a18.3
NAU0913a
NAU0974a20.8
HAU0086a21.7
PGML0392323.1
JESPR29524.7
Gh030(C4)27.3
PGML0459734.4

A04(13)

Gh455 (46-90) 

Chr03(13) Chr04(13) Chr24(430) 

Population 3 

74 linkages 



NAU395345.3
Gh501a45.4
HAU135045.6
MON_CER009945.7
MON_CGR526045.9
NAU3988(C24)46.0
MON_CGR5311(C08)46.1
MON_CGR564146.2
Gh420 HAU1547 MON_CGR5230 MON_CGR5639(C24)
MON_DPL0111(C8,24) MON_DPL0114 MON_DPL0214(C8,24) MON_DPL0251(C
MON_DPL0517 NAU1164(C8) NAU1262(C24) NAU1295
NAU1296 NAU1302(C24) NAU1336 NAU2292(C24)
NAU2619(C24) NAU2631(C24) NAU2665(C8,24) NAU2791
NAU2807 NAU2815 NAU2829(C24) NAU2926(C24)
NAU3339 NAU3515 NAU3602 NAU3625
NAU3632(C8) NAU3773(C8,24) NAU6376 NAU638
NAU6480 TMB0072 TMB0429 TMB0696
TMB0813 TMB0865 TMB1190 BNL2961(C24)

46.3

TMB1665 MON_CGR5098(C24)46.5
NAU530546.6
NAU5335(C24) MUSB112246.7
MUSB1177 NAU0827(C24)46.8
MON_CGR6736(C24) BNL0387(C8,24) NAU387346.9
HAU1749 MON_SHIN145747.0
MON_CGR5503(C24) MON_CGR5415 MON_CGR5359(C24) MON_CGR5433
MON_SHIN1342 Gh46547.1
HAU0690 HAU0722 HAU0785 HAU0922
HAU0923 HAU0985 HAU1127 HAU1837
HAU1879 HAU1887 HAU1995 HAU2015
HAU2086 HAU2118 HAU2151 HAU2224
HAU2503 HAU2522 HAU2576 HAU3119
HAU3147 HAU3212 HAU3235 HAU3252
HAU3293 HAU3378 MON_CGR6037 MON_CGR6089
MON_DPL0877(C8,24) BNL3030 MON_CGR6693(C24) MUSB0183
HAU3346 MUSB0790 Gh128 MUCS531
MUSS167

47.2

MON_DPL0646 MON_SHIN159247.3
NAU4010(C8) MON_CGR5127 MUSB0642 MON_CGR5160
MON_CGR5142(C24) MON_CGR584047.4
MON_CER0029 Gh179 MUCS60547.5
NAU2983 NAU2240(C17) NAU490247.6
BNL0269(C24) BNL0500(C24) NAU234347.7
HAU1231 MON_SHIN1397 TMB1182 TMB128947.8
HAU147047.9
HAU292748.0
MUSB025548.1
MON_DPL023148.2
MON_CGR570848.4
MON_CER0152(C24)48.5
NAU528648.6
MON_SHIN0352(C8,24)48.7
MON_DC3013348.8
NAU120748.9
NAU3499(C8,24) NAU654449.0
JESPR07849.1
Gh39749.2
MON_CER010349.4
NAU313249.7
Gh58349.8
NAU3769(C8,24)50.1
HAU246950.2
JESPR046(C8)50.4
NAU2439(C24) NAU315550.9
MON_DC2016851.2
Gh455b51.6
Gh65952.1
NAU321653.0
MUCS16054.0
MUSB088455.1
NAU316956 5

(Yumian 1×CCRI 35)×(Yumian 1×7235) 

4184.4 cM 

978 loci BNL30890.0

Gh22818.8

Gh0300.0
NAU21627.2
NAU24779.0
NAU0913a10.7
JESPR29520.0
TMB201122.9
MON_CER016429.8
CIR18339.2

A04(10)172 individuals 
Chr04(10) Chr24(213) 

Composite cross population (CP) 
Population 4 

69 linkages 



QTL mapping for agronomy traits 



Population 1:（Yumian 1 × T586） RIL 

15 QTL for lint percent 
55 QTL for 5 fiber quality traits 
88 QTL for 6 seed-physical traits 
57 QTL for 6 seed-nutritional traits 
39 QTL for 5 photosynthetic  traits 



Population 2:（Yumian 1 × CCRI35） RIL 

75 QTL for 5 fiber quality traits 

35 QTL for 5 yield traits 



Population 3:（Yumian 1 × 7235） RIL  

54 QTL for 5 fiber quality traits 

11 QTL for lint percent 
D08D08   Chr24 



63  QTL for 5 fiber quality traits 

 (Yumian 1×CCRI 35) × (Yumian 1×7235) 

QTL Chr Near marker a1 a2 % Expl. 

qFL01.1 01 HAU1044 0.35  -0.58  48.5 
qFL15.1 15 NAU0902 -0.27  0.88  50.8 
qFL23.1 23 NAU1035  0.65  -0.57  42.0 
qFS24.1 24 CGR5145 0.19  -0.54  16.2 

Composite cross population 



Summary 



Chrom P0P1 POP2 POP3 Chrom POP1 POP2 POP3 
A01 54 46 21 D01 72 73 79 
A02 33 45 35 D02 77 43 40 
A03 37 24 13 D03 39 57 42 
A04 29 21 13 D04 35 31 27 
A05 70 57 53 D05 82 66 62 
A06 140 34 35 D06 73 18 52 
A07 57 36 21 D07 78 92 33 
A08 153 29 74 D08 53 39 430 
A09 37 31 45 D09 78 62 33 
A10 40 23 30 D10 119 91 63 
A11 72 28 41 D11 115 43 39 
A12 50 10 38 D12 59 66 52 
A13 78 19 33 D13 43 48 40 
At 850 403 452 Dt 923 729 992 

1) Markers unevenly distributed on genetic map  

(1) Tetraploid cotton genetic map  



2) Although upland cotton has low genetic diversity, 
but some chromosomes have much more diversity. 
These chromosomes may be produced by interspecific 
introgression. 

Chromosome T586 CCRI35 7235 Chrom T586 CCRI35 7235 
A06 122 37 35 D06 73 18 52 
A07 56 40 21 D07 61 85 33 
A08 135 29 74 D08 49 38 430 
A10 40 32 25 D10 98 84 63 
A11 69 28 41 D11 110 43 18 



3) Tetraploid D genome has higher genetic diversity than 
tetraploid A genome. This result suggest that A gnome 
evolved rapidly before the tetraploid formed,  but D 
gnome evolved rapidly after the tetraploid formed. 

Chromosome T586 CCRI35 7235 
At 850 403 452 
Dt 923 729 992 

The loci of At & Dt genome 



Chromosome T586 CCRI35 7235 
A04 29 21 13 
D04 35 31 27 

4) Some chromosomes have low genetic diversity among 
upland cultivars, even between G. hirsutum and G. 
babadense. These chromosomes may have important  genes 
for cotton. 

The loci of chromosome A04 & D04  



BNL2662133.3
SRAP36F47R139.3
PGML03854140.9
IT-ISJ03F08Ra143.9
Gh373146.6
ET-ISJ10F53R148.5
BNL3279151.4
IT-ISJ01F38R156.0
DC40316160.6
NAU3415162.7
SWU1713170.4
C2-0120171.7
Lg172.0
PGML04063172.7
SWU1715173.4
CGR5015174.1
SWU1720174.8
SWU1729b175.6
SWU1724176.2
SWU1721176.6
IT-ISJ09F64Rb184.5

Chr21

5) Green fiber (Lg) was mapped at the end of chromosome 
Chr21 (D11) 

Lg located  on chromosome 
chr15 in the classical genetic 
map. 



1) Many minor QTL controlled agronomy traits 

(2) QTL for agronomy traits 

2) Different cotton cultivars have different alleles at 
some QTL loci 

3) Some QTL for yield, fiber quality and seed traits co-
locate on the same chromosome region in cotton 

4) Some chromosome region clusters QTL for the same 
trait 



Acknowledgments 

Dr. Shiyi Tang 
Dr. Dexin Liu 
Dr. Ke Zhang  
Mr. Zhaoyun Tan 
Mr. Shunfeng Wang 
Ms. Liu Fang 

Prof. Yan pei 
Prof. Andrew Paterson  

Mr. Gang Lin 
Mr. Ling Li 
Ms. Li Li 
Ms. Huijuan Ni 
Ms. Fengmin Zheng 
Ms. Jing Zheng 
Ms. Meichun Hu 
Ms. Qun Wan 

Dr. Jian Zhang 
Dr. Dajun Liu 
Dr. Zhonghua  Teng 


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25

