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Population structure inferring and association analysis of

fiber quality in cultivated cotton
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Abstract; [Objective] The major objective was to infer the genome ancestry and the estimation of mo-

lecular relation in natural population,and then to detect the loci controlling the interested traits by means

of association analysis,so as to lay a theoretic foundation for the effective improvment of fiber quality and

the heightenning of breeding efficiency. [Method] One hundred and thirty-two SSR loci,evenly distributed

in 26 chromosomes,were assayed for polymorphism among 92 cultivated cotton accessions which represent

the high genetic diversity. The identified 494 alleles served as raw data for estimating population structure
based on the ADMIXTURE model in the software STRUCTURE 2. 3. 1. The UPGMA dendrogram was

calculated using the software of NTSYS-pc(Version 1. 8). Then, the association analysis between SSR loci

and 5 fiber quality traits (2 years X 3 replicate) was performed by using TASSEL GLM (general linear

model) program. [Result)] Specifying seven subpopulations (K=7) led to a maximum likelihood value.

Therefore, this natural population was inferred to be composed of 7 subpopulations,which were Gossypium
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arboreum (Cluster 5) ,G. barbadense (Cluster 7) ,G. hirsutum (Cluster 2,Cluster 4 and Cluster 6) ,and mix-
ture (Cluster 1 and Cluster 3). The Kullback-Leibler distance of pairwise subpopulation was also inferred
as the UPGMA dendrogram,which gave a detailed percentage of genetic composition of seven subpopula-
tions and molecular relatedness of each accession. And twenty one SSR loci associated with the traits were
screened out from this cultivated population. There were a few loci associated with two or more traits sim-
ultaneously, which might be the genetic reason of correlation among traits or pleiotropic phenomena. [Con-
clusion) The population structure of this natural population and the molecular relatedness of each accession
were inferred;twenty one SSR loci associated with the traits were detected. These results would provide

some referenced information for the utilization of these accessions, for marker assisted selection (MAS),

and for the upcoming association studies of some candidate genes.
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Table 1 No. and pedigree of 92 cultivars studied in this research

J;\]ja(? 1k Cultivar Z kK E Pedigree source

1 £eHk 6 NL 6 2| 4 H A From Japan

2 fﬁngKZHHjE/Ij eTT A% Unknown

3 KRt AL/ CSDHXH %1 Unknown

4 %If%)?\?zf)lqzjl{jé; T %1 Unknown

5 se B/ E WXXBH A Unknown

6 F2&/NE 3 XZXH 3 K% Unknown

7 K4 A CRZM FK 41 Unknown

8 Hrifg 8 5 Xinhai 8 723 1 Junhai 1

9 Fiig 12 5 Xinhai 12 72§ 1 Junhai 1

10 PimaS-3 51 H % H, A From American, unknown

11 Pima3-79 1w AEFRUE & The genetic standard line

12 AR 3 5 Aimian 3 A% Unknown

13 5476 ff 5476-U1 5l AR, A TE From The former U, S, S. R. , unknown

14 Vi 7124 Hai 7124 Mecixxill

15 Pima 90-53 51 {4 % H, ¥ From American,unknown

16 7 1% Junhai 1 9122 U

17 FiiF 35 Xinhai 3 ZZ%§ 1 Junhai 1

18 4L 80 Giza 80 51 B 3% B, A1E From Egypt, unknown

19 B 1155 Shaan 1155 FiK 1 XM 1818 Zhongchang 1 X Xuzhou 1818

20 AR 20 5 Jimian 20 FEAR 10X (g B F Jimian 10 X ( barbadense X hirsumtum X wilt) F

21 A% 9 %5 Liaomian 9 L 661X 68-3 Liao 661X 68-3

22 Wi JEE 1 5 Dongting 1 185 15 Deltapine 15

23 86-1 BlAH 5 Shaanmian 5

24 T586 Multiple-markers lines

25 TM-1 %5 14 Deltapine 14

26 57-681 185 15 Deltapine 15

27 52-128 57 H 531 Delfos 531

28 PD 9364 513 %M, AN From American, unknown

29 Acala 3080 5] H £ HE . A From American,unknown

30 A% 6 Lumian 6 72 % Line 72

31 ZRyb 28 Esha 28 GR AR AX X 1D XA 4 (Jingmian 4 X Gangmian 1) X Jingmian 4

32 1024 Lu 1024 1% 129 X Bk 5245 Shandong 129 X Shaan 5245

33 1 521 Zhong 521 CH5E N 209 X ¥ 910 #6) X BEAi 4 (Xuzhou 209 X Hai 910M) X Shaanmian 4
34 WA 3 %5 Simian 3 BPE 76-75 X 791 Xinyang 76-75 X Si 791

35 FLAR 6 45 Jimian 6 Ml 1818 X ()% + 1M 1818) Xuzhou 1818 X (Shukui+ Xuzhou 1818)
36 JI] 243 Chuan 243 JII 737 X %5 15 Chuan 737 X Deltapine 15

37 FEAR 12 Jimian 12 FEAR 5 X AR 1 Jimian 5X Jimian 1

38 LA 8 % Jimian 8 FLAR 5 X (IS T 45 X L) B} Jimian 5 X (Deltapine 45 X Zihua) Coradiation
39 A 14 Jimian 14 L 75-7TX L 75-23 Ji 75-7 X Ji 75-23

40 1 8004 Zhong 8004 R 209 X857 15) X (ST 14 X 45 209) (Xuzhou 209 X Deltapine 15) X (Deltapine 14 X Xuzhou 209)
A1 #6482 Sumian 6 24 241X AC 241 Jihe 24-1X AC 241

42 A 14 Lumian 1 FIARF 2 X1 & 1195, FR45 5 CRI. CAAS 2 X Shandong 1195, radiation
43 IR 2 5 Sumian 2 (R FIE 7 X485 16) X (B 142,84 68-71) (CRIL CAAS 7 X Deltapine 16) X (Xuzhou 142. Xingtai68-71)
44 EHE 7 5 Jinmian 7 BeAR 9 X (K 1+ rh 200) Shaanmian 9 X (Zhongchang 1+ Jinzhong 200)
45 5 401 Luwu 401 1 JG 383 X £ 384 Zhongwu 383 X Lu 384

46 ZEM 1 %5 Junmian 1 C 1470 X Z R4 C 1470 X Many males

47 %% 4% Qinyuan 4 HAR BT 12 X (86-1,48) CRI CAAS 12X (86-1. et aD

48 Wr 2 F 4 Stoneville 4 Wr M 1 5 Stoneville 1

49 FAE 11 4 Sumian 11 W 10X CAdes-2-81 Xiangmian 10 X CAdes-2-81

50 FAE 12 5 Sumian 12 (8004 X 3 328) X YL.#r 9101 (8004 X Ji 328) X Jiangsu 9101

51 %A% 21 % Yumian 21 HHRAT 12X # ki 117 CRL CAAS 12X Yuzhi 117

52 ¥ A 10 5 Yumian 10 (T - 40X 86-1) X 3 366 (Shangqiu 40X 86-1) X Ji 366
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453% 1 Continued table 1
130? M # Cultivar Z kK E Pedigree source
53 THE 18 5 Jinmian 18 T HE 6 Jinmian 6
54 AR 19 % Jinmian 19 82-87 X 7 711 82-87 X Shi 711
55 Ty 12 %5 Jinmian 12 FLAE 11X 6331 Jimian 11X Zhong 6331
56 BAS 11 Shaanmian 11 Bk 3619 Shaan 3619
57 SHiA 7 Ekangmian 7 =K 7701 X ] 1418 E7701X Jing 1418
58 BEHG 6 B Shaanmian 6 (IS A& FR X 63-105) X 1 3 (Daifumian X 63-105) X Zhong 3
59 BEA§ 10 Shaanmian 10 B 3619 X (3719 + kAR 4) Shaan 3619 X (37194 Shaanmian 4)
60 Be#i 4 % Shaanmian 4 HHR AT 35X (57-681 4131 2) CRL CAAS 3X (57-681+ Liao 2)
61 £ 321 Shiyuan 321 (86-1XF3) X H 12 (86-1XF3) X Zhong 12
62 TS 26 5 Jinmian 26 TR 7 Bt 3£ X)) Transgenic Bt from Jinmian 7
63 BEAS 8 5 Shaanmian 8 52-128 X % 1195 52-128 X Gaomi 1195
64 BlAS 2365 Shaanmian 2365 K %1 Unknown
65 BAd 5 5 Shaanmian 5 7538 X Bl 3 7538 X Shaanmian 3
66 BEHE 9 %5 Shaanmian 9 BEFf 3X52-128 Shaanmian 3 X 52-128
67 M 142 Xuzhou 142 %M 58 Xuzhou 58
68 F[FHE 201 Coker 201 A% Unknown
69 Hr ki 3 Xinluzhong 3 {[(108 X C1470) X108 F X137 K} X Pk 401 {[(108F X C 1470) X 108F X 137F} X Shaan 401
70 Frktith 5 Xinluzhong 5 BEAR 11 X108 & Shaanmian 11X 108F
71 Bk H 6 5 Xinluzao 6 85-174 X N JRWr i 85-174 X Beilslow
72 LA 13 5 Liaomian 13 1L 7440X6051 Liao 7440 X6051
73 A 531 Delfos 531 & F i Foster
74 JRIE 7235 Suyuan 7235 K% Unknown
75 155 15 Deltapine 15 14 Deltapine 14
76 BT 15 Tashkent-1 CA727 X BVGRF AL BF A M C-4727 X G. hirsutum ssp. Mexicanum
77 AR 10 5 Xiangmian 10 fSZ018 X BEAR 4 5 Daihongdai X Shaanmian 4
78 Wi 745 2B Stoneville 2B W7 H5 2A Stoneville 2A
79 % 1818 Xuzhou 1818 %M 209 Xuzhou 209
80 T 12 CRL CAAS 12 343k 4 X & 68-71 Uganda 4 X Xingtai 68-71
81 i 36 CRL. CAAS 36 H109X662
82 4 68-71 Xingtai 68-71  #x M 1818 Xuzhou 1818
83 thiRFT 17 CRL CAAS 17 (1 7259 th 6651) X H1 10 (Zhong 7259 X Zhong 6651) X Zhong 10
84 R 16 CRL. CAAS 16 W1 211X 1L 4086 Zhong 211 X Liao 4086
85  mhARFT 23 CRL CAAS 23 {[ (5658 X [k 5245) X 4067 X 1 10} X 3245 8 {[ (5658 X Shaan 5245) X 40677 X Zhong 10} X Jimian 8
86 FHET 21 CRL CAAS 21 #r5H 213 X (758 X 849) Stoneville 213 X (Zhong 758 X 849)
87 TR BT 30 CRI.CAAS 30 AT 16 X Bt ZEINFP i & Transgenic Bt from CRI. CAAS 16
88 T 9 5 CRL.CAAS 9 (FRARJT 4 X 13 F ik 3) Xk 3778 (CRIL CAAS 4 X Uganda 3) X Shaan 3778
89 FHERT 19 CRL. CAAS 19 WA 17X (Fp 7263 X H 6429) CRI. CAAS 17 X (Zhong 7263 X Zhong 6429)
90 hAf AF 3 5 CRI.CAAS 3 455 15 Deltapine 15
91 tp AT 35 CRL. CAAS 35 H1 23021 X (1 12X JI] 174) Zhong 23021 X (Zhong 12X Chuan 174)
92 B 1729 Yuncheng 1729 [ GLHR 7X D1 JE) X (H 3 X B2 4 7) ] X 86-1[ (Liaomian 7 X Beiwu) X (Zhong 3 X Stoneville7) ] X 86-1
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Fig. 1

Bar plot of the genetic composition of individual lines, based on 132 SSR linked multilocus

data by using admixture model in STRUCTURE 2. 3. 1

(a). Group by pre-defined POP Id;1,2 and 3 denote G. arboretum ,G. barbadense and G. hirsutum ,respectively;

(b). Sort by Q. Each column (92 columns in total) represents the genotype of an accession,and is partitioned into K

colored segments,and the length of a segment represents the estimated genetic fraction in every line of each of

the 7 inferred subpopulations; A. Cluster G. arboretum; B. Cluster G. barbadense;

H1,H2,H3 and H4. Four clusters for 4 ancestries in G. hirsutum ;M. Cluster for mixed ancestries between species
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ASRORE BRI AR 7 55 AR T 35 Bk 1155 & A 6. 3L
B3 20 5 (T586 A 4 5 A1 Acala3080, ix 26 44}
ZHA W&, AR 7 5. AR T 35, Bk
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Table 2 Proportion of membership of each pre-defined population (three species) in each of the 7 clusters

JE BB (R I W7 9 20 BE Inferred cluster 4 B
Given pop AT 1 AT 2 ALHE 3 ALHE 4 45 4 6 gigf7  Number of
(species) Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Cluster 7 accessions

fEHu A G. hirsutum 0. 004 0.027 0.003 0. 757 0.002 0. 205 0.001 74
S G. barbadense 0. 005 0. 096 0. 005 0.001 0.002 0.002 0. 889 11
W G. arboreum 0.038 0.061 0. 030 0.061 0. 807 0.003 0.001 7

2.2 tREAEEE Kullback-Leibler BEE
ZHEFE] 19 Kullback-Leibler BEES 7] DL & 2 4>
ARE A IS GRtfE) 257, R 3 BR.7 NAHBEMW

i [7] 39 Kullback-Leibler FEE A 0. 000 1~1. 493 3,
21 PP BRI X HE B R 0. 679 6, 245 R
7N B BER S R T AR AR R

xR 3 I HEE(Cluster) E B Kullback-Leibler BEE

Table 3 Matrix of the Kullback-Leibler distance of pairwise subpopulations
ZHHF A1 A2 A3 A A ZHHF S U6

Cluster Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6
R 2 Cluster 2 0.314 1
H#f 3 Cluster 3 0.000 1 0.314 1
R 4 Cluster 4 0.495 8 0. 800 3 0.497 9
HRE 5 Cluster 5 0.565 9 0.824 6 0.566 4 1.422 0
21 ## 6 Cluster 6 0.215 14 0.555 9 0.216 1 0.602 3 0.823 1
MRt 7 Cluster 7 0.599 9 1.087 3 0.602 0 1.493 3 1.264 3 1.011 6
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0. 035 6,3 B [ty AfR 134 b P 352 4% 22 FF M D IR
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WA b SO ON i R/ (R i ) . 4
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Fig. 2 UPGMA dendrogram based on Jaccard’s similarity coefficients of the 92 cotton accessions
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Table 4 Marker loci associated with traits and explanation of their chromosomal bin and phenotypic variation
b T R SSR 13 44, PR ] FA{d P1{d AR
Fiber quality SSR site Bin No. F value P value MR/ %

CIR253 Chr05_05 15. 662 0 0.001 4 8. 22

BNL3255 Chr08_04 29,3550 6. 491077 8. 66

LR R CER0063 Chrl0_05 10. 424 0 0.002 00 3.75
Upper-half

mean length CERO0164 Chr04_02 14,474 0 0. 000 34 5.31

CGR5349 Chrl0_01 13.787 0 0.000 45 4,79

CGR5740 Chr20_05 16. 043 0 0.000 14 5.43

BNL2597 Chr24_01 11.493 0 0.003 10 10. 83

CIR244 Chr08_05 18.690 0 0.000 83 12. 28

BNL2732 Chr05_02 22.694 0 0.000 37 13.51

S 5 i 4 BNL3255 Chr08_04 10. 097 0 0.002 10 5.75

Uniformity BNL3895 Chrl10_04 8.759 7 0.004 40 6.45

index CER0077 Chro6_01 8.535 7 0.004 90 6.08

CGR5181 Chrl6_11 8.650 7 0.004 60 6.25

CGR5453 Chrl7_06 8.748 0 0.004 40 6.21

CGR5740 Chr20_05 9.366 8 0.003 00 5. 96

BNL2553 Chr20_01 10. 847 5 0.003 50 7.20

BNL4059 Chrl2_01 19.551 6 2.98X107° 6. 36

o e [ BNL1440 Chr25_04 14.358 1 0.000 31 5.37

Micronaire value BNL3255 Chr08_04 10. 836 3 0.001 50 4,06

CGR5349 Chrl0_01 15.303 1 0.000 23 6.19

CGR5620 Chr03_01 8.960 6 0.003 60 3.26

BNL2544 Chr18_06 25.623 6 3.97X10°° 15.55

BNL3255 Chr08_04 41.681 4 8.37X107° 18.17

g% CER0077 Chr06_01 11.076 3 0.001 50 7.86

Elongation CGR5349 Chr10_01 10.014 9 0.002 40 7.39

CGR5740 Chr20_05 21.393 5 1.42X107° 13.01

CGR5620 Chr03_01 12.780 6 0.000 59 7.28

BNL4096 Chr19_09 8.891 3 0.004 1 3,27

%ffntgtfrg CGR5417 Chr01_08 7.574 9 0.009 0 3.42

CGR5565a Chr10_08 9.999 1 0.002 4 3.72
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