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1. INTRODUCTION

Pumpkin {Cucurhita moschata Duch.), a crop of Central Mexican origin

belonging to the family Cucurbitaceae, is popularly cultivated and valued in Kerala

as a vegetable. Tlte word pumpkin originated from the Greek word 'Pepon ' which

means large melon, something round and large'. Like other cucurbits, pumpkin is

an annual crop (2n=2x=40) (Whitaker and Robinson, 1986), has a trailing habit and

is highly cross pollinated owing to its monoecious nature. Poiiinalion is

entomophilous due to its large showy campanulate yellow coloured corolla. Both

immature and mature fruits, along with leaves and seeds of pumpkin have culinary

importance. However, in Kerala, it is commonly valued for its immature fruits. The

tender. large and often round immature fruits of pumpkin with a tliick, smooth to

slightly ribbed skin, which is mostly deep yellow to orange in colouration is an

integral part of the Kerala cuisine. Besides this, pumpkin is a valuable source of

Vitamin A, rich in energy and carbohydrates (Jahan et al., 2012) and its

consumption could contribute to improve the nutritional security.

China and India top the pumpkin production statistics with the US, Egypt,

Ukraine, Mexico, Cuba, Italy, Iran and Turkey as followers (Ferriol and Pico,

2008). In India, the total area under pumpkin cultivation, its production and

productivity amounts to 98,000 hectares, 2093 thousand tonnes and 21.25 MT/ha,

respectively, while in Kerala, the pumpkin production during 2018 was a meagre

47.26 thousand tonnes (GOI, 2018).

Despite its popularity in Kerala, very few high yielding varieties are in

cultivation in the slate. To ensure increased production of this crop, the availability
of good quality seed of improved varieties or hybrids has to be ensured. Genetically

pure and good quality seeds enable the farmers to exploit the full potential of a

variety or hybrid along with yield hikes.

Pumpkin being a cross-pollinated crop, maintenance of varietal purity and

cultivar identity is tedious and warrants the production of seeds in large isolated
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plots coupled with strict adherence to other seed field requisites so as to avoid

contamination. In addition, with the introduction of the Protection of Plant Varieties

and Farmers' Rights Act (PPV & FRA)(GOI, 2001), the new crop varieties should

necessarily be distinct Irom other varieties, uniform in their characteristics and

genetically stable over the years. Hence, it is necessary to describe varieties of the

crop with distinct qualitative and quantitative characters or descriptors that aids in

varietal identification.

Morphological characterisation is the first step for describing and

classifying varieties. A combination of laboratory and field testing has been

advocated to determine the cultivar trueness and genetic purity of the seed sample.

Traditionally, grow out test (GOT) for determination of genetic purity of a variety

and Distinctness, Uniformity and Stability (DUS) testing for granting protection to

varieties is carried out by evaluating the morphological or physiological traits

e.xpressed by seed, seedlings or mature plants.

Morphological characterisation via GOT is often inaccurate because

environmental conditions which can mask the expression of specific morphological

or physiological traits may mislead varietal identification. Besides this, the process

entails a lot of costs and requires a full growing season that results in late entry of

seeds in the market. Field testing is also land intensive and requires highly skilled

personnel (Lucchese et al., 1999). With an increase in the number of varieties with

a narrow genetic base, morphological characters fail to characterise and identify

between them (Singh et al. 2008). This has forced the scientific community to

explore new economic alternative or combination of alternatives to augment

morphological approach.

Use of biochemical markers such as isozymes and seed storage proteins for

varietal classification was found to overcome the limitations of the morphological

approach only to a certain extent (Dadlani et al., 1997; Mehetre and Dahat, 2001;

Borle et al., 2007 and Rakshit et at., 2008), With the advent of PGR assay based
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molecular markers and DNA fingerprinting techniques, distinguishing genotypes

based on its genetic makeup has become more efficient.

Researchers contemplated the introduction of molecular markers in cultivar

identification, seed quality control and DUS testing of vegetable crops owing to its

high reliability, rapidness and cost-effectiveness (Garg et al., 2006; Liu et ai, 2007;

Aneja et al.. 2019). The efficacy of Inter-simple sequence repeats (ISSR) and

Simple sequence repeals (SSR) markers for molecular characterisation, cultivar

identification, purity testing, assessment of genetic diversity and relationship of

genotypes was reported by investigators around the globe (Inan et ai, 2012;

Xanthopoulou et a/., 2015; Bhaskaran and Umarani, 2016; Chaudhary etal, 2018).

However, resorting to a combination of morphological characterisation and

molecular approaches simultaneously would help to generate more information and

increase the reliability of varietal characterisation.

Considering the above, the present investigation 'Characterisation of

pumpkin {Cucurbita moschata Duch.) varieties through morphological and

molecular markers' was envisaged with following objectives;

1. Morphological characterisation of pumpkin varieties.

2. Genotyping of pumpkin varieties using molecular markers.
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2. REVIEW OF LITERATURE

Cullivar identification plays crucial role in crop improvement, variety release

and seed production system. Establishment of cultivar identity and genetic purity

testing is pre-requisiie tor variety release and seed multiplication programmes. The

variety attains acceptance when the farmers gel genetically pure seed of high

standard. For this purpose, each cultivar should be properly defined with suitable

descriptors, so as to maintain its identity during seed production through field

inspection and certification. Growing international and national level seed business

has created an inquisitiveness in descriptive characterisation of the plant varieties

for unambiguous identification of varieties in the context of its protection (Cooke,

1999). Henceforth, varietal identification has attained an extreme importance

world-wide in view of plant variety protection and genetic purity maintenance in

seed programmes.

Considering the above, the present study was formulated to characterise six

pumpkin varieties in the seed chain using morphological and molecular markers,

and to generate fingerprints or molecular ID's of the six varieties using selected

polymorphic Inter-simple sequence repeats (ISSR) and Simple sequence repeats

(SSR) markers. The literature related to the study is detailed below in brief under

the following headings.

2.1 Relevance of establishing cultivar identity

2.2 Varietal characterisation and identification

2.2.1 Characterisation and varietal identification using morphological

markers

2.2.1.1 Characterisation of seed characters

2.2.1.2 Characterisation of plant characters

zo



2.2.2 Characterisation and varietal identification using molecular

markers/DNA based markers

2.2.2.1 Characterisation using Inter-Simple Sequence Repeats

(ISSR)

2.2.2.2 Characterisation using Simple Sequence Repeats (SSR)

2.3 DNA fingerprinting using molecular profiles

2.1 Relevance of establishing cultivar identity

To safeguard its plant varieties, India became signatory to Trade Related

Aspects of Intellectual Property Rights Agreements (TRlPs) under World Trade

Organisation (WTO) in 1994. India was obliged to enact legislation that brought

plant varieties u ithin the general purview of intellectual property. The Protection

of Plant Varieties and Farmers' Rights Act (PPV & FRA) was enacted in October,

200! for granting registration and legal protection to all varieties, the essential

requirements are Novelty, Distinctness, Uniformity and Stability (N-DUS). A

precise system for identification of varieties and parents of hybrids became a

fundamental requirement to enforce this protection. Conformity to the standards of

DUS test needed to be checked by e.xamining the variety which generates a

description of the variety, using its relevant characteristics. DUS testing has an

imperative role in registration and identification of varieties, plant variety

protection, for varietal information system and classification of varieties into

different groups (Jyoti etaL, 2015).

Tlie aim of both public and private seed industries is to make available good

quality seeds of improved varieties to the fanners. Seed quality is a multiple concept

comprising of attributes like genetic and physical purity, physiological quality and

seed health, of which trueness to type or variety identity is most important since the

full potential of thai variety is achieved only when it is genetically pure.



With increasing demand for quality seeds, malpractices in seed trade is also

on the rise. Seed certification, a legally sanctioned and a voluntary activity in India

aiming to maintain and making available high quality seeds and propagating

materials of notified kind to the public by ensuring genetic identity and purity. Seed

testing deciphers the quality of seed lot. The field plot technique or grow out test

(GOT) serves as a pre-control as well as a 'post-controf test for avoiding genetic

deteriorations under the provisions of the Seeds Act 1966. Since GOT relies on

morphological characterisation of the variety, it is of paramount importance to

describe, differentiate and characterise the varieties for their correct identification

and for an effective seed quality control programmes (Cooke, 2003).

2.2 Varietal characterisation and identification

Genetic markers have significant role in various breeding programmes,

genetic diversity studies, fingerprinting, identification, purity assessment of cultivar

etc. Though the idea of using genetic markers appeared in very early literatures

(Semagn et al.^ 2006), choosing of marker/s from this class is objective dependent

(Kordrostami and Rahimi, 2015). The classical (morphological, cytological)

markers and molecular (biochemical and DNA markers) (Nadeem et al., 2018) are

employed to discern the genetic differences between individual organisms or

species. Morphological markers are visually assessable traits while, cytological are

based on variations in chromosome features. The DNA markers detect differences

at the genie constitution of an individual whereas, biochemical markers like

isozymes elucidate the variations in gene product.

The prominence of morphological and molecular markers in the field of

characterisation and purity testing of varieties has reviewed below:

2.2.1 Characterisation and varietal identification using morphological

markers

Morphological characterisation is the first step in the description and

classification of genetic resources (Smith and Smith, 1989). Since ancient times,



humans have efficaciously used various morphological markers to investigate the

variation in plants for utilization in crop improvement activities. Morphological

markers can distinguish important traits of plant visually and are easy to use, with

no requirement of specialised technique.

Descriptors of cuitivars of crop species are required for validating

varietal/cultivar identity, determining varietal purity, establishing the

distinctiveness of new variety from existing varieties and documentation of genetic

resources (Begum and Kumar, 2011). The use of morphological descriptors in

sequential fashion is an age old, universally approved method to distinguish

different varieties and convenient for testing genetic purity of seed lot (Sumathi and

Balamurugan, 2014). A comprehensive characterisation of a genotype during

different growth phases of crop viz., seed, seedling, vegetative, reproductive and

maturation phases would prove beneficial for better description of a variety rather

than a single morphological character.

2.2.1.1 Charactensation of seed characters

Seed characters such as seed shape, colour, texture, presence of special

appendages, seed weight, seed volume, etc. are useful laboratory key characters for

characterisation of genotypes (Reddy et ai, 2008).

Among Cucurbita pepo, Cucurbiia maxima and Cucurbita moschata of

Cucurbita genus, significant differences have been observed in length, breadth,

colour and test weight of seed. Lebeda el al. (2009) used seed length^readth ratio

to distinguish pumpkin (C. moschaia) varieties.

Forty different pumpkin populations were grouped into large, medium and

small with respect to seed length (13.80-24.30 mm) and width (7.50-15.30 mm).

The seed thickness was found to range between 1.60 and 4.70 mm. Appreciable

genotypic variation in seed colour was also observed in the collections (Balkaya et

«/.. 2010a).
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Quantitative seed trails offers an efleclive way for distinguishing and

identifying pumpkin. Kiramana and Isutsa (2017a) reported that seed size in

pumpkin ranged from intermediate, large and very large and the average seeds per

fhiit was highly variable (>100 and < ICQ).

Wide variations in seed length ranging from long (>1.60 cm) to medium

(1.20-1.60 cm) and small (<1.20 cm) was observed in pumpkin cultivars (Nagar et

ai, 2017). Similar variability was found to exist in width of seed. It varied from

large (>0.90 cm); medium (0.6 0-0.90 cm) and small (< 0.60 cm).

Kiramana and Isutsa (2017b) observed ample variation in seed length, seed

thickness, 100 seed weight and seed coat colour (yellow-white, cream-yellow or

brown) among 155 pumpkin cultivars.

Seymen et al. (2012) developed seed keys for the identification of 128 edible

seed pumpkin (C. pepo L.) varieties on the basis of seed shape and colour. They

grouped 39 genotypes seeds as elliptical, 72 genotypes as wide-elliptical and three

genotypes as narrow-elliptical. Seed colour also ranged from light cream, cream

and dark cream.

Wide variation was observed in seed phenotypic among 160 winter squash

(C maxima) genotypes (Balkaya et ai, 2009b). Majority possessed cream (49.60

%) seeds, while, 25.60 per cent were white, 20.00 per cent were brown and 7.50 per

cent tawny.

Maggs-KoIIing et ai (2000), Tlili et al. (2009) and Mahla et al. (2014)

employed seed descriptors like number of seeds per fruit, seed shape, colour and

100 seed weight for varietal discrimination of watermelon.

Quantitative seed parameters serve well for varietal classification and also

during seed certification and testing in bottle gourd {Lagenaria siceraria). High

variability in seed characters viz., mean seed length, seed width and thickness of

seed were used to group varieties (Mladenovic et ai, 2011)



Sidhu (2013) observed that total number of seeds/fruit play a focal role in

varietal identification and can be used a DUS descriptor in bitter gourd {Momorciica

charantia L. Moench.).

Based on seed coat colour, Pandravada etal. (2014) classified 36 ridge gourd

{Luffa hermaphrodira) genotypes into black and grey.

Ali-Shtayeh et al (2017) found that hundred seed weight (HSW) can be

employed as a morphometric marker for making varietal-identities as it differs

significantly with the varieties of snake melon. Kumari et al. (2019) had also

observed the usefulness of HSW in grouping varieties as it differed significantly

among five Luffa acutangula and three L aegyptiaca varieties, respectively.

Kalyanrao et al. (2016) employed HSW and seeds/fruit to group genotypes

of bottle gourd.

Hamdi et ai (2017) classified 15 winter squash genotypes based on seed

length/breath ratio into elliptical and round seeds. TTie seeds were white, cream to

light brown in colour.

Varietal identification of 30 cucumber cultivars using seed charactei^ viz.,

length, breadth, ca\'ity length and breadth and test weight was carried out by Pal et

al. (2017). They grouped the cultivars based on seed cavity length, seed cavity

breadth, seed length, seed breadth and hundred seed weight.

Orsenigo et ai. (2018) found appreciable variation in seed dimensions, shape,

colour, brightness and seed test weight in winter squash. They concluded that these

chai-acters could be used as key descriptors in cultivar characterisation and

identification.

2.2.1.2 Characterisation of plant characters

Systematic study ot genotypes based on most discriminating and feasible

agro-morphological characters i.e.. vegetative, reproductive and fruit of plants has
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been and continues to be, the most widely used approach for describing varieties de

mvo, varietal identification and monitoring purity.

Clearly visible morphological (plant, leaf and fiiiit) characters can be used to

distinguish between different varieties and hybrids of pointed gourd and also serve

in making varietal identities (Prasad and Singh, 1990; Kumar et al.y 1995; Hazra et

ai. 1998, Khan et ai, 2007 and Ara eta}.. 2012).

According to Rahman et al. (1991), fruit length and breadth along with days

to 50 % flowering (female) act as a real tool for varietal characterisation and

documentation.

Characterisation and evaluation of snake gourd {Tnchosanthes angnina)

genotypes pertaining to agronomic and morphological characters was carried out to

delineate the genotypes. Qualitative, flowering and fruiting features unveiled wide

range of variability statistically and proved useful in discerning cultivar differences

(Varghese, 1991; Banik, 2003 and Ara et al., 2013 and 2015).

Researchers across the world discovered that phenotypic parameters

facilitated characterisation and identification of genotypes among the

Cucurbitaceae family. For instance, significant difference in terms of fhiit length

(21.60 to 40.21 cm), fhiit diameter (22.30 to 47.11 cm) and thickness of fruit flesh

(11.37 to 39.95 mm) existed among 24 pumpkin genotypes. Among the genotypes,

the number of ffuiis/plant ranged between 1.50 and 4.28 with majority (45.80 %)

of fruits being elliptical (Balkaya et al., 2009b).

In 115 open pollinated genotypes of winter squash (C. maxifna), variation for

morphological characters was apparent for fruit shape (globular: 49.60 %, oval:

28.20 % and transverse elliptical: 22.20%). Fruit colour of the cultivars was mainly

dark green (60.70 %) and light green (20.50 %). A range of 21.20 to 55.10 mm,

26.00 to 49.80 cm and 35.10 to 56.50 cm was observed for flesh thickness, fruit

length and fruit diameter, respectively (Balkaya et al, 2010b).

>lo
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Ahmed ef al. (2011) characterised 21 pumpkin genotypes and found wide

variability in leaf length, number of fruits/plant, vine length, fruit yield, faiit shape

(elliptical, round and pyriform), fruit skin colour (green yellow to brown) and flesh

colour (whitish, greenish, orange and deep orange). These characters were highly

useful in distinguishing the cultivars.

Du et al. (2011) revealed existence of significant variations in leaf coloiir

(light green to dark green), Oesh colour of fruit (white to orange), fruit length (9.40

to 80.00 cm) and width (10.00 to 24.00 cm ) among 39 inbred lines of pumpkin in

China.

Kalyanrao el al. (2016) studied and documented genotypes of bottle gourd

for identification and conduct of GOT viz., vine, leaf, flower and fruit characters.

Fifteen genotypes studied portrayed a wide range of diversity in qualitative

characters including early plant vigour, stem pubescence, leaf size, fhiit shape,

peduncle separation from fruit, blossom end fruit shape, fruit skin colour and fhiit

pubescence. However, quantitative traits like length of petiole, peduncle, vine and

fhiit, days to 50 % flowering, fruit diameter and average fruit weight exhibited

notable variation, and hence proved less useful in delineating genetic difference

among genotypes. Such results were also reported earlier by Mladenovic et al.

(2012)

Ali-Shtayeh et al. (2017) collected data on flower, stem and fruit of snake

melon genotypes using a descriptor list with a set of predefined morphological

characters adopted by International Plant Genetic Resources Institute (IPGRI). Out

of the 17 traits (quantitative and qualitative) evaluated, seven were monomorphic

(fruit shape, skin texture, fruit hair, sex type, ovary shape, pubescence length and

hair density) and ten polymorphic. The polymorphic character examined in the

study could be used to establish a catalogue of snake melon cultivars.

Pumpkin varieties from Kenya were studied by Kiramana and Isutsa (2017a)

to distinguish them into distinct groups using numerous plant characters. Early
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vigour ranged from poor to vigouros, leaf shape was cordate in all varieties while,

leaf pubescence was soft, intermediate and hard. The leaves were green to dark

green in colour variation with silvery patches present in almost all the genotypes.

Early appearance of yellow coloured flowers were observed in majority of the

genotypes.

Kiramana and Isutsa (2017b) observed wide variations among 155 pumpkin

genotypes with respect to 50 % flowering, peduncle length, (short to long), number

of fruits per vine (1.00 to 13.00 fruits), fruit shape [short (7 cm) and narrow fruits

to long (36.00 cm) and wide fruits], fruit flesh thickness (10.50 to 42.50 mm),

immature fruit skin colour (pale green, green and dark colour), fruit shape (globular,

flattened, ovate, elliptical, pyriform pear-like, acorn), blossom and peduncle end

shapes (rounded, depressed, flattened or pointed) and size of scar at blossom end

(small to large). They concluded that these traits can be employed for

morphological characterisation and varietal identification of pumpkin cultivars.

Agro-morphological characterisation of 15 C. maxima genotypes revealed

significant differences in petiole length (29.03 to 48.65 cm). The male flowers

appeared early compared to female flower. The genotypes had yellow coloured

flowers in all cultivars and orange flesh coloured fruits. Variations were observed

with respect to thickness of flesh (3.00 to 7.30 mm) and rind (0.10 to 0.30 mm),

fruit weight (5.04 to 12.60 kg), fruit height (16.63 to 23.83 cm) and peduncle length

(2.00 to 9.40 cm). Most of the genotypes had broad transverse fruit shape (Hamdi

etaL 2017).

Pa! et ai (2017) investigated the uniqueness of 30 varieties by noting yield

and its contributing traits. Substantial difference was observed for almost all

quantitative parameters like node number bearing first female flower (4.53-24.07),

number of primary branches (1.60-8.24), days to first harvest (46.00-76.00),

average fruit weight (75.25-310.42 g), fruit length (8.83-21.22 cm), fhiit diameter

(2.89-5.56cm), mesocarp thickness (7.16-13.37 cm), marketable fruits/plant (1.57-

12.90), duration between first and last fruit harvest (12.00-37.67 days), vine length
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(209.31-323.37 cm) and TSS (3.80-5.38 °B), indicating importance of above

mentioned traits in grouping of varieties morphologically.

Phenotypic expression of 28 morphological traits was recorded among spine

gourd {Momordica dioicaj genot>'pe (Bhagat, 2017), Characters of leaf like

intensity of green colour^ length, pubescence of surface showed limited variation.

Fruit colour (immature and mature), shape, length, single fruit weight and fruit

yield/plant all indeed furnished greater variability. The study revealed that fruit

characters are very effective in classifying and identifying varieties from each other.

Nagaraju and Thiruvenkatasamy (2017) carried out genetic characterisation

of ash gourd {Benincasa hispida) using yield contributing characters. From the

study it was found that vine length, node at first female flower appearance, days to

50 % female flower opening, number of fruits per vine, yield per vine, average fruit

weight, polar diameter, equatorial diameter, flesh thickness etc. are important for

varietal identification.

Orsenigo et al. (2018) and Priori el al. (2018) separately diagnosed winter

squash (C maxima) cultivars and they demonstrated that attributes like weight,

shape and colour of fruit allowed cost effective and rapid identification and

classification of varieties.

An experiment on morphological characterisation of ivy gourd (22

genotypes) revealed that fruit characters viz.. fruit length, fruit weight and fruit

yield per plant were key traits useful in grouping genotypes (Saikia and Phookan,

2018).

Morphometric measurements for vegetative and reproductive parameters was

collected by Kumari el al. (2019) as per IPGRI descriptors in five varieties Luffa

acutangula and three varieties of L. aegyptiaca. Leaf length (LL) did not distinguish

varieties of I. aegypliaca. Leaf width, petiole length, first female flower node and

skin thickness , number of fruits per plant, fruit width, fruit girth, flesh thickness

remained incapable for classifying varieties of/., acutangula. However, these traits

13



helped grouping varieties of L aegyptiaca. Neither fruit length nor peduncle length

differed in varieties of both the species.

2.2.2 Characterisation and varietal identification using molecular

markers/DNA based markers

Intensive modem breeding technology has resulted in the advent of numerous

varieties and hybrids in crops with narrow genetic base. As they possess minimum

phenotypic variation, it makes morphological and biochemical markers insufficient

and difficult to u.se in identification. For unambiguous identification, molecular

tools developed during last few decades provided an efficient analysis of genotypic

variation. This is because genetic difference between individuals are encoded in

their genetic material and these molecular markers provide straightforward

comparison by determining the sequence polymorphism (Semagn ei al., 2006).

The chief breakthrough of DNA based molecular marker was driven by the

discovery of Polymerase Chain Reaction (PGR) invented by Kary Mullis in 1986.

Random Amplified Polymorphic DNA (RAPD), Amplified Fragment Length

Polymorphism (AFLP), Simple Sequence Repeats (SSR), Inter-Simple Sequence

Repeats (ISSR), etc. are the important PCR-based markers tuned after the

development of PGR technology which seems to be a best candidate for fine-scale

genetic characterisations.

Characterisation, varietal identification and diversity analysis of cucurbits was

executed using techniques including random amplified polymorphic DNA (RAPD)

(Stachel et al., 1998; Gwanama et al., 2000; Staub et al., 2000; Ferriol et al., 2003;

Dcy etal., 2006; Muralidhara and Narasegowda, 2014; Zhao etal., 2017), amplified

fragment length polymorphism (AFLP) (Garcia-Mas et al., 2000; Ferriol et al.,

2004; Martins et al., 2018) and so on. For the present study, ISSR and SSR markers

were used in order to characterise six pumpkin varieties.
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2.2.2.1 Characterisation using Inter-Simple Sequence Repeats (ISSR)

In early 1990s, several research groups (Meyer et ai, 1993; Gupta et al,

1994; Wu et ai, 1994; Zietkiewicz et ai, 1994) independently developed the

technique of ISSR markers. Inter-Simple Sequence Repeats (ISSR) are region in

the genome flanked by microsatellite sequence. During single primer PGR

amplification, it targets variation in the DNA between two identical, oppositely

oriented microsatellite loci present at an amplifiable distance. Inler-Simple

Sequence Repeats (ISSR) primer is the repetitive (Di, tri, tetra or pentanucleotide)

sequence complementary to microsatellite regions, either unanchored (Meyer et ai,,

1993 and Gupta et ai, 1994) or more usually anchored at 3' or 5' end with one to

four degenerate bases extended into the flanking sequences (Zietkiewicz et ai.

1994) can be used.

The efficacy of ISSR marker technique for molecular characterisation,

identification and assessment of genetic diversity and relationship of Cucurbita

genotypes was reported by investigators around globe (Heikal et al., 2008; Inan et

ai, 2012; Xanthopoulou et ai, 2015). With the advantage of using arbitrarily

designed primers (Joshi et ai. 2000), this multilocus, dominant marker with 86 per

cent to 94 per cent reproducibility, have been used for cultivar identification in

carrot (Briard et ai. 2001), groundnut (Raina et ai. 2001). rice (Dharmaraj et ai,

2018), wheat (Tungalag et ai, 2018), genetic purity testing in cotton, chilli etc.

(Dongre et al., 20II; Pujar et ai, 2017), to evaluate crop genetic diversity,

fmgerprinting etc. in crops like soybean, cashew, radish, broccoli etc. (Pradeep et

ai, 2002; Archak et ai, 2003; Liu et ai, 2008; Lu et al, 2009).

A study using six ISSR primers in 28 genotypes of squash (C. pepo)

produced 147 bands. Of these 108 bands (74 %) were polymorphic indicating that

the analysis with ISSR primers quickly identified and characterised squash varieties

(Paris e/<7/., 2002).

3\
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Thirty one (81.60 %) of the 38 ISSR primers efficiently differentiated 44

watermelon cultivars with limited genetic diversity by identifying significant

polymorphism (Levi etat., 2004).

Inter-Simple Sequence Repeats (ISSR) markers reflected presence of high

level of genetic variation among bitter gourd genotypes. Out of the 15 ISSR primers

used, four primers (UBC 854, UBC 855, UBC 856 and UBC 861) yielded 100 per

cent polymorphism. The degree of polymorphism revealed by UBC 840, UBC 854,

UBC 855, UBC 856, UBC 861 and UBC 890 was sufficient to identify all the

accessions examined (Singh et ai, 2007).

Parvathaneni et ai (2011) while characterising and accessing genetic

diversity of 13 genotypes belonging to Cucumis spp with 15 ISSR primers reported

UBC 825 as a highly informative ISSR primer with PIC value of 0.89.

Ninety three amplicons were obtained using 13 selected ISSR primers in 28

cultivars of ornamental pumpkin. Eighty-nine per cent of amplicons were

polymorphic and the similarity coefficient ranged from 0.31 to 0.99 (Shang et ai,

2012).

Santos et ai (2012), using 15 ISSR primers to study genetic diversity among

31 pumpkin (C. moschata) genotypes, observed an average of 8.40 fragments per

primer. In total 126 polymorphic and 11 monomorphic bands were obtained and

using this characterisation among genotypes was undertaken.

Analysis of genetic diversity in 42 bottle gourd accessions and characterising

them using 20 ISSR primers amplified 209 bands, of which 186 were polymorphic

registering 89.50 per cent polymorphism (Abdin et ai, 2014).

Rathod et ai (2015) concluded that ISSR markers produced specific DNA

fragments for identification of genotypes in an experiment to evaluate eight ridge

gourd and nine sponge gourd genotypes.

3>

16



Tomar et al. (2016) screened ampiificalion profiles for the presence of

polymorphism with 62 ISSR primers among 50 muskmelon genotypes. A total of

462 fragments were generated with an average of 7.50 fragments per primer.

Singh et al. (2016) successfully characterised and assessed diversity between

11 genotypes (parthenocarpic and monoecious) of cucumber using eight primers.

Six primers yielded 49 polymorphic alleles out of 57, indicating 88.88 per cent

polymorphism level.

According to Kaani and Siahchehreh (2017), eight ISSR in ten varieties

yielded 73 scorable bands, out of which 45 bands were polymorphic (61.60 %) with

similarity between varieties ranging fi-om 0.14 to 0.70.

Punetha et al (2017) used eight ISSR primers for screening 13 varieties of

cucumber in order to characterise and measure polymorphism. A total of 52 loci

were amplified using 6 primers that exhibited 92.30 per cent polymorphism. The

number of alleles produced by different primers ranged from 3 (UBC 809) to

11(UBC 855 and UBC 890) with an average of eight alleles per primer. Unique

bands were obsen^ed by the primers namely UBC 808 and UBC 855.

Characterisation of 43 Styrian pumpkin (C. pepo var. styriacdi) cultivars using

12 ISSR markers resulted in 100 per cent polymorphism (Amiri et at., 2017).

Investigation in 16 pumpkin (C. moschata) genotypes using five ISSR

produced 79 amplicons ranging in molecular size from 130 to 2140 bp revealing

the ability of ISSR markers to evaluate the genetic diversity and differences among

genotypes (Abdein, 2018).

As per Soghani et al (2018), in watermelon, 11 ISSR primers displayed

considerable polymorphisms in 38 genotypes. UBC 812, UBC 816, UBC 825 and

UBC 826 showed 88.88 per cent polymorphism and the PIC value ranged from 0.20

to 0.32.

23
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Molecular characterisation of 12 Turkish bitter gourd genotypes with 15 ISSR

created 113 bands and 59(52 %) of them were polymorphic (Karamane/oA, 2018).

2.2.2.2 Characterisation using Simple Sequence Repeats (SSR)

Simple sequence repeats (SSR) also known as microsatellites (Litt and Lutty,

1989) belongs to the repetitive DNA family and are species specific. They are

tandem repeats with short repeat motifs (1 -6 bp long monomer). These sections of

DNA contain repeating di, tri, telra or penta nucleotide units that are widely

distributed throughout the genome of the plants and animals (Powell etaL. 1996). SSR

are developed as markers by deducing the sequence of flanking region and with this

known sequence specific primers can be designed to amplify the microsatelliie by

PGR. Therefore, polymorphism or SSR allelic difference are the result of variation

of the number of repeats within the microsatellite structure.

Co-dominance Mendeiian inheritance, hyper variability, high genome

abundance with uniform dispersion, robustness, reproducibility all adds to the

strengths of SSRs (Morgante et ciL 2002).

Cultivar identification, purity testing and diversity analysis studies using SSR

were conducted in soybean (Meesang et ai. 2001), potato (Moisan-Thiery et al,

2005), mango (Tsai et ai, 2013), pineapple (Lin et ai, 2015), rice (Bhaskaran and

Umarani, 2016), maize (Chaudhary et ai, 2018).

Characterisation and polymorphism assessment among 104 accessions of C

pepo with 134 SSRs amplified a total of 418 alleles, spread among all 20 linkage

groups (Gong etai. 2012).

Genetic characterisation with 18 SSR markers revealed sufficient variability

among 51 genotypes. Marker amplification yielded 109 alleles totally with an

average number of alleles per locus of 6.06 and PIC value varied between 0.02 and

0.87 (Murovec, 2015). Similarly, ten SSRs out of 50 discriminated the landraces of

C. pepo by revealing 68 percent polymorphism (Ntuli et ai. 2015).
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The polymorphism in the molecular analysis among 21 C moschata

genotypes with six SSR markers amounted to 100 per cent (Martins et ai, 2015).

Similarly the results of work by Sim et ai (2015) suggested that 29 SSR markers

represent highly polymorphic loci and are able to detect genetic variations between

160 elite pumpkin cultivars. The highest number of alleles was found in the

CMTrn? marker (14), with> 10 alleles delected by CMTm80(13), CMTml 19(12),

CMTml28 (12), CMTmlS (11), CMTm35 (10), CMTm48 (10) and CMTml62

(10). The PIC values of the markers varied considerably, ranging from 0.48

(CMTm63) to 0.89 (CMTrn?) with an average of 0.69 in the 160 pumpkin,

Liu et al. (2013) reported that SSR marker based characterisation of 66

accessions was useful in analysing genetic diversity of C. maxima. The study stated

that SSRs like CMTm20, CMTrn 144, CMTm232 with high PIC value had the

potential for identification of cultivars.

Characterisation of 19 pumpkin genotypes with five SSRs amplified 14

polymorphic bands in all (Miladinovic et ai. 2016).

Twenty three Citcurbita conser\'ed genomic SSRs used for analysis of 85

genotypes of C. maxima helped in detecting genetic diversity patterns and grouping

of genotypes. Six markers that were tested in this study (CMTrn?, CMTml9,

CMTm20, CMTm48, CMTm60, and CMTm61) was suggested to be highly

effective for pumpkin and squash cultivar identification (Kazminska eta/., 201?).

Barman and Anshumali (2018) suggested the usefulness of SSR markers in

assessing genotypic polymorphism. They screened 60 North Eastern cultivars using

20 SSR molecular markers. The 20 markers together generated 323 amplicons with

PIC valued ranged from 0.31 to 0.91. They detected nine SSR markers that

exhibited allelic frequency of less than 5 percent.
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2.3 UNA fingerprinting using molecular profiles

It is a technology used to identify an organisms through their DNA that

contains the blueprint of its characteristics.

Since its development, DNA fingerprinting has been used in diverse scientific

arenas such as forensic investigations, anthropological genetics (for interpreting the

origin and evolutionary history of humans), zoology (in documenting genetic

variation levels both in rare and endangered species), botany (genotype

identification and variations among wild and cultivated species, protection of

biodiversity etc.) and agriculture among others to derive benefits from this profiling

research (Garcial and Mine, 2017).

The DNA fingerprinting technology has opened the door for precise method

of varietal identification and genetic purity analysis compared to conventional

approaches. In the era of Intellectual Property Rights (IPR), patenting and piracy of

genetic materials, proper and precise identification and cataloguing of germplasm

is gaining utmost importance. Similarly, increasing the availability of true to type

seeds by seed sector is a fanner and environment friendly option for boosting up

agriculture production.

Conventionally, morphological characteristics at various growth stages of

crop via grow out test and later on biochemical methods like isozyme analysis and

seed protein eleclrophoresis were used for genetic purity estimation and

distinguishing varieties. Along with these criteria, PGR based DNA fingerprinting

offering several advantages open up new avenues and platform to establish an

identity of genotype without any ambiguity (Morell e! ai, 1995). Substantial

achievements using DNA fingerprinting technique as a supplementary information

of a genotype, made PPV & FR authority to take in DNA fingerprint as an additional

mandatory requirements for the release of new crop varieties by Central Variety

Release Committee.

3b
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DNA fingerprinting is identified as an effective substitute to (iOT for purity

estimation even at seed level as it can provide accurate, cost effective results to

detect the off-types in the seed lot present either through contamination or wilful

deception. It is also proved to be time-saving with which seeds can be marketed for

immediate cultivation as it takes less than a week for testing thereby saving the cost

of storage for next season. Seed industry make use of DNA profiling via molecular

markers as a supportive test for GOT because the results are in parallel with

morphological markers based field plot test.

Several recent studies by scientists community worldwide elicits the use of

DNA fingerprinting via molecular markers in cultivar differentiation and purity

determination in several crops (Korir el aL 2013 in tomato, Bhattacharjee et al.,

2018 in sesame, Christ et aL, 2018 in piper, Lee et ai., 2018 in onion, Pattanaik et

aL, 2018 in cauliflower, Ragul et a!.. 2018 in cowpea. Sultana et ai. 2018 in brinjal,

Ishaq et aL, 2019 in rice, Mannino et ai.. 2019 in pista, Raatz et ai.. 2019 in bean).

Establishing DNA fingerprints of various crops of Cucurbitaceae family

using both PGR and non- PGR based molecular markers has been done for the

purpose of purity determination and varietal identification.

Alam et al. (2012) tried a combination of six RAPD markers on five

commercial snake gourd varieties to construct unique fingerprints.

Twenty-two cultivars of Trichosanthes dioica Roxb. from various agro-

climalic regions of India were fingerprinted using RAPD (37 nos.) and ISSR (15

nos.) markers. The study revealed that RAPD and ISSR markers could provide a

practical and efficient tool in quality control of the T. dioica. These can prove useful

to protect the plant breeder's rights as they are reliable and repeatable (Goswami

and Tripathi, 2010).

Gao et aL (2012) constructed fingerprint database and quick response (QR)

codes of 471 Chinese melon selecting 470 polymorphic SSRs to provide an
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evidentiary support of seed quality appraisal which help in preventing homonyms

and synonyms in melon seed market.

Out of 20 SSR makers used for DNA profiling of 20 bottle gourd varieties,

ten primers exhibited polymorphic profiles. Of these 10 primers, five SSRs

provided unique profile of all the genotypes, making it feasible to differentiate

unambiguously the varieties respectively (Sarao et ai, 2014).

The DNA fingerprints of a bitter gourd cultivar Xiuyu 1 and its parents were

analysed using ISSR primers. lSSR-845 could distinguish the male parent from Fi

hybrid and the female parent, while ISSR-891 could distinguish the female parent

inbred line from Xiuyu 1. The seed purity test with these markers gave the same

result as of field trials based on morphological identification (Chen ei al, 2015).

Fifty-two microsatellite markers were employed to fingerprint three hybrids

and their parental lines in bottle gourd. Three SSR markers were found to be

polymorphic across the hybrids and produced unique fingerprints for each of the

three hybrids. The results indicated that microsatellites are excellent genomic tools

for parentage confirmation and hybridity determination (Ghatage et at., 2017).
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3. MATERIALS AND METHODS

In seed production programmes, proper varietal identification plays an

important role in order to maintain the genuineness and quality of seed. Hence, a

proper description of varieties at the morphological and molecular level would

serve as a reliable identification tool in seed production programmes. Considering

the importance of establishing cultivar identity, the present investigation envisaged

characterisation of six varieties of pumpkin in seed chain using morphological and

molecular markers. The details of experiments, materials used and methods

followed in the study are described hereunder.

3.1 Location

The experiment was conducted during December, 2018 to April, 2019 using

the field and laboratory facilities of the Department of Seed Science and

Technology, College of Horticulture, Kerala Agricultural University, (KAU),

Vellanikkara, Thrissur, located 40 m above MSL between 10° 54' North latitude

and 76° 28' East longitude.

3.2 Climatic conditions

The experimental location experiences a humid tropical climate. During the

study period, relative humidity varied between 63 per cent (December 2018) and

70 per cent (April 2019). No rainfall was received during the study period, except

in April 2019 (76.40 mm). The monthly mean maximum temperatures ranged from

33.00 °C in December 2018 to 36.20 °C in April 2019, while, the mean minimum

temperature varied bet\veen 22.50 °C in December 2018 and 25.50 °C in April

2019.

3.3 Experiment materials

The study material comprised of six varieties of pumpkin. Tlie details are

catalogued in Table 1.
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Table 1: Details of six pumpkin varieties and its source

Treatment Variety Seed source

T1 Ambili
Regional Agricultural Research Station (RARS),

Pattambi

T2 Saras Kerala Agricultural University (KAU), Thrissur

T3 Suvama Kerala Agricultutal University (KAU), Thrissur

T4 CO-1
Tamil Nadu Agricultural University (TNAU),
Coimbatore

T5 CO-2
Tamil Nadu Agricultural University (TNAU),
Coimbatore

T6 Arka Chandan
Indian Institute of Horticultural Research (IIHR),
Bengaluru

3.4 Experiment details

Morphological characterisation and genotyping of pumpkin cultivars were

done. The experimental details are enumerated below.

3.4.1 Experiment 1: Morphological characterisation of pumpkin varieties

The experiment was laid out in Randomised Block Design (RBD) with six

treatments (varieties) and four replications in the field facility of Department of

Seed Science and Technology, College of Horticulture. Pits of 60 cm diameter were

aligned along the plot area. The field was divided into 24 sub-plots for the

randomised application of four replications of the six treatments. A spacing of 3 m

between rows and 2 m between pits was ensured in each sub-plot of size 3 m x 6 m

in order to accommodate 24 plants (3 plants/pit). The seeds of six varieties were

soaked separately in water overnight and sown in the respective sub-plot during the

first week of December 2018. Agronomic and plant protection practices were

adopted as per the Package of Practices (POP) Recommendations of Kerala

Agricultural University (KAU POP, 2016) to raise a good crop (Plate 1).
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3.4.1.1 Morphometric observations evaluated for characterising the varieties

Observations on morphological characteristics (qualitative and quantitative)

at the appropriate stage of growth in each variety were recorded as per the National

Test Guidelines for DistincUiess, Uniformity and Stability (PPV & FRA, 2017) and

NBPGR descriptors (Srivastava et al, 2001). For each metric traits, measurements

were recorded on five randomly selected plants per replication in each variety and

the average was computed.

3.4.1.1.1 Seedling characters

3.4.1.1.1.1 Cotyledon length (cm)

Length of completely unfolded cotyledon leaf was recorded using a meter

scale in the tagged plants in each replication of a treatment. The grouping of

varieties using mean value expressed in centimetres were as follow;

States Length

Short <4.50 cm

Medium 4.50-5.50 cm

Long > 5.50 cm

3.4.1.1.1.2 Coty ledon width (cm)

Width of fully expanded cotyledon leaf of all varieties was measured in

centimetres and the average computed. Based on mean cotyledon width, varieties

were classified into the following groups:

States Width

Narrow <2.50 cm

Medium 2.50-3.50 cm

Broad > 3.50 cm
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3.4.1.1.2 Early plant vigour

The early plant \ igour was determined based on a number of leaves scored

visually after 30 days of sowing and the varieties grouped into the following classes:

Category Note

Poor 3

Good 5

Very good 7

Others 99

3.4.1.1.3 Tendril characteristics

3.4.1.1.3.1 Tendril

During the flowering stage, presence or absence of tendril was recorded

visually in each variety.

Note Category

0  Absence

1  Presence

3.4.1.1.3.2 Tendril type

Nature of tendril was observed visually in all the six varieties during the

flowering phase.

Note Category

1  Coiled

2  Straight

99 Others
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3.4.1.1.3.3 Tendril branchina
t»

Branching habit of the tendril in the varieties was examined during the

flowering.

Note Category

1  Unbranched

2  Branched

99 Others

3.4.1.1.3.4 Tendril stalk length (cm)

Stalk length of tendril (5 nos.) per tagged plant in each treatment was

measured and the average is expressed in centimetres.

3.4.1.1.4 Leaf characteristics

3.4.1.1.4.1 Leaf blade length (cm)

It was measured in centimetres from the base of the leaf blade to the tip of

the fully developed leaf between the 15'^ and 20'*^ node in tagged plants, using a

meter scale. Based on the average length of the leaf blade, varieties were grouped

into three categories:

States Length of leaf blade

Short < 15 cm

Medium 15-20 cm

Long > 20 cm
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3.4.1.1.4.2 Leaf blade width (cm)

Leaf blade width in centimetres was measured from the widest end of the

fully developed leaf (2 nos.) per tagged plant between the 15'^ and 20^ node using

a meter scale. Based on the average width of the leaf blade, varieties were grouped

into three categories:

States Width of leaf blade

Narrow < 15 cm

Medium 15-20 cm

Broad > 20 cm

3.4.1.1.4.3 Petiole length (cm)

At full foliage stage, five random leaves in the middle section of the vine in

each tagged plant were selected and the length of the petiole was measured in

centimetres using a meter scale. Based on petiole length, the varieties were grouped

as follows:

States Petiole length

Short < 12 cm

Medium 12-18 cm

Long > 18 cm

3.4.1.1.4.4 Leaf shape

Leaf shape was recorded at full foliage stage and classified as follows:

Note Categorj'

1  Cordate

2  Oblong
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3  Ovate

4  Obovale

5  Orbicular

99 Others

3.4.1.1.4.5 Leaf margin

Based on leaf margin patterns during full foliage stage, the varieties were

grouped as:

Note Category

1  Entire or very weakly incised

2  Weakly incised

3  Moderately incised

3.4.1.1.4.6 Leaf blade colour (upper side)

At fiill foliage stage, the colour of the leaf blade of each variety was

determined using the Royal Horticultural Society (RHS) colour chart. The grouping

was done as:

Note Colour

3  Light green

5  Medium green

7  Dark green

3.4.1.1.4.7 Leaf blade silver patches

Presence or absence of silvery patches on the upper surface of leaves of each

variety was recorded visually. Scoring was given as 1 for presence and 0 for

absence.
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3.4.1.1.4.8 Leaf pubescence density

Leica-EZ4D stereomicroscope equipped with Leica Application Suite

(LAS) image analysing software was used to observe pubescence on leaves of each

variety at 12.5X magnification.

The density of pubescence on leaves was measured from a marked area of

1 mm' digitally using Digimizer image analysing software (Plate 2). Counts were

taken from three dilTerent points on each leaf and the averages were worked out.

3.4.1.1.5 Flower characteristics

3.4.1.1.5.1 Node number at which first female flower appears

The node number from cotyledonous leaves at which the first female flower

appeared was noted in the tagged plants and the mean computed.

3.4.1.1.5.2 Days to 50 per cent flowering

A number of days from sowing to the day when 50 per cent of the plants in

a replication showed at least one opened female flower was noted. The data was

collected in all replications of each treatment and averaged.

3.4.1.1.6 Fruit characteristics

3.4.1.1.6.1 Colour of immature fruit skin

Assessment of fhiit colour during the immature stage was done in the field

by referring to the RHS colour chart. Depending on the colour, the fruits were

categorised as follows:

Note Colour

1  Cream

2  Lieht ereen

30



3  Medium green

4  Dark green

3.4.1.1.6.2 Fruit shape

Fruit shape in each variety was determined by comparing with the images

given in the descriptor list of pumpkin in National Test Guidelines for Distinctness,

Unifonnity and Stability (PPV & FRA, 2017).

.Note Shape

1 Heart shape

2 Round flat

3 Oval or oblong

4 Rectangular

5 Spherical

6 Pear shaped

7 Club shaped

8 Cylindrical

99 Others

3.4.1.1.6.3 Fruit shape at peduncle end

Fruit shape at peduncle end of each variety was determined by comparing

with the images given in the descriptor list of pumpkin in National Test Guidelines

for Distinctness, Uniformity and Stability (PPV & FRA, 2017).

Note Shape at peduncle end

1  Raised

2  Flat
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3  Moderately depressed

4  Strongly depressed

3.4.K1.6.4 Fruit shape at blossom end

Fruit shape at the blossom end of each variety was determined by comparing

with the images given in the descriptor list of pumpkin in National Test Guidelines

for Distinctness, Unifonnity and Stability (PPV & FRA, 2017).

Note Shape at blossom end

1  Depressed

2  Flat

3  Raised

3.4.1.1.6.5 Diameter of scar at blossom end (cm)

Horizontal diameter of blossom end scar of fruits from the tagged plants

was measured in centimetres and the average computed. The grouping based of

blossom end diameter is described below:

States Diameter of scar

Short < 1 cm

Medium 1-2 cm

Large > 2 cm

3.4.1.1.6.6 Peduncle length (cm)

The length of peduncle in centimetres was recorded from all the fiuits in the

tagged vines during the marketable stage. Based on average values^ they were

categorised into three groups:

So
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States Peduncle length

Short < 5 cm

Medium 5-10 cm

Long >10cm

3.4.1.1.6.7 Fruit length (mature stage) (cm)

The length of fruits in a vine was measured using a thread and further in

meter scale from peduncle end (stalk end) to blossom (distal) end at physiological

maturity and the average computed and categoriesed as follows:

States Fruit length

Short < 12 cm

Medium 12-20 cm

Long 21-30 cm

Very long > 30 cm

3.4.1.1.6.8 Fruit circumference (mature stage) (cm)

The circumference of each fruit was measured using a thread and further in

meter scale at the widest point horizontally across the fhiit and the mean value was

calculated and expressed in centimetres.

3.4.1.1.6.9 Number of ribs/fruit

A total number of ribs (ridges) per fhiit was counted at a full mature stage

and averaged.

3.4.1.1.6.10 Length of flare (cm)

Flare length of each fruit obtained from lagged plants was measured and the

average tabulated in centimetres.
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3.4.1.1.6.1 ] Colour of mature fruit skin

Assessment of fruil colour during the mature stage was done referring to the

RHS colour chart. Depending on the colour, the categories are as follows:

Note Colour

1  Cream

2  Green witli creamy patches

3  Orange

3.4.1.1.6.12 Waxiness of mature fruit skin

Waxiness of fruit skin was determined by touching and scratching the skin

and recorded either as presence or absence.

3.4.1.1.6.13 Fruit diameter (mature stage) (cm)

Fruits were cut open in the middle at the vertical axis and the diameter was

measured horizontally at the widest point across the fruit and the average is

expressed in centimetres.

States Fruit diameter

Short < 15 cm

Medium 15-30 cm

Large > 30 cm

3.4.1.1.6.14 Seed cavity diameter (cm)

After cutting the fruit, the horizontal diameter of the seed cavity was

measured using a meter scale at the widest point and the average was expressed in

centimetres.
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3.4.1.1.6.15 Rind thickness (mm)

The thickness of rind from fruits of each variety was measured using vernier

calliper and the average is expressed in millimetres.

3.4.1.1.6.16 Fruit flesh thickness (cm)

Fruits were cut open longitudinally and the thickness of flesh was measured

at the widest point using meter scale and the average was expressed in centimetres.

States Flesh thickness

Thin < 2.50 cm

Medium 2.50-4.50 cm

Thick >4.50 cm

3.4.1.1.6.17 Colour of fruit flesh

Colour of fruit flesh of each variety was assessed by comparing it with the

RHS colour chart. Depending on the colour, variety can be grouped into creamy

white, yellowish orange, greenish orange or dark orange.

3.4.1.1.6.18 Number of fruits/plant

Fruits obtained per vine in each harvest from each tagged plant in each

replication were counted and added.

3.4.1.1.6.19 Fruit yield/plant (kg)

Total weight of all the fruits per vine was obtained and expressed in

kilograms (kg). The data was col lected from each tagged plant per repl icalion of all

the treatments and averaged to obtained fruit yield/plant.

53
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3.4.1.1.7 Plant main vine length (m)

Using a measuring tape, the length of the vine in each tagged plant was

measured at the end of the season from the base to the tip of the plant and the

average expressed in metres.

States Vine length

Short < 3.00 m

Medium 3.00-4.50 m

Long > 4.50 m

3.4.1.1.8 Seed characters

3.4.1.1.8.1 Seeds per fruit

The seeds from the harvested fruits were extracted manually and the total

number of seeds per fruit was counted using seed counter and the average was

worked out.

3.4.1.1.8.2 Seed length (cm)

Ten seeds were randomly picked from the seed lot of each observational

fruit and the seed length was measured using digital Vernier calliper (Plate 3) and

the average was expressed in centimetres.

States Seed length

Short < 1.20 cm

Medium 1.20-1.60 cm

Long >1.60 cm

36



3.4.1.1.8.3 Seed width (cm)

Ten seeds were randomly picked from the seed lot of each observational

fruit and the seed width was measured using digital Vernier calliper (Plate 3) and

the average was expressed in centimetres.

States Seed width

Short < 0.60 cm

Medium 0.60-0.90 cm

Long > 0.90 em

3.4.1.1.8.4 Seed thickness (cm)

Ten seeds were randomly picked from the seed lot of each observational

fruit and the seed thickness was measured using digital Vernier calliper (Plate 3)

and the average was expressed in centimetres.

3.4.1.1.8.5 Seed coat colour

The coat colour of seeds of each variety was assessed by comparing it with

RHS colour chart. Depending on the colour, variety can be grouped into cream,

yellow, white or brown.

3.4.1.1.8.6 Hundred seed weight (g)

After proper drying, the weight of 100 randomly picked seeds from each

fhiit in the tagged plants was recorded and the average tabulated in grams.

3.4.1.1.8.7 Seed volume (ml)

The volume of water displaced by 100 seeds was quantified thrice and the

average computed as seed volume and expressed in millilitres.
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Plate 2. Densit>' of pubescence on leaves at 12.5 X magnification

Plate 3. Measuring the dimensions of seed (a) Seed length, (b) Seed width, (c) Seed

thickness
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3.4.2 Experiment 2: Genotyping of pumpkin varieties using molecular

markers

Molecular characlerisation and DNA fingerprinting of six varieties were

accomplished using Inter Simple Sequence Repeats (ISSR) and Simple Sequence

Repeats (SSR).

3.4.2.] Laboratory chemicals, glassware and equipment

The AR (analytical reagents) grade chemicals (extra pure) from Sisco

Research Laboratories (SRL) and plastic wares from Tarson India Ltd. were used

for the study. The PGR master mix was procured from Genei Pvt. Ltd., Bangalore,

while, the ISSR (Inter Simple Sequence Repeals) and SSR (Simple Sequence

Repeats) primers used in the study were synthesised by Sigma Aldrich Chemicals

Pvt. Ltd., Bangalore.

For centrifugation, high-speed refrigerated centrifuge (Eppendorf 5804 R)

was used. The DNA quality and quantity estimation were done using Nanodrop

Spectrophotometer (Jenway- Genova Nano) and PGR amplification was done using

Applied Biosystems Verti thermel cycler PGR machine. Horizontal gel

electrophoresis unit by Bio-Rad, USA, was employed to carry out Agarose gel

electrophoresis.

3.4.2.2.Genomic DNA isolation

3.4.2.2.1 Reagents used

1. CTAB extraction buffer (2 %)

•  2 per cent CTAB (w/v)

•  100 wA/Tris (pH 8.0)

•  20wA/EDTA(pH8.0)

•  ].4.WNaGl

2. Poly\'inylpyiTo!idone (1 %)
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3. p mercaptoethanol (10 mM)

4. Chloroform: Isoamyl alcohol (24:1 v/v)

5. Isopropanoi (100%)

6. Ethanol(70%)

7. Sterile autoclaved distilled water

3.4.2.2.2 Procedure for extraction of genomic DNA

The DNA was isolated by following the CTAB protocol of Doyle and Doyle

(1987) with the slight modifications of buffer concentration. In about three-four

weeks old plants, newly flushed tender leaves were collected early morning from

the lip of the vine. The extraction of genomic DNA was done using the following

protocol.

1. Young tender leaf samples from each variety were collected in an

aluminium foil, marked and transported immediately to the laboratory

inside an icebox.

2. Before the start of DNA extraction, the autoclaved mortar and pestle needed

to be pre-chilled and the CTAB buffer (2 %) was pre-warmed by keeping in

hot water bath at 60 °C

3. From the collected leaf samples, 0.5 g was weighed out and sterilised using

70 % ethanol. Leaves were cut into small pieces using sterile scissors,

ground to a fine paste in a pre-chilled mortar and pestle using 1 ml CTAB

buffer along with 50 pi of p mercaptoethanol and a pinch of PVP.

4. Homogenised samples (1 ml) were transferred to autoclaved 2 ml centrifuge

tube marked and incubated at 65 °C in water-bath for 40 min. with gentle

inversion every 10 min. interval.

5. Afier incubation, the tubes were taken out and an equal volume (1 ml) of

chilled chloroform: isoamyl alcohol (24:1) was added, inverted to mix and

emulsify the contents. The contents were then centrifuged at 12,000 rpm for

15 min. at 4 X

6. After centrifugaiion. the contents were separated into three distinct layers.

6%
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a) Aqueous lopmosi layer: containing DNA and RNA

b) Interphase: containing fine particles and proteins

c) Lower layer: containing chloroform and some pigments

7. The tubes were taken out from the centrifuge without disturbing the friree

layers and the top aqueous layer was carefully transferred to a fresh

centrifuge tube. To this, an equal volume of chloroform: isoamyl alcohol

(24:1) mix was added.

8. The content was mixed well with gentle inversions and cenlrifuged at

12,000 rpm for 15 min. at 4 °C

9. After centrifugation, the tubes were taken out and the topmost layer was

carefully transferred to a new centrifuge tube. To this, 2 pi of RNase was

added and incubated in the water bath at 37 for 15 min.

10. After incubation, an equal volume of chloroform: isoamyl alcohol (24:1)

was added and centrifliged at 12,000 rpm for 15 min. at 4 °C

11. On centrifugation, the aqueous phase was carefully transferred to a new 1.5

ml centrifuge tube. About 500 pi of chilled isopropanol was added and the

tubes were incubated at -20 °C for two hours.

12. After incubation, the tubes were centrifuged at 10,000 rpm at 4 °C for ten

minutes.

13. Then, the supernatant was discarded and to the pellet, 700 pi of 70 per cent

ethanol was added. Then the tubes were centrifuged at 10,000 rpm for five

min. at4 °C

14. The 70 % ethanol wash was repeated. After centrifugation, the supernatant

was discarded without disturbing the pellet.

15. The pellets were dried until all the ethanol got evaporated and was dissolved

in 50 pi autoclaved double distilled water.

16. The lubes were gently tapped to dissolve pellet completely and then the

DNA samples were stored at -20 °C
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3.4.2.3 Quality and quantity estimation of DNA

The purity and quantity of the DNA were estimated using a Nanodrop

Spectrophotometer (Jenway- Geneva Nano). Since the absorption maxima for

nucleic acid and proteins are at 260 and 280 nm, respectively, absorbance was

recorded at both the wavelengths and purity of the sample was estimated using the

OD260/OD280 ratio. The DNA sample was considered to be pure if the

OD260/OD280 value was between 1.8 and 2.0. Values below 1.8 and above 2.0 are

due to contamination by protein and RNA, respectively. The concentration of DNA

in the sample was estimated using the relation, I OD at 260 nm = 50 ng DNA/pI,

hence, OD260x50 gave the quantity of DNA (ng/pl).

3.4.2.3.1 Procedure

1. The lid of spectrophotometer was opened, and the sampling arm and the

pedestal were wiped with tissue paper to remove any dust particles.

2. The reading was set to zero with a blank sample (double distilled water).

3. One pi of the test sample was loaded on to the pedestal and the measure

option selected and readings recorded.

4. After the measurements, the pedestal was wiped clean with 70 per cent

ethanol using a soft laboratory wipe.

3.4.2.4 Agarose gel electrophoresis

3.4.2.4.1 Reagents used

1. Agarose (0.8 %)

2. 50X TAE buffer (pH 8.0)

a) Tris buffer (1

b) Glacial Acetic acid

c) 0.5A/EDTA

3. Tracking/loading dye (6X)

4. Ethidium bromide (stock 10 mg/ml, working concentration 0.5 pg/ml)

uo
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3.4.2.4.2 Procedure

1. The gel was prepared by adding 0.8 g of agarose in 100 ml oflX TAE buffer

in a glass conical flask. The mixture was heated in a microwave oven until

all the agarose particles were completely dissolved and a clear solution was

obtained.

2. The gel casting tray \\'as placed appropriately in a gel caster and the movable

wall was adjusted such that the gel casting tray was closed at both ends. A

comb was selected depending on the number of samples to be

electrophoresed and positioned on the grooves provided on the gel casting

tray.

3. The solution was allowed to cool down to 50 °C and the required the amount

of ethidium bromide (1 pI/IO ml of gel) was added and mixed well. The

warm gel was then poured into the gel casting tray and left to solidify for 20

min. at room temperature.

4. Special care was taken to avoid any air bubbles near the wells or on the gel.

5. Once the gel was solidified, a small amount of IX TAE was poured on top

of the gel and the comb was removed carefully without breaking the gel. The

TAE solution was discarded and the gel along with the tray was kept inside

the electrophoresis tank with the wells on the negative electrode side.

6. The electrophoresis tank was filled with IX TAE sufficient enough to

submerge the wells.

7. Tlie samples to be electrophoresed were prepared by mixing 5 pi of the DNA

sample with 1 pi of 6X gel loading dye. After mixing, the total volume of 6

pi was loaded into individual wells.

8. The samples were electrophoresed at 75 volts until gel tracking dye reached

two third of the gel length.
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3.4.2.5 Gel documentation

Documentation of the electrophorescd gel was done under UV with gel

documentation system (GeNei TM- UVITEC Fire Reader, Merck, UK+ Dell

computer system)

3.4.2.6 ISSR and SSR ampliflcation

3.4.2.6.1 Preparation of reaction mixture for thermal cycling of ISSR

The reaction mixture consisted oftemplate DNA, PGR master mix and ISSR

primer. The desired number of PGR cycles, time and temperatures for denaturation,

annealing and extension were standardised based on the primers used (Table 2) and

the conditions were programmed and saved in the thermal cycler (model- AB

Applied Biosystems Verti thermal cycler).

3.4.2.6.2 Thermal cycling of ISSR

1. PGR microcentrifuge tubes (0.2 ml) were numbered from 1 to 6.

2. 2.0 pi of template DNA from individual variety was added to each tube.

3. 16.5 pi of the master mix was added to all the lubes and was given a short

spin to mix the contents.

Thermal cycling was carried out with 20 pi reaction mixture. The composition

of the reaction mixture is detailed below

a. Genomic DNA (25 ng/pl) 2.0 pi

b. PGR master mix 16.5 pi

c. Primer {10 pM) 1.5 pi

Total reaction volume 20.0pl

4. The tubes were placed in the thermal cycler for 35 cycles of PGR. The PGR

programme followed was as follows:

t.v
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a. 94°Cfor4min.

b. 94 °C for 45 sec.

c. 50 °Cto 55 °Cfor I min.

d. 72 °C for 2 min.

e. 72''C for 8 min.

f. 4 °C hold for infinity

Initial denaturalion

Denaturation

Primer annealing

Primer extension

Final extension

Storage

35 cycles

5. Samples were held at 4 °C in the thermal cycler followed by storage at -20

°C until the contents were loaded on to the gel for electrophoresis.

6. The PCR amplified products were electrophoresed on 1.8 per cent agarose

gel at 70 volts. A ProxiO 100 bp DNA Ladder Plus (SRL) was used. The

gel profile was visualized under UV and was saved for further analysis.

Table 2. List of ISSR primers used for screening

Si.

No.
Name Sequence (5'-3')

Annealing

temperature

rc)

1 Oligo ISSR 04 ACACACACACACACACC 53.30

2 Oligo ISSR 05 CTCTCTCTCTCTCTTG 42.40

3 Oligo ISSR 07 CTCTCTCTCTCTCTTG 42.40

4 UBC-807 AGA GAG AGA GAG AGA GT 54.00

5 UBC-808 AGAGAGAGAGAGAGAGC 54.00

6 UBC-809 AGAGAGAGAGAGAGAGG 54.00

7 UBC-810 GAG AGA GAG AGA GAG AT 52.70

8 UBC-811 GAGAGAGAGAGAGAGAC 53.00

9 UBC-812 GAGAGAGAGAGAGAGAA 51.50

10 UBC-813 CTCTCTCTCTCTCTCTT 50.50

11 UBC-814 CTCTCTCTCTCTCTCTA 49.00

12 UBC-815 CTCTCTCTCTCTCTCTG 52.70

13 UBC-816 CACACACACACACACAT 52.00

14 UBC-818 CTCTCTCTCTCTCTCTG 52.20

15 UBC-822 TCTCTCTCTCTCTCTCA 49-50
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Table 2 continued

SI.

No.
Name Sequence (5'-3')

Annealing

temperature

rc)

16 UBC-823 TCTCTCTCTCTCTCTCC 50.50

17 UBC-825 ACACACACACACACACT 52.00

18 UBC-826 ACACACACACACACACC 45.70

19 UBC-827 ACACACACACACACACG 54.90

20 UBC-834 AGAGAGAGAGAGAGAGCT 51.00

21 UBC-835 AGAGAGAGAGAGAGAGCC 53.00

22 UBC-836 AGAGAGAGAGAGAGAGYA 54.00

23 UBC-841 GAGAGAGAGAGAGAGACC 50.50

24 UBC-844 CTCTCTCTCTCTCTCTRC 50.60

25 UBC-846 CACACACACACACACAAT 45.10

26 UBC-847 CACACACACACACACARC 46.00

27 UBC-854 TCTCTCTCTCTCTCTCRG 51.40

28 UBC-855 ACACACACACACACACYT 60.50

29 UBC-857 ACACACACACACACACYG 51.60

30 UBC-866 CTCCTCCTCCTCCTCCTC 60.50

31 UBC-868 GAAGAAGAAGAAGAAGA 47.80

32 UBC-880 GGAGAGGAGAGGAGA 49.10

33 UBC-890 AGCACTAGCGTGTGTGTGTGTGT 50.90

3.4.2,6.3 Preparation of reaction mixture for thermal cycling of SSR

The reaction mixture consisted of template DNA, PCR master mix and SSR

primer (forward and reverse). The desired number of PCR cycles, time and

temperatures for denaluration, annealing (AT) and extension were standardised

based on the primers used (Table 3) and the conditions were programmed and saved

in the thennal cycler (model- AB Applied Biosystems Verti thermal cycler).
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3.4.2.6.4 Thermal cycling of SSR

1. PCR microcentrifuge tubes (0.2 ml) were numbered from 1 to 6.

2. 1.0 of template DNA from individual variety was added to each tube.

3. 7.0 |il of the master mix was added to all the tubes and was given a short

spin to mix the contents.

Thermal cycling was carried out with 10 pi reaction mixture. The composition

of the reaction mixture used is detailed hereunder:

a. Genomic DNA (25 ng/pl)

b. PCR master mix

c. Primer (10/?A/)

Total reaction volume

1.0 pi

7.0 pi

1.0 pi each of forward and

reverse primer

lO.OpI

4. The tubes were placed in the thermal cycler for 30 cycles of PCR.

The PCR programme followed is detailed below:

a. 94°Cfor4min.

b. 94 °C for 45 sec.

c. 50 °Cto 55 °Cfor 1 min.

d. 72 °C for 2 min.

e. 72°Cfor8min.

f. 4 °Chold for infinity

Initial denaturation

Denaturation

Primer annealing

Primer extension

Final extension

Storage

30 Cycles

5. Samples were held at 4 °C in the thermal cycler followed by storage at -20

until the contents were loaded on to the gel for electrophoresis.

6. The PCR amplified products were electrophoresed on 2.0 per cent agarose

gel at 70 volts. A ProxiO 100 bp DNA Ladder Plus (SRL) was used. The

gel profile was visualized under UV and was saved for further analysis.
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3.4.2.7 Observations recorded

The gel profiles of individual ISSR and SSR primer were carefully observed

and well resolved bands were scored for the presence or absence of band and this

data was used for further analysis. The analysis of the molecular weight of PGR

images was done by using Navigating ID MAX Fire reader software, UVITECH

Cambridge.

3.4.2.7.1 Nature of amplincation

UVITEC Fire Reader software, gel documentation system was used to

capture the image for analysing the banding pattern resolved by gel

electrophoresis. Observation on the nature of the banding pattern was recorded as

monomorphic or polymorphic.

3.4.2.7.2 Number of amplicons

UVITEC Fire Reader software used for gel documentation was used to

count the number of amplicons resolved on the electrophoresed gel.

3.4.2.7.3 Size of amplicons

Using UVITEC Fire Reader software the size of amplicons for each

marker resolved on the gel were estimated in base pairs (bp) by comparison with a

known molecular weight ladder that was run along with PCR product.

3.4.2.7.4 Uniqueness of amplicons

UVITEC gel documentation system was also used for identifying the

uniqueness of amplicons in terms of size in base pairs (bp) by comparing the

banding pattern observed in the gel image of each primer.
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3.4.3 Statistical analysis

3.4.3.1. Statistical analysis of morphometric data

Statistical analysis of the data on various morphological data was performed

using the Web Agri Stat Package (WASP) developed by Indian Council of

Agricultural Research for randomised block design and significant test by Duncan's

Multiple Range Test (DMRT). Analysis of variance (Panse and Sukhatme, 1985)

of the data collected from the various experiments was done to lest the significance

of differences among genotypes with respect to the characters and to estimate the

variance components. Cluster analysis of qualitative and quantitative data and

Principal component analysis (PCA) of quantitative data was perfonned by using

Minitab 18.1.0 software.

Table 3. List of SSR primers (with their forward and reverse sequences) used

for screening

SI.

No
Primer

name

Primer sequence

(5'-3')

Annealing

temperature

CC)

1 CMTml9
F: GCATGGGAGATGAAGGTTAG

R: ATTTCCTGGTGGTATGAGATTC
55.60

2 CMTm61
F: GCCATTATTCCACTCCATGC

R: TGCCTGCACCTGTTTTAGC
59.00

3 CMTm20
F: GTGGGCCATATCGATTCACT

R: CGAAAGTCGCAGAGAACACA
58.70

4 CMTm60
F: TCCTCCAAAGCATACCAACTGT

R;GCGCCA1 1 1 lATTGATTGGAT
59.00

5 CMTm52
F: GCTCTCCATTTTCCAGCTTC

R: GACGCAGAGGGAGATTAATGA
58.00

6 CMTmSS
F; CATCGACATTCGCCTCATC

R: AGGCAGCTTCCAAATCAGC
59.00

7 CMTml44
F:ACATGGGCATACCTCGAATC

R: CACCTGGCTGTTTTGTCTGA
58.80

8 CMTm34
F:TGAAACTACACTACATGACCTTGG

R: TGGGTTGGTAGACTTGTAGTTGA
56.90
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Table 3 continued

SI.

No

•

Primer

name

Primer sequence

(5'-3')

Annealing

temperature

rc)

9 CMTm97
F: AGGGGGAACTGATAGTCATCG

R:ACCTCACCTTCCATCGTCAC
59.00

10 CMTp201
F: GTGGAAGTTACTGCGATTGG

R: GCAAAGAATGTCCTCAGCAG
57.10

11 CMTm48
F: AAGCCTTTGGGGACCrrTAC

R:TTGAAACCTTCAAACAAGAAATTG
57.90

12 CMTm259
F: ACCTCGAGGAAGCAAAAATG

R: ATGGAGACGCGCAAGTAGA
58.00

13 CMTm9
F: TTTTTGTGTGCGTGTGTGG

R:GCCCAGAAGACAAAAGTirG
58.60

14 CMTm7
F: AACCAAACTCCGGCAAGA

R: GTTCTCTCCGTTCAGGATGG
58.30

15 CMTm29
F: AGCGCAGCGACAGAAAAG

R: AGCTTCTACGAAGGCGAGGT
59.00

16 CMTm232
F: AGAAAGAAATAAGGAACCCACAG

R: CGTCTCGCAATTCTTCAACT
56.30

17 CMTplS
F: ACACCTTCGCTTCCGACATC

R: TGACATCACTCCGGCAACTC
61.40

18 CMTmll l
F: CTCCATTCCCATGGCTTC

R: CCATGAGCTTGAGAGAGGTG
57.90

19 CMTm88
F: CATCGACATTCGCCTCATC

R: AGGCAGCTTCCAAATCAGC
50.00

20 CMTm91
F: CCCTAGAATTAGTGGGCAAT

R: TAGGCCTAAAAAGACCCAAT
50.00

3.43.2. Statistical analysis of molecular data

The data generated from the molecular weight analysis of all ISSR and SSR

primers were compiled together to form a data sheet for cluster analysis. The ISSR

and SSR primers across the six varieties were scored. For the presence of each band

1 code has been used, while, for its absence, 0 code has been allotted for each

primer. Pair-wise similarity coefficient matrix was generated by Jaccard's

coefficient of similarity by using NTSYS-PC (Numerical Taxonomy and
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Multivariale Analysis System) version 2.10. The cluster analysis was performed

from the distance matrix using Jaccard's similarity coefficient. Distance matrix and

dendrogram were constructed based on diversity coefficient generated from pooled

data by using the unweighted pair group method of arithmetic means (UPGMA)» a

computer programme for distance estimation.

A PIC (Polymorphic Infonnation Content) were calculated using the

following formulas. .A PIC of each primer was determined using PIC calculator

(Jan, 2002).

Total no. of bands - Highest allelic Frequency

Total no. of bands

3.4.4 DNA fingerprinting

Out of 33 ISSR and 20 SSR, the markers which produced unique bands were

selected by visualising the gel images of six varieties under each marker system for

making fingerprints. The DNA amplification pattern of selected primers was

depicted in tabular form using different colour codes.
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4. RESULTS AND DISCUSSION

Characterisation and identification of varieties are essential pre-requisites in

seed quality control programs. It ensures access to quality seed material of specific

variety. The present study was implemented in the Department of Seed Science and

Technology, Kerala Agricultural University (KAU) during 2018-2019 with the

objective of characterising pumpkin varieties through morphological and molecular

markers. The results obtained are enumerated and discussed below.

4.1 Experiment 1: Morphological characterisation of pumpkin varieties

Morphological characters plays a vital role in describing and identifying a

genotype. The result of characterisation of six pumpkin varieties with respect to the

28 quantitative and 16 qualitative traits are enumerated and discussed further.

4.1.1 Evaluation and grouping of varieties based on morphological traits

4.1.1.1 Analysis of variance

Test of analysis of variance (ANOVA) for different quantitative parameters

revealed significant differences in all the measured traits except for length of seed,

indicating the existence of wide variability among the six pumpkin varieties. The

mean values for the quantitative traits are presented in Table 4a, 4b and 4c.

4.1.1.2 Seedling characters (cotyledon length and width)

Cotyledon length was found to vary between 5.07 cm in Arka Chandan and

8.16 cm in CO-2. Cotyledons of Arka Chandan belonged to medium length

category compared to long cotyledons in the other varieties.

Results revealed that the cotyledon width ranged from 2.42 cm (Arka

Chandan) to 4.02 cm (CO-2) with an average of 3.41 cm. The cotyledon width of

CO-1 (3.86 cm) was found to be on par with CO-2. Based on this trait, the cotyledon

of varieties CO-1 and CO-2 was classified as broad compared to the narrow ones
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found in variety Arka Chandan. Varieties Ambili, Saras and Suvama were found to

possess cotyledons of medium width.

Significant variations observed in seedling characters viz., cotyledon length

and width stressed its utility as a descriptor for characterisation of the studied

varieties. The usefulness of cotyledon length and width in identifying and

characterising Cucumis melo genotypes were confirmed earlier by workers (Yildiz

et aL, 2014; Gocmen el ai, 2017).

4.1.1.3 Early plant vigour

Initial plant growth vigour varied among the varieties. At 30 DAS, early

plant vigour varied from poor to vigouros. among varieties. Variety Arka Chandan

possessed poor vigour, while Suvama, CO-1 and CO-2 were vigouros. Ambili and

Saras exhibited intermediate vigour habit (Table 5a).

Kiramana and Isutsa (2017a) classified 155 pumpkin cultivars based on

early plant growth habit as either poor, intermediate or vigouros. The probable

reason for the difference in early growth habit between \'arieiies was attributed to

the variation in seed size. Seed size has been observed to exhibit a direct effect on

amount of food reserve and hence in germination, early seedling and plant vigour.

Studies by Ndoro et al. (2012) in pumpkin also emphasised the importance of seed

morphological parameters on early plant vigour.

4.1.1.4 Tendril characteristics

All the six varieties had coiled, branched tendrils (Table 5a). The tendril

stalk length varied from 2.19 cm in variety CO-2 to 6.34 cm in Saras. Varieties CO-

2 and Suvama (2.50 cm) were found to be on par with each other.
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4.1.1.5 Leaf characteristics

4.1.1.5.1 Leaf dimensions

Leaf blade length was highest for Ambili (16.78 cm) and lowest in Saras

(15.51 cm). However, leaf blade length of Suvama (16.29 cm), CO-1 (16.37 cm),

CO-2 (16.65 cm) and Arka Chandan (16.37 cm) were on par with Ambili. However,

all the six varieties were categorised into medium class based length of leaf blade.

Grubben and Ngwerume (2004) described that leaf length of Cucurbita moschata

genotypes were 9.00 to 24.00 cm long.

Leaf blade width ranged from 23.14 cm (Ambili) to 21.03 cm (CO-1) with

a mean of 21.73 cm. On the basis of leaf blade width observed, all the six varieties

were grouped under broad category.

Petiole length ranged from 21.87 cm to 18.97 cm. Variety Ambili was

observed to have longer petioles (21.87 cm) and was found to be on par with CO-2

(21.05 cm). Petiole length was the least in Arka Chandan (18.97 cm). It was on par

with Saras (19.50 cm). All tJie six pumpkin varieties grouped under long category

on the basis of petiole length. Kiran and Ranjith (2018) observed significant

variation in petiole length among 30 pumpkin genotypes.

Although variations in perse dimensions of leaf /.e. blade length and width

along with petiole length was observed among the varieties, all of them grouped

into the same category (broad and medium long leaves with long petioles). The

result was found to be in concurrence with the findings of Bhagal (2017), Gocmen

et al. (2017) and Kumari et ai (2019). They observed the ineffectiveness of metric

leaf and petiole parameters for distinguishing and grouping melon, spine gourd and

Luffa aegyptiaca genotypes. Lfnlike this, Pomsuriya et al. (2011) in bitter gourd,

Kalyanrao et al. (2016) in bottle gourd and Nagar et al. (2017) in pumpkin found

that leaf dimensions played an essential tool in characterisation of genotypes into

groups to aid in identification.

13
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4.1.1.5.2 Leaf shape and colour

The shape of leaves in all the varieties was cordate (Plate 4). Agbagwa et

al. (2007), Ajuru and Okoli (2013) and Kiramana and Isutsa (2017a) had also

observed absence of variability in leaf shape among various pumpkin genotypes.

Results revealed that leaf blade margin was weakly incised in varieties

Ambili, Saras, Suvama, CO-1 and CO-2 and moderately incised in Arka Chandan.

A study by Nagar er al. (2017) also revealed that genotypes could be grouped into

either weakly incised (53 genotypes) or very weakly incised (22 genotypes)

category depending on leaf margin.

Out of six varieties examined for upper side leaf blade colour, varieties

Ambili, Suvama and CO-2 possessed dark green leaf blade, while in the remaining

three varieties i.e., Saras, CO-1 and Arka Chandan, the green colour on the upper

side of leaf was of medium intensity (Table 5a).

Hence, according to the above, leaf incision (blade margin) and intensity of

green colour on the upper side of leaf could be used as diagnostic feature in

grouping and characterisation of pumpkin genotypes. The results are in concurrence

with the previous studies, reporting the significant importance of leaf colour as a

diagnostic trait in grouping genotypes of pumpkin (Lebeda et ai, 2009; Du et at.,

2011; Ajum and Okoli, 2013; Nagar et al.^ 2017 and Kiramana and Isutsa, 2017a),

bitter gourd (Dey eta!., 2006), spine gourd (Bhagat, 2017).

4.1.1.5.3 Leaf blade silver patches and pubescence density

All the varieties except Arka Chandan had silver patches on leaf blade (Plate

4). Nagare/a/. (2017) grouped 76 genotypes of pumpkin based on the presence (75

Nos.) or absence (1 No.) of silvery patches. Paris and Brown (2005) stated that the

presence of silvery greyish patches on upper leaf axil is controlled by dominant

gene M and absence by the recessive gene m. Presence of air spaces within the
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palisade cell layer and between tliis layer and epidermis can lead to formation of

silvery patches on upper leaf surface (Brown, 2002).

With respect to pubescence density on adaxial surface of leaf (Plate 5), the

highest density was found to exist in variety Ambili (14.60/mm^). It was found to

be on par with variety CO-1 (14.00/mm^). Minimum pubescence density was

recorded in Suvama (5.27/mnr). The varieties were grouped into soft, intermediate

and dense pubescence category, respectively. Kiramana and Isutsa (2017a) had

employed leaf pubescence density to distinguish and assign distinct groups for easy

and effective identification of pumpkin cultivars.

4.1.1.6 Plant main vine length

Vine length was longest in CO-2 (4.99 m), followed by Suvama (4.13 m)

and Ambili (3.92 m), whereas, Saras (3.22 m) registered the least length of vine at

time of harvest. Saras was found to be on par with Arka Chandan (3.37 m). The

result is in line with the findings of Ahmed et al. (2011) who reported that vine

length of pumpkin genotypes ranged from 169.00 cm to 400.00 cm.

Based on main vine length, Ambili, Saras, Suvama, CO-1 and Arka

Chandan were grouped into medium category (2.50-4.50 m), while CO-2 belonged

to the long vine (> 4.50 m). Nagar et al. (2017) could classify 75 genotypes diuing

DUS testing in a similar fashion.

4.1.1.7 Flower characteristics

4.1.1.7.1 Node number at which first female flower appears

The node at which the first female flower appeared ranged from 13.73 (CO-

1) to 17.08 (Suvama). Early node number of female flower is considered as a

desirable trait for crop improvement. Similar variations in this trait and its use in

crop improvement has been reported earlier (Kumar et al.. 2011; Selvi et al., 2012;

Muralidhara and Narasegowda, 2014; Nagar et al., 2017; K.iran and Ranjith, 2018)
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Plate 4. Leaf characteristics of six pumpkin varieties
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in various genotypes of pumpkin pointing to its utility in morphological

characterisation and varietal identification.

A study by Tamilselvi and Jansirani (2016) reported that the average node

number of first female flower appearance in Ambili was 25.62 and 21.12 in CO-2.

This was contradictory to the obser\'ations in the present study (Ambili and CO-2:

14.80). However, the probable reason for the variation can be attributed to the

influence of various environmental factors that prevailed earlier to or present at the

time of crop growth. The variation shown for this character by same varieties in

different experimental season/years confirms the strong influence of environment

on trait expression thereby pointing to its limitation in accurate characterisation.

4.1.1.7.2 Days to 50 per cent flowering

Among the six varieties, days to 50 % flowering ranged from 49.25 days to

68.00 days. Variety Ambili had flowered the earliest (49.25 days), followed by

Saras (55.50 days), CO-1 (55.25 days) and CO-2 (56.25 days). Variety Arka

Chandan had taken more days for 50 % flowering i.e., 68.00 days. However, in a

study conducted for diversity analysis of pumpkin genotypes, Muralidhara and

Narasegowda (2014) found that variety CO-2 and Arka Chandan took 41.67 and

41.00 days, respectively to attain for 50 % flowering, contradicting the results of

the present research.

Ahmed et al. (2011) on working with 20 pumpkin accessions reported that

days to 50 % flowering ranged from 55.00 days to 73.70 days. Significant variation

in days to 50 % flowering was attributed to the genetic difference between varieties,

similar to that stated by Mladenovic et al. (2012). Hence, this trait can act as an

important tool in varietal classification and identification of any crop. The

conclusion confirms the findings of Ara e! al. (2015) in snake gourd, Kalyanrao et

al. (2016) in bottle gourd, Bairwa et al. (2018) in ash gourd and Lakshmi et al.

(2018) in rice.
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4.1.1.8 Fruit characteristics

4.1.1.8.1 Colour of fruit and waxiness of mature fruit skin

On determining the fruit skin colour at immature stage, the six pumpkin

varieties were grouped into three categories i.e., dark green (Ambili), medium green

(Saras, Suvama, CO-1 and CO-2) and light green (Arka Chandan).

At physiological maturity, the colour of fruit skin was observed and

compared with RHS colour chart. The colour of fruit skin in varieties Ambili,

Suvama and CO-1 was cream brown, yellowish brown for variety Saras, whereas

CO-2 and Arka Chandan possessed orange fruit skin (Plate 6).

The flesh colour of fruits of variety Ambili, Suvama and CO-1 was found

to be orange yellow colour, while that of Saras was orange. The flesh of CO-2 was

orange with a green overcast and in Arka Chandan it was dark orange in colour

(Plate 6).

As the mature fruit skin in all the six varieties exhibited waxiness, this

character was not effective in grouping the pumpkin varieties. However, the study

indicated that the colour of immature skin, colour of fhiit skin at physiological

maturity and the flesh colour of fruits can be effectively used for characterisation

and varietal identification

4.1.1.8.2 Fruit shape and size

Fruit shape at peduncle end was found to be raised (Saras), flat (CO-1 and

Arka Chandan) and moderately depressed (Ambili, Suvama and CO-2).

With respect to shape of fruit at blossom end, the six varieties could be

grouped as raised (Saras), flat (CO-1 and Ambili) and depressed (Suvama, CO-2

and Arka Chandan) (Table 5b).
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Overall fruit shape of Ambili, Suvama and CO-2 was round flat. Fruit shape

of Saras was elongate/oblong, whereas, the fruit of CO-1 was club shaped. The

Ihiits of Arka Chandan were flattish round (Plate 6).

Diameter of blossom end scar was found to vary significantly from 0.94 cm

in Saras to 2.48 cm in Arka Chandan. Based on scar diameter, the varieties were

grouped as small with less than 1.00 cm diameter (Saras), medium having diameter

ranging from 1.00-2.00 cm (Ambili, Suvama, CO-1 and CO-2) and large with more

than 2.00 cm diameter (Arka Chandan).

It was evident that the overall fruit shape and its shape at both peduncle end

and at blossom end as well as the diameter of blossom end scar could prove useful

for varietal identification.

4.1.1.8.3 Fruit dimensions

Witii respect to the length of peduncle, significant difference was observed

between varieties. Long peduncle were observed in CO-2 (11.27 cm), whereas Arka

Chandan had the shortest peduncle length of 4.90 cm. Varieties were grouped as

short (Arka Chandan), medium (Ambili, Saras, Suvama and CO-1) and long (CO-

2) on the basis of peduncle length.

Average fruit length at maturity varied from 27.76 cm (Suvama) to 19.79

cm (Arka Chandan). Length of fruit in Suvama was on par with Saras (27.73 cm).

The varieties Ambili, Saras, Suvama, CO-1 and CO-2 grouped into long fruit length

category, while, Arka Chandan fell into the medium category based on fruit length.

Suvama was observed to have the largest fruit diameter (19.08 cm) at

maturity and was also found to be on par with CO-2 (18.14 cm) and Ambili (17.95

cm), while, short fhiit diameter was observed in Arka Chandan (12.25 cm). It was

found to be on par with Saras (12.43 cm). Ambili, Suvama, CO-1 and CO-2 grouped

into medium (15.00-30.00 cm) category and the remaining two in short (> 15.00

cm) category.
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The fruit circumference at maturity in Suvama was 65.68 cm, which was on

par with Ambili (64.56 cm). Variety Saras (44.09 cm) was observed to have the

shortest fruit circumference. It was found to be on par with Arka Chandan (44.72

cm).

Flared length in fruit was found to vary between 2.16 cm (CO-2) and 1.49

cm (Arka Chandan) with a mean value of 1.84 cm. Suvama (1.99 cm) was on par

with CO-2, while Saras (1.64 cm ) was on par with Arka Chandan that had registered

the least value for this trait.

With respect to rind thickness, variety CO-2 was found to have the thickest

rind (3.48 mm) and was on par with that observed in Suvama (3.39 mm), followed

by CO-1 (2.94 mm), Ambili (2.80 mm) and Arka Chandan (2.63 mm). The least

rind thickness was observed in variety Saras (1.46 mm).

The fruit flesh thickness ranged from 2.17 cm (Saras) to 2.91 cm (CO-2).

Variety Suvama (2.63 cm) was found to be on par with C0~2. Based on

measurements of fruit flesh thickness, the varieties Ambili, Saras and Arka

Chandan could be grouped under the thin flesh class (< 2.50 cm) and the remaining

three varieties viz., Suvama, CO-1 and CO-2 belonged to medium flesh thickness

class (2.50-4.50 cm).

The average values for seed cavity diameter in the varieties studied ranged

from 8.10 cm (Arka Chandan) to 13.78 cm (Suvama). Ambili (13.23 cm) was found

to be on par with Suvama. Variety Saras with a seed cavity diameter of 8.85 cm

was on par with Arka Chandan, which had registered the least value for this trait.

It was evident that the fruit dimensions such as length of peduncle, fruit

length, diameter and circumference, flared length, thickness of rind and flesh, and

diameter of seed cavity had showed great variation because varieties studied had

different fruit shape. Hence, these traits can prove useful in easy identification and

establishing the tmeness of the cultivars. Similar results were also shared by the

other researchers in Cucurhita genus (Paris et ai, 2006 and Seymen et al., 2012).
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4.1.1.8.4 Number of ribs per fruit, number of fruits and fruit yield per plant

Ribs were present on fruits of all the varieties studied. However, the number

of ribs/fruit exhibited sufficient variation. An average of 19.00 ribs per fruit was

observed in CO-2, which was on par with Ambili (18.80 ribs/fruit) and Suvama

(18.83 ribs/fruit). An average 14.33 ribs/fruit was observed in Arka Chandan.

The number of fruits per vine (plant) varied from 1.00 (Arka Chandan) to

1.47 (Ambili). Ambili was on par with CO- 2 (1.33) and was followed by Suvama

(1.13) and CO-1 (1.13). Saras with 1.07 fruits per vine was on par with variety Arka

Chandan that had registered the least value for this trait.

Suvama recorded the highest fruit yield, 2.09 kg, followed by CO-2 (1.99

kg) and Ambili (1.86 kg). The least fruit yield per plant was observed in Arka

Chandan (1.06 kg).

The above results pointed that the number of ribs on fruit could be useful

along with quantitative traits like number of fruits and fruit yield per vine in

grouping the varieties and varietal characterisation.

Qualitative and quantitative fmit traits studied in this experiment except for

presence of waxiness in fruit skin showed high level of variations among the six

varieties. This emphasises the key role of fruit characters in analysing diversity,

characterisation and identification among any genotypes. Different experiments of

Balkaya et a!., (2009a), Balkaya et al. (2010b), Ahmed etal (2011), Hamdi et al.

(2017), Kiramana and Isutsa (2017a), Priori et al. (20)8), Kirmi and Isutsa (2018)

and Orsenigo et al. (2018) in different species of Cucurhita genus supports the

results of present research.

&3
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Plate 6. Fruit characteristics of six pumpkin varieties



4.1.1.9 Seed characteristics

4.1.1.9.1 Seed dimensions

The varieties did not exhibit significant difference on seed length. However,

using the estimates of seed length, the varieties were grouped into two categories

i.e., medium (1.20-1.60 cm) in varieties Ambili and Arka Chandan and long (> 1.60

cm) in varieties Saras, Suvama, CO-1 and CO-2. None of the varieties grouped

under the short category.

Significant variations were found among the six varieties for seed width.

Seed width was high in CO-1 (0.91 cm) and CO-2 (0.91 cm), while a minimum

value of 0.58 cm was observed in Arka Chandan. Based on seed width, the six

varieties grouped into three categories i.e.. small (< 0.60 cm: Arka Chandan),

medium (0.60-0.90 cm: Ambili, Saras and Suvama) and large (> 0.90 cm: CO-1

and CO-2).

Variety CO-1 (0.34 cm) recorded the thickest seed and found to be on par

with CO-2 (0.33 cm) and Suvama (0.33 cm), followed by Ambili (0.30 cm), while

thin seeds was observed in Arka Chandan (0.18 cm).

4.1.1.9.2 Seeds per fruit

Average number of seeds per fruit ranged from 292.23 (Arka Chandan) to

467.88 (CO-2). Similar to CO-2, higher number of seeds per fruit was also observed

in CO-i (438.15) and Suvama (398.68) and these varieties were found to be on par

with each other. The least number of seeds was recorded in Arka Chandan (292.23).

It was on par with variety Ambili (303.57).

4.1.1.9.3 Hundred seed weight and seed volume

Significant variation was found between varieties for hundred seed weight.

High test weight was recorded in CO-1 (13.73 g), followed by CO-2 (13.34 g),

while the least test weight was observed in Arka Chandan (6.47 g).
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Volume of 100 seeds varied from 5.81 ml (Arka Chaodan) to 15.42 ml (CO-

2). The seed volume of CO-1 (13.29ml), Suvama (12.25 ml) and Ambili (11.82 ml)

was on par with each other.

4.1.1.9.4 Seed coat colour

The seed coat of varieties Ambili, Saras and Suvama was cream in colour

while in CO-1, CO-2 and Arka Chandan, it was creamish brown in colour (Plate 7).

Seed morphological traits varied significantly among the studied varieties

and play a key role in conducting grov^ out test of varieties and characterisation of

genotypes in laboratory conditions. Numerous studies done for characterisation of

various genotypes in pumpkin (Kiramana and Isutsa, 2017b and Nagar et al., 2017),

summer squash (Seymen e! al., 2012), winter squash (Hamdi el al., 2017 and

Orsenigo el al., 2018), watermelon (Mahla et al., 2014), cucumber (Pal et al., 2017),

bitter gourd (Sidhu and Pathak, 2016), etc. also provided evidence that seed

characters can aid in varietal classification.

Although the per se estimates of seed length was non-significant, the seeds

could be grouped into different classes. Thus it can be concluded that the qualitative

character i.e., seed coat colour and qualitative characters viz.. seed length, width

and thickness, number of seeds per fruit, and hundred seed weight and volume can

serve as keys for varietal identification.

Hence, on analysing the various quantitative and qualitative characters in

six pumpkin varieties, it could be pointed out that fruit and seed traits have

considerable implications in charactersing and categorising the six varieties into

specific groups. The potentiality of these traits in evaluating, characterising and

distinguishing genotypes was identified in different horticultural crops (Solmaz et

al., 2010; Das et a/., 2017; Kiramana and Isutsa, 2017a; Bhagw at et al., 2018; Salim

et al., 2018).
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Plate 7. Seeds characteristics of six pumpkin varieties
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4.1.2 Multivanate analysis

4.1.2.1 Cluster analysis and dendrogram of morphological characters

Cluster analysis takes into account the dissimilarity in several traits among

the studied cultivars and delineates them into groups by displaying similarity or

differences between pairs of subjects (Goda et al., 2007).

Cluster analysis was perfonned using both quantitative and qualitative

characters and the dendrogram generated is presented in Fig. I. The similarity

coefficient ranged from 0.37 to 0.89. Maximum similarity of 86.13 % was observed

between varieties CO-1 and CO-2, whereas minimal similarity of 36.87 % was

found to exist between varieties Ambili and Arka Chandan. Number of varieties in

each cluster and distance between clusters are shown in Table 6 and 7. The

maximum inter-cluster distances was recorded between the cluster IV and V

(212.25) followed by the distance between cluster 11 and cluster V (169.97),

indicating distinct genetic variation among the varieties in these three clusters. The

lowest inter-cluster distance was observed between cluster II and IV (65.16)

followed by cluster I and cluster II (90.69) suggesting comparatively close

relationship among the varieties in these three clusters.

Table 6. Distribution of six pumpidn varieties based on morphological data

Number of observations Cluster members

Clusterl 1 Ambili

Cluster2 ] Saras

Cluster3 1 Suvama

Cluster4 2 C0-l,C0-2

Clusters 1 Arka Chandan

Y

qi
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Table 7. Distances between cluster centroids based on morphological data

Clusterl Cluster2 Cluster3 Cluster4 Clusters

Clusterl -

Cluster2 90.69 -

Cluster3 137.33 101.60 -

CIuster4 149.82 65.16 112.81 -

Clusters 142.07 169.97 147.24 212.25 -

4.1.2.1.1 Cluster mean values for morphological traits

Differences were obsen'ed in cluster means for almost all the characters

studied (Table 8). Cluster I was monogenic with a single variety i.e., Ambili. The

variety showed maximum mean value for leaf blade length (16.78 cm), leaf blade

width (23.14 cm), leaf pubescence density (14.60/mm"), petiole length (21.87 cm),

earliness in 50 % flowering (49.25 days) and number of fruits per plant (1.47). This

cluster registered the least mean values for plant main vine length (3.15 m). Variety

Ambili had exhibited intermediate early plant growth and possessed dark green

leaves as well as immature fruit.

Cluster 11 was also monogenic comprising of one variety Saras. The variety

ranked first for tendril stalk length (6.55 cm) and second for iruit length (27.73 cm),

while it possessed the shortest leaf blade length (15.51 cm) and width (21.21 cm),

the least estimate for first female flower node (14.00), fruit circumference (44.09

cm), blossom scar diameter (0.94 cm) and rind thickness (1.46 mm) and fruit flesh

thickness (2.17 cm). Elongate/oblong fruit shape was the characteristic feature of

this cluster.

Cluster III was also monogenic with variety Suvama. This cluster registered

the least estimates for leaf pubescence density (5.27/mm-) and tendril stalk length

(2.41 cm). But it scored first rank for node of first female flower (17.08), fruit length

(27.76 cm), fruit diameter (19.08 cm), fhiit circumference (65.68 cm), number of
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ribs/ ftxiit (18.83), rind thickness (3.39 mm), seed cavity diameter (13.78 cm) and

hundred seed weight (12.19 g), all of which are desirable horticultural traits.

Cluster rv comprised of two varieties (CO-1 and CO-2) and this cluster

registered the highest mean value for majority of traits viz., cotyledon length (7.12

cm), cotyledon width (5.88 cm), peduncle length (10.58 cm), flared length (2.03

cm), fruit flesh thickness (2.75 cm), seed length (1.65 cm), seed width (0.88 cm),

seed thickness (0.34 cm), seed volume (14.36 ml) and seed count per fruit (453.01),

in addition to plant main vine length (4.32 m). Though the members of this cluster

differed for a few traits, results indicate that these varieties were genetically more

similar than the others. This may be due to their same geographic origin.

Cluster V contained only one variety, Arka Chandan. Tliough this cluster

stood highest for blossom scar diameter (2.48 cm), it registered the least value for

cotyledon length, cotyledon width, length of petiole, peduncle and fruit, fruit

diameter, flare length, number of ribs per fruit, number of fruits per plant, fruit yield

per plant, seed length, seed width, seed thickness, seed volume, seed count per fruit,

seed cavity diameter and hundred seed weight. Poor early plant vigour, absence of

silvery patches on upper leaf surface, uniqueness in immature fruit colour, fruit

shape and flesh colour were the peculiar features of the member of cluster V.

Due to its ability to produce desirable compact clusters, cluster analysis

using quantitative and qualitative characters provided wide scope to discriminate

between the six pumpkin varieties studied.

The result that emphasise the importance of cluster analysis in grouping

varieties/genotypes of this study are in accordance with findings of Mohsin et aL

(2016); Oliveira et al. (2016); Kiramana and Isutsa (2017a), Kirimi and Lsutsa

(2018) and Krishnamoorthy and Sampath (2019). They also opined that clustering

using morphological characters did not group the genotypes according to their

geographical origin, but on the basis of dissimilarity of morphological traits.

°1H
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Table 8. Cluster mean values for morphological traits of six pumpkin varieties

Variable
Cluster

1

Cluster

2

Cluster

3

Cluster

4

Cluster

5

Cotyledon length (cm) 6.27 6.54 6.92 7.12 5-22

Cotyledon widtJi (cm) 3.36 3.28 3.44 3.88 2.42

Leaf blade length (cm) 16.78 15.51 16.29 16.51 16.37

Leaf blade width (cm) 23.14 21.21 22.02 21.26 21.47

Leaf pubescence

density (per mm-)
14.60 8.53 5.27 13.67 11.93

Petiole length (cm) 21.87 19.50 20.53 20.82 18.97

Node number of first

female flower
14.80 14.00 17.08 14.26 14.68

Days to 50% flowering 49.25 55.50 59.00 55.75 68.00

Peduncle length (cm) 8.57 8.56 9.95 10.58 4.90

Tendril stalk length

(cm)
3.86 6.55 2,41 3.26 3.18

Fruit length (cm) 25.25 27.73 27.76 25.49 19.79

Fruit diameter (cm) 17.95 12.43 19.08 16.85 12.25

Fruit circumference

(cm)
64.56 44.10 65.68 58.74 44.72

Number of ribs/fruit 18.80 17.00 18.83 18.44 14.33

Rind thickness (mm) 2.80 1.46 3.39 3.21 2.63

Diameter of scar at

blossom end (cm)
1.40 0.94 1.29 1.25 2.48

Fruit flesh thickness

(cm)
2.25 2.17 2.63 2.75 2.47

Seed cavity diameter

(cm)
13.23 8.85 13.78 11.94 8.10

100 seed weight (g) 10.30 8.42 12.19 n.42 6.74

Seed length (cm) L54 1.61 1.62 1.65 1.41

Seed width (cm) 0.83 0,72 0.79 0.88 0.63

Seed thickness (cm) 0.30 0.26 0.33 0.34 0.18

Seed count/fruit 303.57 390.78 398.68 453.01 292.23

Seed volume (ml) 11.82 7.34 12.25 14.36 5.81
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Table 8 continued

Variable
Cluster

1

Cluster

2

Cluster

3

Cluster

4

Cluster

5

Number of fruits/plant 1.47 1.07 1.13 1.23 LOO

Fruit yield/plant (kg) 1.86 1.25 2.09 1.88 1.06

Plant main vine

length (m)
3.15 3.34 4.05 4.32 3.36

Flared length (cm) 1.86 1.64 1.99 2.03 1.49

Leaf blade silver

patches
9.00 9.00 9.00 9.00 LOO

Leaf blade colour

(upper side)
7.00 5.00 7.00 5.00 5.00

Colour of immature

fruit
4.00 3.00 3.00 3.00 2.00

Fruit shape at peduncle

end
3.00 1.00 3.00 2.50 2.00

Fruit shape at blossom

end
1.00 3.00 LOO 1.50 LOO

Fruit shape 2.00 3.00 2.00 4.50 99.00

Colour of mature fruit 1.00 1.00 LOO 2.00 3.00

Colour of fruit flesh 2-00 4.00 2.00 2.50 5.00

Colour of seed coat LOO 1.00 99.00 LOO 99.00

Leaf blade margin 2.00 2.00 2.00 2.00 3.00

Early plant vigour 5.00 5.00 7.00 7.00 3.00

4.1.2.2 Principal component analysis using quantitative traits

Principal component analysis (PCA) discloses variation patterns and

decreases redundancy in univariate analysis when dimensionality of data set

involving muliticollinear variables (Maji and Shaibu, 2012). Eigen value one

criterion (or Kaiser criterion) was used to retain and estimate the relative

contribution of each Principal Component (PC) to the total variance of all the

variables. A component with Eigen value > 1.00 accounted for a greater amount of

variation and vice versa.
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Principal Component Analysis (PCA) was performed with Minitab 18.1.0

software with a purpose to obtain a small number of linear combinations of 28

quantitative variables in six pumpkin varieties and to project the analysed varieties

on the axis.

First four components, out of 28 trait components retained a cumulative

Eigen value of more than 1.00. Contribution of characters towards divergence in

the four PC of the varieties is summarised in Table 9. The sign on loadings or

weights depicts the direction olTelationship between the trait measured and the PC.

Cotyledon length (0.22), cotyledon width (0.22), petiole length (0.20),

peduncle length (0.23), flared lengtli (0.24), fruit diameter (0.22), fruit

circumference (0.21), number of ribs per fruit (0.23), fruit yield (0.24), seed cavity

diameter (0.22), 100 seed weight (0.22), seed width (0.21), seed thickness (0.23)

and seed volume (0.24) loaded positive in PC 1 which had registered an Eigen value

16.78 and accounted for 58 per cent of the total variations.

PC2 with an Eigen value of 5.19 and aggregating 18 per cent of the

variation, had high coefficient scores for tendril stalk length, fruit length and seed

length, but had negative load for leaf blade length, leaf blade width, rind thickness

and diameter of scar at blossom end. Traits such as days to 50 per cent flowering

(0.34), fhiit flesh thickness (0.35), plant vine length (0.32) and seed count per fruit

(0.29) were the major contributors to PC3. PC3 had an Eigen value of 3.86 that

explained 13 per cent variability. PC4 with an Eigen value of 2.48 and accounted

for 9 per cent of the variation and had high positive load for fruit length (0.25) and

first female flower node (0.52). Characters with Eigen vector equal to or greater

than 0.5 show large contribution effect to variation (Balkaya er a/.^ 2010 a and b).

The first four PCs together explained substantial amount of variations i.e.,

98 per cent. Similar to the study, Onyishi et al. (2013) found that the first four PCs

explained very high variability among C maxima accessions (98.60 per cent).
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Table 9. Eigenvector values for principal components with Eigen value > 1

Variable PCI PC2 PCS PC4

Cotyledon length (cm) 0.22 0.18 0.11 0-01

Cotyledon width (cm) 0.22 0.16 0.04 -0.14

Leaf blade length (cm) 0.12 -0.34 -0.11 -0.21

Leaf blade width (cm) 0.06 -0.21 -0.40 0.19

Leaf pubescence density per mm^ 0.02 -0.10 -0.18 -0.58

Petiole length (cm) 0.20 -0.07 -0.27 -0.08

Node of first female flower 0.08 -0.19 0.07 0.52

Days to 50 % flowering -0.15 -0.17 0.34 0.08

Peduncle length (cm) 0.23 0.14 0.07 -0.01

Length of tendril (cm) -O.ll 0.36 -0.17 -0.04

Fruit length (cm) 0.13 0.31 -0.07 0.25

Fruit diameter (cm) 0.22 -0.14 -0.07 0.15

Fruit circumference (cm) 0.21 -0.14 -0.13 0.13

Rind thickness (mm) 0.17 -0.29 0.13 -0.02

Number of ribs/fruit 0.23 0.07 -0.12 0.08

Diameter of scar at blossom end -0.14 -0.35 0.09 -0.07

Fruit flesh thickness (cm) 0.14 -0.16 0.35 -0.13

Seed cavity diameter (cm) 0.22 -0.10 -0.12 0.16

100 seed weight (g) 0.22 -0.06 0.08 0.10

Seed length (cm) 0.19 0.26 0.09 0.02

Seed width (cm) 0.21 0.09 -0.08 -0.21

Seed thickness (cm) 0.23 0.11 -0.02 -0.02

Seed count/fruit 0.16 0.19 0.29 -0.11

Seed volume (ml) 0-24 -0.03 0.03 -0.13

Number of fruits/plant 0.16 -0.11 -0.31 -0.13

Fruit yield/plant (kg) 0.24 -0.06 -0.03 0.11

0^%
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Table 9 continued

Variable PCI PC2 PC3 PC4

Plant main vine length (m) 0.16 -0.07 0.32 -0.06

Flared length (cm) 0.24 -0.03 0.07 -0.03

Eigenvalue 16.78 5.19 3.86 2.48

Proportion 0.58 0.18 0.13 0.09

Cumulative 0.58 0.76 0.89 0.98

To explain the per cent of \ ariance associated with each PC, scree plot was

laid out by drawing a graph between Eigen values and PC (Fig 2). Semi curve line

obtained after third PC suggested the importance of PCI, PC2 and PC3 for

reflecting most of variation patterns. This also shows the association and usefulness

of characters in differentiating the six pumpkin varieties. These results are

corroborated with findings ofGuei etal, (2005) and Balkaya eial. (2010b). Loading

plot constructed between PCI and PC2 is presented in Fig 3.

Results of the present study revealed the application of PCA in

characterisation and estimation of extent of genetic variability among pumpkin

varieties. The high scores for cotyledon length and cotyledon width, tendril length,

petiole length, peduncle length, node of first female flower, days to 50 % flowering,

flared length, fruit length, fruit diameter, fruit circumference, number of ribs per

fruit, fhiit yield, seed cavity diameter, seed count per thiit, hundred seed weight,

seed length, seed width, seed thickness and plant main vine length in various PCs,

indicated the importance of these traits for efficient characterisation and varietal

identification. The findings are in conformity with the reports of Liu et al. (2013),

Mohsin ef al. (2016), Kiramana and Isutsa (2017b), Nagare/t/A (2017), Kirimi and

Isutsa (2018) and Krishnamoorthy and Sampath (2019) in pumpkin, Gichimu et al.

(2009) in watermelon, Shankar et al. (2009) in bittergourd, Nagaraju and

Thiruvenkatasamy (2017) in ashgourd.
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4.2 Experiment 2; Genotyping of pumpkin varieties using molecular markers

Cultivar identification and grow out test were conducted traditionally by

morphological descriptors specific to a crop under consideration.

With the advent of biotechnology, in addition to morphological

characterisation, use of fast and reliable molecular marker analysis have been

employed to characterise and identify varieties.

4.2.1 Marker analysis for characterisation

PCR based ISSR and SSR markers were used to characterise six pumpkin

varieties. ISSR and SSR markers that produced unique amplicons were then used

for making DNA fingerprints or ID's of each varieties.

4.2.2 Quality and quantity of DNA isolated

The isolation of high quality DNA is important for all molecular biological

analyses, because contaminants (proteins, polyphenols, etc.) can interfere with the

end result.

Genomic DNA isolated from young tender leaves of each variety using

Doyle and Doyle (1987) protocol and were checked for its quality and quantity

(Table 10). The extracted DNA was confimied to be of good quality through

Agarose gel electrophoresis as well as through computation of the OD value (ratio

between absorbance at 260 nm and 280 nm). The quantity (ng/g of leaf sample) of

DNA was also found to be significant enough to aid easy analysis .
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Table 10. OD value and quantity of DNA Isolated in pumpkin varieties

Varieties OD value (260/280) Quantity (ng/g of leaf
sample)

Ambili 1.94 69897.00

Saras 1.87 44068.00

Suvarna 1.98 73585.00

CO-1 1.83 97432.00

CO-2 2.06 87978.00

Arka Chandan 2.09 104100.00

4.2.3 Genotyping with ISSR markers

To characterise and measure the extent of variation between the six

varieties, DNA of each pumpkin varieties were subjected to PGR amplification

using 33 ISSR primers mentioned earlier in Table 2. Out of 33 ISSRs, only 28

markers showed polymorphic bands. The total number of amplicons, number of

polymorphic amplicons. number of unique bands, range of amplicon size, PIC

(Polymorphic Infonnation Content) value and PP (Percent Polymorphism) of 28

polymorphic ISSR markers are tabulated (Table Tl)

In the ISSR investigations, a total of 279 amplicons were produced, and

among these, 68 were found to be polymorphic between all six varieties of

pumpkin. The total numberof amplicons detected by an individual primer ranged

from 4 (UBC-818) to 18 (UBC-847). The results are similar with the findings of

Santos et al. (2012), who screened 15 ISSR primers among 31 pumpkin genotypes

and observed a range of3-13 amplicons per primer. Inan etal. (2012) had observed

the number of fragments detected in ISSR analysis varied from 4 to 15 per primer

also substantiate the present result.

Polymorphic amplicons produced per primer varied from 1 (UBC-818) to

15 (UBC-847), while, the number of unique amplicons ranged from 1 (UBC-809,
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UBC-810, UBC-813, UBC-818, UBC-835, UBC-841, UBC-846, UBC-854) to 7

(UBC-866).

The overall amplicon size varied from 156 bp (UBC-809: 156 bp-1134 bp)

to 2178 bp (UBC-822: 328 bp-2178 bp). It was found to be within the range of

results (343 bp to 3379 bp) reported by Khalil and Hassan (2016). Similar results

have been reported by Behera et al. (2008) in bitter gourd accession. Haung et al.

(2010) had observed 125 bands ranging in size from 150 bp to 2700 bp in bitter

gourd accession on using 15 ISSRs.

The per cent polymorphism ranged from 30 % (UBC-809) to 100 % (UBC-

841) with an average of 66.01 % across 28 ISSR primers across the six varieties of

pumpkin studied. This was less than that reported in other studies on pumpkin (89

% Shang et al., 2012; 100 % by Amiri et al, 2017; 91.97 % by Abdein, 2018) but

more than that reported by Kiani and Siahchehreh (2017) in pumpkin (61.60 %).

Polymorphic Information Content (PIC) provides an estimate of the

discriminatory power of a marker to dilTerentiate genotypes based on both the

number of alleles expressed and their relative frequency (Naga et al., 2012).

Markers with PICs more than 0.50 are generally assumed to be efficient and usefiil

in genotype discrimination and also for measuring degree of polymorphism at a

given locus (De Woody et al, 1995).

The PIC value was calculated for 28 ISSR primers and was found to vary

between 0.64 (UBC-818) and 0.88 (UBC-809) with an average of 0.81. UBC-808

with a PIC value of 0.87 was next best to UBC-809.

Results (Table 11) pointed out that out of 28 ISSR markers, 18 markers

registered a PIC value of more than 0.80. This indicated high discriminatory and

differentiation power of those markers. Varshney et al (2004) stated tliat high PIC

value indicates high polymorphism and the presence of a rare allele or alleles at one

marker locus and shows the high discriminatory and dilTcrentiation power of that

marker.
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Table 11. Particulars of ISSR primer proniing In pumpkin varieties

SI.

No.
Primer

No. of

amplicons

No. of

polymorphic

amplicons

No. of

unique

bands

AmpUcon

size (bp)
PIC PP

1
Oligo

ISSR 05
6 5 2 531-1264 0.75 83.33

2 UBC807 9 7 3 1218-339 0.83 77.78

3 UBC808 12 8 2 1348-289 0.87 66.67

4 UBC809 10 3 1 1134-156 0.88 30.00

5 UBC810 9 7 1 1483-271 0.86 77.78

6 UBC8n 8 7 2 1200-322 0.82 87.50

7 UBC8I2 11 7 3 1310-242 0.86 63.64

8 UBC813 5 3 1 1187-351 0.73 60.00

9 UBC815 10 7 4 1887-343 0.83 70.00

10 UBC8I6 7 5 2 1792-495 0.80 71.43

11 UBC818 4 1 1 682-338 0.64 25.00

12 UBC822 15 14 5 2178-328 0.86 93.33

13 UBC823 9 4 2 1161-442 0.84 44.44

14 UBC825 6 5 2 1838-565 0.75 83.33

15 UBC826 9 3 2 1070-362 0.85 33.33

16 UBC827 6 2 2 1606-357 0.75 33.33

17 UBC834 11 10 3 1560-621 0.86 90.91

18 UBC835 9 4 I 1630-382 0.86 44.44

19 UBC836 11 4 2 1821-179 0.86 36.36

20 UBC841 6 6 I 1274-595 0.78 100.00

21 UBC844 8 3 3 1364-494 0.82 37.50

21 UBC844 8 3 3 1364-494 0.82 37.50

22 UBC846 7 5 1 1443-619 0.81 71.43

23 UBC847 18 15 5 1595-300 0.86 83.33

24 UBC854 6 3 1 1613-406 0.77 50.00

25 UBC855 6 5 4 1544-428 0.67 83.33

\0^
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Table 11 continued

SI.

No.
Primer

No. of

amplicons

No. of

polymorphic

amplicons

No. of

unique

bands

Ampllcon

size (bp)
PIC PP

26 UBC857 7 5 3 1775-535 0.77 71.43

27 UBC866 14 13 7 1483-343 0.85 92.86

28 UBCm 7 6 2 1539-394 0.80 85.71

4.2.3.1 Cluster analysis and dendrogram construction using ISSR data

Cluster analysis using ISSR profile revealed the presence of high genetic

variation among all varieties studied. The dendrogram based on Jaccard's similarity

coefficients was constructed using UPGMA after analysis of banding patterns

generated by 28 polymorphic primers across the six varieties,

A UPGMA-based dendrogram separated the six pumpkin varieties into four

clusters when truncated at 85 per cent similarity (Table 12, Fig. 4a). Cluster 1 was

the largest cluster, with three varieties (Ambili, Saj-as and Suvama) and was divided

into two, sub-clusters lA with Ambili and sub-cluster IB with Saras and Suvama,

whereas, the remaining three clusters were monogenic i.e., with one variety each.

The results indicated that varieties Ambili, Saras and Suvama are inherently similar

at genomic regions which have been amplified by the 28 ISSR primers used in the

present study.

The Jaccard's similarity coefficient values obtained are presented in Table

13. The genetic similarity indices estimated on the basis of 28 ISSR primers

between the six varieties of pumpkin ranged from 0.57 to 0.89, which implies the

existence of a moderate level of variation between the studied varieties. This may

be due to use of varieties from same sources rather than diverse ones. Similar range

of Jaccard's similarity coefficient values (0.41 to 0.85) was found during genetic

diversity analysis of bottle gourd genotypes (Bhawna et ai, 2014).

\
O
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Table 12. Clustering of pumpkin varieties based on ISSR profile

Cluster
Number of

members
Members of cluster

I 3 Ambili, Saras and Suvarna

II 1 CO-2

III 1 CO-I

IV 1 Arka Chandan

Varieties Saras and Suvama, registered the highest Jaccard's similarity

value among the studied varieties with a genetic coefficient of 0.89, indicating

higher similarity in genetic composition among them, followed by Ambili and Saras

(0.86). Minimum similarity was exhibited by Ambili and Arka Chandan (0.57),

which indicated the existence of considerable genetic differences between these two

varieties. Similarity coefficient values help the breeder to select diverse parents for

hybridisation programme that leads to creation of modem pumpkin hybrids.

Table 13. Pair wise similarity between pumpkin varieties based on ISSR

profile

Ambili Saras Suvarna CO-1 CO-2
Arka

Chandan

Ambili -

Saras 0.86 -

Suvarna 0.86 0.89 -

CO-1 0.65 0.65 0.67 -

CO-2 0.74 0.75 0.81 0.69 -

Arka

Chandan
0.57 0.58 0.62 0.58 0. 68

-

To summarise, the 28 ISSR primers can be effectively used for

differentiation, identification of cultivar and varieties and genetic diversity analysis

of pumpkin varieties. This ftirther indicated the capability of these PGR based ISSR

>0
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markers in fingerprinting as it examines and detects variation in genomic sequence

among genotypes neutrally without any bias. The present investigation was in

confirmation with earlier studies conducted in pumpkin and squashes (Paris et aL,

2002; Inan et ai, 2012; Santos et aL, 2012; Shang et al., 2012; Esmailnia et aL^

2015 and Amiri e/oA, 2017), muskmelon (Tomare/a/., 2016), cucumber (Punetha

et aL, 2017), watermelon (Soghani et al., 2018), etc.

4.2.3.2 Comparison between clustering pattern generated by ISSR and

morphological data

Both morphological and ISSR data were efficient in clustering the varieties.

However, no consistency in grouping was observed between the two.

Morphological data based clustering grouped the six varieties into five clusters with

varieties CO-l and CO-2 grouping under the same cluster (Cluster IV). However

CO-1 and CO-2 were disbursed into two different clusters based on ISSR data.

Variety Saras and Suvama shared a common sub cluster (IB) based on 28 ISSR

marker data, while, these two varieties belonged to two different clusters based on

the evaluated morphological data. Arka Chandan and Ambili belonged to different

cluster in both ISSR and morphological data cluster analysis.

Such difference may arise since environmental influence on trait expression

cannot be negated. In addition, iSSRs are repeat sequences and are capable of

amplifying several loci along the genomic DNA.

4.2.4 DNA fingerprinting using polymorphic ISSR

To develop ISSR fingerprints of six pumpkin varieties used in the study, the

primers that produced at least one variety specific unique band was selected.

Twenty eight primers were selected for fingerprinting and are detailed below. The

number of amplicons generated and the range of molecular band size is tabulated

(Table 11).

81



4.2.4.1 UBC-866

Amplification of DNA of six varieties using primer UBC-866 (Plate 8)

produced unique bands in CO-1 at 1235 bp, 944 bp and 791 bp, in CO-2 at 1483

bp and at 853 bp, 631 bp and 568 bp in Arka Chandan (Fig. 5a). Hence, UBC-866

can be effectively used for distinguishing these three varieties.

4.2.4.2 UBC-8I5

UBC-815 generated amplification pattern is shown in Plate 8. In variety

CO-2, a unique band was obtained at 426 bp and in variety Arka Chandan, distinct

amplicons at 1110 bp, 575 bp and 343 bp were obtained (Fig. 5b) revealing its

discriminatory power. Hence, it can prove to be an ideal primer for unequivocal

identification of these two varieties.

4.2.4.3 UBC-827

The banding pattern generated by UBC-827 (Plate 9) was carefully scored.

This primer yielded unique amplicon at 700 bp for Saras and at 623 bp for Suvama

(Fig. 6a), and hence, it can be used distinguish between these varieties as well from

other studied varieties.

4.2.4.4 UBC-807

Plate 9 shows the amplification pattern of ISSR primer UBC-807. The

primer produced unique amplicons (Fig. 6b) at 543 bp for Suvama and at 751 bp

and 581 bp for Arka Chandan, making it suitable for identifying these two varieties.

4.2.4.5 UBC-8U

Scoring of amplication pattem of six pumpkin generated by the primer

UBC-811 (Plate 10) yielded unique bands at 927 bp and 340 bp in variety Arka

Chandan (Fig. 7a).

82



b 'I ^

3000 bp

B  T1 T2 T3 T4 T5 T6 L

I '• I. .. .

1000 bp

UBC 866

Plate 8: Amplification profile generated by ISSR primers UBC-866 and

UBC-815

o-



Amphcon

size (bp)/

Varieties

Arka

Chandan
CO-2SuvarnaAmbili Saras

a. Colour chart of lJBC-866

Amphcon

size (bp)/

Varieties

Arka

Chandan
CO-2Suvarna CO-1SarasAmbili

b. Colour chart of lJBC-815

Colour code for shared amplicons among genotypes

Fig. 5. Colour chart of ISSR primers (a) llBC-866 and (h) UBC-815



L  B T1 T2 T3 T4 T5 T6 L

3000 bp

1000 bp

3000 bp "—

1000 bp^

UBC 827

L B T1 T2 T3 T4 T5 T6

UBC 807

Plate 9: Amplification profile generated by ISSR primers UBC-827 and

UBC-807



1 2 3 4 5 6

Amplicon

size (bp)/

Varieties

Ambili Saras Suvarna CO-1 CO-2
Arka

Chandan

1606

800 1

Amplicon

size (bp)/

Varieties

a. Colour chart of UBC-827

Am bill Saras Suvarna CO-1

b. Colour chart of UBC-807

Colour code for shared amplicons among genotypes

Fig. 6. Colour chart of ISSR primers (a) UBC-827 and (b) UBC-807

v\
v



4.2.4.6 UBC-847

The primer UBC-847 generated unique ampl icons (Fig. 7b and Plate 10) in

variety Ambili (586 bp). Saras (1595 bp) and Arka Chandan (1500 bp, 1415 bp and

1185 bp). Thus UBC-847 can serve as an ideal primer for identifying varieties

Ambili. Saras and Arka Chandan.

4.2.4.7 UBC-868

Six pumpkin varieties DNA samples were amplified using primer UBC-868

and the gel image with amplification pattern is shown (Plate II). Distinct and

unique amplicons were obtained at II00 bp and 1020 bp (Fig. 8a) in variety Arka

Chandan.

4.2.4.8 UBC-8I0

UBC-810 generated amplification pattern in the studied varieties (six) is

shown in Plate 11. In variety Arka Chandan, unique band at 600 bp was obtained

(Fig. 8b) revealing the discriminatory power of the marker. It can be used as an

ideal primer for uniequovocal identification of the variety.

4.2.4.9 Oligo ISSR 5

Oligo ISSR 5 generated amplication pattern is shown in Plate 12. Unique

amplicons at 1264 bp and 822 bp (Fig. 9a) was obtained in Arka Chandan. The

primer can be used to generate the fingerprint for the variety and hence can help in

varietal discrimination.

4.2.4.10 llBC-855

DNA amplification of six varieties using primer UBC-855 (Plate 12)

produced unique bands in variety Ambili at 810 bp and 428 bp, in variety CO-2 at

1544 bp and at 700 bp in variety Arka Chandan (Fig. 9b). UBC-855 can be

effectively used for distinguishing these three varieties.
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4.2.4.11 lIBC-808

Scoring of amplication pattern in six pumpkin generated by the primer

UBC-808 (Plate 12) yielded unique bands at 289 bp in variety Suvama and at 814

bp in variety Arka Chandan (Fig. lOa). Hence, these two varieties can be

discriminated from each as well as from other studied varieties using UBC-808.

4.2.4.12 UBC-809

The PGR amplification patlem of six pumpkin varieties using ISSR primer

UBC-809 (Plate 12) was scored. A unique amplicon at 421 bp was obtained (Fig.

10b) for variety Saras. This primer was hence found to be suitable for identification

of the variety from a mixture.

4.2.4.13 UBC-812

Plate 13 shows the amplification pattern of ISSR primer UBC-812. At 753

bp for variety Ambili and at 289 bp and 947 bp in CO-2, the primer produced unique

amplicons (Fig. 11 a) making it suitable for distinguishing these two varieties.

4.2.4.14 UBC-834

The banding patlem generated by UBC-834 (Plate 13) was carefully scored.

This primer yielded unique amplicon at 1200 bp for CO-1, at 776 bp and 1133 bp

in Arka Chandan (Fig. 1 lb). TTius, this primer can be used for identification of these

varieties.

4.2.4.15 UBC-835

UBC-835 generated amplification pattern (Plate 13) produced polymorphic

bands in CO-1 at 1059 bp (Fig 12a). Thus, primer UBC-835 can be an ideal primer

for identification of variety CO-1.
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4.2.4.16 UBC-857

Careful scoring of amplification pattern obtained using the primer UBC-857

(Plate 13) revealed the presence of three unique bands at 700 bp, 1111 bp and 1775

bp in variety Arka Chandan (Fig. 12b). Thus, UBC-857 can be effectively utilised

for identifying tlie said variety.

4.2.4.17 UBC-836

The banding pattern generated by UBC-836 (Plate 14) was scored to detect

unique amplicons. This primer yielded unique amplicon at 1821 bp in Saras and at

462 bp in Arka Chandan (Fig. 13a). Hence, it can be used for identification of

varieties.

4.2.4.18 UBC-846

By examining the gel image of DNA amplification pattern obtained by

UBC-846 of six pumpkin varieties (Plate 14), unique and distinct band at 1443 bp

was obtained in Arka Chandan (Fig. 13b).

4.2.4.19 UBC-826

The amplification pattern oFsix varieties of pumpkin in study generated by

UBC-826 (Plate 14) was scored to identify unique amplicons. At 1070 bp and 864

bp, unique band was present for the variety CO-1 (Fig. 14a). Hence, this primer can

prove useful in varietal identification and making fingerprint.

4.2.4.20 UBC-822

On careful examination of gel image of the amplification pattern generated

by UBC-822 in the six varieties under study (Plate 14), one unique amplicon was

observed at 473 bp, 552 bp and 517 bp respectively in varieties Ambili, Saras and

Arka Chandan. Two unique amplicons were observed in variety CO-1 at 353 bp
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and 1403 bp (Fig. 14b). This makes UBC-822 effective in distinguishing these

varieties from each other.

4.2.4.21 UBC-844

The PCR amplification pattern of six pumpkin varieties using ISSR primer

UBC-844 (Plate 14) was scored. One unique amplicon at 691 bp, 783 bp and 742

bp respectively was obtained in variety Ambili, Saras and ArkaChandan, (Fig. 15a)

respectively, making this primer suitable for identification of these varieties from a

mixture.

4.2.4.22 use 8S4

Scoring of amplication pattern of six pumpkin generated by the primer

UBC-854 (Plate 14) yielded unique band at 444 bp in variety Saras (Fig. 15b).

4.2.4.23 UBC 818

From the amplification pattern generated by UBC-818 (Plate 14 and Fig.

15c), variety Arka Chandan had a unique amplicon at 506 bp. The ISSR primer

UBC-818 can thus be used for fingerjirinting and identifying the said variety.

4.2.4.24 UBC-816

Plate 15 shows the amplification pattern generated by ISSR primer UBC-

816. The primer produced unique amplicons at 1385 bp in variety in CO-1 and at

1792 bp in Arka Chandan (Fig. 16a) making it suitable for identifying the varieties

4.2.4.25 UBC-825

UBC-825 generated amplification pattern (Plate 15) produced two unique

bands in Arka Chandan, at 791 bp and 1244 bp (Fig. 16b). Thus, the primer UBC-

835 is an ideal primer for distinguishing this variety from others.
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4.2.4.26 UBC-813

The banding pattern generated by UBC-813 (Plate 15) was scored to detect

unique amplicons. This primer yielded an unique amplicon at 436 bp in Arka

Chandan (Fig. 16c), proving its utility in fingerprinting and identification of the

variety.

4.2.4.27 UBC-823

By examining the gel image of DNA amplification pattern obtained by

UBC-823 of six pumpkin varieties (Plate 15), unique and distinct bands at 1161 bp

in CO-2 and 1085 bp in Arka Chandan were obtained (Fig. 17a). Hence, primer

UBC-823 can be used for identification of the above varieties.

4.2.4.28 UBC-841

The PCR amplification pattern of six pumpkin varieties using ISSR primer

UBC-841 (Plate 15) was scored. One unique amplicon at 1034 bp was obtained

(Fig. 17b) in variety CO-1, making this primer suitable for identification of CO-1

variety from a varietal mixture.

4.2.5 DNA fingerprinting of individual pumpkin varieties using ISSR profile

The data obtained using analyses with selected 28 ISSR primers were

further utilised for locating useful unique amplicons in each variety. A consolidated

amplicon colour chart was developed. This can be highly useful in distinguishing

these varieties from the others. Variety-wise DNA fingerprint details are described

below.

4.2.5.1 Ambili

On examination of amplication pattern produced by 28 selected ISSR

primers, it was observed that five primers viz., UBC-847 at 586 bp, UBC-855 at

810 and 428 bp, UBC-812 at 753 bp, UBC-822 at 473 bp and UBC 844 at 691 bp
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produced unique and distinct bands in the variety Ambili. Amplicon size generated

by these five primers ranged from 242 bp to 2178 bp. Fingerprint developed in

variety Ambili using distinct bands with the five primers is provided in Fig. 18.

4.2.5.2 Saras

From the amplification pattern observed for variety Saras using 28 ISSR

primers, seven were selected to make the fingerprint of the variety (Fig. 19).

At 700 bp (UBC-827), 1595 bp (UBC-847), 421 bp (UBC-809), 1821 bp

(UBC-836), 552 bp (UBC-822), 783 bp (UBC-844) and 444 bp (UBC-854) unique

amplicons were obtained for the variety. The amplicon sizes obtained by these

seven primers ranged from 156 bp to 821 bp. Maximum amplicons was generated

by ISSR primer UBC-809 (10) and minimum number by UBC-827 and UBC-854

(5).

4.2.5.3 Suvarna

Three out of 28 ISSR primers produced distinct and unique amplicons in

variety Suvarna (Fig. 20). The size of all amplicons generated by UBC-827, UBC-

807 and UBC-808 in this variety ranged from 289 bp to 1606 bp. The number of

amplicons generated varies from 5 (UBC-827 and UBC-807) to 7 (UBC-808). It

was observed that the unique bands produced at 289 bp, 543 bp and 623 bp, by

markers UBC-808. UBC-807 and UBC-827, respectively, can be used for making

the fingerprint of this variety.

4.2.5.4 CO-1

Fingerprint was developed based on unique bands produced by seven

primers out of 28 ISSR primers. The number of bands amplified ranged from 2

(UBC-834 and UBC-841) to 8 (UBC-826) in this variety and the amplicons ranged

in size from 1403 bp to 295 bp. Primers UBC-866 yielded 3 unique amplicons at

1235 bp, 944 bp and 791 bp. UBC-816 at 1385 bp, UBC-835 at 1059 bp, UBC-834
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at 1200 bp, UBC-826 at 1070 and 864 bp, UBC-822 at 1403 and 353 bp and UBC-

841 at 1034 bp. These were used to develop the fingerprint for this variety (Fig.

21).

4.2.5.5 CO-2

From the amplification pattern observed for the genomic DNA of variety

CO-2 using 28 ISSR primers, five were selected to make fingerprint.

The amplicon sizes obtained by these five primers ranged from 242 bp to

1887 bp. Maximum amplicons was generated by ISSR primer UBC-812 (10) while,

it was only three by primer UBC-855. Two polymorphic bands were produced by

UBC-812 at 947 bp and 289 bp, whereas, primers UBC 815, UBC 866, UBC 855

and UBC 823 produced unique amplicons at 426 bp, 1483 bp, 700 bp and 1161 bp,

respectively (Fig. 22). These were used to generate the fingerprint of this variety.

4.2.5.6 Arka Chandan

Twenty one out of 28 ISSR primers yielded unique amplicons that help in

distinguishing Arka Chandan from other six varieties studied. Hence, DNA

fingerprint can be made from these 21 primers. Fig. 23 depicts the amplicon size of

unique bands produced by the 21 ISSR primers. Totally 31 unique amplicons were

produced by the 21 ISSR primers and the number of unique amplicons detected by

each primer ranged from 1 to 3.

From the above it was evident that a combination of several ISSRs that

produced unique amplicons could be helpful in establishing varietal identity and

distinguishing it from a varietal mixture. However, a single ISSR marker that could

distinguish all the six pumpkin varieties per se was not found. But, ISSR primer

UBC-822 developed DNA fingerprints in varieties Ambili (473 bp), Saras (552 bp),

CO-1 (1403 bp) and Arka Chandan (517 bp) and could distinguish between these

four varieties and can help identify them appropriately.
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4.2.6 Genotyping with SSR markers

The DNA samples of six varieties were taken for SSR analysis using a set

of 20 primers. Out of 20 SSR markers, only five produced polymorphic bands

(Table 14). The number of amplicons delected varied from 2 to 3. It is possible that

the number of alleles detected would increase with increase in sample size. Studies

by Stifl et al. (2004) found 2-6 alleles on 26 genotypes using 22 primers, whereas,

number of alleles ranged from 4-10 on 26 accessions of squashes (Barzegar et al.y

2013).

The highest number of alleles was found in the CMTm7, CMTm20 and

CMTm232 marker (3). This is contradictory to tlie results of Sim et al. (2015), who

observed 14 alleles detected by CMTm7 while working with pumpkin genotypes.

One unique band each was produced by SSR primer CMTm7, CMTm97

and CMTml44, while, two unique bands was produced by CMTm20 and

CMTm232, respectively.

The average polymorphism per cent across the five SSR primers among the

six varieties of pumpkin was 100 per cent, which was similar to that reported in

other studies on pumpkin (Ntuli et al., 2015; Martins et al., 2015; Kiramana et aL,

2017).

To identify informative markers for cultivar identification, PIC value was

calculated and it ranged from 0.24 (CMTm97 and CMTml44) to 0.47 (CMTm7)

with an average of 0.37. The PIC value of CMTm7 and CMTm20 was almost

similar i.e., 0.45 and 0.46 as reported by Kazminska et al. (2017). However, the

PIC value of CMTml44, CMTm97 and CMTm232 was very low in comparison

with earlier reports (Barzegar et al., 2013 and Kong et al., 2014).

Based on PIC values, it may be inferred that SSR primers CMTm7,

CMTm20 and CMTm232 are more useful in distinguishing the varieties as well as

highly helpful in establishing the uniqueness of a variety.
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Table 14. Particulars of SSR primer profiling in pumpkin varieties

Si.

No

•

Primer

No. of

amplic-

ons

No. of

polymorp

hic

amplicons

No of

unique

bands

Amplico

-n size

(bp)

PIC PP

1 CMTm? 3 3 I 56-200 0-47 100

2 CMTm20 3 3 2 100-149 0.45 100

3 CMTm 144 2 2 I 168-181 0.24 100

4 CMTm232 3 3 2 207-263 0.45 100

5 CMTm97 2 2 1 168-200 0.24 100

4.2.6.1 Cluster analysis and dendrogram construction using SSR data

In six pumpkin varieties, the polymorphic bands of each SSR markers were

scored as binary characters and using SIMQUAL subprogram of NTSYS-PC

version 2.10 and in the subprogram SAHN, cluster analysis was perfonned using

UPGMA.

Using Jaccard's similarity coefficient, genetic similarity was calculated for

all the six pumpkin varieties (Table 15). The highest Jaccard's similarity value

(1.00) was observed between Saras and Suvama. The most dissimilar varieties were

'Saras-Arka Chandan' and Suvama-Arka Chandan with a similarity value of 0.12

each. The obtained range of genetic similarity values (0.12-1.00) concurred with

the range (0.13-1.00) obtained by Kwonetal. (2010) in watermelon.

The UPGMA clustering algorithm grouped the varieties into four clusters

according to dendrogram (Table 16, Fig. 4b}. Cluster I and IV were monogenic,

whereas, cluster II and III had two members each. Similarly, 26 accessions of C

pepo were clustered into 4 groups using 14 SSRs (Barzegar et al., 2013).
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Table 15. Pair wise similarity between pumpkin varieties based on SSR profile

Ambili Saras Suvarna CO-1 CO-2
Arka

Chandan

Ambili -

Saras 0.56 -

Suvarna 0.56 1.00 -

CO-1 0.78 0.78 0.78 -

CO-2 0.67 0.67 0.67 0.89 -

Arka

Chandan
0.34 0.12 0.12 0.33 0.44

*

Tablel6. Clustering of pumpkin varieties based on SSR profile

Cluster Number of members Members of cluster

I Ambili

II 2
CO-1

CO-2

III 2
Saras

Suvama

IV Arka chandan

4.2.6.2 Comparison between clustering pattern generated by SSR and

morphological data

Both morphological and SSR data were efficient to cluster the varieties.

Better correspondence was observed between clustering of varieties using

morphological and SSR data llian that observed in grouping varieties based on

morphological traits and ISSR analysis. Clustering of varieties based on

morphological traits and SSR data indicated that varieties CO-1 and CO-2 grouped

under the same cluster, while, Arka Chandan and Ambili belonged to different

clusters. However, variety Saras and Suvama shared a common cluster based on

five SSR marker data, while, these two varieties belonged to two different clusters

based on evaluated morphological data.

/

Y)

92



Coefficient of similarity

Fig. 4a. Dendrogram obtained by UPGMA clustering method across six

varieties of pumpkin based on ISSR markers.

Goefnaent of similarity

Fig. 4b. Dendrogram obtained by UPGMA clustering method across six

varieties of pumpkin based on SSR markers



In general, it can be concluded that the correlation that existed between

morphological and molecular assessments was of medium magnitude. The absence

of high consensus between the assessments should not be considered a limitation of

these tools to characterise and quantify variability. It only indicates that both

morphological and molecular characterisation are important and play a

complementary role in providing a better understanding and differentiation of the

pumpkin varieties. Sudre et al.^ 2010; Oh et al., 2012; Carvalho et aL, 2017 have

also opined the same.

Both SSR and ISSR markers can characterise and detect variation between

genotypes, and hence prove more reliable than morphological marker analysis. This

is because SSRs detect variation at pre-determinate sequence sites, whereas ISSRs

quickly scan the whole genome, while, morphological evaluation is based only on

phenotypic appearance which is influenced by both genotype and environment.

Similar conclusion was arrived at by earlier workers (Kaur e/o/., 2017; Serra et al.y

2007; Vianna et aL, 2019).

4.2.7 DNA fingerprinting using polymorphic SSR

Fingerprinting with DNA markers provide quick and reliable method for

cultivar identification and purity test in crops by using a smaller amount of DNA

and therefore can assist to deduce reliable information about crop genotype.

To develop SSR fingerprints of six pumpkin varieties used in the study, the

primers that produced at least one polymorphic amplicon was selected. Five primers

were selected for fingerprinting and are detailed below. The number of amplicons

generated and the range of molecular band size is tabulated (Table 14).

4.2.7.1 CMTm7

Six pumpkin varieties DNA samples were amplified using SSR primer

CMTm7 and the gel image with amplification pattern is shown (Plate 16). The

\v^
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amplicon obtained at 56 bp was unique (Fig. 24a) and can be used to generate

fingerprint of Arka Chandan.

4.2.7.2 CMTm20

The amplification pattern of six varieties of pumpkin in study generated by

CMTm20 (Plate 16) was scored to identify unique amplicons. At 149 bp, a unique

band was present in variety CO-1, while in Arka Chandan, a unique band was

observed at 100 bp (Fig. 24b). Hence, this primer can prove useful in varietal

identification and making fingerprint of these varieties.

4.2.7.3 CMTm97

By examining the gel image of DNA amplification pattern obtained by

CMTm97 of six pumpkin varieties (Plate 16), unique and distinct band at 168 bp

was obtained for Arka Chandan (Fig. 24c). This information can be used for

identification of above variety.

4.2.7.4 CMTml44

CMTm]44 generated amplification pattern for the studied varieties of

pumpkin is shown in Plate 16. In variety Arka Chandan, unique band at 168 bp was

obtained (Fig. 24d) revealing its discriminatory power. Tlie marker can thus be

considered ideal for unequivocal identification of the variety.

4.2.7.5 CIVITm232

Plate 16 shows the amplification pattern of SSR primer CMTm232. The

primer produces unique amplicons at 232 bp in variety Ambili and at 207 bp in

Arka Chandan, (Fig. 24e), making it suitable for identifying these two varieties.

94



L T1 T2 T3 14 15 H» 11 12 13 14 15 16 11 12 T3 14 15 16 L

CMTml9 CMTm232 CMTp201

L T1 T2 T3 T4 T5 T6 T1 T2 T3 T4 T5 T6 T1 12 T3 T4 T5 T6

—i.i
CMTm48 CMTrn? CMTm20

L 11 12 13 14 15 16 B L B 11 T2 13 T4 T5 T6 L

CMTm61

L T1 T2 T3 T4 T5 T6 T1 T2 T3 T4 T5 T6 T1 T2 T3 T4 T5 T6 L

CMTm60 CMTm88 CMTm97

L T1 T2 T3 T4 T5 16 T1 T2 T3 T4 T5 T6 TI 12 13 T4 15 16 L

CMTm259 CMTm9 CMTml44

L Tl T2 T3 T4 T5 T6 Tl T2 T3 14 15 T6 Tl T2 T3 T4 T5 T6 L

CMImlS CMTni34
CMTral 11

Plate 16: Amplification profile generated by SSR primers in six pumpkin varieties
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Fig. 24. Colour chart of SSR primers (a) CMTm?, (b) CMTni20, (c)

CMTm97, (d) CMTml44 and (e) CMTm232
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4.2.8 Fingerprinting data using five SSR primers in six varieties

The unique bands produced by the five SSR primer pairs individually were

insufficient to prepare fingerprint data for individual varieties. Hence, a DNA

fingerprint data of six varieties was created by combining the infonnation obtained

across the various SSRs used for analysis (Fig. 25).

The molecular size of DNA fingerprints thus generated ranged between 56

bp and 263 bp. In total, ten amplicons were produced out of which seven were

unique.

Unique DNA fingerprints generated by the primers CMTm232 at 238 bp

(Ambili) and 420 bp (Arka Chandan) were specific fingerprint of the respective

varieties. Primer CMTm97 and CMTm]44 individually produced unique amplicon

at 168 bp for variety Arka Chandan. Primer CMTm20 generated an unique

amplicon for variety CO-1 at 149 bp and for variety Arka Chandan at 100 bp. At

56 bp, for variety Arka Chandan, SSR primer CMTm7 generated a unique

amplicon.

All five selected SSR primers can be efficiently used for identification and

distinguishing Arka Chandan from a mixed population of the studied varieties and

could also be recommended to Seed Testing agencies and companies for detecting

the genetic purity of this variety. Sim etal. (2015) and Kazminska e/ al. (2017) also

concluded the usefulness of markers CMTm7, CMTm20, CMTm232 and

CMTml44 as core primers in cultivar identification assay, seed purity

determination and for facilitating DUS testing of pumpkin.

Due to usage of finite number of SSRs, differentiation between all the

varieties was not possible. Usage of limited number of SSR primers provided less

information regarding characterisation and identification of several varieties of

watermelon (Kwon et al., 2010).

\
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4.2.9 Developing varietal fingerprints combining ISSR and SSR marker

profiles

Constructing DNA fingerprints or molecular identities for the panel of six

varieties studied in this experiment using ISSR and SSR markers was found to be

effective (Table 17 to Table 22). This further unveiled the reliability of ISSR and

SSR markers for variety identification and seed purity analysis. However, due to

usage of more number of ISSR markers, fingerprinting map by ISSR was more

saturated and informative in identifying and discriminating between the six

varieties.

\J\uet al. (2012) had also stated the efficacy and superiority of TSSR markers

in fingerprinting sugar beet lines. Ogras e( al. (2017) and Panwar ef al. (2018)

reported that ISSR markers produce reproducible fingerprint profiles in field and

horticultural crops. SSR markers were found to be effective in discriminating and

fingerprinting some varieties, but, however as the study incorporated less number

of varieties and SSR primers pairs, the level of discrimination detected was low.

Zhang et al. (2015) suggested that to construct specific DNA fingerprint profile for

a genotype either the number of tested materials or SSR primers need to be

increased.

The fingerprint developed through ISSR and SSR marker along with its

combination for the six varieties through this study (Table 17 to Table 22) can be

used by the public and private seed sector for precise assessment of genetic purity

and detect contaminants so as to ensure timely supply of good quality seeds of these

six varieties to the farming community. Though the use of DNA fingerprint

technique is nascent in GOT for purity analysis through cultivar identification, this

method is gaining popularity as expenditure for DNA testing is decline and it was

also opined by Yigezu ef al. (2019).

Agro-morphological traits are vulnerable to environment, cultural practice

and subjectivity. The absence of high consensus between the morphological and
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molecular characlerisation should not be considered a limitation of these tools to

characterise and quantify variability. It only indicates that both morphological and

molecular characterisation is important and play a complementary role in providing

a better understanding and differentiation of the pumpkin varieties. Even though

discrepancies exist between morphological and molecular characterisation, these

shortcomings can be circumvented by accompanying field test with molecular

techniques as supportive means for accurate estimation of purity of commercial

seed lots of the six pumpkin varieties studied. The fingerprinting map developed

through studied ISSR and SSR markers will not only give impressive results during

purity estimation of these six varieties but also saves time, money and overcome

problems of field detection caused by human and environmental factors. Similar

conclusions for purity assay were previously reported by Li et al. (2018) in

pumpkin, Lu et al. (2018) in watermelon, Pattanaik et al. (2018) in cauliflower, etc.

By increasing the number of markers for screening and fingerprinting,

effective core set of markers (both ISSR and SSR) can be identified for these

varieties which can be used for identifying off types and other contaminants and

can completely replace the traditionally conducted GOT using morphological

descriptors. These markers can also be used for varietal identification and DUS

testing.
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Table 17. Combined fingerprint of variety Ambili using ISSR and SSR primers

Ambili

ISSR

Primer Unique band size (bp)

UBC812 753

UBC-822 473

UBC-844 691

UBC-847 586

UBC-855
810

428

SSR CMTm232 238

Table 18. Fingerprint of variety Saras using ISSR primers

Saras

Primer Unique band size (bp)

ISSR

UBC-809 421

UBC-822 552

UBC-827 700

UBC-836 1821

UBC-844 783

UBC-847 1595

UBC-854 444

Table 19. Fingerprint of variety Suvarna using ISSR primers

Suvarna

ISSR

Primer Unique band size (bp)

UBC-807 543

UBC-808 289

UBC-827 623
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Table 20. Combined fingerprint of variety CO-1 using ISSR and SSR primers

CO-1

Primer Unique band size (bp)

ISSR

UBC-816 1385

UBC-822
1403

353

UBC-826
1070

864

UBC-834 1200

UBC-835 1059

UBC-841 1034

UBC-866

1235

944

791

SSR CMTm20 149

Table 21. Fingerprint of variety CO-2 using ISSR primers

CO-2

Primer Unique band size (bp)

ISSR

UBC-812
947

289

UBC-815 426

UBC-823 1161

UBC-855 700

UBC-866 1483

V
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Table 22. Combined fingerprint of variety Arka Chandan using ISSR and SSR

primers

Arka Chandan

Primer Unique band size (bp)

ISSR

Oligo ISSR 5
1264

822

UBC-807
751

581

UBC-808 814

UBC-810 600

UBC-811
927

340

UBC-813 436

UBC-815

1110

575

343

UBC-816 1792

UBC-818 506

UBC-822 517

UBC-823 1085

UBC-825
1244

791

UBC-834
1133

776

UBC-836 462

UBC-844 742

UBC-846 1443

UBC-847

1500

1415

1185

UBC-855 1544

UBC-857

1775

1111

700

UBC-866

853

631

568

UBC-868
1100

844

SSR

CMTm7 56

CMTm20
100

149

CMTm97
168

CMTml44

CMTm232 207

100
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5. SUMMARY

The research programme 'Characterisation of pumpkin (Cucurbita

moschata Duch.) varieties through morphological and molecular markers' was

carried out between 2018 and 2019 in the Department of Seed Science and

Technology, College of Horticulture, Kerala Agricultural University, Vellanikkara,

Thrissur. The study envisaged the characterisation of six varieties of pumpkin

(Ambili, Saras, Suvama. CO-1, CO-2 and Arka Chnadan) in the seed supply chain

using morphological and molecular markers in order to ascertain their genetic

purity. The results of the study are summarised below.

1. Morphological characterisation of pumpkin varieties

Characterisation of pumpkin varieties was done using 28 quantitative and 16

qualitative traits was based on DUS and NBPGR descriptors. The salient findings

were as follows:

> Significant difference was found to exist among the six varieties for all the

28 quantitative traits studied. The exception being length of seed.

> No variability existed among the six varieties for six out of 16 qualitative

traits recorded. It was observed that all the varieties possessed tendrils

which were coiled and branched, cordate leaves. The mature fruit skin in all

varieties had waxy coating on them. Hence, these traits did not prove useful

in distinguishing between the varieties studied.

> Cotyledons of Arka Chandan were of medium length compared to long ones

in the other varieties

> The varieties CO-1 and CO-2 possessed broad cotyledons compared to

narrow ones in variety Arka Chandan. Varieties Ambili, Saras and Suvama

were found to possess cotyledons of medium width.
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> Early plant vigour varied from poor to vigouros. among varieties. Variety

Arka Chandan possessed poor vigour, while Suvarna, CO-1 and CO-2 were

vigouros. Ambili and Saras exhibited intermediate vigour habit.

> Except stalk length of the tendrils, all the six varieties possessed similar

tendril characteristics.

> Although leaf dimensions i.e., blade length, blade width and petiole length

exhibited variations per se, these were not useful for grouping the six

varieties because all the varieties could be grouped into medium broad

leaves class with long petiole.

> Although leaf shape was cordate in all six varieties, the upper side colour of

leaf (dark green and medium green) and blade margin pattern (weakly and

moderately incised) differed among them. Hence, the shape of leaves may

not be useful in distinguishing between the varieties studied.

> All the studied varieties except Arka Chandan had silver patches on upper

leaf surface.

> Pubescence density on adaxial leaf side was effective for distinct grouping

among the varieties.

> Reproductive characters (node at which the first female flower appeared and

days to 50 % flowering) desirable for deteimining varietal earliness show^ed

significant variation between the six varieties.

> Variation shown by qualitative traits and quantitative yield contributing

fhiit traits were helpful in grouping the varieties studied. This implied the

importance of fhiit characters as key descriptors in characterisation and

identification of pumpkin varieties.

> As observed in fruit traits, seed dimensions and appearance proved efficient

in grouping and identification of the six pumpkin varieties although the per

se estimates did not significantly vary between the genotypes.

> Cluster analysis distributed six varieties into five clusters based on

morphological similarities indicating tlieir distinctness from each other.
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> Principal component analysis using quantitative data estimated extent of

genetic variability among six varieties. It also indicated the importance of

fhiit and seed traits (cotyledon length and width, tendril length, petiole

length, peduncle length, node of first female flower, days to 50 % flowering,

flared length, fruit length, fruit diameter, fruit circumference, number of ribs

per fhiit, fruit yield, seed cavity diameter, seed count per fruit, hundred seed

weight, seed length, seed width, seed thickness and plant main vine length)

for efficient characterisation and varietal identification.

U. Genotyping of pumpkin varieties using molecular markers

Genotyping using ISSR and SSR markers was done to elucidate allelic

diversity and to characterise six pumpkin varieties.

> DNA isolated from young leaf of each variety was confirmed to be of good

quality and in sufficient quantity to aid precise analysis.

11 a. Genotyping with ISSR markers

> Out of 33 ISSR markers screened, 28 showed polymorphism.

^ The total number of amplicons delected ranged from 4 (UBC-818) to 18

(UBC-847) while, the number of polymorphic amplicons ranged from 1

(UBC-818) to 15 (UBC-847).

> UBC-809 recorded highest PIC (Polymorphic Infonnation Content) value.

Eighteen ISSR markers registered PIC values above 0.80, indicating its high

discriminatory power.

> Cluster analysis based on ISSR profiles, separated the six pumpkin varieties

into four clusters when truncated at 85 per cent similarity.

> Cluster 1 was the largest with three varieties (Amhili, Saras and Suvama),

whereas, the remaining three clusters were monogenic i.e., with one variety

each. Genetic similarity indices ranged from 0.57 to 0.89 implying moderate

level of variation.

103



> As environmental influence on trait expression cannot be negated, no

consistency in grouping was observed between the clustering pattern

obtained using morphological and ISSR data.

> A combination of several ISSRs that produced unique amplicons could be

helpful in establishing varietal identity and distinguishing it from a varietal

mixture. Twenty eight out of the 33 ISSR primers used proved to be useful

in generating fingerprints of the six pumpkin varieties studied

> A single ISSR marker that could distinguish all the six pumpkin varieties

per se was not found. But, ISSR primer UBC-822 developed DNA

fingerprints in varieties Ambili (473 bp), Saras (552 bp), CO-1 (1403 bp)

and Arka Chandan (517 bp) and could distinguish between these four

varieties and help identify them appropriately.

II b. Genotyping with SSR markers

> Five out of 20 screened SSR markers produced polymorphic bands. Total

amplicons generated varied only from 2 to 3 due to usage of less number of

samples.

> Based on PIC value SSR primers CMTm7, CMTm20, CMTm232 were

found to be useful in distinguishing the varieties and establishing their

uniqueness.

> The UPGMA clustering algorithm grouped the varieties into four clusters.

Cluster 1 and IV were monogenic, whereas, cluster II and IIT had two

members each.

> The clustering pattern of varieties using morphological data and SSR profile

were near similar except for one dissimilarity. Variety Saras and Suvama

shared a common cluster based on SSR marker profiles while, these two

varieties had belonged to two different clusters when evaluated on the basis

of morphological data.

> Unique amplicons generated by the five polymorphic SSR primers were

useful in generating finegrprints for the three varieties- Ambili, CO-1 and

Arka Chandan.
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> All five selected SSR primers can be efficiently used for identification and

distinguishing Arka Chandan from a mixed population of the studied

varieties and could also be recommended to Seed Testing agencies and Seed

companies for detecting the genetic purity of this variety.

> In general, it can be concluded that the correlation that existed between

morphological and molecular assessments was of medium magnitude. The

absence of high consensus between the assessments should not be

considered a limitation of these tools to characterise and quantify variability.

It only indicated that both morphological and molecular characterisation are

important and play a complementary role in providing a better

understanding and differentiation of the pumpkin varieties.

1^ h 6^12.
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ABSTRACT

Pumpkin (Cucurhifa moschata Duch.), a crop of Central Mexican ori^n-

belonging to the family Cucurbitaceae, is popularly cultivated and valued in

Kerala as a vegetable. The tender, large and often round immature fruits of

pumpkin with a thick, smooth to slightly ribbed skin, which is mostly deep yellow

to orange in colour, is an integral part of the Kerala cuisine. Despite its popularity

in the stale, few high yielding varieties are in cultivation. To ensure increased

production, availability of high quality seeds of improved varieties or hybrids has

to be guaranteed. Pumpkin being a cross pollinated crop, occurrence of cross

contamination during its seed programme cannot be overruled. Hence, ensuring

the purity and identity of seeds of the variety before sale becomes inevitable.

Considering the importance of varietal identiftcation in maintaining the

genuineness and quality of seeds in seed production programmes, the present

investigation envisaged to characterise six pumpkin varieties in the seed chain

using morphological and molecular markers, and to generate fingerprints or

molecular ID's of the six varieties using selected polymorphic Inter-simple

sequence repeats (ISSR) and Simple sequence repeats (SSR) markers.

Characterisation of pumpkin varieties based on 28 quantitative and 16

qualitative traits was done using DUS and NBPGR descriptors. Qualitative

vegetative traits like tendril characteristics (presence or absence of tendril, nature

of coiling and branching) and leaf shape were not useful for grouping the

varieties. Similarly, among the qualitative fruit characteristics, waxiness of mature

fhiit skin also proved insufficient to distinguish the varieties.

Fruit shape was round flat in varieties Ambili, Suvama and CO-2, while it

was elongate/oblong in Saras, club shaped in CO-1 and flattish round in Arka

Chandan. Based on qualitative traits, variety Arka Chandan could be clearly

distinguished from the other varieties based on poor early growth vigour,

moderately incised leaf blade margin, absence of silver patches on leaf blade,



flattish round fruit shape, light green immature fruits and dark orange fruit flesh

colour. In addition, the seeds of the Arka Chandan had a characteristic marking on

the dorso-ventral surfaces unlike other varieties.

Quantitative trails proved to be more useful than the qualitative traits for

effective identification and categorisation of varieties. Results revealed that

among the quantitative traits studied, leaf dimensions (blade length and width)

and length of petiole could not be employed for distinguishing the six varieties.

Variety Ambili flowered the earliest (49.25 days) and also possessed

highly pubescent leaves, while variety Arka Chandan was late flowering (68.00

days). Peduncle length, fruit length and most of the seed dimensions (seed count

per fruit, 100 seed weight, width and thickness of seed) was the least in this

variety. In general, the size of seeds in varieties CO-1 and CO-2 was higher than

those of others. Cluster analysis grouped Arka Chandan (Cluster V) and varieties

CO-I and CO-2 (Cluster IV) tlie farthest with an inter-cluster distance of 212.25.

Principal component (PC) analysis indicated that trait components in PCI

registered an Eigen value of 16.79 and the traits in PC I contributed 58 per cent to

the variability among the varieties, emphasising their utility in identification of

varieties.

Among the 33 ISSR markers, 28 exhibited polymorphism. The total

number of amplicons detected by an individual primer ranged from 4 in UBC-818

to 18 in UBC-847. High polymorphic information content (PIC) value was

observed in UBC-809, whereas, low PIC was recorded in UBC-818. The six

varieties grouped into four clusters based on ISSR binary data.

Out of 20 SSR markers used for genotyping, only five showed

polymorphism. The highest Jaccard's similarity value (1.00) was observed

between Saras and Suvarna. The most dissimilar varieties were Saras and Arka

Chandan, and Suvarna and Arka Chandan, with a similarity coefficient of 0.12

each. The clustering algorithm grouped the varieties into four clusters.
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The polymorphic SSRs could be efRciently ulilised for distinguishing

Arka Chandan and therefore can prove useftil for testing the genetic purity of this

variety. Unique bands producing ISSR markers were used to generate variety

specific DNA fingerprints. No single primer per proved useful in distinguishing

all six pumpkin varieties. However, ISSR primer UBC-822 could distinguish four

out of six varieties studied. It produced unique amplicons of size 473 bp, 552 bp,

1403 bp and 517 bp, respectively in Ambili, Saras, CO-1 and Arka Chandan,

proving its utility in testing for genuiness and purity of seed lot.

In general, it can be concluded that the correlation that existed between

morphological and molecular assessments was of medium magnitude. The

absence of high consensus between the assessments should not be considered a

limitation of these tools to characterize and quantify variability. It only indicates

that both morphological and molecular characterisation is important and play a

complementary role in providing a better understanding and differentiation of the

pumpkin varieties.
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