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Mapping QTLs Related to Fiber Quality and Yield Traits of Cotton

Based on Imported Lines of Gossypium mustelinum
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Abstract: To mine elite gene resources from Gossypium mustelinum L. for the genetic improvement of upland cotton, a
backcross introgression line (BCsSs) population comprising 71 lines, derived from Gossypium hirsutum B0011 as the recurrent parent
and Gossypium mustelinum as the donor parent, was utilized. Phenotypic evaluation and quantitative trait locus (QTL) mapping were
conducted for eight fiber quality traits (fiber length, fiber strength, micronaire value, maturity of cotton fiber, fiber uniformity, short
fiber content, fiber elongation, and the water content) and three yield traits (lint weight, single boll weight, and lint percentage).
Studies have shown that lint weight and short fiber content are strongly influenced by genotype; fiber length, fiber strength, fiber
uniformity, fiber elongation, micronaire value and lint percentage are significantly affected by environmental conditions, while
maturity of cotton fiber and the water content are influenced by genotypexenvironment interaction to a greater extent than by genotype

alone. Most yield traits exhibit weak associations with fiber quality traits; However, single boll weight and lint percentage of are still
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significantly affected by fiber quality traits, among which the single boll weight is significantly correlated with micronaire value and
fiber elongation, and the lint percentage is significantly correlated with the water content. A total of 80 QTLs were identified,
including 63 for fiber quality and 17 for yield traits, distributed across 21 chromosomes. A high proportion of these QTLs exhibited
high contribution rates, with over 80% having a LOD value greater than 3.00 and high linkage recombination rates. Notably, five
QTLs (gLW-A06-1, gMCF-A12-1, qFS-A13-1, gSW-A10-1, and ¢gSW-D06-1) were stably detected across multiple environments.
Furthermore, four pleiotropic loci (A10:88383565, D06:36287101, D06:55819963, and D13:60179605) were identified, all of which
were associated with short fiber content. Eight QTL clusters were detected on chromosomes A01 (two), A10 (two), A13 (one), D04
(one), and D06 (two), regulating multiple fiber quality and yield traits. The research results provide potential application value for
cotton molecular breeding practices.
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Table 1 Descriptive statistics of fiber quality traits and yield traits in the BCsSs population

R 28 BRE w/ME BfE Rl W i T 5 %) %71 (%)
Traits Environment Max. Min. Mean SD Kurtosis Skewness v H?
FHEKE (mm) 2018 KEL 33.13 26.92 29.73 1.55 —0.73 0.24 5.21 40.51
FL 2018 MNS 32.03 25.28 29.10 1.53 —0.04 —0.34 527

2019 MNS 33.38 27.33 29.88 1.26 0.15 0.68 4.36
14 LLIRIT (cN/tex) 2018 KEL 34.82 25.93 31.07 1.79 0.39 —0.52 5.76 12.86
FS 2018 MNS 35.50 2321 29.42 234 0.32 —0.15 7.97

2019 MNS 36.10 26.20 31.06 2.15 —0.09 0.18 6.92
UL (%) 2018 KEL 87.49 82.94 85.24 0.90 0.37 —0.09 1.06 1.87
FU 2018 MNS 86.76 79.75 83.26 1.52 —0.23 —0.04 1.83

2019 MNS 88.90 82.50 85.44 127 0.61 0.31 1.49
FUHRMPKZE (%) 2018 KEL 8.71 4.19 5.80 0.85 1.06 0.68 14.66 27.20
FE 2018 MNS 7.09 2.07 4.67 1.02 —0.03 0.32 21.73

2019 MNS 8.90 3.20 6.32 1.25 —0.42 —0.17 19.78
e BE AR 2018 KEL 5.35 3.32 431 0.44 —0.34 0.03 10.21 46.93
MV 2018 MNS 5.82 3.65 472 0.44 —0.16 0.14 9.32

2019 _MNS 5.53 3.33 4.40 0.41 0.35 —0.03 9.32
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FRIEE (%) 2018 KEL 89.84 84.69 87.17 1.03 0.62 0.15 1.18 15.38

MCF 2018_MNS 90.71 85.48 88.09 1.09 —0.12 0.14 1.24
2019_MNS 90.18 84.06 87.11 1.23 0.15 —0.35 1.41
EAUER (%) 2018 KEL 12.67 5.74 9.64 137 0.49 —0.45 14.21 6.88
SFC 2018_MNS 17.59 8.29 12.38 2.11 0.08 0.47 17.04
2019_MNS 11.90 6.90 9.06 1.15 —0.13 0.43 12.69
FKE (%) 2018_KEL 7.12 5.81 6.41 0.27 0.07 0.35 421 42.93
TWC 2018_MNS 7.37 6.07 6.64 0.30 —0.07 0.48 4.55
2019_MNS 8.50 7.10 7.80 0.30 0.02 0.30 3.85
PEFFRE (g 2018_KEL 6.16 4.28 5.20 0.44 —0.48 0.23 8.46 33.16
SW 2018_MNS 6.01 4.09 5.06 0.40 —0.20 0.22 7.91
2019_MNS 6.34 3.94 5.17 0.49 0.04 0.17 9.48
PR ARE (g 2018_KEL 2.88 1.70 2.18 0.24 0.03 0.35 11.01 35.51
LW 2018_MNS 2.82 1.73 2.18 0.23 0.16 0.33 10.55
2019_MNS 2.85 1.62 2.23 0.27 —0.34 0.10 12.11
Ko (%) 2018 KEL 4735 35.59 41.83 2.92 —0.70 —0.06 6.98 47.76
LP 2018_MNS 48.23 35.42 43.16 2.68 0.16 —0.61 6.21
2019 MNS 47.38 34.47 43.14 2.71 —0.36 —0.01 6.28

2018 KEL: 2018 fEE /KRR G 2018 MNS: 2018 fEFIMHRIwE: 2019 MNS: 2019 4EH4h iRk 56 v
FL: Fiber length; FS: Fiber strength; FU: Fiber uniformity; FE: Fiber elongation; MV: Micronaire value; MCF: Maturity of cotton fiber; SFC: Short fiber content;
TWC:The water content; SW: single boll wight; LW: lint weight; LP: lint percentage; H?: Broad-sense heritability; 2018 KEL: At the Korla Experimental Station

in 2018; 2018_MNS: At the Manas Experimental Station in 2018; 2019_MNS: At the Manas Experimental Station in 2019; The same as below
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Fig. 1 Frequency distribution of fiber quality traits in the BCsSs population across multiple environments
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Fig. 2 Frequency distributions of yield traits in the BCsSs population across multiple environments
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Table 2 Two way analysis of variance of fiber quality and yield traits in the BCsSs population across different environments

MR KR Ryt R By F1i§
Traits Source SS df MS F-value
FYEKE FL LR Y 442.186 70 6.317 9.009%**
28 94.852 2 47.426 67.635%%*
FERI < IR 85 525.333 139 3.779 5.390%**
LFYELLIRIE FS R 695.979 70 9.943 15.819%+%*
28 324.067 2 162.034 257.800%**
FERI < IR 85 1157.261 137 8.447 13.440%**
SFYERESEE FU LR Y 3062.644 70 43.752 7.998 % *
28 1288.650 2 644.325 117.777%%*
FERI R < IR 85 5546.685 139 39.904 7.294%%*
YK ZE FE LR Y 184.698 70 2.639 109.857*#*
28 193.107 2 96.553 202.006%**
FERI < IR 85 280.966 138 2.036 84.770%**
Dy fE(H MV HE[R Y 397.304 70 5.676 49,887+
28 61.702 2 30.851 271.161%**
FERI < IR 85 689.801 140 4.927 43.307%+*
FREE MCF BL[R Y 168.195 70 2.403 1.899*
28 83.730 2 41.865 33.083%%*

F [A B < R 414.608 137 3.026 2.39#xx




LT3 SFC FER Y 374.694 70 5.353 158,139+

28 891.441 2 445.720 131.681%**
FEPR T <R EE 685.694 137 5.005 147.866%**
FIKE TWC JE R Y 14.657 70 0.209 4.504%**
28 165.170 2 82.585 177.536%**
FEPI T <R EE 29.547 137 0.216 4.639%**
KRR E SW SE[R A 15.339 70 0.219 0.763%*
28 0.439 2 0.220 0.765%*
FEPRI T <R EE 18.933 139 0.136 0.474
FLER AR E LW SE[R A 4811 70 0.069 0.980%%*
28 0.032 2 0.016 0.230%**
FEPR T <R EE 7.904 140 0.056 0.805%*
K45 LP JE PR Y 1780.136 70 25.431 46.744%+*
28 153.409 2 76.704 140.991 *#*
FEPRI T <R EE 1640.776 139 11.804 21.697%**

ok, R I FIRAE P<0.01 Al P<0.001 /KFERREE: ANHEREE, B bR SR
SS: Sum of squares; df: Degree of freedom; MS: Mean square; **, *** indicate extremely significant differences at P<0.01 and P<0.001 levels, respectively;

Some data are missing, leading to a change in degrees of freedom
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Fig. 5 Pearson’s correlation analysis between fiber quality traits and yield traits
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Fig. 6 Chromosomal distribution of QTLs associated with fiber quality and yield traits
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8 —0.85~1.6. & lF] 8 N HLF4ELLsREE A S QTLs, EALLE 7 %4k E (A01. A0S, A07. A09.
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Tk 8.81%~20.48%, LOD {8 2.93~4.40, NN AE N —2.53~0.94. FilF] 8 N5



LT YE K MK QTLs, EALLE 6 F£Yethfk E (A0L. A10. A13. D04, DO7. DI11), FTHRZEK 5.12%~21.19%,
LOD 1K 2.86~9.37, HITHERNAE N —0.85~1.47. FrillE] 4 5 5w EAEAH G QTLs, EALTE 4 s P afk b
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B 4 AN E YRS AR QTLs, EALTE 3 k4 tafk | (A09. A10. D06) , TTHkE 8.26%~27.80%, LOD
fH 3.11~8.64, MOMERUBIME A —1.15~—0.57. KIF] 7 A5 S BEA M QTLs, EALLE 5 &G tafhk b (A02,
All. Al12. D04, D06) , TTHRZE 12.01%~17.53%, LOD {8 2.69~3.88, MNPEBNAE N —1.36~1.00. #5305
11 NSRRI QTLs, EAMTE 5 &Gtk I (A09. A10. Al13. D06. D13) , TTHRFE 2.40%~20.13%,
LOD fH 3.00~18.43, IMPERLRIE N —1.39~1.90. Kl F] 11 5 E7KFMICH QTLs, SEALAE 9 Fk Gtk b

(AOl. A02. AO3. A06. Al2. Al3. DOl. D04, D06) , TTHRFE 6.56%~23.72%, LOD {# 2.73~8.62, i
PERUNAE N —0.15~0.33. (EFERME, SAY4ELLREAHRE) qFS-413-1 4£ 3 1~ (2018_KEL. 2018_MNS,
2019_MNS) HEEH e e il 2, 5 ARG gMCF-A12-1 £ 2 4~ (2018_KEL. 2018 _MNS) ¥fIgrh

PeRERME] .
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Table 3 QTL-related information for fiber quality traits

LGN oTL 2805 PRI frE (Mb) LoD SRR (%) T 2RE SR
Traits Environment Chr. Position PVE Add Reference
AYEKE FL gFL-A01-1 2018_KEL A0l 97.02 3.35 11.93 0.58
gFL-A01-2 2019 MNS A01 86.62 5.19 19.51 1.60
GFL-A07-1 2018 KEL A07 61.93 3.46 12.37 —0.85
GFL-A10-1 2019_MNS Al0 70.73 2.68 9.26 —0.71
gFL-D0I-1 2018 _MNS DO1 59.49 427 19.68 —0.75
gFL-D06-1 2019_MNS D06 51.14 323 11.37 0.73
gFL-D07-1 2018 KEL D07 3.43 477 17.85 1.40
gFL-D07-2 2019_MNS D07 20.50 4.09 14.82 0.55
gFL-D09-1 2018_KEL D09 2.70 2.62 9.11 0.78 [36]
gFL-D13-1 2018 MNS D13 46.15 2.55 11.07 0.81
LYELLSRE FS qFS-A01-1 2018 MNS A01 78.44 2.93 14.18 —2.20 [36]
qFS-A405-1 2019_MNS A05 35.07 4.24 20.48 —1.08 [36]
qFS-407-1 2018 KEL A07 11.26 4.40 13.53 —1.16 [26, 36]
qFS-407-2 2018_KEL A07 9.96 438 13.48 —1.26
qFS-A409-1 2018_KEL A09 31.90 3.83 11.56 —2.53
qFS-Al11-1 2019 MNS All 18.47 3.09 14.38 0.83
qFS-A13-1 2018 KEL Al3 41.61 425 12.99 —1.57
2018_MNS Al3 41.61 3.47 17.11 —2.42
2019_MNS Al3 41.61 3.47 20.16 —1.42
gFS-D06-1 2018_KEL D06 4.58 3.01 8.81 0.94 [36]
YR FE qFE-A01-1 2018 MNS A0l 4.78 4.02 7.51 1.20
gFE-A01-2 2018 KEL A0l 82.80 2.88 17.24 1.47
gFE-A10-1 2018_MNS Al0 88.40 3.99 7.44 —0.85 [26,37]
qFE-A13-1 2018 MNS Al3 48.36 2.98 5.37 —0.34
gFE-D04-1 2018_MNS D04 48.59 2.86 5.12 0.70
gFE-D04-2 2018_MNS D04 40.15 7.43 15.65 1.23
gFE-D07-1 2018_MNS D07 8.07 9.37 21.19 0.58 [38]
gFE-DI11-1 2018 MNS D11 16.66 4.90 9.44 0.32

By R MV gMV-D02-1 2019 MNS D02 423 4.88 19.20 —0.57 [38]
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D13
D13
AO01
A02
A03
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53.17
41.58
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88.38
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0.53
18.90
14.56
14.56
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40.00
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36.29
44.63
19.16
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88.38
22.23
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36.29
50.82
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1.74
60.18
21.64
2.52
88.26
17.67
66.95
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68.24
53.66
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36.64
52.62

3.07
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421
3.94
3.11
8.64
2.69
3.01
3.88
3.69
2.72
3.52
3.14
3.67
9.47
3.00
5.05
11.35
3.80
15.44
8.38
11.23
18.43
8.09
10.91
8.62
3.00
8.02
2.73
2.78
3.41
4.59
6.81
4.23
3.22
5.78

18.52
14.16
9.56
11.60
10.72
8.26
27.80
12.01
13.55
16.56
16.97
12.61
16.21
14.20
17.53
7.32
17.66
3.33
9.42
2.40
14.99
6.23
9.28
20.13
5.95
8.90
23.72
7.13
22.73
16.21
6.56
8.22
10.93
18.49
9.95
7.30
14.35

—0.33 [39]
0.16
—0.14
—0.57
—0.70
—1.15
—1.04
—1.25
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0.63
1.00
—0.93
—0.68
—1.36
—0.66
—0.87
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—0.82
1.90
0.39
—1.39
0.89
1.01

1.37 [39]
0.75
0.79
0.33
—0.08
0.23
0.12
0.10
—0.11
0.31
0.20
0.10
—0.15
0.25

PVE: Phenotypic variation explained; Add: Additive effect; The same as below

242 FEHXMIKQTL MWK 4 v A0, HATI B 9 A5 Fp K EAH S QTLs, BALLE 7 24tk - (A01,

A09. A10. Al13. D06, DO7. D09) , Tiik% 8.44%~21.59%, LOD {H 2.63~5.58, WPk NAE N —3.08~1.47
KN 2 4 A5 5448 B S B A ) QTLs, /ENLALE 4 254 tfk .(A06.A08.A11.A13), TTHRE 10.92%~27.03%,
LOD fH 2.78~6.14, INPEZSAE N —2.83~0.51. fil F] 4 N5 AR QTLs, EALTE 4 K44k (A0L.

A03. A10. D04) , TIWAZ 11.35%~19.61%, LOD 1H 2.83~4.60, MITENAE N 0.18~1.24, H, 55

FF A EEAH I gSW-A10-1 F1 gSW-DO06-1 43 HITE 3 4~(2018_KEL.2018 MNS.2019 MNS)FI 2 4~(2018 KEL.

2019 MNS) MEErgifee ], S5 s G gLw-406-1 £ 2 4~ (2018 KEL. 2018 MNS)

b gl EIE



* 4 FEMIKE QTL XER
Table 4 QTL-related information for yield traits

PR QIL 2805 P RN hiE (Mb) LoD TR (%) PRI SR
Traits Environment Chr. Position PVE Add Reference
KPR E SW gSW-A01-1 2018 KEL A01 20.09 5.33 14.53 0.25
gSW-A01-2 2018 KEL A01 85.86 3.61 9.29 0.20
qSW-A09-1 2019_MNS A09 19.69 2.69 10.85 1.47
gSW-410-1 2018 KEL A10 3.24 3.44 8.79 —0.16
2018 MNS A10 3.24 4.76 21.05 —1.17
2019 MNS A10 3.24 4.96 21.59 —3.08
qSW-A13-1 2018 KEL Al3 44.11 5.58 15.35 —0.18
qSW-D06-1 2018_KEL D06 33.58 4.61 12.27 —0.09
2019_MNS D06 33.58 2.65 10.67 —1.07
qSW-D07-1 2018 MNS D07 16.32 2.63 14.43 0.18
qSW-D09-1 2018 KEL D09 1.46 3.31 8.44 —0.10
qSW-D09-2 2018_MNS D09 28.94 2.80 15.49 —0.37
R EREE LW qLW-A06-1 2018 KEL A06 17.86 3.16 15.80 0.11
2018 MNS A06 17.86 6.14 27.03 0.28
qLW-408-1 2018_MNS A08 78.68 2.78 10.92 0.51
gLW-AI2-1 2019 MNS Al2 33.85 3.04 17.90 —2.83
gLW-AI3-1 2018 KEL Al3 42.84 2.94 14.57 0.19
K4y LP gLP-A01-1 2018_MNS A01 20.25 3.23 13.14 0.34
qLP-A03-1 2018 MNS A03 87.30 4.60 19.61 0.48
gLP-A10-1 2018_MNS A10 1.04 2.83 11.35 0.18 [36]
gLP-D04-1 2019 MNS D04 11.12 2.89 17.31 1.24

2.5 QTL LR 247

HHE 7 0T, 1E A10 Je R 88383565 bp A Bkl | gFU-410-2 A1 gSFC-A10-3 B> QTLs, 7£ D06
gL 5 4K 1) 36287101 bp 1 55819963 bp fir & 43 7l & il 2] gMCF-D06-2 5 qSFC-D06-1 1 qFU-D06-1 5
gSFC-D06-3 IU~ QTLs, 7 D13 JtafAR ) 60179605 bp K7 B AL F gMV-D13-1 1 gSFC-D13-2 W) QTLs,
R LA Ge i B Py ikt R W] e B AT R 2 AR 2 8. 546, SR 4N QTL £
4 AL R BRI B o

SR MCF gMCF-D06—2
D06:36287101
i EE(H MV gMV—=DI13~1
qSFC-A10-3
D06:55819963
Y qSFC—DO6— 1
JE LT3 SFC
qSFC-DO06-3
qSFC-DI13-2
PEIR Traits {7/ Location QTL

7 QTL Z3MEL = X BXE
Fig. 7 QTL pleiotropy locus association map
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*® S5 FERRMEMRK QTL ST
Table 5 Distribution of QTL clusters for fiber quality and yield traits

QTL #% Rtk WEAE (Mb) PR QTL i QIL

QTL clusters Chr. Physical location Trait number QTL number

#%-1 Cluster-1 A01 20.09~21.64 3 3 qSW-A01-1. qLP-A01-1. qTWC-A01-1

#%-2 Cluster-2 A01 78.44~86.62 4 4 qFL-A01-2, qFS-A01-1. qFE-A01-2. qSW-A0I-2
#%-3 Cluster-3 Al10 1.04~3.24 3 3 qFU-A10-1. gSW-A10-1. qLP-A10-1

#%-4 Cluster-4 Al0 88.38~88.40 3 3 qFE-A10-1. qFU-A10-2. ¢qSFC-A10-3

#%-5 Cluster-5 Al3 40.15~44.11 4 4 qFS-A13-1. qTWC-A13-1. qSW-A13-1. qLW-A13-1
#%-6 Cluster-6 D04 40.00~40.72 3 3 qFE-D04-2, gMCF-D04-1, qTWC-D04-1

#%-7 Cluster-7 D06 33.58~36.64 4 4 gMCF-D06-2. qSFC-D06-1. qTWC-D06-1. gSW-D06-1
#%-8 Cluster-8 D06 50.82~55.82 5 6 qFL-D06-1. gMV-D06-1. qFU-D06-1

qSFC-D06-2. gSFC-D06-3. qTWC-D06-2

3 Wie
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AL S R TT > T AR c il Bk SR AT 52, RO e th A E 1) QTL AR A EE 200400, iy [ M A R 15 it B )
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BN A OGRS AL AL R . R, ASEARONHASR AR, BRE S LI bR PD94042 52 i
AR T 65 K AR CSILs BER, EALE] T 21 MM AHK ) QTLs: PNBIILLHF AR FT 35 ARRSEAR, ELL
Fl 63 NMERE, TR LI 58 MR, AR E . 4L 5w BRI £F 4R K 2 A
KM QTLs; GKIKUCILARE R PD94042 94 MR AKIE 1 65 NP ARBEER, I 132 MELYERE. 2F
Yot . Thoobedl . LF4ERETT RERILT R MK R MIDC QTLs: Wang 5Lkl A PD94042 Sy 32 1S5 A iy 2
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