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Association analysis of drought tolerance traits of upland cotton accessions
(Gossypium hirsutum L.)
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Abstract: Drought stress is an important factor that leads to severe reduction in cotton fiber yield and quality worldwide, and new
cotton varieties with high-yield, high-quality and drought-tolerant characteristics have been the goal for cotton breeding. In this
study, 217 upland cotton accessions were selected for drought stress experiments and association study. The drought stress treat-
ment panels were supplied with 50% the water volume of the controls, until the seedlings emerged. A total of 18 traits including
agronomic traits, fiber yield indices and fiber quality indices, were investigated at two locations and for two years. After drought
stress, there were significant differences in response between populations, and significant differences in phenotypic traits between
control and treatments. The phenotypic data were analyzed by BLUP, and the drought resistance coefficient of each trait was cal-
culated. A total of 393 loci were detected by 214 SSR marker in the tested cotton accessions. The average gene diversity coeffi-
cient was 0.402, with the range of 0.072-0.631; and the average PIC value was 0.329, ranging from 0.070 to 0.560. Genetic
structure analysis showed that the group could be divided into two subgroups and it had no obvious correspondence with geo-
graphical origin. There were detected extremely 76 significant loci (P < 0.01), with explanation rate ranging from 2.931% to
7.218%, by association study using drought resistance coefficient (DRC) of 18 traits. Fourteen SSR marker could be detected by
two or more traits at the same time. These results could provide a theoretical basis and reference for the parents selection and
drought-resistant molecular marker-assisted breeding in cotton.
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Fig. 1 Marker screening and amplification display
A: ; B: NAU3377 1~12: 12 s pl~p27: 217
; M: marker
A: screening of partial markers; B: amplification products of marker NAU3377 in some accessions. 1-12: 12 accessions with extremely
different geographical origins; pl—-p27: some varieties from 217 natural populations; M: marker.
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Fig. 2 Gene diversity (A) and PIC frequency (B) profiles of 214 marker sites
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HAU1355¢ NAU5260b NAU3277a, 3 Wig
3.332%~4.233%; 14 (NAU3100b 3.1
NAU2016b NAU2016a
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NAUl156a NAU3016a NAUI1156b JESPRO65b
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(71
3.049%~4.739%;

, 3 (NAU5499a

NAU6104 JESPRO65b), 3.592%~ ( 1),
3.838%; 5 ,
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Table 3 Correlation analysis of drought resistance coefficient and markers for phenotypic traits
Trait Marker P K Trait Marker P K
NAU2152b 0 5.425 CIR280 0 6.320
FS NAU2152a 0.001 4.785 PH NAU3377¢ 0.003 4.327
JESPR181 0.004 3.683 CIR246b 0.003 4.520
NAUS859%a 0.005 3.707 NAU4926¢ 0.005 3.879
NAU3589b 0.007 3.167 NAU3881a 0.006 3.616
NAU3529a 0.008 3.045 NAU859b 0.007 3.741
NAU1362¢ 0.009 3.020 NAU3995a 0.009 3.327
NAU1042b 0.004 4233 NAU911¢ 0.001 4.894
FUHML NAU797a 0.007 3.628 FFSBN JESPR153¢ 0.002 4.486
HAU1355¢ 0.005 3.704 NAU1274b 0.004 3.951
NAU5260b 0.006 3.716 NAU6109b 0.006 3.608
NAU3277a 0.008 3.332 BNLI122a 0.006 3.526
NAU2274a 0.008 3.331
NAU3100b 0.002 4.379 NAUI1375b 0.010 3.201
LP NAU2016b 0.002 4.232
NAU2016a 0.003 4.137 NAU3522b 0.002 4.754
CIR280 0.003 3.983 NAU3522a 0.003 4.152
NAUI1375b 0.005 3.672 NAU3031b 0.004 4.017
NAUI1156a 0.006 3.523 BNL1122a 0.007 3.461
NAU3016a 0.008 3.292
NAU1156b 0.008 3.262 NAU5189a 0.001 4.684
JESPRO65b 0.008 3.239 EFSBN NAU1167a 0.003 3.931
HAU1434b 0.008 3.229 NAU4926b 0.006 3.564
HAU2147b 0.008 3.171
NAU3100a 0.009 3.140 NAU4073a 0.004 3.913
BNL3976b 0.010 3.071 TSCY NAU2016a 0.009 3.269
NAU1028a 0.010 3.049
NAU4926b 0.006 3.653
NAU5499a 0.004 3.838 EBN NAU2078b 0.008 3.325
MV NAU6104 0.005 3.595
JESPRO65b 0.005 3.592 NAU6104 0 5.791
BW NAUI1156b 0.003 4.174
NAU3948b 0 7.218 NAU1156a 0.005 3.827
FFSH NAU3948a 0.001 4.854 NAU478b 0.007 3.439
HAU1355a 0.002 4.758 NAU478a 0.009 3.200
NAU3308b 0.008 3.337
NAU3522a 0.009 3.208 BNL3875b 0.003 3.880
FE CIR183b 0.003 3.755
NAU6104 0.003 4.151 NAU5428b 0.004 4.076
PBN NAU1028a 0.004 3.965 JESPR181 0.004 3.613
NAU5428b 0.005 3.950 NAU2317a 0.006 3.258
NAU3377a 0.007 3.170
GP JESPRO65b 0.004 4.058 NAU5005b 0.009 2.931
NAU4926¢ 0.010 2.970

1

Abbreviations are the same as those given in Table 1.
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Table 4 Markers associated with multiple-effect traits

Marker Chromosome Position (bp) Trait
NAU6104 A03 1,350,357 MV, BW, PBN
NAUI1156a A05 21,325,479 BW, LP
JESPR065b A05 98,149,579 GP, MV, LP
CIR280 A06 6,580,622 PH, LP
HAU1355 A06 8,067,852 FFSH, FUHML
NAUS859 A09 53,596,735 FS, PH
NAU3377¢c D11 379,087 FE, PH
NAU5428b All 119,324,448 FE, PBN
NAU3522a Al2 106,203,559 FSBN, FFSH
JESPR181 D05 10,325,076 FS, FE
BNL1122a D07 30,098,941 FFSBN, FSBN
NAU1375b D09 9,223,243 LP, FFSBN
NAU4926¢ D12 5,980,182 PH, FE
NAU4926b D12 5,980,182 EFSBN, EBN
1 Abbreviations are the same as those given in Table 1.
’ [37»38], 4
, (P>0.01) : , (
5 5
) )
[10,42]
, HFT9000 ,
18 3.2
>
> s > 5
P > 5
s
> , Zheng * Fy;
[7] R 16
> > QTL, 5 1 3
3 4
(5410 Li ¥ 517 ,
33 QTL
, 6 QTL, RNA-seq
5.353% 7.496%; 6
. P<0.01
(CV=10.924%; CV4=10.963%), 76 ,
2.931%~7.218% 18 QTL

2% 2
(P<0.01)
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CIRI83b, P 0.003, 37550,  References
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0.008, 3.239%; [3] Levi A, Paterson A H, Barak V, Yakir D, Wang B H, Chee P W,
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