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QTL Mapping for Fiber Quality and Lint Percentage Traits of Cotton
Using Elite Germplasm with Introgression of Gossypium barbadense L.
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Abstract: Fiber quality and lint percentage are the main target trait of cotton breeding improvement. In
order to explore the elite genetic resources of fiber quality, a genetic map is constructed and QTLs are detected
based on an F, population of 372 individuals derived from a cross between upland cotton Sealand ( Se ) (a
superior fibre-quality germplasm of Gossypium hirsutum L. with G. barbadense L. introgressions ) and upland
cotton Lumianyan 37 Hao ( L37 ) ( a high-yield G. hirsutum L. cultivar ) . A total of 9628 primer pairs were used

to screen polymorphism between the two parents, and 320 pairs of polymorphic primers were identified. The
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polymorphic primers accounted for 3.32%. Linkage test ( LOD=6.5 ) indicated that 248 polymorphic loci could
be mapped into 26 chromosomes and covered a total genetic distance of 2347.63 cM, which was approximately
52.76% of the cotton genome. The average number of marker loci per chromosome was 9.54, with a mean
spanning distance of 9.50 cM. Twenty QTLs for fiber quality traits and lint percentage were identified, including
two for fiber upper half length ( FL ), two for uniformity ( FU ), five for fiber strength ( FS ), four for micronaire
(FM ), four for elongation ( FE ) and three for lint percentage (LP ). These QTLs could explain 3.50%-16.82%
of the phenotypic variation. The favorable alleles of eleven QTLs for fiber upper half length, strength and fiber
elongation were derived from Se, while the favorable alleles of nine QTLs for micronaire, fiber upper half
length, uniformity and lint percentage were derived from L37. A QTL cluster including QTLs for fiber upper half
length, strength and micronaire and containing 148 genes was identified on D6 chromosome. Three genes related
to fiber development, Gh_D06G0039, Gh_D06G0142 and Gh_D06G0145, were identified by GO enrichment
analysis and KEGG enrichment analysis combined with TM-1 transcriptome data. This study laid a foundation

for fine mapping QTL of fiber quality and lint percentage of cotton and for identifying related candidate

genes.

Key words: cotton; elite germplasm; Gossypium barbadense L. introgression line ; QTL mapping
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Table 1 Basic traits and normality test of fiber quality and lint percentage data of the parents and F, population

F, BE{K F, population
LE2IN FHIE + o . L bRMERZE
Trait L37 Se IR Bmi/],\ﬁ RAEHE REME Standard
Min. Max. Range  Skew. Kurt.

Mean + SD error
L4k A K EE (mm )FL 27.30+0.39  3430+0.677 3074+ 1.31 2720  34.40 7.20 0.13  0.00 0.07
B Has % ( cN/tex ) FS 30.10+1.18 37.56+1.417 3378+256 2580 4070 1490 -0.01 -0.37 0.13
LT FM 6.040.17  420+0.17"  514+047 3.90 6.10 220 -045 -0.42 0.02
SR E (% )FU 84.66+1.23  83.06+1.22 84.96+1.17  81.50  87.60 6.10 -0.41 -0.10 0.06
i3 (% )FE 6.76+0.05  6.84+0.06 6.80 = 0.07 6.60 7.00 040 -038 031 0.00
K43 (% )LP 4320+124 2946+135" 38.00+0.03 2500 4500 2000 -0.73  2.15 0.00

* 1 SPRIZRRTE 0.05 A1 0.01 A VAR, TR
* and **: Significance with the probability levels of 0.05 and 0.01, respectively. FL: fiber upper half length,FS: fiber strength,FM: fiber micronaire,

FU: fiber uniformity, FE: fiber elongation, LP: lint percentage, the same as below

R 2 BEMAR ( L37 x Se ) F, B 5 M FémRIERIRSHIEXRE

Table 2 Correlation coefficients of five fiber quality traits and lint percentage in upland cotton ( L37 x Se ) F, population

AHIEREL K4y BE AR SRSl VB4 i i TfE(E EESIHEE iR

Correlation coefficients LP FL FS FM FU

ﬁéﬁiﬂﬁ*‘fﬁ%@t’cﬁz FL —0. 47w

Wi Lhoi —0.45%%% 0.63%**

il FM -0.10 —0.12% -0.06

HCREHER FU —0.15%* 0.11% 0.35%#* 0.33%#%

K3 FE —0.46%** 0.67%%* 0.75%%% 0.26%** 0.40%**
k%, P<0,001
24 EEESIEENEE PIMEES 950 cM (3.8 1),

TG R s A 248 ANBRICASE BT, A5 X2 A M A I BE R R E AT R O R,

M AR 7E 26 S5 ik I AR QL AR 2~26 1 S5 SR W RAT 32 N s R IR 41 B, 20 bR il
Fric i o, PR SR YL B R 9.54 Mhmicfiiai. MIE B 12.90%, 76 7 B1UHE % 32 0 4 25 b id o,
f 12 B P13 7 2 2347.63 oM, (SARAEIEIALT R A& BURE R DR 43 B AR 0 1 B B R BT R 8 R
52.76% , -3 5 £ YL (AR 55 90.29 oM, brid | AHIH .

x3 RCESERNSTESBHNEREHE
Table 3 Basic features of each linkage group in the linkage graph

o i AL b LR FRCITY BB (%) O AR (%)
POCREN i
(cM) Number of BEES (cM ) Overlay bric#x Percentage of

Chromosome . . . K

Total distance polymorphic loci Average distance genome SDM number SDMs
Al 55.99 5 14.00 1.26 1 50.00
A2 78.77 8 11.25 1.77 1 12.50
A3 103.66 9 12.96 2.33 0 0.00
A4 88.56 3 44.28 1.99 1 33.33
A5 154.38 14 11.88 3.47 0 0.00
A6 11.30 2 11.30 0.25 0 0.00
A7 124.20 26 4.97 2.79 2 37.68
A8 6.42 8 0.92 0.14 0 0.00
A9 30.09 4 10.03 0.68 0 0.00
Al0 45.68 2 45.68 1.03 0 0.00
All 12.38 5 3.10 0.28 0 0.00
Al2 87.17 9 10.90 1.96 3 83.33
Al3 89.63 6 17.93 2.01 1 16.67
Dl 123.96 9 15.50 2.79 3 33.33
D2 85.85 9 10.73 1.93 1 20.00
D3 46.85 3 23.43 1.05 0 0.00
D4 141.10 6 28.22 3.17 1 33.33
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®3(4)
e 6 X, EZIEi¢E| NGRS HEE R (%) P s e (% )
(cM) Number of BB (eM) Overlay Fric &L Percentage of
Chromosome . . . .
Total distance polymorphic loci Average distance genome SDM number SDMs

D5 190.25 19 10.57 4.28 4 25.00
D6 73.55 14 5.66 1.65 4 40.00
D7 24.53 7 4.09 0.55 0 0.00
D8 66.32 8 9.47 1.49 0 0.00
D9 170.94 21 8.55 3.84 5 26.32
D10 217.80 19 12.10 4.89 3 32.05
DIl 53.44 8 7.63 1.20 0 0.00
D12 103.01 12 9.36 2.31 1 10.00
D13 161.80 12 14.71 3.64 1 11.11
P44 Mean 90.29 9.54 9.50 2.03 1.23
4T Total 2347.63 248 52.76 32
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Table 4 QTLs for fiber quality traits and lint percentage in F, population

PER oTL P ik P (cM) 5 3li% N TR FRVE A (%) LoD
Trait Chromosome Position Nearest marker ~ Additive effect Phenotypic variation rate

LPYE PP FL gFL-A12-1 Chr.12 38.10 HAU2748 -0.38 5.50 4.52

gFL-D6-1 Chr25 1.50 MUSS519 -0.49 6.76 6.11

Wi e LS FS qFS-A7-1 Chr.7 59.20 SDCC32 -1.88 12.20 12.73

qFS-A7-2 Chr.7 64.00 Indel-061 -1.80 11.19 11.60

GFS-A12-1 Chr.12 22.00 HAU2748 -1.10 9.31 523

qFS-D5-1 Chr.19 7.00 DPL0064 -0.72 429 431

qFS-D6-1 Chr25 5.20 BNL827 -0.75 4.54 4.10

HrifEE FM gFM-AS8-1 Chr.8 0.00 NAU5379 0.17 6.70 6.50

gFM-DI-1 Chr.15 55.90 DPL0542 0.19 8.49 8.12

gFM-D10-1 Chr.20 19.50 PGML02353 0.12 3.50 3.07

gFM-D6-1 Chr25 0.00 DPL0059 0.16 6.14 5.59

TR FU qFU-A5-1 Chr.5 62.10 NAU3014 0.24 4.96 3.88

qFU-DI-1 Chr.15 35.00 DPL0542 0.50 14.04 3.26

i3 FE GFE-A7-1 Chr.7 71.70 SDRC243 -0.04 7.30 5.99

GFE-A12-1 Chr.12 42.10 HAU3778 -0.03 7.56 5.20

qFE-D5-1 Chr.19 0.00 HAU1185 -0.02 4.32 4.17

gFE-D5-2 Chr.19 3.70 HAU3069 -0.02 5.18 4.60

A&y LP gLP-A10-1 Chr.10 34.00 DPL0310 1.40 16.82 9.73

gLP-AI2-1 Chr.12 11.00 NAU2672 1.37 16.55 11.12

gLP-D6-1 Chr.25 2.70 NAU3588 0.86 5.92 6.25
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Chr.1 (A1) Chr2 (A2) Chr.3 (A3) Chr4 (A4) Chr.5 (AS5) Chr.6 (A6) Chr.10 (A10)
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518 - SCRC390 744\ MUSS059 67.9 /[N TMB1963 70.6 -H- NAU1015 os] Vcarsier
75.5 /8 NAU2277 451 careioz Chr.11 (Al11)
7887 HAU3233 88.6 -~ CER0164 47 2&;‘% 0.0 A PGMLO0873
Chr7 (A7) 1026 MUSS162 o4 1.07]|\ PGML00539
. 103.7 72 NAU1070 1son| |, cr373 118 HM?}&‘;;:
0.0} NAUL186 - 5 0.0
29| |\ HAU3037 118.8 54~ BNL3569 Chr9 (A9) 06 5K NAUR2ST
120.8 72\ BNL3029
15.7 - DPLO362 ) 0.0 MUCS426
CG 12307 \ PGMLO18S8 X s
162 |" CGRS520 0.0 - CGR5667 3.7 |\ GH247-b
3754 |/ 117 - T
5.87| [\ cGRs867-c
484\ C2-0114
55.0 14y DC46 30.1 ~— BNL4028
2oy by
Els 31477\ CGRsss3
sss
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5924 f spccs2 0.0 -1~ NAU2672 0.0 -1~ DPL0398 0.0 )~ PGML03547 0.0-f DC30210
9.6 124 N 138~} HAU1036
610 |} inder-07s 3 16.7 -F MUCS135 200~ | HAU3071
619 |} inde1-096 N 332/ \|BNL3S45
63.1 1] Indel-046 341+ HAU2748 5 > | lemraas S,
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66.7 Indel-064 553 DPLO535 1.0 8- CGR5258 559~} DPLOS42 WS oy
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0.0y 7CER0112
- 3 DPL0252 79.77 \ HAU3299
0.4 6, MUSS095 131 i, 89.6 -5~ DPL0249 7991 |\ BNL2646
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12.2 -5~ CGR5704 49.4 -5~ PGMLO33
124.0 -~ BNL830
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