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Quantitative Inheritance of Yield and Its Components in Upland Cotton
(Gossypium hirsutum L.) Cultivars with Varied Lint Percentages

LI Cheng-Qi, GUO Wang-Zhen, and ZHANG Tian-Zhen"

National Key Laboratory of Crop Genetics and Germplasm Enhancement / Cotton Research Institute, Nanjing Agricultural University, Nanjing 210095, China

Abstract Improving cotton yield is still the main goal of present cotton breeding; it is meaningful for studying the genetics of cotton
yield traits for yield breeding. Lint percentage is one of the important yield components, and plenty of data show that the raising of
cotton yield has close relation with lint percentage improvement. At the same time, the different levels of correlation is exist between
lint percentage and other yield traits, yield components and fiber quality characters. Therefore, the inheritance research of lint
percentage and its related traits is very important. In this paper, major-polygene jointing generations analyses were first combined
with diallel cross experiment analyses to investigate the genetics of yield and its components in upland cotton (Gossypium hirsutum
L.) at single and whole gene levels, respectively, by making crosses using cultivars with different lint percentage. Joint analyses of
six generations were performed in the genetics of yield traits in two high x low lint percentage crosses, by using the method of major
gene-polygene mixed inheritance model. We found from the results that major genes controlling each of yield traits were always
detected at least in one cross, indicating that the major genes controlling yield traits existed generally. The comparison of major gene
and polygene heritability for all traits between two crosses showed major gene heritability had more stable tendency than polygene
heritability. Heritability proportion of each trait was different between two crosses. Lint percentage, boll weight and seed index were
mainly controlled by major gene and polygene in two crosses, respectively; seed yield and lint yield were mainly controlled by major
gene in two crosses; lint index was mainly controlled by polygene in cross | and belonged to typical polygene inheritance in cross Il;
bolls per plant belonged to typical major gene inheritance in cross | and was mainly controlled by polygene in cross 1. The diallel
cross results indicated that yield and its components of upland cotton had always higher variance of genetic major effects, and yield
traits were controlled by additive effects and dominant effects altogether. In which, lint percentage and lint index were mainly
controlled by additive effects; seed yield, Boll weight and seed index were mainly controlled by dominant effects; lint yield and bolls
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per plant were mainly controlled by additive effects and dominant effects. Both common broad heredity and common narrow
heredity of lint percentage and lint index were always the highest, which had also the highest average value of total heritability in
joint generations analyses. Among yield components, bolls per plant had the most contribution to lint yield, the second contribution
from lint percentage, and the least contribution from boll weight. Our studies might provide some theoretical foundation for further
elucidating the heredity rule and inheritance mode of major gene-polygene of yield and its components in upland cotton, as well as
for adopting appropriate breeding strategy to improve cotton yield.
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Table 1 Characteristic and origin of six upland cotton cultivars
Cultivar Lint percentage (%) Characteristic Origin
43.81
Banbanmian High lint percentage, and late-maturing relatively Xuzhou Institute of Agricultural Sciences, Jiangsu Province
3 42.93
Simian 3 High yield, high lint percentage, and early-maturing Siyang Cotton Stockseed Farm, Jiangsu Province
12 36.34
Sumian 12 Middle lint percentage, and mid-maturing Taicang Cotton Stockseed Farm, Jiangsu Province
1 33.93
Guannong 1 Special early-maturing, small boll, and short fiber Fuzhou Experimental Farm, Liaoning Province
5 28.76
Shiduan 5 Mid-maturing, drought tolerance, and high quality Experimental Farm, Hebei Province
465 27.63
Qiannong 465 Early-maturing, and Empoasca biguttula resistance Sinan Cotton Experimental Station, Guizhou Province
" 2006

“: Lint percentage from the experiment of diallel cross in 2006.
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Table 2 Estimated genetic parameters of yield traits using six generations

Parameter Lint percentage (%) Seed yield per plant (g) Lint yield per plant (g) Lint index (g) Bolls per plant Boll weight (g) Seed index (g)
Cross | 1l | 1 | 1 | 1l | I | 1l | I
E-3 D-2 E-1 E-1 E-1 E-0 E-3 C-1 A-4 D-2 E-1 D-2 E-1 E-3
m 38.740 35.273 47.404 23.938 18.751 11.856 6.365 5.619 11.193 14.826 3.840 3.461 9.857 9.945
d 3.451 2.826 3.573 1.645
h —-2.826
da —0.550 4.418 7.559 1.631 5.456 0.039 0.671 1.495 0.560
dp 1.540 —-6.743 7.559 —-2.870 6.465 0.498 0.671 1.495 -1.433
ha -17.572 -14.433 —7.093 —-4.528 -0.293 0.457
hyp -17.497 -5.471 —7.093 0.753 -0.293 0.457
i —-20.385 21.435 —7.932 6.072 0.012 -0.034
jab -4.888 13.260 -2.381 0.469 -0.403 1714
Jba 6.191 4.299 2.120 —-4.949 -0.484 -1.714
| 37.515 8.719 15.130 4.752 0.131 -0.727
[d] 4.810 6.724 4.969 -2.459 3.852 0.281 1.609 2.251 -0.274 -1.389 -1.798 2.559
[h] -3.562 —6.791 -25.413 29.331 -10.748 -0.296 -1.399 —6.258 2.153 1.224 0.966 0.181
hmgz(%) 37.611 34.792 39.506 38.116 40.021 40.518 19.050 0.000 39.531 25.548 24.253 3.369 38.909 36.398
hpgz(%) 33.113 49.614 3.852 9.626 7.312 10.517 58.232 72.174 0.000 29.418 6.426 72.055 22.988 41.270
E3 2 - D2 1 - E-1 2 - - - - - -
C-1 - A4 1 m d h 1 da hy 2 a dp hy b
i b oa x | [d] [h] Ning’” hig?

E-3 model: two major genes with additive effects plus polygenes with additive-dominance effects; D-2 model: one major gene with additive effects plus polygenes with additive-dominance effects; E-1 model: two major genes with

additive-dominance-epistatic effects plus polygenes with additive-dominance effects; E-O model: two major genes with additive-dominance-epistatic effects plus polygenes with additive-dominance-epistatic effects; C-1 model: polygenes with

additive-dominance effects; A-4 model: one major gene with negative complete dominance effects; m: mid-parents value; d: additive effect of major gene; h: dominance of major gene; d,: additive of major gene a; h,: dominance of major gene

a; dp: additive of major gene b; hy: dominance of major gene b; i: additivexadditive interaction; ju,: additivexdominance interaction; j,,: dominancexadditive interaction; I: dominancexdominace interaction; [d]: additive effect of polygene; [h]:

dominance of polygene; hmgzz heritability of major gene; hpgz: heritability of polygene.
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Table 3 Estimated proportions of variance components and heritability of yield traits
Var.(G)/Var.(T) Lint percentage Seed yield per plant Lintyield per plant  Lintindex  Bolls per plant  Boll weight ~ Seed index
and heritability (9 (9 (9) (9 (9 (9
Va 17.436™ 52.462 25.943" 0.488" 6.180" 0.000 0.543
Vo 10.112" 202.342" 40.710" 0.172" 7.892" 0.043 0.765"
VR 0.662" 120.803" 15.620" 0.083™ 3.408 0.320" 0.477
Ve 28.210" 375.607" 82.270" 0.743"™ 17.482" 0.364" 1.781"
ValVe 0.618™ 0.139 0.315 0.656™ 0.353" 0.001 0.304
Vo/Ve 0.358™ 0.538" 0.494" 0.231 0.451" 0.119" 0.428"
Vr/Vp 0.023" 0.321" 0.189" 0.112" 0.195" 0.880"™ 0.267"
h?y 0.618™ 0.139 0.315 0.656™ 0.353" 0.001 0.304
h%g 0.976™ 0.678" 0.810™ 0.887" 0.805™ 0.1197 0.732"
o 0.05

Va Vb Ve Vp h%y h% .

0.01
Va, Vb, Vg, Vp, h%, and h% represent variances of additive, dominance, residual effects, phenotype, common broad heredity and common narrow

heredity, respectively; ", ™: significant at 0.05 and 0.01 probability levels, respectively.
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Table 4 Predictable values of additive or dominant effects of yield traits in parents

(A))

(Dii)

Parent Genetic Lint percentage Seed yield per  Lint yield per Lint index Bolls per Boll weight Seed index

effect (%) plant (g) plant (g) (9) plant (9) (9)

A 3.16™ 2.33 3.11 0.58"™ 0.80 -0.01 -0.42"

Banbanmian D 261" 1.94 274 0.13 0.87 -0.30 -0.88"
3 A 3.02" 3.48" 3.24 0.46" 1.82 -0.01 -0.60
Simian 3 D 0.09 -12.18" —4.37" 0.29 -1.16" -0.22" 0.47
12 A 0.63" 5.37 2.37 0.03 1.31 0.01 -0.25
Sumian 12 D 0.54 -3.98" -0.73 -0.18 0.73 -0.22 -0.55"
1 A -051 1.46 -0.02 -0.01 0.38 0.02 0.22
Guannong 1 Dsi 0.20 -4.08 -1.27 0.13 1.01 -0.03 0.06
5 A -1.75" —7.40" -3.60" -0.32" 251" 0.00 0.27
Shiduan 5 D -3.01" -29.75" -12.07" -0.09 -5.91" -0.18 1.30
465 A -4.55" -5.26" -5.09" -0.74" -1.81" 0.00 0.78"
Qiannong 465 Dii 1.44 -8.19 -1.45 0.06 0.15 0.10 -0.64

A Dy o 0.05 001

A;, Dji: predictable values of additive effects and dominance effects of parents, respectively; *, ™ significant at 0.05 and 0.01 probability levels, respectively.

5 5 ( x ) 3 x 12( x ) 1 x 5 ( x
) x 5
5 (Dy)
Table 5 Predictable values of dominant effects for each of yield traits in crosses
Cross Lint percentage ~ Seed yield per  Lintyield per  Lint index Bolls per Boll Seed
(%) plant (g) plant (g) (9) plant weight (g) index (g)

x 3 BanbanmianxSimian 3 0.64 -2.16 -0.04 0.15 -1.24 0.49 -0.06

x 12 BanbanmianxSumian 12 1.05 -7.92 -2.18 0.43 -1.17 0.10 0.22

x 1 BanbanmianxGuannong 1 7917 -20.08" —12.40 0917 522" 0.24 2.07"

x 5  BanbanmianxShiduan 5 525 28.49" 13.90" 0.75" 6.00" -0.26 -1.06

x 465 BanbanmianxQiannong 465 0.05 1.90 -0.14 0.02 1.02 -0.06 0.00
3 x 12 Simian 3xSumian 12 213" 3.37 3.63 0.24 141 -0.02 -0.44
3 x 1 Simian 3xGuannong 1 1.48 -4.19 -0.26 -0.10 -1.07 -0.09 -0.82
3 x 5  Simian 3xShiduan 5 0.24 23.81" 7.84 -0.16 3.84 0.15 -0.43
3 x 465 Simian 3xQiannong 465 -0.57 9.66 2.37 -0.15 1.98" -0.13 -0.04
12x 1 Sumian 12xGuannong 1 -0.35 17.05 5.84 0.02 312" 0.14 0.15
12x 5  Sumian 12xShiduan 5 -1.45 —4.85 -3.67 -0.30 -0.44 0.37 0.00
12x 465 Sumian 12xQiannong 465 -1.62 9.77 1.36 -0.01 -2.52 -0.06 0.817
1 x 5  Guannong 1xShiduan 5 6.12" 15.59 9.16 0.56 1.97 -0.01 -1.78"
1 x 465 Guannong 1xQiannong 465 -0.44 2.36 0.19 0.13 -0.26 -0.05 0.57
5 x 465 Shiduan 5xQiannong 465 -6.51" -16.56 -8.41 -1.04 -3.11 0.08 1.05

T 0.05 0.01 *, ™ significant at 0.05 and 0.01 probability levels, respectively.
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Table 6 Correlation analysis of yield traits
Trait Seed yield Lint index Bolls per plant Boll weight Seed index Lint yield
0.595™ 0.929" 0.726™ -0.180 -0.863" 0.832"
Lint percentage 0.704™2 0.982" 0.802" -0.488 -0.981™ 0.908"
0.483" 0.863" 0.038 -0.622" 0.934”
Seed yield 0.663" 0.949” 0.062 -0.726" 0.932™
0.628" -0.178 -0.624" 0.725"
Lint index 0.749"™ -0.451 -0.923" 0.867"
-0.053 -0.703" 0.897"
Bolls per plant -0.125 -0.853" 0.949™
0.130 -0.067
Boll weight 0.490 -0.301
-0.788"
Seed index -0.925™

-

1) 2) , 005 001

1): phenotype correlation coefficient; 2): genotype correlation coefficient. ", ™: significant at 0.05 and 0.01 probability levels, respectively.
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Fig. 1 Path analysis of yield components to lint yield
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