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ABSTRACT

Two tomato, Lycopersicon esculentum Mill., cultivars
were used in studying the inheritance of shape index,
pericarp thickness, firmness and locule number of fruit.
Population studied were parents, Fi, F2, BCP1 and BCP2z.
Data obtained indicated that Fruit shape, pericarp thick-
ness and locule number per fruit are simply inherited with
one major gene pair. Complete dominance for high shape
index and partial dominance for few number of locules,
while incomplete dominance for pericarp thickness were
observed. Furthermore, many minor genes were required for
the expression of high shape index and few locule number.

On the other hand, fruit firmness is quantitatively
inherited with at least three major gene pairs. Partial
dominance for the firm fruit was detected.

High broad sense heritability was obtained for all

studied attributes, suggesting considerable improvement
through breeding and selection.

- INTRODUCTION

Tomato fruit firmness is an important quality attributer for
maintaining satisfactory condition during postharvest handing,
shipping,-storing and marketing. Reynard (1960) reported that soft
cultivars experienced more fruit cracking than firm cultivars. So
the differences among cultivars in fruit firmness are considered
] importé;t in choice of cultivars at cultivation. Al-Falluji et al.

(1982) reported that this trait appears to be under genetic control,

Many fruit structural factors play roles in firmness of tomato
fruit, among them are thickness of outer and inner wall (Hamson,

1952) and locule number per fruit (Al-Falluji et al., 1982).
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Alvarez (1960) concluded that more than one genetic system
operate in inheritance of tomato fruit firmness,; while El-Saved et
al. (1966) stated complete dominance for soft fruit, which was
controlled by a single major gene. According to Al-Falluji and
Lambeth (1980), firmness was highly heritable, quantitatively
inherited and the additive gene action was predominant. On the

other hand, partial dominance for soft fruit was stated by Kanno
and Kamimura (1981).

Thick fruit pericarp aid in tolirating the fruit to the
process of mechanical harvesting for processing and such fruit keeps
better during shipping. Therefore, many studies had been conducted
for genotypes evaluation regarding this trait (Padda et al., 1971
and Malash, 1979). Their results referred differences among the
genotypes in pericarp thickness. Hatem (1986) mentioned that no,
or may be,few studies have been conducted on the inheritance of

pericarp thickness in tomato.

No hybrid vigour for locule number per fruit was found, but
dominance in partial or complete was reported by many investigators
among them were, Peter and Rai (1978); Khalil (1979) and Arora et
al. (1982). No dominance fof the trait was also observed by Bangaru
et al. (1983).

The previous investigetions on the inheritance of tomato fruit
shape revealed that it was controlled by two genes (Yeager, 1937
and John and Honma, 1970), or by single gene (Dennett and Larson,
1953 and Khalil, 1979). While Salib (1970) and Silvetti et al.
(1974) reported that fruit shape in tomato was quantitatively
inherited. Khalil (1979) added that dominance for the lower shape
index, furthermore, the additive gene action were important in the

inheritance of fruit shape.
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Hence, this investigation was conducted to obtain additional
insight on the mode of inheritance of| fruit firmness and shape,
pericarp thickness and locule number per fruit in the segregatlng

populations of tomato.

MATERIALS AND METHODS

The study involved six populations, i.e. Py, P2, F1, Fp, BCP,
and BCP,, of the tomato hybrid "STD CAL-ACE x BL-6807". The
parental cultivars were STD CAL ACE,Ewhich had higher values for
firmness, thickness and locule number, and BL-6807, which showed
higher shapé index value. Essential crossing and selfing to
produce éhe required seeds were made in the summer seasons of 1984
and 1985°at the experimental Farm of:Faculty of Agriculture, Minufiya
Universiéy.

In the summer season of 1986 the two parents, Fi1, F2 and the
back cross to both parents were grown in field trail experiment.
The experlmental design was a completely randomized block with four
replications. The total plant numbef included in the study was
640 distributed among the six populations as follows: 80 of each
homogenous population (P1,>Pz and F1), 160 of the F2 and 120 of
each BC. . F2, each of back cross and each of the non-segregating
population were represented by 4,3 and 2 ridges, respectively. The
ridge was 1.0 m. wide, 5.0 m long, and contained 10 plants. Usual
fertilizér, irrigation and cultivation were practiced for the

commerical production of tomato.

Fruits weie-harvested on an individual plant basis from all
populations. Observations and measurements concerning fruit firm-
ness, sh#pe index, pericarp thickness and locule number were
recorded on at least five fruits from each plant. Fruit firmness

was determined by the pressure tester, fruit shape was estimated
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as the ratio of measured equatorial diameter to the polar diameter.
The ratio was expressed as an index number for shape. Pericarp

thickness was determined in mm.

Calculation of means, variances, coefficient of variability
and standard error were obtained. The theoretical means of the F,
and segreagating populations were estimated by the formula given by
Powvers (1955). Estimates of the genetic parameters taken from
Warner et al. (1980). The minimum number of genes was determined
by formula after Casplg-wright (1921) and Burton (1951).

Chi square test was used to compare the observed and theoretical
ratios. Frequency distribution tables were also prepared and used
in preparing histograms showing the percentage of plants in various

levels of trait.

RESULTS AND DISCUSSION

Fruit shape:
Data of fruit shape for all populations studied are presented
in Table (1) and illustrated in Figure (1). It is shown that the

two parents different significantly in shape index with an average
of 0.19. BL-6807 cultivar showed the highest index.

The mean of F; plants was exactly equal to that of the BL-6807
cv., suggesting complete domirance for the high index over the low
shape index. Complete dominarce was revealed from the estimated
average degree of heterosis (/DH), potence ratio and the dominance

variance, which were 0.0, 0.95 and 0.012, respectively.

The F, distribution clearly reveals the dominance of higher
shape index, it distributed within the range of the BL-6807 cv. The

F, plants segregated into two classes with ratio of 38 and 627
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similar to those of P; and F; populations, respectively. This type
of segregation in F2, indicates that this trait is under monogenic
inheritance. According to this hypothesis, the F; plants should
segregate into two classes with 3:1 ratio, similar to those Fjor P,
and P, populatioﬁs, respectively. The unexpected distribution could
be exp?ained, however, if it is assumed that the appearance of the
high shape index character requires the presence of m;ny minor genes.
Segreg§€ion of such minor genes in the F2 population would be
indepefiddent of the other major genes. Consequently, chance would
be very small that all minor and major genes would be present in
F, plafits, particularly, since the size of the F, population in
this sfudy was relatively small. Obtained means of the segregating
populations, i.e., F2, BCP; é;ﬁrBCPz also support this explanation,
since Ehey were smaller than those expected according to the mono-
genic Bypothesis. i

Distribution of plants of BCP1 showed that about 37% of the
plants occupied the range exhibited by F1 or P» populations, while
about _63% occupied the range exhiiyited by P1 population. The ratio
of these two classes was poorly fit an expected 1:1 ratio using =
test. The probability was 0.005, since BCP; plants should segregate
into two equal parts. On the other hand, the lower limit of the
average shape index in plants of thc BCP; should he equal to the
lower limit of the shape in F) population. This was not as the’
case observed in Fig. (1), since about 307% of thée plants were

aimilar to P, population in shape index. The skewness of both BC s

populations towards the lower shape index parent could be explained;
however, by the advanced postulation concerning the unexpected F2
distribution.

Heritability in brocdsense was estimated as 0.87 and the
linim@m number of genes differentiating the parents was 0.61 and
0.91 Jsing Castle-Wright's and Burton formulae. This estimate may

be apéroximated to'one.:
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Accordingly, it could he concluded that one ma jor gene with
dominance for the high shape index affect the inheritance of shape
index in these materials, in addition to many minor genes required

for the expression of high index of shape.

This conclusion regarding fruit shape in tomato was in harmony

with that reported-by Dennet and Larson (1953).

Pericarp thickness:

Data of pericarp thickness are summerized in Table (2) and
illustrated in Figure (2). Distribution of F) plants was mostly
intermediate between parents, and its mean was close to the mid
pareﬁtal value. The estimated average degree of heterosis (ADH)
in relation to mid-parental value, potence ratio and additive
variance were 3.6%, -0.08 and 3.76, respectively. These figures
strongly suggest that this attribule is controlled by additive
action of genes.

The segregation of F, plants (Figure 2) also provides a clear
evidence to the hypothesis presented regarding the inheritance of
pericarp thickness. About 33, 41 and 267 of plants had an average
pericarp thickness within the range of, respectively, P2, F1 and
P1. The 417 class includes plants covering pericarp thickness scale
extending from the upper limit of the parent with thin pericarp to
the lbwer limit of the parent with thick pericarp. This segregation
fits a 1:2:1 ratio usmg(a!X2 test, with probability of 0.1-0.5.
This &esult strongly suggest that pericarp thickness is simply
1nher1ted.

The monogenic inheritance with the additive gene action was
varified by the distributions of BCP, and BCP, plants. 52 and 447
of thg BCP; and BCP2, respectively, showed average pericarp thick-
ness Pithin the range of F, population, while the remaining plants
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showed an average similar to that of the recurrent parent. The
ratios of the two classes of plants in the two populations fit

a l:l~}atio using a X? test. The probability of segregation accord-
ing to these ratios were 0.50-0.90 and 0.10-0.50 for BCPiand BCP:,
respectively.

The obtained and theoretical means of F1 and BCP: were very
close, supporting the additive gene action involved in the inheri-
tance of pericarp thickness. Estimated BSH (0.82), minimum number
of genes (1.32) controlling the trait, potence ratio (0.08) and the
additive variance (3.76) also suggested that pericarp thickness is

controlled by one gene pair with additive gene action.

This result was in harmony with that reported by Hatem (1986),
who mentioned that some of tomato intervarietal hybrids were inter-
mediate between their respective parents in wall thickness. Also
this conclusion confirmed the previous studies conducted by Khalil
(1987)} /On gene action for this trait on. the same cross, since the
additive effects were the most importaht effects in the inheritance

of pericarp thickness.

Fruit firmness:

Data concerning fruit firmness of the six populations appear
in Table (3) and frequency distributions are shown in Figure (3).
The two parents differed significantly in their fruit firmness.
B1-6807 (P2) had the lowest mean, while STD Cal-Ace (P1) had the
highés&. i

The F; mean was significantly higher than mid-parental mean
and lower than that of STD Cal-Ace, it was closer to STD Cal-Ace,
suggesting partial dominance for the firm fruit with slight addi-
tive gene effects. Partial dominance was varified by estimated

average degree of heterosis (ADH) which was 20.5 and -5.2%, in
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Table 3, Statistieca obtained on fruit firmness for parenta

- and hybrid nopulatinnsg of thpltomﬂhﬂ croaa * STD
Cal Ace x

BL~-

6807 "

Popuiation

|
Obtained mean Theoretic~1l

Variance cVv.
+ SE meAan

P, 234.2 4 1.8 EE 00,7 4.7
7 134,2 4 1.8 - 100.7 7.5
R 221.9 + 1.6 151.3! 79.8 4.1
'F, 182.0 + 3.3 203, 1 600,3 13.5
BCPy 200.0 % 4.3 228.1 570,0 121
BCP, 185.7 + 2.5 178.1 443. 0 11.3

table 4, otatistics obtained on locule nu~har per fruit for

i

" STD Cal Ace

X =Bl 6807 1.

rarents and hybriavopulatia]cwﬂﬂ_LheIQmajn cross

Pnpugation

Obtained mean TheorJtical

Variance Cv.
+ SE. mean

Py 8.4 4 0,21 -- 1.31 13..7
E, 2.2 4 0,09 - 0.30 24.7
LN 2.7 4+ 0,08 5. M 0.21 16.9
F, 4.7 + 0,24 4.0 5,09 47.4
BCP, 4.7 % 0.27 5.55 3,63 46.8
BCP, 4.4 +0.17 2.45 117 24 .4
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relation to mid-parents and high parent, respectively. It was also
evident from the obtained potence ratin (-N,7R),

'Diﬁ;ribution of F1 plants presented in Figure (3) reveals the
pkrtial dominance of the firm fruit. Most of the plants distributed
on thé fi;mn?ss scale under the P1, with slight skewness towards
mid-parental value. Distributions of F2 and both BCP, and BCP:
plants were streched over a wide range of firmness scale without
distnict classes. This continuity of distributions suggests that
this attribute is quantitatively inherited with more than one gene
pairs conhtrolling its behaviour. It is shown that the curves of
BéP; and ‘BCP2 skewed towards the firmest parent, due to the domi-
nance effects.

In all cases, there was no agreen§n£ between the observed and
theorectical means, regarding all populations (Table 3). The
differences between actual and theoretical means also suggest domi-
nance effects. High inbreeding depression'(l&.d!) was obtained,
this was logical, since the predominante of dominance effects will
be followed by reduction ih Fa performance.

iz Miﬁimuarnunber of genes were calculated as 2.4 and 3.15 by
-Castle-ﬂright and Burton formulae, respectively. Heritability in
the;bioadsense (BSH) was eétimated as 0.8&; indicating that fruit
?1§mness is moderately affected by the environmental conditions and
coﬁé}derable improvement can be made threugh breeding and selection
“programme.
:4f?§eédiﬁ;‘6btained. concerning fruit firmness agree with those
répérféd byVAi-Falluji and Lambeth (1980). They concluded that
firmness in.tomato was highly heritable and quantitatively inherited.
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Locule number:

Data obtained concerning number of locules in tomato are
presented in Table (4) and Figure (4). They lead to the conclusion
that this trait is controlled by one pair of genes with partial
dominance of the few number. Furthermore, many minor genes were
requirgd for the expression of the few number of locules. This
conclusion is derived from the means, distribution of populations
studiedé potence ratio, ADH value and minimum number of genes.

The partial dominance of few number of locules is evident in
the distribution of F2 and BC populations. About 272 of Fz plants
had an é%erage locule number within the range occupied by the
recessive parent (P1). This value is very close to the expected
252 valde on the basis of segregation of one pair of genes. From
the remﬂining portion of plants, which represent the heterozygous
and homézygous dominant genotypes, 61% showed an average loéule
number qithin the range occupied by the dominant parent (P2) and
(Fy) plénts, while 127 lied between the two parents on locule number
scale. The appearance of this plants could be explained as previously
mentioned in fruit shape, since the appearance of few locule number
requires the presence of many minor genes. A X? test made on these
two classes fit a 1:3 ratio with a probability of 0.01-0.05.

The same case was observed in the distribution of BCP: plants,
since about 467 of plants was with an average similar to that of
P, as e;pected when the trait controlled by oné gene pair. On the
other héhd, the remaining plants, which should show an average
similar Eo that of F, and P,, showed slight skewness towards P,
population, supporting the partial dominance hypothesis and the
importance of minor genes for appearance of the small number of

]
locules.
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Regarding BCP,, most plants had an average number of locules
similar to that of F; and P,. Only 29% had an average slightly
higher than those of F; and P, populations, due to the absence of

the minor: genes required for appearance of few number of locules.

Obtained negative ADH values in relation to both mid-parents
and high parent, which were -48.8 and -67.67%, respectively, in
addition to the relatively high estimated potence value (0.84) were
in accordance with the partial dominance of the few locules. The
monogenic inheritance of the trait was also evident from the high
obtained BSH (0.88%) and calculated minimum number of genes (0.98
and 1.36)by Castle-Wright and Burton formulae, respectively.

Similar results on the inheritance of locule number in tomato
were reported by Peter and Rai (1978) and Arora et al. (1982).
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