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Abstract: Early-maturity is closely related to yield and quality of cotton. Cotton growing season in the north of China, especially
in the early-maturing cotton area, is short. So early-maturity has decisive significance for the improvement of yield and quality of
cotton in this specific area. In the special ecological environment of northern Xinjiang cotton growing region and the Yellow River
growing region with wheat-cotton interplanting, improving the pre-frost lint yield primarily depends on the early-maturing cotton
varieties with, shorter growth period and more pre-frost boll numbers. In the early-maturing Upland cotton area, pre-frost lint
yield largely determines the proportion of high-quality cotton. However, research on molecular breeding for cotton earliness is still
lacking at home and abroad. The early-, mid-, and late-maturing materials with large genetic differences were used as parents in
this study. The genotypes and the relative genetic effects of major loci groups based on Quantitative Trait Loci (QTL) detection
system were first adopted to estimate the magnitude of heterosis for pre-frost lint yield, and to analyze the relationship between
favourable loci groups and heterosis. According to Griffing’s P(P-1)/2 Incomplete Diallel Cross design, fifteen combinations were
made by six cotton varieties from different origins. The results showed that the phenotypic variations explained by major loci
groups (G), GXE, environment (E) and minor loci group were 36.79%, 33.46%, 10.37%, and 3.27%, respectively. The pre-frost
lint yield was controlled by five isolated major gene loci groups with additive effects of 5.99™, -1.26™, —0.92™, —0.75, and 3.01;
and dominant effects of 2.55™, 4.16™", 7.95™, 5.32"™, and —7.71", respectively. Mid-parent heterosis of lint yield for major loci
groups ranged from 15.55% to 133.56%, with an average of 63.34%, whereas high-parent heterosis ranged from 15.39% to
93.82%, with an average of 44.56%. Pre-frost lint yield heterosis was mainly determined by the gene heterozygosity of major loci
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groups. The hybrid combination, P,xPs, had highest favorable loci aggregation and surpassed all hybrid combinations in this study
in pre-frost lint yield. This shows that genes related to pre-frost lint yield exist in the early- and mid-maturing parents. On the
basis of parent materials genotypic estimation, with this method, genotypes aggregating favorable loci can be identified, or the
donor with unfavorable locus can be changed to achieve the strong heterotic combinations. Combined with molecular design
breeding, conventional cultivars with excellent comprehensive characteristics including high-quality; resistance to insect pests,
disease, stress; and other properties can be developed with enhanced breeding efficiency.
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Table 1 Pedigrees and origins of six cultivars used as parents

Cultivar Code Pedigree Growth stage (d) Origin Characteristic
( 1 x )xF1
8 611
Xinluzao 8 Pi (Xinluzao 1xVariety with Verticillium wilt 1250 Early-maturing Xinjiang ~ Early-maturing,
resistance) xF; with radiation cotton area fertility
611 bo
( x011)x 12
10 P 124.9 Early-maturing Xinji Early-maturi
. 2 . . . . arly-maturing Xinjiang arly-maturing,
Xinluzao 10 (HelshanmlanxoIll)i;:ghongmlansuo 12 cotton area fertility
1 10 xCAdcs-2-81
Ni 1
Ingzao Ps . . 144.0 Yangtze river basin cot- .
Xiangmian 10xCAdcs-2-81 ton area Late-maturing
Deltapine
(8004x  328)x 9101
12 4 . .
. Py ) ) 146.0 Yangtze river basin cot- .
Sumian 12 (8004xJi 328)xJiangsu 9101 ton area Late-maturing
Stonevile 4
8891
. Ps -, . 136.0 Yangtze river basin cot- Early-, and
Jing 8891 Origin of pedigree not clear - .
ton area mid-maturing
T™-1 Ps 1 148.0 o . :
Deltapine 14 Mississippi of American Late-maturing
(2007—2008 ) 055 m (0.40+
0.35+0.40) ) ) 50m, 0.12 G--—(G--+G--)/2
) 11
m 5 MPHG, = — 2 x100%
’ ’ ' (2,u+G,-,.+ij)/2
12 ,
G,.j - max(G,-i, ij)
) ) HPHG,-j = x100%
max(y+Gii,y+ij)
12 » Gy =X a, [fGD+ G N2+ d, [ 16D+ £G4
J
40 A I 2L N B 25 P AR R RS N .
1.2.1 06 B Fr a8 5 6 KA R 123 Btk TAs 5 L0k AR 4G ik 45
Vg =H+Cy + T +Cy x T + &
1 yljk 1 /u y CU l
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, , 3.34~21.12 g, 8891 , 21.12 g,
2 TM-1 , 334 g 15
24.61 g, 4.77~44.10 g,
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Table 2 Analysis of variance of regression model PoxPs  PyxP3  P1xXPy  PiXPs  PyXxPy,
Source df SS 44,19 43.299g 32.95g 32.89g 30.54
Regression k(2g+1)-1 SSR g P3sxPg 6 15
G 2q SS(G | w) ,
T k-1 SS(E| G, w) ,
x GxT 2q(k-1) SS(GXE | G, E, 1) ( )
Error k(n®+n=2)/2-2qk SSE 29
Total nk(n+1)/2-1 SST
n q k >
n, ¢, and k denote parent numbers, loci, and environments, ( 4 ( ) )
respectively. 36.79%,
QTL
, 33.46%, 10.37%
2.3
, 5 y 9 aji4
: , =5.99" aus=-1.26", ans= -0.92" ayy=—-0.75
, ap=3.01 , 6 J1=14 J,=15
2 HREH e
kO Ji=14 J5=2 : (+ +)
2.1 , -
6 13.48 g, Jo=15 J3=16 J,=22 ,
R3 MR EFARENIIRRES FHAKTBEINRE~2
Table 3 Average pre-frost yield of the six cotton parents and diallel crosses in two years (g)
Parent P P, Ps Pa Ps Pg
P 16.28
P, 25.48 20.42
Ps3 28.53 43.29 11.86
P4 32.95 30.54 17.29 10.02
Ps 32.89 44.10 23.29 27.88 21.12
Pg 18.90 14.10 4.77 8.86 16.26 3.34
R4 REEEHEIFHTE
Table 4 Related statistic values of model selection
q F-value P-value R? R’ AlC BIC J
1 12.55 <0.001 0.55 0.54 1258.25 1290.64 14
2 8.92 <0.001 0.71 0.69 1155.97 1209.95 14,15
3 7.44 <0.001 0.81 0.79 1064.99 1172.94 14,15, 16
4 3.89 <0.001 0.76 0.74 1189.08 1193.65 14, 15, 16, 22
5 3.77 <0.01 0.79 0.77 1089.05 1186.21 14, 15, 16, 22, 2
R%: P R ; AIC: Akaike ; BIC: Bayes

R% determination coefficient; R%,; modified determination coefficient; A/C: akaike information criterion; BIC: Schwarz-Bayesian

information criterion.
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6 5 , 44.1 g,
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Table 5 Genotypes and genotypic effect of the five major loci groups of six parents
; Major loci groups constitution of parents Genotypic effect (g)
P1 P, P3 P4 Ps Pg Add. Dom.
Ji=14 ++ ++ —_— - ++ S 5.99™ 255"
J=15 ++ ++ - - - ++ -1.26" 4.16"
J:=16 ++ ++ - - - - -0.92" 7.95™
J4=22 + __ 4+ __ + _- -0.75 5.32"
Js=2 ++ ++ ++ ++ ++ - 3.01 -7.71"
u=11.93
4+ - T P<0.05 P<0.01

+ + and — — denote dominant and recessive homozygous genotype. *, " denote P<0.05 and P<0.01, respectively.
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Table 6 Analysis of heterosis of major loci groups for pre-frost yield in 15 diallel crosses
No. of homozygous loci No. of heterozygous loci
Cross
MPHG (%)  HPHG (%) Favorable Unfavorable Sum Favorable Unfavorable Sum
P1xP, 28.34 23.40 2 2 4 1 0 1
P1xPs4 103.18 60.24 1 1 2 3 0 3
P1xPy 133.56 93.92 1 0 1 4 0 4
P1xPs 59.54 44.31 2 1 3 2 0 2
P1xPg 75.96 43.00 0 1 1 3 1 4
P,xP4 133.56 79.01 1 0 1 4 0 4
P2xP, 93.33 55.61 2 0 2 3 0 3
P,xPs 83.17 71.74 2 0 2 3 0 3
P,xPg 24.44 27.12 1 1 2 2 1 3
P3xPy 47.69 38.38 3 1 4 1 0 1
P3xPs 15.55 15.39 3 1 4 1 0 1
P3xPg 25.73 16.93 1 1 2 1 1 2
P4xPs 45.88 11.71 3 0 3 2 0 2
P4xPsg 46.57 65.78 2 1 3 1 1 2
PsxPg 33.56 23.25 1 0 1 3 1 4
Total 25 10 35 34 5 39

MPHG: mid-parent heterosis of major loci groups; HPHG: high-parent heterosis of major loci groups.
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