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Abstract

Cucurbita pepo L. is one of the most economically important crops in the Cucurbitaceae,
and it gains this value from the culinary uses of immature fruit that’s referred as “summer
squash”. In Palestine, the local zucchini which is one of the varieties of summer squash is
very popular for the consumers and there is a high market demand on it. Palestinian zucchini
is widely grown in the areas of Hebron, Bethlehem, and Ramallah and it is characterized by
long growing season, and its leaves are dark green, in addition to its green fruits with a strong
aroma, flavor and taste.

This study was performed to assess the genetic diversity of the local Palestinian zucchini
using SSR markers. Thirty three zucchini samples were collected in which twenty-six of
them were local accessions obtained from the Union of Agricultural Work Committees
(UAWC). The other seven accessions were commercial accessions gathered from a local
agricultural equipment store. In addition to the zucchini samples, six accessions from other
species of the Cucurbitacaea family were studied, including gourd, snake melon, and
muskmelon. All of the samples were grown in an open field in order to make note of some
morphological traits and to make visual documentation.

The accessions were assessed using 50 SSR markers; only nine primers were used in the
analysis as they have produced polymorphic bands. Out of the nine, primer UAWC 39
produced a unique band for the gourd accessions while producing no bands for the
muskmelon or snake melon accessions. Therefore, this primer can be a potential primer to
differentiate between zucchini and gourd. On the other hand, primer UAWC 13 produced a
unique band for the muskmelon and snake melon accessions, while gourd and zucchini
accessions produced identical bands. Accordingly, this primer can be used to differentiate
zucchini and gourd accessions from snake melon and muskmelon accessions.

The nine SSR primers used in the analyses produced total 27 polymorphic SSR loci.



According to these results, the genetic distance matrix was calculated according to the
Jacquard's similarity coefficient and the distance between the squash accessions ranged
between (0.00 — 0.68). The lowest genetic distance was observed between two commercial
accessions; therefore it was assumed that these two accessions are identical with different
commercial names.

Furthermore, a neighbor joining tree was constructed according to the genetic distance
matrix that was calculated using Jacquard similarity coefficient formula. NJ tree clustered
the accessions to four major groups and it has shown how the accessions of gourd,
muskmelon, and snake melon are away from squash accessions. In addition to that, it has
also shown how there is a genetic variation among the local accessions of zucchini. This
genetic diversity among local zucchini accessions is a source of genetic material that can be
used for classical breeding or new biotechnological techniques to produce new varieties that
are better suited to the changing environment if the need arises. Therefore we recommend
that these local accessions continue to be maintained, are further characterized, and are made

available to scientists and farmers for crop improvement.
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Chapter One: Introduction

1.1 General introduction

Cucurbita pepo L. is a species with variable fruit features (Duchesne, 1786). This species is
a member of the Cucurbitaceae family, which includes 825 species and 118 genera and is a
significant plant family that provides edible products and useful fibers to humans (Bisognin,
2002).

Like other Cucurbits, Cucurbita pepo has 20 pairs of chromosomes (Mercado & Lira, 1994).
Around the turn of the 16th century, transoceanic travelers helped this species spread from
its native Central America and Mexico to other continents (Whitaker, 1947).

Cucurbita pepo is considered one of the most economically important species of the
Cucurbitaceae, and it gains this importance from the culinary uses of the immature fruit that
is referred to as “summer squash" (Formisano et al., 2011). In 2017, the area harvested with
pumpkin, squash, and gourd around the world was 2,078,450 ha with an annual production

of 27,449,481 tones (http://www.fao.org/faostat/en).

In Palestine, local zucchini, which is one of the varieties of summer squash, is very popular
among consumers and there is a high demand for it in the markets. Local zucchini is
considered one of the main local summer crops produced by rain-fed agriculture that does
not require fertilizers or chemical pesticides, and only needs fertile land rich in organic
matter, making it fully suitable for the Palestinian climate and does not require high

production costs.


http://www.fao.org/faostat/en

Palestinian local zucchini is widely grown in Hebron, Bethlehem, and Ramallah. It is
characterized by its long growing season, and its dark green leaves, in addition to its green
fruits with a strong aroma, flavor, and taste (UAWC, 2018). According to Palestinian
agricultural statistics in 2017, the total area planted with zucchini was 23,762 dunum with

60,858 tons produced annually (MOA, 2017).

Figure 1.1: The fruit of Palestinian local zucchini

Zucchini is a tap rooted plant, and the stem is hairy, rough, and hollow. The elliptical dark
green leaves are heart shaped and may consist of 3 lobes. The leaf surface is hairy with stiff
bristles, while the edges of the leaves are irregularly wavy. The yellow flowers are
independent of each other on these monoecious plants, and the fruit is green, regularly

striped, and the base of the fruit is usuaIIy wider than the top

Figure 1.2: A Palestinian zucchini plant



Palestinian farmers prefer to grow zucchini in one go due to the spread of many viruses that
inflict heavy losses on zucchini harvests. Also, there is another phenomenon in zucchini that
limits production and reduces the quality of the fruits, which is the phenomenon of bleaching
(the appearance of white spots on the leaves). This phenomenon is directly related to the fall
of the fruits, and the green color of the fruits turns to pale yellow. Farmers try to overcome
the problem of viruses and bleaching by growing zucchini under white gauze (Harb & Iseed,
2021).

The seed bank in the Union of Agricultural Work Committees works to cultivate and
propagate local zucchini in addition to many other local crops with the goal of producing and
improving the local seeds and supplying them to farmers (UAWC,2018). Because they are
the source of local plant genes, which are crucial for maintaining the potential of local plants,
local seeds are a significant national treasure that must be protected. Utilizing these genes
has the potential to significantly contribute to the management of agricultural pests and the
reduction of pesticide use (Shtayeh, 2005).

In order to expand a crop's genetic basis, recognize cultivars, and select parental varieties for
breeding programs, it is crucial to have a better understanding of the molecular diversity of
the crop (Ferriol, et al,; 2001). In order to establish a sound breeding strategy for the
production and identification of superior cultivars for use in nurseries, it is important to
consider the genetic variation among nutritionally valuable food accessions varying in
nutritional traits, which can often correlate to enhancing human health (Meru et al., 2019)
This study will identify genetic diversity of Palestinian local zucchini. This purpose will be
accomplished with the use of molecular genetic markers, which have been shown to be more
efficient in most circumstances due to their ability to overcome the limits of older
approaches. These markers are utilized extensively for cultivar genotyping and provide a

vital tool for precise genotyping (Azofeifa, 2006).



1.2 Study objective

This study was done to identify the genetic diversity in the Palestinian local zucchini using

SSR molecular marker.



Chapter Two: Literature Review

2.1 Cucurbitaceae Family

All members of the Cucurbitaceae family are collectively referred to as "cucurbits” and they
are among the most significant vegetable crops grown worldwide. The majority of these
species are grassy, tendril-bearing, and sensitive to freeze so they are planted in temperate
and tropical environments annually. Squash and pumpkin (Cucurbita pepo L.) are the most
common cucurbit crops, along with melon (Cucumis melo L.), watermelon (Citrullus
lanatus) and cucumber (Cucumis sativus L.) (Weng & Sun, 2012).

Cucurbits are a major part of the daily diet of humans since they are low in fat and there is a
high amount of water in the fruit, making them a favorite choice among those who are
interested in proper nutrition.

Peeled Cucurbita seeds are referred to as oily seeds since they have 50% oil and 35% protein.
Although most species of oil are unsaturated and usually edible, a few species have a
combination of trienoic fatty acids that makes them inedible but improves their commercial
usefulness as drying oils. On the other hand, Cucurbit seed proteins appear to be edible and
their nutritional value is raised by the addition of certain amino acids (Mansour et al.
1993).For example, watermelon seeds are a common snack because they are low in moisture
and rich in carbs, lipids, and protein. On 140,000 hectares, China produces more than

200,000 tons of developed watermelon varieties with large seeds per year (Zhang 1996).



2.2 Cucurbita pepo L

The most genetic diversity within the Cucurbita genus is found in Cucurbita pepo , according
to recent research utilizing SSR markers to examine changes within and across species
(Gong et al. 2013). Taking into consideration the morphological characteristics of the fruits,
the shape varies from spherical to very long or flat, and their weight can reach 20 kg or more.
They can also have longitudinal ribs, wrinkles or ridges. The color of the fruit varies widely
as well, they can be green, orange, or yellow, and their shades range from dark to almost
white and from bright to pale. Their patterns also vary widely, including longitudinal lines,
mottling, and multicolor patterns. As a result, a single fruit may have different colors on its
surface. Taking into consideration the interior part of the fruit, the color of the interior differ
from light green to bright yellow or orange (Paris et al. 2012) and seeds are between 8.8 to
23.3 mm long, and the width varies from 5.0 to 12.5 mm( Paris & Nerson, 2003), but still

beige in color.

Figure 2.3: Cucurbita pepo mature fruits that show a wide range of variation in fruit
size, shape, and color. (Paris et al. 2012)



Genetic links between cultivars of a crop species are of great importance in order to have a
scientifically accepted infraspecific grouping of cultivars. However, the degree to which
these classifications are valuable relies on how quickly farmers, distributors, merchants,
consumers, and breeders can all recognize them. Additionally, groups should have a global
reach rather than be completely based on the market types prevalent in a single country or
area (Paris, 2008).

Paris (1986) divided edible-fruited C. pepo into eight cultivar groups, including the Zucchini
Group, the Cocozelle Group, the Vegetable Marrow Group, the Straightneck Group,the
Crookneck Group, and Scallop Group, based mostly on fruit shape. Additionally, the
Pumpkin Group and the Acorn Group are two cultivar groupings of C. pepo that are often
produced for their mature fruits (Table 1). The Warted Gourd Group, the Oviform, Smooth-
Rinded Gourd Group and the Round, Smooth-Rinded Gourd Group, are the three types that
are not produced for food but rather for decoration. There are now thought to be 11 cultivar

groupings in the Cucurbita pepo genus (Paris, 2000).



Table 2.1: Infraspecific classification of cultivated Cucurbita pepo (Paris, 2015)

Cultivar-group

Fruit shape

Turbinate (topped), wrinkled,

Acorn wide at the peduncle end, curved @ @
at the stylar end.
Long to very long with cylindrical
Cocozelle shape
e
Elongated fruit, with a thin
Crookneck curved neck
Pumpkin Round: globular, oval, short @
oblong
Scallop Flattened, with scalloped margins =% %;3
Cylindrical in shape, having a
Straightneck constriction or short neck towards
the stem end
Short, tapering cylindrical, thin at
the peduncle end, broad at the
Vegetable stylar end, /
Marrow
Zucchini Uniformly cylindrical




Isozyme polymorphism studies indicated a basic difference among Cucurbita pepo that goes

beyond cultivar groupings (Decker,1985; Andres,1987). This division is botanically

expressed by three subspecific categorizations:

1. Subsp. texana: includes Oviform, SmoothRinded Gourd Groups, Acorn, Scallop,
Straightneck and Crookneck

2. Subsp. pepo: includes Round, Smooth-Rinded Gourd, and Warted Gourd Groups,
Pumpkin, Zucchini, Vegetable Marrow, and Cocozelle

3. Subsp. fraterna : Although wild plants have been spotted in northeastern Mexico
(Andres, 1987), no cultivars that are closely related to them have been found (Paris et

al., 2003)
2.2.1 Origin and Domestication:

Zucchini which is one variety of summer squash is a cultivated plant of Cucurbita pepo L.
species, which in the genus Cucurbita, that belong to Cucurbitaceae family, the subfamily
Cucurbitoideae and the tribe Cucurbiteae (Jeffrey, 1990).

Archeological, linguistic, and historical sources agree with the idea that Cucurbita L. genus
IS native to Mexico and America and were spread in the 16th century to other continents by

transoceanic passengers (Whitaker, 1947).
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Figure 2.4: Origins of domestication and regions of production and of major cucurbit
crops. (Grumet et al., 2021)
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Southern Mexico's archaeological evidence of Cucurbita pepo domestication goes back
10,000 years (Smith, 1997). Domesticates were discovered more than 4,000 years ago in
northern Mexico and the United States. Domestication in Mexico and U.S is considered to
have occurred at least twice (Decker, 1988).

The origin of the word "Squash™ is " Asq" that is a Native American word which mean the
immature fruit, and the plural form is asquash (Trumbull, 1876). Therefor, "Squash" is

applied on the fruit of Cucurbita that is non round, long, edible when immature (Paris, 2016).

2.2.2 Botanical description

Zucchini are the edible immature fruits of Cucurbita pepo L., and it's a short-season crop
with a high value (Paris, 1996). Zucchini grows in a temperate environment where the
temperatures range from 24°C to 29°C within the day, and nighttime temperatures range
from 16°C to 24°C to give the best development. Although the plant is drought-resistant, it
needs an adequate amount of water to sustain optimal development and yield.

Cucurbita pepo L. is an annual plant with creeping stems in some varieties and climbing
stems in other varieties that can reach up to 15 m long. This plant has a branched - shallow
root growing from strong taproot. The stems are scabrous while the leaves are lobed (Lu &
Jeffrey 2011).

Summer squash plants are called monoecious plants, as they have both staminate and
pistillate flowers. Perfect environmental conditions lead to synchronizing the anthesis of the
two different flowers. Although staminate flowers are differentiated first, pistillate flowers
can develop more quickly. The flowers are obvious and large, with an orange-yellow color
from the corolla, consisting of 5 or 6 petals fused at the base, while the sepals are short and
green. Both flowers bloom in the morning, shrink before midday, and are no longer open
again (Paris, 2008).

Sex expression of summer squash flowers is influenced by several factors, one of them is

10



temperature, in which cool temperatures promote development of pistillate flowers leading
to reduce the ratio of male flowers and affecting pollination process. Another important
factor is light levels, studies show that female flowers production is enhanced by high light
levels and shades can reduce its number. It can also be affected by the nutritional status of
the plant, for example, the formation of pistillate blooms may be affected by the presence of
an excessive nitrogen in the soil (Loy, 2004; Wien, 1997). Hormones can also affect Sex
expression, whether it was produced by the plant or synthetic ones applied to it (Kumar,
2016).

As the male and female flowers are separated, mechanical pollination is essential because
the pollen is clustered, sticky, and thick and cannot be distributed by wind. The honeybee is

the most common pollinator as it is attracted to the nectar produced (Free, 1970).

2.2.3 Fruit development

After fruit setting, cucurbit fruit grows rapidly for a while until its growth rate slows down.
Following pollination, cellular expansion rather than an increase in the cell count is mostly
responsible for the growth in fruit size. Depending on whether the fruit was picked while it
was young, like summer squash and cucumbers, or when it was ripe, the cucurbits are
classified into two primary types. Summer squash may be ready for harvesting by size as
soon as 3 days after pollination, depending on the needs of the market (Kumar, 2016).

2.2.4 Harvesting and storage

Summer squash is harvested young, with attractively bright, delicate and delicious fruits 2-
5 days beyond anthesis. Fruits that are older are losing their shine gradually, becoming tough
and invalid. Therefore, harvest is carried out every 2-3 days, usually for several weeks,
during the entire harvest period. Fruits are heavily scraped, bruised, or otherwise injured
during harvesting; therefore packaging must be done carefully. Summer squash is especially
subject to drainage. Therefore, in the event of inhibiting water loss, 85-95% RH and a

11



constant circulation of Air should be kept immediately to avoid mold. On another hand,

temperature must be kept above 5 °C to avoid chilling injuries ( Paris & Tadmor, 2017).
2.2.5 Economic importance

Cucurbita pepo is an economically important crop as it is grown in a large area of the world
and it is consumed in a large quantity. In 2017, the area harvested with Pumpkin, squash and
gourd around the world was 2078450 ha and it had an annual production of 27449481 tones
(http://www.fao.org/faostat/en). Because of their economic importance, people in the
Middle East have tended to use greenhouses as well as open-field to grow these cultivars
(Rouphael & Colla, 2005).

Summer squash is a plant of economic importance and is grown all over the world for its oil
and medical benefits (Fu et al., 2006). The potential of use for different summer squash types
have been reported as pharmaceutical effects comprising antidiabetic, antihypertensive,
antitumor, antibacterial, immuno modulative, antibacterial, antihypercholesterol,
antiparasitary antibody, antalgic and anti-inflammatory effects (Fu et al., 2006; Esuoso et al.,
1998). As a source of manganese and vitamin C, it also gives us a great mix of conventional
antioxidant nutrients, Studies recently confirmed that antioxidants maintain their function
after steaming or freezing in summer squash (Kumar et al., 2016).

Summer squash seeds have been employed to treat various disorders, especially worm
diseases (Lewis et al., 1997) as they are employed in Eritrea, Sudan, and Ethiopia to cure
tapeworm. Extracts from summer squash seeds, especially in Europe, were used for many
years in traditional medicine as a treatment of miction due to benign hyperplasia of the

prostate system (Younis et al., 2000).

2.3 Local Seeds in Palestine
Local seeds are an important national wealth that must be preserved, because they are the

source of local plant genes, which are essential for maintaining the potential of local plants.
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Utilizing these genes has the potential to significantly help manage agricultural pests and
reduce the use of pesticides (Shtayeh, 2005).

The use of plant sources, such as local varieties and their wild genes, are considered basic
components in the development of appropriate genetic material. They also constitute a safety
valve to maintain food security and the sustainability of agriculture and plant production,
through their ability to tolerate and continue to produce in the face of changes in climate and
biological and non-biological conditions (Hremat 2001).

Palestinian local seeds are the most important agricultural inputs, because of the presence of
many species, varieties, and local breeds; this is due to the diversity of land conditions and
climate in the region (Alrajabi, 2013). Local seeds enable farmers to collect and store seeds
for the next season, unlike commercial seeds that also require the farmer to purchase
fertilizers and chemical pesticides necessary for plant growth, which leads to continuous
erosion of soil fertility.

Most of the Palestinian local seeds are under a high risk of disappearing. For many years,
Israeli and foreign chemical and hybrid seed companies have overflowed the market with
hybrid and improved seeds, which caused Palestinian local seeds to disappear. This results
in an imbalance in the environment, an increase in costs, and a dependence on Israeli and
other foreign seed and chemical companies, ensuring the continuity of control over our food
while depriving us of real food security (Kurzm, 2010).

The commercial interest behind flooding the Palestinian market with commercial hybrid
seeds and their fertilizers and chemical pesticides directly threatens local seeds. Taking into
consideration the fact that local seeds are suitable for our arid or semi-arid climate conditions
and do not need much water, unlike hybrid commercial seeds, the Palestinian farmers must
return to producing local seeds annually with the aim of reusing them in the next season,

especially during the cultivation of grains and vegetables. Considering that until a few years
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ago the Palestinian farmer relied on their self-produced local seeds, which are more
affordable and disease-resistant due to their characteristics, but now farmers tend to ignore
the fact that they use a lot of water, chemical fertilizers and pesticides that are bad for the
soil, and need a variety of other services in the belief that commercial improved seeds and
seedlings produce more and make farming easier (Kurzm, 2010).

Some of the local agricultural institutions and associations have worked to improve many
species and varieties, especially rain-fed ones. One of these institutions is the Union of
Agricultural Work Committees (UAWC), which established a local seed bank in 2010 as an
extension of the Union’s work in improving and reproducing local seeds. This step came to
protect the local varieties from extinction or loss as a national and heritage goal, in addition
to the elucidating the importance of saving and documenting these seeds, reviving the local
seeds and transferring traditional knowledge about them, and benefiting from the
characteristics of these local seeds.

Over the past ten years, the Union of Agricultural Work Committees has worked to develop
and improve the local seed bank. As a result, it has succeeded in collecting and preserving
more than 50 local varieties, which are included in more than 550 accessions from 14 plant
families. They also worked on preserving local vegetable varieties in their early stages, as
more than 20 new varieties were preserved, all of which are medicinal and rare plant
varieties, such as black carrots, white cucumbers, yellow cauliflower, local tomatoes, local
lettuce, and several aromatic and medicinal varieties.

The process of preserving the seeds takes place under organized scientific management.
Several models have been developed since the bank'’s inception to organize its work and
focus on tracking any sample that enters the bank until it reaches the storage unit. In addition
to collecting results found in the laboratory and drying unit through clear and sequential

steps until the sample reaches the storage unit with high quality in terms of a high purity rate
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and a tested moisture percentage. Focus was placed on purity along several axes, including
purifying and separating varieties based on the morphological description and geographical
consumer demand.

The work of the seed bank did not stop at preserving local seeds, but rather went beyond this
goal to reproducing these seeds in safe ways using innovative and modern techniques. As
the units have been greatly developed to move from the regular production stage to the
environmentally smart intensive production stage that is compatible with the needs of each
variety. Among these techniques are propagation inside plastic houses, using pollinators,
cultivation in cages, cultivation on roofs, and the establishment of permanent propagation
units for medicinal plants. In addition, one of the most important objectives of the seed bank
is to conduct descriptive studies of local plants at the morphological and molecular levels.
In addition to the Union of Agricultural Work Committees, other institutions work to
preserve local seeds (alhamad,2018), such as:

The Palestinian Agricultural Relief Committees (PARC): These committees work on the
issue of producing local seeds, as they trained a large number of farmers to choose desirable
seeds and inform them how to store these seeds, and train a technical cadre of agricultural
engineers to identify and collect local seeds in local agricultural areas. It also established a
central bank for local seeds in 2011 as well as small local banks in several farmer
communities, where more than 150 varieties of local crop plants that are suitable and adapted
to weather conditions and soil conditions were collected.

The Applied Research Institute Jerusalem (AR1J): The ARIJ Foundation has worked since
its inception to focus on the issue of local seeds. The institute launched a program to collect
seeds of local varieties of economic field crops in Palestine in 1996, during which the
institution collected 14 samples of local varieties such as wheat, lentils, chickpeas, and

barley.

15



The Ministry of Agriculture (MoA): The Ministry of Agriculture is the main incubator for
all institutions working in the agricultural sector. It has placed a high value on preserving
biodiversity in general and local seeds in particular through its branches, which are primarily
represented in the National Center for Agricultural Research (NARC), which is considered
one of the Ministry of Agriculture’s most important departments that has worked in
collaboration with many local and international institutions on the issue of selecting and
preserving municipal seeds and distributing them among farmers throughout the country.
The International Center for Agricultural Research in the Dry Areas (ICARDA): The
ICARDA Foundation worked on the issue of local seeds in cooperation with the National
Center for Agricultural Research, where its expertise was utilized in establishing a unit for
preserving genetic assets at the National Center for Agricultural Research, and collecting
about 2000 local and wild plants and preserving them in the asset unit, in addition to
purifying and reproducing the seeds of field crops such as wheat, barley, chickpeas, and
lentils, and the seeds of some local vegetables such as tomatoes, onions, pumpkins, and
watermelons.

2.4 Genetic Diversity

A basic source of biodiversity is genetic diversity, which can be identified as any metric
quantifying the magnitude of genetic variability within a population. For more than 80 years,
evolutionary scientists have focused primarily on the study of genetic variation (Wright
1920; Fisher 1930), which is fundamental to crop improvement. Plant breeders employ a
variety of marker methods for estimating genetic diversity and establishing varietal identity
(Choudhury, 2007).

Historically, morphological features, especially those agro morphological traits of
importance to consumers, have been used to study crop genetic variation. Although

expensive technology is not necessary for morphological characterization, extensive land
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areas are frequently needed for these studies, raising the expense. Furthermore, such traits
are frequently subject to phenotypic plasticity. Later, biochemical methods like isozyme and
protein electrophoresis were used to reduce the influence of environmental influences
(Hunter and Merkert, 1957). Although this approach is quick since it only needs tiny
amounts of biological material, the resolution of variety is constrained because there are only
a certain number of enzymes accessible for biochemical analysis, which are the main
material in these methods, as it responsible for the separation of proteins into distinct banding
patterns. Afterward Since 1990, numerous molecular methods, including RAPD, AFLP, and
SSR, have been employed to evaluate genetic diversity. Such molecular markers provide
improved sampling of the plant genome while minimizing environmental effect, improving
the accuracy of genetic variation assessments. For the evaluation of genetic diversity, more
than 30 different types of molecular markers are presently accessible. These markers have
been widely employed to assess the genetic variation of agricultural plants and have been

crucial in defining the genetic diversity of crops (Mondini et al. 2009).

2.5 Molecular markers

The fact that molecular markers are persistent and detectable in all tissues independent of
cell proliferation, differentiation, development, or defensive state gives them significant
benefits over conventional morphological characterization. Furthermore, DNA markers are
not mistaken for environmental pleiotropic and epigenetic impacts (Kumar, et al., 2009).
Over the past 20 years, a variety of genetic markers have been accessible, each with unique
advantages and disadvantages. Within these markers there are different categories, as they
can be broadly classified according to their generation of their development as the following:
e The first generation, including Restriction fragment length polymorphisms
(RFLPs), Random Amplified Polymorphic DNA (RAPDs), and their modification.

e The second-generation, including Simple sequence repeats (SSRs), Amplified
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Fragment Length Polymorphism (AFLPs), and their modified forms.
e Thethird generation, including single nucleotide polymorphisms (SNPs), expressed
sequence tags (ESTs) and many more.

These markers have another classification according to their method of analysis as the
following:

1) Sequence-based marker techniques, such SNPs technique.

2) PCR-based techniques: several methods including SSR, AFLP and RAPD methods

fall under this category.

3) Non PCR-based techniques: such as RFLPs that relies on hybridization
A particular molecular marker can be involved in particular study only if at least
accomplished few of the desirable properties which can be mentioned as: (Agarwal et al.,
2008) (Hatzopoulos et al., 2002)

a) Efficiently and evenly distributed over the genome.

b) Occurs frequently in the genomes.

¢) Co-dominant.

d) Polymorphic.

e) A quick, easy, and affordable procedure.

f) No prior knowledge of the sample's genome is necessary.

g) Stable over generations.

h) Small amount of DNA samples requires.
Various DNA molecular markers in the genetics and breeding practices of various
agricultural crops have successfully been established and implemented. In this section we'll

offer brief details about some of the molecular markers.
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2.5.1 Restriction Fragment Length Polymorphism (RFLP)

The most used hybridization-based molecular marker is restriction fragment length
polymorphism. The first time RFLP markers were utilized was in 1975 to trace the genetics
of an adenovirus serotype with a temperature-sensitive mutation (Grodzicker, et al., 1975).
Later, it was accepted for plant genomes after being utilized for human genome mapping
(Botstein et al., 1980) (Helentjaris, et al., 1986, Weber and Helentjaris, 1989).

The first step of RFLP technique is isolating a pure DNA, then restriction enzymes are added.
These enzymes cut DNA in certain places (so-called sites of recognition), producing many
fragments of various lengths. In the past, fragments were separated using polyacrylamide or
agarose gel electrophoresis, which produced a sequence of bands with varying lengths that
represented the DNA cut fragments. The bands were then transferred to a membrane and
observed by hybridization to particular probes (Liu & Cordes, 2004).

The base pair deletions, transpositions, translocations, inversions, and mutations that cause an
increase or decrease in recognition sites and result in fragments of different lengths and
polymorphism are the major causes of the variability that results in the RFLP pattern. The
restriction enzymes won't cut the fragment if the recognition site differs by a single base pair.
However, if both bands are visible, it is thought to be heterozygous for the marker and this
happens when mutation occurs on one chromosome but not the other (Madhumati et al., 2014).
The co-dominant nature of RFLP markers and the absence of requirement for prior sequence
knowledge are their main advantages for this technique (Madhumati et al., 2014). However,
several limitations have been reported for this technique:

— Low level of polymorphism (Liu & Cordes, 2004).

Radioactively tagged probes are needed.

Specialized probe libraries for the species are required.

It requires a lot of effort, time, and money (Yu, et al., 1993).
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— Great amount and good quality of DNA must exist for it (Potter & Jones, 1991)

(Roy, et al., 1992).
2.5.2 Randomly Amplified Polymorphic DNA (RAPD)

This method is a PCR-based method that was created by Williams et al. in 1990 (Williams
etal, 1990). By utilizing a random, single, and short primer, PCR is used to amplify genomic
DNA. Amplification occurs when two hybridization sites are comparable to one another and
move in the opposite direction (Nadeem et al., 2018). The length and size of the primer and
the target genome determine the amplified fragments produced by PCR, which are then
separated on an agarose gel and stained with ethidium bromide. By examining the presence
or absence of various bands in the electrophoresis, it is possible to detect polymorphism
brought on by rearrangements or mutations, either at or between the primer-binding sites
(Jiang, 2013).
This technique has some factors affecting its reproducibility such as: DNA quantity and
quality, magnesium chloride concentration, PCR buffer, Tag polymerase and annealing
temperature (Wolff, Schoen, & Peters-Van Rijn, 1993). Primers also can play an important
role, where the chosen primer should have a minimum GC level of 40% since any primer
with a GC content below 40% cannot withstand the high annealing temperature (72 o C)
(Williams et al., 1990).
RAPD technique had a high level of polymorphism and it has several features that make it
simple and easy to be done such as (Jiang, 2013):

— The method is rapid, easy, and effective.

— Since random primers are widely accessible, no sequence data are required for

primer synthesis.
— Due to the use of PCR, only modest quantities of DNA are needed.

— The relevant RAPD products can be cloned, sequenced, and then utilized to create

20



or modify additional PCR-based markers.
Due to their sensitivity to the reaction conditions, RAPDs' principal issues include limited
reproducibility and the requirement for highly standardized experimental techniques. In
addition to that, since short random primers are employed, care must be taken to prevent
DNA samples from becoming contaminated. Other limitations include the lack of locus
specificity of RAPD markers, the inability to interpret band profiles in terms of loci and
alleles (marker dominance), and the possibility that similar-sized fragments may not be

homologous. (Williams et al., 1990)
2.5.3 Amplified Fragment Length Polymorphism (AFLP)

The limitations of the RAPD and RFLP approaches have been overcome by improving
AFLP markers (Vos et al., 1995). AFLP technique combines the flexibility of PCR-based
technology with the power of RFLP with, where DNA was digested and PCR is then
performed (Lynch & Walsh, 1998). The AFLP markers are economical and pre-sequence
information is not needed. Additionally, this procedure may be utilized with both excellent
quality and partially damaged DNA,; nevertheless, the DNA used in this process should not
include any PCR inhibitors or restriction enzymes (Blears et al.,1998).

This technique has three main steps (\Vos et al., 1995):

I. DNA restriction and oligonucleotide adapter ligation: The DNA is cut using two
restraint enzymes, and the resultant fragments are then joined with oligonucleotides
that will act as primer binding sites for PCR amplification.

I. Selective amplification of sets of restriction fragments: The ligated fragments are
amplified using a selective primers.
I11.  Gel analysis of the amplified fragments.
With just little amounts of DNA samples (0.05-0.5 mg) from any origin or complexity, the

AFLP technique can detect small sequence variations, and its results are highly reliable and
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reproducible. The key feature of AFLP is its ability to detect many polymorphic bands in a
single lane. This ability, together with the simultaneous analysis of all the bands on a gel,
makes AFLP an incredibly effective method (Blears et al., 1998). However, according to
Madhumati et al., (Madhumati et al., 2014) this technique has some limitations such as:
— Since most AFLP loci are dominant, dominant homozygotes and heterozygotes
cannot be distinguished from each other, and that in turn lower its accuracy.
— It takes additional steps to achieve the desired result.
— The method requires the use of polyacrylamide gels, which are more expensive and
time-consuming than agarose gels.
— It costs extra to buy adapters as well as restriction and ligation enzymes.
— The restriction enzyme needs template DNA free of inhibitory substances to

function properly.
2.5.4 Simple Sequence Repeats (SSRs)

SSR markers are multi-allele, co-dominant, highly polymorphic and informative genetic
markers, and they are the suitable marker for many applications. According to that, a
considerable amount of effort has been invested into developing them in many species during
the past ten years, and they have been frequently used marker for plants genotyping (Mason,
2015).

The majority of eukaryotic species’ genomes contain tandemly repeating mononucleotide
(T), dinucleotide (TA), trinucleotide (GAA), tetranucleotide (CCAT), pentanucleotide
(GTTGC), and hexanucleotide (ATTACG) units. These DNA segments are known as simple
sequence repeats (SSRs) or microsatellites (Burstin, et al, 2001). These markers are
numerous and equally dispersed across the whole genome in all chromosomal regions. They
have been identified in non-gene sequences, introns, and gene-coding regions(Liu & Cordes,

2004). The mitochondria (Rajendrakumar et al., 2007)and chloroplast, also contain them
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(Provan et al., 2001).

This method is a PCR-based method that uses primers to amplify the desirable microsatellite
region. These primers could be either unlabeled primers pairs or one of the pairs could be
radiolabeled or fluorolabeled. The performance and effectiveness of genotyping procedures
have been greatly enhanced by the use of fluorescent, tagged microsatellite primers and laser
detection. However, this choice is more expensive than using unlabeled primers due to the
high cost of the fluorescent label (Agarwal et al., 2008).

Using acrylamide or agarose gel electrophoresis, the length polymorphism of the amplified
fragment from unlabeled primers is visualized. Due to the presence of varied amounts of
repeats in microsatellite regions, these markers are extremely polymorphic. Additionally,
mismatches, recombination of double-strand DNA, the transfer of mobile elements
(retrotransposons), and slippage of single-strand DNA can all contribute to the occurrence
of SSRs (Kalia et al., 2011).

SSR maps are currently available for a wide variety of plant species, including Rose (Yan et
al. 2005), cherry (Dirlewanger et al. 2004), cassava (Mba et al. 2001), melon (Ritschel et al.
2004), soybean (Song et al. 2004), kiwi (Fraser et al. 2004), and maize (Sharopova et al.
2002).

2.5.5 Inter Simple Sequence Repeat (ISSR)

The basic idea behind this technology, which was created by Zietkiewicz et al., is the
amplification of DNA segments that are situated between two identical but oppositely
orientated microsatellite repeat areas, at a distance that allows for amplification (Zietkiewicz
et al., 1994). Despite rare reports of co-dominant segregation, ISSRs primarily segregate as
dominant markers (Tsumura et al., 1996).

This technique is a PCR based technique that is simple, quick, easy to understand, doesn't

require prior knowledge of DNA sequences, doesn't require the use of radioactivity, and
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typically exhibits high polymorphism (Madhumati et al., 2014). In a single primer PCR
reaction, this method uses microsatellites as primers. These primers are usually long primers
(15-30 bases) and can be di-, tri-, tetra-, or penta-nucleotide. The method allows for the
efficient utilization of high annealing temperatures, which typically range from 45 to 65 °C
and depend on the GC content of the primer. The final products are typically 200 to 2000 bp
long and are visible on a polyacrylamide or agarose gel (Madhumati et al., 2014). On the
other hand, ISSRs' principal drawbacks are that they are usually dominant markers.

2.6 Previous studies

Previous studies utilized some molecular markers in the assessment of Cucurbita genetic
relatedness.

In order to determine whether the aqueous extracts of the fruits with different phenotypic
characteristics have similar hypoglycemic effects, Hernandez, M., et al. (2018) conducted a
comparative investigation of the genetic diversity of C. ficifolia leaves gathered in some
parts of Mexico by AFLP. The bands produced by the nine different primer combinations
showed that there is little genetic variability in the C. ficifolia samples from different parts
of Mexico. Despite the great degree of similarity discovered, two clades were produced in
the dendrogram that was created, and these clades were categorized by fruit features,
regardless of where the growing crop was and how it affected blood sugar levels.
Commercial cultivars and Spanish landraces were among the 69 accessions that Ferriol et
al., (2003) examined for genetic diversity. These accessions represent the significant type
of diversification that has occurred in Europe since this species' introduction from
America.With the aid of both SRAP and AFLP markers, the accessions were separated into
two subspecies using principal coordinates analysis and cluster analysis using the UPGMA
method. However, between the two marker systems, there were differences in the gene

diversity and genetic identity scores among morphotypes and subspecies. In comparison to
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AFLP markers, the information provided by SRAP markers was more consistent with the
morphological variability and the evolutionary history of the morphotypes.

Kazminska,K. et al. (2016) used a set of 23 SSR markers obtained from Cucurbita pepo and
C. moschata to analyze the genetic diversity within a collection of 85 C. maxima
accessions.Using neighbor joining analysis, two major clusters were easily distinguished
according to their locations, while Principal coordinate analysis grouped the accesions

according to cultivar group and region of origin.
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Chapter Three: Material and methods

3.1 Plant material

Thirty-three zucchini accessions were used in this study; twenty-six of them were local
accessions collected from the Union of Agricultural Work Committees (UAWC), and the
other seven zucchini accessions were commercial accessions gathered from a local
agricultural equipment store. In addition to the zucchini samples, six cultivars from other
species of the Cucurbits family were studied, including gourd, snake melon, and muskmelon
(Table 2). The plants were grown in a greenhouse, then their third and fourth leaves were
taken for DNA extraction, after that they were transferred to an open field in order to
complete their growth and to take morphological data related to fruit size, shape and colors
and make visual documentation. When the plants were left in the greenhouse, the fruit
development was not complete because bees were required for the pollination process, which

did not occur.

Figure 3.5: The plants used in this study grown in a green house
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Table 3.2: List of the 39 accessions and their collection sites

Accession number UB-Code Location\notes
OTU1 57 Halhol
OTU 2 172 Halhol
OTU 3 133 Dora
OTU 4 233 Dora
OTUbS 318 Dora
OTU 6 323 Dora
OoTuU7 85 Beit Aula
OTU 8 173 Kharas
OTU9 281 Kharas
OTU 10 198 Al-Aroub
OTU 11 200 Dora
OTU 12 248 Hebron city
OTU 13 254 Jenin
OTU 14 268 Targomia
OTU 15 312 Dahria
OTU 16 91 Nablus - 02
OTU 17 94 Jenin - M1
OTU 18 16 Halhol 2008
OTU 19 94 Dora2010
OTU 20 202 Dora2011
OTU 21 398 Aroub
OTU 22 452 Dora
OTU 23 412 Dora
OTU 24 213 Dora
OTU 25 257 Dora
OTU 26 348 Wad fooken
OTU 27 408 Gourd
OTU 28 404 Muskmelon
OTU 29 423 Snake melon
OTU 30 512 Gourd
OTU 31 509 Muskmelon
OTU 32 375 Snake melon
OTU 33 C1 commercial
OTU 34 C2 Commercial
OTU 35 C4 Commercial
OTU 36 C5 Commercial
OTU 37 C6 commercial
OTU 38 c7 Commercial
OTU 39 C8 commercial
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3.2 DNA extraction

Each plant's DNA was extracted using the "DNeasy Plant Mini Kit/Qiagen" procedure.
Fresh, young plant leaves weighing 100 mg were first crushed using a pestle and mortar
before being added to a 1.5 mL Eppendorf tube and combined with 400 uL of AP1 buffer
and 4 pL of RNase solution. Then the mixture was vortexed before incubating in the water
bath at 65°C. After 10 min, the tube was taking out of the water bath and 130 pL of AP2
buffer were added and mixed with the lysate, then incubated on ice for 5 minutes.

After that, the lysate was centrifuged for 5 min at 20,000 x g and supernatant was transferred
to the QlAshredder Mini Spin Column and centrifuged at that same speed for an additional
2 minutes. The flow- through was transferred into a new tube and mixed by pipetting with
1.5 volume of AW1 buffer, then 650 pl of the mixture was transferred into a DNeasy Mini
spin column and centrifuged at 6000 x g for 1 min, the flow-through was then discarded and
the spin column was placed into a new 2ml collection tube and 500 pL of AW2 buffer was
added to it and centrifuged at that same speed for an additional 1 minute. The flow-through
was discarded after the centrifuge and another 500 uL of AW2 buffer was added and
centrifuged at 20,000 x g for 2 min. The spin column was then carefully removed from the
collection tube and transferred to a new 2 ml tube. 100 uL of AE buffer was then added, and
the mixture was incubated at room temperature for 5 minutes before being centrifuged at
6000 x g for 1 minute. The final step was then repeated by adding another 100 L of AE

buffer, and the mixture was then incubated and centrifuged.
3.2.1 DNA quantification

On 0.8% agarose gel electrophoresis, the quantity and quality of DNA were evaluated.
Then DNA purity and concentration was determined using Nano drop. DNA was modified

to have a final concentration of 30ng/ul.
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3.3 SSR (Simple Sequence Repeats) primer sequence design

Fifty SSR primers of C.pepo (table 3) were used according to Gong et al., (2008) that were

designed in their study with the following parameters:

— GC content between 20% and 80%, with 50% being ideal.

— An annealing temperature of 60C° is ideal.

— The size of PCR products ranges between 80-300 bp.

— The optimal length of the primer is 20 nucleotides.

— A minimum of five tri- or seven di-nucleotide repetitions.

Table 3.3: The sequences of fifty SSR primers used to detect genetic variation among

zucchini accessions.

F.Primer R.Primer
UAWC 1 AGGAGTGGTGGGCTAATACG TGAAATTGAGGGAGGGAGAG
UAWC 2 GGTGACGGCAAGAAAAGCTA GCTGACCCTCTCTCCCTCTC
UAWC 3 GCAGAGGAGAAGTGGGTTTG CTTTATCCGACCAAGCGTTC
UAWC 4 AAGGGTTCGTCGGAGAAACT CAACGACTCCCAGCACCTAT
UAWC 5 AACAATCCTCGCCTCAAATC ATGAAAATGGGAAGCCAGAG
UAWC 6 TTGAACATGATTCTCCACAA TTTTTGGGTAAGCACAAAGT
UAWC 7 CTTCGTCGACACCAATTCC GAAGACGAAGATGACGTGGA
UAWC 8 GCCGGAACCAGACTTCTC CCCTCCCTTCCCATTAAAC
UAWC 9 ACCCTAAGCCAGATATTCATGC GGGCTTCATGCATCTAGTTTG
UAWC 10 CACCGACGACTCCATCATC CTTCTTGTCCCCAAAATCACA
UAWC 11 CCCCTAATCGCTCTCTCTCG CTCCAATGGGAATGGCAAC
UAWC 12 GATCGAATTGGGGCTTCTT CCTCCGTACATCCCCAGA
UAWC 13 TCAACCAAGTGCCAATCTCA ACTGATCCACCGACTGATACG
UAWC 14 CACGAAGATTTGATGGCCTTA GGATTGGGATGGTGAAGATG
UAWC 15 GGGCTACTTCCCCTAAAGATG ACGATGCGTATTCACACTCAA
UAWC 16 ACGACATGAGGGAAGATTCG TTCAATGCCATTCGCCTAC
UAWC 17 ATTCCGACTTGGGGATACCT TGTCCTATCGCTTCGGAGAT
UAWC 18 ATTCATGTCATACTACCGACTTC CGGATTTATAAGATGGCAAG
UAWC 19 ATACTTGCTCCCCAAGTTTA AAATAAAAAGACAACGTAATGGT
UAWC 20 AGAAGGAGGAGAGCGGAAAG ATAAGATCCCAACCCCAACC
UAWC 21 AATGCGTTTGAACAAAGCTG GGCTGTTAAAATTTCCTCGATT
UAWC 22 CCGTAGAGATGTCAGAGACAAGG AGGGATGCTCATCACACCTC
UAWC 23 TTTATTCCGTCGTCGCTTAC CCCGCTGTTTTTCACTTG
UAWC 24 TCTGGTCTTGGGGTGGTTCT AGAAACAAAGTGGCGGGTGT
UAWC 25 GGGTGTGTTGAGGATTGGTT ATCACATTTTCTCCCCACCA
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UAWC 26 TCACTTTACAACCAGAAGCTGA CACTTTGCTGCTCATCCAC
UAWC 27 AGAGCTGCGGGAAAAGGT TTCTCTCCCATTCTGCCACT
UAWC 28 ACCTCCTTACTACCAAGCTCCT TTGTCACATCCCTGAGTTTG
UAWC 29 CCACACACCAATCGTTGAAG CGCAGAATCTCGAAACACAA
UAWC 30 AAACGGTTGAGGAGGATGAC AGGTCATTTGGCGTGATAACT
UAWC 31 TAGGCTGGATTTGCTGGTGA TCCATGTCATCCCAGTTGCT
UAWC 32 GCATTTCACTCCCGATTCTC GTCTCGGAAATCCAATCCAC
UAWC 33 GCACTTGAATCTTCGTCAAC CGAGAAAGAATTAACGAGCA
UAWC 34 GTGCCCGTCAGTCGGAAT TGTCGACGAAGATAGCAATAGCA
UAWC 35 CGTTGGCCATGGAAGTCT CCCTATATGAGACCGCGAGA
UAWC 36 ACCTACCGTCACACCCACAT CCACCTGAAAACAGGGCTAA
UAWC 37 CATGAAACGATATGAGTAGG TGAGGTATTTTAGGAATAAAGA
UAWC 38 CCCTCATTAGGGAGTCTACTG ACTATGCCAGCCGTTATTC
UAWC 39 GGCGAAAAGGAAGAACGAAT TTTTTCTCCCCCTTCCACAT

UAWC 40 CACGAAGATTTGATGGCCTTA GGATTGGGATGGTGAAGATG
UAWC 41 TCGGAGAAACTCGACACTCC TCCCAGCACCATCAGGATAC

UAWC 42 AAAGGTTTCCACATCCTTG GAAAAGGAAAAAGTGTTCAAAG
UAWC 43 CCCTAGACCCATCATAGTCG ACATTTGGTTACTTCCCCATT

UAWC 44 GAAGTGCCGTGGCTGAGAG TTCAGCTTCCCGGATTATGG

UAWC 45 ACTGCTCAATAAGGCAAGGA AAACAAGAGTGCACAAACAGG
UAWC 46 CACGACTCCCAGAATCAATC GATTGGAAACTCGCTCCATA

UAWC 47 GTGGAAGTTACTGCGATTGG GCAAAGAATGTCCTCAGCAG

UAWC 48 AGAGCTGCGGGAAAAGGT TTCTCTCCCATTCTGCCACT

UAWC 49 TGCTCTCTTTGAATTCAGCAT AGGGATCTTCCATTTCCAAT

UAWC 50 AAACATGGCGATGTCCCATTA GGGAGACGCCATTGAAGAAG

3.4 SSR (Simple Sequence Repeats) PCR reaction mixture and program

PCR reactions were carried using GoTag® Green Master Mix in 25ul volumes containing:
12.5ul Green master mix, 1.5 pl (30 ng) of templet DNA, 1.0 ul Reverse primer (0.4uM),
1.0 pl Forward primer (0.4puM), and 9.0 pl of Nuclease-Free Water. PCR was performed as
follows: denaturation at 95°C for 2 min, followed by seven cycles of 45 s at 94°C, 45 s at
68°C (with each cycle the annealing temp decreases 2°C), and of 60 s at 72°C. Products were
subsequently amplified for 30 cycles at 94°C for 45 s, 54°C for 45 s, and 72°C for 60 s, with

a final extension at 72°C for 5 min (Gong et al., 2008).
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3.5 Evaluation of PCR amplicons and generation of binary data matrix

Using 1X TAE buffer and a 2.0% agarose gel with ethidium bromide, PCR products were
electrophoretically separated. Under UV light, the amplified products were visualized and
photographed.

For each primer-genotype combination, DNA bands were scored (1) for presence and (0)
for absence. Only reliable and clear bands were scored in order to estimate genetic
similarity.

3.6 SSR data analysis

Using the Jacquard similarity coefficient formula, a data matrix was used to produce genetic

similarity data between genotypes.

ny,

S ij Jaccard

Where nxy is the number of characters that have state x in individual i and state y in individual
j. The distance matrix was then calculated using the fingerprint analysis with missing data
(FAMD) software, followed by the construction of a neighbor joining tree. The resulting tree
was visualized using the Dendroscop program.
Furthermore, the squared Euclidean distances matrix between all pairs of individuals using
FAMD software was used for the study of principal coordinates (PCO), which was then
projected in three dimensions using FAMD software. In addition to that, Shannon index was

calculated using the same software to detect the diversity within the zucchini accessions.
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Chapter Four: Results and Discussion

This study was performed to assess the genetic diversity of local Palestinian zucchini using
SSR markers. In order to accomplish this, thirty-three zucchini samples were collected,;
twenty-six of them were local accessions collected from the Union of Agricultural Work
Committees (UAWC), and the other seven zucchini accessions are commercial accessions
gathered from a local agricultural equipment store. In addition to the zucchini samples, six
cultivars from other species of the Cucurbits family were studied, including gourd, snake
melon, and muskmelon. The plants were grown in a greenhouse, then their third and fourth
leaves were taken for DNA extraction, after that they were transferred to an open field in
order to complete their growth and to take morphological data related to fruit size, shape and
colors and make visual documentation.
4.1 phenotypes of the zucchini accessions

In order to have some morphological data related to fruit size, shape, and color, the plants
were transferred to an open field to complete their growth because when they were left in
the greenhouse the fruit development did not complete because bees were required for the
pollination process, which did not occur. Unfortunately, not all of the samples have grown
well as many problems have appeared and the plants were replanted more than once. This
agrees with Azofeifa (2006) who reported that depending on morphological and agronomic
characters have a tremendous amount of restrictions, since their expression may be subjected

to many environmental factors.
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One of the main problems is the viruses that affect the zucchini plants and the bleaching
phenomenon. This phenomenon is directly related to the fall of the fruits, and the green color
of the fruits turns pale yellow. According to the UAWC seed bank records, Farmers try to
overcome the problem of viruses and bleaching by growing zucchini under white gauze
(UAWC, 2018)

4.1.1 Morphological characterization of zucchini fruit

Figure 6 shows visual documentation of the young summer fruits taken from various local
samples. Samples showed variation for several morphological parameters. First, there was a
clear difference in parameters related to color. As for major color, samples OTU 1,2,4,6, 7,
8,9, 12,13, 14, and 15 have the deep green major color expected for local accessions, while
samples OTU 5, 16, and 17 have a markedly lighter pale green major color.

The presence of pale green fruits among the local accessions was an unexpected result, as
all local accessions are supposedly distinguished by their deep green color according to
UAWC seed bank records (UAWC, 2018). The fact that samples OTU 5, 16, and 17
produced fruit of a pale light green color indicates that they may in fact be a hybrid zucchini

accessions.
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Figure 4.6: Fruit shape for some local Palestinian squash accessions
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All of the samples displaying the dark green major color also had at least some degree of
lighter linear stripes. These stripes varied in their width, as some of the samples had wide
stripes like OTU 1 while sample OTU 4 for example, had thin yet well-defined stripes. On
the other hand, other samples had stripes that were not as well defined, perhaps due to the
non-uniformity of the deep green major color, creating a blemished appearance of the
major color that merged into the stripes.

There was also considerable diversity in the shapes of fruits with regards to width and
degree of tapering at the stem. Samples OTU 1 and 2 were very wide and oval and slightly
tapered at the stem end. Samples OTU 4, 5, 6, 12, 15, and 16 were more elongated and of
relatively uniform width along the length of the fruit. Samples OTU 13 and 14 had an
almost perfectly oval shape with no tapering at the stem. Samples OTU 7, 8, 9, and 16 had
an elongated shape with slight tapering at the stem, while sample OTU 17 had an attractive
elongated shape with a neck region.

Overall, the observation of the morphology of the samples shows that there is a
morphological diversity among the accessions. Also, the marked difference in the color of
samples OTU 5, 16, and 17 suggests that these accessions were misidentified as local
accessions while they may be hybrid accessions. This is considered an important result as
it necessitates a re-check of the existing entries in the seed bank. In addition more
conformational steps, including molecular tests, need to be done before any approval of
new entries.

In addition to the morphological characteristics of the fruit, figure 7 shows the dark green
heart shaped leaves with irregularly wavy edges. It was also noted how the stem is hairy,

rough, and hollow as shown in Figure 8.
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Figure 4.8: Leaves of zucchini plant
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4.1.2 Measurements of the zucchini accessions fruit

In addition to the previous morphological characteristics, various measurements such as the
length and weight of the zucchini fruit, and the weight of 100 seeds of the zucchini were
taken for some accessions as shown in Table 4. The average weight for the fruit was 160 g
with an average lenght of 10.8 cm, while the average weight of 100 seeds was 10.2. This
result is in agreement with Paris (2008) who reported that the fruits of zucchini are harvested
when they are shiny and have the preferred size for the fruit which usually ranges from 100
g to 200 g.

As seen from Table 4, sample OTU 16 had a higher weight of 100 seeds than the rest of the
samples. As it was suggested earlier, based on morphological characteristics, sample OTU
16 may be a hybrid accession that was misidentified by the seed bank as a local accession,
which could explain the marked increase in weight of 100 seeds for OTU 16. To test for a
significant difference in the weight of 100 seeds between the local and commercial
accessions, the weight of 100 seeds was collected for five different commercial samples. The
average weight of 100 seeds for these samples was 14 g, while the average weight of 100
seeds for the samples in Table 4 was 10.2 g, which was found by the t-test to be a significant
difference ( P values = 0.0011). This result proves that there is a significant difference in the
weight of 100 seeds between the local and commercial zucchini accessions. Accordingly,
additional studies should be done to take into consideration the weight of the seeds as a
preliminary and rapid method to differentiate between local zucchini seeds and commercial

zucchini seeds.
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Table 4.4: Measurements for the zucchini fruit

Accession Height (cm) Weight (g) 100\U seed weight
(8)
oTU 1 10.5 160 11.7
OTu3 11 200 8.26
OTU 4 10 118 9.34
0OTU6 11 168 9.92
oTu7 11 135 9.54
OTU8 11.8 172 7.00
oTU 9 11.5 145 12.00
0TU12 11.5 140 9.55
OoTuU13 11 184 9.19
oTU14 8.5 99 11.6
0TU15 10.5 151 10
OTUl16 12 250 15

4.2 SSR amplification data

The assessment of diversity among local and commercial zucchini accessions based on
morphological characteristics showed remarkable diversity. This morphological diversity
alludes to substantial underlying genetic diversity. Increased knowledge of this molecular
diversity and the development and assessment of molecular markers may be of great value
for farmers and for use in breeding programs. This is because the reliance on morphological
markers has several drawbacks. For one, plants must be observed at various life cycle stages
in order to study morphological markers, which require space and time and other resources.
In addition, morphological characteristics are strongly affected by environmental conditions
(Azofeifa, 2006). On the other hand, genetic markers can be studied from DNA samples
taken from seedlings at the earliest stages of growth, which greatly reduces the time and
space needed to carry out the assessment. Not only have molecular markers been shown to
produce characterizations consistent with morphological markers in Cucurbita pepo . L
(Nacar et al.

2012), it has been suggested that molecular markers may provide more accurate detection of
differences (Rellstab et al. 2016). A comparative assessment of various molecular markers
has shown SSR markers to be superior in terms of discriminatory power (Smykal et al. 2008).
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Therefore, this study used SSR primers to assess the genetic diversity among local and
commercial zucchini accessions.

In this study 50 SSR Primers were used to investigate the pattern of genetic variation among
33 accessions of Palestinian zucchini in addition to another six accessions of other crops
from the cucurbit family, consisting of gourd, snake melon, and muskmelon. Among these
50 SSR primers, only nine primers produced results with polymorphic bands that can be
used in our analysis. This result is in accordance with Ntuli et al., (2015) result who reported
that out of 55 SSR primers tested; only 10 primers were selected for their reproducibility and
high polymorphism. The nine SSR primers used in this study produced a total of 27
polymorphic SSR loci. The size of the amplicons ranged from 90 bp for the primer UAWC
32 and the largest amplicon was 425 bp for the primer UAWC 24, which was considered the

most powerful primer.

e 1 2 3 4 5 6 7 8 9 10 11 113 u

Figure 4.1: Amplicons produced using primer UAWC 22 that was excluded from the

analysis because of monomorphic bands.

er 1 2 3 4 5 6 7 8 9 10 1 12 13 14

Figure 4.2: Amplicons produced using primer UAWC 24
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Out of the nine primers used in our analysis, primer UAWC 39 produced a unique band for
the gourd accessions while producing no bands for the muskmelon or snake melon
accessions (Figure 11). Therefore, this primer can be used to differentiate between zucchini

and gourd.

Zucchini Gourd Muskmelon Snake melon
50 bp
ladder 1 2 3 5 6 7 8 912 14 18 19 21 23 24 33 34 35 36 37 39 2730 28 31 29 32

Figure 4.3; Agarose gel showing amplification products using primer UAWC39,
showing a unique band for gourd. Lanes 27 and 30 are gourd samples, lanes 28 and
31 are muskmelon samples, lanes 29 and 31 are snake melon, and the remaining lanes
are for zucchini samples
On the other hand, primer UAWC 13 produced a unique band for the muskmelon and
snake melon accessions, while gourd and zucchini accessions produced identical bands

(Figure 12). Accordingly, this primer can be used to differentiate zucchini and gourd

accessions from snake melon and muskmelon accessions.
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50 bp > Zucchini < Gourd Muskmelon Snake melon
ladder 1 2 3 4 6 7 8 18 192021 22 23 24 25 26 33 34 35 36 3738392730 28 31 29 32

Figure 4.4: Agarose gel showing amplification products using primer UAWC 13,
showing unique bands for muskmelon and snake melon. Lanes 27 and 30 are the
gourd samples, lanes 28 and 31 are muskmelon samples, lanes 29 and 32 are snake

melon, and the remaining lanes are for zucchini

4.3 SSR data analysis

Based on the data collected using the polymorphic SSR primers, FAMD software was used
to generate a genetic distance matrix according to Jacquard’s similarity coefficient, and
according to this matrix a neighbor joining tree was constructed. Squared Euclidean
distances matrix between all pairs of individuals was also calculated using FAMD for the
study of principal coordinates (PCO). In addition, genetic diversity was calculated by
Shannon index (I) that was 3.9 which indicate that there is a high diversity within the
samples. This high score is consistent with Barzegar et al,. (2013), who interpreted this score
as due to the selection of polymorphic loci previously reported in other studies

4.3.1 Genetic distance

The genetic distance matrix was calculated according to Jacquard's similarity coefficient,

which included 1053 entries and is shown in Table 4.
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Table 4.1: Genetic distance matrix calculated according to Jacquard's similarity

coefficient
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The genetic distance matrix shows an average distance ranging from 0.00 to 1.00. The
maximum genetic distance value was 1.00, which was between the zucchini accessions and
the muskmelon and snake melon accessions. The genetic distance between the zucchini and
gourd accessions ranged between 0.7 - 0.9, which was expected as zucchini and gourd are
from the same species. The lowest genetic distance of 0.00 was within the accessions of
muskmelon, snake melon and gourd, due to the fact that even if some primers produced
bands for these accessions, the bands happened to not be polymorphic. This result is in

agreement with Gong et al (2008) who suggested that SSRs are not easily transferable
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between genera within the Cucurbitaceae.

In addition to these accessions, the lowest genetic distance of 0.00 was also observed between
OTU 35 and OTU 36. This was expected, as both of these accessions are commercial
accessions. Moreover, upon inquiry it was discovered that some commercial zucchini
accessions are distributed under more than one trade name while being the same accession.
Therefore, it is reasonable to assume that OTU 35 and OTU 35 are identical accessions with
different commercial names. Our assumption is consistent with Francesca et al. (2010) who
reported that identical accessions has a genetic distance that equal to O.

On another hand, excluding the gourd, muskmelon, and snake melon accessions, the genetic
distance range was (0.07-0.68), which was close to Inan et al. (2012) as the genetic distance
range was (0.04 -0.87), whereas it was much more than Paris et al., (2002) results as the
genetic distance range was (0.52 - 0.96). According to barzegar et al., (2013) this result is
expected, as most of the accessions used were local, whereas in Paris et al. (2002) study,
accessions were mainly improved commercial cultivars.

The lowest genetic distance of 0.07 was exhibited between OTU 34 and OTU 17. This result
was unexpected, as OTU 34 is a commercial accession while OTU 17 is a local accession
However, when morphological characterization was taken into consideration, it was noted
that accession OTU 17 has the same fruit shape and color of the commercial accessions
(Figure 13). This morphological similarity taken together with the low genetic distance
between OTU 17 and the commercial accessions leads to believe that OTU 17 is a

commercial accession that was misidentified at the seed bank as a local accession.

Figure 4.5: The fruit taken from accession OTU 17
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4.3.2 Principal Coordinates Analysis (PCO)

The 3-D plot of the principal coordinate analysis (PCO) of the squared Euclidean distances

between all 39 accessions is shown in Figure 14.

Figure 4.6: 3-D plot of the principal coordinate analysis for 39 accessions according to

the squared Euclidean distances.
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Figure 14 clearly shows how accessions OTU 27, 28,29,30,31 and 32, which are the gourd,
muskmelon, and snake melon accessions, clustered in group 1 far away from the zucchini
accessions. The upper coordinate in group 1 represents OTU 27 and 30, which are both gourd
accessions and the remaining muskmelon and snake melon accessions clustered in the lower
coordinate. The commercial accessions clustered close together in group 2 (shown in
yellow), but there were also other local accessions located within the same group. The fact
that some local accessions clustered closer to the commercial accessions suggests that some
level of hybridization has happened and a number of local accessions may not be entirely
pure. This may be due to farming practices, as farmers are known to plant different zucchini
accessions in an open field at the same time, and also in close proximity so conditions for
cross pollination exist. The figure also shows how accessions OTU 7, 8, 10, 12 and 15 (group

3 shown in green), which are local accessions, formed a distinct cluster.
4.3.3 Cluster Analysis

An unrooted Neighbor-Joining (NJ) phylogenetic tree was constructed according to the
Jacquard's similarity coefficient as shown in Figure 16. The figure shows how the accessions
are divided into 4 major clusters. Cluster I consists of accessions OTU 27, 28, 29, 30, 31,
32, which are the gourd, snake melon, and muskmelon accessions, and as expected these
appear at a distance away from the zucchini accessions.

Cluster Il consists of accessions OTU 25, 19, 11, 10, 15, 7, 12, 23, 8, 22, 14, which are all
local accessions. Cluster I11 consist of accessions OTU 38, 37, 39, 34, 17, 20, 24, 1, 16, 5,
33, 36, 35, 4, 26, 2, and 13. Most of the accessions in this cluster are the commercial
accessions, but it does contain a number of accessions that were identified as local accessions
by the seed bank. It was notice in this cluster how accessions OTU 17 and 34 are closer to
each other, which was expected as they were found to have a low genetic distance of 0.07 by

the genetic distance analysis, and how accession OTU 33, which is a commercial accession,
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is closer to accessions OTU 5 and 16, which are registered as local accessions. This is further
corroboration for the explanation suggested earlier. By taking into account the
morphological characteristics as well as distance and clustering analysis, it appears that

accessions OTU 5, and 16 are in fact commercial accessions.

OTU16

Figure 4.7: Fruit shape of accessions 5 and 16

It was also notice in the cluster analysis how accessions OTU 35 and 36 are presented in the
cluster analysis as the same accessions. This was expected, as in the genetic distance analysis
they had the lowest genetic distance of 0.00 between them.

Cluster 1V consist of accessions OTU 21, 18, 6, 3, and 9, which are local accessions from

assorted locations.
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Figure 4.8: Mid-pointed NJ tree of all accessions according to the Jacquard's

similarity coefficient.
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Chapter Five: Conclusion and Recommendations:

5.1 Conclusion

This study was performed to assess the genetic diversity of local Palestinian zucchini
accessions using SSR markers. In order to accomplish this, thirty-three zucchini samples
were collected; twenty-six of them were local accessions collected from the Union of
Agricultural Work Committees (UAWC), and the remaining seven zucchini accessions were
commercial accessions gathered from a local agricultural equipment store. In addition to the
zucchini samples, six accessions from other species of the Cucurbits family were studied,
including gourd, snake melon, and muskmelon. All of the samples were grown in an open
field in order to take morphological data related to fruit size, shape and colors and to make
visual documentation.

The observation of the morphology of the samples shows that there is a morphological
diversity among the accessions. Also, the marked difference in color of samples OTU 5, 16,
and 17 compared to the other local samples suggests that these accessions were misidentified
as local accessions and they may in fact be hybrid accessions. This is considered an important
result as it necessitates a re-check of the existing entries in the seed bank.

The study of morphological and agronomic characters to assess diversity entails a
tremendous amount of limitation, since their expression may be subject to environmental or
phenotypic factors. On the other hand, approaches for identifying and characterizing

organisms that rely on the use of molecular genetic markers have generally turned out to be
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more effective since they get beyond the drawbacks of conventional techniques. These
markers are employed globally for these applications because they offer a useful tool for
establishing precise genotyping of crops (Azofeifa, 2006).

Accordingly, SSR markers were employed in this study to assess the genetic diversity of
Palestinian zucchini. These markers were used in this investigation because SSR markers
are abundant, co-dominant, highly informative and polymorphic (Marquez-Lema et al.,
2010; Nybom, 2004).

Fifty SSR primers were used in this study. Out of these primers, only nine primers produced
reasonable results with polymorphic bands, and these nine primers were used in the analysis.
The monomorphism of the other SSR markers concurs with Ntuli et al. (2015), who reported
monomorphism in some SSR markers in his study.

One of the nine primers that produced polymorphic bands, primer UAWC 39 produced a
unique band for the gourd accessions while producing no bands for the muskmelon or snake
melon accessions. Therefore, this primer can be a potential primer to differentiate between
zucchini and gourd. In addition, primer UAWC 13 produced a unique band for both snake
melon and muskmelon accessions.

Based on the data collected using the polymorphic SSR primers, FAMD software was used
to generate a genetic distance matrix according to Jacquard’s similarity coefficient, and
according to this matrix a neighbor joining tree was constructed. Squared Euclidean
distances matrix between all pairs of individuals was also calculated using FAMD for the
study of principal coordinates (PCO). In addition, genetic diversity was measured by
Shannon index (I) which was 3.9. This high score is consistent with Barzegar et al,. (2013),
who interpreted this score as due to the selection of polymorphic loci previously reported in
other studies

The genetic distance matrix showed average distances ranging from 0.00 to 1.00. The lowest
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genetic distance of 0.00 was found between the accessions of muskmelon, snake melon, and
gourd, as even if some primers produced bands for these accessions, the bands were not
polymorphic between these accessions. In addition to these accessions, a genetic distance
value of 0.00 was observed between two commercial zucchini accessions, indicating that
they are both identical. Additionally, low genetic distance was observed between two
zucchini accessions, one of them being a commercial accession while the other was identified
as a local accession by the seed bank. When morphological notes were taken in consideration
in addition to genetic distance data, it was concluded that this accession is a commercial
zucchini accession that was misidentified by the seed bank as a local accession.

The neighbor-joining (NJ) tree was constructed based on the data generated from the genetic
distance matrix. NJ tree clustered the accessions into four major groups, showing how the
accessions of gourd, muskmelon, and snake melon are away from squash accessions. In
addition to that, it has also shown how there is genetic variation among the local accessions
of zucchini, as they clustered in three different groups while the commercial accessions were
all in the same group. This is consistent with Formisano et al., (2011) study, in which the
variation among landraces belonging to the Zucchini group was larger than that of the
commercial cultivars.

NJ tree has also shown that some level of hybridization has happened and a number of local
accessions may not be entirely pure as some of the local accessions were within the same
group of the commercial accessions.

A focal discovery made in this study is the considerable genetic variation found between
local zucchini accessions. This finding is reassuring considering the risks associated with the
narrow genetic variation found in commercial accessions. The huge coverage of
monocultures that happened with most crops following the green revolution has resulted in

food crises in staple crops such as potato (Bruneel et al., 2020) and corn (Condon et al.,
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2018), and could result in similar problems for crops like zucchini if care is not taken to
preserve natural genetic diversity in seed and germplasm banks. The cultivation of traditional
local varieties and landraces of crops has been put forth as a source of resilience to counter
agricultural shocks (Hellin et al., 2014). In fact, the importance of genetic diversity
conservation is evident in international agreements that have been formed such as the UN
Convention on Biological Diversity and International Treaty on Plant Genetic Resources.
This is particularly important in the face of accelerating climate change, which in addition to
altered temperature and rainfall patterns, can allow for increased range of plant pathogens
and insect vectors. The genetic diversity of local zucchini preserved in the seed bank are a
source of genetic material that can be used for classical breeding or new biotechnological
techniques to produce new varieties that are better suited to the changing environment if the

need arises.
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5.2 Recommendation
Referring to this work, the following recommendations for future work would be outlined:
— More studies need to be done on the morphological characterization of Palestinian
zucchini
— Further studies need to be done using the primers (UAWC 13, UWAC 39) with more
accessions from the gourd, snake melon, and muskmelon, as they could be
differentiated primers.
— The seed bank need to put into place a new protocol to verify the identity of accessions
before accepting any new accessions, and re-check existing accessions.
— The local zucchini accessions need to be continue maintained, further characterized

and be available for scientists and farmers for crop improvement.

53



References:

Agarwal, M., Shrivastava, N., & Padh, H. (2008). Advances in molecular marker techniques
and their applications in plant sciences. Plabt Cell Report, 27, 617-631.

Andres, T. C. (1987). Hybridization of Cucurbita foetidissima with C. pedatifolia, C.
radicans, and C. ficifolia. Cucurbit Genet. Coop. Rep, 10, 72-73.

Azofeita, D. A. (2006). Uso de marcadores moleculares en plantas; aplicaciones en frutales
del trépico. Revision bibliografica. Agron. Mesoam. 17(2):221-242.

Barzegar, R., Peyvast, G., Ahadi, A. M., Rabiei, B., Ebadi, A. A., & Babagolzadeh, A.
(2013). Biochemical systematic, population structure and genetic variability studies
among Iranian Cucurbita (Cucurbita pepo L.) accessions, using genomic SSRs and
implications for their breeding potential. Biochemical Systematics and Ecology, 50,
187-198.

Bisognin. (2002). ORIGIN AND EVOLUTION OF CULTIVATED CUCURBITS. (1990),
715-723.

Blears, M. J., Grandis, S. A. De, Lee, H., & Trevors, J. T. (1998). Amplified fragment length
polymorphism ( AFLP ): a review of the procedure and its applications. Journal of
Industrial Microbiology & Biotechnology, (21), 99-114.

Botstein, D., White, R. L., Skolnick, M., & Davis, R. W. (1980). Construction of a genetic
linkage map in man using restriction fragment length polymorphisms. American
journal of human genetics, 32(3), 314.

Bruneel, D., Cottyn, H., & Beeckaert, E. (2020). Potato late blight follows crowding and
impoverishment. In Feral atlas: the more-than-human anthropocene. Stanford
University Press.

Burstin, J,. Deniot, G,. Potier, J,. Weinachter, C,. Aubert, G,. Baranger, A. (2001).

Microsatellite polymorphism in Pisum sativum. Plant Breed. 120:311- 317.

54



Choudhury, P., Tanveer, H., Dixit, G. (2007). Identification and detection of
genetic relatedness among important varieties of pea (Pisum sativum L.) grown in India.
Genetica. 130:183-191

Condon, B. J., Elliott, C., Gonzalez, J. B., Yun, S. H., Akagi, Y., Wiesner-Hanks, T., ... &
Turgeon, B. G. (2018). Clues to an evolutionary mystery: the genes for T-Toxin,
enabler of the devastating 1970 Southern corn leaf blight epidemic, are present in
ancestral species, suggesting an ancient origin. Molecular plant-microbe interactions,
31(11), 1154-1165.

Decker, D. S. (1985). Numerical analysis of allozyme variation inCucurbita pepo . Economic
Botany, 39(3), 300-309.

Decker, D. S. (1988). Origin(s), evolution, and systematics of Cucurbita pepo
(Cucurbitaceae), Econ. Bot. 42: 4-15.

Dirlewanger, E,. Cosson, P,. Howad, W,. Capdeville, G,. Bosselut, N,. Claverie, M,. Voisin,
R,. Poizat, C,. Lafargue, B,. Baron, O,. Laigret, F,. Kleinhentz, M,. Aru” s, P,.
Esmenjaud, D. (2004). Microsatellite genetic linkage maps of myrobalan plum and an
almond-peach hybrid—Iocation of root-knot nematode resistance genes. Theor Appl
Genet. 109:827-832.

Duchesne, A.N. (1786). Essai sur I’histoire naturelle des courges. Panckoucke, Paris.
Emerson,R.A.(1910).The inheritance of sizes and shapes in plants. Amer. Nat. 44:
739-746.

Esuoso, K., Lutz, H., Kutubuddin, M., & Bayer, E. (1998). Chemical composition and
potential of some unterutilized tropical biomass. I: fluted pumpkin (Telfaria
occidentalis). Food Chemistry, 61, 487-492..

Ferriol, M., Pico, B., and Nuez, F. (2003). Genetic diversity of a germplasm collection of

Cucurbita pepo using SRAP and AFLP markers. Theor. Appl. Genet. 107: 271-282

55



Ferriol, M., Pico, M., & Nuez, F. (2001). Genetic diversity of some accessions of Cucurbita
maxima from Spain using RAPD and SBAP markers. 227-238.

Fisher, R. A. (1930). The evolution of dominance in certain polymorphic species. The
American Naturalist, 64(694), 385-406.

Formisano, G., Roig, C., Esteras, C., Raffaella, M., Fernando, E., Monforte, A., & Pico, M.
(2011). Genetic diversity of Spanish Cucurbita pepo landraces : an unexploited
resource for summer squash breeding. Genet Resour Crop Evol, (59), 1169-1184.

Francesca, P., Pamfil, D., Raica, P., Petricele, V., Sisea, C., Vas, E., Botos, B., Bodea, M.
and Botu, M .(2010). Assessment of the Genetic Variability among Some Juglans
Cultivars from the Romanian National Collection at S.C.D. P. Valcea Using RAPD
markers. Romanian Biotechnological Letters. 15 (2).

Fraser, LG,. Harvey, CF,. Crowhurst, RN,. De Silva, HN. (2004). ESTderived microsatellites
from Actinidia species and their potentialfor mapping. Theor Appl Genet. 108:1010-
1016

Free, J. B. (1970). Insect Pollination of Crops, Academic Press, London, pp. 297-313.

Fu, C., Shi, H., & Li, Q. (2006). A review on pharmacological activities and utilization
technologies of pumpkin. Plant Foods for Human Nutrition, 61, 70-77.

Gong L, Paris HS, Stift G, Pachner M, Vollmann J, Lelley T. (2013) Genetic relationships
and evolution in Cucurbita as viewed with simple sequence repeat polymorphisms:
the centrality of C. okeechobeensis. Genet Resourc Crop Evol. 2013;60:1531-46

Gong, L., Stift, G., Kofler, R., Pachner, M., & Lelley, T. (2008). Microsatellites for the genus
Cucurbita and an SSR-based genetic linkage map of Cucurbita pepo L .

Grodzicker T., Williams J., Sharp P., Sambrook J. (1975); Physical mapping of
temperature-sensitive mutations of adenoviruses. Cold Spring Harbour Symposium

on Quantitative Biology 39:439-446

56



Grodzicker, T., Williams, J., Sharp, P., & Sambrook, J. (1974). Physical mapping of
temperature-sensitive mutations of adenoviruses. In Cold Spring Harbor symposia on
quantitative biology (\Vol. 39, pp. 439-446). Cold Spring Harbor Laboratory Press.

Grumet, R., McCreight, J., McGregor, C., Weng, Y., Mazourek, M., Reitsma, K., Labate, J.,
Davis, A. and Fei, Z., (2021). Genetic Resources and Vulnerabilities of Major
Cucurbit Crops. Genes, 12(8), p.1222.

Hatzopoulos, P., Banilas, G., Giannoulia, K., Gazis, F., Nikoloudakis, N., Milioni, D., &
Haralampidis, K. (2002). Breeding, molecular markers and molecular biology of the
olive tree. European Journal of Lipid Science and Technology, 104(November 2017),
574— 586.

Helentjaris, T., Slocum, M., Wright, S., Schaefer, A., & Nienhuis, J. (1986). Construction of
genetic linkage maps in maize and tomato using restriction fragment length
polymorphisms. Theoretical and applied genetics, 72(6), 761-7609.

Hellin, J., Bellon, M. R., & Hearne, S. J. (2014). Maize landraces and adaptation to climate
change in Mexico. Journal of Crop Improvement, 28(4), 484-501.

Hunter, R. L., & Markert, C. L. (1957). Histochemical demonstration of enzymes separated
by zone electrophoresis in starch gels. Science, 125(3261), 1294-1295.

Inan, N., Yildiz, M., Sensoy, S., Kafkas, S. A. L. I. H., & Abak, K. (2012). Efficacy of ISSR
and SRAP techniques for molecular characterization of some Cucurbita genotypes
including naked (hull-less) seed pumpkin. The Journal of Animal & Plant
Sciences, 22(1), 126-136.

Jacks TJ, Hensarling TP, Yatsu LY (1972) Cucurbit seeds: I. Characterizations and uses of
oils and proteins, a review. Econ Bot 26: 135-141

Jeffrey, C. (1990), “Systematics of the Cucurbitaceae: An overview”, in: Bates, D.M., R.W.

Robinson and C. Jeffrey (eds.), Biology and Utilization of the Cucurbitaceae, Cornell

57



University Press, Ithaca, New York, pp. 3-9.

Jiang, G. (2013). Molecular Markers and Marker-Assisted Breeding in Plants. In Plant
Breeding from Laboratories to Fields (pp. 45-83).

Kalia, R. K., Rai, M. K., Kalia, S., Singh, R., & Ghawan, A. K. (2011). Microsatellite
markers : an overview of the recent progress in plants. Euphytica, 309-334.

Kazminska, K., Sobieszek, K. R. Z. Y. S. Z. T. O. F., Targonska, M. A. £.. G. O.R. Z. A. T.
A., Korzeniewska, A. L. E. K. S. A. N. D. R. A, Niemirowicz-Szczytt, K. A. T. A. R.
Z.Y.N.A., &Bartoszewski, G.R. Z. E. G. O. R. Z. (2016). Genetic diversity analysis
of winter squash (Cucurbita maxima Duchesne) accessions using SSR
markers. CUCURBITACEAE 2016, 210.

Kumar, P., Gupta, V.K., Misra, A.K., Modi D. R., and Pandey, B. K. (2009). Potential
of molecular markers in plant biotechnology. Plant Omics Journal 2(4): 141-162 .

Kumar, S. Ra. (2016). Cucurbits History, Nomenclature, Taxonomy, and Reproductive
Growth S. In M. Pessarakli (Ed.), Handbook of Cucurbits (pp. 3-22).

Kumar.S, Rattan.P, Samnotra (2016). Squashes and Gourds. In M. Pessarakli (Ed.),
Handbook of Cucurbits (pp. 513-532).

Lewis W. H., Elvin-Lewis, M. P. F., and Walter, H. (1997). Medical Botany. Wiley, New
York, 291pp.

Lim, T.. (2012). Cucurbita pepo . In Edible Medicinal And Non-Medicinal Plants (Vol. 2,
pp. 281-294).

Liu, Z. J., & Cordes, J. F. (2004). DNA marker technologies and their applications in
aquaculture genetics. Aquaculture, 238, 1-37.

Loy, J.B.( 2004). Morpho-physiological aspects of productivity and quality in squash and
pumpkins (Cucurbita spp.). Crit. Rev. Plant Sci., 23(4):337-363.

Lu, A. & C. Jeffrey (2011). Flora of China, Vol. 19. 1. Cucurbitaceae: 35. Cucurbita. Web.

58



http://mvww.efloras.org/florataxon.aspx?flora id=2&taxon id=200022621

Lynch, M., & Walsh, B. (1998). Genetics and Analysis of Quantitative Traits. Sinauer
Associates.

Madhumati, B., K, M. K., Rs, F., Ballani, A., Vinita, T., & Yachana, J. (2014). Potential and
application of molecular markers techniques for plant genome analysis. International
Journal of Pure & Applied Bioscience, 2(1), 169-188.

Mansour EH, Dworschak E, Lugasi A, Barna E, Gergely A (1993) Nutritive-value of
pumpkin (Cucurbita pepo ) seed products. J Sci Food Agri 61: 73-78.

Marquez-Lema, A., Velasco, L., and Prez-Vich, B. (2010).Transferability, amplification
quality, and genome specificity of microsatellites in Brassica Carinata and related
species. J Appl Genet. 51(2): 123-131.

Mason, A. S. (2015). SSR genotyping. Plant genotyping: methods and protocols, 77-89.

Mba, REC,. Stephenson, P,. Edwards, K,. Melzer, S,. Nkumbira, J,. Gullberg, U,. Apel, K,.
Gale, M,. Tohme, J,. Fregene, M. (2001). Simple sequence repeat (SSR) markers
survey of the cassava (Manihot esculenta Crantz) genome: towards an SSR-based
molecular genetic map of cassava. Theor Appl Genet. 102:21-31

Mercado, P., & Lira, R. (1994). Contribution al conocimiento de los numeros
chromosomicos de los generos Sechium P. Br. y Sicana Naudin (Cucurbitaceae). Acta
Botanica Mexicana, (27), 7-13.

Meru, G., Leyva, D., Michael, V., Mainviel, R., Dorval, M., & Fu, Y. (2019). Genetic
Variation among Cucurbita pepo Accessions Varying in Seed Nutrition and Seed Size.
1536 1547.

Mondini L, Noorani A, Pagnotta MA (2009) Assessing plant genetic diversity by molecular
tools. Diversity 1:19-35

Mondini, L., Noorani, A., & Pagnotta, M. A. (2009). Assessing plant genetic diversity by

59


http://www.efloras.org/florataxon.aspx?flora_id=2&taxon_id=200022621

molecular tools. Diversity, 1(1), 19-35.

Moya-Hernandez, A., Bosquez-Molina, E., Serrato-Diaz, A., Blancas-Flores, G., & Alarcon-
Aguilar, F. J. (2018). Analysis of genetic diversity of Cucurbita ficifolia Bouché from
different regions of Mexico, using AFLP markers and study of its hypoglycemic effect
in mice. South African Journal of Botany, 116, 110-115.

Nacar, C., Sari, N., & Mutlu, N. (2012). Determination of Heterotic Groups in Summer
Squash (Cucurbita pepo L.) using morphological and molecular methods. In
Proceeding of the Xth EUCARPIA Meeting on Genetics and Breedinng of
Cucurbitaceae (Vol. 723, p. 732).

Nadeem, M. A., Nawaz, M. A., Qasim, M., Dogan, Y., Comertpay, G., Yildiz, M., ...
Ahmad, F. (2018). DNA molecular markers in plant breeding : current status and recent
advancements in genomic selection and genome editing. Biotechnology &
Biotechnological Equipment, 32:2, 261-285.

Naudin, C. (1856). Nouvelles recherches sur les caracteres spécifiques et les variétés des
plantes du genre Cucurbita. Ann. Sci. Nat., Bot. IV 6:5-73, 3 pl.

Norrmann, R., and Haarberg, J. (1980). Nature and language: a semiotic study of cucurbits
in literature. Routledge & Kegan Paul, London

Ntuli, N. R., Tongoona, P. B., & Zobolo, A. M. (2015). Genetic diversity in Cucurbita pepo
landraces revealed by RAPD and SSR markers. Scientia Horticulturae, 189, 192-200.

Nybom, H. (2004). Comparison of different nuclear DNA markers for estimating
intraspecific genetic diversity in plants. Mol Ecology. 13:1143-1155.

Paris H.S. (2008) Summer Squash. In: Prohens J., Nuez F. (eds) Vegetables I. Handbook
of Plant Breeding, vol 1. Springer, New York, NY

Paris, H S, & Tadmor, Y. (2017). Cucurbitaceae Melons , Squash , Cucumber. In

Encyclopedia of Applied Plant Sciences (Second Edi, Vol. 3).

60



Paris, H. (2015). Germplasm enhancement of Cucurbita pepo ( pumpkin, squash , gourd :
Cucurbitaceae ): progress and challenges. Euphytica, 415-438.

Paris, H. S. (1986). A proposed subspecific classification for Cucurbita pepo . Phytologia
61: 133-138.

Paris, H. S., Lebeda, A., Kristkova, E., Andres, Th. C., & Nee, Mi. H. (2012). Parallel
Evolution Under Domestication and Phenotypic Differentiation of the Cultivated
Subspecies of Cucurbita pepo ( Cucurbitaceae ) 1. Economic Botany, 66(1), 71-90.

Paris, H. S., Yonash, N., Portnoy, V., Mozes-Daube, N., Tzuri, G., & Katzir, N. (2002).
Assessment of genetic relationships in Cucurbita pepo (Cucurbitaceae) using DNA
markers. Theoretical and Applied Genetics, 106, 971-978.

Paris, Harry S, & Nerson, H. (2003). Seed Dimensions in the Subspecies and Cultivar-groups
of Cucurbita pepo . Genetic Resources and Crop Evolution, 615-625.

Paris, Harry S. (2016). Genetic Resources of Pumpkins and Squash, Cucurbita spp.

Paris,H.S.(2000).History of the cultivar-groups of Cucurbita pepo , in: Horticultural
Reviews 25 (2001): 71-170, 4 pl., J. Janick, ed., Wiley, New York.

Paris,H.S.,Yonash,N.,Portnoy,V.,Mozes-Daube,N., Tzuri,G.,andKatzir,N.(2003).
Assessment of genetic relationships in Cucurbita pepo (Cucurbitaceae) using
AFLP,ISSR, and SSR markers. Theor. Appl. Genet. 106: 971-978

Potter, R.H., and Jones, M.G.K. (1991). Molecular analysis of genetic stability. In:
Dodds JH (eds) In vitro methods for conservation of plant genetic resources. Chapman
and Hall, London pp 71-91

Provan, J., Powell, W., & Hollingsworth, P. M. (2001). Chloroplast microsatellites: new
tools for studies in plant ecology and evolution. Trends in ecology & evolution, 16(3),
142 147.

Rajendrakumar, P., Biswal, A. K., Balachandran, S. M., Srinivasarao, K., & Sundaram, R.

61



M. (2007). Simple sequence repeats in organellar genomes of rice: frequency and
distribution in genic and intergenic regions. Bioinformatics, 23(1), 1-4.

Rellstab, C., Bihler, A., Graf, R., Folly, C., & Gugerli, F. (2016). Using joint multivariate
analyses of leaf morphology and molecular-genetic markers for taxon identification in
three hybridizing European white oak species (Quercus spp.). Annals of Forest
Science, 73(3), 669- 679.

Ritschel, PS,. de Lima Lins, TC,. Trdistan, RL,. Cortopassi Buso, GS,. Buso, JA,. Ferreira,
ME. (2004). Development of microsatellite markers from an enriched genomic library
for genetic analyses of melon (Cucumis melo L.). BMC Plant Biol 4:9

Rouphael, Y., Colla, G., (2005). Growth, yield, fruit quality and nutrient uptake of
hydroponically cultivated zucchini squash as affected by irrigation systems and
growing seasons. Sci. Hortic. (105), 177-195

Roy, A., Frascaria, N., Mackay, J., and Bonsquet, J. (1992). Segregating random
amplified polymorphic DNA (RAPDs) in Betula alleghaniensis. Theor. Appl. Genet.
85:173-180.

Sharopova, N,. McMullen, MD,. Schultz, L,. Schroeder, S,. Villeda, HS,.Gardiner, J,.
Bergstrom, D,. Houchins, K,. Hancock, SM,. Musket, T,. Polacco, NDM,. Edwards,
K,. Ruff, T,. Register, JC,. Brouwer, C,. Thompson, R,. Velasco, R,. Chin, E,. Lee, M.,.
Woodman-Clikeman, W,. Long, MJ,. Liscum, E,. Cone, K,. Davis, G,. Coe, E. (2002).
Development and mapping of SSR markers for maize. Plant Mol Biol 48:463-481.

Simon PW, Navazio JP (1997) Early orange mass 400, early orange mass 402, and late
orange mass 404: high-carotene cucumber germplasm. HortScience 32: 144-145

Sinnott, E. W. (1935). Evidence for the existence of genes controlling shape. Genetics 20:
12-21.

Sinnott, E. W., and Kaiser, S. (1934). Two types of genetic control over the development of

62



shape. Bull. Torrey Bot. Club 61: 1-7.

Smith, B. D. (1997). The initial domestication of Cucurbita pepo in the Americas 10,000
years ago, Science 276: 932-934.

Smykal, P., Horacek, J., Dostdlova, R., & Hybl, M. (2008). Variety discrimination in pea
(Pisum sativum L.) by molecular, biochemical and morphological markers. Journal of
applied genetics, 49(2), 155-166.

Song, QJ,. Marek, LF,. Shoemaker, RC,. Lark, KG,. Concibido, VC,. Delannay, X,. Specht,
JE,. Cregan, PB. (2004) .A new integrated genetic linkage map of the soybean. Theor
Appl Genet. 109:122— 128

Trumbull, J. H. (1876). Vegetables Cultivated by the American Indians. I. Bulletin of the
Torrey Botanical Club, 6(13), 69-71.

Tsumura, Y., Ohba, K., & Strauss, S. H. (1996). Diversity and inheritance of inter-simple
sequence repeat polymorphisms in Douglas-fir (Pseudotsuga menziesii) and sugi
(Cryptomeria japonica). Theoretical and applied genetics, 92, 40-45.

Vos, P., Hogers, R., Bleeker, M., Reijans, M., Lee, T. Van De, Frijters, A., ... Box, P. O.
(1995). AFLP : a new technique for DNA fingerprinting. Nucleic Acids Research,
23(21), 4407-4414.

Weber, D., & Helentjaris, T. (1989). Mapping RFLP loci in maize using BA
translocations. Genetics, 121(3), 583-590.

Weng, Y., & Sun, Z. (2012). Major Cucurbit Crops. In L. Cseke, A. Kirakosyan, P. Kaufman,
& M. Westfall (Eds.), Molecular and Cellular Methods in Biology and Medicine
(Third Edit, pp. 1-16).

Whitaker, T. W. (1947). American origin of the cultivated cucurbits, Ann. Missouri Bot.
Gard. 34: 101-111.

Wien, H.C. (1997). The cucurbits: Cucumber, melon, squash and pumpkin. In: The

63



Physiology of Vegetable Crops (ed. Wien, H.C.), CAB International, New York, pp.
345-386.

Williams, J. G. K., Kubelik, A. R., Livak, K. J., Rafalski, J. A., & Tingey, S. V. (1990). DNA
polymorphisms amplified by arbitrary primers useful as genetic markers are. Nucleic
Acids Research, 18(22), 6531-6535.

Wolff, K., Schoen, E., & Peters-Van Rijn, J. (1993). Optimizing the generation of random
amplified polymorphic DNAs in chrysanthemum. Theoretical and Applied Genetics,
86(8), 1033-1037.

Wright, S. (1920). The relative importance of heredity and environment in determining the
piebald pattern of guinea-pigs. Proceedings of the National Academy of Sciences, 6(6),
320 332.

Yan, Z,. Denneboom, C,. Hattendof, A,. Dolstra, O,. Debener, T,. Stam, P,. Visser, PB.
(2005). Construction of an integrated map of rose with AFLP, SSR, PK, RGA, RFLP,
SCAZR and morphological markers. Theor Appl Genet. 110:766-777.

Younis, Y. M. H., Ghirmay, S., and Al-Shihry, S. S. (2000). African Cucurbita pepo L.:
Properties of seed and variability in fatty acid composition of seed oil. Phytochemistry
54: 71-75.

Yu, K.F., Deynze, A.V., and Pauls, K.P. (1993). Random amplified polymorphic DNA
(RAPD) analysis. In: Glick BR, Thompson JE (eds) Methods in plant molecular
biology
and biotechnology. CRC Press, Boca Raton-Ann Arbor-London-Tokyo, pp. 360.

Zhang J (1996) Breeding and production of watermelon for edible seed in China. Cucurbit
Genetics Cooperative Report 19: 66-67.

Zietkiewicz, E., Rafalski, A.,and Labuda, D. (1994). Genome fingerprinting by simple

sequence repeats (SSR)-anchored PCR amplification. Genomics. 20: 176-183.

64



dupad) Al aalal

COshands (oall) g3 g Wily Guwad Jala . (2018) =Ll daall (el alas)

slasl (Adgslal) doald) oLl Cisall @l (Aluadl) ol @lils L (2021) 2wl «a
Okl o))l daad) lad

29y i) (b e Ll (b A Lalal) il g0 .(2018) )aeal
bl dbblaa A Gaefiall JBI Agay (e dualid) Ll

B sal) S dgag e al) it e laialy duabuai®Y) dasdl) .(2013) o 2n)l
Cands (ual) (A pl) ddall cigia

Bl i) sophadh B ABlal) dud de )30 aaiaa ok b el L(2005) Gwpdid
cophalh G 5 o Sally (gl gl Ciladd S50 cckilgll

@il Jarll Spe o (i) o Saainag dby Ayl § dadiiud gai (2010) z. 38
T SV A R P PO

uadl) — Al Glal) agaall Aty cpaedd B Lald) 5 gdd) adly . (2001) i o Sl

) el — Ll Glady) agae 1 aal Cay cJlaall 1aa B

65



Abstract in Arabic
Otaald (b (520 LuugSl) il ) gl sl

daad) dalud elasd :alas)

Cmdle Caydl Lo il

1 oadlall

Lol ey G pdansld 8 (galil) LSl bl 3l g5l Al Jad (g i) 138 sln)
G dane WS Ldadl) Glondl) 4 el Gl @y il & cle @l glgl aal sl
Logh 4g<s 5 Aadly ld (pglll AN glpmd L 5 Jagha gad amgar () Lol ety L puSlginall
A oy aad iy 5 Jlal Bhalie 3 S IS8 g5 cBhaeay

& b LusS e ilie gt g pde s dan culS s (LusS) (e A Gg0la5 B0 duhall cleds
et clue il GAY) Glie aadly ely3l) deall alaal glall bl el cliy (e lgaes
le Ga (9d) Glial o e T a2 38 LSl Glia BLaYL L el Goudl (e
SSR el aulgll aladiud o5 duhull alal dal ey wgadadly aledlly gl Loy el 3l

.marker

Oy ey O Alasinl & Cus "SSR marker ' el aulsl aladiad & uhl) slal dal e
Basly Auhll oo bl Jal (e daia e il conl L3 sl 8 Lgaladind o5 Lgie dans Jah
Cus (UAWC39) Laly alasinls <l clyadyd) o3a pladiuly cijels 3 degal) g5l (e
Oe g aladll ol bl Gldle 6l eda Al e g all bl Bhaey Lald cldle ek
Gldle (UAWCT3) el gl (il Zali e g @l 5 LusSll oy goyill dalasin) (Sadll

sl e diald Sl gall el L fudaully aledll duals

66



) dal e FAMD zaliys aladind &5 el aulsl) aladialy cujgls Al &80 e ol
Con HSla g aladiul Glisell Ga 4850 ddlall Glus & Gl Slall Ayl ¢ 5l
Ol G Adlys ddlie ool ciliagd L(0.68 — 0.00) c LusSl @il Alaall Cangl 5
Adide dojlad eland g Glalaie Gl da of Gl 5 Gl ¢ plas

Crand 28 .48 )0l ddlial) ddganal iy Neighbor joining 4.1 5ad oLadl &5 (el dalea¥ L
dcgane b aledlly gkl 5 gl AN of el 5 sty Clegena a Y Sliell 3l
e Ja 1y Ay lesene EDE Luglll Cilie Cracd a3 il 5 L€l e sams dals
lgasSl dima (95S5 38 (oaldl LusSll ilise oamy o cpgll LS clianl) 028 G (s 555 293
Aplaill Glial) sl Al deganall a3 Aplaall Glisall (e las A8 ddle e

z Y lehatin) K 30 &8sl dgall jaae oo Lald) AusSl eDlAse c Sl gsull 138
CDAN sda o Lliad) Alalges g A L Aala) cacs 13 A3l Aaedle ST san il

dsaladll sl e fially elalall Lginlily T U< ginagis 4l

67



	Declaration
	Acknowledgement
	Abstract
	Table of Contents
	List of tables
	List of Figures
	List OF Abbreviations
	Chapter One: Introduction
	1.1 General introduction
	1.2 Study objective
	Chapter Two: Literature Review
	2.1 Cucurbitaceae Family
	2.2 Cucurbita pepo  L
	2.2.1 Origin and Domestication:
	2.2.2 Botanical description
	2.2.3 Fruit development
	2.2.4 Harvesting and storage
	2.2.5 Economic importance

	2.3 Local Seeds in Palestine
	2.4 Genetic Diversity
	2.5 Molecular markers
	2.3
	2.4
	2.5
	2.5.1 Restriction Fragment Length Polymorphism (RFLP)
	2.5.2 Randomly Amplified Polymorphic DNA (RAPD)
	2.5.3 Amplified Fragment Length Polymorphism (AFLP)
	2.5.4 Simple Sequence Repeats (SSRs)
	2.5.5 Inter Simple Sequence Repeat (ISSR)

	2.6  Previous studies

	Chapter Three: Material and methods
	3.1 Plant material
	3.2 DNA extraction
	3.2.1  DNA quantification
	3.3 SSR (Simple Sequence Repeats) primer sequence design
	3.4 SSR (Simple Sequence Repeats) PCR reaction mixture and program
	3.5 Evaluation of PCR amplicons and generation of binary data matrix
	3.6 SSR data analysis
	Chapter Four: Results and Discussion
	4.1 phenotypes of the zucchini accessions
	4.1.1 Morphological characterization of zucchini fruit
	4.1.2 Measurements of the zucchini accessions fruit

	4.2 SSR amplification data
	4.3 SSR data analysis
	4.3.1 Genetic distance
	4.3.2 Principal Coordinates Analysis (PCO)
	4.3.3 Cluster Analysis
	Chapter Five: Conclusion and Recommendations:
	5.1 Conclusion
	5.2 Recommendation
	References:
	المراجع باللغة العربية
	Abstract in Arabic

