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ABSTRACT 

The pomegranate (Punica granatum L.) is an indigenous minor fruit crop of Pakistan, having a 

long history of cultivation as wild plant in warm temperate Himalayan range of the country; 

however its production is quite low to meet ever increasing market demand. Sustainable 

production of high quality pomegranate fruit in the world has been achieved through morpho-

genetic characterization and estimation of germplasm diversity which was missing in the country. 

Thus it is important to estimate morphological, biochemical and genetic diversity of wild and 

domesticated pomegranate accessions through analysis of separate and combined data of selected 

wild and domesticated pomegranate accessions to be able to conserve the elite germplasm. 

Various levels of qualitative and quantitative morphological diversity were recorded in fruits of 

selected 115 pomegranate accessions. The round shape fruits were dominant in most of the 

commercial and wild accessions of Rawalakot whereas red color fruits and arils were predominant 

in wild compared to domesticated accessions. The highest value of CV was estimated in seed 

hardness (302.91%) followed by yellow green fruit color (215.24%), round oblong fruits 

(210.33%), slightly bitter arils (209.49%), pink red arils 177.33%) and white pink arils (170.97%) 

in all selected pomegranate accessions. The red skin color in fruit had a strong correlation 

(r=0.809) with red arils followed by 0.769 and 0.741% for round fruit stalked end and medium 

seed hardness, respectively. There was a strong positive association (0.731) of red arils with 

sourness and a negative correlation (-0.145) with sweetness. The wild pomegranate accessions 

had high CV (29.07%), for fruit weight followed by 25.61, 24.73 and 20.45% for rind weight, 

rind thickness and seed weight, respectively, whereas, in domesticated accessions the highest CV 

of 41.99% was recorded in fruit weight. Fruit weight had a strong correlation (0.79%) with rind 

weight and a high positive correlation was recorded between wood portion index (WPI) and aril 

weight in a combined analysis of wild and domesticated accessions. All domesticated accessions 

had a close association among fruit weight, arils and seeds, whereas the wild accessions, there 

was a strong association for WPI. The Abbottabad and Rawalakot accessions were highly diverse 

and varied not only from each other but also from accessions from other regions, whereas 

accessions of Muzaffargarh and Rahim Yar Khan had high similarities as shown in cluster 

analysis of qualitative data of all accessions. Wild and domesticated accessions successfully 

clustered on the basis of similarities of morphological and biochemical traits irrespective to 

growing regions; however, most of Muzaffargarh, Rahim Yar Khan and Mustong accessions 

grouped in the same class. Moreover, wild and domesticated accessions grouped in separate 

classes for biochemical traits while a few Chakwal, Bahawalpur and D.G. Khan accessions 

clustered with wild accessions for most of the morphological traits.  Most of the reported SSR 

primers (29) in this study were efficient and showed high polymorphism with polymorphic 

information contents (PIC) ranging from 0.187 to 0.5598 and maximum allele frequency of 



 

 

xviii 

0.8579% in all selected wild and domesticated pomegranate accessions. The highest genetic 

similarity coefficient was 30.7 to 84.76%, 21.76 to 76.78% and 21.76 to 79.88% in wild, 

domesticated and both wild and domesticated pomegranate accessions, respectively. The 

domesticated accessions clustered on the basis of genetic similarity irrespective of growing 

regions while wild accessions sharing common alleles were grouped in the same class based on 

growing regions. Thus morphological traits showed high diversity in wild accessions compared to 

domesticated pomegranates whereas, biochemical traits showed high diversity in domesticated 

accessions. In molecular studies, the SSR primers could serve as potential markers for genetic 

diversity estimation in Pakistani pomegranates as they proved that the genetic base of our 

pomegranate germplasm is broad. Molecular diversity was higher in wild accessions compared to 

domesticated pomegranates. These studies provide basic information for pomegranate breeding 

programs to develop new cultivars to broader the harvest window of high quality pomegranate 

fruits in Pakistan. 
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CHAPTER 1 

INTRODUCTION 

 

The pomegranate is a thorny large shrub that is predominantly deciduous in nature, 

belonging to the family Punicaceae (Mercure, 2007). It has a single genus “Punica” 

containing three species including: P. granatum, that is widely domesticated and 

cultivated, P. protopunica an ancestral species native to Socotra (The islands of the 

Arabian Peninsula “Yamen”) (Shilikina, 1973), and an ornamental species P. nana with 

its single and double flowers of various shapes and colors (Melgarejo et al., 2009). 

Botanically, cultivated pomegranates are further grouped in subclass “Rosidae” and order 

Myrtales which is also the home for guava and feijoa fruit (Holland et al., 2009). 

According to recent molecular studies in taxonomic classifications, the genus “Punica” is 

considered to be in family “Lythraceae” (Graham et al., 2005). There are n (x) = 8 (Yasui, 

1936; Darlington and Janaki, 1945) or 9 chromosomes in pomegranate (Darlington and 

Janaki, 1945). The genus “Punica” refers to Pheonicia (Carthage) for wrong assumptions 

regarding its origin with name “pomegranate” meaning grainy apple. It is evergreen and 

deciduous in the temperate to tropical and subtropical regions respectively of the world, 

respectively (Ozguven et al., 1997). 

A high level of diversity exists in pomegranate with about 500 known varieties, and about 

50 are marketable globally (IPGRI, 2001). The ability of pomegranate trees to grow in 

diverse agro-climatic conditions of the world is facilitated its distribution throughout the 

Eurasia to the Himalayas (Levin, 2006) as well its adoptability and genetic diversity 

(Holland et al., 2009; Still, 2006). The semi-tropics of Persia are considered the primary 

origin of pomegranate in the world (Levin, 1994), from where it spread to India, China, 

Afghanistan and Pakistan through the himalayan range considered as the second origin 

(Diganta et al., 2009).There is a strong connection between the culture of Mediterranean 

region and domestication of pomegranates, where it was considered an essential dietary 

factor and valued for its medicinal properties. Domestication of pomegranates may have 

started in the Neolithic age (Still 2006; Levin 2006) with its cultivation in the 

Transcaucasian-Caspian region and northern Turkey (Harlan 1992). Pomegranate 

cultivation shifted to the Indian peninsula from Iran in the 1st century (CE), growing in 

Indonesia in 1416, distributed all over Europe by the Greeks and introduced to the New 

World by Spanish sailors (Holland et al., 2009). Pomegranate plants and fruits are deeply 
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entrenched in ancient culture and human history, although Food and Agriculture 

organization (FAO) does not have data regarding its area and production possibly due to 

its restricted cultivation and has been generally neglected as minor fruit in various parts of 

the world. However, globally there is more than 1.9 million tons fruit production and 

India is the largest producer, followed by Iran and USA (Jaime et al., 2013). However, 

per acre production is the highest in Spain. The largest world pomegranates exporter is 

Iran followed by Spain and India (Jaime et al., 2013). In the last few decades, there has 

been a remarkable increase in the trade of pomegranate fruit for its numerous nutritional, 

medicinal and economic values (Sturgeon and Ronnenberg, 2010). Recent scientific 

findings corroborate traditional usage of pomegranates as a medical remedy and indicate 

that its fruit tissues, flower parts, bark, and leaves contain bioactive phytochemicals that 

are antimicrobial, reduce blood pressure and act against serious diseases such as diabetes 

and cancer, etc. These findings have led higher public awareness for the benefits of 

pomegranate fruit, particularly in the western world; consequently there is a prominent 

increase in its consumption in fresh and processed pomegranate industry. 

Pomegranate germplasm conservation, improvement in growing techniques and 

development of industrial methods to separate its arils resulted in an impressive 

production of this fruit to meet ever increasing world market demand for fresh and 

processed pomegranate. A sustainable fruit supply in fresh and processed pomegranate 

market is possible through variety improvement, along with the use of advanced 

agronomic practices. Under irrigation is preferred in pomegranate orchards than over 

irrigation, as in citrus with optimum soil fertility, while hot dry climatic conditions with 

restricted or no rains are preferred during fruit maturity and ripening periods. 

Morphological descriptors (Mars and Marrakchi, 1999), biochemical studies (Hasnaoui et 

al., 2011a) and molecular markers (Jalikop, 2010) are considered a key source of 

germplasm diversity estimation and provide basic information for varietal improvement. 

There is a great significant variability in pomegranate in tree habit, mode of pollination, 

leaf size-shape and various floral characteristics. Variation also exists in wild and 

cultivated pomegranate genotypes for various fruit characters like fruit color, weight, size, 

shape, density, hull weight and thickness and aril color, juice contents, acidity, sweetness 

and wood portion index, etc. (Ozguven et al., 1997; Ercisli et al., 2007). In addition to 

this, pomegranate fruits are divided into hard, semi-hard, soft and semi-soft on the basis 

of wood portion index (seed hardness) (Zamani et al., 2007). Raisins (Anardana: dry 
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pomegranate fruit arils, having distinct sour or tart flavor) are obtained from wild 

pomegranate and are commercially consumed in Asian countries (Jaiswal et al., 2010). 

Germplasm variation has also been estimated through the analysis of antioxidants, total 

phenolic contents, sugar and organic acid profiling and various other biochemical 

characters of mature pomegranate fruits for variety improvement and diversifying its 

production in a wide range of agro-climatic conditions of the world. 

Research on pomegranate germplasm characterization and conservation was first started 

in Persia and there are about 760 germplasm and above 1157 accessions (Levin, 1996) 

while there is a potential pomegranate repository in China which enjoys the production of 

238 local pomegranate cultivars for its sustainable pomegranate supply (Fang, 2006). 

Levin (1981) reported a comprehensive description of cultivated and wild Turkmenistan 

pomegranate habitat, distribution, biology, ecology and reproduction. Gulick and Van 

Sloten (1984) reported two pomegranate collection centers in India and indicated that 35 

accessions are conserved in USA (Georgia). Molecular marker information has been is 

successfully used to study genetic mechanisms and for fingerprinting, and this 

information has been effectively been used in variety improvement programs. Molecular 

markers are based on secondary metabolites (biochemical), protein, macromolecules or 

deoxyribonucleic acids (DNA). Morphological characters of pomegranate fruit are useful 

for germplasm identification (Zamani, 1990), but the outcome of genetic studies does not 

fully support the morphological characters because morphological characters are 

influenced by environmental factors. A lot of research has been published regarding the 

estimation of hereditary variations in pomegranate germplasm through chemical analysis 

(Melgarejo et al., 2000; Dafny-Yalin et al., 2010) and DNA markers including Random 

Amplified Polymorphic DNA (RAPD) (Zamani et al., 2007; Hasnaoui et al., 2010a; 

Ercisli et al., 2007), Restricted Fragment Length Polymorphism (RFLP) (Melgarejo et al., 

2009), Amplified Fragment Length Polymorphism (AFLP) (Yuan et al., 2007a; Awamleh 

et al., 2009) and Simple Sequence Repeats (SSR) (Pirseyedi et al., 2010; Hasnaoui et al., 

2010b). Genetic diversity and population analysis in pomegranate was accurately 

surveyed using SSR (Basaki et al., 2011) and AFLP (Yuan et al., 2007; Vos et al., 1995) 

markers. These markers has been used for accurate and efficient identification of 

genotypes, along with the degree of polymorphism and developed linkages of cultivated 

accessions with their parents. Microsatellite (SSR) markers are more productively utilized 

in genetic diversity estimation (Hasnaoui et al., 2010b) due to its co-dominance, 
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reproducibility, specificity and reliability in comparison to DNA markers. Variety 

improvement in pomegranate has been achieved through genetic diversity estimation and 

association analysis (Jalikop, 2010). Similarly bacterial blight and fruit cracking in 

commercial varieties has been minimized through a backcross with wild genotypes (Xue 

et al., 2006; Jalikop et al., 2006). Pomegranate producing countries like Turkey, 

Turkmenistan, Tunisia, Egypt, Israel, Spain and USA are also working on pomegranate 

germplasm conservation and characterization for variety improvement.  

Pakistan has a long history of cultivation of pomegranate (wild) in the warm temperate 

Himalayan range of the country (Nasir and Ali, 1972). It is successfully grown in warm 

tropical to subtropical, arid to semiarid regions and desert zones of this region. The 

country occupies 10th the position with annual production of 54.3,000 tones on an area of 

13.4 thousand hectares (Anonymous, 2013), which is quite low to meet local market 

demand. Some locally marketed pomegranate cultivars are Sandhora, Sava and Sava 

Kagazi (white arils), Kalahari (Pinkish white arils), Be-danna (soft seeded red and white 

arils), and Kandahari and Tarnab-Gulabi (red arils).These cultivars have potential to be 

introduced in the international market, but propertary issues and limited production are 

the major obstacles.  Pomegranate is still a minor and ignored fruit crop in Pakistan and 

there is not a single registered cultivar available. There is no research work done on 

pomegranate germplasm collection, characterization and conservation which could 

provide basic information for diversity estimation, variety improvement and diversifying 

its production. This work is belived to be the first study to estimate morphological, 

biochemical and genetic diversity in wild and domesticated pomegranate accessions of 

Pakistan. The plants growing in the Himalayan range in the natural climate of Pakistan 

(Abbottabad, Murree and Rawalakot) were considered as wild while the plants selected 

for commercial and edible purpose were classified as domesticated plants in our 

experiments. Specific objectives of this research project were to: 

1. Survey and collection of pomegranate accessions from Punjab, Khyber Pukhton 

Khan and Balochistan provinces of Pakistan. 

2. Estimation of morphological diversity in fruits of pomegranate accessions  

3. Investigation of biochemical characteristics in fruits of selected pomegranate 

accessions 

4. Exploration of genetic diversity and linkages of wild and domesticated 

pomegranate accessions 
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The information provided in this study will be available for variety protection of 

accessions and future variety improvement programs through conventional and advanced 

breeding techniques to meet the demand of pomegranate fruit in the country. 
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CHAPTER 2 

    REVIEW OF LITERATURE 

 

2.1 Taxonomy 

Pomegranate is a predominantly deciduous thorny large shrub or small tree, belonging to the 

family Punicaceae (Mercure, 2007); and contain one genus “Punica” has three species P. 

protopunica, P. nana (ornamental) and P. granatum (Melgarejo et al., 2009). Botanically, 

cultivated pomegranate (P. granatum) is further classified in subclass “Rosidae” and order 

“Myrtales” which includes guava and feijoa fruits (Holland et al., 2009). In recent molecular 

studies of taxonomic classification, “Punica” is considered in family “Lythraceae” (Graham 

et al., 2005). Shilkina (1973) stated that P. protopunica exists in the Islands of Arabian 

Peninsula, Yamen and declared it as the ancestor of genus punica on the basis of xylem 

anatomy. Cytological studies of pomegranate by various researchers reported that it has n (x) 

= 8 chromosomes (Sheidai and Noormohammadi, 2005). The name pomegranate derived 

from the Latin Malum granatum meaning ‘‘grainy apple” with huge number of seeds in it. In 

Roman language, Punica was feminine for Carthage, an ancient city in Tunisia which 

supplied the best pomegranate fruits to Italy. Malum Punicum means “the apple of Carthage” 

(Holland et al., 2009). In Indo-Pak pomegranate is named as dadima or dalim in some 

variations of Sanskrit, whereas in Malaysia and Persian languages it is called delima and 

dulim or dulima (Morton, 1987; Mars, 2000). Xhuveli (2012) described pomegranate species 

‘granatum’ linked to the pomegranate seeds, in Spanish called ‘granada’ and ‘granado’ for its 

fruit and plant, respectively; in French it is named as ‘grenade’; its Roman names are 

‘melogranato’, ‘pomogranato’ or ‘pomopunico’ while in German and Dutch‘ Granatapfel’ 

and in English ‘pomegranate’. Greeks considered pomegranate as "fruit of the dead" and 

quoted in the sayings of Holy Prophet (PBUH) in Hades as “Fruit of love” (Lansky et al., 

2000). These considerations increased the consumption of this wonderful fruit as fresh or 

fruit juice. Various Middle Eastern dishes, exist as Iranian fessenjan include pomegranate 

juice as the major part and contribute to the traveler’s diet and culture.  

 

2.2 Origin and Distribution 

A wide range of distribution of pomegranate in various agro-climatic conditions of the world 

may be due to its adaptability and genetic diversity (Holland et al., 2009; Still, 2006). The 
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Southwest Asia was considered as the center of origin for pomegranate and its landraces in 

central Asia were behaved to come from Iran (Morton, 1987). Moreover, N.I. Vavilov 

determined that pomegranate origin was in the Near East while A.P. de Candolle identified it 

in Iran and its surroundings as the possible origin. Mars (2000) suggested that wild 

pomegranates are native to restricted areas of Iran and its vicinity, and distributed to other 

parts of the world in prehistory through human activities; edible pomegranates were grown in 

Israel in 2000 BC (Stover and Mercure, 2007). Pomegranate cultivation started in prehistoric 

times and its domestication began in the Neolithic era (Levin 2006; Still, 2006). Harlan 

(1992) thought that pomegranates were initially reclaimed in Transcaucasia and northern 

Turkey and it was evidenced that pomegranates were used in Middle East over 5,000 years 

ago. Establishment of Mediterranean Sea colonies in North Africa by Phoenicians had 

initiated cultivation and production of pomegranates in Tunisia and Egypt (Stover and 

Mercure, 2007) and naturalized in western Turkey and Greece. It reached China by 100 BC, 

but by 800 BC pomegranate fruits were already spread throughout the Roman Empire, 

including Spain, and known to be extensively cultivated in Central and southern India in 

same period of domestication (Morton, 1987). Fresh pomegranate and its byproducts were 

used in Egypt, Israel, Armenia, and Mesopotamia in 3000 BC (Goor and Liberman, 1956; 

Still, 2006; Stepanyan, 2007). From the early Bronze Age, pomegranate rind was used in 

Israel (Still, 2006), Lebanon (Still, 2006), Egypt (Still, 2006) and Armenia (Stepanyan, 2007) 

as evidenced by carbonized fragments. Pomegranates moved from Iran to the Indian 

peninsula in first century, grown in Indonesia in 1416 and were introduced in Mediterranean 

regions to the rest of Asia to North Africa and Europe (Holland et al., 2009). The Greek 

Empires disseminated this fruit all over Europe and Spanish sailors traded pomegranates to 

the United States of America in 1700s. A wide distribution of wild pomegranates throughout 

Eurasia to the Himalaya was only due to its adjustment with variable climatic conditions 

(Levin, 2006). 

 

2.3 Botanical Description 

Pomegranate is evergreen to deciduous in tropical to subtropical regions (Ozguven, 1997). 

Holland et al. (2009) reported that most of pomegranate cultivars are deciduous; however, 

Singh et al. (2006) and Sharma and Dhilom (2002) evaluated 16 and 30 evergreen genotypes 

in Rajasthan and Punjab, respectively. Nalawadi et al. (1973) further detailed that there are 

some evergreen cultivars, conditionally deciduous at higher elevations and in colder climates. 
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It is a large shrub or small tree with opposite or sub opposite or whorls of 5 to 6, narrow 

oblong lenceolate leaves, white or bright red flowers solitary or in groups of 2 or 3 at the end 

of branch with variable number of floral whorls depending if wild or cultivated. Naturally, 

pomegranate is a shrub that leads to develop multiple trunks with bushy appearance while 

domesticated plants are trained as small trees of up to 5 m and creeping bush in severe natural 

environment (Levin, 2006). Dwarf cultivars do not exceed tree height of 1.5 m (Levin, 1985, 

2006; Liu, 2003). Pomegranate trees are trained to multiple trunks to reduce the risk of tree 

breakage in colder areas and the pomegranate “Nana” is used as ornamental for its small 

plant, flower and fruit size (Stover and Mercure, 2007). Young leaves are reddish which turn 

to hairless uniform green at maturity. Thorny polygonal young branches become round at 

maturity (Holland et al., 2009). Goor and Liberman (1956) described bark color changing 

from pink to grey as branch maturity proceeds and becomes dark grey in the second year and 

tend to split or even detached with tree age. Flowering occurs as solitary, pairs or clusters on 

newly developed short branches or spurs after one month of bud formation during April-May 

in the northern hemisphere and continue until the end of summer, particularly in young trees 

(Holland et al., 2009). The petal color is pink or orange-red and white colored petals are rare 

in various genotypes (Wang, 2003; Levin, 2006; Beam Home, 2007) and ‘‘double flowered’’ 

cultivars were reported from India, Turkmenistan, China and Russia as ornamental 

pomegranates (Feng et al., 1998; Wang, 2003; Levin, 2006). Microscopic studies conducted 

by Wetzstein (2011a) proved that bell shaped male flowers in pomegranate had rudimentary 

underdeveloped ovules, so failed to set fruit and dropped. He suggested that number of 

productive flowers (vase shape) could be increased through good cultural practices and 

varietal improvement. Percentage of fertile flowers is reported 43% to 66% (Assaf et al., 

1991) and 53% to 80% (Nalawadi et al., 1973) in Israeli and Indian cultivars, respectively. 

Sepals stay as integral part of fruit and generate fruit crown with a prominent calyx.  

Pomegranate flowers are predominantly self-pollinated with about 13% open pollination 

(predominantly insect pollination) (Morton, 1987; Jalikop, 1990) which is preferred for 

commercial pomegranate production for higher yield compared to self-pollination (Karale et 

al., 1993). It is an aggregate fruit with an unusual fleshy berry, predominantly round with 

prominent calyx of various lengths and apex widely opened or almost closed depending on 

cultivar and fruit ripening stage (Holland et al., 2009). External fruit colors range from 

yellow to green, pink to deep red depending on pomegranate genotype and the concentration 

of specific anthocyanins (3-glucosides and 3, 5-diglucosides of cyanidin, delphinidin, 
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pelargonidin etc.) (Gil et al., 1995). They also described black pomegranate (exceptional 

cultivars) with black skin and remaining black at ripening time. They further observed that 

rind thickness varies among cultivars and multi-ovule chambers are separated by septums 

which are organized in a nonsymmetrical way with 2 to 3 chambers in lower part and upper 

fruit part with 6 to 9 chambers, all filled with many arils. Moreover, the juicy edible layer of 

arils arises entirely from seed outer epidermal cells. There are many seeds of different color 

in individual pomegranate (Levin, 2006). Arils vary in size and seed hardness among 

different varieties and there is no correlation between aril and rind color (Holland et al., 

2009). Fruit skin color does not indicate the extent or degree of fruit ripening because it 

attains final color long before arils are fully ripened (Holland et al., 2009). He also proved 

that in Israel cultivar Wonderful is harvested when soluble solids reached 15% or more while 

Kader (2006) reported that in Wonderful maturity is based on titratable acidity. 

 

2.4 Medicinal and Economic Importance 

There is a remarkable increase in global trade of pomegranate fruit and its byproducts for its 

nutritional, medicinal and economic values (Sturgeon and Ronnenberg, 2010). Pomegranate 

plant parts, fruit and its value addition are intensely rooted in human utilization and part of 

ancient human culture as food and medical tonics and proved by modern scientific findings. 

Pomegranate tissues of leaves, bark, flower and fruit contain phytochemicals that control 

blood pressure, act as antimicrobial and aging agents, act against chronic diseases like 

diabetes, male infertility and cancer (Aviram et al., 2000; Basu and Penugonda, 2009; 

Holland et al., 2009). There has been impressive improvement of pomegranate genotypes 

with growing techniques and extension in pomegranate orchards, especially in the Western 

world because of public demand for pomegranate fruit and juice for good health.  Mainly, 

pomegranate fruit is consumed as fresh fruit, but it is also used to prepare fresh juices, canned 

beverages, jellies and jams, and their consumption is increasing in the world (Maestre et al., 

2000; Vardin et al., 2003). Tannin-rich pomegranate root extracts were used by Egyptians to 

remove human and animal intestinal worms (Wren, 1988).  Health issues, including 

contraception, diabetes, snakebites and chronic leprosy (Lansky et al., 2000) and diarrhea 

(Holland et al., 2009) could be treated using extracts of parts of the pomegranate tree and 

fruit , verified by recent scientific studies (Seeram et al., 2006). However, there is no report 

on using pomegranate for snakebite (Holland et al., 2009). Morton (1987) described that 

mouth and throat inflammation could be relieved using pomegranate flower extract as a 
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gargle in Mexico and bronchitis could be relieved by tea made from dried and crushed 

pomegranate flower buds. Lowering the risk of heart diseases (Aviram et al., 2004), slowing 

down cancer progress (Adams et al., 2006) and protectiing antibiotic resistance, teeth aging, 

erectile dysfunction, bacterial infections, UV-induced skin damage and infant brain ischemia 

(Noda et al., 2002; Lansky and Newman, 2007; Basu and Penugonda, 2009) could be 

achieved using pomegranate juice as it contains antioxidants (Ellagic acid and Punicalagin) 

which is the highest in pomegranate fruit juice (Gil et al., 2000; Noda et al., 2002; Guo et al., 

2008). Pomegranate bark is an important source of tannins (extensively required in the leather 

industry) while flower parts and fruit rind are used in the preparation of dyes, extensively 

used in the textile industry (Holland et al., 2009), husk extract is used in preparing writing 

ink (Carvalho, 1999) and fine quality craft ink is still prepared from pomegranate flower and 

rind extract (Holland et al., 2009). Pomegranate tree, especially P. nana, is adopted in 

ornamental industry as nonfood use for its distinctive appearance.  

 

2.5 Germplasm Collection and Conservation 

On the basis of genotype in pomegranates, it was considered that the plant was domesticated 

independently in various parts of the world. The main difference between wild and 

domesticated pomegranates is that the domesticated fruit is larger than the wild ones (Holland 

et al., 2009). A detailed study of wild pomegranate habitat, distribution, ecology, 

reproduction and biology is reported by Levin (1981) in Turkmenistan. Collection of wild 

and cultivated pomegranate accessions is reported in Asia, Europe, North America and North 

Africa (Holland et al., 2009). Still (2006) listed the sites and number of pomegranate 

accessions in Italy, Albania, Turkmenistan, France, Hungary, Spain, United States, Israel, 

Germany, Portugal, Russia, Tunisia, Turkey, Cyprus, Ukraine and Uzbekistan on the basis of 

data collected by Frison and Servinsky (1995) and grouped as wild, semi wild and cultivated 

pomegranate accessions. Later, India, Egypt, Morocco, Greece and Tajikistan were added to 

this list by Mars (2000). Wild Indian pomegranates were grown on the slopes of Himalayas 

and became cultivars (Singh et al., 2006) which showed high genetic diversity in cultivated 

pomegranates (Holland et al., 2009). Rana et al. (2007) characterized 90 highly genetic 

diverse pomegranate accessions and conserved them in National Bureau of Plant Genetic 

Resources Regional Station field gene bank in India. China also possessed diverse germplasm 

resources of pomegranates (Feng et al., 2006; Yang et al., 2007) and there are 50 improved 

cultivars from breeding of 238 accessions (Feng et al., 2006). Levin (1996) reported a large 
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collection of 1157 accessions and 760 germplasm in Iran. There were 200 to 300 accessions 

collected in Uzbekistan, Azerbaijan, Tajikistan and Ukraine as described by Levin (1995). 

There are180 pomegranate accessions collected from Turkey, Mediterranean and Aegean 

regions in Alata Horticultural Research Institute (Holland et al., 2009). Frison and Serwinski 

(1995) reported 158 pomegranate accessions in Izmir, Onur (1983) and Onur and Kaska 

(1985) described 72 accessions, Ozguven et al. (1997) and Ozguven and Yilmaz (2000) 

accounted 33 cultivars in Cukurova University Adana. Stepanyan (2007) surveyed and 

morphologically analyzed wild pomegranate accessions from southeast region of Armenia. 

There is also a collection of 200 pomegranate accessions from all over the world in U.S. 

National Clonal Germplasm Repository Davis (California), mostly from Turkmenistan, 

Russia, Iran, and Japan (Stover, 2007). 

 

2.6 Fruit Morphological Studies 

Morphological descriptors (Mars and Marrakchi, 1999) and biochemical analysis (Hasnaoui 

et al., 2011a) provide both qualitative and quantitative  traits to compare genotypes for 

selection and breeding programs or to evaluate growth under different climatic conditions 

(Barone et al., 2001; Drogoudi et al., 2005; Martinez et al., 2006; Dafny-Yalin et al., 2010).  

High level of variation has been recorded in cultivated and wild pomegranate accessions for 

various fruit characters like fruit size, skin and aril color, seed hardness, juice contents, 

acidity, sweetness and fruit maturity (Ercisli et al., 2007; Ozguven et al., 1997). Pomegranate 

fruits are generally grouped as hard, semi-hard, soft and semi-soft on the basis of seed 

hardness (Zamani, 2007). Raisins (anardana having distinct sour or tart flavor) obtained from 

wild pomegranate are commercially consumed in Asian countries (Jaiswal et al., 2010). 

There  were 6–11 points of fruit color measured against an arbitrary scale ranging from 

yellow-green (01) to red-purple (16) with juice colors ranging from white-yellow to dark red-

purple in most of the Tunisian pomegranate cultivars (Hasnaoui et al., 2011a). 

Akbarpour et al. (2009) recorded 103.38 to 505 g fruit weight and 94 to 547.88 cm3 volume 

in wild and cultivated pomegranate in Iran. Pomegranate fruit weight in Tunisian cultivars 

ranged from 196 to 674 g (Hasnaoui et al., 2011a). Pomegranate fruit density ranged from 

0.91g.cm3 to 1.04 g.cm3 and 1.6 to 6.01 mm peel thickness in wild and domesticated 

pomegranate cultivars in Iran (Akbarpour et al., 2009).  

Individual average aril weight had no significant relationship to fruit size (Holland et al., 

2009). A close correlation was observed between fruit volume, fruit weight and total aril 
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weight of pomegranate by Wetzstein et al. (2011b) and fruit size could be indicated using any 

of these characteristics. As a result of pollination, various numbers of ovules in ovary are 

developed into arils. This is an edible part of pomegranate (50% of fruit) composed of 22% 

of seeds with 78% juicy fraction (El-Nemr et al., 1990). Arils differ in size, shape and 

juiciness depending on cultivar and its agro-climatic conditions. 

Wood portion index (WPI) is two times higher in sour pomegranate accessions than sweet 

(Hasnaoui et al., 2011b) and shows higher degree of variability and wood quantity of edible 

part (Hasnaoui et al., 2011b; Martinez et al., 2006). The WPI was reported 3.35%, 8% and 

7.5%, in Tunisian, Spain and Iranian sweet pomegranate genotypes, respectively (Hasnaoui et 

al., 2011b; Sarkhosh et al., 2009; Martinez et al., 2006). Any prospective selection of 

genotype is based on WPI and its variation has been higher in Iranian soft-seeded genotypes 

(Sarkhosh et al., 2009).  

 

2.7 Biochemical Fruit Characters 

Significant differences were recorded between pomegranate cultivars on the basis of maturity 

index, phenolic contents, antioxidant activity, sugar and organic acid profiling of 

pomegranate aril juice (PAJ).  

 

2.7.1 Maturity index, ascorbic acid and protein contents 

Mature Tunisian pomegranate cultivars have 14.33 to 16.30 °Brix total soluble solids (TSS) 

(Faten et al., 2012) and similar range was also recorded in Spain (Martinez et al., 2006), 

Persian (Tehranifar et al., 2010) and Italian pomegranate accessions (Barone et al., 2001). 

The High TSS value (≥19 °Brix) was recorded in pomegranate fruits by Zarei et al. (2010) 

and Poyrazoglu et al. (2002) whereas its minimum commercial threshold value, required in 

most of the fruits is 12%. Titratable acidity (TA) in Tunisian and Iranian pomegranate 

cultivars is 0.14 to 2.43% and 0.35% to 3.36%, respectively (Faten et al., 2012) whereas pH 

ranged 2.75 to 4.14 (Akbarpour et al., 2009). Martinez et al. ( 2006) and Melgarejo et al. 

(2000) grouped pomegranate accessions as sweet, sour and sour-sweet based on maturity 

index (MI = TSS/TA). Faten et al. (2012) reported that Tunisian pomegranate varieties have 

6.03 to 104.94 value of MI. The cause of sourness in arils is citric acid content, moreover, 

sour pomegranate accessions have high levels of sugars compared to sweet ones (Sweetman 

et al., 2009). Jalikop (2007) reviewed the background of acidity in the arils and concluded 

that sweetness is controlled by a single dominant gene whereas sourness is dominant over 
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sweetness. Genetically sweetness and sourness are “head and tail” of the same trait in fruit 

plants (Jalikop, 2007). Iranian pomegranate fruit juice contains 9.68-17.45 mg/100 mL 

vitamin C content (Akbarpour et al., 2009). The highest proportion of vitamin C content in 

mango, banana, pomegranate and apple was 27.7, 8.7, 6.1 and 4.6 mg/100 g, respectively 

(Mahapatra et al., 2012). They also reported protein contents in various wild and cultivated 

fruits and recorded the highest protein contents in Carissa spinarum (3.6%), Bridelia 

tomentosa (3.1%), guava (2.5%), banana (1.09%), lemon (1.1%) and pomegranate (0.91%). 

 

2.7.2 Total phenolic contents (TPCs) 

TPCs play an important role in the identification of pomegranate accessions because it ranges 

from 133.93 to 350.06 g/100 mL in cultivars; moreover, there is a high level of phenolics in 

sour accessions compared with sweet cultivars (Faten et al., 2012). TPCs from whole fruits 

are many fold (6.5) higher than juice extracted from arils. Turkish pomegranate accessions 

had 1245 and 2076 mg/L TPCs (Ozgen et al., 2008) whereas Cam et al. (2009) recorded 

2083–3436 mg/L phenolics in aril juice of widely grown pomegranate cultivars in Turkey. 

Oxidation reduction reaction in fruits is mainly controlled by TPCs, (Zheng and Wang, 2001) 

produced in fruits (Djeridane et al., 2006) and is used to neutralize free radicals released in 

the body (Laranjinha et al., 1995). A range of phenolic contents in pomegranates are 

anthocyanins, ellagic tannins, catechins, ellagic and gallic acids, but concentration and 

composition of these phenolic contents varied in cultivars (Gil et al., 2000; Poyrazoglu et al., 

2002; El-Nemr et al., 1990). Plant physiological studies indicate that phenols and various 

antioxidants develop plants’ defense mechanisms while medicinal, pharmaceutical and 

industrial use of these phenols is successfully used today as in the past. These historic 

applications of pomegranate plant and its parts  is also proved in a number of human and 

animal clinical research (Aviram et al., 2000; Aviram et al., 2001; Kaplan et al., 2001). 

Moreover, tumor and macrophage cell culture experiments proved its importance in heart and 

HIV diseases (Seeram et al., 2005), high antioxidant capacity (Gil et al., 2000) and high and 

exceptional composition of phenolic contents (Gil et al., 2000; Poyrazoglu et al., 2002) and 

increased the usability of this wonderful fruit in human diet. Thus these compounds were 

evaluated and characterized in plants (Pinelo et al., 2005) into phenolic acids, flavonoids, 

stibenes, lignans and condensed/hydrolysable tannins (Archivio et al., 2007). Flavonoids are 

especially important antioxidants for their high redox potential which allows them to act as 

reducing agents, singlet oxygen quenchers, hydrogen donors addition and metal chelating 



 

 

14 

potential (Tsao and Yang, 2003). Housonai et al. (2011a) reported that purple-red colors were 

controlled by glycosylated anthocyanidins which are chief phenolic compounds in 

pomegranate fruits. Quantification of these anthocyanins showed a huge diversity in aril color 

development in 30 Tunisian pomegranate cultivars at fruit maturity stage (Housonai et al., 

2011a). They reported 9-115 mg/L of anthocyanin contents in Tunisian pomegranate while 

493, 306 and 252 mg/L of anthocyanins were reported in Turkish (Orak, 2008), American 

‘Wonderful’ (Orak, 2008) and Iranian TML variety (Aligourchi, 2008), respectively while a 

much higher anthocyanin content (7760 mg/L) was recorded in Iranian cultivars than Spanish 

and Tunisian (Mousavinejad, 2009). 

 

2.7.3 Antioxidant and its enzymatic activities 

Reactive oxygen agents are continuously produced during various metabolic processes and 

cause oxidative injury to protein, nucleic acids and lipid membranes (Scandalios, 1993). 

Various antioxidant enzymes (SOD, CAT and POD) and non-enzymatic antioxidants 

(carotenes, glutathione and ascorbic acid) (Kang and Saltveit, 2002) provide protection 

against such damages. Fruits naturally produce these substances for self-defense mechanism 

against such oxidative stresses (Nirajana et al., 2009). Antioxidant activity level in 

pomegranate is higher than other fruits (Gil et al., 2000). Antioxidants in the body are natural 

substances (enzymes) which prevent oxidation and thus improve health. Pomegranate fruit is 

declared as “nature’s power fruit” because of the presence of effective antioxidants and is 

better than red wine (Prakash and Prakash, 2011). Moreover, Ozgen et al. (2008) stated 

pomegranate as the biggest source of antioxidants and phenolics. Antioxidant activities in 

pomegranate fruit vary depending on wild and cultivated types and time of fruit maturity. 

Antioxidant scavenging activities in this fruit ranged from 11.91 to 22.50 mg TEAC analyzed 

through DPPH assay (Faten et al.,2012) whereas through FRAP assay this ranged from 157 

to 419 mmol/100 mL and 225 to 705 mmol/100 g in juice and peel of Iranian pomegranate 

cultivars, respectively (Akbarpour et al., 2009). The seed extract of white and black rind sour 

pomegranate cultivars have higher FRAP values (2.76±0.76 μM) of antioxidant activity 

(Sadeghi et al., 2009). Antioxidant activity in pomegranate fruit at IC50 ranged from 

40.03±14.72 to 105.93±17.19 μg/mL and 34.78±14.04 to 135.27±35.5 μg/mL for alcoholic 

and aqueous solutions, respectively (Rajan et al., 2011).  
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2.7.4 Sugars and organic acid profiling 

The concentration of soluble sugars in fruits of wild and cultivated pomegranates ranges from 

17.57 to 19.99 and 13.13 to 16.55 CHO% mg/100g with high level of glucose and fructose, 

respectively (Tezcan et al., 2009). There is no galactose, maltose and sorbitol and traces of 

maltose (Dafny-Yalin et al., 2010). Reducing sugars ranged between 13.89 and 29.83 g/100 

mL, total soluble solids ranged from 15.17 to 22.03 (°Brix) (Akbarpour et al., 2009). Tezcan 

et al. (2009) reported that fructose and glucose are main sources of energy and sweetness as 

sugar. Housonai et al. (2011a) reported that taste of pomegranate fruit juice is determined 

through the level of organic acids and sugar contents, and further added that sour 

pomegranate cultivars have higher level of sugars than sweet ones, however, Melgarejo et al. 

(2000) contradicted this while analyzing Spanish pomegranate cultivars. Moreover, Housonai 

et al. (2011a) reported 131.3–199.8 g/L of total soluble sugars in fruit juice of Tunisian 

pomegranate cultivars (30) with fructose and glucose as major sugars with a range of 72–106 

g/L and 57–86 g/L, respectively. They also reported that Tunisian cultivars contained more 

sugars than Spanish genotypes with the highest fructose and glucose level of 82.2 and 78.0 

g/L, respectively. Spanish, Turkish and Tunisian pomegranate cultivars contains higher level 

of fructose than glucose while glucose concentration was higher in Russian, Saudi Arabian 

and Turkish pomegranate cultivars (Melgarejo et al., 2000; Al-Maiman and Dilshad, 2002; 

Cam et al., 2009). There was low level of sucrose (0–3.62 g/L), arabinose (0–9.19 g/L) and 

traces of galactose while Sorbitol and maltose were not detected in Tunisian pomegranate 

fruit juice (Housonai et al., 2011a). The reason for low level of sucrose in fruits might be due 

to the conversion of sucrose to invert sugars during ripening process.  

Iranian and Spanish pomegranate accessions had higher concentration of acetic and fumaric 

acids (Melgarejo et al., 2000; Aarabi et al., 2008) whereas Tunisian cultivars lack these acids 

(Hasnaoui et al., 2011b). A high level of ascorbic acids was detected in sour accessions with 

traces of tartaric acid whereas sweet cultivars were restricted with more oxalic acid in 

Turkish pomegranate accessions (Hasnaoui et al., 2011b). Citric acid and malic acid were the 

major organic acids in sour and sweet cultivars, respectively (Hasnaoui et al., 2011b; 

Melgarejo et al., 2000; Poyrazoglu et al., 2002; Dafny-Yalin et al., 2010). There are various 

organic acids in pomegranate fruit juice, but malic and citric acids are the main ones and 

strongly correlated with sourness (Esti et al., 1997). Melgarejo et al. (2000) reported that 

sensory attributes in pomegranate and other fruit juices are mainly controlled by the 

combined effect of quality and quantity of organic acids, sugars and anthocyanin. Hasnaoui et 
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al. (2011a) determined organic acid and sugars in fruit juice of selected Tunisian 

pomegranate cultivars and estimated abundant sugars (fructose and glucose) and acids (malic 

acid and citric acids) and concluded that it is not sugars concentration  which control sourness 

or sweetness in fruits, but high or low levels of citric acid. They also detected six organic 

acids, including malic, citric, succinic, oxalic, tartaric and ascorbic acids with respective 

concentrations of 50%, 23%, 17%, 7%, 2%, and 0.3% of total organic acids. Coefficient of 

the variation was highest (155%) for citric acid and the lowest (22%) for malic acid in 

selected Tunisian pomegranate cultivars (Hasnaoui et al., 2011a). In contrast to Tunisian 

pomegranate cultivars, citric acid was the major acid in fruit juice of Turkish pomegranates 

(Poyrazoglu et al., 2002). They also reported that these Tunisian pomegranate cultivars are 

rich in oxalic acid (0.3–3.9 g/L) compared to Spanish cultivars and this acid was also a major 

organic acid in ‘Assaria’ cultivar from Portugal (Miguel et al., 2004). Hasnaoui and 

coworkers in Tunisian pomegranate cultivars detected traces of fumaric acid and no acetic 

acid; however these results are quite different from previous results on Iranian (Aarabi et al., 

2008) and Spanish (Melgarejo et al., 2000) pomegranate cultivars. In sour cultivars of 

pomegranates, the concentration of citric acid, malic acid and succinic acid was higher which 

showed an association of these acids with sourness of pomegranate cultivars (Hasnaoui et al., 

2011b). Sourness in pomegranate fruits negatively correlated with tartaric acid (Housonai et 

al., 2011b) as tartaric acid was not detected in any of selected Tunisian sour pomegranate 

cultivars, however, the highest correlations were observed between titratable acidity and 

citric acid followed by malic and succinic acids. Hasnaoui et al. (2011b) also stated that 

sourness index (SI) is considered reliable criteria in characterization of pomegranate 

accessions and proved that sweet and sour accessions had an SI ≥ 60 and < 10, respectively. 

 

2.8 Molecular Studies 

Plant germplasm with maximum genetic diversity provides the basis of preservation of 

biology and genetic improvement. Characterization of genetic diversity is important for 

parental selection in breeding and genetic improvement. Technologies of isozyme detection 

in the 1960s and molecular biology in the 1990s carried out to study plant genetic diversity 

from morphology to gene level. Molecular markers are used to understand basic genetic 

mechanisms and gene sequencing effectively support advanced breeding programs. Markers 

are composed of biochemicals (secondary metabolites) and macromolecules, protein and 

deoxyribonucleic acids. Study of morphological traits of pomegranate fruit is useful in 
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genotype identification (Zamani, 1990) and in contrast to it, Kumar (1999) proved that 

genetic study might not fully depend on morphological characters because they vary with 

environmental and cultivation conditions. In detailed breeding work it was proved that the 

level of expression and function of genes controlling rind and aril color was significantly 

different in different pomegranate cultivars (Holland et al., 2009), however, morphological 

differences in some traits of selected cultivars not reflected in polymorphism of molecular 

markers. This controversy could be resolved by isolating more pomegranate markers and 

utilizing them in breeding and evolutionary studies. A lot of work is needed to construct 

pomegranate genomic libraries and 26 SSR primer pairs successfully be used in screening 

pomegranate genotypes (Hasnaoui et al., 2006; Mehranna et al., 2006). Pomegranate genetic 

diversity is assessed using chemical attributes (Melgarejo et al., 2000; Dafny-Yalin et al., 

2010) and PCR based markers like Random Amplified Polymorphic DNA (RAPD) (Zamani 

et al., 2007; Ercisli et al., 2007; Hasnaoui et al., 2010a), Restricted Fragment Length 

Polymorphism (RFLP) (Melgarejo et al., 2009), Amplified Fragment Length Polymorphism 

(AFLP) (Awamleh et al., 2009; Yuan et al., 2007a) and Simple Sequence Repeats (SSR) 

(Pirseyedi et al., 2010; Hasnaoui et al., 2010b). RAPD analysis attributed low level of 

polymorphism among Iranian accessions (Talebi-Baddaf et al., 2003) whereas Zamani et al. 

(2007) reported opposite results for 24 Iranian genotypes following the same analysis 

techniques. Hasnaoui et al. (2010b) evaluated 27 pomegranate accessions in Tunisia by using 

11 microsatellite markers and observed 25 alleles with 0.037 and 0.592 heterozygosity. 

Molecular association analysis has higher degree of distribution (Hakki et al., 2001) and 

polymorphism in the whole genome (Sayama et al., 2011). Tunisian germplasm showed high 

genetic polymorphism using RAPD and AFLP analyses (Hasnaoui et al., 2006; Jbir et al., 

2006) whereas narrow genetic diversity was also observed through RAPD analysis in Turkish 

pomegranate accessions (Yilmaz et al., 2006). A comparative biochemical study was 

performed on some Israeli accessions (Tzulker et al., 2007) and ISSR genetic analysis on 36 

genotypes resulted in a substantial amount of polymorphism among these Israeli genotypes 

and detailed study of diversity and evolutionary relationship was undertaken using SSR and 

AFLP techniques (Holland et al., 2009). However, SSR is more successfully used in genetic 

diversity (Hasnaoui et al., 2010b) because of its specificity, reliability and reproducibility. 

Genetic diversity and population mapping could accurately be surveyed through the use of 

genetic markers (Xue et al., 2006). A DNA fingerprinting technique, AFLP was studied by 

Fang et al. (2006) and Yuan et al. (2007a). Yuan et al. (2007b) used AFLP markers in the 
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investigation of genetic diversity and population genetic structure of 85 Chinese pomegranate 

cultivars from six populations. Genetic diversity and population analysis could accurately be 

surveyed using SSR (Basaki et al., 2011) and AFLP (Yuan et al., 2007; Vos et al., 1995) 

markers.  

 

2.9 Variety Improvement Program 

Human selection of naturally occurring pomegranates varieties provided the basis for cultivar 

improvement. Extension in worldwide trade of pomegranates was limited because variety 

improvement was only for local consumers who like soft seeded and low acid taste cultivars 

of India and Spain (Holland et al., 2009). Local pomegranate selection based on fruit size, 

color, taste, juice contents and yield, however, time of ripening, rind and aril color are also 

important for global trade. India leads in pomegranate breeding based on crosses of cultivars 

(Holland et al., 2009) for low acidity and high fruit quality in arid environment (Samadia and 

Pareek, 2006), yield (Manivannan and Rengasamy, 1999), disease resistance (Jalikop et al., 

2005; Jalikop et al., 2006), juice production (Jalikop and Kumar, 1998); aril color (Wavhel 

and houdhari, 1985) and seed softness (Jalikop and Kumar, 1998). The various sour, semi 

sour domesticated pomegranate accessions are developed from wild ‘Daru’ in India. Crosses 

between Indian progenies ‘Daru’ and ‘Ganesh’ proved that pink aril color was dominant to 

white, high acidity and hard seed trait is dominant to soft (Jalikop et al., 2005). Cultivar 

‘Daru’ is resistant to bacterial blight, controlled by recessive genes. A series of Chinese 

commercial pomegranate cultivars achieved after complete characterization of collected 

germplasm include: ‘Zaoxuan 018’ and ‘Zaoxuan 027’ with good-quality fruit (Wang et al., 

2006) ‘Duo Hong 1’, ‘Duo Qing 11’, Duo Bai 2’ and ‘Hongmanaozi’ with soft-seed (Liang 

and Cheng, 1991; Zhao et al., 2007) and ‘Yushiliu 4’ with early fruit ripening property (Zhao 

et al., 2006). 

Israeli cultivar ‘Emek’ was screened from progenies of open pollinated cultivars. It ripens 

very early in mid-August and has appealing pink-red rind and bright red soft arils and sweet 

with low acidity in taste (Holland et al., 2009). ‘Kamel’ was selected from Newe Yaar 

derivatives, and its growth habit and fruit quality are basically similar to ‘Wonderful’. In 

another breeding project, two populations (F1 and F2) of crosses between ‘Wonderful’ and an 

Indian origin evergreen cultivar to select very early ripening cultivars (Holland et al., 2009). 

A lot of work performed by Shao et al. (2003); Matuskovic and Micudova (2006) on the use 

of chemicals for pomegranate variety improvement and Shao et al. (2003) produced 
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tetraploid pomegranate cultivars through colchicine treatment of shoots. Kerkadze (1987) 

used gamma irradiation and generated tetraploid pomegranate cultivar ‘Karabakh’ which 

produced viable pollen. Terakami et al. (2007) recently reported agrobacterium mediated 

transformation of pomegranate. Molecular based genetic diversity and association analysis 

has been successfully utilized in breeding programs for variety improvement of pomegranate 

(Jalikop, 2010), e.g. intensity of fruit cracking and bacterial blight could be minimized 

through backcross with wild pomegranates (Jalikop et al., 2006; Xue et al., 2006). However; 

Holland et al. (2009) reported that genetically engineered pomegranate cultivars are not 

expected for commercial market in the near future because there are severe restrictions on 

commercial usage of genetically modified plants, and  also because safe genetic 

transformation systems in commercially important cultivars has not yet been developed. 

Development of transformation systems in ornamental pomegranates ‘Nana’ is expected to be 

useful as a model system to study genetic manipulation in pomegranates. 

 

2.10 Conclusion 

Wild pomegranates growing in India are found in the Himalayan ranges covering the entire 

hilly track of Jammu and Kashmir, Himachal Pradesh and Uttar Pradesh and domesticated 

pomegranates are grown throughout India. In this research project, the plants naturally 

growing in the Himalayan ranges of Abbottabad, Harripur, Murree and Rawalakot were 

selected as wild pomegranate accessions. Pomegranate plants commercially grown in various 

plain areas of Punjab and on Himalayan ranges of Mastung, Burkhan (Quetta) and Kallar 

kahar were selected as domesticated pomegranate accessions. Domesticated accessions are 

conserved in Sq. 32, Institute of Horticultural Sciences, University of Agriculture, Faisalabad, 

Pakistan. This is the first ever study in Pakistan of morphological, biochemical and genetic 

diversity in wild and domesticated pomegranates. Results from this study will benefit future 

germplasm characterization and breeding improvements in the country. 
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CHAPTER 3 

MATERIALS AND METHODS 

 

The present research work was conducted at the Institute of Horticultural Sciences (IHS), 

Department of Chemistry and Biochemistry, and the Center of Agricultural Biochemistry and 

Biotechnology (CABB), University of Agriculture, Faisalabad (UAF) with the objective to 

estimate morphological, biochemical and genetic diversity in wild and cultivated 

pomegranate (Punica granatum L.) accessions in Pakistan. Methodology and procedures for 

these studies are documented here in details. 

 

3.1 Experimental Site and Design 

Young leaves and mature fruit samples of 62 cultivated pomegranate accessions were 

collected from districts of Bahawalpur (Regional Agriculture Research Institute and The 

Islamia University of Bahawalpur), Rahim Yar Khan [Liaqatpur (Chock Farid, Allalabad) 

and Khanghar)], Muzaffargarh [Alipur (Nabi Shah walla and Mullaha walli), Multan 

[Shujabad (Muhammad Ali Walla, Rana Qasim Noon (MPA)] pomegranate farm), Dera 

Ghazi Khan (D.G. Khan, Horticulture Research Station), Rawalpindi [Chakwal (House of 

District coordination officer), Kallar kahar (Sehgal pomegranate farm), Takhta Babri and 

Khoshab (Kanhatti garden), province of Khyber Pakhtunkhwa (KPK) [Peshawar (Agriculture 

Research Station Tarnab)], and Balochistan [Mustang (Kari Kocha and Gulab Bag), Quetta]. 

Leaf and fruit samples of 53 wild pomegranate accessions were also collected from 

Himalayan range of Hazara, Abbottabad, Murree and Rawalakot divisions at each ≤ 20 Km 

of the selected areas along with GPS data of these sites. Coordinates, elevations and other 

details of selected pomegranate accessions are presented in Table 3.1 and all research areas 

are marked on map of Pakistan shown in Figure 3.1A and 3.1B. 

http://en.wikipedia.org/wiki/Khyber_Pakhtunkhwa
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Table 3.1: Description of accessions along with areas, accession code, GPS data and pomegranate fruit characters studied 

S. No. Collection 

Districts 

Collection 

Site 

Accession 

given Name 

Accession 

Code 

L
a
ti

tu
d

e 

L
o
n

g
it

u
d

e 

E
le

v
a
ti

o
n

 

(m
) 

M
o
rp

h
o
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g
y

 

B
io
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em
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tr

y
 

H
P

L
C

 

S
S

R
 

1 Bahawalpur Regional 

Agricultural 

Research 

Institute 

Pink BR1 73.27 29.98 119.48               

2 Red- Green BR2            

3 Red BR3            

4 Lalari BR4            

5 D.G. Khan Horticulture 

Res. Station  
White DH1 70.63 30.05 90.52            

6 White Pink DH2               

7 
Lalari DH3            

8 Muzaffargarh Alipur (Nabi 

Shah Walla) 
Sandhora MAN1 70.91 29.38 102.99            

9 Sava MAN2            

10 Sava Kagzi MAN3            

11 Dunail MAN4               

12 Kalihari MAN5            

13 Sandora khatta MAN6               

14 Kalihari Khatta MAN7           

15 Alipur (Mulla 

Walli) 
Sandhora MAM1            

16 Sava MAM2           

17 Sava kagzi MAM3       


  

18 Donil MAM4       
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S. No. Collection 

Districts 

Collection 

Site 

Accession 

given Name 

Accession 

Code 

L
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e 
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19 Muzaffargarh Alipur 

(Mulla 

Walli) 

Kalahari MAM5 71.1 29.12 102.99            

20 
Sandhora 

khatta 
MAM6 

                 

21 
Kalahari 

khatta 
MAM7 

                 

22 Rahim Yar 

Khan 

Liaqatpur  

(Allahabad) 
Sandhora RLA1 70.57 28.55 95.09            

23 Sava RLA2            

24 Sava kagzi RLA3            

25 Donail RLA4            

26 Kalahari RLA5            

27 Lalari RLA6             

28 Liaquatpur Sandhora RLF1                 

29 (Chock arid) Sava RLF2              

30   Sava kagzi RLF3            

31   Dunail RLF4            

32   Kalahai RLF5            

33   Lalari RLF6               

34 Khan Bella Lalari RLK1 71.7 29.42 92            
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S. No. Collection 

Districts 

Collection 

Site 

Accession 

given Name 

Accession 

Code 

L
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35 Multan Shujaabad 

(Muhammad 

Aki Wala) 

Dasi Metha MSA1 71.29 29.88 151.99        


   

36 Khatti MSA2                

37 Qabli MSA3             

38 Chakwal D.C.O house Pink CD1 72.86 32.93 457.2             

39 Red CD2             

40 Pink-Sava CD3             

41 Sava CD4             

42 Kallar Kahar 

(Sehgal Farm) 

W. kandahari CK1 72.42 32.47 634.89                

43 R. kandahari CK2                

44 Takht-e-Babri Pink green CB1                

45 Pink-Red  CB2        


   

46 Khushab Kanhatti  Khatta KK1 74.15 36.42 1507.5                

47 Sava KK2             

48 Pink KK3             

49 Pink green KK4             

50 Quetta Quetta Red Kagzi Q1 71.41 34 1686.1                

51 White Kagzi Q2                

52 White Q3        
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S. No. Collection 

Districts 

Collection Site Accession 

given Name 

Accession 

Code 

L
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53 Mastung Gulab Bag Red MG1 66.85 29.8 1682.8             

54 Red Pink MG2                

55 Pink Red MG3             

56 White MG4             

57 Kari Kucha W. S. hard MK1 66.85 29.8             

58 W. Pink Sour MK2             

59 White Sour MK3                

60 W. Sweet soft MK4                

61 Peshawar Agri. Res. 

Institute Tarnab 
T. Gulabi KPK-TG 71.6 34.25 348.99                

62 T. Kandahari KPK-TK             

63 Harripur Karaki  Red  HK1 73.16 33.94 993.03             

64 Jamari  Red  HJ2 73.16 33.9 904.34             

65 Jabri Red  HJ3 73.16 33.91 927.81             

66 Chapra  Red  HC4 73.02 33.92 805.58             

67 Bandi Red-white HB5 73.18 33.89 922.62             

68 Dadonia  Pink Red  HD6 72.97 33.91 731.52             

69 Noor  Da Red  HN7 72.97 33.91 730.91             
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S. No. Collection 

Districts 

Collection Site Accession 

given Name 

Accession 

Code 

L
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70 
Abbottabad 

Kohala Red AK1 
73.18 

33.87 
1022.6 

               

71 Phagwara  Red  AP2 73.19 33.86 984.8             

72 Ropda  Red Pink  AR3 73.92 33.87 1019.2             

73 Phala  Red  AP4 73.23 33.87 1074.7             

74 Gambhir  Red AG5 73.24 33.87 1025.3             

75 Kund Batal  Red  AK6 73.26 33.87 1050.9             

76 Moda Mara Red AM7 73.26 33.88 1081.7             

77 Kari Kiala Red  AK8 73.27 33.88 1103.9             

78 Kotli-Lora  Red White  AK9 73.3 33.9 1154.8             

79 Maillot Lora Red pink  AM10 73.33 33.89 1202.4                

80 Nara-Lora Red  AN11 73.28 33.82 1452.9             

81 Chattor Red white  AC12 73.25 33.79 729.38             

82 Galham  Red  AG13 72.96 33.91 663.55               

83 Khota Qabar Red  AK14 73.03 33.93 996.69             

84 Salhad  Red  AS15 73.18 34.12 1090.6             
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S. No. Collection 

Districts 

Collection Site Accession 
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Accession 
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85 Abbottabad Nawashahr  Red AN16 73.25 34.16 1171.6             

86 Dhamnod  Red White  AD17 73.27 34.14 1149.7             

87 Thai  Red Pink  AT18 73.29 34.14 1214.3             

88 Harto bazar  Red Pink  AH19 73.31 34.15 1185.9             

89 Dakli Bagnot. Red White  AB20 73.32 34.14 1248.1             

90 Bagnotar  Red  AB21 73.34 34.13 1467             

91 Kargi Bagnot.  Red AB22 73.34 34.12 1567.8 
            

92 Murree Ghoda Gali  Pink-White  MG1 73.33 33.89 1534.9             

93 Chara Pani  Red Pink  MC2 73.33 33.86 1392             

94 Tarait Red   MT3 73.3 33.84 1335                

95 Rawalakot Nakkar Red  RN1 73.34 34.3 1427.6                

96 Dokolla Red  RD2 73.66 34.05 1515.9             

97 Androt Red  RA3 73.78 33.72  1974.2             

98 Maidan Red Pink  RM4 73.3 34 2183.4             

99 Chiran Red  RC5 74.8 32.52 1713.9             

100 Pak Gali Red RP6 73.44 34.04 2133.6             
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S. No. Collection 

Districts 

Collection Site Accession 

given 

Name 

Accession 

Code 
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101 Rawalakot Banakha Red  RB7 73.45 33.51 1569.7 
            

102 Chiroti Red Pink RC8 73.42 36.4 1819.7             

103 Saracha Red  RS9 73.6 34.6 1624.3             

104 Dewan Red white  RD10 73.22 33.45 1943.4             

105 Kai Dhara Red RK11 74.06 33.55 1965.7             

106 Arja Red  RA12 73.45 33.51 1999.5             

107 Check Red  RC13 73.45 33.51 1614.6             

108 Besara Red   RB14 73.56 33.55 1612.3             

109 Kotora Red pink  RK15 73.62 33.32 1638.8             

110 Hurna Maira Hm-Red  RH16 73.71 33.88 1980.9             

111 Hajira Red Pink  RH17 73.89 33.77 965.61             

112 Datot Red  RD18 73.3 33.7 1509.7             

113 Chiari Red  RC19 73.6 33.56 1956.7             

114 Mohri Red   RM20 73.78 33.98 1615.3             

115 Gehl Bagh Red Pink RG21 73.62 33.7 1330.2             
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Figure 3.1A: Elevations and coordinates of pomegranate selected 

regions of Pakistan 
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Fig: 3.1B: Elevations and coordinates of pomegranate selected regions of 

Pakistan 
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Morphological and some part of chemical analysis of collected pomegranate fruit samples 

were conducted in Plant Tissue Culture Cell and Postgraduate Pomology Laboratory 

(IHS, UAF). Biochemical analyses of pomegranate aril juice (PAJ) were conducted in 

Biological Assay Section, Protein Molecular Biology laboratory, Department of 

Chemistry and Biochemistry, UAF. DNA-PCR analysis was performed in the Center of 

Agricultural Biochemistry and Biotechnology and Molecular Parasitology laboratory 

Department of Parasitology, Faculty of Veterinary Science to estimate allelic 

polymorphism in selected 95 wild (53) and domesticated (42) pomegranate accessions. 

Principal component analysis was performed on morphological (qualitative and 

quantitative) and biochemical traits of pomegranate fruits to estimate diversity; moreover, 

various molecular analysis was done to estimate molecular diversity in pomegranate 

accessions.  

 

3.2 Experimental Materials 

 

3.2.1 Experimental Trees 

In domesticated accessions, commercially cultivated pomegranate genotypes were 

growing in optimal agro-climatic conditions with plant to plant distance of 7 x 7 m and 

row to row 10 x 10 m in most of the selected orchards; however, few non-commercially 

growing domesticated accessions were selected from Bahawalpur, D.G. Khan and 

Chakwal (districts) where they were growing in restricted areas. Naturally growing 

pomegranate plants in the Himalayan range (Abbottabad, Harripur, Murree and 

Rawalakot) were selected as wild accessions. Pomegranate accessions were grouped as 

wild, semi wild and cultivated (Frison and Servinsky, 1995) on the basis of data collected 

from tree habit and fruit size and other biochemical traits. Tree age of cultivated 

accessions was about 3 to 4 years and plants with uniform size and health were selected 

for this research work. Leaf and fruit samples were collected randomly by moving around 

the tree at shoulder height and were free of disease, insect attack or any nutrient 

deficiency. 
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3.3 Experimental details 

There are three experiments in this manuscript.  

3.4 Experiment 1 

Characterization of pomegranate accessions on the basis of morphological 

traits of fruits 

 

The fruit samples of wild and domesticated pomegranate accessions, free from defects, 

decay, mechanical damages and sunburn were collected and studied in the laboratory. 

Fruit qualitative parameters were recorded following pomegranate plant descriptor 

(UPOV, 2011) detailed as follows: 

3.4.1 Details of qualitative parameters 

3.4.1.1 Fruit shape 

i. Round 

ii. Round to oblong 

iii. Oblong 

 

3.4.1.2  Fruit shape at stem end 

i. Round 

ii. Pointed 

iii. Flat 

 

Fruit color at maturity stage 

i. Orange red 

ii. Orange 

iii. Pink  

iv. Pink red 

v. Medium red 

vi. Red purple 

vii. Purple  

viii. Dark purple  

 

Fruit taste at maturity 

i. Sweet 

ii. Sour 

iii. Slightly bitter 

 

Aril color at maturity 

i. Pink 

ii. Red 
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iii. Dark red 

iv. White  

v. White pink 

Seed firmness 

i. Soft 

ii. Medium  

iii. Firm 

 
3.4.2 Quantitative parameters of selected pomegranate accessions 

3.4.2.1    Fruit weight (g) 

Ten fruits were randomly selected from each of three pomegranate plants by moving 

around the tree at shoulder height. Fruits were of almost uniform size and free of any 

disease damage or insect attack. Digital weighing balance (KDC, TH- 500, Capacity 

5000g x1 g) was used to weigh fruits in grams. 

3.4.2.2    Fruit height (mm) 

The height of fruits was measured in millimeter (mm) using a digital vernier caliper of 

model (KBD-MT 0014) following pomegranate plant descriptor (UPOV, 2011) as 

demonstrated in Figure 3.2 (A-I). 

3.4.2.3    Fruit diameter (mm) 

Diameter of respective fruits was measured using digital vernier caliper (KBD-MT 0014) 

in (mm) by following pomegranate plant descriptor (UPOV, 2011) shown in Figure 3.2 

(A –II).  

3.4.2.4    Calyx height (mm) 

Calyx, a prominent part of flower pertains on pomegranate fruit also called crown which 

represents the character of a variety. Calyx height was measured in millimeter by 

following the description shown in Figure 3.2 (B). 

3.4.2.5    Rind weight (g) 

Fruits were peeled off after weighing and weight of rind was recorded in grams using a 

weighing balance model Uni Bl°C., SHIMADZU, U x 320 g, Min. 0.02 g, e= 0.01 g and 

d=0.001 g. 

3.4.2.6    Rind thickness (mm) 

Rind of weighed fruits was subjected to measure its thickness from three sites randomly 

with a digital vernier caliper (KBD-MT 0014) in millimeter (mm).  
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3.4.2.7    Aril weight (g) 

After peeling out of rind, arils were separated and 100 arils were counted and weighed 

with a digital weighing balance (Uni BloC., SHIMADZU, U x 320g, Min. 0.02g, e= 0.01g 

and d=0.001g) in grams. 

3.4.2.8    Aril length and width (mm) 

Ten out of 100 weighed arils were randomly selected to measure length and width in 

millimeter (mm) using digital vernier caliper (KBD-MT 0014) by following pomegranate 

plant descriptor mentioned in Figure 3.2 (C-I & C-II). 

3.4.2.9   Seed length and width (mm) 

Arils selected for measurement of length and width were squeezed in cotton cloth to free 

seeds and used to measure length and width in mm with digital vernier caliper.  

3.4.2.10   Seed weight (g) 

Juice of weighed 100 arils was extracted manually to free out seeds. Seeds were then 

cleaned and air dried by rubbing with piece of cloth and weighed immediately on digital 

weighing balance. 

3.4.2.11   Fruit shape index 

It is measured through the ratio of fruit length and its diameter 

3.4.2.12   Aril shape index 

It is measured through the ratio of aril length and its width 

3.4.2.13   Seed shape index 

It is measured through the ratio of seed length to width 

3.4.2.14   Wood portion index (WPI) 

Selected wild and domesticated pomegranate accessions were screened as soft or hard 

seeded genotype by the formula of Martinez et al. (2006) as mentioned under  

 

     100 seeds weight in gram 

Wood Portion Index (WPI)   =        --------------------------------  x100  

     100 aril weight in gram 
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Figure 3.2: Pomegranate plant descriptors for fruit and seeds (UPOV, 2011) 

 

3.4.3 Statistical Analysis 

There were 115 pomegranate accessions, 53 wild and 62 domesticated, selected from 

three provinces of Pakistan. Three plants of each cultivated accessions were selected to 

record fruits morphological data. In wild accessions each individual tree was selected 

without any replication because trees are naturally grown through seed spread, even 

nearby trees may varied genetically if selected as replicate. In case of fruit qualitative and 

quantitative parameters, there were 9 fruits from each selected plant while aril and seed 

characters were recorded on 9 arils of each 3 fruits selected from 9 fruits used in fruit 

morphological data. Multivariate analysis of variance (Principal component analysis and 

Cluster analysis) was performed for grouping wild and domesticated pomegranate 

accessions on the basis of similarities in morphological parameters of fruits, arils and 

seeds using XLSTAT statistical programms. One way analysis of variance (ANOVA) was 

practiced for statistical analysis and significant variations between means was recorded 

by Duncan’s multiple range test at P <5% in the quantitative data of fruit, aril and seed 

morphology of most diverse cultivated pomegranate accessions to compare means and 

assess their quality attributes. 
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3.5 Experiment 2 

Characterization of pomegranate accessions on the basis of 

biochemical analysis of fruits juice 

 
Biochemical studies of pomegranate aril juice (PAJ) of 115 wild and domesticated 

accessions were carried out for their characterization on biochemical basis. PAJ was 

manually extracted using white, clean and distilled water rinsed cotton cloth by squeezing 

with fingers. It was ensured that the piece of cloth was not reused and hands were 

thoroughly washed after extraction of juice from each sample. Following biochemical 

contents of PAJ were evaluated. 

 

3.5.1 Total soluble solids (TSS, oBrix) 

A digital refractometer (ATAGO RX 5000, Japan Development Assistance) was used to 

measure total soluble solids (TSS) in ripe fruits. Equipment was first standardized with 

distilled water by attaining reading at ≤ zero. A drop of uniformly mixed PAJ sample was 

placed on tip of lens of refractometer and its lid was covered. The reading was recorded 

each time by pressing start button. Then washed the lens of refractometer with distilled 

water and dried with tissue paper before a new PAJ sample was loaded.  

 

3.5.2 Titratable acidity (TA, %) 

Filtered fresh extracted homogenized PAJ (10 mL) was taken in 100 mL conical flask and 

add distilled water to the volume up to 50 mL. Phenolphthalein (2-3) drops were added in 

solution as an indicator. Diluted PAJ was titrated against NaOH (1/10 N ) drop wise and 

shaked the flask till pink color end point was achieved (AOAC, 2000) and g/l percent 

titratable acidity (TA) of acetic acid was measured by following formula:  

 

TA (%)  =  0.1N NaOH used x 0.0064   X 100 

PAJ (mL) taken for titration 

 

3.5.3 Maturity index (MI) 

It is an important parameter to determine pomegranate fruit maturity required in fresh and 

processing pomegranate marketing because fruit color, size etc are not accurately 

determined. Maturity index in pomegranate was estimated by following formula 
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Maturity Index  =  Total soluble solids  

Titratable acidity 

Stock solutions for various biochemical analyses 

 

3.5.4 Preparation of stock solutions for spectrophotometric analysis 

Stock solutions of PAJ were prepared for characterization of selected pomegranate 

accessions through Spectrophotometric methods. Different aril stock solutions were 

prepared depending on the type of biochemical parameter studied. 

3.5.4.1    Water dissolved aril stock solution 

Aril samples (0.5 g) were homogenized in a mortal and dissolved in 2.5 mL distilled 

water, centrifuged at 10,000 rpm at 4°C for 5-10 minutes as described by Razzaq et al. 

(2013) and the supernatant was collected in eppendorf to measure total sugar contents 

through Spectrophotometric analysis. This solution was also used for sugar and organic 

acid profiling through HPLC analysis. 

 

3.5.4.2    Phosphate buffer dissolved stock solution 

Aril samples (1.0 g) were homogenized in pestle mortar and dissolved in 2 mL phosphate 

buffer at room temperature as described by Naqvi et al. (2011). Solution was taken in 

eppendorf tubes and centrifuged at 10,000 rpm for 5 min at 4°C and suspension was taken 

in other eppendorf tubes for the estimation of specific activity of enzymes (SOD, POD, 

CAT and Protease) and soluble protein contents. Buffer solution was prepared by 

dissolving K2HPO4 (1.74g), KH2PO4 (1.36 g), KCl (0.745 g) and EDTA (0.5844 g) in 

distilled water and made up to 1000 mL in volumetric flask by maintaining solution pH at 

7.2. 

3.5.4.3    Methanol dissolved stock solution 

Aril samples (0.5 g) were homogenized in pestle mortal and dissolved in HPLC grade 

methanol water (95:5) solution of 2.5 mL, centrifuged at 10,000 rpm for 7 minutes at 4°C 

by following the method by Razzaq et al. (2013). The supernatant was used to estimate 

total phenolic contents and ascorbic acid contents through Spectrophotometric method. 

 

3.5.5 Ascorbic acid estimation by dichlorophenolindophenol method 

Methanol dissolved stock solution was used to measure vitamin C concentration in 

selected wild and domesticated pomegranate accessions. Bozin (2006) method called D-
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CIP (Dichlorophenolindophenol) method was used. In this method, 50 mg/100 mL D-CIP 

and 42 mg/100 mL Na2CO3 was mixed and made the volume up to 200 mL. 600 mg 

meta-phosphoric acid in 18 mL water and made up to 20 mL by adding glacial acetic 

acid. Then took 10 µL aril juice sample (methanol stock solution), 10 µL DCIP and 20 µL 

metaphosphate in eppendorf tube, spin well and poured the solution in microplates and 

placed in microplates reader and adjusted the wave length at 515 nm. Ascorbic acid 

concentration was measured by using standard curve of Vit. C shown in Figure 3.3. 

 

 

 Figure. 3.3: Standard curve of ascorbic acid 

 

3.5.6 Total soluble sugars (TSS) 

Sadasivam and Manickam (1992) method was used to determine total soluble sugars with 

Spectrophotometric absorption described as: Water dissolved aril stock solution (50 µL) 

was taken in eppendorf tubes with the addition of 450 µL distilled water and 500 µL 

Antherone. Eppendorf tubes were fixed in thermopole sheet stand in such a way that their 

base suspended in boiling water for 8 minutes. 200 µL aliquot was taken in microplates 

and placed in microplates reader to record absorption at 630 nm. However, standard 

solution of Antherone (C14H16O) was prepared by dissolving 0.2 g of Antherone in 100 

mL ice cold H2SO4. Total soluble sugar was calculated by following formula: 

 

Total soluble sugars (CHO % mg) = [(Sugar volume from graph /50) X (2.5 /500)] x 100 

Where Sugar volume from graph (mg) = Reading from Spectrophotometric meter / 

0.0034. 
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3.5.7 Sugar profiling in HPLC 

Sugar level in selected 23 out of 115 (domesticated 18 and wild 5) pomegranate 

accessions was measured according to High Performance Liquid Chromatography 

(HPLC) in water dissolved aril stock solutions of selected pomegranate accessions 

following the methods described by Booij et al. (1993). Stock solution was filtered 

through a Millipore filter (0.45 µm) before injection in HPLC. The apparatus 

(SHIMADZU-10A, SHIMADZU Japan) was equipped with a refractive index detector 

for sugars detection, and UV/V is detector for organic acids analysis. The injection 

volumes were 20 µL for each. Sugars analysis was performed on a μ Bondapak-NH2 

column (30 cm × 3.9 mm i.d., Waters, Milford, MA, USA) using acetonitrile/water 

(85:15, v/v) as the mobile phase. Identified sugars were quantified on the bases of peak 

areas of external standards consisting of glucose (1%), fructose (1%), sucrose (1%) and 

other sugar solutions. Each sample was carried out from integrated peak areas of the 

sample against the corresponding standard graph to record different sugars.  

 

3.5.8 Organic acid profiling in HPLC 

Quantification and identification of different organic acids especially, malic and citric 

acids was estimated in selected 23 domesticated and wild accessions with the HPLC to 

group accessions as sour, sour-sweet, sweet-sour and sweet by calculating sourness 

(Hasnaoui et al.,2011b). Injection volumes were 20 µL to separate different organic acids 

on a Supelcogel TM C-610H column (30 cm × 7.8 mm i.d., Supelco, Bellefonte, PA, 

USA) run isocratically at 30.4°C using 0.1% phosphoric acid as a mobile phase at a flow 

rate of 0.6 mL/min by using isocratic mode of HPLC at room temperature detected at 214 

nm using UV visible detector. 

3.5.9 Sourness index (SI) 

Grouping of pomegranate accessions as sweet, sweet sour, sour sweet and sour was done 

by calculating ratio of total soluble sugars to citric acid in PAJ (Hasnaoui et al., 2011b).  

 

     Total Soluble Sugars  

Sourness Index (SI) =            ---------------------- 

     Citric Acid  
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3.5.10 Total phenolic contents (TPCs) 

Ainsworth and Gillespie (2007) procedure was followed to calculate TPCs which is 

briefly described as: Methanol aril stock solution of 100 µL was taken in eppendorf tubes 

in addition to 200 µL F.C (Folin–Ciocalteu) reagent and 800 µL Sodium carbonate 

(Na2CO3, 700 mM) and kept in the dark for 2 hours before taking 200 µL of this solution 

in Microplates to record absorption of light at 765 nm in microplates reader. TPCs were 

calculated with following formula in unit g/100mL: 

Absorbance reading – Standard factor  

TPCs =  -------------------------------------------------------- 

    Reading from Standard Gallic acid curve 

Reading was adjusted on the base of Gallic acid standard cure. 

 

3.5.11 Soluble protein contents 

Bradford (1976) determined the method of soluble protein contents estimation through 

Spectrophotometric method. Buffer aril stock solution (25 µL) was taken in eppendorf 

tubes with the addition of 1 mL Bradford reagent. The solution was shaked gently and 

200 µL of this solution was poured in microplates, placed in microplates reader to record 

reading at wave length 595 nm. 

Soluble protein contents (mg/g) = [Power (10, A) x (40x1)]/ 1000 

Where A= [(Absorbance of samples + 0.6)] /1.53, where 0.69 and 1.53 are constant 

factors. 

 

Figure 3.4: Standard curve of gallic acid used as standard 

 

 

 
y = 0.0055x + 0.0987 

R 2  = 0.9968 

0 

0.2 

0.4 

0.6 

0.8 

1 

1.2 

1.4 

1.6 

1.8 

2 

0 50 100 150 200 250 300 350 
Concentration   (µg/mL) 

A
b

s
o

rb
a
n

c
e
 (

7
6

5
 n

 m
) 



 

 

40 

3.5.12 Total antioxidant activity 

Ainsworth and Gillespie (2007) described method to determine total antioxidant activity 

with four concentrations (a, b, c and d) of buffer aril stock solution and methanol (HPLC 

grade) detailed as:  

a.  IC25 %: 2.5 µL aliquot (buffer solution) + 7.5 µL methanol (HPLC grade) 

b. IC50 %: 5.0 µL aliquot (buffer solution) + 5 µL methanol (HPLC grade) 

c. IC75 %: 7.5 µL aliquot (buffer solution) +2.5 µL methanol (HPLC grade) 

d. IC100 %: 10 µL buffer solution only  

Four levels of antioxidant activity were recorded by keeping solutions (a, b, c and d) in 

separate eppendorf tubes and added 1 mL 2, 2-diphenyl-1-picrylhydrazyl (DPPH) 

solution in each set of eppendorf tubes (a, b, c & d). After shaking gently, poured 200 µL 

solutions in microplates and placed in microplates reader for light absorption in solution 

at 517 nm. Antioxidant activity (IC50) was recorded by solving equations of scatter graph 

of antioxidant activity at a, b, c and d levels of aliquot. Following formula was used to 

calculate total antioxidant activity either at a, b, c or d level of aliquot: 

Total antioxidant activity in µg/mL = [(Blank reading –Aliquot reading) / Blank reading] 

x100 

Blank reading was recorded by pouring only DPPH in well plates without buffer aril 

stock solutions 

 

3.5.13 Enzymatic studies 

The activity of antioxidant enzymes in wild and domesticated pomegranate accessions 

was estimated in buffer aril stock solutions and calculated as IU/mg of protein. 

3.5.13.1 Peroxide and catalase (POD, EC 1.11.1.7 & CAT, EC 1.11.1.6) 

Buffer aril stock solution (100 µL) and H2O2 (5.9 mM) 100 µL was added in microplates 

and fixed in into microplates reader measure light absorption at 240 nm with the method 

described by Liu et al. (2009). Liu et al. (2009) method was followed to assay POD in 

micro quant microplates reader. Procedure of Liu and co-workers was as following: POD 

reagent was prepared by mixing 800 µL phosphate buffers (pH 5) in 100 µL H2O2 (40 

mM) and 100 µL Guaiacol (20 mM). 100 µL buffer aril stock solution and 100 µL POD 

reagent was taken in microplates reader and measured the absorption of light at 470 nm in 

micro quant spectrophotometer. 
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3.5.13 .2 Super dismutase oxides (SOD, EC1.15.1.1) 

Stajneret al. (2009) method was followed to assay SOD activity in buffer aril stock 

solution in selected wild and cultivated genotypes. The procedure is detailed as: buffer 

aril stock solution (100 µL) was taken in 5mL autoclaved glass tubes along with 2 mL 

SOD reagent and shaked gently. 200 µL of this solution was loaded in 96 microplates to 

record the absorption in microplates reader at 560 nm. SOD reagent was prepared by 

adding 500 µL phosphate buffer (50 mm) at pH 7, Methionine (200 µL), Nitro blue 

Tetrazolium chloride (NBT) 100 µL, Tripton (100x) 200 µL and 800 µL distilled water. 

Solution was kept in UV light for 15 minutes and then 1mL Riboflavin was also added. 

3.5.13 .3 Protease 

Liu et al. (2009) and Irapeau et al. (1974) described Casein digestion assay by taking 2 

mL casein (1%) in glass tubes and kept at 37°C for 5 minutes than 100 µL buffer aril 

stock solution was added in it. Then 2 mL TCA (10%) was mixed in tubes and kept at 

room temperature in dark for 10 minutes to ensure the completion of reaction. Now filter 

the solution to remove precipitates and took 200 µL solutions in microplates to record the 

absorption at 280 nm. 

1% Casein was prepared by taking 1.0 g casein in 100 mL distilled water and 10% TCA 

prepared by adding 10 g TCA in 100 mL distilled water. 

 

3.5.14    Statistical analysis 

Arils of fruits of selected wild and domesticated pomegranate accessions (115) fruits were 

considered as treatment with three replications. Multivariate analysis was performed to 

find principal component value and clustering the accessions on the basis of similarities 

of various biochemical characters following XLSTAT statistical programms 

 

3.6 Experiment 3 

Assessment of genetic diversity of wild and domesticated 

pomegranate accessions through SSR markers 

 
Genetic diversity was estimated using microsatellite markers on 42 domesticated and 53 

wild pomegranate accessions collected from different regions. The experimental work 

was done in the Plant Genomics and Fingerprinting Laboratory, Center of Agricultural 

Biochemistry and Biotechnology (CABB), UAF. A total of 30 simple sequence repeat 
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(SSR) primers (Soriano et al., 2011; Basaki et al., 2011) were selected to estimate 

polymorphism in selected genotypes.  

 

3.6.1 Leaf Collection 

Fresh young leaves free from any sort of damage (mechanical or insect), disease or 

nutritional deficiency symptom(s) and similar size and age were collected from selected 

wild and domesticated accessions of pomegranate plants. The leaves were then washed 

thoroughly with tap water followed by 2-3 times rinsing with distilled water and stored in 

-70°C. 

 

3.6.2 CTAB Buffer solution (500 mL) 

Cetyle trimethyl ammonium bromide (CTAB) stock solution  was prepared by dissolving 

10 g white powdered CTAB, 5 g PVP (Polyvinyl pyrolidone) and 40.9 g powdered NaCl 

(1.4 M) in 500 mL beaker with continuous stirring on hot plate. When dissolved 

completely then 50 mL Trise base (100 mM) and 20 mL EDTA (Ethylene diamine tetra 

acetic acid) (20 mM) was also added and made the volume up to the mark (500 mL) with 

pH 8.0. There are high phenolic contents in the pomegranate leaves, so 2 µL 

mercaptoethanol (2%) was also added in CTAB buffer solution.  

 

3.6.3 10X TBE Buffer 

Buffer consisting of tris-base, boric acid and EDTA is called TBE. TBE Buffer (0.5X 

TBE) used in gel preparation and gel electrophoresis to provide medium for electron flow 

and prepared from 1.0 L stock solution of 10X TBE. Following were the contents of 10X 

TBE: 

 300-400 mL distilled water was taken in 1.0 L beaker. 

 108 g white powdered Tris-base and 55 g boric acid was dissolved in Pyrex 

beaker placed on hot plate with a magnetic stirrer.  

 40mL EDTA (0.50 M) was added and made the volume up to 1000 mL. 

 Working TBE buffer 0.5X was prepared using 95:5 ratio of distilled water to 10X 

TBE buffer. 
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3.6.4 DNA Extraction 

DNA extraction was carried out through Doyle and Doyle (1987) procedure using Cetyle 

Trimethyle Bromide (CTAB) as major chemical. Uniform paste of leaves was formed 

using CTAB solution following these steps.  

 Water bath was turned on at 65 °C to preheat CTAB buffer. 

 Pestle mortar was pre-cooled with liquid nitrogen or at -70°C before using to 

grind leaves.  

 Young leaves (2 g) washed with distilled water were ground to fine powder with 

liquid nitrogen; uniformed paste was received by the addition of preheated hot 

(65°C) CTAB (15 mL) in pestle mortal. The mixture was transferred into 50 mL 

falcon tube(s), mixed by inverting the tubes several times and incubated at 65°C 

for 30 minutes. 

 Equal volume of chloroform: isoamyl alchohol (24:1) was added after incubation, 

mixed gently and centrifuged at 9000 rpm for 10 minutes. 

 Supernatant solution (top aqueous phase) was transferred to a new falcon tube and 

equal volume of pre-chilled isopropanol was added and mixed gently by inverting 

the tube. Precipitates (thread of DNA) were visible at this step. 

 Falcon tubes were centrifuged for 5 minutes at 9000 rpm and the supernatant 

solution was discarded while DNA pellet were washed with 70% ethanol and 

tubes were kept on butter paper for overnight drying of DNA pellet at room 

temperature. 

 Dry DNA pellet was dissolved in 200 µL d3H2O, taken in eppendorf tubes and 5 

µL DNA solution was loaded on 0.8% agarose gel to ensure the presence of DNA. 

 

3.6.5 RNase Purification 

RNA and protein contents were considered as contamination in genetic diversity 

estimation. These were removed by following steps: 

 Water bath was reset at 37°C  

 After thawing 3 µL RNaase was added in each eppendorf tube containing DNA 

stock solution and kept the tubes in water bath at temperature 37°C for 1 hour. 

 Equal volume of Chloroform: isoamyl alcohol (24:1) was added in eppendorf 

tubes, centrifuged the tubes at 13000 rpm for 10 minutes after mixing the tubes 
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gently so that denatured RNA was separated and the supernatant was transferred 

into new eppendorf tubes. 

 NaCl (2 M) or sodium acetate (3 M) was added with 1/10 volume of supernatant 

and mixed gently and precipitates of pure DNA was obtained by adding chilled 

isopropanol or ethanol (100%) two times the volume of supernatant. 

 Tubes were centrifuged at 13000 rpm for 10 minutes and supernatant was 

discarded by keeping pellet in tube; washed with 70% ethanol and dissolved in 

ultra-purified and two time autoclaved distilled water (d3H2O) after air dry to 

ensure that ethanol was removed. 

 

3.6.6 DNA Quantification and Dilution 

The quality and quantity of extracted DNA was assessed in Nano-Drop 

spectrophotometer (NANODROP 2000 Spectrophotometer, Thermo Science) and 

working dilution of DNA samples were prepared having concentration of 30 ng/ µL for 

SSR (PCR) reactions. 

 

3.6.7 SSR primer Dilution 

10 X stock solutions of SSR primers was prepared by adding d3H2O as 10 times of 

respective primer concentration e.g; in 60.7 nmoles of primer pellet, 607 μL d3H2O was 

added. Stock primer solutions were diluted with ratio (1:10) to give a concentration of 

10M primer working dilution to use as PCR reagents. 

3.6.8 PCR Reagents (1X) 

All the optimized (PCR) reagents used in the SSR (PCR) analysis of pomegranate 

accessions were listed as follows: 

Optimized PCR reagents for SSR pomegranate markers 

Reagents        Volume (20 µL) 

1. Ultra purified double distilled autoclaved water (d3H2O)   9.7  

2. 10X buffer solution [(NH4)2SO4] free of Mg+   2  

3. Magnesium chloride (MgCl2) 1.5 mM    1.6  

4. Deoxinucleotide triphosphates (DNTPs) 0.1mM each  3.0 

5. Primer (Forward and Reverse) 10X from 100X   1.0 each 

6. Taq DNA (Polymerase)      0.2 

7. Template DNA (20 ng)      2.5 
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3.6.9   PCR temperature profile 

PCR Temperature profile for selected pomegranate primers after optimization was: 92-

94°C for 2-5 minutes, then 30-35 cycles of 92-94°C for 30-60 seconds, respective 

annealing temperature (Table 3.2) for 30-60 seconds and 72 for 90 seconds, finishing 

with 72°C for 7-15 minutes (Soriano et al., 2011). 

3.6.10 High Resolution Agarose gel Electrophoresis 

High resolution agarose (0.80%) of 0.8 g was added in 100 mL buffer (0.5X TBE), dissolved 

gently and boiled for 2-3 minutes until gel foam removed and uniform transparent color appeared. 

Temperature of aliquot was lowered and ethidium (2 µL) was added in it and shaked well before 

pouring on gel plate which was sealed from sides with tape to prevent any type of leakage and the 

combs were already fixed in gel plate. After 20-30 minutes sealing tape was removed and combs 

were taken off before loading DNA samples in wells with intensive care. Voltage of 

electrophoresis was adjusted for continuous flow of current, as a result DNA fragments were 

separated and the present or absent allele(s) on respective locus was counted in gel document 

apparatus. 
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Table 3.2: Selected SSR primers details along with annealing temperatures 

 

S. No. Primer   F/R primer Ta (°C)*  AL* 

1  PGCT006  TTGAATTGATGTAACGCTTG 

GAGGAAAGTCGTTTGAAGTG  

55 100-300 

2  PGCT015  GACGCCTTTAGTTTGCTCCA 

CTCGGGACAGGACTTGGAAT  

60 100-200 

3  PGCT061  GAATAAGGCGTCCCTCTCTC 

CTCCTCCTCGTAATCCCAAC  

58 150-200 

4  PGCT066b  CGAGGAGTGGTCCAGGTTAG 

AACAGACGACAAGGGGAATG  

59 150-430 

5  PGCT075b  GGCGAGCTTCTGCTACTTCT 

TCTGTCCCCAGATCATCAAA  

59 200-250 

6  PGCT086b  TGGTGATTCGTGTTGTTTTC 

CAACAACCTCCTCTGCTCTC  

57 150-250 

7  PGCT088  TCTCTCTCTACCCCGACACC 

TAGCGTCAAGATTGTGAAAAGG  

59 110-400 

8  PGCT089b  TGCATCCTTCCCCTACTCTC 

AGCTCATGTAATGCGTCGTG  

59 150-200 

9  PGCT091b  ATCAGAATTGGAATCGGAAC 

ACCGAGGTCATCGAACTAAA  

56 170-250 

10  PGCT093A  GTAGCCACTTTAGGGCGAGA 

CGTCTAAAAGCGACAGCAAG  

58 200-330 

11  PGCT093B  GCCTTTTCCTGCTTTCCTTT 

CATACAGCGGACCACAACAC 

60 200-250 

12  PGCT096b  CAGACCCTGCGCTCGCT 

TTATGGAGAGCGGGAGAAAC 

59 200-250 

13  PGCT098b  ATCAACCAAACCGCACAGAC 

CCATTTCATTCTCCCCCTCT 

60 150-200 

14  PGCT110  GAGCCATTGTAGAGACAAGA 

GACTGCTGACAACTTTCTTT  

52 100-300 

15  PGCT111  TATCTGTCGCAGGAAGGATG 

GAAGCCAATTCCTCAAAGATG  

58 100-300 

16  POM_AAC1  GGGTCTTCCTAATTCTCTGG 

TACAACTTCGGACTCACTTGC  

55 100-200 

17  POM_AAC2  TGTTGTATCCCATCTTCTTCC 

TTTCCACCGCCATTTACTTC  

55 100-250 

18  POM_AGC5  TTCGATATTGTTTATTGTGTCG 

CAACGAACTAGACGACACAC  

55 100-150 

19  POM_AGC11  CGTCATCCCTTATGTTCTTC 

CTGGGGAAGTCGACGAAG  

55 150 

20  POM_AAC3  TGATGAAACCATGTAACTCG 55 100-250 
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S. No. Primer   F/R primer Ta (°C)*  AL* 

CTCCGATAACGTCTCCAAGC  

21  POM_AAC7  GCCTGGACATCTAACGCTCTC 

GCCGAACAAAGTCCTGAAAC  

55 200 

22  POM_AAC13  TCTCCCGACAACAAATCAC 

CCCGACACAACACATACTTCAG  

53 150-300 

23  POM_AAC14  CGAGAACCGTTAGTCATGC 

AGTGACGGCAGGACAAGAAC  

55 150 

24  ABRII-MP07  GATTAACAGCAAAGCCTAGAGG 

AGTAGCTGCAACAAGATAAGG  

60 150-250 

25  ABRII-MP12  TTGAGTCCCGATCATATCTC 

TCAATCTGTCAGGAACAACA  

60 100-340 

26  ABRII-MP26  TTTCTCGAAGAATTGGGTAA 

CTGAGTAAGCTGAGGCTGAT  

55 160-240 

27  ABRII-MP28  ATCCTCTGTCTTTGTGTTCG 

TGAGTAATTCCGGTCAGAAG  

56 100-300 

28  ABRII-MP39  AGTCTCTGAAGTTTGTCGGA 

CCTGAGTAAAGCATCTCACTG  

60 200 

29  ABRII-MP30  CCCAGTTTGTAGCAAGGTA 

AAGCTGACATTCTTTGAAGC  

60 200 

*Expected allele length, **Annealing temperature 

 

3.6.11 Polyacrylamide gel electrophoresis (PAGE) 

Stock solution of PAGE (30%) was prepared by dissolving 29 g acrylamide and 2 g Bis-

acrylamide in d3H2O and raised the volume up to 100mL. Working solution (160 mL) of 

PAGE was prepared by taking 112 mL TBE buffer (0.5X), 48.53 mL stock solution of 

PAGE, 1.49 mL ammonium per-sulphate (APS 10%) and 1.06 mL TEMAD. Working 

solution of PAGE was loaded between UV glasses of mega gel electrophoresis (GPC-

5000, C.B.S. Scientific) carefully sealed and griped to stop any type of leakage. Combs 

were fixed after successful pouring of PAGE stock solution and removed after complete 

solidification of gel. Glass was fixed in the PAGE electrophoresis and PCR product (3-4 

µL) was loaded to record the presence or absence of DNA fragments on respective locus 

in gel documentation. 

 

3.6.12 Polymorphism Band Counting 

Analysis of allelic polymorphism in selected genotypes of pomegranate was analyzed 

following the procedure of Lin et al. (2001). After PCR reactions, mixtures from 

amplification were processed for gel electrophoresis. The allele number and allelic bands 



 

 

48 

of DNA polymorphism was recorded as presence (1) or absence (0) and counted through 

high resolution agarose gel and polyacrylamide gel electrophoresis (PAGE). 

 

3.6.13  Statistical analysis 

The bands of DNA fragments for SSR analysis were scored in a binary format (0 for 

absence, 1 for presence) in each the locus. Efficacy and degree of polymorphism of 

reported SSR markers was accessed using Power Marker (Liu and Muse, 2004), Analysis 

of Molecular Variance (AMOVA) was performed for the estimation of genetic variance 

within and among populations in GenAlEx 6.1 (Peakall and Smouse, 2006), principal 

component analysis for assessing genetic diversity was performed in PAST (Hammer and 

Khoshbakht, 2005), Cluster analysis to quantify genetic relationship between accessions 

and genetic similarity matrix using PopGEN (Yeh et al., 1999). 
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CHAPTER 4 

RESULTS 

 

This section contains the results of all the experiments that were planned in chapter 3 for 

the estimation of morphological, biochemical and genetic diversity.  

 

Characterization of pomegranate accessions on the basis of morphological traits of 

fruits 

 

The data of morphological parameters of 115 wild and domesticated pomegranate 

accessions was sub-divided into qualitative and quantitative morphological studies with 

further details as: 

 

4.1 Qualitative Morphological Characters 

Qualitative data of collected fruits of selected pomegranate accessions was measured as 

binary i.e., taking only two values: present (1) or absent (0) of the following traits: fruit 

shape, fruit color, shape of stalked end, aril color and taste, and seed hardness. Data of all 

115 pomegranate accessions (wild and domesticated) collected from 14 different regions 

is represented in percentage, and principal component analysis for these qualitative traits 

were also performed. 

4.1.1 Diversity estimation in pomegranate accessions of 14 regions 

Percentage of collected qualitative data of pomegranate fruits is presented in Table 4.1. 

There were 64% fruits round in shape followed by the fruits round to oblong (20%) and 

oblong (15%) in all pomegranate accessions. All the fruits of selected accessions of D.G. 

Khan, Khushab, Peshawar and Mastung were round in shape followed by Muzaffargarh, 

Rahim Yar Khan and Chakwal with more than 85% round shape fruits as shown in Table 

4.1. Among domesticated accessions of 10 regions, round shape fruits were dominant 

while 75% and 33% fruits were with oblong shape in accessions of Bahawalpur and 

Multan, respectively; however, all wild pomegranate accessions showed high level of 

diversity in fruit shape, eg. 21 accessions of Rawalakot varied in fruit shape from oblong 

to round (14% to 48%) and among 22 Abbottabad accessions, round and round to oblong 

shape fruits were dominant (Table 4.1). 

Regarding the fruit color range in our pomegranate collections, 37.4% have pink yellow 

fruit color at maturity followed by red (29.6%) and yellow green (22.6%). All fruits of 
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selected accessions of Peshawar and Quetta had red color followed by Mastung with 50% 

accessions with red color at maturity. Seventy one percent accessions of Muzaffargarh 

had pink yellow fruit color followed by 67% accessions each of Bahawalpur and Multan. 

Moreover, 67% collected wild accessions of Rawalakot had yellow green fruit color at 

maturity. Wild accessions with red color fruits were predominantly from Murree, 

Harripur, Rawalakot and Abbottabad, respectively (Table 4.1). 

Accessions with red color arils were 52.2% in all wild and domesticated pomegranates 

followed by white arils (33%). All collected accessions of Peshawar and Murree had red 

arils followed by Rawalakot, Abbottabad and Harripur with values of 81, 68 and 57%, 

respectively (Table 4.1). The white aril accessions were 79% in Muzaffargarh followed 

by D.G. Khan (67%), Khushab (50%) and Mastung (50%). The aril taste of all 115 

pomegranate accessions varied from sweet to sour and slightly bitter as 46.1% accessions 

were sour in taste followed by 28.7% as sweet and 25.2% as slightly bitter. Among 

domesticated accessions, most commercially cultivated pomegranates of Rahim Yar Khan 

(77%), Khushab (75%) and Muzaffargarh (71%) were sweet in taste (Table 4.1). All 

accessions of Murree were sour in taste while among other wild accessions, 71% 

Rawalakot accessions were sour, and 100% Harripur while 72.7% Abbottabad accessions 

were slightly bitter in taste. Among sour pomegranates in domesticated accessions, 88% 

Mastung accessions were sour in taste followed by 75% accessions of each Bahawalpur, 

D.G. Khan and Chakwal were declared as sour in taste. 

Seed firmness of 75.7% accessions was medium in hardness followed by 20% accessions 

with soft seeds in chewing. All Muzaffargarh, D.G. Khan, Peshawar and Murree 

accessions were medium in seed hardness followed by 92% accessions of Rahim Yar 

Khan and 88% each of Chakwal and Mastung accessions were medium in seed hardness. 

Among wild accessions, 77% Abbottabad accessions were found medium in seed 

hardness followed by 57% Rawalakot accessions. Similarly, 57% accessions of Harripur 

were soft in seed hardness. Regarding domesticated accessions soft seeded accessions of 

Multan were 67% followed by 50% each of Khushab and Bahawalpur. A few 

commercially consumed pomegranate accessions of Punjab, KPK and Balochistan are 

presented in figure 4.1A, whereas variation in fruit and aril size, and color of 

domesticated (A) and wild (B) pomegranate accession of few regions are presented in 

figure 4.1B and 4.1C, respectively. 
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Table 4.1: Qualitative diversity estimation in all pomegranate accessions from 14 regions of Pakistan 

*Abbreviations: RF: Round Fruit; ROF: Round to Oblong Fruit; OF: Oblong Fruit; REF: Red Fruit; PRF: Pink Red Fruit; PYF: Pink Yellow Fruit; YGF: 

Yellow Green Fruit; RSt: Rround stalk end; PSt: Point stalked end; FSt: Flat stalk end; RA: Red Arils; WA: White Aril; WPA: White Pink Arils; PRA: Pink 

Red Arils; SS: Soft Seed; MS: Medium hard Seed; HS: hard Seed; StA: Sweet Aril; SrA: Sour Arils; BtA: Bitter Arils, D.G.K: D.G. Khan, KHU: Khushab, 

PES: Peshawar, HP: Harripur, ABT: Abbottabad, RWK: Rawalakot.  

 Fruit Shape Fruit color Stalked end Aril color Seed firmness Aril taste 

 

 RF* ROF* OF* REF* PRF* PYF* YGF* RSt.* PSt.* FSt.* RA* WA* WPA* PRA* SS* MS* HS* StA.* SrA.* BtA.* 

BWP 25 0 75 33 0 67 0 100 0 0 25 25 25 25 50 50 0 25 75 0 

D.G. K 100 0 0 0 0 0 100 100 0 0 0 67 33 0 0 100 0 25 75 0 

M.Garh 86 0 14 14 14 71 0 86 0 14 14 79 0 0 0 100 0 71 29 0 

RY.K. 85 0 15 38 15 46 0 85 0 15 54 46 0 0 8 92 0 77 23 0 

Multan 67 33 0 33 0 67 0 67 0 33 33 33 0 33 67 33 0 67 33 0 

Chakwal 88 13 0 25 13 63 0 88 13 0 25 38 0 38 13 88 0 25 75 0 

KHU 100 0 0 25 50 25 0 100 0 0 25 50 25 0 50 50 0 75 25 0 

PES. 100 0 0 100 0 0 0 100 0 0 100 0 0 0 0 100 0 50 50 0 

Quetta 0 100 0 100 0 0 0 67 33 0 33 33 33 0 25 75 0 67 33 0 

Mastung 100 0 0 50 0 50 0 100 0 0 50 50 0 0 0 88 13 13 88 0 

HP. 57 29 14 29 14 43 14 86 14 0 57 43 0 0 57 43 0 0 0 100 

ABT 36 59 5 23 9 36 32 86 9 5 68 0 14 18 23 77 0 0 27.3 72.7 

Murree 67 0 33 33 0 33 33 100 0 0 100 0 0 0 0 100 0 0 100 0 

RWK 48 14 38 24 5 5 67 67 14 19 81 19 0 0 24 57 19 0 71 29 

%age 64 20 15.7 30 9.6 37 23 84.3 7 8.7 52.2 33 6.1 8.7 20 75.7 4.3 28.7 46.1 25.2 
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Figure 4.1A: Some commercial pomegranate accessions of Pakistan 
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Figure 4.1B: Fruit size and color variation in domesticated (A) and wild (B) 

pomegranate accessions
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Figure 4.1C: Aril size and color variation in domesticated (A) and wild (B)  

pomegranate accessions 
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4.1.2 Descriptive statistics and correlation analysis of pomegranate of 14 regions 

Twenty qualitative morphological traits of pomegranate fruits were evaluated in all 

selected wild and domesticated pomegranate accessions. Minimum and maximum values, 

means, standard deviation (SD) and coefficient of variance (CV) as well as results of 

PCA analysis of qualitative data of 115 pomegranate accessions is presented in Table 4.2.  

All accessions of 14 different regions showed a high level of diversity as predicted in 

standard deviation and coefficient of variance. The highest CV (302.91%) was recorded 

for seed hardness followed by 215.24% (yellow green fruit color), 210.33% (round 

oblong fruits), 209.49% (bitter arils), 177.33% (pink red arils) and 170.97% (white pink 

arils) in both wild and domesticated pomegranate accessions growing in all 14 selected 

regions of Pakistan.  Least variation was recorded in red colored fruits with minimum CV 

(69.87%) followed by round shaped fruits and round stalked end with CV values of 

75.10and 76.05%, respectively (Table 4.2). 

Correlation analysis of qualitative traits in all wild and domesticated pomegranate 

fruits showed the highest positive correlation (0.882) of round shaped fruits with seeds 

medium in hardness followed by 0.825 for round shape stalked end and 0.777 for white 

colored arils in all selected pomegranate accessions; however, white pink colored arils 

had a negative correlations with round shape fruits while the least correlation (0.048) was 

recorded between round shape and pink red colored arils (Table 4.3). 

Round to oblong shape fruits had the highest correlation (0.942) with bitter taste arils 

followed by 0.794 and 0.748 for white pink and pink red aril colored fruits, respectively; 

however, the least negative correlation (-0.083) was recorded for sour taste arils. Oblong 

shape fruits had the strongest association (0.840) with hard seeds followed by 0.831 and 

0.779 flat stalked end and yellow green colored fruits. Red colored fruit had the highest 

correlation (0.809) for red colored arils followed by 0.769 and 0.741 for round stalked 

end and seed for medium in hardness, respectively. Pink yellow fruits had the highest 

correlation (0.80) with seeds medium in hardness followed by round stalked end (0.733) 

and white arils (0.652) while the least negative correlation (-0.036) was recorded for 

yellow green fruits. Red arils had strong positive association (0.731) with bitterness and 

negative association (-0.145) with sweetness. 
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4.1.3 PCA for qualitative variables of pomegranate accessions 

In scree plot all wild and domesticated accessions were analyzed for 20 qualitative traits 

in multivariate analysis. Scree plot (Fig. 4.2) showed the eigenvalue and cumulative 

variation. Eigenvalue of first three components dropped sharply while the rest of the 

values remained stationary. Similarly cumulative variation increased rapidly for first four 

components and above 90% variability covered by the first five components. 

As a result of PCA analysis, all qualitative trait variations were covered in first five 

components explaining 92.39% variation. The first component accounted for 45.84% 

variability with maximum variation contribution by aril red color traits followed by round 

stalked end, medium seed hardness and pointed stalked end (Table 4.4). The second 

component explained 22.07% diversity and recorded the highest loading by white arils 

followed by sweet arils, white pink arils, round fruits and bitter arils, respectively. Third 

component possessed 18.35% variability with the highest contribution of hard seeds, 

pinkish yellow fruits, sour arils, oblong fruits and pink red fruits. The fourth component 

recorded 3.67% variability with major contribution of pink red fruits, soft seed, pink red 

arils and sour arils. The fifth component, explained 2.47% variability with major share of 

red fruits, pink red arils, red arils and sour arils in taste, respectively. 

 

4.1.4 PCA plot (A) and Biplot (B) of regions of pomegranate accessions 

PCA plot based on qualitative data of fruits of wild and domesticated pomegranate 

accessions showed that accessions of Rawalakot and Abbottabad were highly diverse and 

varied from each other (Fig. 4.3A). Accessions of Muzaffargarh and Rahim Yar Khan 

were close to each other for various qualitative traits of fruits while accessions of Quetta, 

Bahawalpur, D.G. Khan, Multan, Chakwal, Khushab and Mastung are more closely 

related (Fig. 4.3A). 

PCA biplot of all wild and domesticated pomegranate accessions of all regions showed 

that Abbottabad accessions had a strong association between high wood portion index 

(WPI), pinkish red arils (PRA), bitter taste and soft seeds (SS) while Rawalakot 

accessions had a strong association between arils sourness and medium in hardness of 

seeds. Accessions of Muzaffargarh and Rahim Yar Khan had a strong association 

between round fruits of white arils, sweet in taste (Fig. 4.3B). 
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Table 4.2: Descriptive statistics of qualitative traits in 115 pomegranate accessions  

from 14 regions 

Variables Min. Max. Mean SD. CV. 

Round fruits 0 12 5.29 3.97 75.1 

Round oblong fruit 0 13 1.64 3.46 210.33 

Oblong fruits 0 8 1.29 2.16 168.28 

Red fruit 0 5 2.43 1.7 69.87 

Pink red fruit  0 2 0.79 0.89 113.6 

Pink yellow fruit  0 10 3.07 3.15 102.53 

Yellow green fruit 0 14 1.86 4 215.24 

Round stalk end 2 19 6.93 5.27 76.05 

Pointed stalk end 0 3 0.57 0.94 164.08 

Flat stalk end 0 4 0.71 1.2 168.61 

Red aril 0 17 4.29 5.28 123.27 

White aril 0 11 2.71 2.97 109.51 

White pink aril 0 3 0.5 0.85 170.97 

Pink red aril 0 4 0.71 1.27 177.33 

Soft seed 0 5 1.64 1.82 110.98 

Medium hard seeds 1 17 6.21 5.37 86.35 

Hard seeds 0 4 0.36 1.08 302.91 

Sweet arils 0 10 2.36 3.37 142.76 

Sour arils 0 15 3 4.02 133.97 

Bitter arils 0 22 2.86 5.99 209.49 

P-value<0.0001 
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Table 4.3: Correlation analysis of 20 qualitative traits in 115 pomegranate accessions 

Variables  RF* ROF* OF* REF* PRF* PYF* YGF* RSt.* PSt.* FSt.* RA* WA* WPA* PRA* SS* MS* HS* StA.* SrA.* BtA.* 

RF 1 
                   

ROF 0.2 1 
                  

OF 0.4 0.1 1 
                 

REF 0.6 0.53 0.5 1 
                

PRF 0.7 0.35 0.2 0.4 1 
               

PYF 0.8 0.35 0 0.4 0.7 1 
              

YGF 0.4 0.51 0.8 0.5 0.2 -0.04 1 
             

RSt. 0.8 0.66 0.5 0.8 0.7 0.73 0.61 1 
            

PSt. 0.3 0.66 0.6 0.6 0.3 0.06 0.86 0.6 1 
           

FSt. 0.7 0.18 0.8 0.6 0.4 0.31 0.71 0.7 0.56 1 
          

RA 0.6 0.68 0.7 0.8 0.4 0.28 0.87 0.8 0.83 0.71 1 
         

WA 0.8 -0.3 0.3 0.2 0.5 0.65 0 0.4 -0.1 0.51 0.04 1 
        

WPA -0.1 0.79 -0.1 0.2 0.3 0.16 0.25 0.4 0.29 -0.2 0.31 -0.4 1 
       

PRA 0.1 0.75 -0.2 0.2 0.2 0.39 0.14 0.4 0.41 -0.1 0.3 -0.3 0.64 1 
      

SS 0.2 0.69 0.5 0.5 0.4 0.1 0.7 0.6 0.8 0.44 0.75 -0.2 0.42 0.39 1 
     

MS 0.9 0.56 0.4 0.7 0.7 0.8 0.5 0.45 0.49 0.66 0.74 0.53 0.28 0.36 0.35 1 
    

HS 0.4 0.08 0.8 0.5 0 -0.2 0.83 0.4 0.69 0.73 0.68 0.15 -0.21 -0.2 0.46 0.3 1 
   

StA. 0.6 -0.3 0 0.2 0.6 0.59 -0.3 0.2 -0.4 0.35 -0.1 0.8 -0.25 -0.2 -0.4 0.4 -0.2 1 
  

SrA. 0.6 -0.1 0.8 0.5 0.1 0.02 0.66 0.4 0.55 0.72 0.54 0.39 -0.34 -0.2 0.24 0.4 0.92 0 1 
 

BtA. 0.2 0.94 0.2 0.5 0.4 0.37 0.56 0.7 0.65 0.19 0.73 -0.3 0.71 0.64 0.74 0.6 0.12 -0.4 -0.1 1 

P-value<0.0001 

*Abbreviations: RF: Round Fruit; ROF: Round to Oblong Fruit; OF: Oblong Fruit; REF: Red Fruit; PRF: Pink Red Fruit; PYF: Pink Yellow Fruit; YGF: Yellow Green Fruit; 

RSt: Rround stalked end; PSt: Pointed stalked end; FSt: Flat stalked end; RA: Red Arils; WA: White Aril; WPA: White Pink Arils; PRA: Pink Red Arils; SS: Soft Seed; MS: 

Medium hard Seed; HS: hard Seed; StA: Sweet Aril; SrA: Sour Arils; BtA: Bitter Arils. 
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P-value<0.0001 

Figure 4.2: PCA scree plot of pomegranate accessions for qualitative variables 

 

Table 4.4: Eigenvectors of qualitative variables in pomegranate accessions 

  F1 F2 F3 F4 F5 

Round fruits 0.24 0.28 -0.13 -0.15 -0.03 

Round oblong fruit 0.22 -0.31 -0.17 -0.04 0.09 

Oblong fruits 0.23 0.11 0.29 0.25 -0.11 

Red fruit 0.26 0.03 -0.02 -0.34 0.62 

Pink red fruit  0.20 0.13 -0.28 0.46 -0.03 

Pink yellow fruit  0.17 0.16 -0.38 -0.14 -0.25 

Yellow green fruit 0.27 -0.10 0.25 0.10 -0.05 

Round stalked end 0.31 0.03 -0.15 -0.07 0.01 

Pointed stalked end 0.27 -0.16 0.17 -0.03 -0.20 

Fat stalked end 0.26 0.20 0.14 0.19 0.04 

Red aril 0.31 -0.08 0.08 -0.02 0.26 

White aril 0.10 0.41 -0.13 0.06 -0.24 

White pink aril 0.10 -0.33 -0.22 0.17 0.10 

Pink red aril 0.12 -0.28 -0.24 -0.36 -0.49 

Soft seeds 0.23 -0.22 0.08 0.42 -0.16 

Medium hard seeds 0.29 0.11 -0.20 -0.16 0.05 

Hard seeds 0.21 0.07 0.39 -0.10 -0.02 

Sweet arils 0.02 0.38 -0.26 0.19 0.17 

Sour arils 0.19 0.19 0.31 -0.32 -0.23 

Bitter arils 0.22 -0.30 -0.14 0.07 0.05 

% variability 45.84 22.07 18.35 3.67 2.47 
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P-value<0.0001 

Figure 4.3: PCA plot (A) and Biplot (B) of 115 pomegranate accessions based on  

first two components for qualitative traits 
*Abbreviations: RF: Round Fruit; ROF: Round to Oblong Fruit; OF: Oblong Fruit; REF: Red Fruit; PRF: 

Pink Red Fruit; PYF: Pink Yellow Fruit; YGF: Yellow Green Fruit; RSt: Rround stalked end; PSt: Pointed 

stalked end; FSt: Flat stalked end; RA: Red Arils; WA: White Aril; WPA: White Pink Arils; PRA: Pink 

Red Arils; SS: Soft Seed; MS: Medium hard Seed; HS: hard Seed; StA: Sweet Aril; SrA: Sour Arils; BtA: 

Bitter Arils. Note red and blue color for variables and regions, respectively. 
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4.1.5 Cluster analysis of 115 accessions of 14 regions for qualitative traits 

Cluster analysis of all pomegranate accessions (wild and domesticated) of 14 regions 

grouped into two main clusters with 33.67% variability within class and 66.33% diversity 

between classes (Fig.4.4). Class-I had all accessions of Abbottabad and Rawalakot which 

showed 187% diversity with each other and distinguished from accessions from the rest 

of the regions. Class-II was subdivided into two subclasses with subclass II-a grouped 

Muzaffargarh and Rahim Yar Khan accessions with 18.22% variability within accessions 

of these regions. Subclass II-b grouped accessions of remaining ten regions including 

wild and domesticated accessions with variability of 18.28% with close association of 

accessions of Chakwal and Mastung; Bahawalpur and Murree; Multan and Peshawar; 

Quetta and Khushab; and the accessions of Harripur and D.G. Khan (Fig.4.4). 

 

 

Figure 4.4: Cluster analysis of selected regions of pomegranates in Pakistan based 

on qualitative fruit parameters 

 

 



 

 

62 

4.2 Characterization of pomegranate accessions on the basis of 

biochemical analysis of fruit juice 
 

4.2.1 Descriptive statistics of 16 quntitative traits in pomegranate accessions 

Sixteen quantitative morphological traits were evaluated for diversity estimation in wild 

and domesticated pomegranate accessions. Minima, maxima, means, standard deviation 

(SD) and coefficient of variance (CV) was calculated and presented in Table 4.5. There 

was a large extent of morphological diversity in wild and domesticated pomegranate 

accessions. In wild accessions, high CV (29.07%) was recorded for fruit weight followed 

by rind weight, rind thickness and seed weight (25.61%, 24.73% and 20.45%, 

respectively); however, the least CV (3.63%) was recorded for fruit shape index (Table 

4.5). In domesticated accessions the highest CV (41.99%) was recorded for fruit weight 

followed by rind weight (41.19%), WPI (38.09%), crown height (35.05%), seed weight 

(32.47%) and aril weight (32.32%). Fruit weight varied from 14.58 to 59.74 g and 33.38 

to 373.8 g for data analysis of both wild and domesticated pomegranate accessions, 

respectively. Rind weight in wild accessions varied from 8.63-31.29 g and in 

domesticated accessions varied from 8.24-123.92 g. Aril weight ranged from 4.85-10.30 g 

in wild accessions and domesticated accessions as 14.69-121.75 g. There was a high 

variation in WPI in wild, domesticated and combined wild and domesticated pomegranate 

accessions ranging from 9.65 to 20.14, 2.48 to 14.74 and 2.48 to 20.14, respectively 

(Table 4.5). 

 

4.2.2 Correlation of 16 quantitative traits in pomegranate accessions 

A strong correlation was recorded between quantitative fruit traits of wild pomegranate 

accessions as shown in Table 4.6A. Fruit weight had a strong positive correlation (0.79) 

for rind weight followed by fruit dimensions (0.67 and 0.66), aril length (0.37) and seed 

weight (0.30) respectively; however, fruit weight and size had negative correlation for 

WPI (Table 4.6A). Aril weight had strong correlation (0.59) for aril length followed by 

0.44 and 0.37 for seed width and length, and 0.35 for aril width. Similarly, there was a 

strong correlation (0.71) between aril width and seed weight but negative correlation (-

0.01) between WPI and seed weight; however, a positive correlation was recorded 

between WPI and aril weight. 

A strong association was recorded between various morphological traits of domesticated 

pomegranate accessions (Table 4.6B). Fruit weight of domesticated accessions had a 
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strong positive correlation (0.85) with fruit height followed by 0.84 each for fruit 

diameter and rind weight and aril weight (0.57). There was a strong association between 

rind weight and rind thickness and WPI with values of 0.64 and -0.61, respectively. There 

was a strong correlation (0.60) between aril weight and fruit height while a negative 

correlation between aril weight and crown height (-0.03). Seed weight had a strong 

correlation (0.59) with WPI which had a strong negative correlation (-0.61) with rind 

weight followed by fruit diameter, height and weight with values of -0.60, -0.59 and -

0.57, respectively (Table 4.6B). 

In correlation analysis of all 115 wild and domesticated pomegranate accessions, there 

was a strong association between all 16 quantitative traits (Table 4.6C). Fruit weight had 

a strong correlation with fruit diameter and rind weight (0.93 each), fruit height (0.92), 

aril weight (0.86) and aril length (0.80); however, fruit weight showed a strong negative 

association (-0.80) with WPI in wild and domesticated pomegranate accessions. Fruit 

height had the highest correlation (0.99) with diameter, rind weight (0.88), aril weight 

(0.86); it had strong negative association (-0.81) for WPI. Fruit diameter had a strong 

correlation (0.87) with rind weight, aril weight (0.86) and WPI (-0.83). Wood portion 

index (WPI) had a strong negative correlation (-0.83) with aril weight and aril length (-

0.81 each) and ring weight (-0.78) in all wild and domesticated pomegranate accessions 

(Table. 4.6C). 

 

4.2.3 PCA of pomegranate accessions for quantitative morphological traits 

A scree plot of eigenvalue and cumulative variation in the PCA analysis of 16 

quantitative fruit traits of 53 wild accessions is shown in Figure 4.5A. The eigenvalue of 

the first two components dropped sharply while the values of others components 

decreased in continuous slow pattern. Cumulative variation increased rapidly for the first 

four components whereas; above 92.55% variability at 8th component it became constant 

for the rest of the components (Fig.4.5A). 

There was a sharp decrease in eigenvalue of the first three factors then it dropped 

stagnantly and it was negligible in components 14 to 16 in domesticated accessions 

(Fig.4.5B). Cumulative variation in morphological traits of domesticated accessions 

increased sharply for the first four components then there was steady increase up to 

component 14 and thereafter it was 100%. 
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In PCA analysis of all 115 pomegranate accessions (wild and domesticated) eigenvalue 

decreased very sharply for first two factors and then there was a steady drop with the rest 

of the components (Fig.4.5C). The highest cumulative variation was explained in the first 

six factors with maximum variation covered in the first factor with a steady increase from 

factor six to sixteen (Fig.4.5C). 

In the analysis of eigenvector with wild pomegranate variables, maximum variability 

(83.76%) of 16 quantitative morphological traits in wild pomegranate accessions was 

covered within first 6 factors with major contribution of first the eigenvector explained 

31.57% diversity with major factor load of fruit diameter followed by fruit height, rind 

weight, fruit weight, aril length and seed weight, respectively (Table 4.7). Second 

eigenvector reserved 18.25% variability with seed shape index, wood portion index, seed 

width, aril shape index, aril weight and aril length with major loading in ascending order. 

The eigenvector three and four explained 12.12% and 9.52% of total variability including 

aril shape index, aril width and seed weight as major loading in 3rd vector whereas, 4th 

vector showed high loading of seed length, seed width, crown height and aril weight. 

Principle component six and seven covered 6.28% and 6.03% diversity respectively, with 

major contribution of rind thickness, crown height, fruit weight and aril length in vector 5 

and component six loaded aril length, aril weight, seed width and aril width as major 

diversified variables in wild pomegranate germplasm of Pakistan.  

The eigenvector analysis of all domesticated pomegranate accessions showed that first six 

vectors covered maximum diversity (86.64%) with the highest diversity (34.46%) 

estimated in the first vector including fruit height, fruit weight, fruit diameter, rind 

weight, aril weight, WPI and rind thickness (Table 4.7). There was 18.49% 

morphological diversity covered in the second eigenvector explaining high diversity in 

aril width, aril length and seed length whereas, factor three explained 11.57% of the total 

variability with the highest loading by fruit shape index, aril shape index, seed weight and 

fruit diameter. There was 9.66, 6.64 and 5.82%of total morphological variability covered 

in the 4th, 5th and 6th eigenvectors, respectively, with maximum contribution the seed 

weight, seed length and aril weight by 4th vector while vector five had the highest loading 

of seed width, SSI and rind thickness and the 6th vector shared major loading the crown 

height, fruit height and WPI (Table 4.7). 

The combined PCA analysis of morphological data of wild and domesticated accessions 

showed that 90.95% of total variability was explained by the first six eigenvectors as 
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shown in Table 4.7. The highest variability (61.04%) of total morphological diversity of 

115 accessions was explained in first vector with maximum share of all studied traits 

varying from 0.15- 0.30 with the least loading in crown height. There was 9.39%, 6.79% 

and 5.75% diversity explained in PC-2, PC-3 and PC-4, respectively with the maximum 

loading of crown height, aril width, seed weight and seed width in PC-2. Maximum share 

of rind thickness, FSI, and aril width was recorded in PC3 and the highest loading of seed 

wight, aril width and crown hight was recorded in PC-4 (Table 4.7).The least variability 

was explained in last three components with maximum share of crown height, aril weight 

and rind thickness in PC-5. There was maximum contribution of rind thickness, seed 

width and seed weight in sixth eigenvector. 

 

4.2.4 PCA plot for 16 quantitative traits in pomegranate accessions  

PCA plot based on the first two principal components showed that all 53 wild accessions 

were scattered in all four planes with few accessions far from the center of axis, showing 

high level of diversity for various morphological traits (Fig.4.6A). Most of the accessions 

near the center of axis were very close to each other and thus showed less variability with 

each other; however, wild Abbottabad, Rawalakot and Harripur accessions AK8 & 

AN16; AK9 & AH19, RH17, RG21 & RD18; RB14, AK6, AP2, RM20, HJ3, AD17, 

RB7 and RA12, were highly diverse and varied from the rest of the accessions (Fig.4.6A).  

Most of the cultivated genotypes in domesticated accessions were very close to each other 

and clustered near the center of axis, which indicated that these accessions were more 

similar to each other and had less diversity as shown in PCA plot based on first two 

principal components. Few accessions from Rahim Yar Khan (RLF2, RLA1, RLF3 and 

RLA3), Muzaffargarh (MAN2, MAM2 and MAN1), Mastung (MG4, MG1, MK3, MK4), 

Quetta (Q3 & Q2), Chakwal (CK1, CB1, CB2, CD4), D.G. Khan (DH3) and Bahawalpur 

(BR4) were more diverse and varied from rest of the accessions (Fig.4.6B).  

Combined PCA plot of wild and domesticated accessions showed that both type of 

accessions grouped separately; however, wild accessions in left planes were more closely 

clustered as compared to domesticated accessions, however, later accessions were more 

away from center of axis as compared to former accessions, showed that domesticated 

accessions were more diverse for morphological traits (Fig. 4.6C). Interestingly, few 

domesticated accessions of Chakwal, Bahawalpur and D.G. Khan showed closeness for 

wild accessions as shown in Figure 4.6C. Moreover, one of the accessions from Quetta 
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(Q3) was highly diverse from rest of the accessions followed by MK3, RLA3, TK, MG1, 

MAN2, MAM2 and RLF2 which were closed to each other and varied from rest of the 

accessions. 

 

4.2.5 PCA biplot of morphological traits and pomegranate accessions 

A biplot of wild accessions showed that accessions scattered in right upper and lower 

planes had strong correlation for fruit, aril and seed weights with respective dimensions, 

rind weight and crown height; however, wild accessions in left planes showed strong 

association for wood portion index (WPI), seed weight and its width Figure 4.7A.) 

Biplot of cultivated accessions showed that accessions in upper and lower right planes 

had strong association for fruit and aril weight and their dimensions, and rind weight 

while accessions in left planes had strong correlation for wood portion index (WPI), seed 

weight and seed width (Fig.4.7B). 

Combined PCA biplot of wild and domesticated pomegranate accessions showed that all 

domesticated accessions had close association  for fruit, aril and seed weight and their 

respective dimensions and opposite to these wild accessions had strong association for 

WPI and seed shape index (Fig. 4.7C). 

 

4.2.6 Cluster analysis of pomegranate accessions based on fruit morphological 

traits 

Cluster analysis of wild pomegranate accessions showed their relativeness based on 

quantitative morphological traits of fruits. All wild accessions grouped in two main 

classes with 33.75 and 66.25% variability within and between classes, respectively. Class-

I grouped 22 accessions with 28% variability within class and class-II was further divided 

into two subclasses as shown in Figure 4.8A. Subclass II-a was comprised of only 5 

accessions with 34% variability among them and subclass II-b clustered 26 accessions 

with 37% variability in them. 

All 62 domesticated pomegranate accessions grouped into two main classes with 15.50% 

variability within classes and 84.50% variation between classes on the basis of fruit 

morphological characters; however, most of Muzaffargarh, Rahim Yar Khan and 

Mastung accessions grouped in the same class. Class-I had only 4 accessions with 9% 

variability while accessions in class-II were further divided into three subclasses. 

Subclass II-a had 19 accessions with 16% variability whereas subclass II-b and II-c had 
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26 and 13 accessions with 6% and 16% variability between individuals of these 

subclasses, respectively (Fig. 4.8B).  

Combined cluster analysis of morphological data of wild and domesticated pomegranate 

accessions showed that they grouped into two main classes with 13.09% variability 

within classes and 86.91% variability between classes. Class-I clustered 52 domesticated 

accessions separately with 24.35% variability within these accessions. Class-II had two 

subclasses with II-a grouped 4 domesticated accessions with 5.52% variability and II-b 

constituting largest group with 59 accessions. This subclass had 53 wild and 6 

domesticated accessions with 6.71% variability within accessions of this subclass; 

moreover, domesticated accessions in II-b were from Chakwal (4), Bahawalpur and D.G. 

Khan as shown in Figure 4.8C. 

 

4.2.7 Fruit quality of diverse cultivated pomegranate accessions 

Analysis of variance and least significant difference (LSD) of highly diverse cultivated 

accessions was recorded to study market potential of these accessions. Significantly high 

fruit, aril and rind weight was recorded in Muzaffargarh, R.Y. Khan, Mastung and Tarnab 

accessions while seed weight and WPI was significantly lower in these accessions as 

compared to accessions of Chakwal and few accessions of Mastung. All Chakwal and few 

Mastung accessions had significantly low fruit and aril weight and significantly higher 

seed weight and higher WPI as compared to other commercial accessions (Table 4.8). 

This proved that all domesticated accessions except Chakwal and few Mastung 

accessions had good potential to market and their existing potential could be improved 

through breeding programs of pomegranate accessions in the country.  



 

 

68 

Table 4.5: Descriptive statistics of 16 quantitative morphological traits in 

pomegranate accessions 

  Variables Accession Min. Max. Mean SD CV 
1 Fruit weight (g) Wild  14.58 59.74 38.11 11.08 29.1 

Domesticated 33.38 373.98 170.1 71.41 42 

Wild-Domesticated 14.58 373.98 109.3 84.56 77.4 

2 Fruit height (mm) Wild  26.47 48.39 40.2 5.14 12.8 

Domesticated 35.87 83.32 61.58 10.27 16.7 

Wild-Domesticated 26.47 83.32 51.72 13.53 26.2 

3 Fruit diameter 

(mm) 

Wild  23.61 45.47 38.49 5.18 13.5 

Domesticated 35.57 86.18 62.72 10.71 17.1 

Wild-Domesticated 23.61 86.18 51.55 14.86 28.8 

4 Fruit shape index Wild  0.97 1.18 1.05 0.04 3.63 

Domesticated 0.87 1.06 0.98 0.04 4.25 

Wild-Domesticated 0.87 1.18 1.01 0.05 5.02 

5 Crown height 

(mm) 

Wild  4.72 10.37 7.58 1.23 16.3 

Domesticated 6.41 27.5 8.67 3.04 35.1 

Wild-Domesticated 4.72 27.5 8.17 2.44 29.8 

6 Rind weight (mm) Wild  8.63 31.29 19.35 4.96 25.6 

Domesticated 8.24 123.92 55.71 22.95 41.2 

Wild-Domesticated 8.24 123.92 38.95 24.99 64.1 

7 Rind thickness 

(mm) 

Wild  1.83 4.84 2.83 0.7 24.7 

Domesticated 1.65 5.25 3.31 0.75 22.6 

Wild-Domesticated 1.65 5.25 3.09 0.76 24.7 

8 Aril weight (g) Wild  4.85 10.3 7.45 1.06 14.3 

Domesticated 14.69 121.75 51.67 16.7 32.3 

Wild-Domesticated 4.85 121.75 31.29 25.29 80.9 

9 Aril length (mm) Wild  2.93 6.71 5.24 0.73 14 

Domesticated 4.18 12.24 9.45 1.31 13.8 

Wild-Domesticated 2.66 12.24 6.99 2.88 41.3 

10 Aril width (mm) Wild  2.66 5.58 4.1 0.73 17.8 

Domesticated 2.84 8.38 5.99 0.96 16 

Wild-Domesticated 2.84 8.38 5.64 0.94 16.6 

11 Aril shape index Wild  0.97 1.93 1.3 0.22 16.7 

Domesticated 1.28 2.3 1.59 0.2 12.6 

Wild-Domesticated 0.52 2.3 1.22 0.44 35.7 

12 Seed weight (g) Wild  1.3 2.94 2.27 0.33 14.6 

Domesticated 0.83 5.73 3.13 1.01 32.5 

Wild-Domesticated 0.83 5.73 2.73 0.88 32.4 

13 Seed length (mm) Wild  8.45 17.81 12.84 2.21 17.2 

Domesticated 3.2 7.91 6.76 0.72 10.6 

Wild-Domesticated 3.2 17.81 9.56 3.43 35.9 

14 Seed width (mm) Wild  1.29 2.82 1.8 0.37 20.5 

Domesticated 1.38 3.76 2.93 0.46 15.7 

Wild-Domesticated 1.29 3.76 2.41 0.71 29.3 

15 Seed shape index Wild  4.95 10.38 7.3 1.36 18.6 

  Domesticated 1.62 3.34 2.34 0.36 15.2 

  Wild-Domesticated 1.62 10.38 4.63 2.66 57.4 

16 Wood portion 

index 

Wild  9.65 20.14 14.21 2.55 18 

Domesticated 2.48 14.74 6.52 2.48 38.1 

Wild-Domesticated 2.48 20.14 10.06 4.59 45.6 

P Value = 1 for Wild; P Value < 0.0001 for domestic and both wild and domestic accession 
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Table 4.6A: Correlation of morphological traits in wild pomegranate accessions 

Variables  FWt FH FD FSI CH RW RT Awt AL AW ASI SWt SL SW SSI WPI 

Fruit weight 1 
               

Fruit height 0.66 1 
              

Fruit diameter 0.67 0.96 1 
             

Fruit shape index -0.21 -0.11 -0.37 1 
            

Crown height 0.18 0.3 0.29 -0.01 1 
           

Rind weight 0.79 0.77 0.76 -0.15 0.32 1 
          

Rind thickness 0.09 0.34 0.34 -0.08 0.25 0.39 1 
         

Aril weight 0.23 0.28 0.29 -0.1 0.08 0.31 0.29 1 
        

Aril length 0.37 0.5 0.48 -0.08 0.19 0.4 0.25 0.59 1 
       

Aril width 0.18 0.38 0.46 -0.4 0.11 0.26 0.18 0.35 0.5 1 
      

Aril shape index 0.13 0.04 -0.06 0.34 0.03 0.06 0.03 0.18 0.36 -0.62 1 
     

Seed weight 0.3 0.46 0.5 -0.27 0 0.35 0.33 0.15 0.43 0.71 -0.37 1 
    

Seed length 0.27 0.35 0.42 -0.34 -0.01 0.15 0.19 0.37 0.18 0.16 0.02 0.19 1 
   

Seed width 0.06 0.13 0.14 -0.06 -0.08 0.06 0.22 0.44 0.27 0.05 0.2 0.17 0.51 1 
  

Seed shape index 0.24 0.21 0.29 -0.3 0.08 0.1 -0.12 -0.17 -0.13 0.11 -0.22 0.04 0.41 -0.56 1 
 

WPI -0.19 -0.2 -0.26 0.25 -0.03 -0.09 0.07 0.13 0.13 -0.09 0.2 -0.01 -0.38 0.59 -0.98 1 

P-value=1 

Abbreviates: FWt: Fruit weight; FH: Fruit height; FD: Fruit diameter; FSI: Fruit shape index; CH: Crown height; RW: Rind weight; RT: Rind 

thickness; Awt: Aril weight; AL: Aril length; AW: Aril width; ASI: Aril shape index; SWt: Seed Weight; SL: Seed length; SW: Seed width; 

SSI: Seed SHAPE index; WPI: Wood Portion Index. 
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Table 4.6B: Correlation of morphological traits in domesticated pomegranate accessions 

Variables FWt FH FD FSI CH RW RT Awt AL Aw ASI SWt SL SW SSI WPI 

Fruit weight 1 
               

Fruit height 0.84 1 
              

Fruit diameter 0.85 0.97 1 
             

Fruit shape index -0.08 0.04 -0.21 1 
            

Crown height 0.12 0.3 0.25 0.14 1 
           

Rind weight 0.84 0.75 0.71 0.08 0.01 1 
          

Rind thickness 0.43 0.39 0.32 0.22 0.18 0.64 1 
         

Aril weight 0.57 0.6 0.52 0.25 -0.03 0.57 0.39 1 
        

Aril length 0.36 0.29 0.2 0.32 -0.08 0.33 0.26 0.28 1 
       

Aril width 0.23 0.08 0.06 0.07 -0.34 0.17 -0.1 0.04 0.72 1 
      

Aril shape index 0.13 0.26 0.19 0.29 0.42 0.2 0.47 0.28 0.17 -0.5 1 
     

Seed weight -0.07 -0.1 -0.15 0.34 -0.21 -0.07 0.06 0.27 0.08 0.18 -0.16 1 
    

Seed length 0.13 0.09 0.03 0.2 -0.07 0.13 0.01 0.03 0.58 0.62 -0.13 -0.1 1 
   

Seed width -0.16 -0.3 -0.32 0.08 -0.31 -0.24 -0.23 -0.29 0.13 0.42 -0.41 0.15 0.49 1 
  

Seed shape index 0.28 0.42 0.37 0.1 0.32 0.34 0.26 0.35 0.33 0 0.38 -0.2 0.2 -0.74 1 
 

WPI -0.57 -0.6 -0.6 0.12 -0.17 -0.61 -0.43 -0.52 -0.21 0.06 -0.34 0.59 -0.08 0.36 -0.44 1 

P-value<0.0001 

Abbreviates: FWt: Fruit weight; FH: Fruit height; FD: Fruit diameter; FSI: Fruit shape index; CH: Crown height; RW: Rind weight; RT: Rind 

thickness; Awt: Aril weight; AL: Aril length; AW: Aril width; ASI: Aril shape index; SWt: Seed Weight; SL: Seed length; SW: Seed width; 

SSI: Seed SHAPE index; WPI: Wood Portion Index 
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Table 4.6C: Correlation of 16 quantitative traits in wild and domesticated pomegranate accessions 

Variables  FWt FH FD FSI CH RW RT Awt AL Aw ASI SWt SL SW SSI WPI 

Fruit weight 1 
               

Fruit height 0.92 1 
              

Fruit diameter 0.93 0.99 1 
             

Fruit shape index -0.52 -0.49 -0.62 1 
            

Crown height 0.25 0.36 0.33 -0.07 1 
           

Rind weight 0.93 0.88 0.87 -0.43 0.19 1 
          

Rind thickness 0.44 0.46 0.43 -0.13 0.24 0.58 1 
         

Aril weight 0.86 0.86 0.85 -0.47 0.19 0.82 0.42 1 
        

Aril length 0.8 0.8 0.81 -0.55 0.19 0.76 0.37 0.86 1 
       

Aril width 0.44 0.42 0.41 -0.24 -0.11 0.41 0.15 0.38 0.6 1 
      

Aril shape index 0.75 0.78 0.79 -0.55 0.33 0.71 0.4 0.85 0.89 0.2 1 
     

Seed weight 0.35 0.38 0.36 -0.16 -0.05 0.32 0.24 0.53 0.5 0.36 0.42 1 
    

Seed length -0.67 -0.66 -0.68 0.49 -0.21 -0.63 -0.23 -0.77 -0.78 -0.25 -0.82 -0.42 1 
   

Seed width 0.58 0.57 0.59 -0.49 0.04 0.51 0.22 0.64 0.77 0.53 0.67 0.46 -0.6 1 
  

SSI -0.7 -0.7 -0.72 0.53 -0.17 -0.65 -0.3 -0.8 -0.85 -0.4 -0.83 -0.46 0.89 -0.85 1 
 

WPI -0.8 -0.81 -0.83 0.59 -0.25 -0.78 -0.37 -0.83 -0.81 -0.3 -0.83 -0.21 0.68 -0.53 0.64 1 

   P-value<0.0001 

Abbreviates: FWt: Fruit weight; FH: Fruit height; FD: Fruit diameter; FSI: Fruit shape index; CH: Crown height; RW: Rind weight; RT: Rind 

thickness; Awt: Aril weight; AL: Aril length; AW: Aril width; ASI: Aril shape index; SWt: Seed Weight; SL: Seed length; SW: Seed width; 

SSI: Seed SHAPE index; WPI: Wood Portion Index 
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Figure 4.5: PCA of 16 quantitative traits in wild (A), domesticated (B) and both wild   

and domesticated (C) pomegranate accessions 
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Table 4.7: PCA of quantitative fruit traits of Pakistani pomegranate accessions 
  Parameters F1 F2 F3 F4 F5 F6 

W
il

d
 a

cc
es

si
o
n

s 

 
Fruit weight 0.32 0.04 0.27 -0.06 -0.34 -0.23 

Fruit height 0.39 0 0.18 -0.12 -0.07 -0.13 

Fruit diameter 0.41 0.06 0.09 -0.05 -0.04 -0.16 

Fruit shape index -0.18 -0.18 0.28 -0.23 -0.06 0.16 

Crown height 0.14 0 0.19 -0.3 0.6 0.17 

Rind weight 0.35 -0.04 0.23 -0.23 -0.06 -0.23 

Rind thickness 0.2 -0.16 -0.02 -0.09 0.63 -0.09 

Aril weight 0.22 -0.27 -0.04 0.26 0.04 0.44 

Aril length 0.28 -0.25 0.02 -0.02 -0.2 0.55 

Aril width 0.27 0.06 -0.48 -0.14 -0.08 0.29 

Aril shape index -0.04 -0.28 0.53 0.18 -0.1 0.2 

Seed weight 0.28 -0.01 -0.37 -0.16 -0.13 -0.04 

Seed length 0.23 0.06 0 0.64 0.17 -0.1 

Seed width 0.1 -0.43 -0.14 0.39 0.05 -0.31 

Seed shape index 0.11 0.52 0.14 0.19 0.05 0.16 

WPI -0.1 -0.51 -0.15 -0.18 -0.06 -0.21 

 % variability 31.57 18.25 12.12 9.52 6.28 6.03 

 

D
o
m

es
ti

ca
te

d
 a

cc
es

si
o
n

s 

Fruit weight 0.36 0.14 -0.19 0.17 -0.08 0.14 

Fruit height 0.38 0.04 -0.1 0.13 0.01 0.32 

Fruit diameter 0.36 0.01 -0.26 0.13 0.03 0.29 

Fruit shape index 0.03 0.12 0.61 0 -0.13 0.1 

Crown height 0.13 -0.26 0.15 -0.26 -0.13 0.69 

Rind weight 0.36 0.12 -0.07 0.17 -0.14 -0.15 

Rind thickness 0.26 -0.03 0.25 0.11 -0.36 -0.28 

Aril weight 0.3 0.07 0.16 0.3 0.14 -0.18 

Aril length 0.17 0.39 0.22 -0.27 0.09 -0.09 

Aril width 0.02 0.53 -0.08 -0.11 0.21 0.02 

Aril shape index 0.19 -0.27 0.38 -0.16 -0.26 -0.09 

Seed weight -0.08 0.18 0.37 0.54 0.25 0.18 

Seed length 0.05 0.42 0.06 -0.41 -0.09 0.09 

Seed width -0.2 0.37 -0.07 0.03 -0.53 0.14 

Seed shape index 0.26 -0.1 0.16 -0.35 0.53 -0.07 

WPI -0.33 0.07 0.2 0.2 0.16 0.32 

 % variability 34.46 18.49 11.57 9.66 6.64 5.82 

 

W
il

d
 a

n
d

 d
o
m

es
ti

ca
te

d
 a

cc
es

si
o
n

s 

Fruit weight 0.29 0.11 0.13 -0.19 -0.02 -0.2 

Fruit height 0.29 0.16 0.13 -0.11 0.08 -0.22 

Fruit diameter 0.3 0.15 0.04 -0.18 0.05 -0.14 

Fruit shape index -0.19 0.04 0.4 0.39 0.1 -0.42 

Crown height 0.09 0.55 -0.09 0.34 0.68 0.06 

Rind weight 0.28 0.14 0.26 -0.18 -0.17 -0.12 

Rind thickness 0.15 0.28 0.55 0.18 -0.28 0.65 

Aril weight 0.3 -0.01 0.04 0.09 -0.16 -0.23 

Aril length 0.3 -0.14 -0.02 0.02 0.12 0.03 

Aril width 0.15 -0.42 0.38 -0.32 0.54 0.05 

Aril shape index 0.29 0.08 -0.21 0.21 -0.11 0.05 

Seed weight 0.16 -0.38 0.26 0.52 -0.11 -0.22 

Seed length -0.26 0.06 0.31 -0.25 0.1 0.1 

Seed width 0.24 -0.34 -0.11 0.09 0.19 0.35 

Seed shape index -0.28 0.18 0.21 -0.21 -0.04 -0.17 

WPI -0.28 -0.17 0.12 0.21 0.12 0.08 

 % variability 61.04 9.39 6.79 5.75 4.43 3.54 



 

 

74 

  

 

 

 

Figure 4.6: PCA plots of wild (A), domesticated (B) and both wild and domesticated (C) 

pomegranate accessions based on 16 quantitative traits. 
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Figure 4.7: PCA biplot of wild (A), domesticated (B) and both wild and domesticated (C)   

pomegranate accessions for 16 quantitative morphological variables
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Figure 4.8A: Cluster analysis of 53 wild pomegranate accessions for 16 quantitative morphological variables 
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Figure 4.8B: Cluster analysis of domesticated pomegranate accessions for morphological variables of fruits 
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Figure 4.8C: Cluster analysis of wild and domesticated pomegranate accessions for morphological variables 
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Table4.8: Comparison of quantitative traits in diverse domesticated accessions of  

Pakistan 

 
Accessions Fruit weight (g) Rind weight (g) Aril weight (g) Seed weight (g) WPI 

MAN2 373.98a 97.64b 74.82b 2.75de 3.66i 

MAM2 340.33b 88.28c 70.13bc 2.68def 3.91ghi 

MAM3 176.0ef 54.94h 56.63defg 2.64def 4.82ef 

RLA1 161.66fgh 53.64h 52.80fg 2.31defg 4.45fgh 

RLA2  176.00ef 54.94h 60.19cdef 2.76de 4.59efg 

RLA4 159.3fgh 56.69gh 64.16bcde 4.68b 7.30c 

RLF1 198.83de 59.37fgh 46.80gh 2.16fg 4.63efg 

RLF2 373.98a 97.64b 66.22bcd 2.42def 3.71hi 

MG1 372.90a 123.92a 57.58defg 2.85cd 4.99def 

MG4 174.36ef 64.80fg 1.15cdef 5.73a 9.37b 

MK2 143.97gh 76.38de 51.53fg 2.32defg 4.68ef 

MK3 236.68c 78.64d 61.69cdef 2.29efg 3.77hi 

TG  225.61c 54.62h 35.84hi 1.79g 5.24de 

Q3 169.31fg 28.03i 14.69k 0.83h 5.70d 

TK 218.88cd 67.64ef 121.75a 4.49b 3.72hi 

CK1  62.13i 13.83jk 28.66ij 2.78de 9.69b 

CD4 140.73h 18.58j 54.95efg 5.42a 9.89b 

CB2 33.38j 8.24k 22.96jk 3.38c 14.74a 

CV. 25.401 9.2894 11.234 0.5548 0.7474 

*The letters show significant differences among treatments in column at significant level (p≤0.05)
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4.3 Estimation of Biochemical Diversity Based on Organic Acids and Sugar  

Profiling  

 

4.3.1 Biochemical diversity estimation in aril juice of 23 pomegranate accessions  

through organic acids and sugar profiling in HPLC analysis 

 

Out of 115 pomegranate accessions, 18 domesticated and 5 wild were selected for organic 

acid and sugars through HPLC. High level of variability was recorded in the 

concentration of 11 detected organic acids (Fig.4.9). Citric acid was observed as the main 

organic acid followed by succinic acid, lactic acid and malonic acids. All eleven detected 

organic acids ranged from 75.67 to 98.95% in wild accessions; however, this 

concentration varied from 19.38 to 149.2% in domesticated accessions. High level of all 

detected organic acids was recorded in one of Khushab accession KK1 followed by 

MSA2, Q2 and a wild accession RN1 of Rawalakot. A Khushab accessions (KK1) had 

high level of malonic acid (54.70%) followed by citric and succinic acids; however, a 

sweet accession from Multan (MSA2) had high concentration of lactic acid followed by 

fumic and ptruvic acids. Methyl-malonic, malonic and fumic acids were not detected in 

two wild accessions (MT3 and RN1). Malonic and fumic acids were also not detected in 

most of the domesticated accessions. The value of sourness index (SI) was high (35.66) in 

RLF2 followed by 18.96 and 18.55 in other accessions (MAN4 and RLF1), respectively 

grouped as sweet accessions. Value of SI was in range of 6 to 12 in Q1, MK3 and MSA2 

(sweet accessions). All wild accessions had the lowest value of sourness index (SI) and 

declared as sour to slightly bitter while all Chakwal and Khushab and few Mastung 

accessions were also sour to sour sweet for low value of SI. Moreover, few domesticated 

accessions (MAN6, RLF6, Q2 and TG) with SI value 0.45, 0.74, 0.28 and 0.74, 

respectively were also declared as sour accessions (Fig. 4.9).  

The concentration of each detected sugar varied in all 23 accessions. Fructose and 

glucose were major sugars in all these accessions followed by D-Arabinose and maltose 

while traces of D-Galactose and D-Xylose were also detected (Fig.4.10). High level of all 

eight sugars was recorded in MAN4 followed by MSA2, RLF1, Q1 and CK1; however, 

least quantity of these sugars was detected in TG, CK3, MK4, CB1 and all five wild 

accessions. Maximum level of fructose (5.42%) was detected in CK1 and minimum 

concentration (1.23%) was measured in one of the wild accession, AK1. Multan 

collection (MSA2) had high level of glucose (4.32%) and one of Mastung accessions 

(MK4) detected its minimum value of 1.7%. Minimum maltose level (0.7%) was detected 
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in wild accession (MT3) and its maximum level (2.33%) was measured in RLF1; 

moreover, this commercial accession also had maximum value of mannose (3.77%) as 

compared to all other accessions (Fig. 4.10). 

 

4.3.2 Descriptive statistics and correlation analysis of organic acids and sugars 

Twenty different forms of organic acids and sugars were analyzed for the estimation of 

biochemical diversity in selected wild and domesticated pomegranate accessions. The 

highest coefficient of variance (306.36%) was recorded in fumic acids followed by 

methyl malonic and malonic acids with concentrations of 239.04% and 205.97%, 

respectively. The least value of CV (23.95%) was detected in glucose followed by 

fructose (36.50%) and D-arabinose (39.80%) as shown in Table 4.9. Maximum sugars 

concentration (5.42%) was recorded in fructose while D-Xylose was not detected in a few 

of accessions; however, maximum range of organic acids was 64.85% detected as citric 

acids whereas no organic acids were detected in the form of succinic acids, oxalic acids, 

oxalacetric acid, lactic acid, methyl malonic acid, malonic acid, fumic acid in some of 

wild and domesticated accessions (Table 4.9). Sourness index was ranged from 0.15 to 

35.66% in all 23 pomegranate accessions. 

Pearson correlation analysis showed strong correlation between organic acids and 

sugars in all 23 accessions; however, most of the correlations within acids and sugars 

were positive as shown in Table 4.10. There was strong positive correlation (0.62) of 

fructose with glucose, ptruvic acid (0.48), maltose (0.45), lactic acid (0.40) and sourness 

index (0.38); however, there was strong negative correlation (-0.70) between fructose and 

citric acid. There was strong correlation (0.57) between glucose and ptruvic acid, 

whereas, glucose and citric acid had negative correlation (-0.45). There was strong 

positive correlation (0.57) between lactic acid and maltose; however, later had negative 

correlation (-0.58) with succinic acid and citric acids (-0.55). There was strong correlation 

(0.92) between lactic acid and ptruvic acids, and tartaric acid and oxalic acids (0.84). 

Citric acids and succinic acids had negative correlation with all detected sugars, whereas, 

ptruvic acids and lactic acids had some strong positive correlations for sugars (Table 

4.10). 
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4.3.3 PCA for organic acids and sugars in selected 23 pomegranate accessions 

Scree plot developed through principal component analysis of organic acids and sugars 

detected in selected 23 wild and domesticated pomegranate accessions showed high level 

of diversity through eigenvalue and cumulative variation curves (Fig. 4.11). There was 

sharp decrease in eigenvalue of first three components while in rest of the components 

there was linear decrease in this value.  There was a quick increase in cumulative 

variability in first three components, then it became inactive for up to component 11 and 

remained constant for rest of the components (Fig 4.11). 

In PCA analysis of organic acids and sugars, maximum variability (77.94%) was 

covered within first seven components; likewise, eigenvector Table 4.11 showed that 

26.42% of total variability of organic acids and sugars was explained in 1st component 

with maximum loading of lactic acid, ptruvic acid, citric acid, fructose and glucose. 

Eigenvector two and three explained 15.04% and 9.34% of total variability, respectively, 

including oxalic acid, citric acids, mannose and malic acids in former component, 

whereas, succinic acid, tartaric acid, oxalic acid and mannose in later component. 

Principal component four and five covered 7.86% and 7.03% of total variability with high 

loading of Melazitose, mannose and D-galactose in PC-4 and PC-5 had maximum loading 

of D-arabinose and malonic acids (Table 4.11). There was 6.3% and 5.95% variability 

explained in PC6 and PC7 with high loading of D-xylose and sourness index in these 

components.  

 

4.3.4 PCA plot (A) and biplot (B) of pomegranates for sugars and organic acids 

PCA plot of all 23 selected wild and domesticated pomegranate accessions based on 

eigenvalue of first two components, showed high level of variation in most of the 

domesticated accessions as compared to wild and few sour domesticated accessions 

scattered in all planes as shown in Figure 4.12A. Most of the domesticated accessions 

scattered away from center of axis in right planes of PCA plot, showed high level of 

diversity. One of Multan accession (MSA2) was highly diverse and varied from rest of 

the accessions followed by MK4, Q2, MG2, MAN6, MK3, RLF1, MAN4, CK1 and DH2 

accessions from different regions. Wild accessions (RN1, MT3 & AG13) were more 

diverse as compared to AM10 and AK1; whereas all wild accessions were closed to each 

other and showed non-significant difference for sugars and organic acids. Domesticated 

accessions (MAN4 and RLF1), (KK1 and CB1), (CK1 and DH2) and (BR1, Q1 and 
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RLF2) were placed closed to each other and thus more similar for these traits (Fig. 

4.12A). 

The association of selected accessions with sugar and organic acids is presented in 

PCA biplot (Fig.4.12B). All domesticated sour accessions had strong association for all 

organic acids except citric and succinic acids in upper right plane of PCA biplot. All 

sweet domesticated accessions in lower right plane of PCA biplot had high level of 

association for detected sugars. All domesticated and wild sour accessions scattered in 

upper left plane of biplot had strong association for citric and succinic acids. Moreover, 

biplot showed that there was negative correlation between organic acids (citric and 

succinic acids) and sugars (fructose, maltose and galactose). 

 

4.3.5 Cluster analysis of selected 23 pomegranate accessions for HPLC analysis 

Cluster analysis of data of detected sugars and organic acids in selected wild and 

domesticated pomegranate accessions grouped these accessions into two main classes 

with 43.77% variability within accessions and 56.23% diversity between these groups 

(Fig.4.13). Class-I grouped 7 accessions including all five wild and two domesticated 

accessions, had 28.64% variability. One accession of Khushab division (KK1) was highly 

diverse than rest of the accessions in this class (Fig.4.13). Accessions in class-II had two 

subclasses with ten accessions grouped in II-a having maximum diversity of 51.36% in 

these accessions; however, six accessions were grouped in II-b with 60.12% variability 

within this subclass (Fig.4.13). Thus sour accessions were successfully grouped in same 

class regardless of either wild or domesticated.  
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Figure 4.9: Variability of organic acids in 23 pomegranate accessions 
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Figure 4.10: Biochemical diversity estimation in 23 pomegranate accessions in aril juice through HPLC sugars profiling 
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Table 4.9: Descriptive statistics of sugars and organic acids in 23 selected  

pomegranate accessions 

Variables Min. Max. Mean SD CV 

Fructose 1.23 5.42 3.34 1.22 36.50 

Glucose 1.70 4.32 2.77 0.66 23.95 

Maltose 0.15 2.87 1.33 0.70 52.43 

Mannose 0.23 3.77 1.39 0.92 66.58 

Melazitose 0.04 2.76 1.16 0.64 55.61 

D-Xylose 0.00 2.03 1.18 0.55 46.60 

D-Arabinose 0.43 2.78 1.52 0.61 39.80 

D-Galactose 0.05 3.21 1.17 0.68 58.09 

Citric acid 0.53 64.85 29.34 21.29 72.55 

Malic acid 0.27 4.06 1.41 1.08 76.91 

Succinic acid 0.00 34.13 10.42 9.48 90.94 

Tartaric acid 0.66 5.13 1.89 1.28 67.92 

Oxalic acid 0.00 4.66 1.64 1.29 78.16 

Oxalacetic acid 0.00 4.72 1.68 1.24 73.70 

Lactic acid 0.00 39.40 7.78 7.90 101.54 

Methyl malonic acid 0.00 20.29 1.74 4.16 239.04 

Malonic acid 0.00 54.70 5.98 12.32 205.97 

Ptruvic acid 0.28 17.69 2.91 3.61 124.24 

Fumic acid 0.00 24.98 2.32 7.10 306.36 

Sourness index 0.15 35.66 4.84 8.99 185.70 

P-value<0.0001
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Table 4.10: Correlation analysis of sugars and organic acids detected in 23 selected pomegranate accessions 

Variables Fr. Gl. Ma. Man. Me. DXy D-Ar. D-Ga. Cit-A Ma A Su-A Ta-A Ox-A Oxc.-A La-A Mm-A Ma-A Pt.-A Fu-A S.I 

Fr 1                    
Gl 0.62 1                   

Ma 0.45 0.32 1                  

Man 0.23 0.09 0.35 1                 

Me 0.05 0.09 0.26 -0.11 1                

DXy 0.36 0.32 0.01 -0.12 0.21 1               

D-Ar 0.29 0.09 0.21 -0.19 0.06 0.13 1              

D-Ga 0.31 0.36 -0.07 0.04 -0.25 0.17 0.03 1             

Cit-A -0.7 -0.45 -0.55 -0.41 -0.12 -0.22 -0.36 -0.22 1            

Ma A 0.3 0.08 0.26 -0.16 -0.1 -0.01 0.25 0.13 -0.02 1           

Su-A -0.26 -0.25 -0.58 -0.43 -0.34 0.05 -0.07 -0.08 0.62 0.04 1          

Ta-A 0.04 0 0.28 0.07 -0.17 0.31 -0.08 0.05 -0.13 0.44 -0.18 1         

Ox-A -0.13 -0.01 0.2 -0.12 0.05 0.35 -0.06 -0.02 0.06 0.54 -0.12 0.84 1        

Oxc-A 0.19 0.29 0.05 0.18 -0.09 0.16 0.21 0.15 -0.05 0.52 0.01 0.35 0.47 1       

La-A 0.4 0.47 0.57 0.02 -0.04 0.22 0.43 0.13 -0.45 0.5 -0.32 0.51 0.49 0.49 1      

Mm-A -0.08 -0.13 -0.03 0.27 -0.02 -0.14 -0.09 0.19 0 -0.21 -0.28 -0.18 -0.23 -0.16 -0.16 1     

Ma-A -0.13 0.01 -0.01 0.09 -0.11 0.12 0.27 -0.03 0.12 -0.13 0.13 -0.22 -0.23 -0.08 -0.04 0.38 1    

Pt-A 0.48 0.57 0.49 -0.02 -0.05 0.22 0.42 0.19 -0.42 0.44 -0.27 0.32 0.33 0.47 0.92 -0.07 -0.09 1   

Fu-A 0.15 0.2 0.01 -0.23 -0.14 0.23 0.2 0.06 -0.26 0.17 -0.06 0.27 0.26 0.21 0.51 -0.11 -0.16 0.59 1  

S.I 0.38 0.09 0.28 0.36 -0.1 0.21 0.24 0.14 -0.69 -0.15 -0.28 0.12 -0.1 -0.02 0.28 0.01 0.07 0.15 -0.05 1 

P-value<0.0001 

Abbreviations: Fr: Fructose, Gl: Glucose, Ma: Maltose, Man: Manose, Me: Melazitose, D-Xy: D- Xylose, D-Ar: D- Arabinose, D-Ga: D-

Galactose,Cit-A: Citric acids, Ma-A: Malic acid, Su-A: Succinic acid, Ta-A: Tartaric acid, Ox-A: Oxalic acid, Oxc- A: Oxalacetric acid, La-A: 

Lactic acid, Mm-A: Methyl malonic acid, Ma-A: Malonic acids, Pt-A: Ptruvic acid, Fu-A: Fumic acids, SI: Sourness index.. 
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P-value<0.0001 

 

Figure 4.11: PCA analysis scree plot for organic acids and sugar diversity in 23 pomegranate accessions 
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Table 4.11: PCA of 23 domesticated and wild pomegranate accessions based on   

sugars and organic acids 

 Variables F1 F2 F3 F4 F5 F6 F7 

Fructose 0.29 -0.22 0.20 0.06 -0.23 -0.12 0.04 

Glucose 0.26 -0.12 0.24 0.08 -0.24 -0.15 -0.34 

Maltose 0.28 -0.18 -0.29 0.14 0.23 -0.09 0.00 

Mannose 0.08 -0.32 -0.31 -0.37 -0.03 -0.04 0.03 

Melazitose 0.02 -0.10 -0.19 0.60 0.05 0.11 -0.37 

D-Xylose 0.17 0.06 0.17 0.15 -0.30 0.64 -0.18 

D-Arabinose 0.18 -0.05 0.33 0.15 0.46 0.10 0.24 

D-Galactose 0.12 -0.07 0.26 -0.36 -0.34 -0.08 -0.25 

Citric acid -0.30 0.34 0.03 -0.06 0.11 -0.03 -0.20 

Malic acid 0.22 0.30 -0.01 -0.10 0.17 -0.23 0.02 

Succinic acid -0.20 0.28 0.37 -0.06 -0.08 0.08 0.21 

Tartaric acid 0.23 0.28 -0.34 -0.19 -0.11 0.27 0.08 

Oxalic acid 0.20 0.39 -0.32 -0.05 -0.03 0.25 -0.11 

Oxalacetric acid 0.22 0.23 0.03 -0.23 0.05 -0.09 -0.11 

Lactic acid 0.39 0.10 0.03 -0.02 0.20 -0.02 0.03 

Methyl malonic acid -0.07 -0.24 -0.04 -0.35 0.26 0.09 -0.46 

Malonic acid -0.06 -0.14 0.25 -0.21 0.46 0.42 -0.19 

Ptruvic acid 0.37 0.08 0.15 0.01 0.16 -0.15 -0.09 

Fumic acid 0.20 0.18 0.19 0.06 -0.01 -0.03 0.02 

Sourness index 0.17 -0.30 -0.02 -0.12 -0.09 0.32 0.47 

 % variability 26.42 15.04 9.34 7.86 7.03 6.30 5.95 

P-value<0.0001
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P-value<0.0001 

Figure 4.12AB: PCA plot (A) and biplot (B) of 23 pomegranate accessions for sugars    

and organic acids 
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Figure 4.13: A phenogram of 23 pomegranate accessions based on organic acids 

and sugar variables
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4.4 Biochemical diversity estimation in wild and domesticated pomegranate 

accessions in separate and combined PCA analysis  

4.4.1. Descirptive statistsics of biochemical traits of pomegrante accessions    

Descriptive statistics of PCA data analysis of twelve biochemical traits of wild and 

domesticated pomegranate fruits was detailed in Table 4.12. Minimum, maximum, 

means, standard deviation (SD) and coefficient of variance (CV) of biochemical traits 

was recorded in wild and domesticated pomegranate accessions in combined and separate 

analysis. There was high biochemical variation in wild and domesticated pomegranate 

accessions. As a result of PCA analysis, high CV (32.64%) was recorded for protein 

contents in fruits of wild pomegranate accessions followed by TPCs and POD with CV of 

17.36% and 16.79%, respectively (Table 4.12). The least coefficient of variance was 

recorded for protease and TSS in fruits of wild pomegranates. Maximum and minimum 

values of TPCs, IC50, sugar contents and TSS in wild pomegranate fruits varied from 321 

to 595.42, 89.60 to 136.80, 9.63 to 13.86 and 14.35 to 18.62, respectively (Table 4.12). 

Descriptive statistics of domesticated pomegranate accessions showed the highest 

variation in titratable acidity with 62.28% CV followed by MI, protein contents, POD and 

Vit. C with CV of 52.37, 19.78, 19.61 and 18.34%, respectively. The least variation was 

recorded in protease, CAT and TSS in 62 domesticated pomegranate accessions. 

Combined PCA analysis of biochemical data of 115 pomegranate accessions (wild 

and domesticated) was also done and descriptive statistics for CV, SD, minimum and 

maximum values are shown in Table 4.12. Maturity indices was highly diverse trait in all 

wild and domesticated pomegranate accessions with CV of 82.91% followed by TA, Vit. 

C, SOD, IC50 and TPCs with CV of 62.17, 54.06, 52.86, 47.38 and 39.42%, respectively 

(Table 4.12). The lowest variation was recorded in protease and TSS with CV of 4.92 and 

8.65%. The highest variation of minimum and maximum values of biochemical traits was 

recorded in maturity indices with values of 11.88 to 154.43 followed by titratable acidity, 

vit. C and SOD with values ranged from 0.10 to 1.25, 5.88 to 29.96 and 32.70 to 179.40, 

respectively (Table 4.12). 

 

4.4.2 Correlation of biochemical traits with pomegranate accessions 

Over all there was weak and negative correlation between studied biochemical traits in 

wild pomegranate fruits. There was strong positive correlation (0.59) between protein and 

antioxidant activity (IC50); however, strong negative correlation (-0.87) was recorded 
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between titratable acidity (TA) and maturity indices (MI), protein and protease (-0.62), 

and -0.48 was observed between IC50 and protease (Table 4.13A).  

Correlation of biochemical traits in domesticated accessions was also not strong 

yet there was positive and negative interaction of studied traits (Table 4.13B). The 

strongest positive correlation of 0.47 was recorded between total phenolic contents 

(TPCs) and IC50; whereas, strongest negative correlation of -0.84 was observed between 

TA and MI among 12 studied biochemical traits (Table 4.13B).  

There were strong positive and negative correlations of studied biochemical traits 

in the analysis of combined data of wild and domesticated pomegranate fruits (Table 

4.13C). Ascorbic acids had the strongest positive correlation (0.952) for IC50 SOD (0.94), 

CAT (0.921) and TA (0.91). Moreover, total phenolic contents had strong correlation 

with Vit C (0.891), IC50 (0.889), SOD (0.867), CAT (0.849), total sugars (0.822) and TA 

(0.813). There was 0.90% correlation of catalase each with IC50 and SOD. The Peroxides 

(POD) had strong correlation for CAT (0.88), Vit. C (0.82), each SOD and IC50 (0.81), 

titratable acidity (0.80) and TPCs (0.79). The strongest negative correlation was recorded 

between TA and MI (-0.86) and total sugars and Vit. C (-0.86). Total soluble solids had 

strong negative correlation with SOD (-0.85), IC50 (-0.84), each of TPCs and CAT (-0.82) 

and POD (-0.76) as shown in Table 4.13C). 

 

4.4.3 PCA of Pomegranate accessions based on biochemical variables 

Eigenvalue and cumulative variability scree plot for each component based on 

biochemical traits of wild pomegranate accessions was determined and presented in 

Figure 4.14A.There was static decrease in eigenvalue for first two components whereas 

there was sharp decrease in eigenvalue from factor 3 to onward. There was steady 

increase in cumulative variability between first two components and static increase for 

rest of the components in wild pomegranate accessions. 

There was rapid decrease in eigenvalue of first three components and inert 

decrease was recorded for rest of the factors in domesticated pomegranate accessions 

(Fig. 4.14B). There was steady increase in cumulative variability for first two factors and 

rest of factors possessed inert increase in this type of variability. 

Eigenvalue of first component was the highest with sharp decrease for component 

two and stagnant decrease for rest of the factors in response to PCA analysis of 

biochemical data of both wild and domesticated pomegranate accessions (Fig.4.14C). 
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Similarly the highest cumulative variability was covered in first component and inactive 

increase was recorded for rest of the factors. 

Eigenvector analysis proved that first six components covered maximum diversity of 

80.75% in wild accessions (Table 4.14). First component covered 20.82% variability with 

major diversity in protein contents followed by IC50, proteases, POD and catalase with 

least variation in sugar contents. There was 18.97, 12.11 and 11.93% of total variability 

explained in PC-2, PC-3 and PC-4, respectively with major loading of MI, TA and SOD 

for 2nd component, TPCs, sugar contents and Vit. C in 3rd and TA, TSS and POD 

explained maximum diversity in PC-4 (Table 4.14).  

The highest variability of 75.49% was explained in biochemical data of 

domesticated pomegranate accessions in first six principle components (Table 4.14). 

Maximum diversity (22.59%) was explained in first component with highest variability in 

Vit. C, TA and MI, whereas, component two and three explained 16.28 and 11.05%, 

respectively with highest variation covered by IC50, TA and MI in former component 

while later component explained high loading in CAT, TSS and protein contents; 

Principal component four and five explained 9.56 and 8.51% of total variability, 

respectively with high loading of sugar contents, TPCs and protein contents in former 

vector and later component carried high diversity in proteases, TPCs and protein contents 

(Table 4.14). 

The maximum variability (95.45%) was explained in first six principal 

components as a result of combined PCA analysis of 12 biochemical variables of 115 

pomegranate accessions (wild and domesticated). The highest biochemical diversity 

(73.30%) of total variability was explained in first component with maximum variation in 

Vit C, IC50, SOD, CAT and Sugar contents whereas, only 8.04% variability was 

explained in PC-2 with high diversity in protein contents, proteases and POD. There was 

only 4.62 and 4.3% of total variability covered in PC-3 and PC-4, respectively, with 

maximum loading of MI, TSS and titratable acidity in former factor and later factor had 

maximum loading of TSS, MI and proteases (Table 4.14). 

  

4.4.4 PCA plot of pomegranate accessions based on biochemical characters 

All wild pomegranate accessions were scattered in all planes of PCA plot which showed 

biochemical diversity and their closeness proved relativeness of these accessions for each 

other (Fig.4.15A). Most of the accessions were located close to each other and showed 
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narrow biochemical diversity whereas scattering pattern showed high level of diversity 

between them. Moreover, accessions very closed to the center of axis showed less 

diversity; however, accessions RC8 and HB5 were scattered away from each other and 

rest of the accessions, hence proved the highest variation between them and from rest of 

the accessions. 

PCA plot of domesticated pomegranate accessions contained accessions, spread in 

all planes with some accessions closed to each other near the center of axis, showed more 

similarity with less biochemical diversity (Fig. 4.15B). KK3, CD1, MK2, CD2, MAM3 

and MG4 were away from center of axis of PCA plot, showed high level of diversity with 

more similarity for each other being closed to each other. Similarly accessions MAM7, 

RLA3, MAM2, Q2 and MAN7 were more diverse than MG3, MAM5 and MG2. All 

Bahawalpur accessions and some D.G. Khan accessions were closed to each other and 

away from center of axis, showed high level of diversity for other domesticated 

accessions of different regions but similar to each other (Fig. 4.15B). 

PCA analysis of biochemical data of both wild and domesticated pomegranate 

accessions (115) showed that both type of accessions grouped separately away from 

center of axis as shown in Figure 4.15C. Wild accessions grouped away from center of 

axis at right upper and lower planes of PCA plot showed high level of diversity whereas 

domesticated accessions were grouped more close to center of axis; hence showed less 

diversity as compared to wild accessions. 

 

4.4.5 PCA Biplot between biochemical traits and pomegranates accessions 

All wild accessions on upper and lower right planes of PCA biplot had close association 

for TPCs, Vit. C, IC50, protein contents, total sugars and titratable acidity whereas, wild 

accessions on upper and lower left plane had strong association for TSS, SOD, MI, CAT, 

POD and proteases (Fig. 4.16A). 

PCA biplot of domesticated accessions and biochemical variables based on first 

two factors is presented in Figure 4.16B. The accessions on right planes had strong 

association for total sugars, TSS, protein contents, SOD, Vit. C, TPCs and antioxidant 

activity (IC50); however, accessions on left planes of biplot had high correlation for POD, 

CAT and proteases. In commercially domesticated pomegranate accessions there was 

strong positive correlation between sugars and TSS, Vit. C and SOD, IC50 and TPCs; 
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however, there was strong negative correlation between (TA, Sugars and TSS) and fruit 

maturity indices (MI). 

Combined PCA biplot of biochemical traits and wild-domesticated pomegranate 

accessions showed that most of biochemical variables had strong association for wild 

accessions at upper and lower right planes of PCA biplot as compared to domesticated 

pomegranate accessions with strong association for sugar contents, MI and proteases (Fig. 

4.16C). Protein contents and proteases were highly negatively correlated and sugar and 

MI had strong positive correlation in domesticated pomegranate accessions.  

 

4.4.6 Cluster analysis of pomegranate accessions based on biochemical traits 

Combined and separate cluster analysis of wild and domesticated pomegranate accessions 

was performed on data of biochemical traits of fruits. Cluster analysis of 53 wild 

pomegranate accessions grouped them into two main classes (Fig.4.17A) with 19.4 and 

80.53% of total variability within and between wild accessions, respectively. Class-I 

clustered 14 wild accessions with 27% variability whereas class-II grouped into two 

subclasses with 14 accessions in subclass II-a, and 25 accessions in subclass II-b with 12 

and 18% variability within these subclasses, respectively (Fig.4.17A). 

The dendrogram based on dissimilarity of biochemical parameters, grouped 62 

domesticated pomegranate accessions into two main classes with 36.16% variability 

within classes and 63.84% variability between classes (Fig.4.17B). Class-I contained 19 

accessions with 36.35% variability while class-II divided into two subclasses with 20 

accessions in subclass II-a, with 45% of total variability and 25 accessions in subclass II-

b with 36% variability (Fig.4.17B). 

Cluster analysis of combined biochemical data of wild and domesticated 

pomegranate accessions showed that both wild and domesticated accessions grouped 

separately into two main classes (Fig.4.17C). All 62 domesticated accessions grouped in 

class-I with 12% of total variability within accessions of this group; however, all wild 

pomegranate accessions (53) grouped in class-II and divided into two subclasses with 14 

accessions in II-a and 39 in II-b with 8% of total variability within accessions of each 

subclass (Fig.4.17C). These results showed no significant similarity of wild and 

domesticated accessions for various studied biochemical characters of fruits. This also 

proved that accessions grouped on the basis of their growing regions. 
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Table 4.12: Descriptive statistics of biochemical variables in 115 selected pomegranate  

accessions 

 

S. No. Fruit traits Accessions Min. Max. Mean SD CV 

1 TSS Wild  14.35 18.62 16.13 0.91 5.65 

Domesticated 10.78 17.26 14.38 1.03 7.20 

Wild & domesticated 10.78 18.62 15.19 1.31 8.65 

2 TA Wild  0.79 1.25 1.01 0.10 10.30 

Domesticated 0.10 0.87 0.29 0.18 62.28 

Wild & domesticated 0.10 1.25 0.62 0.39 62.17 

3 MI Wild  11.88 19.71 16.20 1.77 10.95 

Domesticated 17.88 154.43 66.91 35.04 52.37 

Wild & domesticated 11.88 154.43 43.54 36.10 82.91 

4 Vit. C Wild  17.64 29.96 26.35 2.44 9.27 

Domesticated 5.88 11.20 8.65 1.59 18.34 

Wild & domesticated 5.88 29.96 16.81 9.09 54.06 

5 TSS Wild  9.69 13.86 11.42 1.12 9.79 

Domesticated 14.06 19.85 16.64 1.65 9.95 

Wild & domesticated 9.69 19.85 14.23 2.98 20.92 

6 Total protein Wild  0.38 1.08 0.72 0.23 32.64 

Domesticated 0.39 0.79 0.47 0.09 19.78 

Wild & domesticated 0.38 1.08 0.58 0.21 36.71 

7 TPCs Wild  321.00 595.42 498.89 86.61 17.36 

Domesticated 175.05 321.00 246.07 42.87 17.42 

Wild domesticated 175.05 595.42 362.59 142.92 39.42 

8  

IC50 

Wild  89.60 136.80 120.86 12.65 10.47 

Domesticated 36.90 69.30 46.97 7.78 16.56 

Wild & domesticated 36.90 136.80 81.02 38.39 47.38 

9 SOD Wild  102.30 179.40 138.06 19.15 13.87 

Domesticated 32.70 64.30 47.92 7.77 16.22 

Wild & domesticated 
32.70 179.40 89.46 47.29 52.86 

10 Catalase 

(CAT) 

Wild  192.80 331.84 210.72 19.53 9.27 

Domesticated 100.50 156.00 122.66 8.68 7.08 

Wild & domesticated 100.50 331.84 163.24 46.45 28.46 

11 POD Wild  40.57 71.10 51.37 8.62 16.79 

Domesticated 17.55 38.70 26.02 5.10 19.61 

Wild & domesticated 17.55 71.10 37.70 14.45 38.33 

12 Protease Wild  226.23 269.59 248.59 10.96 4.41 

Domesticated 218.21 280.89 263.03 9.86 3.75 

Wild & domesticated 218.21 280.89 256.37 12.61 4.92 

 P-value<0.0001
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Table 4.13A: Correlation of 12 biochemical traits in wild pomegranate accessions 

 

Traits  TSS TA MI Vit. C Sugars Protein TPC IC50 SOD CAT POD Prot. 

Total soluble solids 1 
           

Titratable acidity 0.17 1 
          

Maturity indices 0.33 -0.87 1 
         

Ascorbic acids 0.11 0 0.06 1 
        

Sugars 0.07 0.14 -0.1 -0.02 1 
       

Protein -0.2 0.04 -0.11 0.07 0.16 1 
      

Total phenolic contents -0.15 -0.05 -0.02 0.28 -0.27 0.01 1 
     

Antioxidant activity (IC50) -0.07 0.03 -0.05 0.14 -0.01 0.59 0.23 1 
    

Super oxide dismutase 0.31 -0.26 0.4 0.11 -0.23 -0.19 0.15 -0.06 1 
   

Catalase -0.05 0.1 -0.11 0 0.17 -0.23 0.12 -0.2 -0.07 1 
  

Peroxidase -0.09 -0.03 -0.03 -0.25 0.12 -0.26 0.11 -0.32 -0.18 0.38 1 
 

Proteases 0.06 0.04 -0.02 -0.06 -0.16 -0.62 -0.1 -0.48 0.06 0.21 0.12 1 
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Table 4.13B: Correlation of 12 biochemical traits in domesticated pomegranate accessions 

Traits TSS TA MI Vit. C Sugars Protein TPC IC50 SOD CAT POD Prot. 

Total soluble solids 1 
           

Titratable acidity 0.31 1 
          

Maturity indices -0.03 -0.84 1 
         

Ascorbic acids 0.01 0.29 -0.3 1 
        

Sugars -0.03 0.13 -0.11 -0.02 1 
       

Protein 0.02 0.28 -0.23 0.06 0.11 1 
      

Total phenolic contents -0.04 0.02 -0.11 0.23 -0.18 0.31 1 
     

Antioxidant activity (IC50) -0.13 -0.14 0.05 0.35 0.03 -0.19 0.47 1 
    

Super oxide dismutase -0.11 0.18 -0.09 0.27 0.03 0.19 0.17 0.1 1 
   

Catalase -0.19 -0.21 0.21 -0.22 0.1 0.01 -0.17 -0.26 -0.15 1 
  

Peroxidase 0.17 -0.05 0.01 -0.41 -0.02 -0.14 -0.16 -0.27 -0.21 0.19 1 
 

Proteases 0.03 -0.18 0.19 -0.26 0.09 -0.18 -0.17 0 -0.12 0.01 0.27 1 

P-value<0.0001
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Table 4.13C: Correlation of 12 biochemical traits in wild and domesticated pomegranate accessions 

Traits TSS TA MI Vit. C Sugars Protein TPC IC50 SOD CAT POD Pro 

Total soluble solids 1 
           

Titratable acidity 0.69 1 
          

Maturity indices -0.48 -0.86 1 
         

Ascorbic acids 0.66 0.91 -0.71 1 
        

Sugars -0.59 -0.78 0.58 -0.86 1 
       

Protein 0.33 0.58 -0.47 0.59 -0.48 1 
      

Total phenolic contents 0.56 0.81 -0.64 0.89 -0.82 0.55 1 
     

Antioxidant activity (IC50) 0.63 0.88 -0.67 0.95 -0.84 0.66 0.89 1 
    

Super oxide dismutase 0.67 0.87 -0.68 0.94 -0.85 0.53 0.87 0.92 1 
   

Catalase 0.61 0.87 -0.65 0.92 -0.82 0.51 0.85 0.9 0.9 1 
  

Peroxidase 0.6 0.8 -0.62 0.82 -0.76 0.43 0.79 0.81 0.81 0.88 1 
 

Proteases -0.36 -0.56 0.48 -0.58 0.5 -0.64 -0.55 -0.61 -0.55 -0.51 -0.44 1 

P-value<0.0001 
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Figure 4.14: Scree plot of wild (A), domesticated (B) and both wild and domesticated  

(C) accessions for biochemical variables 
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Table 4.14: The first six PCA factors in wild and domesticated pomegranate  

accessions 

    F1 F2 F3 F4 F5 F6 
W

il
d

 a
cc

es
si

o
n

 
TA -0.14 0.19 -0.29 0.47 0.41 -0.37 

MI 0.11 -0.5 0.05 0.5 0.05 -0.24 

Vit. C -0.16 0.56 -0.19 -0.3 0.16 0.05 

Sugars 0.12 0.17 0.32 0.31 0.39 0.62 

Protein 0.07 -0.2 -0.41 -0.1 0.54 0.22 

TPCs 0.54 0.01 -0.1 -0.2 0.06 -0.03 

(IC50) 0.08 0.11 0.7 -0.1 0.15 -0.19 

SOD 0.5 0.11 0.11 0 0.07 -0.17 

Catalase -0.15 0.43 0.09 0.23 0.1 -0.33 

Peroxidase -0.24 -0.2 0.24 -0.2 0.47 0.01 

Proteases -0.28 -0.2 0.11 -0.4 0.22 -0.33 

% variability -0.47 -0.1 0.09 0.2 -0.2 0.28 

D
o
m

es
ti

ca
te

d
 a

cc
es

si
o
n

s 

TA 20.82 19 12.11 11.9 9.85 7.07 

TA 0.04 -0.3 -0.49 -0.23 0.02 0.29 

MI 0.41 -0.47 -0.1 0.08 -0.02 -0.1 

Vit. C -0.4 0.39 0.04 -0.12 0 0.37 

Sugars 0.42 0.17 -0.07 0.19 -0.27 -0.04 

Protein 0.02 -0.17 0.23 0.67 0.35 -0.01 

TPCs 0.25 -0.17 0.43 -0.34 0.42 0.16 

(IC50) 0.29 0.31 -0.03 -0.4 0.47 -0.27 

SOD 0.19 0.5 -0.27 0.22 0.23 -0.29 

Catalase 0.27 0.11 0.21 0.08 0.13 0.63 

Peroxidase -0.27 -0.08 0.51 -0.03 -0.05 -0.33 

Proteases -0.3 -0.31 -0.2 -0.17 0.29 -0.22 

% variability -0.27 -0.03 -0.29 0.29 0.5 0.16 

W
il

d
 &

 d
o
m

es
ti

ca
te

d
 a

cc
es

si
o
n

s 

TA 22.59 16.28 11.05 9.56 8.51 7.5 

MI 0.24 -0.28 -0.41 0.8 0.06 0 

TA 0.32 -0.04 -0.32 -0.12 0.05 0 

MI -0.26 -0.05 0.69 0.5 0.06 0.1 

Vit. C 0.33 -0.05 0.08 -0.02 0.02 -0.11 

Sugars -0.3 0.13 -0.29 -0.01 0.12 0.51 

Protein 0.22 0.64 0.04 0.11 0.68 0.05 

TPCs 0.31 -0.03 0.25 -0.12 -0.05 -0.2 

(IC50) 0.32 0.04 0.16 0.01 0.1 -0.1 

SOD 0.32 -0.11 0.11 0.02 -0.03 -0.16 

Catalase 0.31 -0.15 0.18 -0.09 0.03 0.31 

Peroxidase 0.29 -0.24 0.15 -0.11 -0.01 0.73 

Proteases -0.22 -0.62 0.01 -0.21 0.7 -0.15 

% variability 73.3 8.04 4.62 4.3 3.02 2.17 

P-value<0.0001 
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Figure 4.15: PCA biplot of wild (A), domesticated (B) and both wild and domesticated 

(C) pomegranate accessions with 12 biochemical traits 
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Figure 4.16: PCA biplot of wild (A), domesticated (B) and both wild and domesticated (C)   

pomegranate accessions with 12 biochemical variables. 



 

 

105 

 

Figure 4.17A: Cluster analysis in 53 wild pomegranate accessions based on 12 biochemical traits in fruits 
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Figure 4.17B: Cluster analysis in 62 domesticated pomegranate accessions based on fruit biochemical traits 
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Figure 4.17C: Cluster analysis in wild and domesticated pomegranate accessions based on fruit biochemical traits 
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4.5 Molecular Diversity Estimation in Wild and Domesticated 

Pomegranate Accessions 

 

Polymorphism observed on gel electrophoresis 

DNA fragments of 53 wild and 42 domesticated pomegranate germplasm of Pakistan, 

amplified by specific primer in DNA-PCR reaction was observed on high resolution 

agarose and polyacrylamide PAGE gel to count number of alleles. The images of some 

amplified DNA fragments of 95 pomegranate accessions by specific SSR primer is shown 

on agarose gel (Fig.4.18) and PAGE gel (4.19). Fermentas gene ruler (USA) 50 bp DNA 

ladder was also loaded and represented as M in both type of gel electrophoresis. 

 

4.5.1 SSR Primers details and summary of genetic diversity in wild, domestic and  

 both wild and domestic pomegranate accessions  

Total of 30 SSR primers were used for genomic DNA amplification of Pakistani 

pomegranate germplasm (wild and domesticated), one primer did not amplify even in a 

single accession. Details and summary of efficacy of selected primers amplified in 53, 42 

and 95 pomegranate accessions are shown in Table 4.15. Resolution of DNA fragments 

on PAGE gel showed allele length of 100 to 430 base pairs in all 58 counted alleles 

amplified by 29 selected primers, and there were 1-3 alleles per primer with a mean of 2.0 

alleles per primer. Average values of allele frequency, genetic diversity, heterozygosity 

and Polymorphic Information Content (PIC) was (0.5682, 0.5258, 0.4594 and 0.445), 

(0.5981, 0.4979, 0.4042 and 0.4256) and (0.5636, 0.5269, 0.4352 and 0.4486) in wild, 

domesticated and both wild and domesticated, respectively pomegranate accessions as a 

result of amplification of genomic DNA of these accessions (add in number of alleles for 

each primer). 

Molecular data analysis of 53 wild pomegranate accessions in Power-marker data 

analysis there were minimum (0.4151) alleles frequently amplified by PGCT089b and 

maximum (0.8302) alleles frequencies amplified by ABRII-MP30 in 53 wild 

pomegranate accession (Table 4.15). This range showed high genetic diversity in wild 

pomegranate accessions. Minimum and maximum genetic diversity of 0.2820 and 0.6453, 

respectively was detected in primer ABRII-MP30 and POM_AAC13, respectively in all 

53 pomegranate accessions. Primer POM_AAC3 detected minimum heterozygosity of 

0.0849 and its maximum level of 0.7547 was measured in PGCT089b primer in all 
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selected wild pomegranate accessions. Minimum Polymorphic Information Content value 

of 0.2422 was detected in ABRII-MP30 primer whereas its maximum range was 0.5717 

amplified by primer POM_AAC13. 

Molecular data analysis of 42 domesticated pomegranate accessions indicated that 

minimum allele frequency was 0.4226 amplified by primer PGCT089b while the 

maximum value (0.8929) was amplified by primer ABRII-MP30 (Table 4.15) which 

shows broad genetic base among selected domestic pomegranates. Primer ABRII-MP30 

detected minimum genetic diversity of 0.1970, whereas its maximum value of 0.6240 was 

recorded by primer PGCT089b in all 42 domestic pomegranates. Minimum 

heterozygosity 0.0595 was measured by primer ABRII-MP28 and primer PGCT089b 

recorded maximum value 0.7976 of heterozygosity in domestic accessions. Maximum 

Polymorphic Information Content (PIC) value (0.5717) in all domestic pomegranates was 

amplified in primer POM_AAC1 whereas minimum PIC value (0.1877) was detected by 

the primer ABRII-MP30 as shown in Table 4.15. 

Molecular data analysis of all 95 (wild and domesticated) pomegranate accessions 

(95) resulted that there was minimum 0.4088 number of alleles frequently amplified by 

PGCT091b primer but maximum alleles (0.8579) frequently amplified in wild and 

domesticated pomegranates (95) by primer ABRII-MP30 (Table 4.15). Minimum and 

maximum genetic diversity 0.2489 and 0.6328, respectively was detected in primer 

ABRII-MP30 and POM_AAC13, respectively in selected 95 pomegranate accessions. 

Primer POM_AAC3 detected minimum heterozygosity 0.0842 and its maximum level 

(0.7737) was measured in PGCT089b primer. Minimum polymorphic Information 

Content value (0.2267) was detected in primer ABRII-MP30 whereas its maximum value 

(0.5598) was analyzed in POM_AAC13 in all wild and domesticated Pakistani 

pomegranate accessions. 

 

4.5.2 Analysis of molecular Variance of selected pomegranate accessions 

Results of Analysis of Molecular Variance (AMOVA) of wild, domesticated and both 

wild and domesticated pomegranate accessions are shown in Table 4.16. Genetic 

diversity in wild pomegranate accessions growing in four different regions was 7% 

whereas this variation was 93% within all wild accessions (Table 4.16). Similarly, 7% 

molecular variability was recorded among domesticated accessions growing in 7 different 

regions having different ecological history while 93% molecular diversity was recorded 
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within all 42 domesticated accessions of these regions (Table 4.16). The combined 

analysis of wild and domesticated accessions showed 6% variability among regions and 

94% molecular diversity within accessions (Table 4.16). 

 

4.5.3 Intensity of molecular similarity in pomegranate accessions 

Genetic similarity was calculated in PAST (Hammer and Khoshbakht, 2005) statistical 

program using molecular data of wild and domesticated pomegranates separately and 

collectively. Genetic similarity matrix charts between any two of wild (53), domesticated 

(42) and both wild and domesticated pomegranate accessions (95) showed maximum and 

minimum common alleles amplified by 29 SSR markers (data not shown). The summary 

of minimum and maximum genetic similarity coefficients between any two accessions are 

shown in Figure 4.20A, B, C. The genetic similarity coefficient varied from 30.70 to 

84.76%, 21.76 to 76.78% and 21.76 to 79.88% in wild, domesticated and both wild and 

domesticated pomegranate accessions, respectively. The accessions with less genetic 

similarity index had good potential to be selected for developing inbreed lines instead of 

accessions which shared more number of alleles as DH3-DH1, CD3- MAN6, MAM7- 

MAM6 and AP2- HC4 accessions of D.G. Khan, Chakwal-Muzaffargarh, Muzaffargarh 

and Abbottabad-Harripur regions, respectively.  

 

4.5.4 PCA of pomegranate based on molecular studies 

There was 10.04 and 8.63% genetic diversity in 53 wild pomegranate accessions on 1st 

and 2nd eigenvector of PCA plot as a result of amplification of 29 SSR markers. Some 

accessions were scattered in all planes of PCA plot which showed their broad genetic 

base; however, the accessions closed to each other showed narrow genetic base within 

accessions of different regions (Fig. 4.21A). Wild accessions of Murree, Abbottabad and 

Rawalakot MT3, AM10, RG21, RM20, RC19 and RD18 were highly diverse from rest of 

the accessions and were placed at diverse ends of PCA planes.  

Among domesticated accessions there was 10.79 and 9.01 % genetic diversity in 

first and second principal components, respectively. PCA axis as a result of amplification 

of 29 SSR markers in 42 domesticated pomegranate accessions shared that accessions 

MK3, TG, KK3 and MSA3 of Mustang, Tarnab, Khushab and Multan, respectively were 

highly diverse from rest of the accessions which scattered in all four planes. The 

accessions from Bahawalpur (BR1, BR2 and BR3) had narrow genetic base but were 
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highly diverse from rest of the accessions. PCA plot showed that there was narrow 

genetic base within accessions and broad genetic base among accessions as shown in 

Figure. 4.21B.  

PCA plot for 1st and 2nd eigenvector values (9.54 and 6.87%) of molecular data 

analysis of 95 pomegranate accessions showed high genetic diversity between and among 

wild and domesticated accessions; however, wild accessions were more diverse than 

domesticated as they are representing in red dots and circles (Fig. 4.21C). Most of 

domesticated accessions (red dots) clustered close to the center of axis and were less 

genetically diverse whereas, wild accessions scattered away from the center of axis and 

proved high genetic diversity. The genotypes of Rawalakot (RG21, RH17 & RM20), 

Abbottabad (AK9, AG13 & AB20) and Rawalakot (RK11) were highly diverse and 

varied from each other and rest of the wild and domesticated accessions (Fig. 4.21C).  

4.5.5.  UPGMA phenograms of 53 Pakistani pomegranate germplasm based on 

molecular data 

Genetic relationship among wild (53), domesticated (42) and both wild and domesticated 

(95) pomegranate accessions was quantified through cluster analysis of molecular data in 

PopGEN statistical program (Yeh et al., 1999).  

All 53 selected wild pomegranate accessions successfully grouped into four main clusters 

with 16 accessions in group A, 8 accessions in each group B and C while only 6 

accessions were gathered closely in group D. Group A, B and C were consisted of only 

Abbottabad and Rawalakot accessions. Most of the Abbottabad and Rawalakot accessions 

directly clustered in group A, whereas Abbottabad accessions (AK8 & AK9) and (AD17 

& AB21) not only clustered closely but also had some common alleles of Rawalakot 

(RK11) and Abbottabad (AH19) accessions, respectively (Fig. 4.22). Openly clustered 

accessions (AT18 & RA12) shared some alleles with AG5 whereas, (AB20 & RB14) 

openly clustered and had some common alleles with RD10, RD18 and RK15 (Fig. 4.22) 

in group B. Directly clustered Abbottabad accessions (AM7 & AM10) and Rawalakot 

accessions (RM20 & RG21) share some common alleles with AK6 and RC19, 

respectively. Harripur and Murree accessions (HC4 & MC2) and Harripur and Rawalakot 

accessions (HD6 & RN1) were clustered directly showing similarity of genetic materials 

in group D. Two Harripur accessions (HJ3 & HB5) were closely clustered and did not 

group with rest of the accessions except sharing some alleles with HK1. Some Rawalakot 

(RS9 & RC13) and Abbottabad accessions (AN11 & AG13) and (AR3 & AP4) were 
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strongly and independently clustered with each other and did not share any of their 

genetic material with rest of the accessions (Fig. 4.22). 

 

4.5.6. UPGMA phenograms of 42 domesticated Pakistani pomegranate germplasm 

based on molecular data 

The domesticated pomegranate accessions successfully clustered into three main groups, 

12 accessions each in group A whereas group and B and 8 accessions in group C. Directly 

clustered domesticated pomegranate accessions (BR4 & KK3) and (MSA3 & CD1) are 

presented in subgroup I-a of main group A, whereas two D.G. Khan accessions (DH1 & 

DH3) were strongly associated and shared some alleles with MAM7.Two Chakwal 

accessions (CD3 & CD4) directly clustered showing no genetic dissimilarity in subgroup 

II-a. In group B, (MSA2 & MG3), (Q1 & Q2) and (MAM6 & MK4) were closely 

clustered but shared some genetic material with MK1, MG1 and CK2, respectively (Fig. 

4.23). Accessions (MAN1 & TK) and (KK1 & TG) were directly clustered showing no 

genetic difference whereas accessions (MAN5 & CB2) openly clustered and shared some 

alleles with CB1 which collectively shared their genetic materials with CK1. Bahawalpur 

(BR1) and Muzaffargarh (MAN2) accessions were openly clustered and did not resemble 

with any of the domesticated accessions (Fig. 4.23). Moreover, accession (KK2 & MG4) 

openly and separately clustered and had no common allele of rest of the accessions, 

whereas BR3 and MAN3 directly clustered and shared some genetic material with 

cultivated genotype of Muzaffargarh (MAN). Bahawalpur accession (BR2) showed high 

diversity and did not cluster with any of the studied domesticated accession (Fig. 4.23). 

 

4.5.7. UPGMA phenograms of 95 Pakistani pomegranate germplasm based on 

molecular data 

All 95 accessions were clustered into four main groups (Fig.4.24). Minimum and 

maximum number of accessions clustered in a group was 8 and 21, respectively. Group A 

and B clustered 21 accessions (each) including (11 and 14) wild and (10 and 7) 

domesticated pomegranate accessions, respectively. Group C was composed of 8 

accessions with 3 of wild whereas group D was comprised of 12 accessions with 9 wild 

accessions (Fig. 4.24). Group A further divided into 2 subclasses whereas two D.G. Khan 

accessions (DH1 and DH3) shared few alleles with one of Muzaffargarh accessions 

(MAM7) which are sour in taste with red color fruit of small size. In subclass II-a, wild 

accessions of Abbottabad were closely clustered showing genetic similarity whereas 
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closely clustered two Chakwal accessions (CD3 and CD4) from D.C.O. house were more 

genetically similar. Moreover, these accessions of subclass II-a were also similar for 

various morphological and biochemical traits. There were two subgroups in main group B 

with few wild and domesticated accessions which clustered closely and shared some 

genetic materials. Bahawalpur and Mastung accessions (BR2 and MG1), Chakwal and 

Khushab (CK2 and KK4) were directly clustered whereas two directly clustered 

domesticated accessions (KK4 and CK2) shared some alleles with a Rawalakot wild 

accession (RD10). A wild accession (AB20) from Abbottabad was not clustered with any 

of the accessions in this subgroup I-b. Most of Rawalakot and one of Abbottabad 

accessions in subgroup II-b were directly clustered whereas one of KPK accessions (TG) 

clustered with wild accession of Rawalakot (RP6). In group C, AG13 and KK2, MG4 and 

HN7, MG1 and MT3 and two wild Rawalakot accessions (RH17 and RH16) were 

genetically similar with each other. Two Chakwal accessions (CB2 and CB1) of Thakht-

e-babri were genetically similar and shared some alleles with another Chakwal accession 

(CK1) of Kallar kahar in group D (Fig. 4.24). Moreover, two Harripur wild accessions 

(HJ6 and HJ8) directly clustered and splitted some genetic material with Mastung 

accession (MG2) of Gulab Bag. One of Abbottabad accession (AK1) was entirely 

divergent and did not cluster with any of the studied 95 pomegranate accessions. 

Moreover, RC19 & RM20, MAN4 & AP2 and BR1 & MAN2 were clustered 

independently and did not share their genetic material with any of the studied accessions. 

D.G. Khan and Chakwal accessions (DH2 and CD2) openly clustered and shared their 

genetic makeup with one of wild Rawalakot accession (RG21) as shown in Figure 4.24. 
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 Figure. 4.18: Resolution of genomic DNA fragments in 95 pomegranate accessions on high 

 resolution agarose gel 
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Figure 4.19: Resolution of genomic DNA fragments in 95 pomegranate accessions on PAGE gel 
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Table 4.15: SSR Primers details and summary of genetic diversity in wild, domestic 

and both wild & domestic pomegranate accessions 

 
 Primer  F/R primer Acc. AL* MAF* GD* HZ* PIC* 

1  PGCT006  TTGAATTGATGTAACGCTTG 

GAGGAAAGTCGTTTGAAGTG  

Wild 100-300 0.5849 0.5259 0.5660 0.4482 

 Domestic 0.611 0.493 0.563 0.428 

 Both 0.5965 0.5132 0.5649 0.4413 

2  PGCT015  GACGCCTTTAGTTTGCTCCA 

CTCGGGACAGGACTTGGAAT  

Wild 100-200 0.5000 0.5804 0.4434 0.4903 

 Domestic 0.560 0.563 0.357 0.492 

 Both 0.5000 0.5806 0.4053 0.4978 

3  PGCT061  GAATAAGGCGTCCCTCTCTC 

CTCCTCCTCGTAATCCCAAC  

Wild 150-200 0.4811 0.6169 0.4811 0.5412 

 Domestic 0.560 0.548 0.440 0.483 

 Both 0.5158 0.5926 0.4632 0.5206 

4  PGCT066b  CGAGGAGTGGTCCAGGTTAG 

AACAGACGACAAGGGGAATG  

Wild 150-430 0.6541 0.4491 0.2956 0.3811 

  Domestic 0.631 0.453 0.254 0.373 

  Both 0.6439 0.4527 0.2772 0.3804 

5  PGCT075b  GGCGAGCTTCTGCTACTTCT 

TCTGTCCCCAGATCATCAAA  

Wild 200-250 0.6226 0.4988 0.3396 0.4116 

  Domestic 0.679 0.430 0.226 0.383 

  Both 0.6474 0.4814 0.2895 0.4133 

6  PGCT086b  TGGTGATTCGTGTTGTTTTC 

CAACAACCTCCTCTGCTCTC  

Wild 150-250 0.4340 0.6070 0.7170 0.5191 

  Domestic 0.577 0.531 0.488 0.461 

  Both 0.4921 0.5892 0.6158 0.5033 

7  PGCT088  TCTCTCTCTACCCCGACACC 

TAGCGTCAAGATTGTGAAAAGG  

Wild 110-400 0.6384 0.4764 0.4025 0.4126 

  Domestic 0.698 0.419 0.325 0.371 

  Both 0.6649 0.4547 0.3684 0.3989 

8  PGCT089b  
TGCATCCTTCCCCTACTCTC 

AGCTCATGTAATGCGTCGTG  

Wild 150-200 0.4151 0.6228 0.7547 0.5404 

  Domestic 0.423 0.624 0.798 0.544 
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 Primer  F/R primer Acc. AL* MAF* GD* HZ* PIC* 

  Both 0.4132 0.6273 0.7737 0.5467 

9  PGCT091b  ATCAGAATTGGAATCGGAAC 

ACCGAGGTCATCGAACTAAA  

Wild 170-250 0.4182 0.6193 0.6730 0.5338 

  Domestic 0.452 0.594 0.794 0.505 

  Both 0.4088 0.6206 0.7263 0.5364 

10  PGCT093A  GTAGCCACTTTAGGGCGAGA 

CGTCTAAAAGCGACAGCAAG  

Wild 200-330 0.5723 0.5014 0.5660 0.4259 

 Domestic 0.440 0.615 0.714 0.531 

 Both 0.4947 0.5758 0.6316 0.4934 

11  PGCT093B  GCCTTTTCCTGCTTTCCTTT 

CATACAGCGGACCACAACAC 

Wild 200-250 0.7075 0.4289 0.4057 0.3614 

 Domestic 0.518 0.561 0.607 0.470 

 Both 0.6079 0.5183 0.4947 0.4337 

12  PGCT096b  CAGACCCTGCGCTCGCT 

TTATGGAGAGCGGGAGAAAC 

Wild 200-250 0.5613 0.5174 0.4245 0.4178 

 Domestic 0.643 0.503 0.345 0.435 

 Both 0.5974 0.5211 0.3895 0.4331 

13  PGCT098b  ATCAACCAAACCGCACAGAC 

CCATTTCATTCTCCCCCTCT 

Wild 150-200 0.4670 0.5756 0.7170 0.4765 

 Domestic 150-200 0.524 0.585 0.583 0.503 

 Both  0.4921 0.5841 0.6579 0.4931 

14  PGCT110  GAGCCATTGTAGAGACAAGA 

GACTGCTGACAACTTTCTTT  

Wild 100-300 0.5896 0.5538 0.4434 0.4836 

 Domestic 0.500 0.609 0.298 0.533 

 Both 0.4789 0.6285 0.3789 0.5548 

15  PGCT111  TATCTGTCGCAGGAAGGATG 

GAAGCCAATTCCTCAAAGATG  

Wild 100-300 0.5708 0.5540 0.6509 0.4736 

 Domestic 0.661 0.470 0.333 0.407 

 Both 0.5605 0.5519 0.5105 0.4781 

16  POM_AAC1  GGGTCTTCCTAATTCTCTGG 
Wild 100-200 

0.5896 0.5574 0.3113 0.4925 
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 Primer  F/R primer Acc. AL* MAF* GD* HZ* PIC* 

 TACAACTTCGGACTCACTTGC  
Domestic 

0.488 0.624 0.286 0.550 

 
Both 

0.4711 0.6199 0.3000 0.5499 

17  POM_AAC2  TGTTGTATCCCATCTTCTTCC 

TTTCCACCGCCATTTACTTC  

Wild 100-250 0.6651 0.4684 0.2358 0.3914 

 Domestic 0.649 0.456 0.298 0.366 

 Both 0.6579 0.4693 0.2632 0.3849 

18  POM_AGC5  TTCGATATTGTTTATTGTGTCG 

CAACGAACTAGACGACACAC  

Wild 100-150 0.6179 0.5134 0.3113 0.4465 

 Domestic 0.607 0.504 0.298 0.410 

 Both 0.5684 0.5232 0.3053 0.4428 

19  POM_AGC11  CGTCATCCCTTATGTTCTTC 

CTGGGGAAGTCGACGAAG  

Wild 150 0.5566 0.4936 0.5849 0.3718 

 Domestic 0.714 0.408 0.429 0.325 

 Both 0.5632 0.4920 0.5158 0.3710 

20  POM_AAC3  TGATGAAACCATGTAACTCG 

CTCCGATAACGTCTCCAAGC  

Wild 100-250 0.5142 0.5765 0.0849 0.5061 

 Domestic 0.625 0.463 0.083 0.399 

 Both 0.5632 0.5363 0.0842 0.4697 

21  POM_AAC7  GCCTGGACATCTAACGCTCTC 

GCCGAACAAAGTCCTGAAAC  

Wild 200 0.5849 0.4856 0.7170 0.3677 

 Domestic 0.607 0.477 0.595 0.363 

 Both 0.5000 0.5000 0.6632 0.3750 

22  POM_AAC13  TCTCCCGACAACAAATCAC 

CCCGACACAACACATACTTCAG  

Wild 150-300 0.4434 0.6453 0.2925 0.5717 

 Domestic 0.518 0.592 0.238 0.516 

 Both 0.4579 0.6328 0.2684 0.5598 

23  POM_AAC14  CGAGAACCGTTAGTCATGC 

AGTGACGGCAGGACAAGAAC  

Wild 150 0.5472 0.5119 0.2642 0.3988 

 Domestic 0.500 0.523 0.381 0.409 

 Both 0.5263 0.5177 0.3158 0.4037 

24  ABRII-MP07  GATTAACAGCAAAGCCTAGAGG Wild 150-250 0.4528 0.5890 0.6415 0.4985 
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 Primer  F/R primer Acc. AL* MAF* GD* HZ* PIC* 

 AGTAGCTGCAACAAGATAAGG  
Domestic 

0.452 0.576 0.810 0.476 

 
Both 

0.4526 0.5848 0.7158 0.4910 

25  ABRII-MP12  TTGAGTCCCGATCATATCTC 

TCAATCTGTCAGGAACAACA  

Wild 100-340 0.5943 0.5298 0.3302 0.4617 

 Domestic 0.702 0.399 0.083 0.359 

 Both 0.6368 0.4847 0.2263 0.4305 

26  ABRII-MP26  TTTCTCGAAGAATTGGGTAA 

CTGAGTAAGCTGAGGCTGAT  

Wild 160-240 0.5283 0.5651 0.5377 0.4731 

 Domestic 0.583 0.542 0.560 0.464 

 Both 0.5526 0.5583 0.5474 0.4718 

27  ABRII-MP28  ATCCTCTGTCTTTGTGTTCG 

TGAGTAATTCCGGTCAGAAG  

Wild 100-300 0.5802 0.5338 0.3019 0.4644 

 Domestic 0.708 0.387 0.060 0.348 

 Both 0.6368 0.4815 0.1947 0.4269 

28  ABRII-MP39  AGTCTCTGAAGTTTGTCGGA 

CCTGAGTAAAGCATCTCACTG  

Wild 200 0.7547 0.3702 0.4906 0.3017 

 Domestic 0.821 0.293 0.357 0.250 

 Both 0.7842 0.3384 0.4316 0.2812 

29  ABRII-MP30  CCCAGTTTGTAGCAAGGTA 

AAGCTGACATTCTTTGAAGC  

Wild 200 0.8302 0.2820 0.3396 0.2422 

 Domestic 0.893 0.197 0.119 0.188 

 Both 0.8579 0.2489 0.2421 0.2267 

 Molecular diversity in wild pomegranates (Average) 0.5682 0.5258 0.4594 0.4450 

 Molecular diversity in domestic pomegranates (Average) 0.5981 0.497 0.404 0.425 

 Molecular diversity in both wild and domestic pomegranates 

(Average) 

0.5636 
0.5269 

0.4352 0.4486 

Note: Acc: Accessions; AL: Allele length, MAF: Major allele frequency, GD:  

Genetic diversity, Hz: Heterozygosity, PIC: Polymorphic Information Content 
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Table 4.16: Analysis of Molecular Variance (AMOVA) of wild (A), domesticated (B)  

and both wild & domesticated (C) pomegranate accessions 

 

 df SS MS Est. Var. % 

Wild accessions 

Among regions 3 155.552 51.851 2.102 7% 

Within accessions 49 1357.844 27.711 27.711 93% 

Total 52 1513.396   29.813 100% 

 

Domesticated  

Among regions 6 226.090 37.682 2.079 7% 

Within accessions 35 911.220 26.035 26.035 93% 

Total 41 1137.310   28.113 100% 

 

Wild and domesticated accessions 

Among regions 1 113.568 113.568 1.815 6% 

Within accessions 93 2650.706 28.502 28.502 94% 

Total 94 2764.274   30.317 100% 

 

 P-value<0.010
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Figure 4.20: Summary of genetic similarity coefficient in wild (A), domesticated (B) 

and both wild and domesticated (C) pomegranate accessions 

 

A 
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Figure 4.21A: PCA plot of 53 wild pomegranate accessions in Pakistan using 29 SSR 

primers 
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Figure 4.21B: PCA plot of 42 wild pomegranate accessions in Pakistan using 29 SSR 

primers 

 

Figure 4.21C: PCA plot of 95 wild and domesticated pomegranate accessions in 

Pakistan 

Note: Red circle and dots represent domesticated accessions area and accessions on PCA 

planes, respectively. 
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Figure 4.22: UPGMA Dendrogram of 53 pomegranate accessions based on 29 SSR 

primers 
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Figure 4.23: UPGMA Dendrogram of 42 pomegranate accessions based on 29 

SSR primers 
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Fig. 4.24: UPGMA Dendrogram of 95 pomegranate accessions based on 29 SSR 

primers
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4.6 Germplasm Conservation  

The cuttings of elite domesticated pomegranate accessions from ten regions were 

collected and conserved at the University of Agriculture Faisalabad for future research 

activities. We also involved in collaboration for survey of remaining regions of Pakistan, 

and collecte more exotic, local wild and domesticated pomegranate accessions for variety 

improvement programs. Four photos of pomegranate germplasm conservation are shown 

below. 

 

 

 
Figure 4.25: Conserved elite domesticated pomegranate germplasm of Pakistan
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CHAPTER 5 

DISCUSSION 

 

5.1 Estimation of qualitative morphological diversity in pomegranate accessions 

The objective of morphological characterization was to screen 115 pomegranate 

accessions to select suitable genotypes for development of new lines through breeding 

programs as morphological fruit parameters are successfully used in genotype 

identification; however, these traits are influenced by environmental and cultivation 

techniques (Sarkhosh, 2009). Studied qualitative traits (fruit: shape and color; Aril: size, 

color, sweetness and harness) are considered important for evaluation of accessions as 

reported previously (Vinson et al., 2001; Zamani, 2007; Sarkhosh et al., 2005; Mars et 

al., 1997). In these reported results, intensity of diversity varied in most of the studied 

fruit qualitative traits of Pakistani wild and domesticated pomegranate accessions as it 

was also reported by Mansour et al. (2011) in Tunisian pomegranate fruits. The market 

demand of round shape pomegranate fruits is always higher and most of the studied 

commercial pomegranate fruits were round in shape; fruit of wild accessions of 

Rawalakot were predominantly round shape, which is benifical for improving fruit shape 

of commercial accessions in Bahawalpur and Quetta regions. Wild pomegranate 

accessions with red colored fruit and arils could be used in variety improvement program 

of commercial accessions of Southern Punjab (Muzaffargarh and R.Y. Khan). Breeding 

of sour and sweet accessions could develop new sweet and sour lines for processing 

industry. Soft seeded wild accessions could be used for developing soft seeded 

commercial cultivars. Our considerations are in line with Zamani et al. (2010) and Onur 

et al. (1999) who described that high fruit size with reddish thin rind and soft seeds are 

the desirable traits that are required in pomegranate breeding programs and in selection of 

superior pomegranate genotypes. Various sour, semi sour domesticated pomegranate 

accessions were developed from wild ‘Daru’ in India with successive crosses between 

‘Daru’ and ‘Ganesh’. Accessions of Rawalakot were diverse for round to oblong shape of 

pomegranate fruits with red color of arils, sour in taste with hard seeds whereas, 

accessions of Muzaffargarh and Rahim Yar Khan were sweet in taste with arils of white 

in color. Commercially accepted aril color of wild accessions could be introduced in 

commercial accessions of Southern Punjab through continuous breeding programs. 
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Similarly, Holland et al. (2009) reported that Indian pomegranate cultivars were 

improved through successive breeding of wild and domesticated pomegranates. 

Moreover, crosses of cultivars  were made for low acidity and high fruit quality in arid 

environment (Samadia and Pareek, 2006); disease resistance (Jalikop et al., 2005; Jalikop 

et al., 2006), juice production (Jalikop and Kumar, 1998); aril color (Wavhal and 

Choudhari, 1985); fruit weight, juice contents, yield (Karale et al., 1979) and seed 

softness (Jalikop and Kumar, 1998). Significant association of wild and domesticated 

pomegranate accessions was recorded with respective region especially for accessions of 

Abbottabad, Rawalakot, Muzaffargarh and R.Y. Khan. These results are in line with the 

findings of Holland et al. (2009) who detailed that all pomegranate genotypes were 

domesticated independently in various parts of the world with specific influence of agro-

climatic conditions of the regions; however, qualitative characterization of pomegranate 

fruits may be evaluated under different climatic conditions (Barone et al., 2001; Drogoudi 

et al., 2005; Martinez et al., 2006; Dafny-Yalin et al., 2010). 

 

5.2 Estimation of quantitative morphological diversity in pomegranate accessions 

Qualitative and quantitative morphological studies of pomegranate fruits provide the basis 

to compare genotypes for selection and breeding programs (Mars and Marrakchi, 1999). 

These results proved that there was high level of diversity in fruit, rind, aril and seed 

weight, and wood portion index in wild and domestic pomegranate accessions, 

respectively. These findings are supported by Ercisli et al. (2007); Ozguven et al. (1997); 

Hasnaoui et al. (2011b) and Martinez et al. (2006) who proved high level of variation in 

fruit size and rind weight, aril weight and color, seed hardness and WPI, and juice 

contents, acidity, sweetness and fruit maturity in wild and domestic accessions. Maximum 

fruit weight in our commercial pomegranate accessions was 373.98 g whereas the highest 

value (505 g) is reported in Iranian commercial cultivars (Akbarpour et al., 2009); 

however, range of fruit weight between wild and commercial pomegranate accessions of 

Pakistan was 14.58 to 373.98 g whereas this range was 103.38 to 505 g in Iranian wild 

and cultivated pomegranates (Akbarpour et al., 2009) and 69.9 to 795.3 g in Turkish 

commercial pomegranate accessions (Caliskan and Bayazit, 2013). A low level of WPI in 

wild pomegranate accessions could be exploited in hard seeded commercial accessions 

through breeding programs. In our results, WPI in wild and domesticated pomegranate 

accessions ranged from 9.65 to 20.14% and 2.48 to 14.74%, respectively and 2.48 to 
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20.14% which endorsed the finding of Hasnaoui et al. (2011b) who stated that WPI was 

two times higher in wild and sour pomegranate accessions compared to sweet accessions 

and has been reached as 3.35%, 8% and 7.5%, in Tunisian, Spain and Iranian sweet 

pomegranate genotypes, respectively (Hasnaoui et al., 2011b; Sarkhosh et al., 2009; 

Martinez et al., 2006). Any prospective selection of genotype is based on WPI and its 

variation has been higher in Iranian soft-seeded genotypes (Sarkhosh et al., 2009). A high 

level of variation in WPI, fruit and aril weight could be exploited in breeding programs to 

improve existing cultivars as it is described by Wang et al. (2006) that breeding 

objectives in Chinese pomegranate accessions was achieved after complete morpho-

genetic characterization and obtained good quality commercial cultivars whereas Liang 

and Cheng (1991) and Zhao et al. (2007) developed soft seeded accessions 

‘Hongmanaozi’ and ‘Yushiliu 4’ with early fruit ripening property (Zhao et al., 2006). 

The results showed that most of the studied morphological traits had strong positive 

correlation in wild and domesticated pomegranate accessions. Fruit weight which is an 

important commercial trait, had positive association with fruit dimensions, rind weight 

and aril weight in all wild and domesticated pomegranate accessions; whereas 

contradiction was reported the relationship of aril weight with fruit size by Harada et al. 

(2005) but Holland et al. (2009) and Wetzstein et al. (2011b) supported our results for 

close correlation between fruit volume, fruit weight and total aril weight in wild and 

domesticated pomegranate accessions. Wood portion index had strong negative 

association with various studied fruit and aril traits in wild and domesticated pomegranate 

accessions, moreover, negative correlation of WPI with fruit weight in commercial 

domesticated accessions proved these genotypes good in quality with more juiciness. The 

negative correlation between WPI and seed weight in wild accessions might be due to 

reason that wild accession’s seed size is higher as compared to aril size; however, there 

may be low percentage of wood in wild pomegranate seeds as compared to commercial 

domesticated pomegranate accessions.  

Principal component analysis also proved high level of morphological diversity in 

Pakistani pomegranate germplasm with maximum variability covered in the first six 

components with highest share of fruit and aril weight, and wood portion index. These 

results are in line with the findings of Caliskan and Bayazit (2013) who reported the high 

level of morphological and pomological diversity among pomegranates of eastern 
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Mediterranean region of Turkey, providing potential genetic source for breeding 

programs to improve fruit quality characteristics. 

Separate PCA plots proved that wild accessions were more diverse as compared to 

domesticated pomegranate accessions; however, combined PCA plot of wild and 

domesticated accessions proved that domesticated accessions were more diverse as 

compared to wild accessions for morphological traits of pomegranate fruits. This might 

be due to reason that in separate PCA plot, domesticated accessions had established most 

morphological traits for commercial consumption and variation for these traits narrowed 

as compared to wild which are naturally growing and had variation in fruit size, aril 

weight etc.; however, in combined PCA analysis opposite results might be due to the 

reason that within wild accessions variation was higher as compared to domesticated 

accessions but low variation between regions of their habitat was observed as they were 

growing in less diverse ecosystem than domesticated accessions. Our results endorsed the 

findings of Durgac et al. (2008) who demonstrated that there is great level of 

morphological variation in six local cultivar of Hatay, Turkey as proved in PCA of 18 

quantitative fruit characteristics. 

Correlation between pomegranate accessions and morphological traits showed that all 

commercially grown cultivars of Muzaffargarh, Rahim Yar Khan, Sehgal farm, Quetta, 

Mastung and Tarnab (KPK) had strong association for all quality morphological traits like 

fruit weight, aril weight and rind thickness while accessions of Chakwal, Bahawalpur, 

D.G. Khan had strong association for WPI and were declared comparatively inferior 

genotypes with less juice percentages; Moreover, these accessions had more similarity 

with wild accessions and might be cultivated to trade as anardana (dry arils). More than 

half of the selected wild accessions had strong association for good fruit quality traits like 

soft seeds and less WPI. PCA biplot proved that commercial fruit traits had strong 

correlation with domesticated accessions while wild accessions had high level of 

association with wood portion index. Similar results were reported by Zamani et al. 

(2006) who reported correlation coefficients for various pomegranate fruit characters like 

peel thickness had positive correlation with fruit weight, dimension and fresh and dry aril 

weight. Moreover, Sarkhosh et al. (2007) discussed similar relationship for various fruit 

qualitative and quantitative morphological traits of Iranian pomegranate genotypes. 

Variability within wild accessions was 33.75% as compared to domesticated accessions 

(15.50%). Wild and domesticated accessions clustered with each other regardless of their 
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growing regions and this might be because domesticated accessions were not selected 

through proper breeding and selection process. These results also strengthen the 

observations of PCA analysis of these accessions. Similarly Caliskan and Bayazit (2013) 

investigated morpho-pomological and chemical diversity in Turkish pomegranate 

accessions through PCA analysis. Cluster analysis of wild and domesticated pomegranate 

accessions based on morphological variables, grouped similar morphological 

characteristics sampled from different locations in the same group. This might be due to 

similarities, homonymies and synonymies of these traits common in pomegranates. 

Moreover, they considered that different names of accessions probably emerged due to 

the transport of plant material among locations in the eastern Mediterranean region of 

Turkey (Durgac et al., 2008). 

 

5.3 HPLC analysis of pomegranate fruits of 23 accessions 

There was wide range of detected organic acids and sugars in selected 23 domesticated 

and wild pomegranate accessions. Citric acid was predominant acid in all wild and sour 

domesticated accessions whereas sweet accessions had high level of malic acids. Methyl 

malonic acid, malonic acid, ptruvic acid was not detected in some selected accessions. All 

sweet and sour accessions had high and low values of sourness index, respectively. 

Fructose and glucose were predominant sugars in aril juice of selected domesticated and 

wild pomegranates especially the accessions of Quetta, Mastung, Chakwal, Muzaffargarh 

and Rahim Yar Khan. Different biochemicals were reported by Hasnaoui et al. (2011a) 

who detected various organic acids with malic acid as major one (>50%) followed by 

citric acid (>22%) succinic acid (17%), oxalic acid (7%), tartaric acid (2%) and ascorbic 

acid (0.3%). Also similar results were presented in Turkish pomegranate cultivars 

reported by Poyrazoglu et al. (2002); but contradictory results were presented by Miguel 

et al. (2004) who noted oxalic acid as the main acid in ‘Assaria’ cultivars from Portugal. 

Similarly Hasnaoui et al. (2011a) found traces of fumic acids in Tunisian pomegranate 

cultivars, which is quite different for Spanish (Melgarejo et al., 2000) and Persian 

pomegranate cultivars (Aarabi et al., 2008). Fructose was predominant in sugars followed 

by glucose in all selected Pakistani pomegranate accessions which shows an agreement 

with the findings of Hasnaoui et al. (2011a) who reported that fructose is the highest in 

sugars followed by glucose, contributing 53.9 and 43.4% of total sugar contents in 

Tunisian, Turkish and Spanish commercial pomegranate cultivars, whereas different 
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results were recorded in pomegranate fruit samples from Turkey, Russia and Saudi 

Arabia with glucose as predominant sugar (Cam et al., 2009; Melgarejo, 2000; Al-

Maiman and Dilshad, 2002). Moreover, sugar contents were high in sour accessions (wild 

and domesticated) as compared to sweet genotypes which is in line with the results of 

Hasnaoui et al. (2011a) in Tunisian pomegranate cultivars but contradicted with the sugar 

values of Spanish pomegranate cultivars as reported by Melgarejo et al. (2000). There 

was 71.99% cumulative variability of organic acids and sugars covered in first six 

principal components for 23 Pakistani pomegranates whereas in Tunisian pomegranate 

accessions, total variability was explained by 21 principal components with the first three 

components covered 61.8% of the variance (Hasnaoui et al., 2011a). Similarly total 

variability of 41.459% was explained along first two principle components for the 

distribution of studied organic acids and sugars variables while in Tunisian pomegranate 

accessions 51.14% variability covered in first two factors. 

Scattering of accessions on PCA plot showed that MSA2 was highly diverse and varied 

from all other selected accessions. Wild accessions (RN1, MT3 & AG13) and (AM10 & 

AK1) were highly close to each other. Cultivated accessions (MAN4 and RLF1), (KK1 & 

CB1), (CK1 & DH2) and (BR1, Q1 and RLF2) were close to each other and showed non-

significant difference within each group. Sour (wild and domesticated) and sweet 

pomegranate cultivars were grouped separately, independent of the geographic origin in 

principle component and cluster analysis for studied organic acids and sugars as it was 

described by Hasnaoui et al. (2011a) and classified sour and sweet pomegranate cultivars 

separately for PCA analysis of studied organic acids and sugar analysis. Hierarchical 

ascendant classification successfully grouped all wild accessions including two 

domesticated accessions into same class, and all other domesticated accessions grouped 

independently of the cultivation region of pomegranate plant material between and within 

a region, (Hasnaoui et al., 2011a).Moreover, cultivar characteristics are conserved due to 

vegetative propagation in pomegranates. 

 

5.4 Estimation of biochemical diversity in pomegranate accessions 

The range of TSS, titratable acidity and vitamin C was 10.78 to 17.26 (°Brix), 0.10 to 

0.87% and 5.88 to 11.20 mg/100 mL in Pakistani domesticated pomegranate accessions 

whereas, this range is quite low than Iranian commercial pomegranates (Akbarpour et al., 

2009) and similar with the findings of Al-Kahtani (1992), Saxena et al. (1987) and Ozgen 
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et al. (2008) for TSS. Moreover, Spanish, Turkish, Saudi Arabian and Portugese 

pomegranate cultivars had TSS range of 12.36 to 16.32%, 16 to 19%, 16.9% and 14.5%, 

respectively, as reported by Martinez et al. (2006), Poyrazoglu et al. (2002), Al-Maiman 

and Dilshad (2002) and Mjguel et al. (2004), respectively. Maturity index (MI = TSS/TA) 

an important commercial trait used to classify cultivars (Melgarejo et al., 2000; Martinez 

et al., 2006) had high diversity in domesticated pomegranates as compared to wild ones. 

Total phenolic contents, the most important biochemical trait for appraising the 

classification of pomegranate cultivars, ranged from 321 to 595.42 g/100 mL in wild 

(sour) pomegranates while its value as 175.05 to 321 g/100 mL in domesticated 

pomegranates. Similar results were declared by Zaouay et al. (2012) with conclusion that 

sweet pomegranate cultivars have low levels of total phenolic contents as compared to 

sour accessions (wild); however, varying amounts of this important compound have been 

reported by various researchers (Gil et al., 2000; Mousavinejad et al., 2009; Poyrazoglu 

et al., 2002; Tezcan et al., 2009; Tehranifar et al., 2010; Cam et al., 2009; Fawole et al., 

2011). Antioxidant activity (IC50) in DPPH method ranged from 89.60 to 136.80 µ/mL in 

wild pomegranate accessions while its low level was 36.90 to 69.30 µ/mL recorded in 

domesticated pomegranate accessions which is in accordance to the finding of Gil et al. 

(2000) who stated that the level of antioxidant activity was higher in whole fruit of wild 

pomegranate as compared to arils of cultivated pomegranates. The results agreed with 

reports of other researchers found high level of antioxidants in pomegranate fruits with 

high variation in wild and domesticated pomegranates of South Africa (Fawole et al., 

2011), Turkey (Ozgen et al., 2008; Cam et al., 2009), Iranian (Mousavinejad et al., 2009) 

and Spain (Mena et al., 2011). They stated that TPCs from whole fruit is many fold (6.5) 

higher than juice extracted from arils. Total phenolic contents in fruit juice of selected 

wild and domesticated pomegranate accessions had strong correlation with vitamin C 

(0.891), IC50 (0.889), SOD (0.867), CAT (0.849), sugars (0.822) and titratable acidity 

(0.813). Zaouay et al. (2012) observed significant correlation between total phenolic 

contents and antioxidant activity in Tunisian pomegranates which signify antioxidant 

capability of pomegranate juice. Turkish pomegranate accessions had 1245 and 2076 

mg/L TPCs (Ozgen et al., 2008) whereas Cam et al. (2009) recorded 2083–3436 mg/L 

phenolics in aril juice of widely grown pomegranate cultivars in Turkey. Moreover, 

Shahbaz et al. (2013) reported strong correlation of r = 0.8882, 0.7671 and 0.5659 among 
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anthocyanins contents, antioxidant activities and TPCs, respectively of pomegranate 

cultivars of California. 

In the results, first three principal components covered 51.90% cumulative biochemical 

variability with 20.82% and 18.97% variability presented in PC-1 and PC-2, respectively. 

Similarly Zaouay et al. (2012) recorded high variation as 65.84% in first three factors 

presenting 28.94 and 24.84% variation in first and second principal component of 

biochemical traits of Tunisian commercial pomegranates.  

There were weak correlation between biochemical traits of wild and domesticated 

pomegranate accessions when analyzed separately; however, these traits strongly 

associated when analyzed together (wild and domesticated accessions). There was more 

diversity in biochemical traits of wild pomegranate fruits as compared to domesticated 

which could be exploited in elite commercially domesticated accessions for quality 

improvement. Non-commercial domesticated accessions had negative correlation for 

sugars, TSS, TPCs and IC50 which indicates that these accessions need improvement 

through proper breeding and selection programs. Moreover, sugars and TSS were 

negatively correlated in wild accessions while these traits positively associated in 

commercial domesticated accessions. This might be due to the reason that wild accessions 

had high TSS but they were sour to bitter in taste because of high level of phenolics and 

antioxidants and anthocyanins.  

In our results, all wild and domesticated pomegranate accessions (115) clustered in 

different groups regardless of the growing regions; however, separate clustering of wild 

and domesticated pomegranate accessions proved that they are entirely diverse from each 

other for biochemical traits. Caliskan and Bayazit (2013) stated that Turkish pomegranate 

accessions were grouped on the basis of morphological and biochemical properties of 

cultivars with little or no influence of growing regions. However, some accessions of 

regions like Muzaffargarh and Rahim Yar Khan; Mastung, Chakwal, Bahawalpur, D.G. 

Khan and Multan grouped in same class which depicts their relatedness with the growing 

regions. 

In conclusion, morphological and biochemical diversity estimated in Pakistani 

pomegranates makes it possible to improve genotypes and create high TSS, sugars, 

vitamin C, phenolics and antioxidants lines with good health promoting effects on 

consumers. As it is proved that there is large diversity in important commercial 

biochemical compounds of local pomegranate germplasm of Pakistan which could be 
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helpful for further research on pomegranate to produce drinks with high nutrition and 

health benefits (Jaiswal et al., 2009; Gonzalez-Molina et al., 2009). Moreover, 

characterization of wild and domesticated pomegranates for morpho-chemical traits 

particularly fruit weight, aril color, wood portion index, total antioxidant activity and total 

phenolic content also assess the nutritional quality of both fresh fruits and juices as also 

included by Zaouay et al. (2012) in Tunisian pomegranate genotype characterization. 

Total phenolic contents, antioxidant properties, anthocyanins and ellagic acids are 

important markers for evaluating the fruits, processing and its storage (Mena et al., 2011; 

Ozgen et al., 2008; Cam et al., 2009). These studies also provide compositional 

information (TSS, TA, organic acids and sugars, total phenolic contents, protein contents, 

antioxidant and their enzymes activities) of wild and domesticated pomegranate fruits 

emphasizing that pomegranate fruit could be a good source of nutrients.  

 

5.5 Efficacy and AMOVA of SSR primers in wild and domesticated pomegranate 

accessions 

Most of the reported primers selected in this study were efficient and regenerated high 

polymorphism in all selected wild and domesticated pomegranate accessions. Separate 

and combined analysis of wild and domesticated pomegranate accessions to determine 

major allele frequency, genetic diversity, heterozygosity and Polymorphic Information 

Content (PIC) proved that molecular base of wild pomegranates was more broad as 

compared to domesticated accessions whereas molecular base of both wild and 

domesticated pomegranate germplasm was more narrow than individual wild accessions 

and more wide than individual domesticated accessions. Allele length, number of alleles 

and Polymorphic Information Contents (PIC) values of selected primers of PGCT series 

detected in selected pomegranates were at par as reported by Soriano et al. (2011). 

Moreover, selected POM_AAC series primers detected PIC value in range of 0.37 to 0.55 

which was quite high (Curro et al., 2010) and other primers in this study like ABRII-MP 

series recorded a range of 0.22 to 0.49 PIC value in Pakistani pomegranate accessions 

which promised the finding of Basaki et al. (2011) who reported 0.01 to 0.56 PIC with an 

average of 0.34 in Iranian pomegranate germplasm. Most of the primers used in this 

research, amplified more than one alleles in selected 95 pomegranate accessions and 

declared as multi-allelic primer which is also reported in pomegranate accessions from 

Spain (Soriano et al., 2011), apple and pistachio (Guarino et al., 2006; Ahmad et al., 
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2003). The low level of cross pollination or high rate of asexual propagation in 

pomegranate could be the cause of low number of alleles per locus which is in accordance 

with the finding of Parvaresh et al. (2012) and Soriano et al., 2011). The results of the 

present study proved that SSR markers could successfully be used in pomegranate 

germplasm characterization and molecular breeding (Pirseyedi et al., 2010; Ebrahimi et 

al., 2010; Koohi-Dehkordi et al., 2007; Soriano et al., 2011; Curro et al., 2010). The PIC 

value in 95 pomegranate accessions (wild and domesticated) was ranged as 0.1877 to 

o.5717 which showed high to low loci polymorphism as it is proved by Xie et al. (2010) 

and Vaiman et al. (1994) in orchard grass and pomegranates by considering PIC > 0.5, 

0.5> PIC > 0.25 and PIC < 0.25 as high, medium or low polymorphism, respectively. 

Average PIC value 0.4489, indicating that selected markers could amplify high loci 

polymorphism in this research and this is in agreement with the results of Soriano et al. 

(2011), Pirseyedi et al. (2010) and Ebrahimi et al. (2010). Detected range of PIC, 

heterozygosity, allele frequency showed that genetic base of Pakistani wild and 

domesticated pomegranates is wide and there is potential to improve genotypes with wide 

gene base to uplift pomegranate industry by exploring new regions for its production 

through selective breeding programs. 

In this research work, high level of genetic diversity was recorded within pomegranate 

accessions of all 14 regions while this diversity was lower among accessions of different 

regions which is in accordance with the findings of Narzary et al. (2010). This might be 

due to reason that these regions have a high genetic overlap as a result of relatively high 

gene flow and this reasoning is strengthened by clonal propagation of pomegranate 

accessions. These findings are in accordance with Parvaresh et al. (2012) who revealed 

91.52% of total genetic variation within regions and only 8.48% was estimated among 

regions. The selected SSR markers were proved high polymorphic in Pakistani 

pomegranate germplasm as it also proved by Noormohammadi et al. (2012) who stated 

that in combined data of three markers, SSR showed higher molecular diversity than two 

ISSR and RAPD markers in 36 Iranian pomegranate genotypes. 

 

5.6 Molecular similarity and PCA of pomegranate germplasm 

Genetic similarity index not only detected the range of common alleles in wild and 

domesticated Pakistani pomegranate accessions but also proved that genetic base of 

Pakistani wild pomegranate accessions is broad. Similarly Narzary et al. (2009) described 
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genetic diversity in wild Indian pomegranates and proved that genetic similarity 

coefficient varied from 0.08 to 0.79 across different wild accessions. This shows that 

genetic diversity in Pakistani wild accessions at Himalayan range was not as broad as in 

Indian wild accessions on Himalayan ranges. In similarity matrix between wild and 

domesticated accessions, broad genetic base accessions had potential to develop as new 

lines for patency in new regions under changing agro-climatic scenario. 

Principal Component Analysis (PCA) of molecular data of 29 SSR primers performed in 

PAST molecular statistical programs, not only confirmed the genetic diversity in wild and 

domesticated pomegranate accessions but also measured the distance and similarity of 

individual accessions. Domesticated accessions showed more diversity as compared to 

wild when molecular analysis of data was done separately. This might be due to reasons 

that domesticated accessions were collected from 10 regions (warm tropical, subtropical, 

rainfed and desert zones) whereas wild accessions were representing only 4 regions (cold 

temperate Himalayan ranges). Moreover, in combined analysis of wild and domesticated 

pomegranate accessions, wild accessions were more diverse as compared to domesticated 

pomegranate accessions. This might be because wild accessions were spread through 

seeds being naturally cross pollinated whereas, intensity of asexual propagation was 

higher in the spread of domesticated pomegranate accessions. The results supported by 

Soriano et al., (2011) who observed narrow gene pool in cultivated pomegranate 

accessions and stated that it might be due to reason that these genotypes are commercially 

propagated through cuttings.  

 

5.7. Molecular relatedness of wild and domesticated pomegranate accessions 

Domesticated pomegranate accessions were clustered without considering the growing 

regions whereas genetically similar wild and domesticated accessions were 

predominantly similar for some morphological and biochemical traits of fruits. Most of 

the accessions similar for morphological and biochemical traits, especially the accessions 

of (Muzaffargarh and Rahim Yar Khan), (Quetta, Mastung, Chakwal and Khushab) and 

(Bahawalpur and D.G. Khan) showed dissimilarity for their genetic relationship. This 

disagreement for from morphological, biochemical and molecular data is supported by 

Gupta and Rustgi (2004) and Kumar (1999) who discussed numerous reasons including 

main effects of diverse agro-climatic conditions on morphological traits which did not 

influence genetic markers. However, most of Abbottabad and Rawalakot wild accessions 
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showed agreement for molecular and morpho-chemical dendrograms. The results of 

present study get favor from the findings of Zamani et al. (2013) who reported that 

principle component analysis and UPGMA phenograms of molecular and morphological 

data is poorly correlated (r=0.45). Moreover, disagreement of morphological and 

molecular dendrograms of wild and domesticated pomegranates was also in agreement 

with previously reported work of Zamani et al. (2007), Talebi-Baddaf et al. (2003), 

Sarkhosh et al. (2009) and Durgac et al. (2008) who observed that genetic distance 

matrices calculated through RAPD markers and fruit characteristics of pomegranates had 

no significant association. Response of other fruits for morpho pomological and 

molecular studies was not similar in relatedness (Uma et al., 2004; Rotondi et al., 2003; 

Khadivi-Khub et al., 2008; Hagidimitriou et al., 2005). Estimation of morphological and 

biochemical diversity in Pakistani pomegranate germplasm was not fully consistent with 

molecular diversity of same large and extensive pomegranate germplasm because of the 

influence of agro-climate. This is in accordance with the findings of Zamani et al. (2013) 

who stated that morpho-chemical characterization is used only for discrimination of 

germplasm. Wild accessions were predominantly clustered depending on growing 

regions. This is again might be due to more similar agro-climatic conditions of Himalayan 

regions of Abbottabad, Harripur and Rawalakot with main genetic diversity is due to 

spread of germplasm through seed. Domesticated accessions having some common 

alleles with wild accessions showed similarity for morphological and biochemical 

characteristics of fruits as reflected in these results. Some noncommercial domesticated 

accessions of Mastung, Chakwal, Khushab, D.G. Khan and Bahawalpur regions were 

closely clustered with wild accessions which might be due to reason that these accessions 

were not properly selected through breeding programs. This also proved the flow of 

genetic material from wild to domesticated pomegranate accessions. 
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CHAPTER 6 

SUMMARY 

 

The pomegranate (Punica granatum L.) has a long history of existence in the wild in the 

warm temperate Himalayan range in Pakistan with its limited production to meet local 

market demand. Pomegranate is declared as minor fruit in this part of the world. 

Qualitative fruit parameters were recorded as binary observations as present or absent. 

Quantitative and biochemical data was also recorded by following the pomegranate plant 

descriptor (UPOV, 2011), while, molecular data was recorded as presence or absence of 

amplified DNA fragments following SSR-PCR analysis of leaves of selected 

pomegranate accessions. This is the first research on characterization and conservation of 

pomegranate diversity in Pakistan. Principal component analysis of morphological, 

biochemical and molecular data of wild and domesticated pomegranate accessions was 

performed to estimate genetic and molecular diversity. 

The level of qualitative morphological variability was recorded in fruits of 115 

pomegranate accessions, collected from 14 different regions of the country. The round 

shaped fruits were dominant in most commercial and all wild accessions of Rawalakot, 

whereas, red colored fruits and arils were predominant in wild accessions as to 

domesticated pomegranates. The highest coefficient of variance was estimated for seed 

hardness (302.91%) followed by yellow green fruit (215.24%), round to oblong fruit 

(210.33%), slightly bitter aril (209.49%), pink red (177.33%) and white pink (170.97%) 

arils in all selected pomegranate accessions. There was 92.39% of the total qualitative 

variability explained in the first five principal components in all the accessions. Red 

colored fruits had a strong correlation (0.809) with red arils followed by 0.769 and 

0.741% with round stalked end and medium seed hardness, respectively. Moreover, red 

arils had a high positive correlation (0.731) for sourness and a low negative correlation (-

0.145) with sweetness. The pomegranate germplasm of Abbottabad had a strong 

correlation with WPI, pink red aril, slight bitter and soft seeded wild pomegranate fruits, 

while a strong correlation of Rawalakot accessions was observed with sour arils and low 

in seed hardness. There was strong correlation for round fruits, white arils and arils with 

sweet in taste in pomegranates of Muzaffargarh and Rahim Yar Khan. Principal 

component and cluster analysis of qualitative data showed that Abbottabad and 

Rawalakot accessions were highly diverse and varied from each other and the accessions 



 

 

141 

from other regions, whereas, accessions of Muzaffargarh and Rahim Yar Khan had high 

similarity in qualitative fruit characteristics. 

Regarding quantitative morphological fruit characteristics, the highest coefficient of 

variance (29.07%) was recorded in fruit weight followed by 25.61, 24.73 and 20.45% in 

rind weight, rind thickness and seed weight, respectively, in wild accessions, whereas, in 

domestici accessions, highest coefficient of variance (41.99%) was recorded in fruit 

weight. Fruit weight had 0.79 correlation with rind weight and a high positive correlation 

was recorded between wood portion index and aril weight in combined PCA analysis of 

wild and domesticated pomegranate accessions. The highest quantitative diversity 

(90.95%) was obtained in combined PCA analysis followed by 86.64 and 83.76% in 

separate analysis of domesticated and wild pomegranate accessions, respectively. These 

were explained by the first six principal components. All domestic accessions were 

closely related in fruit, aril and seed weights, whereas, wild accessions had strong 

association for wood portion index. The combined PCA biplot showed that all 

domesticated accessions had close association for fruit, aril and seed weights with their 

respective dimensions, while wild accessions had strong correlation for WPI and seed 

shape index. There were two main classes with 13.09 and 86.91% of total variability 

within and between classes, respectively, in combined cluster analysis. Moreover, out of 

62 domesticated accessions, only 4 Chakwal and one each of Bahawalpur and D.G. Khan 

accessions grouped with wild accessions. There was variability of 33.75% within and 

66.25% between classes of wild pomegranate accessions. There was only 15.50% 

variation within and 84.50% of total variability between classes of domesticated 

accessions and most Muzaffargarh, Rahim Yar Khan and Mastung accessions grouped in 

the same class.  

Biochemical diversity of sugars and organic acids showed the highest CV (306.36%) in 

fumic acids followed by methyl malonic and malonic acids with a CV of 239.04% and 

205.97%, respectively. However, the least CV (23.95%) was detected in glucose followed 

by fructose (36.50%) and D-arabinose (39.80%). Most of the correlations within acids 

and sugars were positive with a strong correlation (0.62) of fructose with glucose, ptruvic 

acid (0.48), maltose (0.45) and lactic acid (0.40); however, there was a strong negative 

correlation (-0.70) between fructose and citric acid. The first seven principal components 

of organic acids and sugars covered 77.94% of total variability. The domesticated sour 

accessions had strong association for organic acids except citric and succinic acids, 
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whereas, sweet domesticated accessions had strong correlation for detected sugars. 

Moreover, combined PCA biplot showed that both wild and domesticated sour accessions 

had strong association for citric and succinic acids; however, negative correlation was 

recorded between organic acids (citric and succinic acids) and sugars (fructose, maltose 

and galactose). Cluster analysis of sugars and organic acids grouped wild and 

domesticated accessions into two main classes with 43.77% and 56.23% of total 

variability within and between classes. 

The highest coefficient of variance (82.91%) was recorded in maturity indices of 

combined analysis of both wild and domesticated accessions followed by 62.28 and 

32.64% in titratable acidity and protein contents, respectively. There was a strong 

correlation (0.952) of ascorbic acids with IC50, SOD (0.94), CAT (0.921) and TA (0.91) 

in combined analysis of data of wild and domesticated accessions. Moreover, these 

accessions had a strong association between total phenolic contents and Vit C (0.891), 

IC50 (0.889), SOD (0.867), CAT (0.849), sugars (0.822) and TA (0.813). In a separate 

analysis of wild accessions, a strong positive correlation (0.59) between protein contents 

and antioxidant activity (IC50) was recorded; however, a strong negative correlation (-

0.87) was recorded between TA and maturity indices (MI) and protein contents and 

proteases (-0.62) while in separate analysis of domesticated accessions, there was a 

correlation of 0.47 between TPCs and antioxidant activity. The first six principal 

components in combined PC analysis of wild and domesticated pomegranate accessions, 

explained 95.45% of total variability, whereas, in separate analysis of wild and 

domesticated accessions, the first six components explained 80.75% and 75.49% of total 

variability, respectively. The combined PCA biplot of wild and domesticated accessions, 

showed domesticated accessions had a strong association in sugar content, MI and 

proteases, whereas, wild accessions had a close association in TPCs, Vit. C, IC50, protein 

contents and titratable acidity while in separate analysis, domesticated accessions had a 

strong association in sugars, TSS, protein contents, SOD, Vit. C, TPCs and antioxidant 

activity (IC50). The cluster analysis of all 115 pomegranate accessions grouped wild and 

domesticated accessions separately with 12% of the total variability within domesticated 

accessions. However, the cluster analysis of 53 wild accessions, grouped them into two 

main classes with 19.4 and 80.53% of the total variability within and between classes, 

respectively and 62 domesticated accessions grouped into two main classes with 36.16% 

and 63.84% of total variability within and between classes. 
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Molecular studies indicated that most of the SSR primers (29) selected in this study were 

efficient and shared high polymorphism with PIC values ranging from 0.188 to 0.5598 

and a maximum allele frequency of 0.8579 in all selected wild and domesticated 

pomegranate accessions. The highest genetic similarity coefficient was (30.7 to 84.76%), 

(21.76 to 76.78%) and (21.76 to 79.88%) in wild, domesticated and both wild and 

domesticated pomegranate accessions, respectively as separately done in PAST analysis 

of molecular data. In separate analysis of wild and domesticated accessions, the 

accessions of Abbottabad, Rawalakot and Murree (MT3, AM10, RG21, RM20, RC19 and 

RD18) and domesticated accessions of Mastung, Tarnab, Khushab and Multan (MK3, TG, 

KK3 and MSA3) were highly diverse and varied from the rest of the accessions. However 

in combined analysis of wild and domesticated accessions, the accessions of Rawalakot 

and Abbottabad (RG21, RH17, RM20, AK9, AG13, AB20 and RK11) were highly 

diverse and varied from rest of the accessions as predicted by PCA analyses based on the 

first two components. In cluster analysis, domesticated accessions grouped togather on 

the basis of genetic similarity irrespective of growing regions while wild accessions 

shows common alleles were placed in the same class predominantly based on growing 

regions. 

In final conclusion of this research, wild pomegranate accessions were found more 

diverse as compared to domesticated accessions in various morphological traits whereas, 

domesticated accessions were more diverse compared to wild pomegranates in various 

biochemical traits in pomegranate fruits. The SSR primers were shared potential as useful 

markers for molecular diversity estimation in Pakistani germplasm of pomegranates. 

Molecular diversity was high in wild pomegranates compared to domesticated 

pomegranate accessions. The morpho-pomological and molecular diversity information 

successfully be used in pomegranate breeding for variety improvement and developing 

new diverse pomegranate lines to broden the production and harvest window of 

pomegranates. The pomegranate germplasm of 115 accessions is successfully 

characterized and remain need to be explored; moreover, diverse germplasm need 

conservation. This study has opened the new horizons for research on biological, 

physiological, pathological, agronomic and postharvest physiology of pomegranate 

germplasm at the University of Agriculture Faisalabad. 
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APPENDICES 

Appendix # 1 

 Molecular similarity matrix chart of 53 wild pomegranate accessions 
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Molecular similarity matrix chart of 42 domesticated pomegranate accessions 
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Molecular similarity matrix of 95 wild and domesticated pomegranate accessions of Pakistan  

 

Note: Upper diagonal shows similarity while lower present genetic difference 
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