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Genetic Analysis of Leaf Number and Leaf Area in Flue-cured Tobacco
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Abstract: The joint segregation analysis method of mixed major gene plus polygene genetic model was used to
study the inheritance of leaf number and leaf area in flue-cured tobacco. Six generations ( P, P, F, B, B,and F,)
from the crosses between Wanye with less leaves and small leaf area as the maternal parent and Coker319 with more
leaves and large leaf area as the paternal parent were investigated. It was found that leaf number and leaf area in
flue-cured tobacco appeared to be a quantitative trait and their inheritances fit to a mixed genetic model of two major
genes with additive-dominant-epistatic effects plus polygenes with additive-dominant-epistatic effects ( the EO mod—
el) . Leaf number was mainly controlled by the additive effect and the epistatic effect of dominance X dominance. The
additive dominant and epistatic effects of leaf area was all important with the epistatic effect > the additive effect >
the dominance effect. Heritabilities of the major genes were estimated to be 36.91% and 2. 13% in B, 51.60% and
50.92% in B, 42.63% and 30.32% in F,. Heritabilities of the polygenes were estimated to be 31. 00% and 19. 53%
in B, 16.84% and 13.26% in B, 42.08% and 12. 18% in F,. Because of their higher heritability of the major gene
the selection of leaf number and leaf area could be taken in early generations.
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Table 1 Mean of leaf number and leaf area parameters among six generations
Parameter P, F, B, B, F, Median
Leaf number 27.82B 29.23A 27.09 29. 45 28. 81 29. 44 28.53
( cmz) Leaf area  688.41B 1039. 12A 925.22 738. 87 825.18 642. 19 863.76
P <0.01 P<0.05

The data with different capitalor lower case letters in the same column are significantly different at P <0. 01 and P <0. 05



469

2 N
2.2 N
50 -
1 6 B,.
! g 40+
B, F, g 30
S 20
> S 10k
= '
° %OOOOOOOOOOOOO
E:S PARIRLEXRITEELR
60 == ==
5 1 - Fif(cm®) Leaf area
é 40 X
2 | | B 5 AR x Coker 319 B, X AR M A K5
E;_E‘- 20 ! 5 Fig.5 Frequency distribution for leaf area for B,
g 0\‘“ @ n a9 ,n P population derived from the cross between
ZTRAISEIEEFEES Wanye and Coker319
I Leaf number
B 1 AR/ xCoker319 Bttt it & AR B 5 40 |
Fig.1 Frequency distribution for leaf number for B, 5 30!
o
population derived from the cross between :Es 20 |
= |
Wanye and Coker319 Z 10|
60 ¥ 130 390 650 910 1170 1430
- 1R BL(cm®) Leaf area
40
" B 6 #HM xCoker319 F, H M ERAXEHH

Fig.6 Frequency distribution for leaf area for F,

PEEL Plant number

021.5 253 291 329 367 405 population derived from the cross between

% Leaf number Wanye and Coker319
2 AR x Coker319 B, M B AIR ST

Fig.2 Frequency distribution for leaf number for B, 2.3 h
population derived from the cross between 2.3.1 IECM S
Wanye and Coker319 AlC . AlC
B1.EO.El E3 AlIC
60
= o 30 EO
% 40/ Bl
£ 20}
= ; y _ El 3 E3
i 018 21 24 27 30 33 36 39 42 45 48 51 6 EO
4% Leaf number _ _ + _
B3 LM x Coker 319 F, #4058 5 % _ ( 2. 3)
Fig.3 Frequency distribution for leaf number for F, A °
population derived from the cross between 2.3.2 IECM 5
Wanye and Coker319 20 AIC °
AlC C0.DO.D3.E0O E1  AIC
60
Jg " o 30
: El 6 €0-DO.
IR | § D3 EO 2 EO
0 g i1 R @
2 "$seneczcage e #0
M i (cm?)Leaf area - - + - -
B4 LM xCoker 319 B, R HER M LK HH ( 2. 3),
Fig.4 Frequency distribution for leaf area for B, 2.4 N
population derived from the cross between 2.4.1 x Coker319
Wanye and Coker319 o) _ _ " _
- 1 2

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



470 13
~2.65 ~0.95 x ;
x 2.03 x B,.B, F, 36.91%
0. 56 x 0. 56 x 51.60% 42.63%; 31.00% -
3.17 16.84% 42.08%( 4) .
2 N AIC

Table 2 Maxmium likelihood value (MLV) and AIC value of different genetic model of leaf number and leaf area

Trait Model MLV Al Model MLV Al Model MLV Al
Al -1638.17  3284.35 BS -1630.43  3268.87 D4 ~1603. 89 3223.78
A2 -1639. 32 3284. 65 B6 -1639. 44 3284. 88 EO -1572. 16 3180. 32
A3 1639. 44 3284. 88 CcO —-1585. 69 3191. 37 El —-1570. 40 3170. 81
A4 -1636. 38 3278.76 Cl -1604. 55 3223.10 E2 —-1604. 21 3230. 42
BI -1578.19  3176.39 Do ~1585.60  3195.20 E3 ~1575.61 3169.23
B2 -1614. 42 3240. 85 D1 -1599. 99 3217.97 E4 —-1604. 45 3224. 89
B3 -1666. 37 3340.75 D2 -1600. 12 3216.24 ES -1604. 36 3226.72
B4 -1639. 35 3284. 69 D3 -1600. 16 3216.33 E6 —-1604. 48 3224.78
Al —-4220. 83 8449. 66 B4 —-4233.75 8473. 51 El -4172.03 8374. 06
A2 -4231. 14 8468. 28 B5 —-4206. 65 8421.31 E2 -4194.91 8411. 81
A3 —-4220. 85 8447.70 B6 -4230. 60 8467. 19 E3 -4192.42 8402. 84
A4 —-4237.42 8480. 84 C0 -4180. 84 8381. 68 E4 -4222. 18 8460. 35
Bl ~4185.10  8390.20 DO -4178.08  8380.15 ES ~4195. 86 8409. 71
B2 -4198. 11 8408. 21 D3 -4181. 16 8378.32 E6 —4229.48 8474.95
B3 -4294. 50 8597. 00 EO -4170. 65 8377. 31
3 N
Table 3 Test for goodness-of-fit of genetic model of leaf number and leaf area
U; U; U3 W D,
Trait Model Generation
E0 P, 0. 014( 0. 9069) 0.330( 0. 5655) 3.406( 0. 0649) 0.1780 0.1752( >0.05)
F, 0. 014( 0. 9068) 0. 002( 0. 9664) 0.387( 0. 5341) 0.1337  0.1595( >0.05)
P, 0. 665( 0. 4148) 0. 496( 0. 4814) 0. 117(0.7322) 0.2025 0.2035( >0.05)
B, 0. 129( 0. 7190) 0.248( 0. 6186) 0. 358( 0. 5499) 0.2280 0.0971( >0.05)
B, 1. 149( 0. 2838) 1.949( 0. 1627) 2.053(0. 1519) 0.3306  0.1025( >0.05)
F, 0. 268( 0. 6045) 0. 544( 0. 4606) 0. 893( 0. 3445) 0.2234  0.0985( >0.05)
E0 P, 0 (0.9859) 0.473( 0. 4918) 7.944(0.0048) *  0.2037 0.1595( >0.05)
F, 0.012( 0. 9124) 0.135( 0. 7134) 1. 088( 0. 2970) 0.0994 0. 1440( >0.05)
P, 0. 016( 0. 8986) 0. 394( 0. 5302) 9.026(0.0027) *  0.2551 0.1710( >0.05)
B, 0. 004( 0. 9486) 0. 039( 0. 8429) 0.295( 0. 5872) 0.0282  0.0367( >0.05)
B, 0. 061( 0. 8054) 0. 140( 0. 7084) 0.293( 0. 5882) 0.0604 0.0478( >0.05)
F, 0.085(0.7711) 0. 009( 0. 9226) 0. 545( 0. 4605) 0.0964 0.0616( >0.05)
IANVN P(H,); ,W?(P<0.05) 0.461;"

The number in U5 U5 and U3 column means P( Hy) . The critical value of , W?( P <0.05) is 0.461 and an asterisk indicates significance
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Table 4 Estimate of leaf number and leaf area in E0 model

Estimate Estimate
1storder 2nd order
parameter Parameter B, B, F, B, B, F,
ml 31.09 845.20 o 10.33 10.50 21.67 41398. 56 90533. 66 56396. 90
m2 25.83  1014.68 O 3.81 5.42 9.24 881.34 46096. 34 17098. 59
m3 21.91 610. 88 0 3.20 1.77 9.12 8086. 24 12006. 34 6867. 32
md 31.51 869. 57 ol 3.31 3.31 3.31 32430. 98 32430. 98 32430. 98
m5 26. 42 783.92 b2, (%) 36.91 51.60 42.63 2.13 50. 92 30. 32
m6 27.50 673.38 2, (%) 31.00 16. 84 42.08 19.53 13.26 12.18
d, -2.65 -146.95  hl (%) +h’,(%) 67.91 68. 44 84.71 21. 66 64. 18 42.50
d, -2.65 -145.57
h, -0.95  -100.47
hy, -0.95 -101.17
i 2.03 135.72
Jab 0.56 103. 43
Jba 0.56 119.91
1 3.17 117.90
mlm2.m3.m4.m5  m6 PP, F;B\B, F, vdys 1 idy 2 h: 1 hy
2 ST 2 x Va1 2 x Ve 1
2 X B 2 X sk i P03y Lol ;
h2 Th2:

ml m2 m3 m4 m5 and m6: the mean values of P; P, F| B B, and F, generations respectively; d,: additive effect of the first major gene; d;: additive effect of the second
major gene; h,: dominance effect of the first major gene; h}: dominance effect of the second major gene; i: epistatic effect of additive x additive between the first and the second

major gene; j,: epistatic effect of additive x dominance between the first and the second major gene; j, .. epistatic effect of dominance x additive between the first and the sec—

2.
pg’

ond major gene; I: epistatic effect of dominance x dominance between the first and the second major gene; 0-'2‘2 phenotypic variance; ¢2,,: major gene variance; g2, polygene va—

mg’

2.
pg’

2: environmental variance; h2, : heritability of major gene; and hZ : heritability of polygene
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