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QTL Analysis on Yield and Its Components in Upland Cotton RIL
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Abstract: The genetic linkage map of SSR, constructed by mixed linear model composite interval mapping with CRI-G6 (Acala
1517 x Dezhou 047) population was used to detect and localize QTLs, including main-effect QTLs, epistasis QTLs and QXE in-
teraction effects in order to provide information applicable to cotton MAS (molecular marker assisted selection breeding). In a
separate analysis, 24 major QTLs for yield traits were identified in the three different years. Each stable major QTL was detected
for seed yield, lint yield, lint percentage, seed index and bolls per plant, respectively. Fourteen main-effect QTLs and 20 pairs of
additive-additive epistasis QTLs were detected by joint analysis in three years, among them six main-effect QTLs and seven pairs
of additive-additive epistasis QTLs interacted with environments. These stable main-effect QTLs with a large effect (accounting
for over 10% of phenotypic variation), which were scanned in different years and linked closely with markers, can be used for
MAS in high-yield breeding program.
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#1 WEARTP G6FERFTEMHEZNLKIT ST
Table 1 Statistic analysis for yield and its components of parents and CRI-G6 population

Parents G6 CRI-G6
Trait 1 2
P, P, MD M SD \Y CV (%) Min Max Skewness

SY(g) 5228 21.52 30.76"  34.37 6.88 47.28 20.00 18.83 59.66 0.40
LY (g) 20.67 7.37 13.30"  12.30 2.64 6.99 21.51 6.03 23.83 0.58
LP (%) 39.27 33.77 550"  35.83 2.69 7.26 7.52 29.81 42.28 0.01
Sl (g) 11.30 9.90 1.40" 11.80 1.32 1.74 11.18 8.14 14.96 -0.18
BPP 9.91 4.39 5.52" 6.24 1.25 1.56 20.06 3.63 11.99 0.76
BW (g) 5.51 4.05 1.46™ 5.67 0.67 0.45 11.84 4.43 7.61 0.55

1: 1517; 2: 047." 7 0.05 0.01

P1: parent 1 (Acalal517); P2: parent 2 (Dezhou047). SY: seed yield; LY: lint yield; LP: lint percentage; Sl: seed index; BPP: boll per
plant; BW: boll weight. “and ™ mean significant difference at 0.05 and 0.01 levels, respectively.

F2 GeRAFERFEMMERMEXEDN

Table 2 Correlation coefficients among yield and its components in CRI1-G6 population

Trait Seed yield Lint yield Lint percentage  Seed index Boll per plant
Lint yield 0.934™
0.584"
Lint percentage 0.001 0.3377
0.001 0.283"
Seed index 0.114 -0.082 -0.475"
0.104 -0.069 -0.645"
Boll per plant 0.922™ 0.890™ 0.108 -0.156
0.748" 0.674™ 0.131 -0.191
Boll weight 0.234™ 0.153" -0.109 0.342™ -0.219"
0.211" 0.128 -0.142 0.452™ -0.267"
T 0.05 0.01

Traits on the raw and the next raw mean phenotypic correlation and genetic correlation, respectively; “and ™ mean significant differ-
ence at the 0.05 and 0.01 probability levels, respectively.

( 1:1 ), 2008 2009 qsy-
23.96%, 17 1517, 29 13-1.0, 5.74% 2008
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, 77 , 115 1517
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Table 3 Main-effect QTL location of yield traits by MCIM in 2006, 2008, and 2009
Trait QTL Year LG Position Interval A h?(%) P (107)
Sy qSY-01-43.5 2008  LGO1 43.50 NAU3588-CM067 3.37 9.93 0.00
qSY-02-29.9 2008  LG02 29.90 STV022-NAU3052 2.90 7.36 0.08
qSY-13-1.0 2008  LG13 1.00 TMB0537-NAU2671 -1.91 3.20 0.80
qSY-13-1.0 2009  LG13 1.00 TMB0537-NAU2671 -1.40 2.54 1.78
LY qLY-01-43.5 2008  LGO1 43.50 NAU3588-CM067 1.32 11.73 0.00
qLY-02-91.3 2008  LG02 91.30 TMHA20-A17-TMB0913 1.03 6.79 0.00
qLY-13-1.0 2008  LG13 1.00 TMB0537-NAU2671 -0.77 3.75 0.50
qLY-13-3.0 2009 LG13 3.00 TMB0537-NAU2671 -0.03 4.17 0.90
LP qLP-03-15.6 2006  LGO3 15.60 CGR6528-CIR347 -0.94 11.47 0.00
qLP-16-0.0 2006  LG16 0.00 CMO043-BNL3474 0.61 473 0.00
qLP-02-89.3 2008  LG02 89.30 TMHA20-A17-TMB0913 1.19 13.29 0.00
qLP-03-18.6 2008  LGO3 18.60 CIR347-CGR6528 -0.92 7.88 0.00
qLP-05-17.8 2008  LGO5 17.80 MUSS167-MUCS531 -0.72 478 0.00
qLP-22-4.0 2008 LG22 4.00 Gh381-Gh485 -0.83 6.48 0.00
sl qSI-17-1.0 2006  LG17 1.00 BNL2634-BNL1694 0.82 25.68 0.00
qSI-17-1.0 2008  LG17 1.00 BNL2634-BNL1694 0.80 22.91 0.00
qSI-17-1.0 2009  LG17 1.00 BNL2634-BNL1694 0.71 23.11 0.00
BW qBW-17-0.0 2009  LG17 0.00 BNL2634-BNL1694 0.02 7.81 0.00
gBW-01-28.4 2006  LGO1 28.40 NAU5380-GH542 0.03 9.79 0.40
gBW-15-26.0 2006  LG15 26.00 CIR062-NAU1156 0.03 9.08 0.00
BPP  gBPP-01-43.5 2008 LGO1 43.50 NAU3588-CM067 0.54 8.56 0.00
gBPP-02-85.3 2008  LG02 85.30 TMHA20-A17-TMB0913 0.40 470 0.20
gBPP-13-0.0 2008  LG13 0.00 TMB0537-NAU2671 0.32 3.03 11.40
gBPP-13-5.0 2009  LG13 5.00 TMBO0537-NAU2671 0.04 9.33 0.00
SY: seed yield; LY: lint yield; LP: lint percentage; Sl: seed index; BPP: boll per plant; BW: boll weight.
F4 PG TFEMRMEY QTL RESREEEYL
Table 4 Main effect QTLs and Q x E interactions for yield traits in CRI1-G6 population
QTL Marker interval A h* (%) AEL AE2 AE3
qSY-02-30.9 STV022-NAU3052 2.1504™ 3.71
qSY-13-12.8 NAU2671-NAU2672 -1.6610" 221
qLY-02-79.8 MUCS317-TMHA20-A17 0.6387" 3.10 0.5835™ 0.5752"
gLY-13-10.8 NAU2671-NAU2672 -0.4740™ 1.71 0.3718"
gLY-15-7.0 CIR062-NAU1156 0.5536™ 2.33 0.4211" -0.4500"
qLP-02-88.3 TMHA20-A17-TMB0913 0.7093™ 4.61
qLP-03-20.6 CIR346-CGR6528 -1.2895™ 15.23
qLP-05-19.8 MUSS167-MUCS531 -0.4916™ 2.21
gLP-16-1.0 CM43-BNL3474 0.6048™ 3.35
gLP-22-5.0 Gh381-GH485 -0.7725™ 5.47
qSI-17-2.0 BNL2634-BNL1694 0.6881" 19.39
gqBW-02-29.9 STV022-NAU3052 1.0070™ 1.71 0.0925
gBW-17-1.0 BNL2634-BNL1694 6.0972" 1.60 -0.0826" 0.0625
(BPP-02-81.7 MUCS317-TMHA20-A17 0.3290™ 2.86 -0.2827"
"P<0.005; "P<0.05 A , 1517 047 h%
;AEL AE2 AE3 2006 2008 2009 3 QTL

" P<0.005; “ P<0.05. A: represents additive effect, and positive and negative values represent the positive genetic effects in yield traits
from Acala 1517 and Dezhou 047, respectively. h?: relative contribution to the phenotype variation from additive effect. AE1, AE2, and AE3
represent the additive effects of QTL x environment interactions in 2006, 2008, and 2009, respectively.
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Table 5 Epistatic effect QTLs of additive x additive for yield traits in CRI-6 population

2

QTL Marker interval QTL Marker interval Ay " ((‘%\J) AREL AAE2 ARES
eSY-01-435  NAU3588-CMO067 eSY-08-3.0 GH536-NAU2581 1.2965™ 1.35
eSY-02-16.0  BNL1551-BNL3469 eSY-07-4.0 NAU2272-NAU2173  —2.0680™ 3.43
eSY-02-68.5  BNL1371-MUCS317 eSY-12-2.0 JESPR152-Gh429 2.3040" 4.25
eLY-01-5.0 SHIN029-BNL 3806 eLY-19-16.0  NAU4964-DPL300 0.6128" 2.85 0.6460" -0.5413"
eLY-02-18.0  BNL1551-BNL3469 eLY-07-2.0 NAU2272-NAU2273  —0.6606™ 331  -0.2558" 0.5734™
eLY-07-34.9  STV117-STC097 eLY-10-12.9  BNL3441-NAU5443  0.4328™ 1.42 0.5814™ 0.3553"
eLP-01-59.0 TMK19-NAU2754 eLP-17-1.0 BNL2634-BNL1694 0.5264™ 2.54
eLP-02-68.5 BNL1317-MUCS317 eLP-08-23.0  GH536-NAU2581 -0.4008™ 1.47
eLP-02-685 BNL1317-MUCS317 eLP-07-1.0 NAU2272-NAU2173  —0.7341™ 493
eLP-02-88.3 TMHA20-A17-TMB0913 eLP-05-19.8  MUSS167-MUCS531  0.3032™ 0.84
eLP-01-48.7  CMO067-TMK19 eLP-16-1.0 CM43-BNL3474 —0.5666™ 2.94
€S1-01-5.0 SHIN029-BNL 3806 eSI-16-1.0 CM43-BNL3473 -0.2795™ 3.20
eS1-01-20.0  NAU3532-TMG10 eSI-10-11.9  BNL344-NAU5443  —0.2230" 2.04
eS1-01-34.6  NAU3578-Gh478 eSI-02-436  NAU3052-MUSS139  0.2153™ 1.90
eS1-02-27.9  STV022-NAU3052 eSI-13-1.0 TMBO0537-NAU2671  0.2920” 3.49
eS1-04-12.2  BNL1495-JESPR-153 eSI-07-20.9  NAU2173-STV117 0.1682™ 1.16
eBW-02-39.6  NAU3052-MUSS139 eLY-04-17.2  BNL1495-JESPR-153 -0.1331" 2.99 0.1019" —0.0985"
eBPP-01-21.0 NAU3532-TMG10 eBPP-08-20  Gh536-NAU2581 0.2544™ 1.71 0.1740
eBPP-01-27.4 NAU5380-Gh542 eBPP-04-20.5 JESPR153-NAU3570  0.3694" 3.61 0.6751" -0.3532" —-0.3407"
eBPP-02-37.6 NAU3052-MUSS139 eBPP-12-0.9  JESPR152-GH429 0.1525" 0.62 0.2944™ -0.1570" -0.1339"

"P<0.005; "P<0.05; A/ A;: ; h2(AA): AA ; AAEL AAE2  AAE3: 2006 2008 2009
3 QTL

" P<0.005; © P<0.05; A; A: additive x additive effect; h?(AA;): relative contribution to the phenotypic variation from AA;; AAEL, AAE2,
and AAE3: the epistatic effects of QTL x environment interactions in 2006, 2008, and 2009, respectively.
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