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Association Analysis of Yield-related Traits with SSR Markers in
Upland Cotton( Gossypium hirsutum )

WANG Juan,DONG Cheng-guang, LIU Li, KONG Xian-hui, WANG Xu-wen,YU Yu
( Cotton Research Institute ,XinJiang Academy of Agricultural and Reclamation Science/Key Laboratory of
China Northwesten Inland Region ,Ministry of Agriculture ,Shihezi 832000 )

Abstract ; Improving cotton yield and fiber quality is a major breeding goal for Chinese upland cotton. Discover-
y molecular markers associated with the target traits can overcome the blindness of conventional breeding and
improve the accuracy of molecular marker assisted selection breeding. In this study,a diversity panel consisting of
118 upland cotton accessions was grown in four different environments, and the yield-related traits including lint per-
centage (LP) ,boll weight( BW) ,bolls per plant( BN ) and seed index( SI) were measured ,and 214 polymorphic SSR
markers of covering the whole genome were performed in association mapping. Molecular marker data and four
phenotypic traits were analyzed by the method of MLM ( mixed linear model ) in Tassel 5. 0 on the basis of population
structure , analysis loci with elite allelic variation and typical materials carrying elite alleles were identified based on
phenotypic effect values. The results were showed ;118 upland cotton accessions were rich in phenotypic variation,
the mean coefficients of variance( CV)ranged from 6. 1% -19. 1% ,and were more stable in different environments.
The average value of skewness coefficient were between 0. 8-0.9 and average values of kurtosis coefficient were
between 1. 0-2. 6. The results showed that phenotypic variation was in normal distribution. Genotyping was per-
formed with genome-wide Simple Sequence Repeats(SSRs) ,a total of 214 markers were polymorphic and generated

460 allele loci,the average genetic diversity index were 0. 5151 with range from 0. 0333 to 0. 8725, and polymor-
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phism information content( PIC) were 0. 4587 with range from 0. 0328 to 0. 8594. Then 99 markers, accounting for
46.3% of the total , their genetic diversity index and PIC were both more than average together. The results indicated
that the alleles and the genetic diversity were larger in upland cotton accessions. 118 cotton varieties were divided
into 4 subgroups by analysis of population structure ,there was no corresponding relation between each kind of group
of accessions and the geographical regions. Association analysis results were showed that 39 marker loci were detec-
ted at least two of the four environments (-log,,P >1.3,P <0.05 ). 14 marker loci were associated in LP with
explained variance rang from 3.29% to 9. 1% ,with an average of 5.37% . 8 marker loci were associated in BW
with explained variance range from 3. 68% to 9. 56% ,with an average of 5. 88% .5 marker loci were associated in
BN with explained variance range from 3.74% to 5.77% ,with an average of 4.44% and 12 marker loci were
associated in SI with explained variance range from 3.49% to 11. 14% , with an average of 5. 91% , respectively.
The four marker loci of 39 associated markers were associated with more than two traits simultaneously. For exam-
ple,JESPRO65a was simultaneously associated with BW and SI,and NAU1169¢ was simultaneously associated with
LP and SI. The seven marker loci ( CIR0O183, JESPRO153, NAU3308, NAU6094 , NAU3201, NAU1167,NAU3995)
were coincident with previous studies,and 32 were identified as new association markers. The results were excellent

genetic resources for future cotton breeding and could provide a theoretical basis for molecular assisted selection of

upland cotton about yield traits.
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Table 1 The origin and distribution of 118 materials

X PR K
Accession

Cotton growing region Origin
number

PEAL Y BTAR X 67 HRALEE (48) 5 B R

North-western inland cotton HE(1S) s HNZUR(4)
growing region

JEAB R 2R X 21
North China specific early

LT (12) 5 IHPFEEH(9)

maturation region

AR X K [ AR 30

Other cotton growing region

TP X (17) ;K&
VWA X (8) 5 [ 4k
HAEH(S)

and abroad
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Table 2 Descriptive statistics for yield and its components traits in four different environments

PEIR 78 158 He/ME SSPN] brifE 2 5 F AN it U4 i

Traits Environments Mean Min. Max. SD (% )CV Skewness Kurtosis
K3 (%) SHZ-13 44.1 32.3 49.6 3.1 6.9 -1.2 1.8
LP KRL-13 42.7 30.8 48.4 3.0 7.1 -1.1 1.7
SHZ-14 40. 4 31.8 45.6 2.7 6.7 -0.8 0.8
KRL-14 40.7 37.5 43.9 1.5 3.7 -0.1 -0.3
14 Mean 42.0 33.1 46.9 2.6 6.1 -0.8 1.0
PR (g) SHZ-13 5.6 3.1 6.8 0.5 9.5 -1.0 4.3
BW KRL-13 5.6 3.2 7.6 0.6 10.2 -0.6 3.9
SHZ-14 5.4 3.6 6.6 0.5 10.1 -0.4 0.5
KRL-14 5.0 3.7 5.8 0.3 6.5 -0.4 1.7
S Mean 5.4 3.4 6.7 0.5 9.1 -0.6 2.6
BARRESEL SHZ-13 4.6 3.1 9.0 0.8 18.2 1.8 6.3
BN KRL-13 5.3 3.1 10.2 1.1 20.9 1.0 2.4
SHZ-14 6.5 4.0 9.5 1.2 18. 8 0.4 -0.3
KRL-14 7.6 4.5 12.3 1.4 18.5 0.3 0.3
- Mean 6.0 3.7 10.3 1.1 19.1 0.9 2.2
FIE(g) SHZ-13 10.2 8.5 14.8 0.9 9.0 1.4 4.9
SI KRL-13 10.3 7.4 18.1 1.2 12.0 2.2 3.2
SHZ-14 10.9 8.0 13.2 0.9 8.2 -0.2 0.0
KRL-14 9.4 7.8 11.6 0.7 7.6 0.3 0.6
-3 Mean 10.2 7.9 14.4 0.9 9.2 0.9 2.2

SHZ-13 .KRL-13 SHZ-14 KRL-14 735403 2013 4E43 7 T3R5E 2013 4EE/R Eh3RESE 2014 4E 471 T3R8 2014 4E PR /REhEREE . T

SHZ-13 ,KRL-13,SHZ-14 ,KRL- 14 represent different planting environments( Shihezi,SHZ ;Korla,KRL) in 2013 and 2014.

LP:Lint percentage, BW : Boll weight, BN :Bolls per plant,SI:Seed index. The same as below
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Fig.1 The boxplot of four phenotypic traits in Shihezi and Korla from 2013 to 2014
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Fig. 2 Distribution of gene diversity (a)and PIC(b) of 214 polymorphic marker loci
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A :Magnitude of LnP(D)as a function of K,b:Magnitude of AK as a function of K
B3 118 B REFHEEHI TR K& . LoP(D) EH AK EELE
Fig.3 K,LnP(D)and AK based on population structure analysis for 118 upland cotton cultivars
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Table 3 Association analysis results of phenotypic traits

PR FRIC AL, SHZ-13 KRL-13 SHZ-14 KRL-14
Traits Marker loci -log,, P R* (%) -log,, P R* (%) -log,, P R* (%) -log,, P R (%)
KA BNL3089b 1. 44 3.75 1.74 4.95 1. 47 4.02
LP CIRO183a 2.05™ 5.94 1.94 5.70
DPLO641b 1.38 5.83 1.34 5.40
JESPRO65h 1.42 3.70 1.57 4.34
JESPR153a 1.59 4.28 1.76 5.04
NAUO437a 1.41 6.20 1.50 6.37
NAU0923a 2.56™ 7.86 1. 84 5.32 1.30 3.29
NAUI169¢ 1.39 3.58 1.58 4.39
NAU3031a 1.98 5.70 2.17™ 6.58
NAU3308b 2.70 ™ 8.41 2.83* 9.17 1. 63 4.63
NAU3404c¢ 2.66 ™ 8.23 2.52* 7.95
NAU3881a 2.04* 5.90 1.91 5. 60
NAU3995e 1. 67 4.58 1.38 3.72
NAUS463a 1.39 3.59 1.52 4.17 1.38 3.72
PAES TR HAU3101a 1.58 6.39 1.31 5.24 1. 41 5.83
BW JESPRO65a 1.61 4.37 3.01™ 9.56
NAU1302 1. 41 3.68 2.09 ™ 6. 06
NAU2967a 2.50 " 7.68 2.17* 6. 62
NAU2984b 2.78* 8.74 2.14™ 6.23
NAU2984c¢ 2,22 6. 60 1. 86 5.24
NAU3308b 1.76 4.90 1. 64 4.42
NAU3522d 1. 63 4.59 1.41 3.74
BE BNL3875¢ 1.45 3.76 1.65 4.52
BN NAU0874d 1.54 4.07 2.08™ 5.77
NAU2954b 1.55 3.93 1. 47 3.82
NAU5262a 1.90 5.35 1.55 4.17
NAU6094b 1. 88 5.23 1.43 3.74
it DPLO238a 1.50 4.20 1. 46 3.98
SI JESPRO65a 1.35 3.57 2.51™ 8.06
NAUL167d 1.76 5.05 1.32 3.52
NAUI169¢ 1.83 5.30 2.18* 6. 68
NAU3201b 1.34 3.54 2.19* 6.81
NAU3800b 1.73 9.03 1. 84 9.45
NAU3995d 1.70 4.84 1.79 5.24 1.42 3.83
NAU5262a 1. 64 4.60 1.45 3.88
NAUS5335a 1. 40 3.77 1.33 3.49
NAUS5335b 2.69 ™ 8. 64 3.25™ 11. 14
NAU5335¢ 1. 69 4.79 2.66 ™ 8. 68
NAU7182b 1.83 7.61 1. 89 8. 12

** Frri-logyy P >2(P <0.01)
™ indicate -log,, P >2 (P <0.01)

ABFEE L SR AR LR (% 4) 455 %  JESPRO153 NAU3995 5 Hif ABFFE 4 51552 58 4 —
WA T AT EMEIROCH ARG AL TERT AR 2 3404 4 NAU3308 NAUG094 \NAU3201 \NAU1167
Ao TR A R P A R QTL 7 Ao, e i ABEZE A 72 Bt i IR A 52 4
Mo Horh, 5 Aoy AR X B bR GC AL 5L CIROI83 ., 3% (H i dyF8 ] P ik
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Table 4 Comparison of the results of associated SSR loci

with other research

EIPNIEMEES SRE2N
o EN SR QTL AV
FRiCAT 5 e
PSRN Reported research
Marker loci
Our research traits traits and linked
with QTL loci
CIR0183 K4 LP K5y LP(qLP-c22-1) 8
JESPRO153 K43 LP K4y LP(qLP-D13) 3]
NAU3308  AK43 LP 4% BW T8 SI(gSI-D2-1) 3!
NAU3995 KAy LP T4 SI K4y LP(qLP-A-1) (28
NAU6094 BN Ky LP(gLP-A5-2) 7]
NAU3201 T ST BT BW(qBS-D8-1) %)
K43 LP(qLP-D8-2) %]
NAU1167 Fi5 SI Ky LP(gLP-A3-2) 4]
A4y LP(qLP-2-1) ¢!
A A)
3 itig

RHR AT M2 AR 10 A7 5 8] 1Y 3% B P-4 (LD )
REREE . UG, TR R IASE AL LD R, AT
DI O AT h /5 2 A AR L %5 B A, A B
FERU ML TR AN AEY) | i R 2 A ]
FELER R 1 dE 4 IR B AT 5% LD 7K %, LD
TR, 2 LD 2807 =0. 1 f1+°=0.2 B, [
M AR Y LD P55 300 8 ~25 M
F3 ~7 MU0 TR 7 il AR R DG 43
BT e T B QTL 28 A7, {H 246 T 31 K 2506
AV A, A BB R B TR 2R 5 5 oM LR, #5
DUAE ARl 5200 oM ML IR BT T A K
1) 4 3 PR A DGR 4B, REYTT 28 1000 4L b 2384k
PIARIC, TEABIFSE B 5] BEHLAY 557 XF SSR #Rid
{UAT 214 XF 7= A 2350k 3067 5 Ta] 35t 14 IR 25 1k 3]
10 cM D I, DR IE , AR TR 381 42 5 [ 21 KOF- b 1) OB
3T A SR TG 1 — 20 G 0 10 25 DA T A ) 3]
W2 5 BARERAHOCE I FRIC

FEARGEH 2 e SR AT i R R 2 — . #F
PR SERE) B AEAE 2338 20 5 0 57 15 LD 7K 11 5% 1) S BB
SRR HER M | 3 I A M BB BE A B
D3 11 Z2 A PEAT 5 AR RV IR 19 SC AN 2 FH D RE L
RUIE LAY, T2 ORI A i R B, DA 9T ER
B[R] IO AR S5 R 45 2 (Q {BD) 0t A ) 3 455G
A (KAH) B MLM(Q + K) A ELHE 5 B fd ] Q

{5k K A GLM( Q) F1 MLM (K) &I ARF5¢
X2 A ERIC A7 a5 L P AR 54 R STRUCTURE #X
PEBEATREIRGE M (59 23 A A AE | 3138 A A RHE A
FAFRIRER (Q B , IR HAE b i 4T MLM
(Q +K) M SCHE /M, A7 B b5 1E T BEAE A2 5380
HIh e . ASHFFEITIE 118 1 b} it 4537 715 S A o5
FRIERAIEL K =4 B, AK 15 B0 AE 353 55, B o] ir
VEAT RN R 4 ASERE, LTS BT A R
MR T EL R FLR R AT RS R A 5 A A5 A
DX (AR AL S AR AC T A 17, 1 AL 1S SN R 4R,
HERVE TR — R ik i A BHE A [ XA TIE E
IR A i 5 45 A 25 IXOR VR Bl 2R 3 R X

FEARBIFFE | by e KRR B bkt S B AR 45 4 5 0%
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