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Abstract

Quality indices are important objectives in tomato breeding programs. This study was conducted with
the aim of investigating the genetic structure of different tomato lines and hybrids resulting from complete
di-allele crosses. In this research, genetic analysis of important traits related to tomato fruit weight and
quality such as antioxidant capacity, total flavonoid, total phenol and vitamin C was investigated. Variance
analysis of data was conducted using a randomized complete block design and di-allele analysis by
Griffing’s Method 1. The variance analysis of the data revealed highly significant differences between the
genotypes for all the studied traits. The variance significance of GCA: SCA ratio for the traits of average
fruit weight, total phenol and total flavonoids showed that the contribution of additive effects in controlling
these traits is greater than the non-additive effect of genes and the selection method could be effective in
improving these traits and leading to cultivars with higher fruit weight, total phenol and flavonoids. In
contrast, the traits of vitamin C and antioxidant capacity were controlled by the non-additive effects of
genes. Therefore, Given the lower potential for selection to improve these traits, hybridization-based

methods can be used to improve these traits.
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Table 1- Variance analysis of the Griffing’s Method I in the form of fixed (model I) and random model

(model 1)
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Table 2- Variance assumption test in the Griffing’s Method I

The
degree of ]
The degree of freedom of Hypothesis
freedom of ) F test ]
the nominator testing
the
denominator
nin-1 MS
. ( ) r ol=0
2 Me¢ '
n(n - 1) Mssca 2
r 5 ™ 0%a =0
MS 5
gea _
dfMS* n-1 MS* O gca =0

mn®(n—1)fn+2(n-1)k[
n®(n—1)1— A} +2mA2(n? + 2ck )

n2(MS.. —M’
k =— sca e
o n(-1) 2l M

c=n’—n+1 s m=dfg,

MS* =(1- AM. + AMS_, dfyg =

2
* O =
MS”: The mean square for the difference of variance test is general combinability with zero (=~ 9@ ) (Sabouri
and Mohammadi-Nejad, 2008).
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Table 3- The results of variance analysis of studied traits in tomato genotypes

MS
Sources of
df Mean Antioxidant Total Ascorbic
Variation Flavonoeids
fruit weight Capacity phenols acid
Lines and their 24 174218 38871  46129*  7693.11 48.55°
hybrids
error 50 9.31 6.54 4.19 4.26 0.83
Coefficient of
- 8.72 3.47 7.79 3.43 8.55
variation (%)
., ™, indicate significant at p < 0.01, p < 0.05, and nonsignificant, respectively.
axdlland 90 Glao (gl Lo gif (uilee dulio gulis -F Jgua
Table 4- The results of the comparison of genotype averages for the studied traits
Mean  fruit Antioxidant Total phenols Flavonoeids Ascorbic acid
Genotypes weight Capacity (mg Gallic  acid (mg Catechin 100g* (mg 100g*
(9) (%DPPHsc) 100g™* FW) FW) FW)
AxA 27.37 77.36 176.76 4353 12.99
AxB 21.79 77.94 167.92 56.10 13.65
AxC 27.60 75.54 163.63 32.24 6.56
AxD 18.10 78.27 160.10 42.77 13.31
AxE 22.98 78.08 151.39 56.95 16.34
BxA 15.31 78.27 54.32 2471 15.27
BxB 14.16 76.45 58.65 29.93 9.61
BxC 19.43 76.02 55.75 27.08 5.42
BxD 12.82 77.98 63.95 31.99 17.20
BxE 19.52 77.46 53.35 24.38 6.73
CxA 21.54 77.26 40.86 23.55 7.74
CxB 19.07 77.26 36.95 21.49 5.99
CcxC 15.35 76.32 37.71 22.95 8.08
CxD 10.72 77.31 55.01 29.54 6.60
CxE 16.67 77.62 47.04 29.50 9.50
DxA 63.54 76.47 32.66 18.96 14.77
DxB 94.83 36.15 30.26 12.32 6.90
DxC 59.49 77.20 33.29 19.50 16.69
DxD 69.07 77.67 26.48 14.41 12.41
DxE 75.37 75.79 32.15 13.94 16.15
ExA 54.17 76.94 39.35 17.73 11.05
ExB 17.35 76.47 43.76 20.86 10.92
ExC 39.22 76.52 36.07 14.85 10.25
ExD 68.70 75.89 35.18 11.95 8.13
ExE 65.34 75.12 37.83 15.57 3.74
LSD
5.00 4.19 3.76 3.35 1.49

(P<0.05)
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Table 5- Variance analysis of general and specific combinability ability of measured traits of tomato
in the Griffing’s Method I under the model with fixed effects

MS
Sources of Variation df Mean Antioxidant Total . Ascorbic
o ) Flavonoids .
fruit weight Capacity phenols acid
General Combining Ability n o - - -
2.23 449.53 0.96 553.33 60.11
(GCA)
Specific Combining Ability n o - " -
0.32 261.33 0.14 92.62 19.04
(SCA)
Interaction effects 10 0.01m™ 150.29™ 0.001 " 12.09 ™ 32.39™
Experimental Error 48 0.03 50.25 0.02 29.35 2.06
MSgca/MSsca 7.01™ 1.72m 6.72" 5.97" 3.16™
(1978) Baker's ratio 0.93 0.77 0.93 0.92 0.86

**% kg

., ", indicate significant at p < 0.01, p < 0.05, and nonsignificant, respectively.

GCA (b E gD A pally sas co plis Sty 5 Jgl (og, 50 | laay s SCA ¢ pally GCA &l 3l £ Jgo
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Table 6- General compatibility (GCA) of parents (on the diameter) and private (SCA) hybrids
(above the diameter) for the trait of average tomato fruit weight by the Griffing’s Method I

Parents A B C D E
A 0.06" 011" 014" -0.48™ 0.07m™
B -0.05m™ -0.40™ 0.19™ -0.10™ -0.12"
C 0.01m™ -0.05™ -0.13™ 011" -0.05™
D 0.02 M -0.02m™ -0.03m™ 0.26™ 0.02
E -0.02m™ 0.01m™ -0.02m™ -0.01m™ 021"

** *and ns, indicate significant at p < 0.01, p < 0.05, and nonsignificant, respectively.
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Table 7- General compatibility (GCA) of parents (on the diameter) and private (SCA) hybrids

(above the diameter) for the trait of antioxidant capacity of tomato fruit by the Griffing’s Method I

Parents A B Cc D E
A -0.94 -554" -8.32™ 172" 5.90 "
B 4.00 ™ 181"m™ 3.79 ™ 3.31m™ 4.60 ™
C -0.30 ™ -1.40™ -3.90™ -0.74™ 1.56 ™
D 0.80 ™ 13.02 ™ -1.38™ 576 ™ -12.87™
E -1.18m™ 1.90"m 0.56 ™ 742" =272

Fx

, “and ™, indicate significant at p < 0.01, p < 0.05, and nonsignificant, respectively.
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Table 8- General compatibility (GCA) of parents (on the diameter) and private (SCA) hybrids
(above the diameter) for the trait of total phenol of tomato fruit by the Griffing’s Method I

Parents A B C D E
A 030™ -0.18™ -0.16 ™ 0.02 ™ 0.29™
B -0.02m 0.01m -0.04 ™ 012" 0.06 ™
C 0.01m 0.01m -0.09™ 0.16 ™ -0.05™
D -0.01" -0.01" 0.00 " -0.14™ -0.13™
E -0.01m 0.01"m 0.01m -0.03m -0.09 ™

""and ™, indicate significant at p < 0.01 and nonsignificant, respectively.
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Table 9- General compatibility (GCA) of parents (on the diameter) and private (SCA) hybrids
(above the diameter) for the trait of flavonoid of tomato fruit by the Griffing’s Method I

Parents A B C D E
A 6.55 ™ 281" 1.04 s -1.26"m 439"
B 0.69 M 1.32"m™ -6.217™ 426" -0.10m
C 0.72"m 0.30M™ -139™m™ 432" 150"
D -0.10"ms -0.16 ™ 0.20M™ -1.48" -330"m
E -0.39™ 0.10Mm™ 0.33™ 433" -499™

Fx

, “and ™, indicate significant at p < 0.01, p < 0.05, and nonsignificant, respectively.
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Table 10- General compatibility (GCA) of parents (on the diameter) and private (SCA) hybrids
(above the diameter) for the trait of ascorbic acid of tomato fruit by the Griffing’s Method I

Parents A B C D E
A 1.43* 1.75* 2.52 -0.15™ 1.84*
B -1.06 " -0.46™ -1.80™ 0.13 " -0.21
C -0.48 ™ -0.23 ™ -1717 1.05* 1.89"
D -0.59 " 417 -4.09" 1.50™ 0.51m™
E 2 14™ -1.70™ -0.30" 325" -0.76™

*

*and ", indicate significant at p < 0.01 and nonsignificant, respectively.
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