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Evaluation of Heterosis and Genetic Relationships of Some Fruit Quality
Characteristics in Five Different Tomato Lines
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Table 1. Details of tomato lines for testing.
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Table 2. Mean comparison of genotypes for biochemical traits of tomato fruit.

‘;:)349-; 090 &WM) Gu(;).’.ﬁ 6‘)" Lﬁub’olf wi:t.n A.M...‘:‘LAA -y Jﬁdp-

b b
sl 22l g Js Jss I adSeSd e
OBl Jsloxe Sy Antioxidant Total Phenol ~ Total flavonoid ~ Ascorbic acid T .
N X otal
Genotype Total soluble Maturity capacity (mg Gallic acid ~ (mg Catechin (mg As A acidity (%)
solids (%) index  (%Inhibition of ~ /100gFW) /100gFW) /100gFW)
DPPH)
AxXA 4.75¢cd 0.72 gh 63.32 a-d 169.86 a 34.20 ab 20.02 a-e 6.58 b-h
AxB 5.74 a-d 0.75 f-h 58.28 b-d 101.45 b-e 3943 a 19.75 a-e 7.70 a-d
AxC 6.90 ab 0.86 c-h 45.48 cd 96.27 c-e 34.99 ab 14.81 g-1 8.06 ab
AxD 5.42 a-d 0.76 f-h 66.28 a-c 107.46 b-d 31.77 a-c 20.28 a-e 7.15 a-f
AxE 5.13 f-h 0.90 b-h 60.00 b-d 145.64 ab 33.62 ab 22.74 ab 5.73 e
BxA 5.73 a-d 0.78 f-h 50.28 cd 105.13 b-e 38.05 ab 21.87 a-c 7.36 a-¢
BxB 6.06 a-d 0.88 c-h 56.40 cd 95.97 c-f 29.93 a-d 17.28 d-h 6.98 a-g
BxC 5.50 a-d 0.66 h 59.24 b-d 80.52 c-i 22.08 b-d 13.89 hi 834a
BxD 5.65 a-d 1.14 a-f 82.84 a 88.39 c-h 32.00 a-c 2343 a 4.99 h-j
BxE 5.62 a-d 0.79 e-h 64.52 a-c 90.22 c-h 24.38 a-d 14.95 g-i 7.18 a-f
CxA 6.79 ab 0.86 c-h 46.08 cd 94.23 c-f 33.55 ab 15.77 e-i 7.89 a-c
CxB 5.70 a-d 0.69 c-h 62.04 a-d 79.27 c-i 21.49 b-d 14.36 g-1 8.22 ab
CxC 6.39 a-d 0.97 b-h 54.84 cd 83.20 c-i 24.62 a-d 16.05 e-i 6.56 b-h
CxD 6.42 a-d 1.33 a-d 58.68 b-d 83.80 c-i 29.54 a-d 14.85 g-i 4.89 ij
CxE 723 a 1.35 a-c 5444 cd 72.16 d-i 23.50 a-d 17.20 d-h 5.38 g-j
DxA 5.19b-d 0.74 gh 64.68 a-c 108.35 31.96 a-c 21.46 a-d 7.06 a-f
DxB 6.09 a-d 1.29 a-d 56.80 b-d 90.45 c-g 3232 a-c 15.09 f-i 47114
DxC 7.30a 1.60 a 61.44 a-d 83.36 c-i 29.50 a-d 23.02a 4.55]
DxD 6.58 a-c 1.45 ab 79.04 ab 60.42 1 21.08 b-d 19.55 a-f 4.55]
DxE 6.21 a-d 1.02 c-g 56.52 cd 61.20 hi 22.61 a-d 22.58 ab 6.13 d-j
ExA 4.51d 0.76 f-h 62.36 a-d 150.71 ab 34.40 ab 18.45 b-g 5.95¢e-
ExB 543 a-d 0.76 f-h 60.72 a-d 87.68 c-h 24.19 a-d 18.35b-h 7.20 a-f
ExC 6.79 ab 1.23 a-e 5332cd 71.62 e-i 22.85 a-d 17.81 c-h 5.58 f-
ExD 5.99 a-d 0.98 b-h 41.68d 64.11 f-i 13.95d 16.08 e-i 6.26 c-i
ExE 5.89 a-d 0.87 d-h 5432 cd 63.32 g-i 15.57 cd 12.53 i 6.97 a-g

Means in each column followed by same letter are not significantly different at 5% probability level using Duncan's Multiple

Range Test.
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Table 3. Estimation of heterobeltiosis (%) for studied traits of tomato hybrids in a 5x5 complete diallel experiment.

o s = IS dss U5 aissdls ISpsSad S a0l

e Jslxe asl , , 523 SSgis NVNN vt s
G;L:jf . Total “;M’ ‘fl%{‘wl Total Total Ascorbic Total
notyp soluble Maturlty Ant10x1dant phenol flavonoid acid acidity
. index capacity

solids
AxB -5.17c-e  -14.82de -7.96 f -40.271j 15.30 be -1.33 b-e 10.42d
AxC 7.98 ab -11.43 d-f -28.171 -43.32 2.31d-f -26.00 f 22.38Db
AxD -17.54 f-h -47.23 1 -16.14 g 77.86 a 50.72 a 3.73 a-d 56.97 a
AxE -12.85 d-g 335¢ -5.24 ef -14.25 gh -1.70 ef 13.59 ab -17.78 gh
BxA -5.34 d-f -11.42d -20.59 gh -38.111 11.27 b-d 9.24 a-c 554e
BxC -13.93e-h  -32.09h 8.02 a-c -16.10gh  -26.22 gh -19.63 ef 19.59 be
BxD -14.04e-h  -21.54e-g 4.81 cd -7.90 de 6.89 c-e 19.86 a -28.43 kl
BxE -7.15 d-f -9.95d 1440 a -6.00d -1854 ¢ -13.48 d-f 2.87e
CxA 6.26 ab -11.41 de -27.23 hi -44.52 g -1.89 ef -21.22 f 19.90 be
CxB -10.80 e-g  -28.64 f-h 13.13 ab -17.40 h -28.21 gh -16.93 ef 17.82 ¢
CxD -2.33 b-d -8.14d -25.76hi 0.73 ¢ 19.98b -24.06 f -25.55 jk
CxE 13.20 a 3825a -0.73 de -13.27 f-h -4.54 f 7.19 a-c -22.80 1)
DxA -21.08 gh -48.99 i -18.17 g -36.211 -6.53 f 7.23 a-c 7.24 de
DxB -7.45 d-f -10.83 d -28.14 1 -5.75d 7.96 c-e -22.83 f -32.491
DxC 11.00 a 10.64 ¢ -22.27g-i 0.19¢ 19.81b 17.73 a -30.621
DxE -5.52 de -29.81 gh -28.49 i 1.30 ¢ 7.29 c-e 15.50 ab -12.1f
ExA -23.37h -12.44d -1.52d-f  -11.27e-g 0.59 d-f -7.83 c-f -14.67 fg
ExB -10.29d-g -12.84 de 7.66 be -8.64 d-f -19.18 g 6.17 a-c 325¢
ExC 6.26 a-c 26.33 b -2.77 ef -13.91 gh -7.19 10.97 a-c -19.93 hi
ExD -8.97 d-f -32.66 h -47.27j 6.11b -33.81h -17.73 ef -10.18 f

Means in each column followed by same letter are not significantly different at 5% probability level using Duncan's Multiple
Range Test.
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Table 4. Results of preliminary test of Hayman, ¢ test (Ho: B=1) for regression coefficients of Wr to V'r and test of
epistasis effects (Wr-Vr) and effect of genes dominance (Wr+Vr) in studied traits of tomato.

Sl sla 1 (558 ge3l (sl

3 , By Wr-clas o (5e5ils RPN <[
T Ho:B =1 V}rw& W):J:/j
> o Regression t for the hypothesis test of
Studied traits . G Mean Square of  Mean Square of
coefficients (b) epistatic effects WrVr Wit Vi
Hy:B=1
> claoole .
Jolome 2l slaal 0.94 0.27" 0.05 1.48
Total soluble solids
s L
TS 2 0.57 3.05m 0.005™ 0.04™
Maturity index
AR “**’J’, 0.87 0.27ms 7211.54m 40824.10
Antioxidant capacity
&5 Js 0.99 0.017 0.0006" 0.030
Total phenol
J5 il 0.76 2,107 257 450 3603.19™
Total flavonoid
[ | o
e ';'”S‘i 0.65 1.14xs 86.450 363.94
Ascorbic acid
S e 0.58 2.31m 0.51m 3.45

Total acidity
s, * and ** indicate non-significant, significance at 5% and 1% levels respectively.
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Fig. 1. Vr-Wr graph for TSS ( | ), Maturity index (Il), Antioxidant capacity (lll), Total phenol (IV), Total

flavonoid ( V), Ascorbic acid (V1) and Total acidity (V) of tomato. Letters in figures are related to A, B,
C, D and E parents.
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Table 5. Components of variance and genetic parameters for studied traits in tomato by Hayman method.

S s
Traits
I sele glasls Ly ek sisisdls R
Components Joloxe RV @‘W‘sﬂ g5 Jgé Js Aol Sz 5 Sl Js
Total soluble Maturity ~ Antioxidant ~ 1otal phenol o Ascorbic acid o)
solids index capacity flavonoid acidity
D 0.39™ 0.13™ 91.69 ™ 0.19™ 43.59™ 8.47" 091™
S.E.D 0.12 0.03 40.52 0.01 6.24 3.93 0.31
F -0.09"s -0.01™ 46.21m™ 0.06" -19.33m™ 10.25 ™ -0.05 1
S.E.F 0.30 0.07 99.48 0.03 1533 9.65 0.76
Hi 1.08™ 0.29™ 238.84" 0.10™ 47.11™ 35.26™ 3.79™
S.E.H1 0.33 0.07 109.44 0.03 16.86 10.62 0.84
H> 0.88™ 0.26™ 225.05™ 0.09™ 47.03™ 28.93™ 3.43™
S.E.H2 0.30 0.07 99.26 0.03 15.29 9.62 0.76
h? -0.08" -0.009 ™ 17.311m 0.0009 29.37" 3.58"m 0.01 s
S.E.h? 0.20 0.05 67.02 0.02 10.32 6.50 0.51
Hi-Hz 0.20 0.03 13.80 0.01 0.08 6.33 0.36
(Hi/D)'"? 1.68 1.51 1.61 0.74 1.04 2.04 2.04
Ho/4H, 0.20 0.22 0.24 0.22 0.25 0.21 0.23
((4DH1)'*+F)/((4DH1)"2-F) 0.87 0.94 1.37 1.55 0.65 1.84 0.98
R -0.32 ,0.96 0.42 -0.47 -0.79 -0.07 -0.03
r? 10.52 92.46 17.60 22.46 63.91 0.43 0.08
h?/Ha -0.08 -0.03 0.08 0.01 0.62 0.12 0.004
h 0.74 0.86 0.79 0.91 0.71 0.92 0.91
I 0.19 0.26 0.26 0.74 0.29 0.22 0.17

D: Additive effects, F: The covariance of dominance and additive effects, Hi: Dominance effects due to dominant genes, Ha:
Dominance effects due to positive and negative genes, h?: Dominance effects due to heterozygous loci,
((4DH1)"2+F)/((4DH1)"2-F): The ratio of the total number of dominant to recessive genes in all the parents, Ho/4H1: Measures
the proportion of genes with positive and negative effects in the parents, (Hi/D) '?: Average of degree dominance, 12
Prediction for measurement of completely dominant and recessive parents, (h? /Hz): The number of gene groups with

dominance effects, h,f : Broad-sense heritability hf : Narrow-sense heritability.
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Research article

Evaluation of Heterosis and Genetic Relationships of Some Fruit Quality
Characteristics on Five Different Tomato Lines

J. Rahaii*, M. Hassanpour Asil, and H. Samizadeh Labhiji'

In order to investigate the heterosis and genetic relationships of different tomato lines for
some qualitative characteristics, five diverse tomato lines were evaluated in a complete diallel
cross design. Analysis of variance showed significant differences (P<0.01) among the
genotypes for total soluble solids, total acidity, maturity index, antioxidant capacity, ascorbic
acid, total flavonoids, and total phenols. The highest heterobeltiosis was observed for total
phenol and total flavonoid. Results of Hayman's analysis showed that contributions of additive
and non-additive effects were involved in the control of the studied traits. The genetic analysis
by Hayman method showed that the attributes except the total phenol, were under the control
of the dominance type of the gene action, and their low inheritance indicated the more
involvement of non-additive type of gene action. Therefore, due to low heritability and lack of
high selection potential, hybridization methods and heterosis phenomenon could be used in the
first generation to improve these traits. In contrast, the high specific heritability of total phenol
indicated that this trait is controlled by the additive gene effect. Therefore, due to the high
selection potential for total phenol, it is possible to modify the population by selection the best
genotypes for this trait. Overall, hybridization methods can be used to improve fruit quality
traits in tomatoes.

Keywords: Additive effects, Diallel, Gene dominance, Heritability.
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