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QTL Mapping of Seed Physical Traits in Upland Cotton (Gossypium hirsutum L.)
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Abstract: Cotton is a leading natural fiber crop in the world, and also provides important plant oil and protein. Cotton fiber is
developed from a single cell of seed epidermis, so QTL mapping of seed traits is important to reveal the genetic characteristics of
seed traits and to understand the genetic relationship among seed, yield and fiber quality traits. Six seed physical traits of upland
cotton recombinant inbred line population identified in three environments presented continuous segregation, and the significant
variances existed in the six physical traits were affected by environments. The linkage map constructed from the upland cotton
recombinant inbred line population (T586 x Yumianl) F,.; were used to map QTLs for six seed physical traits by MQM method, and
thirty-four QTLs were detected, including nine QTLs for seed weight (qSW), five QTLs for fuzz weight (QFW), three QTLs for fuzz
percentage (gFP), eight QTLs for kernel weight (QKW), six QTLs for seed hull weight (QHW), and three QTLs for seed kernel
percentage (gKP), with explained phenotypic trait variance ranging from 4.6% to 80.1%. Out of thirty-four QTLs, nine QTLs were
identified in two or three environments, and they included two large-effect QTLs controlling fuzz weight and fuzz percentage at N;
locus on chromosome 12, and other seven small-effect QTLs. A total of 34 QTLs were mapped on 15 chromosomes, and among
them 20 QTLs distributed on A sub-genome and 14 QTLs distributed on D sub-genome. Twelve chromosome regions have two or
more QTLs for seed physical traits in each region, and directions of most QTLs for different seed physical traits, which originated
from the same parent in the same chromosome region, were consistent with the correlation coefficients of traits.
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1

Table 1 Phenotypic analysis of seed physical traits

Parent Recombinant inbred lines
Trait Environment T586 1
Yumian 1 Mean Max. Min. SD Skewness Kurtosis
05HN - 10.85 10.89 13.96 7.97 1.10 -0.01 -0.18
Seed weight (g)
06CQ 13.02 10.67 11.29 1457 8.99 0.97 0.40 0.32
07CQ - 11.17 11.19 13.91 8.62 1.05 0.20 -0.13
05HN 0.00 1.02 0.91 2.84 0.00 0.75 0.03 -1.15
Fuzz weight (g)
06CQ 0.00 1.43 1.09 2.95 0.00 0.88 -0.03 -1.29
07CQ 0.00 1.17 0.83 2.95 0.00 0.79 0.36 -1.01
05HN 0.00 8.55 7.50 22.03 0.00 5.97 -0.15 -1.36
Fuzz percentage (%)
06CQ 0.00 11.79 8.50 21.81 0.00 6.70 -0.15 -1.36
07CQ 0.00 9.47 6.68 22.59 0.00 6.23 0.28 -1.15
05HN - 6.41 6.62 8.69 4.68 0.73 0.13 -0.14
Kernel weight (g)
06CQ 8.66 6.33 6.89 9.03 5.45 0.65 0.36 -0.30
07CQ - 6.58 6.85 8.73 5.05 0.76 0.10 -0.12
05HN - 4.43 4.27 5.43 3.04 0.45 -0.08 -0.27
Hull weight (g)
06CQ 4.33 4.34 4.40 5.85 3.34 0.42 0.28 0.35
07CQ - 4.59 4.34 5.34 3.26 0.40 0.17 -0.28
05HN - 59.13 60.76 67.60 56.05 1.85 0.01 0.36
Kernel percentage (%)
06CQ 66.49 59.30 61.03 66.94 53.78 1.95 -0.32 1.33
07CQ - 58.94 61.19 67.67 52.33 217 -0.89 2.99
- 05HN 06CQ 07CQ 2005 2006 2007
—: missing data; 05HN, 06CQ and 07CQ indicate 2005 in Hainan, 2006 and 2007 in Chongging, respectively.
( 2
2
Table 2 Variance analysis of seed physical traits
. . . F
Trait Source of variation SS df Variance
Environment 13.99 2 6.99 16.96™
Seed weight Genotype 47235 196 241 5.85™
Error 161.62 392 0.41
Environment 5.10 2 2.55 31637
Fuzz weight Genotype 363.41 193 1.88 23.38"
Error 31.09 386 0.08
Environment 188.98 2 94.49 2353"
Fuzz percentage Genotype 22389.6 193 116.01 28.88"
Error 1550.33 386 4.02
Environment 8.59 2 430 19.29™
Kernel weight Genotype 212551 196 1.08 487"
Error 87.30 392 0.22
Environment 0.68 2 0.34 426
Hull weight Genotype 70.13 196 0.36 445
Error 31.53 392 0.08
Environment 36.14 2 18.07 5.88™
Kemel percentage Genotype 1080.71 196 551 1.80"
Error 1203.98 392 3.07

* ok

) 0.05 0.01

“and ™" significantly different at the 0.05 and 0.01 probability levels, respectively.
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3

Table 3 Correlation coefficients among seed physical traits

Trait Environment Seed weight Fuzz weight Fuzz percentage Kernel weight Hull weight
05HN -0.14"
Fuzz weight 06CQ -0.15"
07CQ -0.02
05HN -0.28" 0.99™
Fuzz percentage 06CQ -0.25" 0.99™
07CQ -0.14 0.99"
05HN 0.96™ -0.08 -0.21"
Kernel weight 06CQ 0.94™ -0.13" -0.23"
07CQ 0.95" -0.02 -0.14
05HN 0.89” -0.21" -0.34" 0.74"
Hull weight 06CQ 0.86" -0.15" -0.24" 0.63"
07CQ 0.83” -0.01 -0.10 0.62”
05HN 0.16™ 0.18" 0.16" 0.42" -0.30"
Kernel percentage 06CQ 0.06 0.04 0.02 0.397 046"
07CQ 0.32" -0.03 -0.08 0.58" -0.26"
005 001
“and ™ indicate significance of correlation at the 0.05 and 0.01 probability levels, respectively.
2.3 QTL
3 34 QTL 15 ( 4 1)
231 (gsSwW) 9 QTL 4.6%~9.7% 2 6 9 11 12
14 15 18 25 3  (gSW11-1, gSW12-1, gSW25-1) 11
gQSwi11-1 5.5%~9.7% 0.27~0.32 T586
12 gQSW12-1 5.2%~8.0% 0.24~0.34 T586
25 gSW25-1 5.5%~7.4% -0.23~-0.30
1 6 QTL 1 4.6%~8.6%
2.3.2 (gFW) 5 QTL 4.7%~72.6% 3 7 12 13 21
12 gFW12-1 3 -0.64 ~ -0.78
64.2%~72.6% QTL 1 100 1.28~1.56 g
4 QTL 1 4.7%~6.4%
2.3.3 (gFP) 3 QTL 5.7%~80.1% 3 12 21
12 gFP12-1 3 -5.30 ~-6.19 67.3%~80.1%
QTL 1 10.60~12.38% 2 QTL
1 5.7%~6.6%
234 (gKW) 8 QTL 4.7%~8.9% 2 6 11 12 14 15
22 25 11 gKW11-1 3 0.18~0.21
5.8%~8.9% 12 gKwW12-1 0.17~0.19
5.1%~5.2% 6 QTL
2.35 (gHW) 6 QTL 4.7%~9.1% 11 12 13 15
18 22 ( 4 1) 1
2.3.6 (gKP) 3 QTL 4.8%~5.7% 6 13 26 (



4 1) 6 gKP6-1 -0.43~-0.45 1

4 QTL
Table 4 QTL for seed physical traits

Trait QTL Environment Chromosome Nearest marker LOD, LOD, Additive PVE (%)
qsw2-1 07CQ 2 MUSS073 2.7 2.7 -0.31 7.4

Seed weight qSWe-1 05HN 6 MUSB0536 2.7 38 0.28 6.4
qSW9-1 06CQ 9 NAU2158 25 2.8 0.22 46

qsSw11-1 05HN 11 CIR316 2.7 33 0.27 55

06CQ 11 MUSB1076 25 5.8 0.32 9.7

qsSw12-1 05HN 12 N1 2.7 42 0.34 8.0

06CQ 12 CIR148 25 2.8 0.24 52

qSW14-1 07CQ 14 BNL3545 2.7 338 -0.32 8.6

qSW15-1 07CQ 15 MUSB0760 2.7 3.4 0.30 7.9

qSW18-1 05HN 18 CIR099 2.7 2.8 0.25 47

qSW25-1 06CQ 25 NAU2007 25 33 -0.23 55

07CQ 25 NAU2700 2.7 33 -0.30 7.4

gFW3-1 07CQ 3 NAU3541 2.8 2.8 0.21 6.4

Fuzz weight qFW7-1 05HN 7 DPL0800 25 2.8 0.16 47
gFW12-1 05HN 12 N1 25 66.0 -0.64 726

06CQ 12 N1 2.7 58.0 -0.78 68.3

07CQ 12 N1 238 39.0 -0.66 64.2

gFW13-1 06CQ 13 DPL0249 2.7 2.8 -0.20 438

gFW21-1 05HN 21 IT-ISI03F08R 25 2.8 -0.20 5.9

gFP3-1 07CQ 3 NAU3541 26 2.9 1.69 6.6

Fuzz percentage gFP12-1 05HN 12 N1 2.7 76.4 -5.72 80.1
06CQ 12 N; 2.7 63.8 -6.19 73.4

07CQ 12 N1 26 422 -5.30 67.3

gFP21-1 05HN 21 IT-ISI03F08R 2.7 2.7 -1.55 5.7

qKW2-1 07CQ 2 MUSS073 2.7 2.7 -0.21 5.9

Kernel weight qKW6-1 05HN 6 MUSB0536 2.7 5.2 0.21 8.6
gKW11-1 05HN 11 MUSB1076 2.7 3.4 0.18 5.8

06CQ 11 MUSB1076 2.7 3.0 0.20 8.9

07CQ 11 CIR316 2.7 3.0 0.21 6.8

gKW12-1 05HN 12 CIR148 2.7 3.1 0.19 52

06CQ 12 CIR148 2.7 3.0 0.17 5.1

qKW14-1 07CQ 14 BNL3545 2.7 36 -0.22 7.9

gKW15-1 07CQ 15 MUSB0760 2.7 2.9 0.21 6.6

qKW22-1 05HN 22 JESPRO50 2.7 338 -0.25 6.3

qKW25-1 06CQ 25 NAU2007 2.7 2.8 -0.14 47

07CQ 25 NAU2700 2.7 2.8 -0.20 6.3

gqHW11-1 06CQ 11 NAU0816 2.7 4.1 0.12 6.9

Hull weight gqHW12-1 05HN 12 N; 2.7 55 0.15 9.1
gqHW13-1 06CQ 13 NAU3148 2.7 3.0 -0.11 4.7

gqHW15-1 07CQ 15 MUSB0760 26 2.7 0.10 6.1

gqHW18-1 05HN 18 CIR099 2.7 47 0.13 7.8

gqHW22-1 07CQ 22 BNL0448 26 32 -0.11 7.2

gKP6-1 05HN 6 T 2.8 36 -0.45 5.7

Kernel percentage 06CQ 6 T, 2.8 2.9 -0.43 4.8
qKP13-1 06CQ 13 IT-ISI07F23R 2.7 2.8 -0.43 438

qKP26-1 05HN 26 BNL3423 2.8 3.4 0.51 5.7

LOD, LOD, P=0.05 LOD QTL LOD + T586 - 1

LODg and LOD,, represent the significant LOD threshold of the genome wide with a P-value 0.05, and the peak LOD of the identified QTL, respectively.
+ and —: a positive sign of the additive effect indicates that the allele originated from T586 increases the value of the trait, and a negative sign of the additive

effect indicates that the allele originated from Yumian 1 increases the value of the trait.
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Fig. 1 Seed physical trait QTLs detected from upland cotton recombinant inbred line population (T586xYumian 1) F,.7
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qSW: seed weight; qFW: fuzz weight; qFP: fuzz percentage; gKW: kernel weight; gHW: seed hull weight; gKP: kernel percentage.
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