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Abstract

Genetic characterization of plant genetic resources is a pre-requisite for a strategic breeding program. Bottle gourd is an important cucurbit grown throughout
India for its tender fruits used for culinary purpose. For the present investigation twenty-four genotypes of bottle gourd were collected from Eastern India to
examine the magnitude of genetic diversity based upon 16 quantitative traits and seven ISSR (Inter simple sequence repeats) markers. In morphological study
genotypes performed significantly in all traits, however BRBG-65 (591.10 g/ha) was proved to be high yielder with other attributing traits in pooled analysis of
two growing seasons than compare to the all three check varieties of the region. Almost all the traits under study showed high percentage of genotypic
coefficient of variation, phenotypic coefficient of variation and heritability with genetic advancement. Quantitative traits like fruit weight, number of fruits per
vine and yield of marketable fruits per vine shown strong character association with yield per hectare. Principal component analysis on quantitative traits
depicted six principal components, accounted for 79.33% of the total variations. The first two components accounted for 44.92 cumulative percent of the total
variation, which signifies a high degree of correlation between the analyzed traits. In the molecular study, average polymorphism percentage was obtained by
ISSR marker pattern studied by seven primers. Total 48 reproducible amplicons were generated of an average around 6.85 amplicon per primer. The values of
average polymorphic information content, major allele frequency and major gene diversity were obtained in wide range. Wide range of value regarding
Jaccard's similarity coefficient was also ensured through ISSR markers. Dendrogram and similarity matrix produced from ISSR data then compared and
concluded the discrimination among genotypes within these clusters. Most genotypes studied in the present experiment differed with their geographic origin.
The investigation highlights the potential utilization of these germplasm for further genetic analysis.

Introduction

Among cucurbits, bottle gourd (Lagenaria siceraria (Mol.) Standl.) is an annual monoecious crop synonymously referred to as calabash or white floral gourd
with chromosome no. 2n =22 (Kumar et al. 2011). The centre of origin of calabash is thought to be Africa and America in line with Cutler and Whitaker (1967).
In India, it is acknowledged for its high yield potential and adaptability to the various agro-climatic conditions grown for its tender fruits primarily used as
cooking purpose. Fruits are used as a nutritious agent possessing different medicinal properties including cardio protective, cardio-tonic and diuretic and
aphrodisiac properties. It has the property to cure pain, ulcers and fever and potentially used against pectoral cough, bronchial asthma and different
cartilaginous tube disorders. The fruit is also known to be source of essential amino acids like phenylalanine, cystine and valine, in conjunction with B-
complex vitamin, thiamine, vitamin B, and C.

In India, bottle gourd is being cultivated within the area 0.193 million hectares with the whole production of 3.171 million tons (Anonymous, 2022). Still the
quantity of supply is not sufficient to meet the requirement of huge population in the country. To initiate any effective breeding programme, diversity
assessment is one amongst the vital tools to quantify variability in each cross and self-fertilized crops for crop improvement additionally as cultivar
development programme (Kundu et al. 2012). Morphological characterization of germplasm not solely helps within the identification of lines with distinctive
characteristics however conjointly within the designing of inheritance analysis (Sidhu and Pathak, 2016). Phenotypical variation is completely coupled with
genetic diversity, however is well dependent upon environmental factors furthermore as on interaction between environment and genotypes (Moose and
Mumm, 2008). Hence, deciding genetic diversity among the genotypes or populations is an important method for plant breeding programs (Bamaniya et al.
2018). Selection and hybridization are the two basic strategies for upgrading crop plants. It depends upon the amount of genetic variation found within the
base material. Therefore, for higher level of improvement at quicker rate, a broad genetic base material might be used (Hailu, 2011). Genetic diversity is crucial
to fulfil the varied goals of plant breeding like breeding for increasing yield, wider adaptation, fascinating quality, insect-pest and disease resistance (Ferdous
etal. 2011).

Heritability is an index for assessing the influence of climate on genotypical expression. Broad sense heritability estimates the proportion of phenotypical
variance ensuing because of genetic cause (Lush, 1949). Genetic advance denotes the improvement within the genotypic value of the chosen individuals in
comparison to the initial population. The potentiality of genetic advance is proportional to phenotypical variation present within the original population and
maintained in consequent selection cycles. An estimate of genetic advance in conjunction with heritability is useful in assessing the dependableness of
characters for selection (Lynch and Walsh, 1998). Correlation and path co-efficient analysis determines nature as well as magnitude of association among
variables and is that the measuring of direct influence of a variable upon the other. All measures are therefore necessary for the identification of genetically
distant parental combinations, planning to use distinct cistron sets in crossings for getting superior hybrids and segregates, to judge the degree of genetic
erosion, or perhaps to work out the extent of the genetic base of cultivated forms to develop heterotic combination (Gongalves et al. 2008; Munhoz et al.
2009).

The crop improvement programme chiefly depends upon the choice against superior parents for crossbreeding and information of combining ability and
relative magnitude of gene action concerned in expression of necessary agriculture traits. Because the accessions don't seem to be fairly characterized it is
essential in the beginning of breeding programme to discriminate among accessible genotypes to determine the extent of genetic divergence and thereby,
identity the foremost appropriate materials for hybridization (Debnath et al. 2020). The study of genetic diversity is critical indeed for efficient form of
utilization, conservation and management of genotypes collections in bottle gourd.

The variation in inheritable traits might express itself within the kind of altered morphological, anatomical, physiological behaviour or biochemical characters.
Diversity in plant genetic pool paves the method for breeders to develop distinctive and genetically improved variety with fascinating characters (Debnath et
al. 2021), that take into account each farmer most well-liked traits (greater yield potential, large and bold seed etc.) and breeder most well-liked traits (disease
and insect-pest resistance and photoperiod sensitivity etc.). With ever-changing environmental condition situation, breeding for climate resilient cultivars is
turning into a lot of importance. Genetic diversity permits breeders to develop varieties for specific traits like quality and tolerance to abiotic as well as biotic
stresses. Diversity is additionally of best-known importance with reference to adjustability of crop to varied climatic conditions with special relevance ever-
changing climate (Islam et al. 2010). Genetic diversity among individuals or population scan is set using morpho-molecular markers. In contrast, molecular

Page 2/17



markers based upon deoxyribonucleic acid sequence polymorphism, are freelance of environmental conditions (Kumar et al., 2021). Identification of
genotypes based upon morphological markers implies culture examination at completely different stages and isn't so reliable due to several traits of interest
having low heritability and are genetically more complicated. Molecular markers offer a fast and reliable methodology for estimating genetic relationships
amongst genotypes (Thormann et al., 1994).

In plants, inter simple sequence repeats or ISSR markers are a lot of in demand, as a result of they are abundant in quantity, highly reproducible and
polymorphic, and relatively more informative (Zietkiewicz et al,, 1994). ISSR markers are present in nuclear genome, provide a genotyping system with
stability, reliability and dominancy (Peng et al., 2006). ISSR utilizes presence throughout the entire genome of simple sequence repeats (SSR) with tandem
repeats motifs composed of 1 to 7 bases and reveal information that indicates the length variation amongst adjacent microsatellites. Unlike SSR, its
implementation does not need any prior knowledge of sequence information (Zietkiewicz et al. 1994). These are useful novel DNA markers due to fast
inexpensive genotyping technique that produces more reproducible bands than RAPD markers due to its relatively high annealing temperature (Bornet and
Branchard, 2001; Chowdhury et al. 2002) and may be used in other techniques including phylogenetic analysis, DNA fingerprinting and gene tagging. The
ISSR-PCR uses one primer which composed of a di-nucleotide or tri-nucleotide simple sequence repeats and uses primers which anchored at five or three ends
of repeat regions and extended towards flanking region. The benefits of this ISSR method embrace multiple polymorphic loci, high output and low cost. This
system has provided a robust tool for the investigating genetic variability amongst the genotypes. Despite huge economic importance and health benefit
properties of bottle gourd, limited study has been done to evaluate its genetic diversity with the help of molecular markers. However, there are impressive
numbers of the studies available to examine the genetic diversity of bottle gourd by using morphological traits. When it comes to molecular validation, only
few studies available using RAPD (random amplified polymorphic DNA) marker (Decker-Walters et al., 2004) and SSR marker (Xu et al., 2014) to assess its
genetic diversity and population structure.

Eastern part of India is blessed with huge genetic diversity of different commercial and underutilized vegetable crops. The soil and climatic condition of this
region is suitable for cultivation of large number of vegetable crops. Despite of all suitable growing condition, the production of different vegetable crops is
being declined including bottle gourd. Due to unavailability of suitable varieties/hybrids suitable for this region, farmers are tending to adjust the cropping
pattern or shift to other crops. The genotypes of this region are poorly characterized, hence during our study the number of accessions was assessed for
genetic variability for economic traits and molecular validation was done using ISSR marker for genetic diversity estimation to review geographical
distribution and genetic divergence of the genotypes. The study facilitates speedy screening of enormous range of genotypes for polymorphic loci for future
breeding.

Material and Methods
Experimental site and location

The investigation was carried out at Main Experimental Station, Vegetable research farm, Department of Horticulture (Vegetable and Floriculture), Bihar
Agricultural University, Sabour in the spring-summer seasons of year 2017 and 2018 respectively. Geographically, Sabour situated under humid sub-tropical
climate and located in between 24.470 and 26.560 N latitude and 82.120 and 83.980 E longitude at altitude of 75 m above MSL in the Indo-Gangetic Plains of
Bihar, Eastern India.

Soil physico-chemical properties

Soil of experimental site was tested for different properties i.e., soil pH by digital pH meter (Jackson, 1973), EC (electric conductivity) by digital conductivity
meter (Jackson, 1973), organic carbon% (Walkley and Black, 1934), available N in Kg/ha (Subbiah and Asija, 1956), P,05 in Kg/ha by UV/VIS
spectrophotometer (Olsen et al., 1954) and K,0 in Kg/ha by Flame photometer (Jackson,1973) using standard protocol for both the year of investigation. Soil
was tested in triplicates and results revealed soil pH as 7.37 and 7.24, EC as 0.42 ds/m and 0.40 ds/m, organic carbon% as 0.53% and 0.46%, available N as
213.50 kg/ha and 194.45 kg/ha, available P,05 as 29.75 kg/ha and 27.50 kg/ha, and available K,0 as 165.25 kg/ha and 134.77 kg/ha, respectively for both
the year of investigation.

Experimental materials

The experimental materials used for present study consist of twenty-four genotypes including breeding lines maintained at Department of Horticulture
(Vegetable and Floriculture) Bihar Agricultural University, Sabour viz.,, BRBG 11 -1, BRBG 12 - 3, BRBG 21 - 2, BRBG 22 - 2, BRBG 41 - 1, BRBG 42 - 1, BRBG
42 -2,BRBG 42 - 3,BRBG 51 - 1, BRBGG 51 - 2, BRBG 52, BRBG 52 - 1, BRBG 52 -2, BRBG 61 -1, BRBG 62 - 1, BRBG 130, BRBG 140, BRG 190, BRBG 65,
BRBG 31 - 1, BRBG 23 and 3 check varieties namely Narendra Rashmi, Pusa Naveen and Rajendra Chamatkar.

Experimental details

The experiment was statistically laid out in RBD with three replications. The experimental field thoroughly ploughed and harrowed bi-times to achieve good
tilth and leveled. Simultaneous laddering was done for breaking clods and to remove weeds and other crop residues. Well decomposed FYM and cow dung
thoroughly mixed with top soil at rate of 20 kg each per plot. Seeds were laid out on the sides of the sowing channel in well prepared hills with spacing of 3 m
between the rows and 75 cm between the plants. Each treatment consisted of one hill and four plants are allowed to grow per hill. The observations were
recorded on five randomly selected plants. All the recommended fertilizer doses, sophisticated cultural practices were followed to raise a successful crop.

Morphological and molecular analysis
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In this investigation total 16 morphological quantitative descriptors as suggested by National Plant Genetic Resources, New Delhi were recorded namely Days
to 50% flowering, Node number to first pistillate flower, days to first fruit harvest, days to last fruit harvest, number of primary branches per vine, internodal
length (cm), peduncle length (cm), vine length (m), fruit length (cm), fruit circumference (cm), fruit weight (kg), number of fruits per vine, number of seeds per
fruit, yield of marketable fruits per vine (kg), weight of 100 seeds (g) and yield per ha (q).

Genomic DNA of bottle gourd genotypes was isolated from nascent leaves following modified 2X CTAB (cetyl trimethyl ammonium bromide) method. Agarose
gel electrophoresis at 0.8% agarose concentration was used for DNA quantification analysis. Besides, DNA samples were quantified by using nanodrop (ND-
spectrophotometer) at 260nm. The quality of DNA was estimated at A260/A280 nm. For comparative banding morphotypes testing A DNA of known quantity
(50 ng) was used as a standard. DNA was diluted to MB (molecular biology) grade water to the final concentration of 25 ng/L, afterwards stored at 4 °C.
ISSR analysis of bottle gourd genotype was conducted by using 21 primers obtained from Operon Technologies, California. ISSR amplification was also done
in 10 pl volume containing 2 pl of 1X standard PCR buffer (Tris with 15 mM MgCl,), 2.5 pl of 200 uM dNTPs mixture, 0.5 pl of primer, 1 pl of 25 ng genomic
DNA and 0.5 pl of Tag DNA polymerase (0.3 U/ pl) and 3.5 pl of molecular-grade water. The reagents were mixed and then placed upon a Thermal-cycler for
cyclic amplification process and the ambient conditions for amplification were programmed. Amplification was performed in an Eppendorf thermal cycler
(Eppendorf AG) at 94 9C for 5 minutes, with 40 cycles of 94 0C for 1 minute, annealing of primer at 39—44 9C for 30 seconds (on the basis of individual primer
annealing temperature) and an extension at 72 °C for 1 minute, followed by a final extension at 72 °C for 3 minutes. Amplified products were visualized under
gel electrophoresis in 1.2% agarose gel using 1X TBE buffer, which was detected by ethidium bromide staining, viewed under ultraviolet light lamp and
photograph was taken with Gel-documentation system. A standard DNA ladder (1 kbp) was added to each gel as a control for comparison. The allele’s length
was compared with the standard band of the DNA ladder and subjected to scoring analysis.

Statistical analysis
Morphological data

Data were recorded on 16 quantitative agro-morphological traits for two growing seasons and analysis was done for pooled data of both the seasons. For
working out the analysis of variance, the data was analyzed using the model suggested by Panse and Sukhatme (1984). Genotypic coefficient of variation
and phenotypic coefficient of variation (GCV and PCV) were estimated using formula of Burton and De Vane (1953). Heritability (broad sense) in percent was
estimated as per formula of Burton and De Vane (1953), Johnson et al. (1955) and Hanson et al. (1956). Genetic advance was computed as per formula by
Lush (1949). Phenotypic and genotypic coeficientes of correlation were computed by following Al-Jibouri et al. (1958). Correlation coefficients between yield
and other characters and among the characters were calculated as per formula given by Searle (1961). Path coefficient analysis was done by the
methodology suggested by Wright (1921) and using the formula of Dewey and Lu (1959) to calculate direct influence of one independent variable upon other
variable and to divide the total simple correlation into direct and indirect effects. Principal component analysis (PCA) was used to explain the structure of
variances and covariances of a matrix composed of p variables. The standardized data, the eigen values and associated eigen vectors were calculated from
the covariance matrix (S) between the genotypes. Principal component analysis was performed by using INDOSTAT software (Indostat services, Hyderabad,
India).

Molecular data

In molecular analysis the scored band in binary matrix were used to develop similarity matrices with Jaccard's similarity coefficient using SPSS software and
dendrogram was generated. In a binary matrix, the presence of a band was marked with 1 and absence was noted with 0. Genetic diversity parameters, such
as number of amplified fragments (A;), number of polymorphic loci, percentage of polymorphic loci, observed number of alleles per locus (Na), number of
effective alleles per locus (Ne), major allele frequency (F,) and Nei's gene diversity (H) and Shannon’s information index (I) were calculated using GenAlex

version 6.5 (Peakell and Smouse, 2007). PIC was calculated using the formula: PIC=1 - 3 Pij2, where Pij is the frequency of j™ allele of the it locus (Nagy et
al,, 2012).

Results
Agro-morphological variation among the genotypes

The per se performance of the genotypes, range, standard error of difference and critical difference values under pooled analysis of both the season is
presented in the Table 1. The morphological analysis revealed significant variation among the genotypes under investigation (Table 1 and Fig. 1). Days to 50%
flowering are directly proportional to early yield. It is observed that the BRBG-21-2 was earliest (44 days) in producing 50% flowering, it was also clear that all
genotypes depicted broad range of variation with respect to node number to first pistillate flower appearance. However, first pistillate flower appearance was
recorded early in genotype BRBG 190 (8.27th node). It is observed from the table that the BRBG-21-2 was earliest (51.17 days) in producing first fruit harvest,
however, BRBG 61 - 1 produced maximum value for days taken to last fruit harvest (119.39 days). Highest number of primary branches per vine was obtained
in genotype BRBG 22 - 2 (23.30), whereas minimum inter-nodal length was obtained in the genotype BRBG 190 (15.70 cm). It is quite clear from the study that
maximum peduncle length was ascertained in genotype BRBG 42 - 1 (18.78 cm). Whereas, vine length was observed maximum in BRBG 41 -1 (7.59 m). Data
pertaining to fruit length showed that the highest fruit length was obtained in genotype BRBG 52 - 1 (58.06 cm), however maximum fruit circumference was
noted in genotype BRBG 62 - 1(41.48 cm). The maximum fruit weight was found in genotype BRBG 52 - 2 (1.31 kg). while maximum value regarding the
number of fruits per vine was revealed in genotype BRBG 65 (14.85). It was quite obvious from the study that the genotype BRBG 65 produced maximum
value (15.19 kg) regarding the yield of marketable fruits per vine, which was higher than all three check varieties used in this study. It is clearly indicated from
the table that the maximum value regarding number of seeds per fruit was observed in BRBG 130 (733.33), however BRBG-23 was recorded with maximum
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weight of 100 seeds (16.48 g). It was quite clear from the investigation that the maximum value regarding fruit yield was ascertained in the genotype BRBG 65
(591.10 g/ha). It was quite evident from the table that genotype BRBG 65 showed superiority over all three check varieties used in the investigation.

Per se performance of bottle gourd genotypes (pooled analysis of two season)

Genotypes

BRBG-11-1
BRBG-12-3
BRBG-21-2
BRBG-22-2
BRBG-41-1
BRBG-42-1
BRBG-42-2
BRBG-42-3
BRBG-51-1
BRBG-51-2
BRBG-52
BRBG-52-1
BRBG-52-2
BRBG-61-1
BRBG-62-1
BRBG-130
BRBG-140
BRBG-190
BRBG-65

Narendra
Rashmi

BRBG-31-1
BRBG-23

Pusa
Naveen

Rajendra
Chamatkar

Mean

CD(P=
0.05)

SEm

Days to
50 per
ﬁgr\]r;ering
51.17
46.17
44.00
50.17
54.00
5417
51.17
50.67
50.83
52.00
54.17
49.83
47.50
46.33
49.83
51.17
50.33
51.33
50.83
51.33

49.83
48.33
48.67

53.83

50.32
1.17

0.68

Node
number
to first
istillate
ower
11.77
10.27
9.05
9.21
9.98
10.75
10.05
10.88
9.49
11.16
10.44
9.88
9.77
9.88
10.49
10.16
10.77
8.27
8.99

9.44

10.44
10.66
9.55

9.33

10.03
2.62

0.38

Days
to first
fruit
harvest
52.67
52.67
51.17
56.33
59.83
59.67
56.83
54.67
58.17
59.33
59.33
55.83
56.33
54.50
54.33
55.00
55.00
55.33
56.67
56.33

55.00
55.50
54.50

57.00

55.92
2.42

0.70

Days

to last
fruit

harvest
105.05
116.67
108.44
112.67
114.28
119.11
115.20
111.09
110.54
116.39
115.89
115.66
109.50
119.39
114.94
115.55
111.78
117.78
115.33
115.22

117.39
117.67
117.44

113.33

114.43
3.97

1.16

Number
of
ranches

per vine
14.79
17.15
16.23
23.30
16.49
18.00
15.91
16.57
16.44
21.66
19.90
18.51
18.88
18.43
19.80
18.12
18.08
16.44
20.07

18.18

19.07
16.60
20.62

19.15

18.27
2.09

0.59

Inter-
nodal
length
(cm)
18.67
19.70
20.18
17.50
18.97
21.25
18.86
18.04
16.49
21.34
23.33
25.40
19.97
18.65
20.45
18.98
19.97
15.70
19.92
20.42

19.66
18.97
18.42

20.25

19.63
1.54

0.43

Table 1
fongih - length
(em (m)
12.11 5.27
15.00 5.25
13.49 5.26
11.16 6.42
16.16 7.59
18.78 5.56
12.66 5.82
13.05 5.05
10.22 4.60
11.83 5.22
12.68 592
14.33 6.44
13.95 5.53
13.17 5.29
10.77 5.99
14.56 5.66
15.27 5.64
12.26 3.69
13.10 5.93
12.88 6.07
13.72 5.56
16.50 6.00
14.27 5.67
12.81 5.99
13.53 5.64
1.42 0.67
0.40 0.19

Fruit

length

(cm

43.26
45.86
37.82
43.91
42.55
50.46
23.98
49.12
43.88
48.97
43.49
58.06
52.53
48.72
21.42
36.02
43.34
22.88
35.84
40.96

54.36
47.48
32.29

54.94

42.59
2.67

0.75

Fruit Fruit
circumference  weight
(cm) (kg)
23.94 1.06
23.57 1.22
25.00 1.29
23.13 1.13
23.07 0.98
25.68 1.24
25.85 0.91
21.30 1.21
26.63 0.88
22.42 1.23
21.41 0.88
18.95 1.19
23.83 1.31
23.79 1.20
41.48 1.00
23.50 0.96
20.03 0.91
38.92 0.90
22.96 1.14
21.22 1.06
19.25 1.08
21.85 1.20
22.98 0.98
24.56 1.21
24.39 1.09
2.74 0.13
0.62 0.03

Number
of fruits
pervine

8.20
9.15
6.88
9.42
7.65
8.18
10.22
9.78
8.10
7.68
6.50
8.80
7.62
8.40
11.27
11.62
6.03
4.52
14.85
8.30

8.62
6.75
7.90

7.75

8.51
0.91

0.21

Yi
mi
fn
vit
7.4
1C
8.
9.(
6
8.(
8.«
1C

8.

8.1
9.
1C
1C
4.0
3.
18

7.1

Data illustrated in Table 2 clearly indicates that the highest GCV and PCV was recorded for number of seeds per fruit (30.87% and 32.59%) followed by yield of

marketable fruits per vine (26.92% and 28.17%), yield per hectare (25.74% and 26.78%), number of fruits per vine (24.24% and 24.95%), fruit length (23.18%

and 23.58%) and fruit circumference (21.41% and 22.30%). Whereas, the lowest GCV and PCV were noted for node number to first pistillate flower, days to 50
per cent flowering, days to first fruit harvest, days to last fruit harvest and inter nodal length. Data presented in Table 2 also indicates that, heritability in broad
sense was moderate to high (30-60%) for all traits under study indicating the major role of genotypes in expression of these characters. The estimate of

heritability for morphological traits was high for fruit length (97%), number of seeds per fruit (90%), yield per hectare (92%), number of fruits per vine (94%),

fruit circumference (92%) and yield of marketable fruits per vine (91%).
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Table 2

Genetic parameters for yield and attributing traits in bottle gourd (pooled analysis of two season) GCV: genotypic coefficient of variation; PCV; phenotypic
coefficient of variation

S.N.  Character Range GCV PCV Heritability in Broad Sense  Genetic Genetic Advance
(%) (%) (%) Advance
Lowest Highest S:gapr:a)rcent of
1. Node number to first pistillate 8.27 11.77 6.92 11.54 36 0.86 8.56
flower
2. Days to 50 per cent flowering 44.00 54.17 4.92 5.92 69 4.24 8.42
3. Days to first fruit harvest 51.17 59.83 3.81 4.89 61 3.42 6.12
4. Days to last fruit harvest 105.05 119.39 292 3.83 58 5.25 4.59
5. Number of primary branches per 14.79 23.30 10.41 13.07 63 3.12 17.09
vine

6. Inter-nodal length (cm) 15.70 25.40 9.98 1130 78 3.56 18.15
7. Peduncle length (cm) 10.22 18.78 13.87 15.62 79 3.43 25.35
8. Vine length (cm) 3.69 7.59 12.24 14.64 70 1.19 21.08
9. Fruit length (cm) 21.42 58.06 23.18 23.58 97 20.00 46.96
10. Fruit circumference (cm) 18.95 41.48 21.41 22.30 92 10.33 42.34
11. Fruit weight (kg) 0.88 1.31 12.54 14.21 78 0.25 22.81
12. Number of fruits per vine 4.52 14.85 24.24 2495 94 413 48.50
13. Number of seeds per fruit 22417  733.33 30.87 32.59 90 226.15 60.25
14. g(isgd of marketable fruits per vine 3.65 5.19 26.92 28.17 91 4.44 52.98
15. Weight of 100 seeds 11.52 17.94 10.96 12.71 74 2.84 19.48
16. Yield per hectare (q) 151.55 591.10 25.74 26.78 92 170.80 50.94

GCV: genotypic coefficient of variation; PCV; phenotypic coefficient of variation

To reveal the accuracy of heritable variation, heritability must be examined in association with genetic advance. Genetic advance was estimated at 5%
selection intensity and converted into expected genetic gain as per cent of mean. High genetic advance as percent of mean was observed for traits like
number of seeds per fruit (60.25%), yield of marketable fruits per vine (52.98%), yield per hectare (50.94%), fruit weight, yield of marketable fruits per hectare
(50.94%), number of fruits per vine (48.50%), fruit length (46.96%), fruit circumference (42.34%), peduncle length (25.35%) vine length (21.08%) and fruit
weight (22.81%), rest of the characters showed moderate to low values for this estimate.

Character association analysis
Genotypic correlation coefficient

The correlation analysis for all traits under investigation presented in Table 3 revealed that all the traits were positively correlated with yield per hectare at
genotypic level except days to 50% flowering (rg=-0.21), days to first fruit harvest (rg=-0.16) and fruit circumference (rg=-0.13). Yield per hectare showed
significant and positive correlation with yield of marketable fruits per vine (rg = 0.99), number of fruits per vine (rg = 0.87) and fruit weight (rg = 0.56), indicating
that these characters might be useful in increasing the yield. Whereas, yield per hectare was significantly negatively correlated with days to 50% flowering and
days to first fruit harvest indicating the existence of early bearing.
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Table 3
Genotypic and phenotypic correlation matrix (pooled analysis of two season)

Character NNFPF  DF DFFH DLFH NPBV INL PL VL FL FC FW NFV.  YMFV NSF WS YPH
NNFPF G 1.00 0.20 0.03 017 016 032 026 015 034 -032 012 000 0.03 0.06  0.11 0.02
P 1.00 0.12 0.03 -0.08 -0.13 020 013 0.03 021 -0.18 -0.02 0.03 0.01 0.00 0.1 0.01
DF G 1.00 0.82 0.14 0.12 0.15 006 026 003 002 -045 0.00 -0.19 009 014 -0.21
P 1.00 0.63 0.08 0.07 0.08 -0.02 020 0.01 -0.01 -0.32 0.01 -0.14 0.04 014 -017
DFFH G 1.00 0.34 0.31 022 014 033 020 -0.12 -022 -0.05 -0.15 -0.08 028 -0.16
P 1.00 0.21 0.21 0.15 0.07 027 015 -0.10 -013 -0.05 -0.11 -0.08 022 -0.13
DLFH G 1.00 0.34 0.16 038 0.07 -0.07 0.08 -006 0.04 0.04 0.18  0.23 0.03
P 1.00 0.20 010 025 002 005 006 -005 0.03 003 012 0.1 0.02
NPBV G 1.00 026 -023 029 012 011 013 025 028 -0.06 027 028
P 1.00 024 -017 019 009 -005 010 016 0.20 -0.05 016 0.20
INL G 1.00 028 047 042 -037 029 007 0.17 -0.06 017 0.9
P 1.00 019 033 037 -029 023 005 0.14 -0.05 014 0.6
PL G 1.00 032 032 -036 030 -016 -0.02 035 037 0.00
P 1.00 025 027 -031 020 -013 -0.03 030 027 -0.01
VL G 1.00 0.21 -0.39 004 029 024 042 044 024
P 1.00 0.15 -0.32 0.07 023 021 032 033 0.19
FL G 1.00 -071 0.60 -0.18 0.10 -0.09 052 012
P 1.00 -066 052 -017 0.10 -0.09 045 012
FC G 1.00 -029 -0.02 -0.13 -0.04 056 -0.13
P 100 -022 -0.02 -0.11 -0.04 -045 -0.11
FW G 1.00 0.09 0.50 -0.16  0.29 0.56
P 1.00 0.08 0.52 -0.13 022 054
NFV G 1.00 0.90 020 0.06 087
P 1.00 0.88 0.18 0.05 0.85
YMFV G 1.00 0.09 015 099
P 1.00 009 014 098
NSF G 1.00 -0.12 0.04
P 1.00 -0.12 0.04
WS G 1.00 0.15
P 1.00 0.14
YPH G 1.00
P 1.00

NNFPP- Node number to first pistillate flower; DF- Days to 50% flowering; DFFH- Days to first fruit harvest, DLFH- Days to last fruit harvest; NPBV- Number
of primary branches per vine; INL- Inter-nodal length; PL- Peduncle length, VL- Vine length; FL- Fruit length; FC- Fruit circumference; FW- Fruit weight; NFV-
Number of fruits per vine; YMFV- Yield of marketable fruits per vine; NSF- Number of seeds per fruit; WS- Weight of 100 seeds; YPH- Yield per hectare

Phenotypic correlation coefficient

Correlation analysis for all traits under investigation presented in Table 3 revealed that all the traits were positively correlated with yield per hectare at
phenotypic level except days to 50% flowering (rp=-0.17), days to first fruit harvest (rp=-0.13), peduncle length (rp=-0.01) and fruit circumference (rp=-0.11).
Fruit yield hectare had significant and positive correlation with yield of marketable fruits per vine (rp = 0.98), number of fruits per vine (rp = 0.85) and fruit
weight (rp = 0.54), indicating that these characters might be useful in increasing the yield. Whereas, yield per hectare was significantly negative correlated with
days to 50% flowering and days to first fruit harvest indicating the existence of early bearing.

Direct and indirect effect of various characters towards yield per hectare
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Direct and indirect effect of various characters towards yield per hectare at genotypic level

Direct and indirect effects of attributing traits on yield per hectare have been computed in Table 4. Number of fruits per vine exhibited highest positive direct
effect (1.648) followed by fruit weight (0.962), days to 50% flowering (0.503), vine length (0.399) and days to last fruit harvest (0.349). The lowest positive
direct effect on yield per hectare was observed for number of primary branches per vine. Negative direct effect on fruit yield per hectare was recorded upon the
traits like yield of marketable fruits per vine, node number to first pistillate flower, inter nodal length, days to first fruit harvest, number of seeds per fruit and
weight of 100 seeds. Residual effect of path analysis was very low (0.009) suggesting inclusion of maximum yield influencing characters in the analysis.

Direct and indirect effect of various characters on yield o:gglt(;:gourd at genotypic level (pooled analysis of two season)
Character NNFPF DF DFFH DLFH NPBV INL PL VL FL FC FW NFV YMFV  NSF WS
NNFPF -0.105 -0.021 -0.003 0.018 0.016 -0.033 -0.027 -0.016 -0.036 0.034 -0.013 0.000 -0.003 -0.006 -0.012
DF 0.101 0.503 0.410 0.073 0.058 0.073 0.029 0.132 0.013 0.011 -0.225 -0.001 -0.097 0.045 0.069
DFFH -0.017 -0.465 -0.570 -0.196 -0.179 -0.125 -0.078 -0.187 -0.113 0.067 0.127 0.031 0.087 0.046 -0.159
DLFH -0.058 0.050 0.120 0.349 0.120 0.055 0.133 0.023 -0.023 0.027 -0.019 0.015 0.014 0.064 0.081
NPBV -0.006 0.004 0.012 0.013 0.039 0.010 -0.009 0.011 0.005 -0.004 0.005 0.010 0.011 -0.002 0.010
INL -0.104 -0.048 -0.072 -0.052 -0.085 -0.328 -0.091 -0.156 -0.137 0.121 -0.094 -0.024 -0.055 0.019 -0.054
PL 0.019 0.004 0.010 0.029 -0.018 0.021 0.075 0.024 0.024 -0.027 0.022 -0.012 -0.001 0.026 0.028
VL 0.059 0.105 0.131 0.027 0.116 0.189 0.127 0.399 0.082 -0.155 0.018 0.114 0.094 0.166 0.177
FL 0.066 0.005 0.038 -0.013 0.024 0.080 0.062 0.040 0.193 -0.136 0.116  -0.034 0.019 -0.018 0.101
FC 0.052 -0.003 0.019 -0.012 0.018 0.060 0.058 0.063 0.115 -0.163 0.047 0.003 0.022 0.007 0.091
FW 0.116 0430 -0.215 -0.053 0.121 0.275 0289 0.043 0578 -0.278 0.962 0.087 0484 -0.157 0.275
NFV 0.000 -0.002 -0.091 0.072 0.407 0.118 -0.256  0.471 -0.292 -0.026 0.148 1.648 1.485 0324 0.094
YMFV -0.029 0.184 0.145 -0.039 -0.269 -0.160 0.015 -0.226 -0.095 0.126 -0.478 -0.857 -0.952 -0.088 -0.147
NSF -0.024 -0.039 0.036 -0.081 0.028 0.025 -0.154 -0.183 0.040 0.019 0.072 -0.086 -0.041 -0.440 0.054
WS -0.050 -0.062 -0.126 -0.105 -0.120 -0.075 -0.168 -0.201 -0.236 0.253 -0.129 -0.026 -0.070 0.056 -0.452
YPH 0.020 -0.215 -0.156 0.030 0.276 0.187 0.005 0237 0.118 -0.131 0.559 0.868 0.997 0.043 0.154
Residual effect: 0.009
NNFPP- Node number to first pistillate flower; DF- Days to 50% flowering; DFFH- Days to first fruit harvest, DLFH- Days to last fruit harvest; NPBV- Number of
primary branches per vine; INL- Inter-nodal length; PL- Peduncle length, VL- Vine length; FL- Fruit length; FC- Fruit circumference; FW- Fruit weight; NFV-
Number of fruits per ving; YMFV- Yield of marketable fruits per vine; NSF- Number of seeds per fruit; WS- Weight of 100 seeds; YPH- Yield per hectare

The indirect path analysis for all traits revealed that trait number of fruits per vine exhibited maximum positive direct effect (1.648) on yield per hectare via
positive indirect effect of vine length (0.114) and negative indirect effect of yield of marketable fruits per vine (-0.857). Fruit weight exhibited high positive
direct effect (0.962) on yield per hectare via positive indirect effect of days to first fruit harvest (0.127), number of fruits per vine (0.148) and negative indirect
effect via yield of marketable fruits per plant (-0.478) and days to 50% flowering (-0.225). It is apparent from the Table 4 that yield of marketable fruits per vine
exhibited high negative direct effect (-0.952) via positive indirect effect of fruit weight (0.484) and number of fruits per vine (1.485). Days to first fruit harvest
exhibited high negative direct effect (-0.570) via positive indirect effect of days to 50% flowering (0.410), days to last fruit harvest (0.120), vine length (0.131),
yield of marketable fruits per vine (0.145) and negative indirect effect via fruit weight (-0.215) and weight of 100 seeds (-0.126).

Direct and indirect effect of various characters towards yield per hectare at phenotypic level

Direct and indirect effects of attributing traits on yield per hectare is presented in Table 5. Yield of marketable fruits per vine exhibited highest positive direct
effect (0.930) followed by number of fruits per vine (0.043), peduncle length (0.043) and fruit weight (0.030). The lowest positive direct on yield per hectare
was observed for fruit circumference (0.003). Negative direct effect on yield per hectare was recorded upon the traits like node number to first pistillate flower,
vine length, days to 50% flowering, days to first fruit harvest, days to last fruit harvest, number of seeds per fruit and weight of 100 seeds. Yield of marketable
fruit per vine exhibited high positive direct effect (0.930) via positive indirect effect of fruit weight (0.015). Residual effect of path analysis was very low
(0.173) suggesting inclusion of maximum yield influencing characters in analysis.
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Table 5
Direct and indirect effect of various characters on yield of bottle gourd at phenotypic level (pooled analysis of two season)

Character NNFPF DF DFFH DLFH NPBV INL PL VL FL FC FW NFV YMFV  NSF WS
NNFPF -0.007 -0.001 0.000 0.001 0.001 -0.001 -0.001 0.000 -0.001 0.001 0.000 0.000 0.000 0.000 -0.001
DF -0.002 -0.017 -0.011 -0.001 -0.001 -0.001 0.000 -0.003 0.000 0.000 0.006 0.000 0.002 -0.001 -0.002
DFFH -0.001 -0.010 -0.016 -0.003 -0.003 -0.002 -0.001 -0.004 -0.002 0.001 0.002 0.001 0.002 0.001 -0.004
DLFH 0.001 -0.001 -0.001 -0.007 -0.001 -0.001 -0.002 0.000 0.000 0.000 0.000 0.000 0.000 -0.001 -0.001
NPBV -0.002 0.001 0.003 0.003 0016 0.004 -0.003 0.003 0.001 -0.001 0.002 0.003 0.003 -0.001 0.003
INL 0.003 0.0017 0.002 0.001 0.003 0.013 0.002 0.004 0.005 -0.004 0003 0.001 0.002 -0.001 0.002
PL 0.006 -0.001  0.003 0.011 -0.007 0.008 0.043 0.011 0.012 -0.013 0.009 -0.006 -0.001 0.013 0.012
VL 0.000 -0.002 -0.002 0.000 -0.002 -0.003 -0.002 -0.009 -0.001 0.003 -0.001 -0.002 -0.002 -0.003 -0.003
FL 0.002 0.000 0.001 0.000 0.001 0.003 0.002 0.001 0.008 -0.005 0.004 -0.001 0.001 -0.001  0.003
FC -0.001 0.000 0.000 0.000 0.000 -0.001 -0.001 -0.001 -0.002 0.003 -0.001 0.000 0.000 0.000 -0.001
FW 0.000 -0.010 -0.004 -0.0017 0.003 0.007 0.006 0.002 0.016 -0.007 0.030 0.002 0.015 -0.004 0.006
NFV 0.001 0.001 -0.002 0.001 0.007 0.002 -0.006 0.010 -0.007 -0.001 0.003 0.043 0.038 0.008 0.002
YMFV 0.008 -0.128 -0.099 0.024 0.189 0.135 -0.025 0.197 0.094 -0.102 0.481 0.818 0.930 0.082 0.133
NSF 0.000 -0.002 0.004 -0.006 0.002 0.002 -0.016 -0.017 0.005 0.002 0.007 -0.009 -0.005 -0.052 0.006
S -0.002 -0.003 -0.005 -0.002 -0.003 -0.003 -0.006 -0.007 -0.009 0.009 -0.004 -0.001 -0.003 0.002 -0.020
YPH 0.006 0170 -0.127 0.019 0204 0.161 -0.007 0.187 0.116 -0.113 0.540 0.847 0982 0.045 0.136
Residual effect: 0.173

NNFPP- Node number to first pistillate flower; DF- Days to 50% flowering; DFFH- Days to first fruit harvest, DLFH- Days to last fruit harvest; NPBV- Number of
primary branches per vine; INL- Inter-nodal length; PL- Peduncle length, VL- Vine length; FL- Fruit length; FC- Fruit circumference; FW- Fruit weight; NFV-
Number of fruits per ving; YMFV- Yield of marketable fruits per vine; NSF- Number of seeds per fruit; WS- Weight of 100 seeds; YPH- Yield per hectare

Principal component analysis

Principal components and corresponding correlation coefficients (eigen vectors) for sixteen quantitative traits are presented in Table 6. The principal
component analysis grouped quantitative traits under six principal components (PCs), which accounted for 79.33% of the variation. Peduncle length, fruit
length and weight of 100 seeds were positively correlated with PC1, which accounted for 31.19% of the total variation. Fruit weight, yield of marketable fruits
per vine were positively correlated, whereas days to 50% flowering and days first fruit harvest were negatively correlated with PC2, which accounted for 13.73%
of total variation. Number of primary branches per vine was negatively correlated with PC3, which accounted for 11.67% of total variation. Node number to
first pistillate flower, vine length, number of fruits per vine and number of seeds per fruit were positively correlated with PC4, which accounted for 8.76% of
total variation. Days to last fruit harvest was negatively correlated with PC5, which accounted for 7.86% of total variation. Internodal length, fruit
circumference and yield per hectare were positively correlated with PC6, which accounted for 6.12% of total variation.
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Table 6

Principal component analysis explained by six principal components on sixteen quantitative agro-
morphological traits of bottle gourd genotypes. Loadings shown strong correlation are highlighted in
bold (pooled analysis of two season)

S.N. Quantitative traits PC1 PC2 PC3 PC4 PC5 PC6

1 Node number to first pistillate flower ~ 0.17 0.09 0.24 0.30 0.23 0.09
2 Days to 50% flowering 0.09 050 0.7 -0.03 0.25 -0.01
3 Days to first fruit harvest 0.17 -0.41 0.00 -0.41 0.15 0.03
4 Days to last fruit harvest 0.09 036 -017 -019 -0.50 0.34
5 Number of primary branches pervine  0.11 019 046 -024 0.15 -0.25
6
7
8
9

Internodal length 0.29 -0.07 0.04 0.15 0.30 0.37
Peduncle length 0.31 -0.12  0.19 0.13 037 036
Vine length 0.26 -0.16 -0.23 0.41 0.12 -0.27
Fruit length 0.37 0.20 0.09 020 0.03 0.14
10 Fruit circumference 035 022 0.03 0.09 0.02 0.28
11 Fruit weight 0.31 0.41 -0.10 -0.10 -0.10 0.21
12 Number of fruits per vine 006 -0.10 -0.57 0.33 0.15 0.15
13 Yield of marketable fruits per vine -0.30 0.16 -0.34 0.02 -0.21 0.12
14 Number of seeds per fruit 0.14 -0.21 0.09 0.50 040 -0.27
15 Weight of 100 seeds 0.31 0.00 015 013 -029 -035
16 Yield per hectare 0.32 0.14 -0.30 0.02 0.15 0.33
Explained variance (Eigen Value) 4.99 2.20 1.87 1.40 1.26 0.98
Proportion of total variance (%) 3119 1373 11.67 8.76 7.86 6.12
Cumulative variance (%) 31.19 4492 56,59 6535 7321 79.33

Summary of genetic variation statistics for ISSR primers

A total of twenty-one ISSR primers were used in the study in which seven primers were found to be polymorphic. Data generated through ISSR marker is
presented in Table 7. A total of 48 amplified fragments were generated by 7 ISSR primers of an average around 6.85 fragments per locus. The number of
amplified fragments varied from 5 to 10. The highest number of fragments were found in UBC-861 (10), whereas lowest (5) was in ISSR-8. The size of the
amplified products varies from approximately 100 bp to 1000 bp. Number of polymorphic loci were ranged from 19 in ISSR 8, ISSR 22 and UBC-880 to 24 at
UBC 861, with a mean of 21.28. Percentage of polymorphic loci also varied accordingly with minimum in ISSR 8 (79.17%), ISSR 22 (79.17%) and UBC 880
(79.17%), while it was maximum in UBC 861 (100%), mean of percentage of polymorphic loci was 88.69% for all the locus. Observed number of alleles per
locus was ranged between 1.79 (ISSR 8, ISSR 22 and UBC 880) and 2.00 (UBC 861) with mean value of 1.88 per locus. Effective number of alleles also varied
with minimum in UBC 880 (1.33) and maximum in UBC 861 (1.79), with mean value of 1.59 for all locus. The major allele frequency was ranged from 0.50
(ISSR 9) to 0.80 (UBC 880) with an average of 0.59. Nei's gene diversity was ranged from 0.22 (UBC 880) and 0.43 (UBC 861) with an average value of 0.33.
Shannon’s information index also varied from 0.36 (UBC 880) to 0.62 (UBC 861) with the mean value of 0.50. The PIC (polymorphic information content) value
represents the relative information of each marker and, in the present study, the average polymorphic information content value was found to be 0.56 and
ranged from 0.29 (UBC 880) to 0.76 (UBC 861). In all the primers UBC 861 (0.76), ISSR 9 (0.72), UBC 808 (0.63), ISSR 44 (0.61) and ISSR 8 (0.50) exhibited
higher PIC value. The Jaccard's similarity coefficients of 24 bottle gourd genotypes based on 7 ISSR markers were computed. The similarity coefficient was
ranged from 0.37 to 0.91.
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Table 7
Summary of genetic variation statistics for all loci of ISSR primers for analyzing 24 genotypes of bottle gourd

S.  Primer Sequence  Annealing GC Total no. No. of Percentage = Observed Effective Major Nei's She
N. 5t03 temperature  content of Folymorphic of number number  allele gene infc
(Oligo Cc) (%) amplified oci |aolymorphic of alleles  of frequency diversity ind
name) fragments oci (%) perlocus alleles (FY H
o o) per
ocus
(Ne)
1 ISSR8 (ATG)g 41 33.33 5 19 79.17 1.79 1.59 0.65 0.33 0.4¢
2 ISSR9 (GAG)q 39 66.66 7 22 91.67 1.91 1.47 0.50 0.29 0.4
3 ISSR22 (AC)gAA 43 44.44 7 19 79.17 1.79 1.45 0.73 0.27 0.4.
4 ISSR44 (AC)gGA 39 50.00 7 23 95.83 1.95 1.75 0.56 0.41 0.5¢
5 UBC861  (ACC)g 42 66.66 10 24 100 2.00 1.79 0.39 0.43 0.6:
6 UBC808  (AG)gC 41 47.05 6 23 95.83 1.95 1.78 0.53 0.42 0.6(
7 UBC880 (GGAGA); 44 60.00 6 19 79.17 1.79 1.33 0.80 0.22 0.3¢
Sub Total 48 149 620.84 13.18 11.16 416 2.37 3.50
Average 6.85 21.28 88.69 1.88 1.59 0.59 0.33 0.5(

Cluster analysis based upon ISSR analysis

The UPGMA dendrogram generated from the Jaccard’s similarity values using NTSYS-pc 2.01 software based on 7 ISSR primers is presented in Fig. 2. The
association among different genotypes was presented in the form of dendrogram prepared. The resemblances coefficient between the two genotypes is the
value at which their branches join. The dendrogram also showed the relative magnitude of resemblance among different clusters. The genotypes were
grouped in two major clusters | and Il. The cluster | was the largest, comprising of 18 genotypes namely BRBG 11 - 1, BRBG 52, BRBG 12 - 3, BRBG 51 - 2,
BRBG 52 -1, BRBG 41 - 1, BRBG 42 - 1, Narendra Rashmi, BRBG 51 - 1, BRBG 21 - 2, BRBG 22 - 2, BRBG 42 - 2, BRBG 42 - 3, BRBG 23, Pusa Naveen,
Rajendra Chamatkar, BRBG 52 - 1 and BRBG 31 - 1. Cluster Il was the small cluster comprising of 5 genotypes namely BRBG 61 - 1, BRBG 62 - 1, BRBG 190,
BRBG 130 and BRBG 140. In cluster Il, BRBG 61 - 1 was presented an outgroup or unique genotype. The genotype BRBG 65 was presented as a unique
genotype or outgroup outside of these clusters. Jaccard’s similarity coefficient was ranged between 0.37 to 0.91. Maximum similarity was found between
genotype BRBG 52 and BRBG 11 - 1 with similarity coefficient of 0.91. The smallest similarity value (0.37) suggested maximum genetic divergence between
BRBG 65 and BRBG 11 - 1.

Discussion

Effective use of bottle gourd genetic resources for further breeding requires different genomic tools. Significant achievement has been made in the
development of genomic resources in bottle gourd during last one or two decades. These genomic resources provide valuable information about genetic
relationships among genotypes for effective selection and use in hybridization process (Xu et al., 2014; Wu et al., 2017, Wang et al., 2018). There are very
limited genomic resources developed for bottle gourd, which limits the breeding efforts to develop potent genotypes for enhanced production and productivity
(Contreras-Soto et al., 2021). The potency of selection depends upon the nature and magnitude of genetic variation found within the breeding material. The
larger the variability, a lot scope for improvement by selection procedure is expected. In present investigation, huge genetic variability for agro-morphological
traits was obtained among the genotypes, this is may be due to diverse source of materials, still as environment influences the phenotypes. Early picking of
crop is crucial for increasing income through catching the early marketplace for higher remuneration. The earliness in bottle gourd is ensured through
appearance of pistillate flower at lower node and a smaller number of days taken to 50% flowering that favours early fruit picking. BRBG 21 - 2 in our
investigation has taken a smaller number of days to first fruit harvest. Similarly, significant variation for different characters was also reported by Afangideh
and Uyoh (2007), Kumar (2008) and Chikezie et al. (2016) in cucumber and Gupta et al. (2015) in bitter gourd. The variation in fruit weight and vine length
may be because of the genetic makeup and vigour of different genotypes. Genotypes show significant inter-population variation for quantitative
morphological descriptors (Gangopadhyay et al. 2008). Significant phenotypic differences amongst agro-morphological traits of 36 bottle gourd landraces
were also reported from South Africa (Mashilo et al. 2016). There is a huge scope for improvement within the crop through the characters like vine length,
number of primary branches per vine, node number to first pistillate flower, number of fruits per vine, fruit weight, fruit circumference, fruit length and yield of
marketable fruits vine (Yadav et al. 2008). The high genotypic coefficients of variation (GCV) and phenotypic coefficient of variation (PCV) was recorded for
fruit circumference, fruit length, yield of marketable fruits per vine, number of seeds per fruit and yield per hectare with maximum in yield of marketable fruits
per vine. The phenotypic coefficient of variation (PCV) was higher than GCV for all traits indicating a significant influence of the environment on their
expression (Kumar et al. 2011). The estimates of GCV and PCV for all traits indicated that the variability was mainly because of their genetic makeup. Thus,
selections are effective on the basis of phenotypic traits alone (Mandal et al. 2015). Heritability estimate is an informative parameter for the breeders for
choosing the genotypes for future use. Transmissible variation provides accurate estimates if heritability is studied in conjunction with genetic advance.
Almost all morphological traits provided high heritability and genetic advance may offer good response to selection due to additive gene action
(Quamruzzaman and Ahmad, 2010). The correlation coefficient between yield and its component traits indicated that all the traits were positively correlated
with yield per hectare at both genotypic and phenotypic level. Positive and significant correlation with yield per hectare was determined for the traits like fruit
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weight, number of fruits per vine and yield of marketable fruits per vine. Similar results regarding fruit weight were also obtained by Tamang et al. (2018), in
cucumber. Yield is a complex trait; these results clearly indicate the influence of these component traits to increase the yield (Singh et al. 2014). Negative
correlation of fruit yield with days to 50% flowering and days to first fruit harvest indicates the existence of earliness (Dalamu et al. 2012). Path analysis helps
in partitioning the genotypic correlation coefficients into direct and indirect effects of component characters in yield. Number of fruits per vine exhibited
highest positive direct effect via positive indirect effect of vine length and negative indirect effect of yield of marketable fruits per vine at genotypic level. Fruit
weight exhibited high positive direct impact via positive indirect effect of days to first fruit harvest and number of fruits per vine at genotypic level. Residual
effect of path analysis was very low at both genotypic and phenotypic level suggesting inclusion of maximum yield influencing traits in the analysis. These
findings are found in agreement with Singh et al. (2014) and Hossain et al. (2010).

Through principal component analysis the agro-morphological traits were grouped under six principal components accounted for 79.33% of the variation.
Most of the traits like peduncle length, fruit length, 100 seed weight, fruit weight, yield of marketable fruits per plant are positively correlated to first two
components and accounted for maximum variation. In the similar findings first two components representing 52.57% of the total variation for thirteen
quantitative traits among nineteen inbred lines of the pumpkin (Ahmed et al. 2016). The first four axes (69.50%) accounted for the overall variation between
the thirteen characters of fifty-five snake gourd genotypes (Islam et al. 2020). Results observed in this study are in agreement with the work by several other
authors that bottle gourd exhibits significant variation with respect to fruit characteristics (Morimoto et al. 2005; Achigan-Dako et al. 2008; Xu et al. 2014).
Quamruzzaman et al. (2008b), also reported that fruit diameter, fruit weight and fruits per plant contributing major portion of the total genetic diversity in ridge
gourd. The variation in fruit characteristics among the bottle gourd genotypes in the study could be due to the result of long-term selection by growers, effect
of cropping system and environmental condition and the reproduction system of the crop (Koffi et al. 2009; Mashilo et al. 2016).

Genetic diversity of bottle gourd genotypes was assessed and total of 48 reproducible alleles were generated by seven ISSR primers and number of amplified
fragments per locus varied from 5 to 10 with an average around 6.85 amplified fragments per locus which was higher than the findings of Xu et al. (2014),
reported 2 to 8 amplified fragments (mean = 3.64) per marker in 44 bottle gourd entries using 14 polymorphic SSR loci. Bhawna et al. (2015b) also reported
the smaller number of amplified fragments in bottle gourd than our finding. Similar results were also reported by Mahapatra et al. (2022), while assessing the
genetic diversity of bottle gourd genotypes from agroclimatic zones of India using SSR markers. ISSR marker assessment is more effective (i.e., more banding
morphotypes identified) than other marker analysis. Similar results were obtained when RAPD and ISSR marker analysis was applied to diversity analyses in
bitter gourd by Behera et al. (2008). Saxena et al. (2014), also recorded 68 alleles using 51 SSR markers, and the number of alleles per locus ranged from 2 to
5 (on average, 2.80 alleles per locus). The number of loci and their genome coverage are critical in obtaining reliable estimates of genetic relationships among
cultivars (Loarce et al., 1996). In our study, number of polymorphic loci were ranged from 19 to 24, with a mean of 21.28. Percentage of polymorphic loci also
varied accordingly 79.17%-10 % with mean of percentage of polymorphic loci as 88.69% for all the locus. Similar findings were also reported by several other
workers like Levi et al. (2004) and Behera et al. (2008) in assessing cultivar variation in watermelon and bitter gourd respectively using ISSR primers. Observed
number of alleles per locus was ranged between 1.79 and 2.00 with mean value of 1.88 per locus. Effective number of alleles also varied between 1.33 and
1.79, with mean value of 1.59 for all locus. In the current study, these values were in agreement with the report of Bhawna et al. (2015b) with 1.46—3.29 (mean
=2.08) and Mashilo (2016) with 1.58-6.14 (mean = 3.1) and Mashilo et al. (2016), with 1.99-6.72 (mean = 3.75) by using SSR markers. This indicates a high
level of genetic diversity among bottle gourd genotypes useful for future breeding and conservation. The major allele frequency was ranged from 0.50 to 0.80
with an average of 0.59. Similar results were reported by Alhariri et al. (2021), in bitter gourd and Mahapatra et al. (2022), in bottle gourd using SSR markers.
Nei's gene diversity was ranged from 0.22 to 0.43 with an average value of 0.33. The Nei's gene diversity in the study was consistently in agreement with the
mean value reported by Gurcan et al. (2015). Shannon’s information index also varied from 0.36 to 0.62 with the mean value of 0.50. These results indicate
that bottle gourd population expressed moderate interpopulation diversity, thereby enhance their survival capacity to adverse climatic condition (Bhawna et al.,
2014) and also equally useful for further breeding. In the present study, the average polymorphic information content value was found to be 0.56 and ranged
from 0.29 to 0.76. Almost each primer in the study exhibited higher PIC value. The increased level of discrimination of ISSR markers witnessed in the study
may be due to comparatively higher values of average polymorphic information content (0.56) as the diverse nature of the accessions examined (Behera et al.,
2008). These PIC values were higher than those found by Saxena et al. (2014), in 54 accessions of bitter gourd, with a polymorphic information content of
0.139-0.775 (average 0.369), whereas Dalamu et al. (2012), found 0.17 PIC values using 11 ISSR markers in 50 accessions of bitter gourd. These values are
also comparatively higher than those reported by Sarao et al. (2013) and Xu et al. (2011). Yildiz et al. (2015), also reported PIC values of 0.12 to 0.52 in bottle
gourd, whereas Bhawna et al. (2015b), found PIC values of 0.05 to 0.54 using 19 SSR markers. The PIC defines a discriminatory power of a molecular marker,
which depends on the number of alleles and relative frequency of an allele in the population (Gaikward et al., 2008). In our study, a large percentage of the
markers exhibited a fair discriminatory power. Generally, most of the markers exhibited PIC values > 0.5, suggesting a high discriminating ability of the ISSR
markers for analysing the bottle gourd genotypes (Mashilo, 2016). The high levels of polymorphism observed in the current study could be due to the inherent
genetic variability of the studied bottle gourd genotypes (Mashilo et al., 2016). The UPGMA dendrogram generated from the Jaccard’s similarity values
showed association among different genotypes in the form of dendrogram prepared. Based upon UPGMA dendrogram, the genotypes were grouped into two
major clusters | and Il. The cluster | was the largest, comprising of 18 genotypes. Cluster Il was the small cluster comprising of 5 genotypes. In cluster Il, BRBG
61 -1 was presented an outgroup or unique genotype. The genotype BRBG 65 was presented as a unique genotype or outgroup outside of these clusters. The
dendrogram didn't show any correlation with geographical location. Jaccard’s similarity coefficient was ranged between 0.37 to 0.91. Maximum similarity was
found between genotype BRBG 52 and BRBG 11 - 1 with similarity coefficient of 0.91. The smallest similarity value (0.37) suggested maximum genetic
divergence between BRBG 65 and BRBG 11 - 1. The genotype BRBG 65 was separated genetically from the other 23 genotypes studied, which may be due to
its unique morphological features compared with other genotypes (Alhariri et al., 2021). Similar findings were also reported by Bhawna et al. (2014), in which
dendrogram revealed two major clusters with one unique genotype also while assessing 42 bottle gourd genotypes for genetic diversity analysis using ISSR
marker. This proves the high discrimination ability of ISSR marker in bottle gourd. The finding is also in agreement with the report of Xu et al. 2011; Sarao et al.
2013 and Mashilo, 2016.
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Results obtained in the study concluded that set of materials used in the study were in wide range of genetic variation for all the attributes. Most of the genetic
diversity was observed with respect to fruit characteristics. Important fruit traits that represented the diversity of the landraces were: node number to first
female flower, number of fruits per vine, average weight of fruit, fruit length, fruit circumference and yield of marketable fruits per vine. The PCV exhibited
higher value than GCV the traits under investigation indicating a considerable influence of the environmental factors on their gene expression. The high
variability and heritability along with high value for genetic advance for these traits indicated that the genotypes might be evaluated in multiplication trials and
may be chosen as donors for mentioned traits in hybridization programme. Quantitative traits related to fruit characteristics have shown strong character
association with yield per hectare. Principal component analysis on quantitative traits depicted six principal components, accounted for great degree of the
total variation. Based on ISSR markers analysis, the UPGMA dendrogram classified twenty-four genotypes into two major clusters indicating the existence of
moderate variation at the genetic level. This ISSR marker-based study has also identified the existence of a broad genetic base in the available germplasm
lines of bottle gourd. The analysis of genetic variability among the bottle gourd germplasm evaluated herein defines a complex marker array with ISSR
analysis for genetically improved genotype curation, for the generation of standard accession for genetic analysis in future. It provides an ample scope for the
selection of desirable parents for crossing programme and breeding populations for traits of significance and also other breeding analysis, such as
association mapping, and trait-specific breeding for bottle gourd.
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Genetic variability among different genotypes of Bottle Gourd
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Figure 2

UPGMA dendrogram based on ISSR marker using Jaccard’s similarity coefficient
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