Doi: http://doi.org/10.5281/zenodo.3965945

Journal of Agricultural Science & Engineering Innovation (JASEI)
Vol. 01, No. 01, 2020

Assessment of Genetic Divergence in Tomato
(Solanum lycopersicum L.) through Clustering and
Principal Component Analysis

Md Sarowar Alam*®, Shahadat Hossain??, Md Arfan Ali*, Md Golap Hossain® and Md Faridul Islam*
'Regional Agricultural Research Station, Bangladesh Agricultural Research Institute, Akbarpur, Moulvibazar,
Bangladesh
“Regional Agricultural Research Station, Bangladesh Agricultural Research Institute, Hathazari, Chattogram,
Bangladesh
$Department of Arid Land Agriculture, Faculty of Meterology, Environment and Arid Land Agriculture, King
Abdulaziz University, P.O. Box: 80208, Jeddah, Saudi Arabia
*Corresponding author’s email: asarowarO4bau@gmail.com

Abstract— The genetic divergence of tomato was studied with
twenty three selected genotypes using D? statistics and principal
component analysis at Regional Agricultural Research Station,
BARI, Akbarpur, Moulvibazar, Bangladesh during 2014 to 2015.
The genotypes were grouped into 5 clusters and the maximum
number of genotypes was included in cluster I and the minimum
number in cluster V. The highest intra cluster distance was
observed for the cluster 11 and the lowest for the cluster V. For
cluster 111, the highest mean values for days for 50% flowering,
individual fruit weight, fruit diameter, pericarp thickness,
number of locules per fruit, yield per plant, yield ton per hectare
were recorded. The first axis largely accounted for the variation
among the tomato genotypes (50.88%) followed by second axis
(20.33%). The first five axes accounted 91.71 % of the total
variation. Considering the magnitude of cluster means for
different traits and performance the genotypes of cluster 111 and
V may be considered as parents for future hybridization
program for improvement of tomato.
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l. INTRODUCTION

Tomato (Solanum lycopersicum L., 2n=2x=24) is one of
the most important and popular vegetable in the world due to
its wider adaptability, higher yield potentiality and suitability
for diversified uses in fresh as well as processed food industries
[1, 2]. It belongs to the family Solanaceae and its center of
origin in Peru Equador region [3, 4] and is normally a self-
pollinated crop. Tomato is the second most important
vegetables after potato [5] and it has great demand as cash crop
in the international market [6- 8]. Tomatoes are rich source of
minerals such as Ca, P and Fe and vitamin A, C and
antioxidants such as lycopene, glutathione etc. [9-13].
Tomatoes are main source of lycopene [14] and the lycopene
level in tomato fruit increases 500 times in ripening [15]. High
antioxidants of tomato eliminate reactive oxygen species
(ROS) and thus lowering the risk of certain chronic diseases
such as cancer, strokes etc. in human body [16]. Furthermore,
consumption of tomatoes prevents cardiovascular diseases [17,
18] and some other types of cancers, as for example prostate
cancer [19, 20].

The success and efficiency of any plant breeding scheme
for selecting superior genotypes depends upon the nature and
extent of genetic divergence and the extent to heritability of the
characters of interest [21]. Better understanding and
exploitation of genetic diversity could be helpful to ascertain
long term selection gain in plants [22]. Multivariate analysis
such as D? cluster and factor analysis are useful and effective
method for selecting genotypes in any hybridization program.
D? analysis has been successfully utilized in plant breeding for
measuring the diversity in several crops [23]. An understanding
of nature and magnitude of variability among the tomato
germplasm is a prerequisite for its improvement. Precise
knowledge on the type and extent of genetic divergence helps
the plant breeder in selecting the diverse parents for purposeful
hybridization [24, 25]. Although correlation analysis helps in
selection of effective characters with indirect selection of
superior genotypes but principal component analysis (PCA) is
an efficient multivariate technique to identify and determine
the independent principal components that governs plant traits
separately. Therefore, PCA also helps the plant breeders for
genetic improvement of traits such as yield that have low
heritability in any crop improvement program [26, 27]. So, the
present study has been undertaken with 23 tomato genotypes to
understand the nature and magnitude of genetic divergence and
the traits contributing genetic divergence by D? analysis for
improvement of tomato.

Il. MATERIALS AND METHODS

The experiment was conducted at the vegetables research
field and laboratory of the Regional Agricultural Research
Station, Bangladesh Agricultural Research Institute, Akbarpur,
Moulvibazar, Bangladesh during Rabi season from October
2014 to April 2015. Soil texture was sandy clay (43-85%), silt
(<50%) and clay (>20%) and high land soil type with pH 4.5.
Twenty three tomato genotypes were used in the present study
and the experiment was laid out in randomized complete block
design (RCBD) with 3 replications. The unit plot size was 4.8
x 1.0 m and plant spacing was 60 x 40 cm. Manure and
Fertilizers were applied @10 tons well decomposed cowdung,
550 kg Urea, 450 kg TSP and 250 kg MP, Gypsum 121 kg,
Zinc Sulphate 15 kg and Boric acid 12 kg per hectare. Half of
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the quantity of cowdung, half amount of TSP and entire
amount of gypsum and boric acid were applied during land
preparation. The remaining half of cowdung and TSP was
applied during pit preparation before a week of planting. The
entire Urea and MP were applied in 3 equal installments at 21,
35 and 50 days after transplanting. Irrigation, intercultural
operation and pest management were done as and when
necessary. Data on plant height (cm), days for 50% flowering,
number of flowers per infloresence, number of fruits per
cluster, individual fruit weight (g), fruit length (cm) and
diameter (cm), pericarp thickness (cm), number of locules per
fruit, number of fruits per plant, number of seeds per fruit, %
Brix (TSS), yield per plant (kg) and yield (t/ha) were recorded.
Genetic diversity was studied following Malanobsis’s [23]
generalized distance (D?) extended by Rao [28]. Clustering of
genotypes was done according to Tocher’s Method [28] and
principal component analysis was done according to Rao [29].
Mean data for each character were subjected to multivariate
principal component analysis (PCA), principal coordinate
analysis (PCO), cluster analysis and canonical variate analysis
(CVA) using GENSTAT 5.5 computer software. Average
intra cluster distance was calculated by the formula as
suggested by Singh and Chaudhury [30].

IIl.  RESULTS AND DISCUSSIONS

On the basis of D? analysis, twenty three genotypes of
tomato were grouped into five clusters based on D? values
(Table 1). The distribution pattern indicate that the maximum
numbers (8) of genotypes was included in cluster | followed
by cluster 1V and I1l. The minimum number of genotype (01)
was included cluster V. The grouping pattern of the genotypes
was found to be random proving that the geographical and
genetic diversity were unrelated. Similar grouping pattern in
tomatoes were also confirmed by other researchers [31-33].

Table 1. Distribution of 23 tomato genotypes in five
clusters

Cluster | Numbers Accessions Percentage
| 8 BARI tomato-3, BARI 34.7826
tomato-14, BARI tomato-
15, GPT-011, GPT-015,
GPT-017, SL-010, GWT-
043
1 3 BARI tomato-11, SL-011, 13.04
SL-012
1 4 GPT-037, GPT-053, 17.3913
GBT-056, GWT-052
v 7 GPT-009, SL-001, SL- 30.4348
003, SL-008, SL-009,
AVTOV-1010, AVTOV-
1007
\ 1 Chimacherry 4.3478

Intra and inter cluster distances are presented in Table 2.
The inter cluster distances were higher than the average intra
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cluster distances which revealed a wide genetic divergence
among the tomato genotypes of different groups than those of
same cluster. These findings were confirmed by other research
in tomato [33-35], in brinjal [36], in lablab bean [37] and in
pummelo [38]. The highest inter cluster distance was observed
between cluster 111 and 1V (51.52) and followed by cluster |
and V (50.24) and the lowest between 11l and | (5.03) (Table
2).

Table 2. Average intra (bold) and inter cluster distances
for 23 tomato genotypes

Clusters | 1 1 1V \%
I 0.684
I 26.02 2.597
" 5.03 29.54 | 0.667
v 7.72 19.40 | 1250 | 0.929
\% 50.24 30.11 | 51.52 | 46.24 0

The highest intra cluster distance was observed for the
cluster 11 (2.597) and the lowest for the cluster V (0). The
highest values for inter cluster distance indicated that the
accessions belonging to cluster 111 was far away from those of
cluster IV. The minimum inter cluster divergence was
observed between Il and | indicating that the genotype of
these cluster were genetically closer. Hybridization among the
genotypes drawn from widely divergent clusters with high
yield potential would likely to manifest maximum heterotic
combinations as well as new recombination with desired traits.
Therefore, the genotypes falling in these clusters (I, I11, IV and
V) were genetically more divergent. Crossing between the
genotypes from these clusters could result in greater number
of useful segregates with maximum hybrid vigour [39].
Several authors also reported profound genetic divergence in
the tomato genotypes by assessing genetic divergence of
quantitative traits following D? statistics [31-35]. Similar
results were observed in brinjal [36], lablab bean [37] and
pummelo [38], lemon [40] and sweetgourd [41].

Cluster mean values of 14 different characters are shown in
Table 3. Difference in cluster means existed for almost all the
characters studied. For cluster 111, the highest mean values for
days for 50% flowering (61.08), individual fruit weight (99.3
g), fruit diameter (6.16 cm), pericarp thickness (0.75 cm),
number of locules per fruit (4.67), yield per plant(2.63 kg),
yield (116.99 tons per hectare) were recorded. The highest
mean value for plant height (185.50 cm), number of flowers
per inflorescence (17.50), number of fruits per cluster (14.0),
number of fruits per plant (503.60) and % brix (7.0) were
observed in cluster V. It was revealed that parental lines fallen
in this cluster Il and V having the genetic potentiality to
contribute better for yield maximization of improved tomato
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Table 3. Cluster mean values for vyield and vyield
contributing characters of 23 tomato accessions

Characters Cluster means
| 11 11 v Vv

Plant height
(cm)

120.58 | 163.65 | 167.60 | 120.65 | 185.50

Days for | 60.53 58.77 61.08 59.46 56.50
50%

flowering

Number of 8.18
flowers  per
inflorescence

10.55 7.62 6.13 17.50

Number of 5.70 8.43 4.84 3.64
fruits per
cluster

14.00

Individual 64.29 10.84 99.30 58.23 4.30
fruit weight

)

Fruit length | 544 | 356 | 532 | 553 | 321
(cm)

Fruit 5.23 2.95 6.16 4,95 2.26
diameter
(cm)

Pericarp 0.60 0.40 0.75 0.63 0.25
thickness
(cm)

Number of | 3.21 2.11 4.67 3.00 2.00

locules  per

fruit

Number of | 32.99 | 161.67 | 26.46 31.28 | 503.60
fruits per

plant

Number of | 11552 | 42.89 | 101.75 | 64.64 34.34
seeds per

fruit

% Brix 5.10 6.27 4.80 4.44 7.00
(TSS)

Yield per | 2.06 1.57 2.63 1.78 2.15
plant (kg)

Yield (t/ha) 86.03 65.62 | 116.99 | 74.51 89.58

varieties in terms of fruit quality and yield contributing traits.
For obtaining maximum heterosis in any crop improvement
program, crossing among germplasms with outstanding mean
characters values drawn from the cluster means were
suggested by researchers [42, 43].
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Eigen values and percent contribution of each principal
component axis among the genotypes accounted through
the per cent contribution of these axes (Table 4).

Table 4. Latent root (Eigen value) and percent of variation
in respect of fourteen characters in 23 tomato accessions

Plant characters Eigen Percent of Cumulative
value Variance Percentage

Plant height (cm) 7.124 50.88 50.88

Days for 50% | 2.846 20.33 71.21

flowering

Number of flowers | 1.392 9.94 81.15

per inflorescence

Number of fruits per | 0.880 6.28 87.43

cluster

Individual fruit | 0.599 4.28 91.71

weight (g)

Fruit length (cm) 0.380 271 94.42

Fruit diameter (cm) 0.262 1.87 96.29

Pericarp thickness | 0.188 1.34 97.63

(cm)

Number of locules per | 0.102 0.73 98.36

fruit

Number of fruits per | 0.093 0.67 99.03

plant

Number of seeds per | 0.086 0.62 99.65

fruit

% Brix (TSS) 0.033 0.24 99.89

Yield per plant (kg) 0.013 0.09 99.98

Yield (t/ha) 0.002 0.01 99.99

The results revealed that the first axis largely accounted
for the variation among the tomato accessions (50.88%)
followed by second axis (20.33%). The first five axes
accounted 91.71% of the total variation among 14
characters of describing 23 tomato genotypes. The rest
nine characters contributed remaining 8.29% of total
variation. It was observed in a study that, 76.6% of the
total variability present among the 56 genotypes of
tomato was explained by the first five component axes
[44]. Similar results were also confirmed by other
researchers in tomatoes [31-35]. In a study of genetic
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diversity of acid lime, fruits per plant, yield per plant,
juice volume and juice percentage were major
contributing traits towards divergence [45]. The
character with maximum contribution to the divergence
should be given more priority for selection of parents in
breeding and improvement of any crop [46].

Table 5. Latent vectors for fourteen characters of 23
tomato genotypes

Characters Vector-1 (Z1) | Vector-11 (Z2)

Plant height (cm) 0.071 0.005
Days for 50% 0.018 -0.150
flowering

Number of flowers per 0.058 -0.046
inflorescence

Number of fruits per -1.618 0.155

cluster

Individual fruit weight -0.285 -0.200

(9)

Fruit length (cm) -1.443 0.774

Fruit diameter (cm) 1.321 0.770
Pericarp thickness (cm) -4.188 -10.475

Number of locules per -0.638 1.125

fruit

Number of fruits per 0.078 -0.056
plant

Number of seeds per -0.039 -0.056

fruit

% Brix (TSS) -0.927 -0.961

Yield per plant (kg) -0.979 -18.687

Yield (t/ha) 0.114 0.355

The canonical variate analysis (CVA) (Table 5) revealed
that in vector | (Z1), the important characters responsible
for genetic divergence in the major axis of
differentiation fruit diameter, yield ton per hectare,
number of flowers per inflorescence, number of fruits
per plant, plant height (cm) and days for 50% flowering.
In vector Il (Z2), number of locules per fruit, fruit length
and diameter (cm), number of fruits per cluster, yield
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(t/ha) and plant height had positive impact towards
divergence. In a study with tomato, the Vector-1 (Z1)
explained characters like number of fruits per cluster,
number of fruits per plant, plant height, intermodal
distance and harvest duration which are positively
related with yield and characters like average fruit
weight, yield per plant, pericarp thickness and locular
wall thickness were observed in Vector-I1 (Z2) [44].

The characters plant height, fruit diameter and yield per
hectare showing positive value in both the vectors
contributed maximum towards divergence. So, the
divergence in the present materials due to these three
traits will offer a good scope for improvement of tomato
varieties through selection of parents.

CONCLUSION

Crosses involving parents belonging to most diverse
genotypes are expected to exhibit maximum heterosis
and create wide variability in genetic architecture.
Considering magnitude of genetic distance, contribution
of different traits toward the total divergence, magnitude
of cluster means for different traits and performance the
genotypes of cluster Il and V may be considered as
parents for future hybridization program in tomato
improvement.
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