
DATE PALM DIVERSITY IN PAKISTAN AND ITS RELATIONSHIP 
WITH WORLD DATES GERMPLASM FOR EXPLORING THE 

CENTER OF ORIGIN OF PHOENIX DACTYLIFERA (L.) 

 

By 

 

Summar Abbas Naqvi 
2002-ag-1813 

M.Sc. (Hons.) Horticulture 

 

 

A thesis submitted in partial fulfillment of the 

requirements for the degree of 
 

DOCTOR OF PHILOSOPHY 

IN 

Horticulture 

 
 

 

 

 

 

INSTITUTE OF HORTICULTURAL SCIENCES, 

FACULTY OF AGRICULTURE, 

UNIVERSITY OF AGRICULTURE, FAISALABAD, 

PAKISTAN 
2015 



 
 

 i 

Declaration 

I hereby declare that the contents of the thesis “Date palm diversity in Pakistan and 

its relationship with world dates germplasm for exploring the center of origin of 

Phoenix dactylifera (L.).” are the product of my own research and no part has been 

copied from any published sources (except the references, standard mathematical or 

genetic models / equations / formula / protocol). I further declare that this work has 

not been submitted for the award of any other diploma / degree. The university may 

take action if the information provided is found inaccurate at any stage. In case of any 

default, the scholar will be proceeded against as per HEC plagiarism policy. 

 

 

Summar Abbas Naqvi 

2002-ag-1813 



 
 

 ii 

To 

The Controller of Examinations, 

University of Agriculture, 

Faisalabad. 
 

We, the Supervisory Committee, certify that the contents and form of thesis submitted 

by Mr. Syed Summar Abbas, 2002-ag-1813 has been found satisfactory and recommend 

that it be processed for evaluation by the External Examiner (s) for the award of Ph.D degree. 

 

SUPERVISORY COMMITTEE: 

 

1. CHAIRMAN   :    ------------------------------------------------ 

                                                    (Dr. Iqrar Ahmad Khan) 

 

 

 

 

   

2.  Sp. MEMBER            :           ------------------------------------------------- 

                                                                            (Dr. Jean-Christophe Pintaud)  

 

 

 

 

 

3. MEMBER               :         ------------------------------------------------- 

                                                                                           (Dr. Muhammad Jafar Jaskani) 

 
 
 
 

4. MEMBER    :         ------------------------------------------------- 

                                                                                      (Dr. Asif Ali) 



 
 

 iii 

 
 
 
 
 

 

 

 

 

 
To my Parents (Safdar A. Naqvi and Safia S. Naqvi), Brothers (Qummar A. Naqvi and Taseer 

A. Naqvi “Muhammad”), Sisters (Nayab Z. Naqvi, Seemab Z. Naqvi, Lubaba Naqvi and 

Ayman Naqvi), Wife (Farva S. Rizvi), my daughter (Bisha Z. Naqvi), Teachers 

 

And 

 

To the first ever date palm tree which had come to existence after the creation of first human 

beings - Adam (AS) 

 



 
 

 iv 

ACKNOWLEDGMENTS  

 

I feel a matter of great honor and pleasure to express deep sense of devotion and 

sincerest feeling of gratitude to my mentor Dr. Iqrar Ahmad Khan (S.I), Professor, 

Institute of Horticultural Sciences, University of Agriculture, Faisalabad for his wonderful 

research idea on most promising but ignored economic fruit crop of Pakistan, his kind 

supervision, keen interest, valuable suggestions and sympathetic attitude throughout my 

research. Dr. Jean-Christophe Pintaud’s (Head of Palm Programme, IRD-Montpellier, 

France), co-supervision enable me to complete my PhD project. It was his laboratory; where 

I found the best chances to develop my professional career and research skills.  

My deepest gratefulness is due to Dr. Muhammad Jafar Jaskani (Professor, 

Institute of Horticultural Sciences, University of Agriculture, Faisalabad) and Dr. Asif Ali 

(Professor, Department of Plant Breeding and Genetics, University of Agriculture, 

Faisalabad), member of my supervisory committee, who enriched me with encouragement, 

confidence and optimism. Dr. Muhammad Mumtaz Khan and Dr. Mansoor Hameed 

(Associate Prof. Department of Botany) has never been forgettable for his moral and 

academic support. 

I gratefully acknowledge the nice and cooperative behavior of all the respected 

officials/colleagues and farmers during surveying of date palm belt of Pakistan especially 

Mairaj Muhammad Khan (EDO Gawadar-Balochistan), Muhammad Jamil (ARO, Date Palm 

Research Station, Turbat-Balochistan), Dr. Ghulam Sarwar Markhand (Director, Date Palm 

Research Institute, SALU, Khairpur-Sindh), Kamra Mahmood (ARO, AARI), Dr. Sajid Ali 

(Assistant Prof. IBGE, Peshawar Agriculture University, KPK), Dr. M. Saleem Jilani (Prof. 

of Horticulture, Gomal University, DIK-KPK), Allah Ditta Abid (DDO Agriculture, Shuja 

Abad-Punjab), Syed Asad Hamdani (Assistant Prof., PBG, Rawlakot-AJK), Dr. Zulfiqar Ali 

(Assis. Prof. PBG, UAF), Muhammad Hakim (Farm Manager, Khudai Farm, Muzafargarh-

Punjab)  

I am also very much grateful to all my juniors, friends and colleagues Salman Haider, 

Mureil Gros-Belthazard, Sarah Ivorra etc for providing technical support during the PhD 

research work in Pakistan and France respectively. 

 I would like to express deepest acknowledgements to Higher Education Commission 

(HEC), Islamabad-Pakistan and French Embassy, Islamabad-Pakistan and International 

Center for Development and Decent Work (ICDD) for facilitating me for this research work.  

       

 

 

 

 

Summar A. Naqvi 

 

 

 

 



 
 

 v 

CONTENTS 
 

Sr.# Title Page#  

 DECLARATION i 

 SIGNATURE OF SUPERVISORY COMMITTEE ii 

 DEDICATION iii  

 ACKNOWLEDGEMENT iv 

 CONTENTS v 

 LIST OF TABLES ix 

 LIST OF FIGURES xi 

 LIST OF APPENDIX xv 

 ABSTRACT xvi 

CHAPTER 1 INTRODUCTION 1 

CHAPTER 2 REVIEW OF LITERATURE 6 

2.1 History, origin and domestication 6 

2.1.1 Dating 8 

2.2 Date palm distribution 11 

2.2.1 Date palm in Pakistan 12 

2.3 Biology of date palm 19 

2.4 Biodiversity 20 

2.4.1 Tools for assessing biodiversity 22 

2.4.1.1 Phenotypic/morphological/morphometric markers 22 

2.4.1.2 Biochemical markers 23 

2.4.1.3 DNA based markers 24 

2.5 Date palm biodiversity 24 

2.5.1 Phenotypic (Morphological/Morphometric) and Biochemical 

(Isozymes) diversity in date palm 

25 

2.5.2 Molecular marker based characterization (DNA         

fingerprinting) in date palm 

28 

2.5.2.1 Assesment of genetic diversity as inferred by AFLP’s 31 

2.5.2.2 Assesment of genetic diversity as inferred by RFLP’s 31 



 
 

 vi 

2.5.2.3 Assesment of genetic diversity as inferred by RAPD’s 31 

2.5.2.4 Assesment of genetic diversity as inferred by RAMPO’s 32 

2.5.2.5 Assesment of genetic diversity as inferred by ISSR’s 32 

2.5.2.6 Assesment of genetic diversity as inferred by SSR’s 33 

2.6 Population structure 34 

2.7 Conclusion 35 

CHAPTER 3 MATERIALS AND METHODS 36 

3.1 Experimenal Material 36 

3.1.1 Study areas and sampling sites in Pakistan 36 

3.1.2 Date palm accessions from date palm growing world 37 

3.2 Experimental Methodology 37 

3.2.1 Morphological characterization 37 

3.2.1.1 Quantitative and qualitative morphological/morphometric 

data collection 

37 

3.2.1.1.1 Quantitative morphometric characters 37 

3.2.1.1.2 Qualitative morphological characters 39 

3.2.2 GPS data collection 40 

3.2.3 Molecular characterization with macrosatellite (SSR) markers 40 

3.2.3.1 Leaf collection 40 

3.2.3.2 Genomic DNA extraction 40 

3.2.3.2.1 Protocol: DNeasy plant minikit (QIAGEN Sciences, 

Maryland – USA) 

40 

3.2.3.2.2 DNA quantification 41 

3.2.3.2.3 Microsatellite amplification 41 

3.2.3.2.4 Molecular genotyping 41 

3.3 Statistical analysis 66 

3.3.1 Morphometric data analysis 66 

3.3.2 Genetic data analysis 66 

3.3.2.1 Summary statistics 66 

3.3.2.2 Analysis of genetic clonality and recombination 66 

3.3.2.3 Population structure analysis 67 



 
 

 vii 

3.3.2.4 Cultivar identification key 67 

3.3.3 PCA for combined (molecular and morphological) data 68 

CHAPTER 4 RESULTS 69 

4.1 Morphological characters 69 

4.1.1 Descriptive statistical summary 69 

4.1.2 Correlation matrix 72 

4.1.3 Principal component analysis (PCA) 74 

4.1.4 Two dimensional (2D)plot similarities 77 

4.1.5 Cluster analysis (CA) using agglomerative hierarchial 

clusters (AHC) 

82 

4.2 Comparison of molecular and morphological data 91 

4.3 Genetic characterization 94 

4.3.1 Genetic diversity assess ment of Pakistani date palm 

germplasm using simple sequence repeats (SSR) 

94 

4.3.2 Genetic relationship between accessions 95 

4.3.3 Cultivar identification key   96 

4.3.4 Population structure of Pakistani date palm accessions 101 

4.3.4.1 Multilocus genotyping test for clonality and geographical 

pattern of genetic variability 

101 

4.3.4.2 Population subdivision  101 

4.3.5 Genetic diversity and population structure of world date palm 

(Phoenix dactylifera L.) germplasm using SSR 

109 

4.3.5.1 Microsatellite diversity/SSR polymorphism 109 

4.3.5.2 Genetic relationship among accessions 109 

4.3.5.3 Multilocus genotyping test  for clonality and geographical 

pattern of genetic variability 

110 

4.3.5.4 Patterns of population subdivision 110 

CHAPTER 5 DISCUSSION 119 

5.1 Morphological characterization and correlation 120 

5.2 Comparative analysis of molecular and morphological data 122 

5.3 High genetic diversity and genetic structure 123 

5.3.1 Cultivars identification key 125 

5.3.2 Geographical pattern of population structure 126 



 
 

 viii 

5.4 Eastern and Western are two separate genepools 127 

CHAPTER 6 SUMMARY 130 

 LITERATURE CITED 134 

 APPENDIX 151 



 
 

 ix 

LIST OF TABLES 
  

Table  

No. 
Title 

Page 

No. 

2.1 Archaeological seed remains of Phoenix dactylifera (Tengberg, 2003) 10 

2.2 Achievements made in date palm through morphological and 

morphometric markers based approaches 

27 

2.3 Achievement made in date palm through molecular markers based 

approaches 

29 

3.1 Quantitative and Qualitative characters of date palm seeds 39 

3.2 List of microsatellite (SSR) primers with annealing temperature and 

allele size used in date palm germplasm diversity analysis 

42 

3.3 A list of 139 date palm along with their corresponding origin and 

accession IDs, obtained from 16 districts of 04 provinces (Punjab, 

Sindh, Khyber Pakhtunkhwa and Balochistan) and Azad Jammu and 

Kashmir, Pakistan along with their GPS data. The column shows 

accessions selected for morphological and molecular genetic diversity 

analysis  

45 

3.4 A list of 342 date palm accessions along with their corresponding 

origin and accessions IDs, obtained from different sources 

54 

4.1 (A, B 

and C) 

List of quantitative and qualitative characters (separated and 

combined), denotation and their descriptive statistics of 82 Pakistani 

date palm accessions representing 10 locations 

71 

4.2 Correlation coefficient among QT traits of 82 Pakistani date palm 

accessions representing 10 locations 

72 

4.3 Correlation coefficient among QL traits of 82 Pakistani date palm 

accessions representing 10 locations 

73 

4.4 Correlation coefficient among combined (QT and QL) traits of 82 

Pakistani date palm accessions representing 10 locations 

73 

4.5 Eigenvalues, variation proportion and eigenvectors linkage with first 

3 axes of the PCA in 82 date palm accessions representing 10 

76 



 
 

 x 

Table  

No. 
Title 

Page 

No. 

locations 

4.6 Grouping of 82 Pakistani date palm accessions in the dendrogram 

according to their classes 

85 

4.7 Summary of genetic estimates for 18 simple sequence repeats (SSR) 

loci tested using 139 Pakistani date palm accessions 

97 

4.8 Genetic diversity index for the 12 group and MLGs detected with 

maximum frequent MLG 

105 

4.9 Estimates of Fst (upper diagonal) and its significance (lower 

diagonal) based on 18 microsatellite loci for 139 date palm accessions 

representing the 12 districts of Pakistan 

106 

4.10 Summary of genetic estimates for 18 simple sequence repeats (SSR) 

loci tested on 342 date palm accessions from 10 different countries of 

Middle East, Africa and Europe 

112 

4.11 Genetic diversity index for the 10 group and MLGs detected with 

maximum frequent MLG 

114 

4.12 Estimates of Fst (upper diagonal) and its significance (lower 

diagonal) based on 18 microsatellite loci for 342 date palm accessions 

representing the 10 different date palm growing countries 

115 

4.13 Analysis of molecular variance (AMOVA) for the clusters of date 

palm accessions based on 18 SSR markers 

119 

 

 

 

 

 

 

 

 



 
 

 xi 

LIST OF FIGURES 
 

Fig. 

No. 
Title 

Page 

No. 

1.1 Schematic diagram indicating the domestication as a result of 

interaction among plants or animals with humans and environmental 

factors. All three factors are necessary for domestication of plant or 

animal 

1 

2.1 Adam and Eve with a date palm tree between them (From Soussa, 1969. 

Irrigation and Civilization in Oued Rafi Din. First Part. Adib (ed.) 

Baghdad, Iraq.) 

6 

2.2 Sacred date palm in Sumerian and Babylonian era (From Soussa, 1969. 

Irrigation and Civilization in Oued Rafi Din. First Part. Adib (ed.) 

Baghdad, Iraq.) 

7 

2.3 Old Vespasian coin Judea capta  8 

2.4 Antonius Felix that presided at St. Paul’s trial in 52-60 AD, also issued 

a coin showing date palm leaf flanked by a Greek inscription  

8 

2.5 Aerial view of (A) date palm agro-biodiversity in oasis with its 

traditional irrigation pattern in Turbat (BandC) ecology in Washuk (D) 

indicates the escapes trees with traditional irrigation system in Washuk 

(E) modern date palm orchard establishment in Turbat, Balochistan 

(Source: Google Earth) 

15 

2.6 Aerial view of (AandB) well established date palm orchard system in 

Khairpur, Sindh, (C) desert like ecosystem found very near to Khairpur 

like Ubhan Shah. Pictorial presentation of (DandE) agro-ecology of 

Layyah and Muzafargarh respectively (F) about 100 years oled date 

palm orchard in feral form, Muzafargarh-Punjab (Pictures A, B and C 

Source: Google Earth; Pictures D, E and F Courtesy: Summar A. Naqvi) 

16 

2.7 Aerial view of date palm cultivation in Panyala village, Dera Ismail 

Khan; Pictorial presentation of ecology of Panyala village, Dera Ismail 

Khan (Courtesy: Summar A. Naqvi) 

17 



 
 

 xii 

Fig. 

No. 
Title 

Page 

No. 

3.1 Scale fitted digital camera with a light system for taking good seeds 

pictures for morphometric analysis 

38 

3.2 Dorsal and lateral view of seeds along with black and white picture of 

seed, work of Adobe Photoshop CS5.1 and scale is indicating 

measurement of seeds in ImageJ software 

38 

3.3 Description of the study area and sampling sites in Pakistan based on 

elevation, latitude and longitude 

44 

3.4 Description of the study area and sampling sites in the world 53 

4.1 The scree plot showing eigenvalue for each component for quantitative 

(A), qualitative (B) and combined (C) characters of 82 Pakistani date 

palm accessions representing 10 locations 

75 

4.2 Two dimensional (2D) PCA plot of QT and QL traits separately and 

combined based on the component 1 and 2 of 82 Pakistani date palm 

accessions 

79 

4.3A,B,

C,D and 

E 

Two dimensional (2D) PCA plot of 82 Pakistani date palm accessions 

based on the component 1, 2 and 3 

80 

4.4 Agglomerative hierarchical clustering (AHC) dendrogram of 82 

Pakistani date palm accessions on quantitative characters bases 

86 

4.5 Agglomerative hierarchical clustering (AHC) dendrogram of 82 

Pakistani date palm accessions on qualitative characters bases 

87 

4.6 Agglomerative hierarchical clustering (AHC) dendrogram of 82 

Pakistani date palm accessions on combined (quantitative and 

qualitative) bases 

88 

4.7 Pictorial presentation of the seed morphological variation in Pakistani 

date palm accessions 

89 

4.8 Effective  loci  discriminating  predefined  four  populations  of  56 

Pakistani date palm accessions collected from four distant locations into  

two major cluster ‘J’ and ‘K’ with three sub-clusters of each and few 

escape  revealed  by  principal component analysis. ‘A, B, C and D 

92 



 
 

 xiii 

Fig. 

No. 
Title 

Page 

No. 

represent Jhang, Khairpur, Sukhar and Kech respectively. 

4.9 Effective loci discriminating predefined three morphotypes of 56 

Pakistani date palm accessions into major clusters ‘A’ and ‘B’ with 

escape revealed by principal component analysis. 

92 

4.10 Structure: A) Estimated alogrithim of data LnP(D) against the number 

of population tested (K). B) Each bar presents each accession, which is 

partitioned into K colored segments representing the accession’s 

membership fraction in K clusters. 

93 

4.11 Neighbor joining dendrogram of 139 Pakistani date palm accessions 

constructed based on Das genetic distance. Bootrap values have been 

computed over 1000 replications (not shown) 

98 

4.12 Cultivar identification key illustrated 139 Pakistani date palm 

accessions, based on six microsatellite locus 

99 

4.13 Expected (He) and observed (Ho) heterozygosity over 18 SSR markers 

for date palm population from 12 geographical locations of Pakistan 

102 

4.14 Box-plot of number of Pakistani date palm accessions detected as a 

function of the number of loci re-sampled 1000 times within the 18 

microsatellite markers (0-18) using GENECLONE software. The box 

represents the average, minimum and maximum numbers of MLGs 

detected when re-sampled on loci 

103 

4.15 3D-Factorial Correpondance Analysis (FCA) based on the SSR data of 

139 Pakistani date palm accessions 

106 

4.16 Graphical plot based on delta k calculated from Evanno et al., (2005) to 

estimate the actual number of clusters for 139 Pakistani date palm 

accessions used in this study. Structure (Pitchard et al., 2000) software 

results showing the assignment of 139 date palm accessions from 12 

locations from assumed population two (K2) to seven (K7). Each solid 

bar represents one accession and color represents different genotype 

groups. The bars with more than one color mean that the genome of that 

accession is admixture 

107 



 
 

 xiv 

Fig. 

No. 
Title 

Page 

No. 

4.17 Box-plot of number of date palm accessions of 10 different date palm 

growing countries detected as a function of the number of loci re-

sampled 1000 times within the 18 microsatellite markers (0-18) using 

GENECLONE software. The box represents the average, minimum and 

maximum numbers of MLGs detected when re-sampled on loci 

112 

4.18 3D-Factorial Correpondance Analysis (FCA) based on the SSR data of 

342 date palm accessions of 10 different date palm growing countries 

115 

4.19 Discriminant analysis of principal components (DAPC) analysis of 

worldwide date palm accessions sampled from different geographical 

regions. Scatter-plot of the worldwide distribution of date palm 

accessions into four genetic groups (A). The Bayesian information 

criteria (BIC) supported four distinct genetic groups (B). The Eigen 

values of the analysis suggest that the first two components explained 

the maximum genetic structure of the dataset (C).    

116 

4.20 Cluster analysis results showing the assignment of 342 date palm 

accessions from 10 different date palm growing countries from assumed 

population three (K3) to five (K5). Each solid bar represents one 

accession and color represents different genotype groups. The bars with 

more than one color mean that the genome of that accession is 

admixture 

117 

 

 

 

 

 

 

 

 

 

 



 
 

 xv 

LIST OF APPENDIX 
 

Fig. 

No. 
Title 

Page 

No. 

1 List of SSR locus used in date palm characterization 150 

2 Sampling unit designation according to MLG 156 

3 Neighbor joining dendrogram of 342 world date palm accessions 

constructed based on Das genetic distance. Bootstrap values have been 

computed over 10000 replications (not shown). 

159 

4 Pictorial presentation of different cultivars 160 

 



 
 

 xvi 

ABSTRACT 

 

Date Palm, (Phoenix dactylifera L.) often called ‘nakhl’, ‘khajor’, or ‘khaji’ belonging to the 

family Arcaceae (Dransfield et al., 2008) is an evergreen tree. It is the hardiest among 

tropical fruit trees and exceeds most other fruit crops in productivity and adaptability. The 

characterization of date palm at the genetic level supplemented with phenotypic character is 

of great concern as an important step towards efficient conservation, maintenance and 

utilization of the existing genetic diversity. The present research work was carried out to 

investigate the phenotypic variability and genetic diversity of the date palm germplasm 

present in the 16 districts of Pakistan. A planned survey of date palm growing regions of 

Pakistan in 4 provinces (Punjab, Sindh, Khyber Pakhtunkhwa and Balochistan) and Azad 

Jammu and Kashmir was conducted for collecting leaf and fruit samples of date palm. Young 

and healthy leaves were used to extract DNA whereas seeds were extracted from fruit for 

recording qualitative and quantitative morphometric diversity. In total, 2460 seeds of 82 

accessions were included in morphometric study. About 139 date palm accessions were 

evaluated for genetic variability and population structure. The recorded data were analyzed 

using a set of different statistical tools for making significant interpretation. 

A total of 19 traits (5 quantitative and 14 qualitative) enabled an assessment of phenotypic 

diversity and structure. The measured traits: dorsal area, lateral area, embryo to apex length, 

embryo to base length and their percentage, seed base, micropyle position, seed wings and 

frequency of wings were more variable. PCA grouped all the accessions according to their 

phenotypic relations and morphometric characteristics. Cluster analysis distributed all the 82 

Pakistani date palm accessions into their three original groups. The results reflect huge seed 

morphometric variation and presented seeds as a powerful tool for phenotyping. 

Furthermore, our study also exhibited strong resemblance and possible relationship between 

some groups of accessions.  

All 18 SSR primer pairs successfully analyzed molecular genetic variation and produced 

multiple fragments in the Pakistani collection as well as in date palm germplasm representing 

10 different date palm growing regions of the eastern and western world. These set of 

markers proved themselves as highly polymorphic for genetic diversity estimation and 

population structure within and among all the geographically spaced population of 



 
 

 xvii 

worldwide accessions. The findings of implemented markers revealed 2-23 alleles per locus 

with high level of expected heterozygosity in the accessions collected from Pakistan. The 

most informative SSR marker in this study was mPdCIT078.  

In addition, cultivar identification key were established. It allowed resolving the difference 

and constructs the relationships of the same name or vice versa.        

Our results also suggested the existence of population subdivision at the regional level. 

Population from semi arid – monsoonal or canal irrigated (seasonal or perennial) belt of 

Punjab (Bhakkar, Muzafargarh and Rahim Yar Khan) and dry arid ecological zones of 

Balochistan (Kech, Gwadar) are stable in their structure whereas DAPC distributed 342 

accessions of 10 date palm growing countries into two major geographical groups (eastern 

and western). It is concluded that Pakistani germplasm has huge diversity and genetic pool 

were close to the eastern world especially Iraq and Oman.  
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Chapter 1  

 

INTRODUCTION 

 

Ancient nomads or prehistoric people had discovered to transform the wild plant species into 

agronomic and horticultural crops. That selection process provide now humanity a wide 

range of ecosystem services (Tang et al., 2010). Plant domestication dates back to about 

13,000 years (Diamond, 2002), and is an outcome of a process that led to the wide range of 

adaptation of plants to cultivation and utilization by means of human preferences (Gepts, 

2004).  

Plant or Animal  

  

 

 

 

 

 

 

 

Human         Environment 

 

 

 

 

 

Figure 1.1: Schematic diagram indicating the domestication as a result of interaction among 

plants or animals with humans and environmental factors. All three factors are necessary for 

domestication of plant or animal (adopted from Gepts, 2004).   
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During the process of domestication, cultivated plants underwent substantial changes. 

Unconsciously, man selected among edible plants for better taste, color, flavor and yield. 

This directed form of evolution induced recognizable differences between domestic crops 

and their wild ancestors. This evolution is at the cost of wild plants being selected, collected 

by humans (Diamond, 2002). Darwin in his book: “The Origin of Species by Means of 

Natural Selection” explained evolution which was elaborated by Rindos (1984).  Mendel’s 

laws of inheritance suggested the genetic basis for variation upon which natural selection 

acted. Darwin had several observations on domestication and natural selection: first is that 

morphological modifications selected during domestication had been of such magnitude that 

many crop plants usually cannot survive in the field without human assistance; second, 

selection by breeders could lead to a wide array of variations in domesticated plants and 

animals when compared with their wild progenitors; third, selection under human activity 

happened unconsciously or unintentionally, that is, without human action. 

Darwin raised question about the origin of crop plants. He was interested in the number of 

location of domestication but stated that it would actually be difficult to identify the centers 

of origin of crops. After that, A. de Candolle worked on the types of data necessary to trace 

the origin of crops (Gepts, 2004). Vavilov identified China, India, Indo-Malaya, and Central 

Asia, Near East, Mediterranean, Abyssinian, South Mexico and Central America, South 

America and Australia as centers of domestication of crops. Harlan (1967) further 

contributed in the same line on the basis of linkages between archaeology and plant science. 

Southwest Asia, The Fertile Crescent: Nile Valley, Near East, Turkey, Central Asia, 

southward through the Tigris and Euphrates valleys are believed to be the oldest and richest 

agricultural region on globe. For centuries, there was exchange of domesticated plants 

between Fertile Crescent and Indo-China in the East and Europe in the West (Khan 1994). It 

is the reason that plant species/varieties originating in a particular part of the world have not 

remained confined to that zone but have been introduced to more suitable habitat.       

There are about 250,000 documented angiosperm species. Of those, less than 500 have been 

attempted at domestication (Harlan, 1992). Of the crop plants that were associated with 

Vivilov’s centers of domestication, over 500 species belong to the old world, and 

approximately 100 to the new world. In the old world, southern Asia is the source of over 

400 crop plants. Some plants might be originated from other centers e.g. members of 
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Arecaceae family (date palm), of unknown center (Khan, 1994). Human interruption in plant 

domestication and its adaptation in new habitat resulted in uncertainty about the center of 

origin of many cultivated crops. Phoenix dactylifera L. (Date palm) is the most controversial 

plant species in a sense of its exact center of origin and domestication. However it is an 

economically most appreciated species that can be found growing in variety of soil and 

climatic conditions, preferring arid, semi-arid regions but close to the water sources, oases or 

underground water (Dransfield et al., 2008).  

Date palm origin, domestication and genetic diversity have been one of the most focusing 

lines for the date palm scientists. First, it is because of its very old history and distribution 

throughout Indus valley to the Atlantic Ocean. Secondly, it is highly heterozygous and cross 

pollinated tree in nature. Date palm needs artificial pollination to set fruit. The fruit quality 

varies in the same female cultivar depending on the male cultivar used for pollination 

(metaxenia; Swingle, 1928; Mayam et al., 2015). Third, numerous lineages of date palm 

cultivars have been created. Fourth numerous lineages have been preserved keeping in mind 

the infinite reproduction of a desired morphotype. These all led towards huge date palm 

diversity in the long belt between the Indus Valley and the North Africa. 

There are two main date palm growing regions, Middle East and Africa. Pakistan is 

considered to be the third major part of the date palm growing world. Pakistan is 

characterized by a wide range of agro-climatic conditions. Complex bio-geographic setting of 

Pakistan makes it an area of great interest for the plant scientist to measure the genetic 

diversity and to explore the relationship of date palm with the regional ecology. Pakistan is 

still a relatively under explored region of South Asia for plant germplasm distribution. Three 

Phoenix species are possibly native to Pakistan. The cultivated P. dactylifera is widely 

distributed in the south and southwest part of the country parallel with P. sylvestris. Phoenix 

dactylifera cross the western borders and enter into Iran and Gulf of Oman but its status in 

the wild still needs to be assessed. Same is true for Phoenix sylvestris, which has been 

reported as native of Indus basin, awaiting confirmation. Finally, the only unquestionable 

native Phoenix species in Pakistan is P. Loureiroi. There is still very limited knowledge 

about its distribution and characterization in Pakistan. Being an eastern end of date palm 

expansion, Pakistan is an important date palm producing country with 5000-7000 years old 

history since Mehrgarh/Indus civilization with trading interaction with regional ancient 
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civilizations. People transported plants from one habitat to another productive habitat and 

began intentional cultivation. Scientific evidence about ancient date palm; its archaeological 

remains, origin of sister species – Phoenix sylvestris and Phoenix loureiroi, trade system 

among ancient civilizations of the region, consecutive dates growing provinces Balochistan 

(Pakistan), Balochistan-Sistan (Iran) and Oman, actual distribution status in the country, 

strong interaction with the middle eastern countries (UAE, Saudi Arabia, Oman, Iran, Iraq 

etc.) in terms of trade and human resources consumption, intentionally or unintentionally 

exchange of dates during pilgrimage (Hajj) times annually, make Pakistan an area of interest 

for researchers. Since dates have been available, Alexander’s invasion into Indo-Pak 

Subcontinent through Makran coast during 462 BC, or Muhammad Bin Qasim invasion into 

Sindh and movement throughout Indus Basin during 712 AD might be cause of dates spread 

in Pakistan. These local concepts have confused the date palm status in Pakistan.   

With the given background, I hypothesized: 

 

 “1. Pakistani gene pool is a part of Middle East gene pool; 2. Eastern date palm genetic 

pool is separarte to Western gene pool”.  

 

Traditionally date palm germplasm has been characterized through morphological data 

(Jaradat and Zaid, 2004; Elshibli and Korpelainen, 2008; Sakr et al., 2010). These may be 

changed with the cultivation and growth environment that may not be reliable to discriminate 

between closely related genotypes (Zehdi et al., 2004
a,b 

; Elshibli and Korpelainen, 2008; 

Ahmad and Al-Qaradawi, 2009). Morphometrics are introduced to study the shape variation 

within and among groups. It is being used to understand the agro biodiversity and 

domestication of plants (Adams et al., 2004; Terral et al., 2004 and 2010; Terral et al., 2011). 

In order to characterize date palm landraces in systematic way, specific morphological and 

molecular markers have been developed such as Restriction Fragment Length Polymorphism 

(RFLP) (Trifi et al., 2000), Amplified Fragment Length Polymorphism (AFLP) (El-Khishin 

et al., 2003; El-Assar et al., 2003; El-Assar et al., 2005; Khierallah et al., 2011; Soumaya et 

al., 2011), microsatellite (SSR) (Billotte et al., 2004; Zehdi et al., 2004
b
; Al-Ruqaishi et al., 

2008; Elshibli and Korpelainen, 2008; Ahmed and Al-Qaradawi, 2009; Akkak et al., 2009; 

Elshibli and Korpelainen, 2009
a,b

; Arabnezhad et al., 2012) and Random Amplified 
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Polymorphism DNA (RAPD) (Al-Qurainy et al., 2002; Askari et al., 2003; Al-Khalifah and 

Askari, 2003; Soliman et al., 2003; Abdullah and Gamal, 2010). Sequencing studies are 

another tool to understand the variability or cultivar identification (Yang et al., 2010; Al-

Qurainy et al., 2011). 

Dominant PCR, based marker such as RAPD were applied to evaluate the date palm 

genotypic diversity (Abdullah and Gamal, 2010). AFLP is a very useful technique of 

genome-wide coverage, to facilitate revealing of a high number of polymorphisms. The SSR 

markers are co-dominant, which have established their advantages and suitability in a large 

range of applications in genetics. It was developed in order to improve the availability of the 

most excellent performing molecular tools for genetic studies and additionally marker 

assisted breeding in horticulture and agronomic crops. The characterization of a genotype at 

the genetic level supplemented with phenotypic character will be an important step towards 

efficient conservation, maintenance and utilization of the existing genetic diversity.   

 

Keeping in view the basic question of genetic identity of date palm germplasm, the present 

research work was carried out to investigate its origin and diversity.  

The main objectives of the study are: 

o Explore the phenotypic variability of date palm by means of seed morphometric 

analysis; 

o Assess genetic diversity in date palm by means of SSR markers; and 

o Assess gene flow of indigenous date palm germplasm and relationship with regional 

germplasm. 
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Chapter 2  

 

REVIEW OF LITERATURE  

 

The research work conducted in different parts of the world on various aspects of the origin 

and domestication, morphometry and genetic variation of date palm are reviewed here: 

2.1. History, Origin and Domestication 

Since pre-historic times, symbol of date palm tree was believed to be an expression of life, 

love and prosperity; its archeological and religious references are plenty. In support of the 

historical references the most popular belief attached was the date fruit given by Eve to 

Adam for eating, when was tempted by serpent in Eden (Soussa, 1969; Qasim and Naqvi, 

2012) as shown in the Fig. 2.1.   

 

 

Figure 2.1: Adam and Eve with a date palm tree between them (From Soussa, 1969. 

Irrigation and Civilization in Oued Rafi din. First Part. Adib (ed.). Baghdad, Iraq.) 

 

According to Sumerologist Benno Landsberger, the Sumerian expressions for date fruit 

(zulum) and date palm tree (gishimmar), adopted from non Sumerian words, are linked with 

a pre Sumerian aboriginal population. It is assumed that the date was cultivated before the 

Sumerians and maybe it was home-grown plant in that region. There is an evidence that the 

date palm trunks were used for the structure of the temple of the moon God in Ur in Southern 
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Iraq  between 4000 and 5000 years ago (Popenoe, 1913). Date palm was sacred tree amongst 

Sumerians, Akadians and Babylonians (Zaid and de Wet, 2002
a, b

). 

 

Figure 2.2: Sacred date palm in Sumerian and Babylonian era (From Soussa, 1969. Irrigation 

and Civilization in Oued Rafi din. First Part. Adib (ed.). Baghdad, Iraq.) 

 

Date palm cultivation in Egypt is divided into Pre-dynastic (3500 BC), Dynastic (2950 BC, 

2600 BC and 2400 BC), Graeco-Roman (350 AD) and Roman (500 AD) periods. A  mummy 

covered with date palm leaves was found during the excavation at Ruzikate (Sharkia 

province) at least 3500 BC (Pre-dynastic period)  (Bircher, 1990), and fleshy part of the date 

palm fruit of Pre-dynastic period (3450 BC) was identified from a beer cocktail, excavated at 

Hierakonpolis site in upper Egypt (Amer, 1994). Some ancient coins of Tyre and Sidon bear 

the image of date palm. After the banishment of Herod Archelaus, Judaea was ruled by a 

series of Procurators appointed by Rome. In 70 AD, a Roman emperor Vespasian issued a 

coin showing a weeping woman beneath a date palm tree (Zaid and de Wet, 2002
b
) as shown 

in Fig. 2.3 and 2.4. 
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Figure 2.3: Old Vespasian coin Judaea capta (retrieved on 13-08-2014 from 

https://en.wikipedia.org/wiki/Judean_date_palm 

 

 

 

 

 

            

Figure 2.4: Antonius Felix that presided at St. Paul’s trial in 52 - 60 AD, also issued a coin 

showing date palm leaf flanked by a Greek inscription (Year-5 of Nero, AD 58/9) 

(retrieved on 13-08-14 from https://en.wikipedia.org/wiki/Antonius_Felix 

 

2.1.1 Dating of fossil records 

Its old history is extended from Indus Valley (Pakistan) to the Tigris/Euphrates valleys (Iraq), 

the Nile valley (Egypt), Southern Persia to the Eastern Mediterranean, which presents the 

natural distribution as a mystery. Probably, the findings were recorded 5000-7000 BC from 

Egypt and Pakistan (Beech, 2003) while the references suggest that the earliest cultivation 

were found around 4000 BC from Eridu and Lower Mesopotamia (Neef, 1991), and 

therefore, most probably the area of origin of the date palm may be Iraq (Chao and Krueger, 

2007a). According to Zohray and Hopf (2002), wild date palm may be observed within same 

geographical region where today’s cultivated date palm exists. Genuine wild niches may be 

found in the Near East, North Africa, Arabia and Indus Basin (Beech and Shepherd, 2001). 

Furthermore, it is evident from palaeobotanical data that date palm had been cultivated since 

4
th

 millennium BC in Southeastern Iran (Costantini, 1985) and over 3
rd

 millennium in Oman 

(Tengberg, 2003). On that archaeological evidence, the Middle East is supposed to be the 

primary domestication center of Phoenix dactylifera L. (Tengberg, 2003) with the support of 

http://en.wikipedia.org/wiki/Vespasian
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many authors' arguments based on ecological grounds (Bonavia, 1885; Beccari, 1890; 

Popenoe, 1973; Costantini, 1985; Barrow, 1998; Zohray and Hopf, 2000). Another group is 

in favor of Africa (Schweinfurth, 1875; Grisebach, 1876; de Candolle, 1886) or Indian region 

(Hamilton, 1827) as a center of origin. Of these, about 5000-6000 BC old uncarbonized 

archaeological date seeds remain from Mehrgarh-Pakistan has been reported so far as in table 

2.1. 

On the other hand, Barrow (1998) proposed Phoenix sylvestris as the closest relative of 

Phoenix dactylifera on the basis of morpho-anatomical and genetic analyses. Perhaps P. 

dactylifera may also be the result of natural hybridization between one or more close relative 

species as Phoenix sylvestris, Phoenix canariensis, Phoenix reclinata and Phoenix atlantica. 

Phoenix sylvestris is appreciated and widely distributed in wild in India and Pakistan 

(Newton et al., 2013). Pintaud (2010) gave breakthrough to the prevailing concept of date 

palm as natural hybrid of two or more Phoenix species. He suggested that cultivated date 

palm may have originated from their wild Phoenix dactylifera ancestors. Unfortunately, 

failure in finding the wild ancestors or distinguishing between wild and feral escape, has 

always been hurdle for proposal of exact date palm centre of domestication or centre of 

origin (Pintaud et al., 2013). Recently, Terral et al. (2011) compiled results on Egyptian 

archaeological remains and concluded that 14 hundred years old Egyptian domesticated date 

palm morphotypes were originated from the Persian Gulf. Persian Gulf geographical region 

is considered as primary centre of domestication in which date varieties are cultivated since 

6
th

 millennium BC. 
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Table 2.1: Archaeological seed remains of Phoenix dactylifera (Tengberg, 2003) 

    Site                           Dating                  Type of remains   

Dalma Island (UAE) late 6th-early 5th mill. BC Seeds 

Mehrgarh (Pakistan) 6th-5th mill. BC seeds uncarbonized  

Tape Gaz Tavila (Iran) 5400-4800 BC Seeds 

Ra's al-Jinz 2 (Oman) c. 2500-2100 BC Seeds 

Ur (Iraq) c. mid 3000 BC Seeds 

Hili 8 (UAE) c. 3000-2000 BC seeds, wood 

Bat (UAE) c. 2500-2000 BC seeds, wood, impressions 

Umm an-Nar (UAE) c. 2700-2200 BC Impressions 

Tell Abraq (UAE) c. 2500-400 BC seeds, wood, impressions 

Qal'at al-Bahrain (Bahrain) c. 2200-300 AD seeds, wood, impressions 

Nud Ziba (UAE) c. 2000 BC Seeds 

Failaka (Kuwait) c. 2000-1500 BC seeds, wood 

Saar (Bahrain) c. 1900 BC seeds, wood 

Muweilah (UAE) c. 800-600 BC seeds, fruits, wood 

Rumeilah (UAE) c. 800-400 BC Seeds 

Mleiha (UAE) c. 400 BC-400 AD Seeds, wood 

 

 

 

Besides long history, date palm has special religious values in “ilhami” (Divine) religions 

(Judaism, Christianity and Islam) and “ghair ilhami” religion (Hinduism). In three ilhami 

religions, there are various events where God has addressed date palm tree. These references 

made date palm as prominent tree out of all trees. Hence, some references have been derived 

from the ilhami (Divine) literature of three religions. Lasting influence on these three 

religions is mainly Prophet Ibrahim’s love for dates and date palm. In the Holy Bible, its 

importance and morphology are presented on various levels (Holy Bible, Psalms 92 12-14 

Gideons; Song 7: 6-8 Gideons). But no other religion stressed date and date palm holiness as 

much as the Islamic religion. 

According to the Holy Quran, dates have always been a blessed fruit to serve the humanity as 

food and medicine. Date palm is mentioned 20 times in Holy Quran. All the verses of Holy 



 
 

11 

 

Quran explain the botanical, physiological, morphological, pharmacological, nutritional, and 

many other aspects of date palm. Those were dates relieved Mary during her child birth (The 

Quran, Mary 19:23-26); on another place Quran is explaining its nutritional importance (The 

Quran, An-Nahl (The Bee), 16: 67). Another verse represents varietal concept (The Quran, 

Al-Anaam (Cattle, Livestock), 6:141). 

2.2. Date palm distribution 

Historic and spiritual reference of date palm tree for being a source of religious, commercial 

and nutritious values can be traced.  

Probably it seems to be mystery to establish with certainty the precise native range of date 

palm (Barrow, 1998; Chao and Krueger, 2007). However, Chao and Krueger (2007) 

suggested the Mesopotamia as the home of date palm where it has been cultivated over 5
th

 

millennium. Date palm seeds in fruit are generally believed as a first source spread around 

the Mediterranean coast and also introduced into new localities. During more recent times, 

exchanges of suckers between date producing countries and their dissemination in Europe 

(Spain) and New World (America) is another reason in extension of its distribution range. 

Other regions include the South-Central Asia, Iran and Afghanistan, Australia, South Africa, 

and the tropical and subtropical regions California to South America (McCubbin 2007; 

Nixon 1951; Zaid and de Wet 2002a). The Arab traders and conquerors are also considered 

to be responsible for distribution of date palm to the other parts of the world. Further, 

missionaries transported the date palm from Spain to New World (America).  Presently date 

palm is cultivated in Middle East, North, Central and South Africa, some parts of Europe 

(Spain and Italy) and USA. Their commercial cultivation, today, covers large areas in 

numerous countries including Egypt, Iran, Saudi Arabia, United Arab Emirates, Iraq, 

Pakistan, Algeria, Libya, Morocco, Tunisia, Oman, USA and many other countries (FAO, 

2013).  

The largest share in date palm production is of Asia (55.6 %) followd by Africa (33.8 %). 

Whereas, the date palm production in other parts of the world drastically lower than above 

mentioned two continents e.g., Europe accounts for 0.2 % share and Americas about 0.4 % 

share in production. About 63.5 % of the world date palm production is contributed by the 

top six dates producing countries Egypt, Saudi Arabia, Iran, Iraq, Egypt and Pakistan 

respectively (FAO, 2013). 

http://quranexplorer.com/index/Sura_016_An_Nahl_THE_BEE.aspx
http://quranexplorer.com/index/Sura_006_Al_Anaam_CATTLE_LIVESTOCK.aspx
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Among more than 100 million date palm populations in the world, there are 5000 known 

cultivars of Phoenix dactylifera L. worldwide (Jaradat and Zaid, 2004). Based on botanical 

description, there are about 244 cultivars in Morocco (Toutain et al., 1971), 250 in Tunisia 

(Rhouma, 2005), 800-1000 in Algeria (Benkhalifa, 1999), 370 in Iraq, 400 in Iran (Zaid and 

de Wet, 2002), 400 in Sudan (Osman, 1984), 350 in Mauritania (Munier, 1955), 325 in 

Pakistan (Jamil, 2010), 450 in Saudi Arabia (Bashah, 1996) and many additional varieties in 

the other date palm growing countries as well. Most appreciated date palm varieties in Libya 

are  Tabouni, Ammi and Brunsi, Deglet Nour, Hamrawee, Khadrawy, Saeide, Adhwee, 

Abble and Bestian, Tasfert, Talees,  Aureeg, Taghyatt, Teen and Yeedy (Ahmed, 2000);  

Ferehy, Siwy, Saidy and Hayany in Egypt; Deglet Nour and Thoory in Algeria; Nebut Seif, 

Barhee in Oman; Zaghloul, Ajwa, Naghal, Khalas, Khadrawy, Hilali in UAE and Saudi 

Arabia; Aseel, Dhakki, Begum Jungi, Mozawati, Shakri, Abe Dandan, Oshkench, Washkonk, 

Haleni, Sabzo, Hillawi, Khudrawi, Zehdi in Pakistan; Deglet Nour in Tunisia and Ahmar in 

Mauritania.    

2.2.1.  Date palm in Pakistan: 

Date palm cultivation in Pakistan dates back to Indus civilization era. It has religious 

importance in Hinduism. After the spread of Islam, dates were appreciated and domesticated 

as a gift by God and have been used as a necessary item for breaking the fast during 

Ramazan.  

Date palm is widely distributed throughout Pakistan. Mostly, it is in agro-forestry form and 

few small scale organized orchards. Pakistan is the eastern most end of the date palm. The 

major locations of the date palm industry in Pakistan are the Oases of Balochistan (Turbat, 

Panjgur, Kharan, Washuk, Mashkail, Ornach and Mashkay); irrigated plains of Sindh 

(Khairpur); Oases of Khyber Pkhtunkhwa (Dera Ismail Khan, Bannu, Miran Shah) and the 

irrigated plains of Punjab (districts Dera Ghazi Khan, Muzafargarh, Bahawalpur, Rahim Yar 

Khan, Jhang). The Balochistan and Sindh provinces are the regions with huge date palm 

diversity. Based on botanical description, there are 325 known cultivars in Pakistan (Jamil, 

2010), and more than 300 varieties are described morphologically, only in Sindh (Markhand 

and Abul Soad, 2007). Similarly, Hugiies-Buller (1906) mentioned 109 quality-wise different 

cultivars from Makran range of Balochistan. But according to Baloch (2009), 120 different 

varieties are being grown only in Makran range. Whereas, in Punjab agro-biodiversity 
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system, date palm is found as agro-forestry containing more than 100 different varieties i.e., 

Ali puri chohara, Sher Shahi, Hawwa wali, Ood kafir etc along with few exotic (Iraqi) 

cultivars (Hillawi, Khudrawi, Zehdi, Sayer) which were introduced in the Punjab province by 

the British Indian Government during early 1909 (Milne, 1918). During sample collection 

visit all over the country, i did not find a single plant of Sayer variety. However, Ajwa from 

Saudi Arabia is being planted in Muzafargarh district of Punjab. This great diversity helps 

Pakistan to maintain its rank as the 6
th

 largest producer after Egypt, Saudi Arabia, Iran, 

Algeria and Iraq. World date production is 7.2 million tons worldwide (FAO, 2013), and 

Pakistan contributes 10.3% of the total. Dhakki, Aseel and Begum Jungi are the primary 

cultivars along with Hillawi, Rabai, Mozawati, Sabzo, Shakri, Haleni, Oshkench, Washkonk, 

Abe Dandan, Koherba, Jan-sohar, Zehdi, Khudrawi, Ali puri chohara, Sher Shahi, Hussaini, 

Dhandari and Gulistan. Date palms are also important landscape plants in Pakistan. Date 

palm is the only fruit crop in the country that provides more income on a per plant basis than 

mangoes and citrus. 

Of the total date production in Pakistan, 51 % comes from the Balochistan, and the Oases of 

Makran contributes more share of it by producing 230,000 tons per annum. The Balochistan 

province is considered as a centre of origin and diversity comprising semi dry and dry types. 

It can be found in agro-forestry from Killa Saifullah to Gawadar and Lasbella. Date palm 

cultivation is not well organized. It is being planted as border of the field. It might be border 

of half than one acre and the central part of the land is intercropped with wheat and rice crops 

in Turbat and Panjgur districts of Balochistan. However, new organized orchards are being 

maintained in Oases of Makran. Its ecology is totally different from other parts of the country 

presenting cultivation in oases in the deserts or mountains. People are directly involved in 

cultivation of date palm along with sheep, goats and camels. The major source of irrigation is 

the tube wells and karezes. Water is supplied in the by digging a pit in the bed of a perennial 

flow to get under surface water. Karezes are excavated and maintained on the communal 

basis and distribution of water depends on inputs used. Fig. 2.5 (A, B, C, D and E) presents 

date palm agro-biodiversity in oasis with its traditional irrigation pattern and modern date 

palm orchard establishment in Balochistan. 

Sukkur and Khairpur district are, no doubt the big markets “mandi” of date palm in Sindh. 

The total date palm cultivated area of Sindh is about 32000 ha, mainly  concentrated (approx. 
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25000-27000) in three talukas of district Khairpur out of 8 talukas and about 4000 ha of 

Sukkur district (Sukkur, Rohri, Pano Akil) while date palm is almost present in all Sindh but 

not as organized farming. Few established orchards can be seen in Khairpur (Fig. 2.6 A and 

B). Nara desert is the main desert found adjacent to Sukkur and Khairpur district while few 

small desert ecosystem found very near to Khairpur like Ubhan Shah as shown in Fig. 2.6 (C)  

and others very small desert type areas surrounded by Rohri hills range; presents the ecology 

of region.  

Punjab province occupies 3
rd

 position for production of 42,500 tones dates from 5800 ha. 

Basically, date palm in Punjab is in agro-forestry form along with few orchards in the 

riverine tracts and along the central banks in the Muzafargarh, Dera Ghazi Khan, Jhang, 

Layyah, Bahawalpur and Rahim Yar Khan (Fig. 2.7 A, B and C). Large area of Taunsa tehsil 

at the foot hills of Suleiman Mountain is covered with spontaneous/feral/cultivated date palm 

and irrigated by tube wells or Karezes. Hillawi, Khudrawi, Zehdi, Sayer and Deree varieties 

were imported from Iraq by the Government of Punjab of British Indian Government in 1909 

and was planted in Taleri Bagh and Memorial Hall (Muzafargarh), Leiah (now Layyah), 

Rakh Chhabri (Dera Ghazi Khan), Lahore and Lyallpur ( now Faisalabad) and, Bahawalpur 

state (now comprises Bahawalpur, Rahim Yar Khan and Lodhran districts).   

Dera Ismail Khan (Khyber Pakhtunkhwa) is the 4
th

 largest date palm producing centre of 

Pakistan that owns the elite variety, Dhakki and Gulistan, Nalli (zard and surkh). Dhakki 

village and Panyala city in Suleiman mountain range are the habitat of date palm culture 

intercropped with mango and forages. Orchards are irrigated with tube wells, Karezes and 

river system in Panyala oases and Dhakki village (Fig. 2.7 A, B and C).  
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Figure 2.5: Aerial view of (A) date palm agro-biodiversity in oasis with its traditional irrigation pattern in Turbat (BandC) ecology in Washuk (D) indicates the 

escapes trees with traditional irrigation system in Washuk (E) modern date palm orchard establishment in Turbat, Balochistan (Source: Google Earth). 
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Figure 2.6: Aerial view of (A and B) well established date palm orchard system in Khairpur, Sindh, (C) desert like ecosystem found very near to Khairpur like 

Ubhan Shah. Pictorial presentation of (D and E) agro-ecology of Layyah and Muzafargarh respectively (F) about 100 years old date palm orchard in feral form, 

Muzafargarg-Punjab (Pics A, B and C Source: Google Earth; Pics D, E and F Courtesy: Summar A. Naqvi. 
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Figure 2.7: Aerial view of date palm cultivation in Panyala village, DIK; Pictorial presentation of ecology of Panyala village, DIK (Courtesy: Summar A. Naqvi).
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Biodiversity of date palm is currently at risk due to many challenges. There are a lot of biotic 

and abiotic stresses. Replacement of elite/superior cultivars by none-descript types is 

occurring.  Similarly, the natural date palm diversity presently in Balochistan and Sindh, and 

ago-forestry form in Punjab is threatened by desertification, deforestation for fuel and timber, 

urbanization and lack of proper documentation. Many local selections of date palm with good 

quality are nearly extinct due to lack of interest in conserving this diverse genetic material. 

Red palm weevil (Rhynchophorus ferrugineus) is a very harmful insect of date palm industry 

throughout Pakistan. The larvae bore into the stem through exposed soft tissues and the entire 

crown withers. Similarly, the Lesser Date Moth (Batrachedra amydraula Meyrick) and fruit 

stalk borer (Oryctes elegans Prell) are very dangerous insects found in Sindh (Jatoi et al., 

2009); while Dubus bug is a biological threat for the date palm industry in Balochistan 

(Baloch, 2009). Recently, the presence of the Dubus bug was also observed in Sindh 

province. Sudden death/decline is very detrimental disease of date palm and found all over 

the Punjab and Sindh provinces. It is a pathological problem, mainly by fungi (Fusarium 

solani) and the prevalence of the disease is increasing day by day. This disease is alarming 

signal for the date industry of Pakistan. Its symptoms are similar to Bayoud disease in Saudi 

Arabia (Maitlo et al., 2009). 

Although Pakistan is the major driver of world dates industry yet its industry is unable to 

process and contribute its share in production of dried dates for export. Fresh or dried dates 

have potential as a source to earn largest foreign exchange. Value addition can create bright 

chances for export if Pakistan focuses on adopting new modern techniques and improve post-

harvest handling (Arifeen, 2009). Like other horticultural crops, dates trade is with the 

private sector. However, the public sector assists the system by offering physical 

infrastructure particularly wholesale markets and communication, market promotion, market 

intelligence and regulatory measures to remove the difficulties in business operations. Date 

producers often rely on relatively high cost informal credit sources and advances from date 

contractors because they face many difficulties in marketing their produce. They have little 

access to the credit and other facilities in wholesale and assembly markets; and are treated as 

temporary clients (Khushk et al., 2009). 
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2.3. Biology of date palm 

The Arecaceae family of angiosperm group contains 183 genera and 2600 species 

(Dransfield et al., 2008), which are mainly growing in Africa, South East and Central Asia, 

tropics and sub tropics, and smaller number of species in Arabian or Persian Peninsula. 

Phoenix is an important genus (2n = 2x = 36) in the family having 14 species (Dransfield et 

al., 2008), including P. acaulis Roxb., P. andamanensis, P. atlantica, P. caespitosa, P. 

canariensis Chabaud, P. loureiroi Kunth, P. plaudosa Roxb., P. pusilla Gaertn, P. reclinata 

Jacq., P. roebelenii O’Brien, P. rupicola, P. sylvestris (L.) Roxb., P. theophrasti, and the 

most fascinating perennial, dioecious and heterozygous Phoenix dactylifera L. All these 

species had proved themselves as interesting trees for ornamental purposes because of their 

aesthetic value. All are native to tropical to subtropical parts of Africa and South Asia. 

Feather like leaf, modified basal leaflet in spine, terminal leaflet and single grooved seed 

make Phoenix genus distinguishable from all palms (Krueger, 2012). Phoenix dactylifera L. 

(Date palm) is one of the leading species of Phoenix genus providing food, feed and shelter 

since ancient times.  

Phoenix dactylifera L. has 36 chromosome pairs (2n = 36) but 2n = 64 were observed in Iraqi 

date palm and chromosome number had variation in early (Sayer, 2n = 32) and late (Khasab, 

2n = 32) varieties with aneuploidy and euploidy: (Sayer: 32, 34, 36 and 64 and Khasab: 32 

and 36) (Al-Salih and Al-Jarrah, 1987). Both names; “Phoenix” and “dactylifera” are derived 

from Greek language, which means purple (red) and finger-like appearance of fruit bunch, 

respectively. It is famous belief that date palm is close to human with its three characteristics. 

Firstly, male and female sexes are separate; secondly, it produces suckers (offspring) and 

thirdly, it will not regenerate/reproduce if it is beheaded. However, Sudhersan and Abo El-

Nil (1999) reported hermaphrodite characteristics in male date palm trees.  

The date palm has a cylindrical, unbranched and large trunk containing dead scars. It can 

grow up to a height of 10-15m with slender trunk of constant diameter from base to the head. 

The adult date palm can produce 100-125 number of green leaves and base of leaves contain 

sharp spines. Leaves and spines vary in their length depending on the cultivars. Only female 

tree produces fruits and about 50 female trees can be pollinated by one male tree. The 

average age of date palm may reach to over a 100 years (Hashempour, 1999).  
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Date palm produces 20-30 suckers at base, depending on the variety. Trunk size can be about 

30 m (Barrow, 1998). Male flowers are creamy yellow white and fleshy whereas female 

flowers are yellow in color with sweet scent. Fruit shows huge variability in size (4-7 x 2-3 

cm) and color (red, yellow, pale yellow, green, black, brown) with mesocarp being sweet and 

soft or dry and thin (Barrow, 1998) depending on varieties and physiological state of fruit. 

Fruit is drupe in nature and is a single seeded with fleshy mesocarp and fibrous endocarp 

(Mansour, 2005). It passes through four developmental stages after pollination. The names of 

these developmental stages; Hababouk (immature and pea sized), Kimri (green, hard, 

contains 80% moisture and 50% reducing sugars), Khalal or Doka (colored stage, crunchy, 

attains maximum height and moisture contents up to 50-60%), Rutab or Dung (ripe stage, 

soft texture, crisp to succulent) and Tamar or Pind ( full ripe, soft flesh, reduced moisture) 

are accepted worldwide (Miolne, 1918; Zaid, 1999; Al-Shahib and Marshall, 2003; Fadel et 

al., 2006, Haider et al., 2013, 2014a, 2014b). Mainly, the dates are harvested at Khalal stage 

depending on market demand and climatic conditions. These stages are commonly described 

by change in color, texture, aroma and flavor. Fresh dates are nutritionally superior and 

delicious than dried dates (Vinson et al., 2005 and Al-Farsi et al., 2005). 

 

2.4. Biodiversity 

Biological diversity or biodiversity has many interpretations. For simple understanding, 

biodiversity is presence of living things on earth or in specific region. But in deeper sense 

biologists refer biodiversity as “totality of genes, species, population; the genetic 

variations/richness among these and the interactions of communities with ecosystems of an 

area/region”. There are three different traditional levels at which diversity is measured; 

species diversity, ecosystem diversity and genetic diversity. 

Within the broad term of biodiversity, Agro-biodiversity is the result of natural selection 

processes along with human interaction since ancient times and has a key role in sustainable 

development. Plant genetic diversity has an essential role in the transferability of inheritable 

characters from ancestors to offspring, covering the wide range of evolutionary and 

ecological level. Ecologically, it covers the natural habitat to modern farming systems. At the 

crop evolutionary level, it covers the wide range of diversity from wild relatives to modern 

cultivars. The resulting diversity in plants has been the basis for providing food, feed, shelter, 
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fuel etc to the community and has been supplying raw genetic material for breeders. Agro-

biodiversity of plants is being actively discussed to conserve the genetic resources (modern 

to wild) and to explore the natural habitat of the crop for sustainable development. The 

genetic variation within a population provides insight into the demographic structure and 

evolutionary history, which is important to work on diversity, distribution, domestication and 

conservation of crops. So, plant scientists focusing on population structure to refer the 

presence of genetically sub-groups within population and to understand the evolutionary 

history of species. Genetic segregation among population is genetic exchange that has 

occurred among populations due to genetic drift, gene flow or selection and these have 

interaction between geographical features.  

Genetic diversity is a fundamental component of biodiversity, represents heritable variation 

within and between populations of organisms or genetic variation between individuals in 

populations, in case of plant species. Genetic diversity in natural population play role in long 

term as it increases the adaptation ability of populations in varying environment. If 

populations lose genetic diversity, they may experience fitness reductions and increased 

extinction risk due to inbreeding depression. Along with this, if individuals from other areas 

are allowed to interbreed with local flora, they reduce genetic diversity between populations 

and make them less fit for their survival in those particular conditions. Measures of genetic 

diversity are also of relevance in assessing extinction risks for populations. Most of the 

world’s plant genetic diversity is found in the tropical and subtropical regions, that is, in 

developing countries that are less caring about this phenomenon.  

While the importance of genetic diversity to long term sustainability is accepted worldwide 

yet, in spite of worldwide conservation efforts, our biological resources are being lost. 

Delicate ecosystems, genetic erosion, genetic drift, damaged by acid rains, soil erosion, water 

logging, desertification and deforestation, are losing their ability to sustain life. The most 

serious of these is habitat alteration due to land use changes on a regional scale which may 

cause massive reduction in natural vegetation.  Such reduction inevitably result in population 

decline of indigenous species, with a corresponding loss of genetic diversity and an increase 

in vulnerability to disease and random population fluctuations. 
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2.4.1 Tools for assessing biodiversity  

Biodiversity measurement has complexity. Number of entities and degree of differences and 

similarities between those entities (e.g. species richness or evenness) are the essential 

measures to be considered (Purvis and Hector, 2000). However, focus on morphology, 

genetics, biochemistry, physiology, biogeography, history and ecology results broad 

spectrum of biodiversity (Gaston and Spicer, 2004). Many tools are available to measure 

intra- and inter specific biodiversity and different methodologies are developed for different 

systems and purposes.   Tools for assessing biodiversity are grouped in following three main 

groups: 

2.4.1.1  Phenotypic/Morphological/Morphometric Markers 

Morphology has originally been developed as a descriptive science to identify and 

differentiate the diversity of plants which is an aspect, obviously of great practical 

importance. It deals with diversity of structure and evolution of plants, Evo-Devo (which 

combines evolution and development), structure and systems biology etc.  

For several decades, characterization of genetic variation has been in order to understand 

diversity and to explore evolution of specific species. Among these, morphological traits are 

of some benefit in the evolution of genetic resources. Morphological markers are generally 

corresponding to the qualitative characters that can be easily and visually scored and these  

have  been  found  in  nature  as  the  result  of  mutagenesis processes that occur in the  

different genotypes.  Phenotypic characters can be used for the estimation of the variation 

within and between species (Hammer, 1980). The main advantages of morphological 

markers are the simplest process, inexpensive assays and morphological studies constitute a 

logical first step to provide reliable evidences of phenotypic diversity. Shape is most 

concerned character in biological research. Many questions i.e., shape structure, pattern of 

variation, average shape, differences in shapes, their functional importance are linked with 

morphometry. Morpohometry is the multivariate statistical approach to address such 

questions (Slice, 2007). There are two types of morphometry; traditional morphometry 

(discrete morphometry) and modern morphometry (geometric morphometry). Traditional 

morphometry is basically based on length, width and distance measurements from certain 

landmarks. Principal Component Analysis, discriminant functions are principal tools for 

traditional morphometric data analysis. Whereas, geometric morphometry is geometry of 
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structure in the form of 2-D or 3-D coordinates of morphological landmark points (Rholf and 

Marcus, 1993). It was applied in zoological, biogeographical and morphological studies 

(Rohlf and Archie, 1984; Renaud and Michaux, 2003; Benton et al., 2009; Terral et al., 

2010; Burger et al., 2011; Sequeira et al., 2011; Terral et al., 2011; Rivera et al., 2014).       

2.4.1.2  Biochemical Markers  

Biochemical markers are proteins in nature that are produced by gene expression.  Isozymes, 

that are different molecular forms of the same enzyme and can catalyze the same reaction, 

are basically protein in nature. They may be the products  of  the  numerous  alleles  of  one  

or  many  genes  (Chawla  2004). The enzymes are extracted, and run on denaturing 

electrophoresis gels.  Usually Sodium Dodecyl Sulphate are used for the detection of 

denaturing component on the gels, unravels the secondary and tertiary structures of the 

enzymes and are then separated on the basis of net charge and mass. The sequences of 

nucleotide of the  DNA  are  converted  to  the  sequences  of  amino  acids  of  polypeptides  

by transcription  and  translation   process  (Reiner and Hattemer  2007).  Polymorphic  

differences  happens on  the amino  acid  levels that  allowing  singular  peptide  

polymorphism  to  be  identified and  utilized as  a polymorphic biochemical marker. The 

only fault with these markers is that they produce a greater amount of polymorphism. 

Protein based molecular markers give indirect information regarding plant genome structure. 

Only one class of protein-based markers, isozymes, is widely used in the diversity analyses. 

Isozymes may not be necessarily the products of same gene, and they may be activated either 

at different life stages or even in different cell compartments. Types of Isozymes encoded by 

same locus but with different alleles are referred to as allozymes (Weising et al., 2005). The 

main benefit of isozymic analysis, especially when allozymes are used, is that they show co-

dominant inheritance, which allows to differentiate between homozygous and heterozygous 

genotypes that is necessary for precise estimations of population genetics especially in cross-

pollinated species.  The main disadvantage of isozyme analysis is that they detect variation 

only in specific protein-coding loci and thus provides fewer markers as compared to DNA-

based methods. Furthermore, an isozymic system mostly showed low variability and even in 

some cases no variability because of low rate of mutational events.  
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2.4.1.3  DNA based markers  

With the  discovery  of  restriction  enzymes (Smith  and  Wilcox,  1970)  and  the  PCR  

(Mullis  and  Faloona,  1987)  have  generated  the  opportunity  to  imagine the configuration 

of an organism at the DNA level. The visualization of DNA bands is routinely done by the 

separation, on a gel, of DNA fragments and DNA markers  which  may have resulted  from  a  

selected  digestion  of  enzymes  or  fragments. It is worthy that not all types of markers are 

similar. The information content obtained may depend on the methods that were used to 

obtain the data from particular marker and that population to which that marker was scored. 

For example, it is not always possible to differentiate genome fragments those existed in 

homozygous form from heterozygous fragments.  In a population that is in heterogeneous 

condition like an F2, co-dominant markers similar to RFLPs (Botstein et al. 1980) and co-

dominantly marker like AFLPs (Vos et al.  1995) can yield more information than that of 

dominant markers like RAPDs (Welsh and McClelland 1990) and dominating scored 

markers like AFLPs. Advanced tools regarding the retrieval of markers  data  and  their  

subsequent  analysis  can be  developed  and that can allow  a  quick  and  trustworthy 

analysis in most of the plant species. These developments with their practical results have 

opened a new era in the field of genetics and selection (Moreau et al., 1998). Following are 

the few DNA markers discovered for fingerprinting; 

1. Random Amplified Polymorphic DNA (RAPD) 

2. Amplified Fragment Length Polymorphism (AFLP) 

3. Restriction Fragment Length Polymorphism (RFLP) 

4. Inter Simple Sequence Repeat (ISSR) 

5. Simple Sequence Repeat (SSR) 

6. Single Neucleotide Polymorphism (SNP) 

7. Random Amplified Microsatellite Polymorphism (RAMPO) 

2.5 Date palm biodiversity 

Genetic diversity and genetic structure of the gene pool complex of date palm have been 

shaped and greatly altered by natural and human selection, clonal propagation and spatio-

temporal exchange and movement of germplasm. High heterozygosity, metaxenial effect, 

wide range of agro-climatic conditions prevailing in date growing areas, widespread natural 

hybridization and long history have contributed immensely to the existing diversity of date 
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palm. There has been great degree of confusion in the nomenclature of date palm varieties 

due to use of different vernacular names for a single cultivar depending on its fruit color; 

quality of the fruit and language of the specific region, which adds difficulties in identifying 

varieties.  

2.5.1 Phenotypic (Morphological and Morphometric) and biochemical (Isozymes) 

diversity in date palm  

Thousands of date palm cultivars are reported to exit all over the world. These cultivars have 

been developed by continuous selection performed by the farmers depending on fruit quality 

while in nature these were screened in response to environment. Plant scientists/botanists 

have attempted to list and describe the date palm cultivars in their respective countries (Zaid 

and de Wet, 2002a; Elshibli and Korpelainen, 2011).  

Elhoumaizi et al, (2002) collected and evaluated 26 accessions of date palm from Morocco in 

order to verify the phenotypic diversity. He attempted to describe the most prominent 

characters of vegetative system for cultivar identification before the fruiting period. The 

evaluated parameters were leaf, pinnae and spines. High variability was observed between 

cultivars and possible relationship was found in few cultivar groups on strong resemblance 

especially in Bayoud disease resistant selected cultivars. Jaradat and Zaid (2004) studied fruit 

quality traits of 203 date palm cultivars of 20 different eco-geographical regions in six 

countries of Arabian Peninsula at “tamar” stage. They focused on fruit quality parameters 

along with economic value of specific cultivars. Highly diverse germplasm was observed 

among and within the countries. Few “hot spots” were found within the eco-geographical 

regions having unique variants of quality traits with high frequencies. Some attempts were 

made to characterize 12 Mauritanian ecotypes appreciated by the farmers (Salem et al., 

2008). Results revealed that association of cultivars with similar fruit characteristics 

supporting those ecotypes are in strong relationship with each other morphologically. 

Whereas, few ecotypes belonging to Ahmar cultivar were morphologically distant and 

supposing it as polyclonal variety. Elshibli and Korpelainen (2009a) evaluated morphological 

and physiological responses of date palm to water stress and observed high morphological 

diversity among cultivars. Similarly, Sakr et al. (2010) characterized Saudi Arabian cultivars 

i.e., Ahmat, Barhy, Aisha, Amry, Samany, Hayany, Kuboshy, Bint, and Zaghloul based on 

fruit characters and attempted to measure the possible diversity among cultivars. Thirty 
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vegetative characters of leaf, spines, leaflets, fruit, spadice and spathe were scored out of 21 

date palm accessions (Ahmed et al., 2011). They observed huge phenotypic diversity among 

local date palm germplasm. Large portion of variability was found in seed size, fruit, and 

leaflet length. Overall, continuous phenotypic diversity was observed with little association 

within accessions of same geographical region. Hammadi et al. (2009) used new approaches 

to discriminate Tunisian date palm germplasm on thirty vegetative descriptors under leaf, 

pinnae and spines.  Further study was on morphometry, fruit color consistency and maturity 

parameters. Significant differences were observed among subpopulations for all traits 

studied. Attempts were made on Saudi well known date palm cultivars. Fruit shape, color 

variation during ripening, length/width ratio, and percentage area covered by fruit cap and 

fruit base traits has shown significant variation among the cultivars. Recently, geometric and 

discrete morphometric approaches were applied on seeds to understand the agro-biodiversity 

and domestication of date palm (Terral et al., 2011; Rivera et al., 2014). He compiled his 

results on Egyptian archaeological seed remains and concluded that date palm morphotypes 

domesticated about 14 hundreds BC in Egypt were originated from the Persian Gulf. Along 

with morphological/morphometric studies, biochemical markers have been reported to 

characterize the date palm. Isozymes are the most practiced markers to identify the date palm 

genetic resources (Al-Helal 1988; Baaziz and Saaidi, 1988; Al-Jibouri and Adham, 1990; 

Bennaceur, 1991; Al-Helal, 1992; Booij et al., 1995; Salem et al., 2001) and protein (Al-

Helal, 1988; Abdulla and Gamal, 2010). Table 2.4 summarizes the achievements made in 

date palm through morphological and morphometric based approaches.      
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Table 2.2: Achievements made in date palm through morphological and morphometric makers based approaches 

Morphological tools Achievements References 

 

Fruit, seeds, leaf, pinnaes, 

spines, trees 

 

Morphological features of date palm observation sensitive to environment 

 

Sedra et al. (1993; 1996) 

Characterization of 26 date palm cultivars from Morocco Elhoumaizi et al. (2002) 

Botanical and systematic description of date palm Zaid and de Wet (2002
b
) 

Qualitative traits scored on fruit of 203 date palm cultivars Jaradat and Zaid (2004) 

Morphological variability of 12 Mauritanian date-palm ecotypes Salem et al. (2008)  

Morphological characterization of fruit and seed of 15 date palm cultivars 

from Sudan. 

Elshibli and Korpelainen 

(2009a; 2009b) 

Identification of 8 date palm cultivars by fruit characters Sakr et al. (2010)  

Use of multivariate analysis to assess 23 date palm accessions Ahmed et al. (2011) 

Morphological analysis of Tunisian date palm  Hammadi et al. (2009;  

 Morphological characterization of Saudi Arabian elite varieties Al-Khalifah et al. (2012) 

Morphometric tools   

 

Seeds 

 

Understanding the historical biogeography of date palm using geometric 

morphometry of modern and ancient seeds 

Carpological analysis of Phoenix (Arecaceae): contributions to the                     

taxonomy and evolutionary history of the genus 

 

Terral et al. (2011) 

 

Rivera et al. (2014) 
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2.5.2 Molecular markers based characterization (DNA fingerprinting) in date palm 

Advances in DNA sequencing, data analysis and PCR have resulted in powerful techniques 

which can be used for the characterization and evaluation of germplasm and genetic 

resources, and to explore the center of origin. Various molecular markers have been built up 

and applied for analyses of genetic diversity and similarity. Many molecular markers, such as 

RAPD, RFLP, AFLP, Sequence Characterized Amplified Regions (SCAR), ISSR, SSR, 

Sequence Tag Sites (STSs), Cleaved Amplified Polymorphic Sequences (CAPS), ESTs, 

SNPs, and Diversity Arrays Technology (DArT) have been used in horticultural crops 

research. Choice of marker system can be influenced by the aims and targets of the study as 

well as genetic makeup of the species being studied, and also available financial support. 

Molecular DNA techniques allow researchers to identify genotypes at the systematic level, 

measure the relative diversity within and among the species and locate diverse accessions. 

The differences that distinguish one plant from another are encoded in the plant genetic 

material/DNA.   

Molecular techniques are useful tools for characterizing the genetic variety among different 

cultivars or species, for the role of identifying genes of commercial importantance. 

Significant achievements in date palm applying molecular approaches are shown in Table 

2.5. 
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Table 2.3: Achievements made in date palm through molecular makers based approaches 

Biotechnological tools Achievements References 

 

Biochemical Markers 

  

Isozymes   

 Separation of 13 date palm cultivars on PAGE Al-Helal (1988) 

 Identification of date palm cultivars Baaziz and Saaidi (1988) 

 Genetic analysis of date palm  Al-Jibouri and Adham (1990) 

 Genetic diversity estimation of Algerian date palm Bennaceur et al. (1991) 

 Differences and similarities within male date palm Al-Helal (1992) 

 Characterization of 13 date palm cultivars Booij et al. (1995) 

 Genetic inheritance analysis of 4 enzymes in date palm Salem et al. (2001) 

 Molecular phylogeny of 4 commercial cultivars from Saudi Arabia  Abdulla and Gamal (2010) 

DNA Markers   

RAPD   

 Genetic variation among 43 date palm accessions from Morocco, Iraq 

and Tunisia 

Sedra et al. (1998) 

 Phylogenetic relationships in 8 Tunisian date palm cultivars Trifi et al. (2000) 

 Comparative study between four tissue cultured cultivars with their 

offshoot origin 

Al-Qurainy et al. (2002) 

 Molecular phylogeny of 13 date palm cultivars from Saudi Arabia Al-Khalifah and Askari (2003) 

 Polymorphism detection among 7 date palm cultivars from Saudi 

Arabia 

Askari et al. (2003) 

 Genetic comparisons of 8 Egyptian date palm cultivars Soliman et al. (2003) 

 Genomic diversity of date palm by RAPD Adawy et al. (2005) 

 Cultivar identity in tissue cultured date palm Saker et al. (2006) 

 Identification of sex-related DNA markers for date palm Younis et al. (2008) 

 Molecular phylogeny of some date palm cultivars in Saudi Arabia Abdulla and Gamal (2010) 

AFLP   

 Identification of date palm cultivars Cao and Chao (2002) 

 Fingerprinting of 5 Egyptian date palm cultivars El-Khishin et al. (2003) 

 Diversity estimation in 6 Egyptian date palm cultivars Adawy et al. (2005) 

 Genetic relationships within 47 date palm cultivars from Egypt El-Assar et al. (2005) 
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Biotechnological tools Achievements References 

 Date palm cultivar confirmation Elhoumaizi et al. (2006) 

 Date palm cultivars identification Saker et al. (2006) 

 Molecular diversity of 18 Iraqi cultivars Khierallah et al. (2011) 

 Genetic diversity of date palm Soumaya et al. (2011) 

RFLP   

 ctDNA polymorphism in set of Tunisian date palm accessions Sakka et al. (2004) 

SSR   

 SSR marker development for date palm Billotte et al. (2004); Akkak et al. 

(2009); Elmeer et al. (2011); 

Arabnezhad et al. (2012) 

 Date palm diversity in Tunisian cultivars and varieties identification Zehdi et al. (2004; 2012) 

 Genetic diversity estimation of 24 date palm cultivars from Oman, 

Bahrain, Iraq and Morocco 

Al-Ruqaishi et al. (2008) 

 Molecular diversity of 60 male and female date palm cultivars of 

Sudan and cultivars from Morocco 

Elshibli and Korpelainen (2008) 

 15 Qatari date palm cultivars diversity estimation Ahmad and Al-Qaradawi (2009) 

 Species delimitation in the Genus Phoenix with emphasis in identity 

of date palm  

Pintaud et al. (2010) 

 Diversity among 11 Qatari date palm cultivars  Elmeer et al. (2011) 

 Genomic diversity of 16 date palm cultivars from Iran, Iraq and 

Africa 

Arabnezhad et al. (2012) 

ISSR   

 Tunisian date palm diversity Zehdi et al. (2004) 

 Diversity estimation of 14 Egyptian cultivars Adawy et al. (2005) 

 ISSR technique used to identify sex-specific DNA markers in date 

palm 

Younis et al. (2008) 

 Investigation on molecular phylogeny of some date palm cultivars  Abdulla and Gamal (2010) 

 Genomic diversity estimation of 10 Tunisian date palm cultivars Karim et al. (2010) 

RAMPO Genetic relationships within Tunisian date palm cultivars Rhouma et al. (2008); Soumaya et 

al. (2011) 
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2.5.2.1  Assessment of genetic diversity as inferred by AFLPs 

AFLPs were generated by Vos et al., (1995). Furthermore, these markers have been used on 

date palm for genetic resources characterization, estimation of genetic diversity and cultivar 

identification (El-Kharbotly et al., 1998; Cao and Chao 2002; El-Assar et al., 2003, 2005; 

Jubrael et al., 2005; Rhouma et al., 2007). El-Khishin et al. (2003) worked on five Egyptian 

date palm cultivars and found 433 ampfication products, generated from the studied cultivars 

with six primer pairs. AFLP discriminated Zaghaloul as a most distinct cultivar from Siwi, 

Hayani, Amhat and Samany.  In another study, Jubrael et al., (2005) discriminated 18 Iraqi 

varieties using 7 AFLP primer pairs. It resulted into high degree of polymorphism and 

proved them as a powerful tool for inter-varietal discrimination and for estimation of genetic 

pattern. All the varieties were found distinct from each other representing independent cluster 

according to their geographical region. Similarly, Elhoumaizi et al. (2006) studied 66 

“Medjool” date palm accessions representing Morocco, Egypt and California. He 

hypothesized ‘Medjool’ as a land race variety in Morocco.  The results indicate that 

‘Medjool’ has been derived from mixture of genotypes having influence of environmental 

stresses that makes a possibility of different strains of the same variety at different 

geographical regions. These results can be amplified on different varieties for a study of 

germplasm collection and conservation.   

2.5.2.2  Assessment of Genetic Diversity as Inferred by RFLPs   

The RFLPs were developed by Corniquel and Mercier (1994, 1996) as a molecular tool for 

polymorphism. In date palm, Sakka et al., (2004) further designed RFLPs in Tunisian date 

palm including 38 accessions, 33 varieties, 5 male and 2 Iraqi varieties.  He found fifteen 

plastid fragments. The outcomes indicated that the plastid haplotypes of the tested accessions 

were independent of the sex and phonetic groups clustered together. This technique proved 

itself good for estimation of genetic diversity and to study the phylogenetic relationship but it 

would be amplified on a large number of varieties.   

2.5.2.3  Assessment of genetic diversity as inferred by RAPDs 

RAPDs markers have been used for genotyping and cultivars identification (Sedra et al., 

1998; Al-Khalifah et al., 2012). Sedra et al., (1998) worked on identification of cultivars and 

estimation of genetic variability among 43 date palm accessions representing Morocco, Iraq 

and Tunisia. He found low signaling between date palm varieties grown in Morocco and their 
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weak divergent of Iraqi and Tunisian genetic material indicating a narrow genetic base of 

population from which accessions have been collected and maintained over centuries. 

Furthermore, Trifi et al., (2000) tried to improve DNA markers to get strong polymorphism 

in varieties and ecotypes on their characteristic bases. In his studies, he used a set of Tunisian 

date palm accessions to construct a phylogenetic relationship among them. All the varieties 

linked on their fruit quality characteristics except Deglet Nour and Kentichi showing 

opposition of their fruit quality. He also proposed the importance of a large set of accessions 

and/or more number of primers for deeper insight into germplasm. In another case, eight 

RAPD markers were successfully used to screen out offshoot originated and tissue cultured 

plantlets (Al-Qurainy et al., 2002). He proposed RAPDs as an efficient tool to determine 

genetic reliability in micro-propagated plants. Younas et al., (2008) used RAPD and ISSR for 

sex determination to identify good pollinator getting better yield and for best utilization in 

breeding program. Similarly, RAPDs have proved their efficiency in detecting polymorphism 

in different date palm varieties of Saudi Arabia (Al-Khalifah and Askari, 2003; Askari et al., 

2003; Abdulla and Gamal, 2010; Al-Khalifah et al., 2012), Egypt (Soliman et al., 2003; 

Adawy et al., 2005; Saker et al., 2006) and Syria (Haider et al., 2012).           

2.5.2.4  Assessment of genetic diversity as inferred by RAMPO 

The random amplified microsatellites polymorphism markers were firstly designed by 

Richardson et al. (1995) as a new molecular tool for polymorphism in higher plants. This 

method is a product of random amplification and microsatellite as radio-labeled probes. This 

method was modified by Chatti et al. (2007) consisting in combination of RAPD with ISSR 

avoiding radio-labeled probe. For the first time, Rhouma et al. (2008) tested RAMPO in date 

palm and suggested it as an alternative efficient molecular tool for date palm germplasm 

characterization. This was substantiated by Soumaya et al. (2011) who characterized 

Tunisian date palm cultivars.  

2.5.2.5  Assessment of genetic diversity as inferred by ISSRs 

The ISSR technique has many advantages i.e. small amount of DNA, fast, no knowledge of 

the genome is needed and low costs. The technique uses microsatellites. Out of fourteen 

ISSR markers, nine showed polymorphism in 12 Tunisian date palm germplasm (Zehdi et al., 

2004b). Authors observed Algerian and Iraqi cultivars did not diverge from each other. 

Karim et al. (2010) used seven ISSRs to explore genetic variability among 10 Tunisian date 
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palm accessions. Results indicate divergence between Tunisian date palm accessions that are 

organized in clusters. It suggested a narrow genetic diversity between the aboriginal and 

introduced varieties.   

2.5.2.6  Assessment of genetic diversity as inferred by SSRs 

SSR or microsatellite is a co-dominant technique has proved its advantages and suitability in 

genetics. It was developed to provide the best molecular tools for characterization of 

germplasm, diversity estimation, genetic mapping, pedigree analysis and cultivar 

identification studies (Billotte et al., 1999). Billotte et al., (2004) developed and used SSR 

markers in date palm revealing high polymorphism, enhancing the utility of SSR markers for 

studies on genetic diversity in germplasm as well as cultivars identification. Following 

Billotte et al., (2004), Zehdi et al., (2004; 2012)  worked on Tunisian date palm diversity 

based on SSR makers and highlighted the importance of SSR markers for germplasm 

diversity measurement and establishment of cultivar identification key (Racchi et al., 2013). 

Elshibli and Korpelainen (2008) used SSR markers and revealed high genetic differentiation 

in date palm germplasm from Sudan and Morocco, but week genetic associations were 

observed between Sudani cultivars (Elshibli and Korpelainen, 2008). A clear geographical 

pattern often has not been observed in the grouping of the Sudanese and Moroccan varieties 

using principal component analysis (PCA) and it exhibited significant varietal 

heterozygosity. Akkak et al. (2009) evaluated 17 SSR loci on 31 cultivars including clones 

from the Algerian and Californian germplasm, and found them very effective molecular tool 

not only for date palm genetic diversity but also their transferability across 14 other species 

of the genus Phoenix. The studied SSR markers are expected to offer a valuable resource for 

future diversity analysis and genetic mapping of date palm. Precise interaction and genetic 

variation were determined among 15 different Qatari date palm cultivars using SSR markers 

(Ahmed and Al-Qaradawi, 2009). Cultivar ‘Abu Maan’ was different from the other cultivars 

whereas Barhi and Sultana were observed to be very closely related; hence the author 

suggested they could be as same cultivar with different vernacular names. Further analysis 

suggested that Abu Maan may be as a mislablled collection during its propagation or it may 

be a part of the Qatri germplasm material that has been separate from other material for some 

obscure reasons and recommended that it is not a native Qatari cultivar.  These possible 

assumptions may be resolved by analysis of more Abu Mann accessions, more Qatari 
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accessions and broader sampling of the International Date Palm Germplasm. Recently, 

Hamwieh et al., (2011) reported 1000 microsatellite (SSR) markers, those should be best 

tools for date palm genotyping those should provide an excellent resource for date palm 

genotyping. Thirty of these new SSRs were obtained from ICARDA and used to evaluate the 

genetic variability in 11 date palm cultivars from different locations in Qatar (Elmeer et al., 

2011). Out of 30 primer pairs, 10 identified polymorphic pattern, with genetic diversity 

ranging from 0.77 - 0.90. Genetic polymorphism in 30 Iraqi date palm cultivars, representing 

24 female cultivars and 6 male cultivars, was evaluated based on 22 SSR primers (Khierallah 

et al., 2011). The tested SSR markers showed a high level of polymorphism and had 

suggested being usefull genetic tool. In case of 21 Bahraini, Iraqi, Moroccan and Omani date 

palm accessions, Bahraini and Iraqi accessions revealed close associations, while Moroccan 

genotypes showed divergence. Furthermore, SSR markers showed ability to identify 

duplication in genetic material as it separated Khalas (from Oman) and Khalas (from 

Bahrain); and Khinaizi (from Oman) and Khinaizi (from Bahrain) from each other and found 

them genetically quite different (Al-Ruqaishi et al., 2008). Appendix 1 presents the SSR 

markers used in date palm studies so far.  

 

2.6 Population structure 

Population structure occurs when dispersal rates between local populations are sufficiently 

low to allow genetic differentiation (Slatkin, 1987). Thus population structure is intimately 

linked with gene flow. Population structuring can occur due to the effects of distance, 

geographic barriers to dispersal or due to mate preferences or behavioral specialization. A 

central theme of molecular ecology is the detection of population structure for the purposes 

of defining conservation units and for assessment of evolutionary potential.  Statistics 

employed to detect gene flow or structure typically assume neutrality and are based upon a 

theoretical model of population dispersal.  

Elshibli and Korpelainen (2011) proposed future perspective of population genetics as 

geographical localities would represent the genetically diverse wealth within or among 

populations of date palm germplasm, including the male plants that occur in the specific 

locations. Furthermore, studying this diverse genetic structure of date palm populations will 

enhance the awareness of its dispersal and distribution, specific (vegetative and reproductive) 
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traits, genetic alteration, suitability, genetic drift and adaptation. The genetic structure of 

these date palm populations may be greatly affected by the wide exchange of plant material 

as well as methods of pollination, which in turn provides bases for structuring of population 

groups according to soft and dry phenotypes and disease (bayoud) tolerant genotypes.  

Further information on the date palm adaptation to new environment can be obtained by 

studying trace genetic bases using DNA barcoding (Ballardini et al., 2013) behind this 

taxonomy.  

 

2.7. Conclusion 

To sum up the review, it is concluded that date palm is one of the most fascinating species of 

Arcaceae family. Its long history, cross pollinated nature and huge expansion from east to 

west, made it genetically obscure. Many researchers have worked on different aspects from 

its morphology to genomics and history to archeology to understand Phoenix dactylifera L. 

To our limited knowledge, work on more number of accessions representing eastern and 

western date palm growing world is still needed to come close to understand the diversity 

and origin of date palm. Benefits of this study will be knowledge generation, contribution to 

understand the question of date palm center of diversity and origin, exploration of Pakistani 

date palm germplasm and its relationship with regional date palm genepool for conservation 

and their best utilization programs in the country.     
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Chapter 3  

 

MATERIALS AND METHODS  

 

This  research study  was  designed  to  investigate  the  presence  of  diversity  among  date 

palm accession and to explore the possible answer of relationship within and among world 

date palm populations using  morphometric  and  microsatellite (SSRs) molecular  marker.  

The detail of the materials used and methods adopted for the collection and analysis of data 

and interpretations are described in this chapter.  A field survey was carried out in Pakistan 

for mapping and tagging of germplasm. Leaf samples were arranged from other countries 

also, by collection or getting facilitation from concerned palm groups. Sample collection and 

preservation were done at the Institute of Horticultural Sciences, UAF (Pakistan); Gentyping 

were performed at Institut de recherché pour le developpement, IRD (Montpellier-France) 

and seed morphometric was done in Centre de Bio-Archéologie et d'Ecologie, CBAE 

(Montpellier-France), to measure the genetic diversity and to understand the population 

structure of the global gene pool of date palm  

Results are presented in this thesis under the following experiments. 

1) Agrobiodiversity of date palm in Pakistan revealed by seed morphometry 

(geometric, discrete and qualitative characters) 

2) Molecular phylogeny and genetic structure of date palm from Pakistan  

3) Genetic diversity and population structure of global date palm  

3.1. Experimental Materials: 

The date palm accessions used for this study were collected from date palm growing regions 

of world i.e. Pakistan, Iraq, Libya, Algeria, Oman, Niger, Italy, Spain, Mauritania and 

Djibouti. 

3.1.1 Study area and sampling sites in Pakistan   

For Pakistan, a planned survey of date palm belt was conducted to mark the representative 

trees for further research that included Punjab (Khushab, Bhakkar, Jhang, Faisalabad, 

Layyah, Dera Ghazi Khan, Muzafargarh, Bahawalpur and Rahim Yar Khan); Balochistan 

(Kech and Gwadar); Sindh (Sukkur and Khairpur), Khyber Pakhtunkhwa (Dera Ismail Khan) 
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and Azad Jammu and Kashmir (Bagh and Poonch). All the accessions were coded under 

CodeIRD as an accession number_accession name_origin_collection site. Young leaves of 

139 out of 165 accessions were sampled and preserved in silica gel until DNA extraction. 

Material was used for descriptive, seed morphometric and molecular data collection as 

mentioned in table 3.3. 

3.1.2 Date palm accession from date palm growing world     

Date palm accessions from the date palm growing world (Pakistan, Iraq, Libya, Algeria, 

Oman, Niger, Italy, Spain, Mauritania and Djibouti) were collected as shown in table 3.4. All 

the accessions were coded under CodeIRD as accession number_accession 

name_origin_collection site collection as mentioned in table 3.4. Young leaves were sampled 

and preserved in silica gel until DNA extraction. Materials were used for molecular data. 

3.2 Experimental Methodology: 

3.2.1 Morphological characterization 

For morphological characterization, seeds of 82 date palm accession were collected from 

different geographical regions of Pakistan. 

3.2.1.1  Quantitative and Qualitative morphological/morphometric data collection  

 

The study included 82 date palm accessions originated from 12 different geographical 

locations in Pakistan. For each accession, a sample of thirty seeds was randomly selected to 

perform morphometric analysis. The study was based on nineteen (19) characters describing 

quantitative (5 traits) and qualitative (14 traits) of date palm seeds (Table 3.1). These are 

reported as a part of standard descriptors in the date-palm (IPGRI, 2005).  

3.2.1.1.1  Quantitative morphometric characters  

These quantitative characters include base to apex Length (cm), Embryo to Apex Length 

(cm), Lateral View (VL) (cm
2
), Dorsal View (VD) (cm

2
), Embryo to Apex Length/Base to 

Apex Length (%). Each seed of each accession (out of the 30 seeds) was assigned a number 

1-30. Each seed was photographed in a dorsal view and lateral view, using scale fitted digital 

camera with a light system (Fig. 3.1). Pictures were organized and assigned a code using 

ImageJ software. Then, the seeds were turned into black and white using Adobe Photoshop 

CS5.1 (Fig. 3.2). 
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Figure 3.1 Scale fitted digital camera with a light system for taking good seeds pictures for 

morphometric analysis 

 

 

Figure 3.2 The dorsal and lateral view of seeds along with black and white picture of seed, 

work of Adobe Photoshop CS5.1 and scale is indicating measurement of seed in ImageJ 

software. 
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3.2.1.1.2  Qualitative morphological characters  

These qualitative characters include seed shape, seed color, seed surface, seed base, seed 

apex, seed wings, and frequency of wings, ventral furrow shape, ventral furrow width, 

ventral furrow ends, ventral furrow nature, micropyle position, micropyle elevation and 

micropyle appearance. Each seed of each accession (out of the 30 seeds) was assigned a 

number 1-30. Within each character, following traits were observed; 

Table 3.1: Quantitative and Qualitative characters of date palm seeds   

Serial 

No. 

Characters Denominations Observations 

A. Quantitative morphometric characteristics   

1 Base to Apex Length  BAL (cm)  

2 Embryo to Apex Length EAL (cm)  

3 Dorsal Area (VD) DA (cm
2
)  

4 Lateral Area (VL) LA (cm
2
)  

 Embryo to Apex Length/Base to 

Apex Length 

EAL/BAL (%)  

B. Qualitative morphological characteristics  

1 Seed shape SSH ovate, coniforme, fusiforme, sub-

cylindrical, piriforme, cylindrical, oblong 

2 Seed color SCO gray, cream, brown, pale brown, dark 

brown, others  

3 Seed surface SSU smooth, rough 

4 Seed base  SBA obtuse, blunt, mucronate, acuminate, 

caudate, truncate, oblique, retuse 

5 Seed apex SAP obtuse, blunt, retuse, acuminate, rounded 

6 Seed wings SWI absence, ridged, finned, both 

(ridged/finned) 

7 Frequency of wings FOW never, few, often 

8 Ventral furrow shape VFS not clear, “V” clear, “U” clear 

9 Ventral furrow width VFW regular, broad at apex, broad at base, 

broad at both ends 

10 Ventral furrow ends VFE open at base, open at both ends 

11 Ventral furrow nature VFN shallow, deep 

12 Micropyle position MPO proximate, center, distal 

13 Micropyle elevation MEL sunken, moderately sunken, not sunken 

14 Micropyle appearance MAP visible, not visible 
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3.2.2 GPS Data Collection 

The geographic positioning of the tree was recorded using GPS Garmin eTrex® series GPS 

device. All the locations were visited and longitude, latitude and elevation of all the sampled 

trees were recorded. The coordinates were taken from the ARC GIS ver. 9.3. The 

meteorological data were used to make the maps by inverse distance weighted technique due 

to its simplicity. All the coordinates are mentioned in table (Table 3.3 and Fig. 3.3). 

3.2.3.  Molecular characterization with microsatellites (SSR) markers 

3.2.3.1   Leaf Collection 

One to two young leaflets per accession of the adult date palm tree were collected randomly 

as mentioned in table 3.3 and 3.4 and dried in silica gel until DNA extraction.  

3.2.3.2   Genomic DNA Extraction 

DNA were extracted from silica gel dried leaf tissues of date palm following Qiagen 

DNeasy® protocol, which is given below;  

3.2.3.2.1 Protocol: DNeasy Plant Mini Kit (QIAGEN Sciences, Maryland-USA) 

Silica gel dried leaf tissue sample (40mg) for each individual was wighed and it was 

grounded in QIAGEN TissueLyser II (Retsch, Germany) until it turned into homogenized 

fine powder. The powder was immediately transferred into a microfuge tube containing 600 

μL AP1 buffer for cell lysis. After that 4 μL RNase was added and Vortex mixer was used to 

mix it up. After removing clumps, it was incubated at the 65 
o
C in water bath for 10 minutes. 

At this stage, 195 μL AP2 buffer was added, mixed and incubated for 5 minutes on ice. The 

whole material was applied with a cut blue tip a Lilac QIAshredder tube for each sample and 

was spun for 2 minutes in a centrifuge (Eppendorf centrifuge 5810R, Germnay) at maximum 

speed (14000 rpm). The flow through the material was then transferred from the collection 

tube to a new microfuge tube and the spin column and collection tube were discarded. The 

AP3 buffer (675 μL) was then added to clear lysate and mixed with tip, flicked and vortexed. 

650 μL of this mixture was transferred to DNeasy column and spun for 1 min at 8000 rpm. 

The “flow through” solution in the tube was discarded. 

The left over material was added in DNeasy column and spun again for 2 min at 8000 rpm 

and flow through a material was discarded. DNeasy column was put in a new collection tube 

and 500 μL of AW buffer was added in the column. Spun for 1 min again at 8000 rpm and 

discarded the flow through . Again added 500 μL AW buffer and spun for 2 min at maximum 
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speed to dry the column membrane. Lid of microfuge tube was cut and DNeasy column was 

placed in the tube and collection tube was discarded. Then 100 μL of preheated AE buffer 

was added directly onto the column membrane and incubated at room temperature for 5 

minutes. 

After spinning for 1 min at 8000 rpm, elute was transferred to a new microfuge or a screw 

top tube and labeled. This was the 1
st
 elute. The same microfuge tube was reused with the AE 

buffer to get 2
nd

 elute. Then elutes were preserved for further DNA quantification and 

genotyping. 

3.2.3.2.2 DNA Quantification  

Purified preserved DNA was homogenized in vortex mixer. After short spinning for 1-2 

minutes, 1.5 μL genomic DNA was used to determine the DNA concentration using 

Nanodrop®Spectrophotometer-ND-1000, Lambert-France.   

3.2.3.2.3 Microsatellites amplification 

I have tested a total of 18 date-palms specific primer pairs was used as mentioned in Table 

3.2. PCR reactions were performed in a total reaction mixture of 10ml containing: 20-30 ng 

of total cellular DNA (1ml) as template, 1.5 mM of MgCl2, 1× PCR buffer (Promega Corp. 

Madison, USA), 0.2 mM of dNTP PCR mix (Promega), 0.625 U of Taq DNA polymerase 

(Promega) and 0.2 mM of primers and using reverse primer 5
’
 end labelled with a fluorescent 

M13 tail. Amplifications were performed in a Biometra Thermocycler (Biometra GmbH, 

Goettingen, Germany) with the following conditions: a denatura-tion step of 5 min at 95
o
C 

followed by 35 cycles of 30 s at 95
o
C, 1 min at 52

o
C and 1 min at 72

o
C, and a final extension 

step at 72
o
C for 7 min. A negative control, with the reaction mixture excluding DNA, was 

also included in each experiment. 

3.2.3.2.4 Molecular genotyping 

SSRs were screened on Li-Cor IR
2 

automated DNA sequencer (Li-Cor, Lincoln, NE, USA) 

by loading 0.2 µl of PCR product diluted 10 × in loading buffer, on 6.5% polyacrylamide gel. 

Automatic genotyping and allele size scoring were performed by the SAGA-GT
TM 

software 

(Li-Cor, Lincoln, NE, USA). 
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   Table 3.2: List of microsatellite (SSR) primers with annealing temperature and allele size used in date palm germplasm 

diversity analysis 
Primer name Motif Specific sequence Bp Ta (°C) Reference 

mPdCIR010F GA/TC AC CCC GGA CGT GAG GTG 164 56 Billotte et al., 2004 

mPdCIR010R Dinucleotidic microsatellite CGT CGA TCT CCT CCT TTG TCT C 116-163 
 

 
mPdCIR015F GA/TC AG CTG GCT CCT CCC TTC TTA 135 52 ˶ 

mPdCIR015R Dinucleotidic microsatellite GCT CGG TTG GAC TTG TTC T 111-161 
 

 
mPdCIR016F GA/TC AG CGG GAA  ATG AAA  AGG TAT 134 52 ˶ 

mPdCIR016R Dinucleotidic microsatellite ATG AAA  ACG TGC CAA  ATG TC 111-138 
 

 
mPdCIR025F GA/TC GC ACG AGA  AGG CTT ATA GT 230 49 ˶ 

mPdCIR025R Dinucleotidic microsatellite CCC CTC ATT AGG ATT CTA C 199-244 
 

 
mPdCIR032F GA/TC CA  AAT CTT TGC CGT GAG 300 52 ˶ 

mPdCIR032R Dinucleotidic microsatellite GGT GTG GAG TAA TCA TGT AGT AG 276-308 
 

 
mPdCIR035F GA/TC AC AAA CGG CGA TGG GAT TAC 188 54 ˶ 

mPdCIR035R Dinucleotidic microsatellite CCG CAG CTC ACC TCT TCT AT 175-223 
 

 
mPdCIR057F GA/TC AA GCA GCA GCC CTT CCG TAG 282 55.4 ˶ 

mPdCIR057R Dinucleotidic microsatellite GTT CTC ACT CGC CCA  AAA  ATA C 250-314 
 

 
mPdCIR063F GA/TC CT TTT ATG TGG TCT GAG AGA 167 49.8 ˶ 

mPdCIR063R Dinucleotidic microsatellite TCT CTG ATC TTG GGT TCT GT 119-198 
 

 
mPdCIR078F GA/TC TG GAT TTC CAT TGT GAG 121 49.6 ˶ 

mPdCIR078R Dinucleotidic microsatellite CCC GAA GAG ACG CTA TT 107-165 
 

 
mPdCIR085F GA/TC GA GAG AGG GTG GTG TTA TT 179 50.4 ˶ 

mPdCIR085R Dinucleotidic microsatellite TTC ATC CAG AAC CAC AGT A 141-219 
 

 
PdAG1-ssr-F GA/TC TCT GAT TTC GTT TAC TTC TTA GGA 260 52 Gene: Chabrillange et al. unpubl. 

PdAG1-ssr-R Dinucleotidic microsatellite TTC ATA TTC AGT TGT CGG GTG TA 198-323 
 SSR primers: this study 

PdCUC3-ssr1-F GT+GA CGT GGA CTC ATG ACT CGC ATG TCC 330 60 

 
PdCUC3-ssr1-R Dinucleotidic microsatellite GGT CCT TGC CGG TGG CCT TC 327-343 

 
 

PdCUC3-ssr2-F GA/TC ACA TTG CTC TTT TGC CAT GGG CT 350 59 ˶ 

PdCUC3-ssr2-R Dinucleotidic microsatellite CGA GCA GGT GGG GTT CGG GT 253-367 
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PdAP3-ssr-F4 GA/TC GAG AAA TAG AGA GCT GTG CAA G 331 57 Gene: Chabrillange et al. unpubl. 

PdAP3-ssr-R6 Dinucleotidic microsatellite CTG CAG TAC TCG GAG AAC TTG 223-260 
 SSR primers: this study 

mPdIRD013F CAC/GTG GCG GAG ACA GGA GAT GGT AA 204 60 Castillo et al. unpubl. 

mPdIRD013R Trinucleotidic microsatellite CTT GAC TGC TTC TGC TGC TG 198-242 
 

 
mPdIRD031F CCA/TGG GCA GGT GGA CTG CAA AAT CT 198 60 ˶ 

mPdIRD031R Trinucleotidic microsatellite CTA TTG GGG TGC TGA TCC AT 343-372 
 

 
mPdIRD033F CAG/CTG GGA GCA TAC AGT GGG TTT GC 199 60 ˶ 

mPdIRD033R Trinucleotidic microsatellite CAG CCT GGG AAT GAG GAT AG 189-213 
 

 
mPdIRD040F CCAGTG GAGAGATGCGTCAGGGAATC 193 60 ˶ 

mPdIRD040R Hexanucleotidic microsatellite CCAGAATCTTCCAAGCAAGC 175-205     
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Figure 3.3: Description of the study area and sampling sites in Pakistan based on elevation, latitude and longitude. 
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 Table 3.3:  A list of 139 date palm along with their corresponding origin and accession IDs, obtained from 16 districts of 04 

provinces (Punjab, Sindh, Khyber Pakhtunkhwa and Balochistan) and Azad Jammu and Kashmir, Pakistan along with 

their GPS data. The column shows accessions selected for morphological and molecular genetic diversity analysis 

(Collector: Summar A. Naqvi).  
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2480_GAD3 /Gadri-3 (Yellow Seed) F Punjab 30
o
, 12.703

ʹ
  71

o
, 17.709

ʹ
  √   

2529_DAC794 /Gadri F Punjab 31
o
, 20.123

ʹ
  71

o
, 43.569

ʹ
  √   

2484_LAL1 Laloo F Punjab 28
o
, 57.932

ʹ
  70

o
, 42.207

ʹ
  √   

2479_GAD2 /Gadri-2 F Punjab 30
o
, 12.703

ʹ
  71

o
, 17.709

ʹ
  √   

2475_APC1 Ali puri chohara-1 F Punjab 30
o
, 12.703

ʹ
  71

o
, 17.709

ʹ
  √   

2478_APC2 Ali puri chohara-2 F Punjab 30
o
, 12.703

ʹ
  71

o
, 17.709

ʹ
  √   

2468_WAH1 Wahn wali F Punjab 31
o
, 15.508

ʹ
  72

o
, 19.915

ʹ
  √ √ √ 

2611_DAC810 / F AJK 33
o
, 30.888

ʹ
  73

o
, 44.846

ʹ
  √   

2465_PES1 Peli Sundar F Punjab 31
o
, 15.568

ʹ
  72

o
, 19.978

ʹ
  √   

2589_KHB1 Khara Basra F KPK 32
o
, 14.637

ʹ
  70

o
, 52.467

ʹ
  √   

2627_DAC819 / F AJK 33
o
, 31.023

ʹ
  73

o
, 53.761

ʹ
  √   

2588_DEW1 Deri wala F KPK 32
o
, 14.637

ʹ
  70

o
, 52.471

ʹ
  √   

2590_DMW1 Dost Muhammadi Wala F KPK 32
o
, 14.646

ʹ
  70

o
, 52.484

ʹ
  √   

2594_MBI1 Mobai F KPK 32
o
, 14.672

ʹ
  70

o
, 52.423

ʹ
  √   

2620_DAC817 / F AJK 33
o
, 53.439

ʹ
  73

o
, 44.644

ʹ
  √   

2617_DAC814 / M AJK 33
o
, 56.478

ʹ
  73

o
, 41.736

ʹ
  √   

2461_RAC1 Rachna F Punjab 31
o
, 15.528

ʹ
  72

o
, 19.932

ʹ
  √ √ √ 
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2571_FAS1 Fasli F Sindh 27
o
, 38.960

ʹ
  68

o
, 49.097

ʹ
  √   

2587_SHK1 Shakri F KPK 31
o
, 43.398

ʹ
  70

o
, 49.778

ʹ
  √   

2455_DAN1 Danda-1 F Punjab 31
o
, 15.539

ʹ
 72

o
, 19.950

ʹ
 √ √ √ 

2582_KAR2 Karblain-2 F Sindh 27
o
, 34.244

ʹ
 68

o
, 37.048

ʹ
 √   

2445_ZAY11 Zehdi-1 F Punjab 31
o
, 15.568

ʹ
  72

o
, 19.972

ʹ
  √ √ √ 

2472_ZAY12 Zehdi-2 F Punjab 30
o
, 13.621

ʹ
  71

o
, 18.407

ʹ
  √   

2476_ZAY13 Zehdi-3 F Punjab 30
o
, 13.621

ʹ
  71

o
, 18.407

ʹ
  √   

2568_DAC801 / F Sindh 27
o
, 20.084

ʹ
  68

o
, 40.800

ʹ
  √   

2598_DAC803 / F KPK 32
o
, 11.424

ʹ
  71

o
, 06.807

ʹ
  √   

2601_DAC804 / F KPK 32
o
, 11.822

ʹ
  71

o
, 05.275

ʹ
  √   

2538_CGN1 Congon F Balochistan 26
o
, 00.322

ʹ
  63

o
, 06.430

ʹ
  √ √ √ 

2439_DHA1 Dhakki-1 F Sindh 31
o
, 15.576

ʹ
  72

o
, 19.992

ʹ
  √ √ √ 

2583_DHA2 Dhakki-2 F KPK 31
o
, 43.395

ʹ
  70

o
, 49.813

ʹ
  √   

2586_DHA3 Dhakki-3 F KPK 31
o
, 43.332

ʹ
  70

o
, 49.808

ʹ
  √   

2600_DHA3 Dhakki-4 F KPK 32
o
, 11.403

ʹ
  71

o
, 06.738

ʹ
  √   

2602_DHA4 Dhakki-5 F KPK 32
o
, 11.824

ʹ
  71

o
, 05.273

ʹ
  √   

2531_DAC796 / Unknown Punjab 31
o
, 28.497

ʹ
  71

o
, 17.355

ʹ
  √   

2604_DAC806 / F KPK 32
o
, 12.563

ʹ
  70

o
, 48.552

ʹ
  √   

2462_SEB1 Seib F Punjab 31
o
, 15.522

ʹ
  72

o
, 19.930

ʹ
  √ √ √ 

2581_GJR1 Gajjar/Gujjar F Sindh 27
o
, 35.231

ʹ
  68

o
, 37.592

ʹ
  √   

2554_LOL1 Lolo F Balochistan 26
o
, 01.956

ʹ
  63

o
, 19.474

ʹ
  √ √ √ 

2596_GAM1 Gabeeni Mobai F KPK 32
o
, 14.616

ʹ
  70

o
, 52.435

ʹ
  √   

2616_DAC813 / Unknown AJK 33
o
, 58.873

ʹ
  73

o
, 46.110

ʹ
  √   
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2470_ANG1 Angor F Punjab 31
o
, 15.578

ʹ
  72

o
, 19.985

ʹ
  √   

2440_ASE1 Aseel-1 F Punjab 31
o
, 15.578

ʹ
  72

o
, 19.985

ʹ
  √ √ √ 

2579_ASE3 Aseel-3 F Sindh 27
o
, 34.379

ʹ
  68

o
, 37.441

ʹ
  √ √ √ 

2537_DHZ1 Dhakki Zard F Balochistan 26
o
, 00.267

ʹ
  63

o
, 06.500

ʹ
  √ √ √ 

2481_KHR1 Khurma-1 F Punjab 28
o
, 51.556

ʹ
  70

o
, 28.507

ʹ
  √   

2619_DAC816 / Unknown AJK 33
o
, 58.022

ʹ
  73

o
, 38.718

ʹ
  √   

2626_DAC818 / Unknown AJK 33
o
, 31.008

ʹ
  73

o
, 53.985

ʹ
  √   

2444_CHO1 Chohara F Punjab 31
o
, 15.569

ʹ
  72

o
, 19.978

ʹ
  √ √ √ 

2542_QSB1 Qasab F Balochistan 26
o
, 00.479

ʹ
  63

o
, 05.515

ʹ
  √ √ √ 

2558_HAR1 Hardasht F Balochistan 26
o
, 01.717

ʹ
  63

o
, 04.832

ʹ
  √ √ √ 

2556_JWA1 Jwana F Balochistan 26
o
, 01.301

ʹ
  63

o
, 04.782

ʹ
  √ √ √ 

2610_DAC809 / F AJK 33
o
, 31.234

ʹ
  73

o
, 54.428

ʹ
  √   

2443_MKN1 Makran F Punjab 31
o
, 15.568

ʹ
  72

o
, 19.978

ʹ
  √ √ √ 

2614_DAC811 / Unknown AJK 33
o
, 31.067

ʹ
  73

o
, 53.881

ʹ
  √   

2603_DAC805 / F KPK 32
o
, 12.569

ʹ
  70

o
, 48.562

ʹ
  √   

2530_DAC795 / Unknown Punjab 31
o
, 19.281

ʹ
  71

o
, 44.782

ʹ
  √   

2577_RUK1 Rukkan F Sindh 27
o
, 34.869

ʹ
  68

o
, 36.856

ʹ
  √ √ √ 

2464_SHD1 Shado F Punjab 31
o
, 15.568

ʹ
  72

o
, 19.978

ʹ
  √   

2597_GLS2 Gulistan-2 F KPK 32
o
, 14.636

ʹ
  70

o
, 52.460

ʹ
  √   

2569_KHR2 Khurmo-2 F Sindh 27
o
, 38.983

ʹ
  68

o
, 49.086

ʹ
  √ √ √ 

2471_CHA1 Champa Kali F Punjab 31
o
, 15.568

ʹ
  72

o
, 19.978

ʹ
  √   

2585_GLS1 Gulistan-1 F KPK 31
o
, 43.480

ʹ
  70

o
, 49.811

ʹ
  √   

2441_HWY1 Hillawi-1 F Punjab 31
o
, 15.576

ʹ
  72

o
, 19.983

ʹ
  √ √ √ 
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2469_HWY2 Hillawi-2 F Punjab 31
o
, 15.568

ʹ
  72

o
, 19.978

ʹ
  √   

2447_NEE1 Neelum F Punjab 31
o
, 15.558

ʹ
  72

o
, 19.971

ʹ
  √ √ √ 

2458_PEL1 Pela Dora F Punjab 31
o
, 15.568

ʹ
  72

o
, 19.978

ʹ
  √   

2459_SMR1 Shamran-1 F Punjab 31
o
, 15.568

ʹ
  72

o
, 19.978

ʹ
  √   

2483_DAC784 / F Punjab 28
o
, 57.932

ʹ
  70

o
, 42.207

ʹ
  √   

2574_KHP2 Khupra-2 F Sindh 27
o
, 38.969

ʹ
  68

o
, 49.138

ʹ
  √ √ √ 

2592_CHS1 Choti Sandori F KPK 32
o
, 14.656

ʹ
  70

o
, 52.440

ʹ
  √   

2595_AJW1 Ajwa F KPK 32
o
, 14.611

ʹ
  70

o
, 52.411

ʹ
  √   

2540_CHP1 Chapshoq F Balochistan 26
o
, 00.488

ʹ
  63

o
, 05.516

ʹ
  √ √ √ 

2448_ZER1 Zerin F Punjab 31
o
, 15.555

ʹ
  72

o
, 19.967

ʹ
  √ √ √ 

2546_SBJ1 Surkh Begum Jungi F Balochistan 26
o
, 00.585

ʹ
  63

o
, 05.564

ʹ
  √ √ √ 

2543_GBG1 Gurbago F Balochistan 26
o
, 00.454

ʹ
  63

o
, 05.581

ʹ
  √ √ √ 

2452_KAR1 Karblain-1 F Punjab 31
o
, 15.550

ʹ
  72

o
, 19.951

ʹ
  √ √ √ 

2450_KOH1 Ko-harba-1 F Punjab 31
o
, 15.555

ʹ
  72

o
, 19.958

ʹ
  √ √ √ 

2606_DAC808 / F KPK 31
o
, 50.052

ʹ
  70

o
, 53.382

ʹ
  √   

2474_SAJ1 Sajho Wali F Punjab 30
o
, 13.621

ʹ
  71

o
, 18.407

ʹ
  √   

2451_KOZ1 Kozan Abad-1 F Punjab 31
o
, 15.552

ʹ
  72

o
, 19.954

ʹ
  √ √ √ 

2545_KZA1 Kozan Abad-2 F Balochistan 26
o
, 00.587

ʹ
  63

o
, 05.546

ʹ
  √ √ √ 

2485_BAS1 Basra-1 F Punjab 28
o
, 57.932

ʹ
  70

o
, 42.207

ʹ
  √   

2539_PAS1 Pashpag F Balochistan 26
o
, 00.347

ʹ
  63

o
, 06.474

ʹ
  √ √ √ 

2548_PKH1 Pasht Kharoch F Balochistan 26
o
, 00.815

ʹ
  63

o
, 05.554

ʹ
  √ √ √ 

2557_KHC1 Kharoch-1 F Balochistan 26
o
, 01.757

ʹ
  63

o
, 04.806

ʹ
  √ √ √ 

2562_DAC799 / F Balochistan 25
o
, 05.616

ʹ
  61

o
, 46.623

ʹ
  √   
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2527_DAC792 / F Punjab 32
o
, 36.875

ʹ
  72

o
, 11.550

ʹ
  √   

2584_BAS3 Basra-3 F KPK 31
o
, 43.396

ʹ
  70

o
, 49.811

ʹ
  √   

2460_SMR2 Shamran-2 F Punjab 31
o
, 15.555

ʹ
  72

o
, 19.967

ʹ
  √   

2580_OTA1 Otakanr F Sindh 27
o
, 36.972

ʹ
  68

o
, 39.329

ʹ
  √   

2463_ZAR1 Zardo F Punjab 31
o
, 15.519

ʹ
  72

o
, 19.928

ʹ
  √ √ √ 

2435_PDR1 Khadrawi? F Punjab 31
o
, 25.430

ʹ
  73

o
, 04.177

ʹ
  √   

2466_KUI12 Khadrawi-1 F Punjab 31
o
, 15.515

ʹ
  72

o
, 19.918

ʹ
  √ √ √ 

2467_KUI13 Khadrawi-2 F Punjab 31
o
, 15.516

ʹ
  72

o
, 19.912

ʹ
  √ √ √ 

2605_DAC807 / F KPK 31
o
, 50.068

ʹ
  70

o
, 53.364

ʹ
  √   

2566_BEG2 Begum Jungi-2 F Sindh 27
o
, 20.044

ʹ
  68

o
, 40.636

ʹ
  √ √ √ 

2454_KOK1 Kokna F Punjab 31
o
, 15.555

ʹ
  72

o
, 19.967

ʹ
  √   

2550_ZBJ1 Zard Begum Jungi F Balochistan 26
o
, 02.001

ʹ
  63

o
, 19.488

ʹ
  √ √ √ 

2570_DHD1 Dhaidi wali F Sindh 27
o
, 38.976

ʹ
  68

o
, 49.094

ʹ
  √ √ √ 

2572_HAW1 Hawwa wali F Sindh 27
o
, 38.989

ʹ
  68

o
, 49.090

ʹ
  √   

2457_DEG17 / F Punjab 31
o
, 15.555

ʹ
  72

o
, 19.967

ʹ
  √   

2438_AKH1 Akhrot F Punjab 31
o
, 15.583

ʹ
  72

o
, 19.990

ʹ
  √   

2535_DHN1 Dhandari F Balochistan 26
o
, 00.270

ʹ
  63

o
, 06.575

ʹ
  √ √ √ 

2541_FRZ1 Farz F Balochistan 26
o
, 00.487

ʹ
  63

o
, 05.506

ʹ
  √ √ √ 

2442_QTR1 Qantar F Punjab 31
o
, 15.573

ʹ
  72

o
, 19.979

ʹ
  √ √ √ 

2449_JAM1 Jaman F Punjab 31
o
, 15.557

ʹ
  72

o
, 19.960

ʹ
  √ √ √ 

2551_KOH2 Ko-harba F Balochistan 26
o
, 01.838

ʹ
  63

o
, 19.292

ʹ
  √ √ √ 

2555_GOK1 Goknah F Balochistan 26
o
, 01.877

ʹ
  63

o
, 04.790

ʹ
  √ √ √ 

2477_GAD1 /"Gadri-I (Red)" F Punjab 30
o
, 12.703

ʹ
  71

o
, 17.709

ʹ
  √   
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2536_ASE2 Aseel-2 F Balochistan 26
o
, 00.278

ʹ
  63

o
, 06.520

ʹ
  √ √ √ 

2575_KAW1 Kasho wali F Sindh 27
o
, 38.927

ʹ
  68

o
, 49.200

ʹ
  √   

2560_DAC798 / F Balochistan 25
o
, 02.678

ʹ
  61

o
,44.132

ʹ
  √   

2591_DES1 Desi F KPK 32
o
, 14.652

ʹ
  70

o
, 52.460

ʹ
  √   

2533_HLI1 Halini F Balochistan 26
o
, 00.151

ʹ
  63

o
, 06.550

ʹ
  √ √ √ 

2565_HUS1 Hussaini F Sindh 27
o
, 20.058

ʹ
  68

o
, 40.596

ʹ
  √ √ √ 

2453_JAN1 Jan-sohar F Punjab 31
o
, 15.555

ʹ
  72

o
, 19.967

ʹ
  √   

2544_ZKH1 Zard Kharoch F Balochistan 26
o
, 00.554

ʹ
  63

o
, 05.582

ʹ
  √ √ √ 

2553_NAZ1 Naz Tabakki F Balochistan 26
o
, 01.879

ʹ
  63

o
, 19.333

ʹ
  √ √ √ 

2503_HDS2 / F Punjab 31
o
, 26.057

ʹ
  73

o
, 04.647

ʹ
  √   

2573_LAS1 Lasora-1 F Sindh 27
o
, 38.970

ʹ
  68

o
, 49.099

ʹ
  √   

2576_LAS2 Lasora-2 F Sindh 27
o
, 38.908

ʹ
  68

o
, 49.195

ʹ
  √ √ √ 

2563_KHC2 Kharoch-2 F Balochistan 25
o
, 06.485

ʹ
  61

o
, 47.429

ʹ
  √   

2599_JHA1 Jhajhri F KPK 32
o
, 11.394

ʹ
  71

o
, 06.733

ʹ
  √   

2615_DAC812 / F AJK 33
o
, 58.269

ʹ
  73

o
, 44.642

ʹ
  √   

2532_DAC797 / M Balochistan 26
o
, 00.172

ʹ
  63

o
, 06.548

ʹ
  √   

2534_ROG1 Roghni F Balochistan 26
o
, 00.244

ʹ
  63

o
, 06.580

ʹ
  √ √ √ 

2561_SRK1 Surkh F Balochistan 25
o
, 05.211

ʹ
  61

o
, 46.554

ʹ
  √ √ √ 

2547_NMM1 Noor Muhammadi Much F Balochistan 26
o
, 00.917

ʹ
  63

o
, 05.605

ʹ
  √   

2549_MOZ1 Mozati F Balochistan 26
o
, 02.003

ʹ
  63

o
, 19.478

ʹ
  √ √ √ 

2552_SDH1 Surkh Dhakki F Balochistan 26
o
, 01.902

ʹ
  63

o
, 19.315

ʹ
  √ √ √ 

2618_DAC815 / F AJK 33
o
, 58.929

ʹ
  73

o
, 46.880

ʹ
  √   

2446_BRH1 Be-Rehmi F Punjab 31
o
, 15.566

ʹ
  72

o
, 19.967

ʹ
  √ √ √ 
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2473_SAV1 /"Savi Khaji" F Punjab 30
o
, 13.621

ʹ
  71

o
, 18.407

ʹ
  √   

2456_BEG1 Begum Jungi-1 F Punjab 31
o
, 15.537

ʹ
  72

o
, 19.946

ʹ
  √ √ √ 

2528_DAC793 / Unknown KPK 32
o
, 20.183

ʹ
  71

o
, 12.716

ʹ
  √   

2559_KLR1 Klair F Balochistan 26
o
, 01.850

ʹ
  63

o
, 04.791

ʹ
  √   

2482_RAT1 /"Ratti Khajji" F Punjab 28
o
, 57.932

ʹ
  70

o
, 42.207

ʹ
  √   

2578_BGN1 Begun F Sindh 27
o
, 34.272

ʹ
  68

o
, 37.456

ʹ
  √ √ √ 

2593_DAC802 / M KPK 32
o
, 14.680

ʹ
  70

o
, 52.428

ʹ
  √   

2486_NIS1 Nisri F Punjab 28
o
, 57.932

ʹ
  70

o
, 42.207

ʹ
  √   

2504_HWY3 Hillawi F Punjab 30
o
, 57.214

ʹ
  70

o
, 55.996

ʹ
   √ √ 

2505_DAC785 / Unknown Punjab 30
o
, 56.939

ʹ
  70

o
, 55.245

ʹ
   √ √ 

2506_DAC786 / Unknown Punjab 30
o
, 56.948

ʹ
  70

o
, 55.218

ʹ
   √ √ 

2507_DAC787 / Unknown Punjab 30
o
, 56.892

ʹ
  70

o
, 55.233

ʹ
   √ √ 

2508_OOD1 Ood Kafir F Punjab 28
o
, 55.765

ʹ
  70

o
, 40.227

ʹ
   √ √ 

2509_HWY4 Hillawi F Punjab 30
o
, 09.352

ʹ
  70

o
, 42.204

ʹ
   √ √ 

2510_SUR1 Surkh gol F Punjab 30
o
, 57.254

ʹ
  70

o
, 55.952

ʹ
   √ √ 

2511_HLW1 Halwain F Punjab 29
o
, 22.796

ʹ
  71

o
, 38.787

ʹ
   √ √ 

2512_LON1 “Lonri” F Punjab 30
o
, 57.212

ʹ
  70

o
, 55.962

ʹ
   √ √ 

2513_DAC788 / F Punjab 29
o
, 22.796

ʹ
  71

o
, 38.787

ʹ
   √ √ 

2514_GUL1 Gul-e-Lala F Punjab 29
o
, 22.816

ʹ
  71

o
, 38.741

ʹ
   √ √ 

2515_DAC789 / F Punjab 30
o
, 31.206

ʹ
  70

o
, 56.569

ʹ
   √ √ 

2516_KEC1 Kech Makran (Kechar) F Punjab 29
o
, 20.926

ʹ
  71

o
, 35.913

ʹ
   √ √ 

2517_BAS2 Basra F Punjab 29
o
, 22.796

ʹ
  71

o
, 38.787

ʹ
   √ √ 

2518_TAA1 Taar wali F Punjab 29
o
, 22.813

ʹ
  71

o
, 38.793

ʹ
   √ √ 

2519_SOK1 Sokut F Punjab 28
o
, 55.787

ʹ
  70

o
, 40.369

ʹ
   √ √ 

2520_DAN2 Badri Danda F Punjab 29
o
, 20.898

ʹ
  71

o
, 35.911

ʹ
   √ √ 

2521_DAC790 / F Punjab 29
o
, 22.796

ʹ
  71

o
, 38.787

ʹ
   √ √ 
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2522_DAN3 Badri F Punjab 29
o
, 15.487

ʹ
  71

o
, 02.741

ʹ
   √ √ 

2523_KHP1 Khopra F Punjab 29
o
, 20.897

ʹ
  71

o
, 35.915

ʹ
   √ √ 

2524_MUR1 Murkran F Punjab 30
o
, 23.688

ʹ
  71

o
, 23.961

ʹ
   √ √ 

2525_PIR1 Pir wali F Punjab 28
o
, 55.795

ʹ
  70

o
, 40.224

ʹ
   √ √ 

2526_DAC791 / F Punjab 28
o
, 51.556

ʹ
  70

o
, 28.507

ʹ
   √ √ 

2567_DKR1 Dokar F Sindh 27
o
, 20.095

ʹ
  68

o
, 40.799

ʹ
   √ √ 
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1 Algeria 4 Italy 7 Niger 10 Spain     

2 Djibouti 5 Libya 8 Oman       

3 Iraq 6 Mauritania 9 Pakistan       

 

Figure 3.4: Description of the study area and sampling sites in the world. 
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Table 3.4: A list of 342 date palm accessions along with their corresponding origin and accessions IDs, obtained from different 

sources. 

 

Individual code Specie Sex Variety/Cultivar Location 
DNA 

fingerprinting 

MS41 Phoenix dactylifera F Halwa Algeria √ 

MS57 ˶ F Mech Degla Algeria √ 

MS160 ˶ F Dguel Mghas Algeria √ 

MS47 ˶ M /Dokhar (mâle) Algeria √ 

MS31 ˶ F Aréchti Algeria √ 

MS316 ˶ F Deglet Jdir Algeria √ 

MS367 ˶ F Outaghsaït Algeria √ 

MS405 ˶ F Buféa Algeria √ 

MS376 ˶ F Deglet Wlad Mahmoud Algeria √ 

MS229 ˶ F Akerbouche Algeria √ 

MS262 ˶ F Baydir Algeria √ 

MS366 ˶ F Tinjdel Algeria √ 

MS358 ˶ F Abbad Algeria √ 

MS383 ˶ F Timakur Algeria √ 

MS398 ˶ F Bou Feggous algérien (Fagous) Algeria √ 

1578_THO13 ˶ F Thorry Algeria √ 

MS403 ˶ F (variété à identifier, pas Harthan) Algeria √ 

MS406 ˶ F Kenta algérien Algeria √ 

MS351 ˶ F Chikh Algeria √ 

MS146 ˶ F Hamraya III Algeria √ 

MS144 ˶ F Alig algérien Algeria √ 

MS245 ˶ F Tamazouart Algeria √ 

MS124 ˶ F Deglet Gurara Algeria √ 

MS113 ˶ F Bayd Hmam Algeria √ 
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MS390 ˶ F Bent Cherk Algeria √ 

MS157 ˶ F Bukhannus Algeria √ 

MS307 ˶ F (variété à identifier, pas Degla Baida) Algeria √ 

MS62 ˶ F (variété à identifier, pas Mech Degla) Algeria √ 

MS331 ˶ F Tinasser Algeria √ 

MS21 ˶ F Degla Baida Algeria √ 

MS368 ˶ F Timedjwel Algeria √ 

MS98 ˶ F Takhoudrayt Algeria √ 

MS369 ˶ F Tinazidhane Algeria √ 

MS280 ˶ F / (Tinhamour) Algeria √ 

MS279 ˶ F / (Tinhamour) Algeria √ 

MS379 ˶ F Me'udiya Algeria √ 

MS249 ˶ F Tadmamt Algeria √ 

MS396 ˶ F Tindukan Algeria √ 

MS142 ˶ F Aman Algeria √ 

MS143 ˶ F Aman Algeria √ 

MS336 ˶ F Takerboucht Algeria √ 

MS257 ˶ F Tazizawt Algeria √ 

MS326 ˶ F Ouarglia Algeria √ 

MS374 ˶ F Aghares Algeria √ 

MS166 ˶ F Horra Algeria √ 

MS253 ˶ F Tadala Algeria √ 

MS404 ˶ F Mcharret Algeria √ 

MS276 ˶ F Taghera Algeria √ 

MS150 ˶ F Tati Algeria √ 

MS408 ˶ F Timrisa Algeria √ 

MS1 ˶ F Deglet Nour Algeria √ 

MS400 ˶ F Adam Hror Algeria √ 

MS115 ˶ F D'quel El Hadj Algeria √ 
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MS378 ˶ F Banekhluf Algeria √ 

MS365 ˶ F Bukezzine Algeria √ 

MS401 ˶ F Adam Timu Algeria √ 

MS110 ˶ F Chataya Algeria √ 

MS116 ˶ F Tawadan Algeria √ 

MS175 ˶ F Yellow Lulu Algeria √ 

MS94 ˶ F Bouldjib Algeria √ 

MS122 ˶ F Aghaliane Algeria √ 

MS277 ˶ F Ain Zbib Algeria √ 

MS105 ˶ F Deglet Jito Algeria √ 

MS397 ˶ F Adam Bchir Algeria √ 

MS410 ˶ F Ma'tug Algeria √ 

MS178 ˶ F Kesba Algeria √ 

MS246 ˶ F Ajoujil Algeria √ 

MS357 ˶ F Azizaou (nom  arabe : Adam Zrak) Algeria √ 

MS224 ˶ F Tafeziwin Algeria √ 

MS112 ˶ F Adam Deglet Noir Algeria √ 

MS394 ˶ F Timliha Algeria √ 

MS352 ˶ F Adam Esof Algeria √ 

MS140 ˶ F Dguel Sidi Khlil Algeria √ 

MS278 ˶ F Ain Zbib Algeria √ 

MS260 ˶ F Ououchtt Algeria √ 

MS372 ˶ F Tinhud Algeria √ 

MS345 ˶ F Tawragha Algeria √ 

MS84 ˶ F Tissibi Algeria √ 

MS360 ˶ F Ighes N'wagada Algeria √ 

MS388 ˶ F Tilemsu (pas Hmira) Algeria √ 

MS361 ˶ F Gharas Algeria √ 

MS373 ˶ F Aghammu Algeria √ 
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MS208 ˶ F Bent Qbala Algeria √ 

MS270 ˶ F Nasser Oussaleh Algeria √ 

MS391 ˶ F Bawa'adhim Algeria √ 

MS413 ˶ F Timliha Algeria √ 

MS92 ˶ F Tifazwin Algeria √ 

MS91 ˶ F Tanslit Algeria √ 

MS302 ˶ F Hmira Algeria √ 

MS275 ˶ F Taghera Algeria √ 

MS356 ˶ F Tgaza Algeria √ 

MS385 ˶ F Asemmat Algeria √ 

MS353 ˶ F Adam Bulla Algeria √ 

MS71 ˶ F Hamraya I Algeria √ 

MS362 ˶ F Tinrigh Algeria √ 

MS158 ˶ F Khadri Algeria √ 

MS242 ˶ F Tazarzayet Algeria √ 

MS395 ˶ F Andekly Algeria √ 

MS42 ˶ F Litima Algeria √ 

MS384 ˶ F Harthan (Aharthan) Algeria √ 

MS218 ˶ F Timjouhart Algeria √ 

MS172 ˶ F red Lulu Algeria √ 

MS349 ˶ F Ouzamig Algeria √ 

MS107 ˶ F Tachlilat Algeria √ 

MS101 ˶ F Dimolo Algeria √ 

MS118 ˶ F Tawraghet Algeria √ 

MS95 ˶ F Tazougart Algeria √ 

MS72 ˶ F Tinicine Algeria √ 

MS89 ˶ F Hamraya II Algeria √ 

MS88 ˶ F / pas (Halwa) Algeria √ 

MS11 ˶ F Ghars Algeria √ 
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MS70 ˶ F Tanteboucht Algeria √ 

MS135 ˶ F Abdel Azzaz Algeria √ 

MS121 ˶ F Bacheir Algeria √ 

MS68 ˶ F Zoq El Moggar Algeria √ 

MS97 ˶ F Taramount Algeria √ 

MS119 ˶ F Bahdid Algeria √ 

MS272 ˶ F El Gachouche Algeria √ 

MS102 ˶ F D'quel M'rass Algeria √ 

MS104 ˶ F Takermoust Algeria √ 

MS274 ˶ F Tizouyadj Algeria √ 

MS164 ˶ F Zaghraya Algeria √ 

MS163 ˶ F Dfor Lgot Algeria √ 

MS48 ˶ M Dokhar Algeria √ 

MS90 ˶ F Deglet Mech'a Algeria √ 

P135 ˶ F PB160 Djibouti √ 

P134 ˶ F PB144 Djibouti √ 

AGF3 ˶ F /femelle Djibouti √ 

P133 ˶ F PB071 Djibouti √ 

P136 ˶ F PB254 Djibouti √ 

AGF4 ˶ F /femelle Djibouti √ 

AGF5 ˶ F /femelle Djibouti √ 

AM2 ˶ M /male Djibouti √ 

AGM2 ˶ M /male Djibouti √ 

JCP1692 ˶ F Ashrasi Iraq √ 

JCP1691 ˶ F Benosh Iraq √ 

2589_KHB1 ˶ F Khara Basra Iraq √ 

2455_DAN1 ˶ F Zaidi (Danda) Iraq √ 

MS127 ˶ F Zaidi (Halimi) Iraq √ 

MS128 ˶ F Zaidi (Masri) Iraq √ 
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2582_KAR2 ˶ F Zaidi (not Karblain) Iraq √ 

1575_ZAY10 ˶ F Zaidi Iraq √ 

2656_ZAY15 ˶ F Zaidi Iraq √ 

2445_ZAY11 ˶ F Zaidi Iraq √ 

2472_ZAY12 ˶ F Zaidi Iraq √ 

2476_ZAY13 ˶ F Zaidi Iraq √ 

JCP1686 ˶ F Badmi Iraq √ 

1573_BAR7 ˶ F Barhi Iraq √ 

JCP1693 ˶ F Khastawi Iraq √ 

JCP1701 ˶ F Saidi Iraq √ 

2471_CHA1 ˶ F Halawi (Champa Kali) Iraq √ 

2585_GLS1 ˶ F Halawi (Gulistan) Iraq √ 

1585_HAL7 ˶ F Halawi Iraq √ 

2441_HWY1 ˶ F Halawi (Hillawi) Iraq √ 

2469_HWY2 ˶ F Halawi (Hillawi) Iraq √ 

2447_NEE1 ˶ F Halawi (Neelum) Iraq √ 

2458_PEL1 ˶ F Halawi (Pela Dora) Iraq √ 

2459_SMR1 ˶ F Halawi (not Shamran) Iraq √ 

MS130 ˶ F Halawi (Zohdi) Iraq √ 

2485_BAS1 ˶ F Basra Iraq √ 

2435_PDR1 ˶ F Khadrawi? Iraq √ 

2466_KUI12 ˶ F Khadrawi? Iraq √ 

2467_KUI13 ˶ F Khadrawi? Iraq √ 

JCP1695 ˶ F Bahram Iraq √ 

JCP1694 ˶ F Saylani Iraq √ 

JCP1688 ˶ F Khadrawy Iraq √ 

JCP1690 ˶ F Bdmalki Iraq √ 

JCP1687 ˶ F Bdmalki (Sarmadti) Iraq √ 

JCP1689 ˶ F Maktoom Iraq √ 
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0515_ROM3 ˶ F Romana I Italy √ 

93010 ˶ F / Italy √ 

P102 ˶ F 93035 parthénocarpique Italy √ 

93027 ˶ F /Khalt Zaidi Italy √ 

93016 ˶ F / Italy √ 

93030 ˶ F / Italy √ 

93011 ˶ F /parthénocarpique Italy √ 

0513_ROM1 ˶ F Romana II Italy √ 

93032 ˶ F / Italy √ 

93025 ˶ F / Italy √ 

93026 ˶ F / Italy √ 

93015 ˶ F / Italy √ 

93029 ˶ F / Italy √ 

93034 ˶ F / Italy √ 

93031 ˶ F / Italy √ 

93012 ˶ F / Italy √ 

93013 ˶ F / Italy √ 

0512_EBR3 ˶ F Ebrea Italy √ 

4629-1 ˶ F / Italy √ 

4629-2 ˶ F / Italy √ 

4629-3 ˶ F / Italy √ 

4629-4 ˶ F / Italy √ 

4629-5 ˶ F / Italy √ 

D3 Deglet Libye ˶ M / Libya √ 

JCP1702 ˶ F Aqdool Libya √ 

JCP1697 ˶ F Khmag Libya √ 

JCP1696 ˶ F Awreeq Libya √ 

JCP1699 ˶ F Amreer Libya √ 

JCP1700 ˶ F Talees Libya √ 
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JCP1698 ˶ F Taghiyat Libya √ 

D1 Deglet Libye ˶ F Deglet Nour Libya √ 

D2 Deglet Libye ˶ F Deglet Nour Libya √ 

2352_EDA1 ˶ F Edaghed Mauritania √ 

2377_SEK1 ˶ F Sekani Mauritania √ 

2354_MEK1 ˶ F Medina Kaylanya Mauritania √ 

JCP 391 ˶ F Ahmar Mauritania √ 

JCP839 ˶ F Adam Goas Niger √ 

JCP840 ˶ F Adam Alkag Niger √ 

JCP838 ˶ F Adam Araw Niger √ 

JCP1704 ˶ F Khalas? Oman √ 

JCP1707 ˶ F Naghal Oman √ 

JCP1706 ˶ M Bahlani male Oman √ 

JCP1703 ˶ F Khalass Oman Oman √ 

JCP1708 ˶ F Bounaringa Oman √ 

JCP1705 ˶ F Fard Oman √ 

1583_HIL6 ˶ F Hilali Oman √ 

2480_GAD3 ˶ F /Gadri (Yellow Seed) Pakistan √ 

2529_DAC794 ˶ F /Gadri Pakistan √ 

2484_LAL1 ˶ F Laloo Pakistan √ 

2479_GAD2 ˶ F /Gadri Pakistan √ 

2475_APC1 ˶ F Ali puri chohara Pakistan √ 

2478_APC2 ˶ F Ali puri chohara Pakistan √ 

2611_DAC810 ˶ F / Pakistan √ 

2465_PES1 ˶ F Peli Sundar Pakistan √ 

2627_DAC819 ˶ F / Pakistan √ 

2588_DEW1 ˶ F Mobai (Deri wala) Pakistan √ 

2590_DMW1 ˶ F Mobai (Dost Muhammadi Wala) Pakistan √ 

2594_MBI1 ˶ F Mobai Pakistan √ 
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2620_DAC817 ˶ F / Pakistan √ 

2617_DAC814 ˶ F / Pakistan √ 

2461_RAC1 ˶ F Rachna Pakistan √ 

2571_FAS1 ˶ F Fasli Pakistan √ 

2587_SHK1 ˶ F Shakri Pakistan √ 

2568_DAC801 ˶ F Dhakki Pakistan √ 

2598_DAC803 ˶ F Dhakki Pakistan √ 

2601_DAC804 ˶ F Dhakki Pakistan √ 

2538_CGN1 ˶ F Dhakki (Congon) Pakistan √ 

2439_DHA1 ˶ F Dhakki Pakistan √ 

2583_DHA2 ˶ F Dhakki Pakistan √ 

2586_DHA3 ˶ F Dhakki Pakistan √ 

2600_DHA3 ˶ F Dhakki Pakistan √ 

2602_DHA4 ˶ F Dhakki Pakistan √ 

2531_DAC796 ˶ F / Pakistan √ 

2604_DAC806 ˶ F / Pakistan √ 

2462_SEB1 ˶ F Seib Pakistan √ 

2581_GJR1 ˶ F Naghal (Gajjar/Gujjar) Pakistan √ 

2554_LOL1 ˶ F Lolo Pakistan √ 

2596_GAM1 ˶ F Gabeeni Mobai Pakistan √ 

2616_DAC813 ˶ F / Pakistan √ 

2470_ANG1 ˶ F Aseel (Angor) Pakistan √ 

2440_ASE1 ˶ F Aseel Pakistan √ 

2579_ASE3 ˶ F Aseel Pakistan √ 

2537_DHZ1 ˶ F Aseel (Dhakki Zard) Pakistan √ 

2481_KHR1 ˶ F Aseel (Khurma) Pakistan √ 

2619_DAC816 ˶ F / Pakistan √ 

2626_DAC818 ˶ F / Pakistan √ 

2444_CHO1 ˶ F Chohara Pakistan √ 
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2542_QSB1 ˶ F Qasab Pakistan √ 

2558_HAR1 ˶ F Hardasht Pakistan √ 

2556_JWA1 ˶ F Hardasht (Jwana) Pakistan √ 

2610_DAC809 ˶ F / Pakistan √ 

2443_MKN1 ˶ F Makran Pakistan √ 

2614_DAC811 ˶ F / Pakistan √ 

2603_DAC805 ˶ F / Pakistan √ 

2530_DAC795 ˶ F / Pakistan √ 

2577_RUK1 ˶ F Rukkan Pakistan √ 

2464_SHD1 ˶ F Shado Pakistan √ 

2597_GLS2 ˶ F Gulistan Pakistan √ 

2569_KHR2 ˶ F Khurmo Pakistan √ 

2483_DAC784 ˶ F / Pakistan √ 

2574_KHP2 ˶ F Khupra Pakistan √ 

2592_CHS1 ˶ F Choti Sandori Pakistan √ 

2540_CHP1 ˶ F Chapshoq Pakistan √ 

2448_ZER1 ˶ F Zerin Pakistan √ 

2546_SBJ1 ˶ F Surkh Begum Jungi Pakistan √ 

2543_GBG1 ˶ F Gurbago Pakistan √ 

2452_KAR1 ˶ F Karblain Pakistan √ 

2450_KOH1 ˶ F Karblain (Ko-harba) Pakistan √ 

2606_DAC808 ˶ F / Pakistan √ 

2474_SAJ1 ˶ F Sajho Wali Pakistan √ 

2451_KOZ1 ˶ F Kozan Abad Pakistan √ 

2545_KZA1 ˶ F Kozan Abad Pakistan √ 

2539_PAS1 ˶ F Pashpag Pakistan √ 

2548_PKH1 ˶ F Pasht Kharoch Pakistan √ 

2557_KHC1 ˶ F Kharoch Pakistan √ 

2562_DAC799 ˶ F / Pakistan √ 
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2527_DAC792 ˶ F / Pakistan √ 

2584_BAS3 ˶ F Shamran (not Basra) Pakistan √ 

2460_SMR2 ˶ F Shamran Pakistan √ 

2580_OTA1 ˶ F Otakanr Pakistan √ 

2463_ZAR1 ˶ F Zardo Pakistan √ 

2605_DAC807 ˶ F / Pakistan √ 

2566_BEG2 ˶ F Begum Jungi II Pakistan √ 

2454_KOK1 ˶ F Kokna Pakistan √ 

2550_ZBJ1 ˶ F Zard Begum Jungi Pakistan √ 

2570_DHD1 ˶ F Dhaidi wali Pakistan √ 

2572_HAW1 ˶ F Hawwa wali Pakistan √ 

2457_DEG17 ˶ F / Pakistan √ 

2438_AKH1 ˶ F Akhrot Pakistan √ 

2535_DHN1 ˶ F Fard (Dhandari) Pakistan √ 

2541_FRZ1 ˶ F Fard (Farz) Pakistan √ 

2442_QTR1 ˶ F Qantar Pakistan √ 

2449_JAM1 ˶ F Jaman Pakistan √ 

2551_KOH2 ˶ F Ko-harba Pakistan √ 

2555_GOK1 ˶ F Goknah Pakistan √ 

2477_GAD1 ˶ F /"Gadri (Red)" Pakistan √ 

2536_ASE2 ˶ F / Pakistan √ 

2575_KAW1 ˶ F Kasho wali Pakistan √ 

2560_DAC798 ˶ F / Pakistan √ 

2591_DES1 ˶ F Desi Pakistan √ 

2533_HLI1 ˶ F Halini Pakistan √ 

2565_HUS1 ˶ F Hussaini Pakistan √ 

2453_JAN1 ˶ F Hussaini (Jan-sohar) Pakistan √ 

2544_ZKH1 ˶ F Zard Kharoch Pakistan √ 

2553_NAZ1 ˶ F Naz Tabakki Pakistan √ 
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2503_HDS2 ˶ F / Pakistan √ 

2573_LAS1 ˶ F Lasora Pakistan √ 

2576_LAS2 ˶ F Lasora Pakistan √ 

2563_KHC2 ˶ F Kharoch Pakistan √ 

2599_JHA1 ˶ F Jhajhri Pakistan √ 

2615_DAC812 ˶ F / Pakistan √ 

2532_DAC797 ˶ F / Pakistan √ 

2534_ROG1 ˶ F Roghni Pakistan √ 

2561_SRK1 ˶ F Surkh Pakistan √ 

2547_NMM1 ˶ F Noor Muhammadi Much Pakistan √ 

2552_SDH1 ˶ F Surkh Dhakki Pakistan √ 

2618_DAC815 ˶ F / Pakistan √ 

2446_BRH1 ˶ F Be-Rehmi Pakistan √ 

2473_SAV1 ˶ F /"Savi Khaji" Pakistan √ 

2456_BEG1 ˶ F Begum Jungi Pakistan √ 

2528_DAC793 ˶ F / Pakistan √ 

2559_KLR1 ˶ F Klair Pakistan √ 

2482_RAT1 ˶ F /"Ratti Khajji" Pakistan √ 

2578_BGN1 ˶ F Begun Pakistan √ 

2593_DAC802 ˶ F / Pakistan √ 

2486_NIS1 ˶ F Nisri Pakistan √ 

2468_WAH1 ˶ F Wahn wali Pakistan √ 

2549_MOZ1 ˶ F Mozati Pakistan √ 

0522_DAC81 ˶ F /Elche Spain √ 

0521_DAC80 ˶ F /Elche Spain √ 

0531_CON2 ˶ F La Confitera Spain √ 

0520_DAC79 ˶ F / Spain √ 

0524_DAC83 ˶ F / Spain √ 
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3.3 Statistical Analysis 

3.3.1  Morphometric Data Analysis 

Standardized traits mean values were used to perform a principal component (PCA) and 

hierarchical cluster (CA) analyses using XLSTATsoftware version 3.06. The goal of PCA is 

to decompose a data table with correlated measurements into a set of uncorrelated variables. 

The results of the analysis are presented with graphs plotting the projections of the units onto 

the components, and the loadings of the variables. The correlation between variables was 

evaluated using Pearson’s correlation coefficient. Cluster analysis, based on Euclidean 

distances as similarity measures and the unweighted pair-group method with arithmetic 

averages (UPGMA) were used to analyze the genetic relationships among accessions. Biplot 

for the morphological data were made in the software CANOCO ver. 4.5. 

3.3.2  Genetic Data Analysis 

3.3.2.1  Summary statistics 

The program PowerMarker ver. 3.25 (Liu and Muse, 2005) was used to calculate basic 

features of microsatellite (SSRs) and the variable parameters including, number of alleles per 

locus, allele size, allele frequency, genotype number, observed heterozygosity (Hobs), 

expected heterozygosity (Hexp) and the polymorphism information content (PIC). Null 

frequencies for each locus and the significance of inbreeding coefficients (Fis and Fst) were 

calculated according to the formula of Weir and Cockerham (1984) using GENEPOP ver. 4 

(Rousset, 2008). Mean genetic diversity within a population (Hs), total genetic diversity (Ht) 

and genetic diversity among population/group (Gst) were also calculated using the program 

GENETIX 4.05.2 (Belkhir et al., 2004).  

A genetic dissimilarity matrix based on the DA genetic distance index (Nei et al., 1983) was 

constructed among all the pairwise combination of genotypes to obtain a clearer picture of 

the genetic relationships among them by means of the Neighbor-Joining (NJ) clustering 

algorithm. The robustness of internodes was assessed by bootstrap analysis with 1000 

replicates using PowerMarker Ver. 3.25 (Liu and Muse, 2005). 

3.3.2.2  Analysis for genetic clonality and recombination 

I first checked the suitability of the markers to detect the multilocus genotype (MLGs) under 

panmixia, by estimating the psex and plotting the number of MLGs detected against the 

number of loci using GENECLONE (Arnauld-Haond and Belkhir, 2007). The psex and its P-
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value were used to confirm the clonal origin of repeated MLGs (Stenberg et al. 2003). The 

nonredundancy of the set of loci was also investigated by estimating linkage disequilibrium 

among marker pairs using GENETIX 4.05.2 (Belkhir et al. 2004). Observed heterozygosity 

(Hobs) and expected heterozygosity (Hexp) mean number of alleles/locus were calculated using 

the program GENETIX 4.05.2 (Belkhir et al., 2004). The null hypothesis of Hardy-Weinberg 

equilibrium within each population was tested using the exact test implemented in 

GENEPOP 4.0 (Raymond and Rousset 1995). Within population, genotypic diversity 

calculated using MULTILOCUS (Agapow and Burt 2001).    

3.3.2.3  Population structure analysis 

Underlying genetic substructure in sampled population was assessed using both model-based 

Bayesian and nonparametric multivariate clustering methods. I used the model-based 

Bayesian method implemented in the STRUCTURE 2.2 software (Pitchard et al., 2000). A 

total of 10 independent runs was made with a burn-in period of 100,000 and a total of 

100,0000 iterations, selecting K ranging from 1 to 10. STRUCTURE outputs were processed 

with CLUMPP (Jakobsson and Rosenberg 2007) to assign groups of runs to a common 

clustering pattern (G
ʹ 
- statistic greater than 70%). The optimal K value was determined using 

the method of Evanno et al. (2005) based on the rate of change in the log probability of data 

between successive K values.      

I also analyzed population subdivision using a nonparametric approach, which does not rely 

on a particular genetic model. Multivariate analysis were carried out using discriminant 

analyses of principal component (DAPC), implemented in the ADEGENET package in R 

environment (Jombart et al., 2010). For DAPC, the number of clusters was identified based 

on Bayesian Information Criteria (BIC) as suggested by Jombart et al. (2010). 

The relatedness between sampled locations were represented using a neighbour-joining (NJ) 

tree based on Nei’s genetic distance, as implemented in a POPULATION program (Langella 

2008). Significance was assessed using 1000 bootstraps. Analysis of molecular variance 

(AMOVA) was estimated using GenAlex program in Excell.  

3.3.2.4  Cultivar identification key 

To elaborate cultivar identification key, di-tri (PdCUC3-ssr2, PdAP3-ssr, mPdCIR078, 

mPdIRD031, mPdIRD033) and hexa nucleotide (mPdIRD040) microsatellite loci sufficient 
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to distinguish each individual were selected for homogeneity as well as for reproducibility. 

Accessions were then classified, according to their genotype on the selected SSR loci.   

3.3.3  PCA for combimed (molecular and morphological) data 

To compare morphological and SSR data, combined data sheet was implemented using 

PROC PRINCOMP in SAS software.   
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Chapter 4  

 

RESULTS  

 

This chapter describes the results of the experiments that were outlined in the previous 

chapter. The different section of this chapter includes original research questions that were 

framed in the introduction of this thesis, in the context of analysis of morphological and 

genetic variation in date palm.  

4.1. Morphological Characters  

A set of different statistical analyses was conducted to determine the existing morphological 

variation among and within different accessions of date palm collected from different regions 

of Pakistan i.e. Jhang, Layyah, Muzafargarh, Dera Ghazi Khan, Bahwalpur, Rahim Yar 

Khan, Sukkur, Khairpur, Kech and Gwadar. The results of phenotypic relationships are 

presented as following: 

4.1.1. Descriptive statistics
 

Five quantitative (QT) and fourteen qualitative (QL) morphological traits separately and 

nineteen combined traits (QT and QL) were measured on 2460 date palm seeds representing 

82 accessions (30 seeds/accessions). These traits included base to apex length (BAL, cm), 

embryo to apex length (EAL, cm), embryo to apex length/base to apex length ratio 

(EAL/BAL, %), dorsal area (DA, cm
2
) and lateral area (LA, cm

2
). Seed shape (SSH), seed 

color (SCO), seed surface (SSU), seed base (SBA), seed apex (SAP), seed wings (SWI), 

frequency of wings (FOW), ventral furrow shape (VFS), ventral furrow width (VFW), 

ventral furrow ends (VFE), ventral furrow nature (VFN), micropyle position (MPO) 

micropyle elevation (MEL) and micropyle appearance (MAP).  

Descriptive statistics of the QT, QL traits separately and combined consisted of minimum, 

maximum, mean and standard deviation and coefficient of variance (CV) and are presented 

in Table 4.1 A, B and C. Results showed a large extent of variability among date palm 

accessions according to QT, QL traits. LA trait had high CV value (20.46%) followed by DA 

(20.16%), EAL (17.27%) and BAL (13.10%). However, EAL/BAL recorded a lowest value 

of 9.96%. Thus, the majority traits showed low values (CV ˂ 20%).  In case of QL traits, 

SWI and FOW were only observed in the seeds of four accessions including Cong (KB), Kec 
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(BP), 1513 (BP) and HAL (BP). Thus, highest CV was counted in SWI (469.54%) and FOW 

(444.31%) traits followed by SAP (71.36%) and SBA (57.83%). However, MAP recorded a 

lowest value of 0.00%. In contrast, statistics of the combined traits (QT and QL) showed 

highest mean value (44.69) for EAL/BAL whereas; FOW and SWI possessed lowest mean 

value of 0.05 and 0.07, respectively. However, the majority traits showed similar mean 

values ranged 1-5.   
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Table 4.1 A, B and C: List of quantitative and qualitative characters (separated and combined), 

denotation and their descriptive statistics of 82 Pakistani date palm accessions representing 10 

locations 
A. Quantitative characters Denotations Min. Max. Mean SD CV (%) 

 

Base to Apex Length (cm) BAL (cm) 1.18 3.08 2.20 0.29 13.10 

Embryo to Apex Length (cm) EAL (cm) 0.49 1.45 0.99 0.17 17.27 

Embryo to Apex Length/Base to Apex Length (%) EAL/BAL (%)  33.63 54.20 44.69 4.45 09.96 

Dorsal Area (cm
2
) DA (cm

2
)  0.74 2.68 1.52 0.31 20.16 

Lateral Area (cm
2
) LA (cm

2
) 0.64 2.28 1.28 0.26 20.46 

B. Qualitative characters       

Seed shape SSH 1.00 7.00 5.04 1.75 34.66 

Seed color SCO 2.00 6.00 3.52 0.85 24.10 

Seed surface SSU 1.00 2.00 1.26 0.44 34.96 

Seed base SBA 1.00 8.00 3.43 1.98 57.83 

Seed apex SAP 1.00 5.00 2.01 1.44 71.36 

Seed wings SWI 0.00 2.00 0.07 0.34 469.54 

Frequency of wings FOW 0.00 1.00 0.05 0.23 444.31 

Ventral furrow shape VFS 1.00 3.00 2.15 0.65 30.29 

Ventral furrow width VFW 1.00 4.00 3.12 0.92 29.52 

Ventral furrow ends VFE 1.00 2.00 1.91 0.28 14.68 

Ventral furrow nature VFN 1.00 2.00 1.85 0.36 19.18 

Micropyle position MPO 1.00 3.00 2.16 0.64 29.54 

Micropyle elevation MEL 1.00 3.00 1.16 0.40 34.50 

Micropyle appearance MAP 1.00 1.00 1.00 0.00 0.00 

C. Combined characters       

Base to Apex Length (cm) BAL (cm) 1.18 3.08 2.20 0.29 13.10 

Embryo to Apex Length (cm) EAL (cm) 0.49 1.45 0.99 0.17 17.27 

Base to Apex Length/Embryo to Apex Length (%) EAL/BAL (%) 33.63 54.20 44.69 4.45 09.96 

Dorsal Area (cm
2
) DA (cm

2
) 0.74 2.68 1.52 0.31 20.16 

Lateral Area (cm
2
) LA (cm

2
) 0.64 2.28 1.28 0.26 20.46 

Seed shape SSH 1.00 7.00 5.04 1.75 34.66 

Seed color SCO 2.00 6.00 3.52 0.85 24.10 

Seed surface SSU 1.00 2.00 1.26 0.44 34.96 

Seed base SBA 1.00 8.00 3.43 1.98 57.83 

Seed apex SAP 1.00 5.00 2.01 1.44 71.36 

Seed wings SWI 0.00 2.00 0.07 0.34 469.54 

Frequency of wings FOW 0.00 1.00 0.05 0.22 444.31 

Ventral furrow shape VFS 1.00 3.00 2.15 0.65 30.29 

Ventral furrow width VFW 1.00 4.00 3.12 0.92 29.52 

Ventral furrow ends VFE 1.00 2.00 1.91 0.28 14.68 

Ventral furrow nature VFN 1.00 2.00 1.85 0.36 19.18 

Micropyle position MPO 1.00 3.00 2.16 0.64 29.54 

Micropyle elevation MEL 1.00 3.00 1.16 0.40 34.50 

Micropyle appearance MAP 1.00 1.00 1.00 0.00 0.00 

SD and CV present standard deviation and coefficient variance, respectively 
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4.1.2. Correlation Matrix 

Table 4.2, 4.3 and 4.4 revealed the relationship among the traits as well as the accessions 

studied. A strong correlation was observed among QT and QL traits analyzed separately or 

combined.   

EAL was highly significant (p˃0.05) and positively correlated (0.820) with BAL. Whereas, 

EAL/BAL was highly significant (p˃0.05) and positively correlated (0.654) with EAL but 

significant correlation was noticed with BAL (0.116). DA had highly significant (p˃0. 05) 

and a positive correlation with BAL (0.798) and EAL (0.658). Similarly, LA was highly 

significant and showed a high positive correlation with DA (0.979), followed by BAL 

(0.769) and EAL (0.595). No significant correlation was observed between lateral area and 

EAL/BAL (0.015) of the QT traits. For QL traits, SBA was highly significant (p˃0.05) and 

positively correlated (0.306) with SSH whereas; VFS was highly significant (p˃0.05) and 

positively correlated (0.654) with SBA.  FOW was positively correlated with SWI (0.946). 

Similarly, VFW showed a high positive correlation with SAP (0.335) but negatively 

correlated with SWI, FOW and VFS. MEL is the only parameter which is differentiated from 

other traits. 

In contrast, combined (QT and QL) traits resulted that SBA was strongly correlated with LA 

(0.333) and DA (0.332) whereas differentiation was observed in relation with EAL (0.008).  

SWI and FOW showed no significant (p˃0.05) and negative correlation with all QT traits. 

MEL was the only trait which differed with almost all of the remaining traits. It was highly 

significant and negatively differentiated with BAL, EAL, EAL/BAL, DA and LA.     

 

Table 4.2: Correlation coefficient among QT traits of 82 Pakistani date palm accessions 

representing 10 locations 

 
BAL EAL EAL/BAL DA LA 

A. Quantitative traits 

BAL - 

   

 

EAL 0.820 - 

  

 

EAL/BAL 0.116 0.654 - 

 

 

DA 0.798 0.658 0.085 -  

LA 0.769 0.595 0.015 0.979 - 

Values differ from 0 with a significance level alpha = 0.05 
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Table 4.3: Correlation coefficient among QL traits of 82 Pakistani date palm accessions 

representing 10 locations 

Values differ from 0 with a significance level alpha = 0.05 

 

 

Table 4.4: Correlation coefficient among combined (QT and QL) traits of 82 Pakistani date 

palm accessions representing 10 locations 

 

  BAL (cm) EAL (cm) EAL/BAL (%) DA (cm
2
) LA (cm

2
) 

Combined traits 

SSH -0.068 -0.040 -0.003 0.106 0.138 

SCO -0.037 0.051 0.142 -0.065 -0.047 

SSU 0.096 0.147 0.145 0.079 0.067 

SBA 0.046 0.008 -0.053 0.332 0.333 

SAP -0.064 -0.119 -0.119 -0.279 -0.251 

SWI -0.009 0.019 0.044 0.000 -0.019 

FOW -0.032 0.000 0.051 -0.021 -0.048 

VFS -0.167 -0.221 -0.162 0.028 0.018 

VFW 0.107 0.117 0.048 -0.007 -0.023 

VFE -0.055 0.015 0.086 -0.078 -0.084 

VFN 0.080 0.032 -0.046 0.039 0.074 

MPO -0.029 -0.443 -0.741 0.025 0.078 

MEL -0.128 -0.111 -0.044 -0.102 -0.064 

Values differ from 0 with a significance level alpha = 0.05 

 

SSH SCO SSU SBA SAP SWI FOW VFS VFW VFE VFN MPO MEL 

B. Qualitative traits 

SSH - 

            
SCO 0.187 - 

           
SSU 0.036  -0.033  - 

          
SBA 0.306 0.034  -0.099 - 

         
SAP 0.029 -0.056 0.112 -0.188 - 

        
SWI -0.128 0.121 -0.126 -0.137 -0.002  - 

       
FOW -0.103 0.061 -0.133 -0.078 -0.042  0.946 - 

      
VFS -0.070 0.061 -0.003  0.200 -0.187 0.007  -0.051 - 

     
VFW 0.143 -0.020 0.013  -0.056 0.335 -0.224 -0.216 -0.401 - 

    
VFE -0.144 -0.172 0.079 -0.067 0.033  0.065 0.069 0.002 0.136 - 

   
VFN 0.168 0.012  -0.231 0.072 -0.093 -0.012  -0.066 -0.120 -0.133 -0.126 - 

  
MPO 0.106 -0.178 -0.147 0.112 0.160 0.059 0.033 0.033 -0.054  -0.130 0.049  - 

 
MEL -0.044 -0.030  -0.093 -0.024  0.040  0.094 0.052 0.052 -0.120 0.012  -0.008  -0.003  - 
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4.1.3. Principal Component Analysis (PCA) 

The scree plot showed the eigenvalues for each factor. The eigenvalue greater and equal to 1 

was taken as a level of significance of the measurement of principal component analysis as 

shown in figure 4.1.  The QT, QL and combined (QT and QL) traits showed the maximum of 

93.03%, 42.09% and 44.68% variability, respectively as presented in table 4.5.  

For QT traits, the principal component of first two axes accounted for 68.92 % and 24.48 % 

among all date palm cultivars. The overall results in the first axes showed positive loadings 

in which DA had highest positive loading, followed by BAL, LA and EAL. Loadings were 

recorded very close to each other in first axes. In the second axes of principal component, 

EAL/BAL had high positive loadings with lowest positive loading recorded in EAL; while 

LA and DA had highest negative loadings. However, the principal component of first three 

axes for QL traits accounted for 16.81 %, 30.61 % and 42.09 % among all date palm 

cultivars based on the thirteen morphological traits. The overall results in the first axes 

showed positive loadings in which SWI had highest positive loading, followed by FOW but 

highest negative loadings were observed in VFW, SSU and SAP. In the second axes of 

principal component, SBA had high positive loadings with highest negative loading recorded 

in SAP. In third component analysis, highest positive loading was recorded in VFS, while the 

SSH had highest negative loadings. 

Similarly with combined QT and QL traits, the principal component of first three axes 

accounted for 20.02 %, 32.61 % and 44.68 % among all date palm cultivars. The overall 

results in the first axes showed positive loadings in which DA had highest positive loading, 

followed by EAL. Lowest positive loading was observed in SCO. Loadings recorded very 

close to each other in first axes. In the second axes of principal component, EAL/BAL had 

high positive loadings with lowest positive loading recorded in MEL while the highest 

negative loadings were calculated from MPO. In third component analysis, highest positive 

loading was recorded in SWI, while the VFW had highest negative loadings as presented in 

the table 4.5.  
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Figure 4.1: The scree plot showing eigenvalue for each component for quantitative (A), 

Qualitative (B) and Combined (C) characters of 82 Pakistani date palm accessions 

representing 10 locations. 

 

 

 

 

 

 

 

 

 



 
 

76 

 

Table 4.5: Eigenvalues, variation proportion and eigenvectors linkage with first 3 axes of the 

PCA in 82 date palm accessions representing 10 locations  

Axe    1    2   3  

A. Quantitative 

 
Eigenvalue variation  3.39    1.26    

Variance proportion 

 Individual %  67.79    25.23    

 Cumulative %  67.79    93.03    

 Eigenvectors
* 

         

   DA (0.50)  EAL/BAL (0.82)    

   BAL (0.50)  EAL  (0.39)    

   LA (0.49)  LA  (-0.31)    

   EAL (0.48)  DA  (-0.25)                 

B. Qualitative   

 

Eigenvalue variation  2.19    1.79   1.49  

Variance proportion 

 Individual %  16.81    13.79   11.48 

 Cumulative %  16.81    30.61   42.09 

 Eigenvectors
* 

         

   SWI (0.62)   SBA (0.45)  VFS (0.44)  

   FOW (0.61)   VFS (0.36)  SSU (0.30)  

   VFW (-0.34)   SAP (-0.40)  SSH (-0.42)  

   SSU (-0.16)   VFW (-0.38)  VFN (-0.34)  

   SAP (-0.14)   VFE (-0.31)  VFW (-0.30)               

C. Combined (QT and QL)   

 

Eigenvalue variation  3.60    2.27   2.17 

Variance proportion 

 Individual %  20.02    12.59   12.07  

 Cumulative %  20.02    32.61   44.68  

 Eigenvectors
* 

         

   DA (0.48)  EAL/BAL (0.49)  SWI (0.59) 

   EAL (0.47)  EAL  (0.25)  FOW (0.57)  

   SCO (0.01)  MEL  (0.003)  BAL (0.02) 

   SAP (- 0.15)  MPO  (-0.48)  VFW (-0.39) 

   MPO (-0.13)  SBA  (-0.33)  SAP (-0.21) 
*
All parameters with high loadings in two principal components were shown. 

 

 

 

 

 

 



 
 

77 

 

4.1.4. Two dimensional (2D) plot similarities  

Among QT, QL separately and combined (QT and QL) traits, a linkage map was constructed 

from the variables on the first two components which accounted for 93.03%, 42.09% and 

44.68 % of the total variance, respectively (Figure 4.2 and 4.3).  

These 2D variable plots demonstrated the traits, including EAL/BAL and EAL had a high 

positive correlation in 1
st
 quadrate whereas rest of three representing BAL, DA and LA traits 

also have high contribution in morphological diversity and were grouped separately in the 

other quadrate. Among thirteen QL traits, component 1 and 2 had high correlation in SWI, 

FOW, 1
st
 quadrate whereas rest of three quadrate representing VFS, SBA, VFW and SAP 

traits, also have high contribution in morphological diversity and were grouped separately in 

the other quadrate. In component 1 and 3, SWI, FOW, VFS, SSU, VFW and SSH had high 

correlation. In case of combined (QT and QL) traits, 2D variable plot demonstrated that 

EAL/BAL and EAL had a high positive correlation in 1
st
 quadrate whereas rest of three 

representing BAL, DA, LA, SBA and MPO traits also have high contribution in 

morphological diversity and were grouped separately in the other quadrate. In case of biplot 

2 and 3, FOW, SWI, DA, LA, BAL, EAL, VFW and SAP showed their importance in 

diversity measurement (Figure 4.2).   

 Among QT, QL separately and combined (QT and QL) traits, 2D principal component 

analysis (PCA) plot was constructed for 82 Pakistani date palm accessions as presented in 

Figure 4.3. 

 For QT traits, the accessions are distributed in all 4 planes. The accessions including Ruk 

(KS), Gul (BP), Bad (RYKP), Kha (KB), 2506 (LP), Sur (LP), Koz (JP), Hal (KB), Koh 

(KB), Taa (BP), Hus (KS), Con (KB), Kar (JP), 1513 (BP), Mur (MP) and Beg (KS) had 

negative similarity, explained the different morphology than other accessions. Accessions 

Sur (GB) together with Ddi (SS), Khu (SS), 2521 (BP), Gok (KB), Sok (RYKP), 2515 

(DGKP), Ood (RYKP), Dhn (KB), Bar (JP) and Qas (KB) were more differentiated and thus 

distinguished from other accessions because of their distinctive relatedness.  Significant 

opposition of Khu (SS) to Sur (GB) and Ruk (KS) was observed according to first principal 

component. Khu (SS) is characterized by long base to apex length, dorsal area and lateral 

area while Sur (GB) has shown low length in almost all the traits, and Ruk (KS) was 

characterized by its lowest embryo to apex length/base to apex length ratio and embryo to 
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apex length. The second factor opposes Qas (KB) with high embryo to apex length/base to 

apex length ratio to Gok (KB), Sok (RYKP), Ruk (KS) and Khu (SS) characterized by base 

to apex length, embryo to apex length, dorsal area and lateral area. In case of QL triats, the 

accessions including Rac (JP), Zer (JP), Zar (KB), Koz (JP), Hal (KB), Hus (KS), Kar (JP), 

Beg (KS), Bar (JP), Dan (JP), Dok (KS), Jwa (KB), Hil (JP), Zdi (JP), Jam (JP), Khu (SS), 

Cho (JP), Bad (BP), Dha (JP), 2507 (LP), Qas (KB), SuR (GB), Khu (SS), Dha (KB), Kar 

(JP), Las (SS), Nee (JP), Pak (KB), Beg (JP) Mak (JP), Lon (LP) and Gur (KB)  had negative 

similarity, explained the different morphology than other accessions. Accessions Kec (BP), 

together with 1513 (BP), Hal (BP), Con (KB) and 2515 (DGKP) were more differentiated 

and thus distinguished from other accessions because of their distinctive relatedness.  

Significant opposition of 2515 (DGKP) to Kec (BP), Hal (BP), Con (KB) and 1513 (BP) was 

observed on seed wings (SWI) and frequency of wings (FOW) absence basis according to 

first principal component. While, Kec (BP), Hal (BP), Con (KB) and 1513 (BP) was almost 

similar but clustering separately than other accessions.  Whereas Kec (BP), 1513 (BP), Con 

(KB) and Hal (BP) were observed morphologically distinctive accessions in components 1 

and 3.  

On the basis of combined (QT and QL) traits, the accessions including Hal (KB), Koh (KB), 

Bad (BP), Sur (LP), Gul (BP), Bad (RYKP), Ruk (KS), Taa (BP), Hus (KS), Kha (KB), Mur 

(MP), Pas (KB), Beg (KS), Cha (KB), 2506 (LP) and Koz (KB) had negative similarity, 

explained the different morphology than other accessions. Accessions Khu (SS) 2515 

(DGKP) and SurR (GB) were more differentiated and thus distinguished from other 

accessions because of their distinctive relatedness.  Significant opposition between and 

among SuR (GB), Khu (SS) and 2515 (DGKP) was observed on base to apex length (BAL), 

embryo to apex length (EAL), embryo to apex length/base to apex length (EAL/BAL), seed 

shape (SSH), seed color (SCO) and seed apex (SAP) basis according to a first principal 

component. These traits make them distinctive in comparison with other accessions. While, 

Kec (BP), Hal (BP), Con (KB) and 1513 (BP) was almost similar but clustering separately 

than other accessions. They were clearly distinctive from SuR (GB) and Khu (SS) in 

components 1 and 3.  
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Figure 4.2: Two dimensional (2D) PCA plot of QT and QL traits separately and combined, 

based on the component 1 and 2 of 82 Pakistani date palm accessions. 
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Figure 4.3 A, B, C, D and E: Two dimensional (2D) PCA plot of 82 Pakistani date palm accessions based on the component 1, 2 and 

3. 
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4.1.5. Cluster analysis (CA) using agglomerative hierarchical clustering (AHC)  

Euclidean distance was used to analyze the dissimilarity of eighty two (82) accessions of date 

palm on the quantitative data, and Ward’s method was used for agglomeration. Dissimilarity 

results were based on an agglomeration schedule. All the accessions were discriminated 

using QT and QL traits separately and combined. Of all the traits separately (QT or QL) and 

combined (QT and QL), the close relationship was observed in the quantitative 

morphological characters among the accessions. The morphological phylogenetic network 

divided all the 82 accessions into their original groups. Figures 4.4, 4.5 and 4.6 revealed the 

dendrogram of the 82 date palm cultivars into their original groups according to their 

phenotypic distances on quantitative, qualitative and combined (QT and QL) basis 

accordingly.  

For QT traits, the dissimilarity level ranged 1-993. There were three distinguished classes. 

The first main class is a big group, including thirty one (31) accessions while the second 

class consisted twenty four (24) accessions. These two classes (I and II) were separated with 

E 
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the dissimilarity result in 377 while class III was distinguished with the result of 993. 

Variance decomposition for the optimal classification within and between classes was 

observed 18.46% and 81.54%, respectively. Among these 82 accessions representing 12 

regions, there was no specific cluster for a sampling locality. However, Ood (RYKP), Sok 

(RYKP), Bad (RYKP) and Pir (RYKP) representing Rahim Yar Khan district clustered 

together in Class III while 2526 (RYKP) was the only accessions showed deviation and 

grouped in Class I. As in other districts, they showed variations. Among them, accessions 

from (KS) Kech-Balochistan showed more variability. While focusing on cultivars; Hil (LP) 

and Hil (DGKP) grouped in class I whereas Hil (JP) was in class II near to the class I. 

Similarly, two accessions Ase (JP) and Ase (KB) clustered together in class I.   However, the 

dissimilarity level ranged 1-315 for discrimination analysis using QL traits. There were three 

distinguished classes. The first main class is a big group, including thirty five (35) accessions 

while the second and third class consisted thirty three (33) and fourteen (14) accessions, 

respectively. These two classes (I and II) were separated with the dissimilarity result of 117 

while class III was distinguished with the result of 315. Among these 82 accessions 

representing 12 regions, there was no specific cluster for a sampling locality. However, Ood 

(RYKP), Sok (RYKP), Bad (RYKP) and 2526 (RYKP) representing Rahim Yar Khan district 

clustered together in Class I while Pir (RYKP) was the only accession showing deviation and 

grouped in Class III close to class I. As in other districts, they showed variations. Among 

them, accessions from (KS) Kech-Balochistan showed more variability. While focusing on 

cultivars; Ase (JP) and Ase (KB) clustered together in class II, whereas Ase (KS) was in 

class III. Two accessions Naz (KB) and Rog (KB) showed similarity. Similar results were 

observed with DDI (SS) and Zar (JP). 

The dissimilarity level ranged 1-891 using combined (QT and QL) traits for accessions 

discrimination. There were three distinguished classes. The first main class is a big group; 

including forty five (45) while the second class consisted twenty five (25) accessions and 

third class have twelve (12) accessions. These two classes (I and II) were separated with the 

dissimilarity result of 374 while class III was distinguished with the result of 891. Among 

these 82 accessions representing 12 regions, there was no specific cluster for a sampling 

locality. However, Ood (RYKP), Sok (RYKP), Bad (RYKP) and Pir (RYKP) representing 

district Rahim Yar Khan (Punjab) clustered together in Class III while 2526 (RYKP) was the 
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only accessions showed deviation and grouped in Class I. Similarly, accessions from Sukkur 

(Sindh) i.e. Khu (SS), DDI (SS), Khu (SS) and Las (SS) clustered in class I. As in other 

districts, they showed variations. Among them, accessions from (KS) Kech-Balochistan 

showed more variability. While focusing on cultivars; Hil (LP) and Hil (DGKP) grouped in 

class I whereas Hil (JP) was in class II near to the class I. Similarly, three accessions Ase 

(JP), Ase (KS) and Ase (KB) clustered together in class I as same as was grouped in QT 

based groupins.    
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Table 4.6: Grouping of 82 Pakistani date palm accessions in the dendrogram according to 

their classes  

Class 
Accessions 

A. Quantitative characters basis 

Class I Ase (JP), Cho (JP), Zdi (JP), Nee (JP), Koh (JP), Dan (JP), Beg (JP), Zar (JP), Kha-I 

(JP), Wah (JP), Hil (LP), Hil (DGKP), Kho (BP), 2526 (RYKP), Ase (KB), Dha 

(KB), Pas (KB), Frz (KB), Koz (KB), Sbj (KB), Pak (KB), Zbj (KB), SDH (KB), 

Jwa (KB), 2564 (GB), Dok (KS), Khu (SS), Khu (SS), Las (SS), Bgn (KS), Ase 

(KS) 

Class II Hil (JP), Qan (JP), Mak (JP), Bar (JP), Jam (JP), Rac (JP), Seb (JP), Kha-II (JP), 

2505 (LP), 2507 (LP), Hal (BP), Lon (LP), Kec (BP), Bas (BP), 2521 (BP), Rog 

(KB), Dhn (KB), Qas (KB), Gur (KB), Zar (KB), Moz (KB), Naz (KB), Lol (KB), 

DDI (SS) 

Class III Zer (JP), Koz (JP), Kar (JP), 2506 (LP), Ood (RYKP), Sur (LP), 1513 (BP), Gul 

(BP), 2515 (DGKP), Taa (BP), Sok (RYKP), Bad (BP), Bad (RYKP), Mur (MP), 

Pir (RYKP), Hal (KB), Con (KB), Cha (KB), Koh (KB), Gok (KB), Kha (KB), Har 

(KB), Sur(GB), Hus (KS), Beg (KS), Ruk (KS) 

 

B. Qualitative characters basis 

Class I Dha (JP), Cho (JP), Seb (JP), Nee (JP), Zar (JP), Kha-II (JP), Wah (JP), 2506 (LP), 

Ood (RYKP), Hil (DGKP), Hal (BP), Bas (BP), Taa (BP), Sok (RYKP), Bad 

(RYKP), 2526 (RYKP), Rog (KB), Dha (KB), Pas (KB), Cha (KB), Qas (KB), Koz 

(KB), ZBJ (KB), Koh (KB), SDH (KB), Naz (KB), Lol (KB), Gok (KB), SuR (GB), 

2564 (GB), Khu (SS), DDI (SS), Khu (SS), Ruk (KS), Bgn (KS) 

Class II Ase (JP), Hil (JP), Mak (JP), Zdi (JP), Bar (JP), Zer (JP), Koh (JP), Koz (JP), Kar 

(JP), Dan (JP), Beg (JP), Rac (JP), Kha-I (JP), 2505 (LP), 2507 (LP), Lon (LP), 

1513 (BP), Kec (BP), Bad (BP), Kho (BP), Mur (MP), Hal (KB), Dha (KB), Ase 

(KB), Frz (KB), Zar (KB), Sbj (KB), Pak (KB), Moz (KB), Jwa (KB), Har (KB), 

Beg (KS), Dok (KS) 

Class III Qan (JP), Jam (JP), Hil (LP), Sur (LP), Gul (BP), 2515 (DGKP), 2521 (BP), Pir 

(RYKP), Con (KB), Gur (KB), Kha (KB), Hus (KS), Las (SS), Ase (KS) 

 

C. Combined (QT and QL) characters basis 

Class I Ase (JP), Cho (JP), Zdi (JP), Nee (JP), Dan (JP), Beg (JP), Zar (JP), Kha-I (JP), 

Wah (JP), Hil (LP), Hil (DGKP), Kho (BP), 2526 (RYKP), Ase (KB), Dha (KB), 

Pas (KB), Koz (KB), Sbj (KB), Pak (KB), Zbj (KB), SDH (KB), Dok (KS), Khu 

(SS), Khu (SS), Las (SS), Bgn (KS), Ase (KS), Zer (JP), Koz (JP), Kar (JP), Sur 

(LP), 1513 (BP), Taa (BP), Bad (BP), Mur (MP), Hal (KB), Cha (KB), Gur (KB), 

Koh (KB), Har (KB), SuR (GB), 2564 (GB), Beg (KS), DDI (SS), Dha (JP)  

Class II Hil (JP), Qan (JP), Mak (JP), Bar (JP), Jam (JP), Rac (JP), Seb (JP), Kha-II (JP), 

2505 (LP), 2507 (LP), Hal (BP), Lon (LP), Kec (BP), Bas (BP), 2521 (BP), Rog 

(KB), Dhn (KB), Qas (KB), Zar (KB), Moz (KB), Naz (KB), Lol (KB), Jwa (KB), 

Frz (KB), Koh (JP) 

Class III 2506 (LP), Ood (RYKP), Sok (RYKP), Bad (RYKP), Pir (RYKP), Con (KB), Gok 

(KB), Kha (KB), Hus (KS), Ruk (KS), Gul (BP), 2515 (DGKP) 
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Figure 4.4: Agglomerative hierarchical clustering (AHC) dendrogram of 82 Pakistani date 

palm accessions on quantitative characters basis.   
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Figure 4.5: Agglomerative hierarchical clustering (AHC) dendrogram of 82 Pakistani date 

palm accessions on qualitative characters basis.   
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Figure 4.6: Agglomerative hierarchical clustering (AHC) dendrogram of 82 Pakistani date 

palm accessions on combined (quantitative and qualitative) characters basis.   
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Figure 4.7: Pictorial presentation of the seed morphological variation in Pakistani date palm accessions 
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4.2. Comparison of SSR and Morphological data  

Morphological data of 56 date palm accessions collected from four different locations of 

Pakistan were subjected to comparative analysis against their molecular data using PCA. 

Four locations i.e. Jhang, Khairpur, Sukhar and Kech were designated as A, B, C and D 

respectively while three phenotypic groups were designated as A, B and C as given in 

Appendix 4. 

Molecular data of 56 accessions from four locations were plotted against locality denotations 

using PCA and presented in Fig. 4.8. All accessions were separated in major clusters ‘J’ and 

‘K’ with few escapes (Fig. 4.8). Accessions in cluster ‘J’ belonged to all four locations in 

equal frequency, in cluster ‘K’ majority belonged to D (Kech) and few from A, B and C 

locations.    

Morphological data of 56 accessions classified in two groups were also plotted against 

molecular data using PCA and presented in Fig. 4.9. Molecular clusters ‘A’ included 

genotypes from three morphological groups in almost equal proportions, while cluster ‘B’ 

included B and C morphotypes.  

Structure analysis separated all the accessions into two main populations i.e. 1) Kech and 2) 

Jhang. Accessions from Khairpur clustered with Kech genetic material and accessions from 

Sukkur were found in Jhang group. In actual, these 2 major groups were divided into 6 

populations according to the maximum likelihood (K = 6, ln P(D) = -2357.15) with presence 

of some admixture material in each population (Fig. 4.10 A, B).   
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Figure 4.8: Effective  loci  discriminating  predefined  four  populations  of  56 Pakistani date 

palm accessions collected from four distant locations into  two major cluster ‘J’ and ‘K’ with 

three sub-clusters of each and few escape  revealed  by  principal component analysis. ‘A, B, 

C and D represent Jhang, Khairpur, Sukhar and Kech respectively. 

 

 

Figure 4.9: Effective loci discriminating predefined three morphotypes of 56 Pakistani date 

palm accessions into major clusters ‘A’ and ‘B’ with escape revealed by principal component 

analysis. ‘A, B and C represent three different morphotypes given in Table 4.6. 
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Figure 4.10: Structure: A) Estimated alogrithim of data LnP(D) against the number of 

population tested (K). B) Each bar presents each accession, which is partitioned into 

K colored segments representing the accession’s membership fraction in K clusters.  
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4.3 Genetic Characterization 

4.3.1. Genetic diversity assessment of Pakistani date palm germplasm using Simple 

Sequence Repeat (SSR) 

Among the eighteen (18) microsatellites (SSR) primer pairs tested in the Pakistan date palm, 

all SSR primer pairs successfully analyzed genetic variation and produced multiple 

fragments in the 139 accession of Pakistani date palm. In total, 175 alleles were 

discriminated with an average of 10 alleles per locus. The number of alleles per locus ranged 

from 2 for the locus PdCUC3-ssr1 to 23 for locus PdCUC3-ssr2 followed by PdAG1-ssr (18) 

and mPdCIR078 (17) (Table 4.7). The allele frequency varied from 0.259 for mPdCIR015 to 

0.986 for mPdIRD013. A total of 390 genotypes were scored with an average of 22 

genotypes per locus, a maximum of 44 genotypes for the locus mPdCIR078 and minimum of 

2 genotypes were recorded in PdCUC3-ssr1.  

The polymorphic information content parameter showed that mPdCIR078 is the most 

polymorphic locus (0.826) and that mPdIRD013 is the least polymorphic one (0.028). A 

value of 0.572 was recorded as a mean of the PIC for all detected loci (Table 4.7). The results 

indicated the efficiency of these SSR markers to detect molecular polymorphism. Thus, these 

markers can be used to perform genetic diversity studies on Pakistani date palm.  

High levels of expected heterozygosity (Hexp) were detected in Pakistani date palm. Hexp 

ranged from 0.028 for mPdIRD013 locus to 0.842 for the mPdCIR078 locus. The mean 

expected heterozygosity was 0.603.  The observed heterozygosity (Hobs) varied from 

mPdIRD013 (0.029) to mPdCIR015 (0.857) with the mean value of 0.575. Thus, the high 

value of expected heterozygosity reveals a wide genetic diversity in the Pakistani date palm 

germplasm.    

The Wright’s fixation indexes/F-statistic was used to describe the population structure (Fis 

and Fst) in the Pakistani date palm. The significant heterozygous deficiency was measured for 

the mPdIRD033 (0.249), mPdCIR078 (0.123) and mPdCIR016 (0.140). It suggested an 

apparent divergence from the Hardy-Weinberg expectation in date palm. Maximum Fst value 

(0.099) was scored in mPdCIR085 and minimum value (-0.006) was observed in 

mPdCIR057; with an average Fst value of 0.043.  

Total genetic diversity (Ht), estimates of the mean of genetic diversity within a population 

(Hs) and genetic differentiation among populations (Gst) are reported in Table 4.7. For all the 
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18 loci, Hs and Ht values are nearly similar; suggesting that the maximum variability is 

locally maintained. This assumption is confirmed by the low values of Fst and Gst. For 

instance, the multi-locus values of Hs, Ht and Gst are 0.522, 0.615 and 0.125, respectively. I 

may therefore assume that only 20.32% of the variability is explained among population at 

the intergroup level, while 84.88% of this variability is maintained within the population at 

the intra-group level (Table 4.7).  

4.3.2. Genetic relationship among accessions 

To elucidate the genetic relationship among Pakistani date palm accessions, Neighbor 

Joining dendrogram was constructed based on Das genetic distance over all 18 SSR loci. The 

dendrogram exhibited that 139 accessions were divided into three major clusters (Fig. 4.8). 

Each of the clusters (I), (II) and (III) were subdivided into two sub-clusters.  

The first cluster (I), which includes 45 accessions, was divided into two sub-clusters. 

Noteworthy, 2565_HUS1 (Hussaini) and 2453_JAN1 (Jan-sohar; 2566_BEG2 (Begum 

Jungi), 2550_ ZBJ1 (Zard Begum Jungi) and 2454_KOK1 (Kokna); 2545_KZA1 (Kozan 

Abad) and 2451_KOZ1 (Kozan Abad; 2478_APC2 (Ali Pur Chohara) and 2475_APC1 (Ali 

Pur Chohara); 2541_FRZ1 (Farz) and 2535_DHN1 (Dhandari) were strongly clustered, 

suggesting those cultivars correspond to similar genotypes.   

Similarly, second cluster ((II) contained 49 accessions into two sub-clusters. It is a big cluster 

with maximum accessions. Among 49 accessions, 2576_LAS2 (Lasora) and 2573_LAS1 

(Lasora); 2582_KAR2 (Karblain), 2455_DAN1 (Danda), 2445_ZAY11 (Zehdi), 

2476_ZAY13 (Zehdi) and 2472_ZAY12 (Zehdi); 2452_KAR1 (Karblain) and 2450_KOH1 

(Ko-harba); 2579_ASE3 (Aseel), 2470_ANG1 (Angor), 2440_ASE1 (Aseel), 2537_DHZ1 

(Dhakki Zard) and 2481_KHR1 (Khurma) from different provinces of Pakistan were strongly 

clustered with each other. It was very interesting that 2594_MBI1 (Mobai), 2590_DMW1 

(Dost Muhammadi Wala) and 2588_DEW1 (Deri Wala) from Haji Nadir Farm, Panyala 

village, Dera Ismail Khan were strongly clustered. All these, suggested that these cultivars 

correspond to similar genotypes.  

Within the 45 remaining accessions of cluster ((III), 2471_CHA1 (Champa Kali), 

2469_HWY2 (Hillawi-II), 2459_SMR1 (Shamran-I), 2458_PEL1 (Pela Dora), 2585_GLS1 

(Gulistan), 2447_NEE1 (Neelum) and 2441_HWY1 (Hillawi-I); 2467_KUI13 (Khadravi-II), 

2466_KUI12 (Khadravi-I) and 2435_PDR1 (Hybrid assumed); 2548_HAR1 (Hardasht) and 
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2556_JWA1 (Jwana); 2584_BAS3 (Basra) and 2460_SMR2 (Shamran-II); 2602_DHA4 

(Dhakki), 2538_CGN1 (Congon), 2439_DHA1 (Dhakki), 2601_DAC804 (Desi/Khassi), 

2600_DHA3 (Dhakki), 2598_DAC803 (Desi/Khassi), 2586_DHA3 (Dhakki), 

2558_DAC801 (Desi/Khassi) from different regions were strong in relationship. Thus, it was 

suggested that all cultivars match up to similar genotype.  

In addition, the topology of the Neighbor joining tree showed that clustering of 139 

accessions is made independently of their geographic origin and the sex of the tree. However, 

most rare and local selections belong to the same cluster. It is very interesting that members 

of these rare and local selections are restricted to the small habitat/patches.         

4.3.3. Cultivar Identification Key 

Based on microsatellite loci, a molecular identification key was established considering the 

informative allele combinations (Fig. 4.9). Selected loci revealed more genotypes (44): 

mPdCIR078, (43) PdCUC3-ssr2, (32) PdAP3-ssr-F4. Subsequently, loci mPdIRD031, 

mPdIRD033 and mPdIRD040, were employed to revealing 4 genotypes. A total of 61 alleles 

were identified in mPdIRD031, mPdIRD033, mPdIRD040, PdCUC3-ssr2, PdAP3-ssr-F4 and 

mPdCIR078 loci. All the genotypes revealed different fingerprints across all the 

microsatellite (SSR) loci examined. It confirms the ability of these markers to fingerprint 

genotypes. Hence, the constructed identification key permitted to differentiate all the 

cultivars studied.    
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Table 4.7: Summary of genetic estimates for 18 simple sequence repeats (SSR) loci tested using 139 Pakistani date palm accessions 

 

Hexp, Hobs, PIC, Fis, Fst, Hs, Ht and Gst correspond to expected heterozygosity, observed heterozygosity, polymorphic information content, inbreeding coefficient, 

fixation index, mean genetic diversity within population, total genetic diversity and genetic diversity among the population/group  

Locus Allele Frequency Genotype No Allele size Allele No Hexp  Hobs PIC Fis Fst Hs Ht Gst 

mPdIRD031 0.845 4 352-363 3 0.266 0.266 0.237 -0.050 0.056 0.257 0.286 0.102 

mPdIRD033 0.838 4 189-201 3 0.278 0.194 0.251 0.249 0.086 0.227 0.301 0.246 

mPdIRD040 0.547 4 187-196 3 0.502 0.460 0.383 0.031 0.066 0.400 0.489 0.182 

PdCUC3-ssr2 0.288 43 263-367 23 0.839 0.842 0.821 -0.015 0.017 0.790 0.871 0.093 

PdAP3-ssr-F4 0.299 32 233-260 12 0.795 0.835 0.767 -0.070 0.026 0.732 0.811 0.098 

mPdCIR078 0.309 44 117-154 17 0.842 0.712 0.827 0.123 0.046 0.737 0.846 0.128 

mPdCIR015 0.259 24 120-137 8 0.822 0.856 0.798 -0.048 0.011 0.736 0.807 0.089 

mPdCIR016 0.457 9 128-136 4 0.625 0.504 0.550 0.140 0.078 0.554 0.656 0.155 

mPdCIR032 0.306 29 288-302 10 0.813 0.734 0.788 0.068 0.041 0.700 0.792 0.116 

mPdCIR035 0.399 18 179-203 9 0.715 0.669 0.671 0.032 0.044 0.675 0.755 0.106 

mPdCIR057 0.759 10 254-274 7 0.405 0.432 0.384 -0.056 -0.006 0.394 0.430 0.084 

mPdCIR085 0.453 28 143-181 13 0.725 0.691 0.693 -0.039 0.099 0.600 0.759 0.209 

PdAG1-ssr 0.367 38 216-323 18 0.790 0.734 0.767 0.033 0.050 0.725 0.825 0.122 

mPdCIR010 0.302 31 120-163 12 0.806 0.763 0.780 0.038 0.023 0.700 0.795 0.119 

mPdCIR025 0.367 37 199-240 15 0.795 0.820 0.773 -0.055 0.030 0.710 0.799 0.111 

mPdCIR063 0.349 30 119-179 13 0.775 0.777 0.745 -0.056 0.063 0.704 0.810 0.131 

PdCUC3-ssr1 0.982 2 327-330 2 0.035 0.036 0.035 0.005 -0.024 0.030 0.031 0.042 

mPdIRD013 0.986 3 198-210 3 0.028 0.029 0.028 -0.068 0.064 0.042 0.048 0.117 

All   390   175 0.603 0.575 0.572 0.015 0.043 0.540 0.617 0.125 
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Figure 4.11: Neighbor joining dendrogram of 139 Pakistani date palm accessions constructed 

based on Das genetic distance. Bootstrap values have been computed over 1000 replications 

(not shown). 
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Figure 4.12: Cultivar identification key illustrated 139 Pakistani date palm accessions, based 

on six microsatellite locus. 
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4.3.4. Population structure of Pakistani date palm accessions 

4.3.4.1. Mutilocus genotyping test for clonality and geographical patterns of genetic 

variability 

I performed multilocus genotyping of 139 date palm accessions representative of 12 different 

districts of Pakistan using a set of 18 SSR markers. Plotting the multilocus genotypes 

(MLGs) detected against the number of loci re-sampled showed that 9 markers, i.e. 

mPdIRD031, mPdIRD033, mPdIRD40, PdCUC3-ssr2, PdAP3-ssr-F4, mPdCIR078, 

mPdCIR015, mPdCIR016 and mPdCIR032 performed well to discriminate clonal lineage 

(Fig. 4.11). Distinct MLGs with sampling unit designation are shown in Appendix 2. 

All the populations displayed a clear signature of recombination and a high genetic diversity. 

The difference between observed heterozygosity (Ho) and expected heterozygosity (He) was 

non significant across all the geographically spaced populations with few exceptions under 

Hardy-Weinberg equilibrium (Fig. 4.10, Table 4.9) 

4.3.4.2. Population subdivision 

The population subdivision as determined using model-based clustering method implemented 

in STURCTURE (Pitchard et al., 2000) (Fig. 4.13). The best fitted number of clusters (K) 

was identified as by Evanno et al. (2005). They showed significant divergence within the 

gene pools. At K=2, the gene pool was clearly differentiated in two groups i.e. semi arid 

(Bhakkar, Muzafargarh, Rahim Yar Khan) and arid (Kech and Gwadar) to Irrigated plains 

and Himalayan zone (Jhang, Faisalabad, Khairpur, Sukkur, Dera Ismail Khan, Kotli, Bagh) 

based on posterior assignment probabilities of P ˃ 0.70. The split was maintained K=2 to 7. 

When only three plant populations (K=3) were considered, population from Kotli and Bagh 

(Himalayan belt), population from Dera Ismail Khan which has been in between mountains,  

and population collected from hot, dry and sandy region of the country showed separate 

identities. At K=4, a fourth group was detected, representing genotypes mostly from Jhang 

and few from Dera Ismail Khan. At K=5, few genotypes from Dera Ismail Khan clustered 

separately in a yellow color. No further information was observed from K=6 and K=7.   

Genotypes clustered into five groups in the non-parametric analysis of the principal 

component (DAPC) analysis. The Bayesian information criteria (BIC) curve in the DAPC 

analysis supported K=5 as shown in Appendix 2. It mostly confirmed the result of the 

structure.  
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Overall, non significant Fst value (P˃ 0.01) of geographically designated population showed 

the genetic proximity, indicating the similar genetic background of the accessions. However, 

Muzafargarh, Rahim Yar Khan, Kech and Bagh showed significant genetic deviation from 

the remaining populations because these present a low Fst value (P˃ 0.01) (Table 4.10). The 

relatedness of the accessions was also confirmed by 3D-Factorial Correspondence Analysis 

(FCA) on the SSR data (Fig. 4.12). The plotted pattern evidences the absence of clear 

geographic structure to the molecular polymorphism within the Pakistani date palm 

accessions. Though, the three FCA axes explain the cumulative percentage of genetic 

variation of 5.60%. Although, the genetic variation percentage is low, but it indicates a 

pattern of genetic diversity geographically structured. The cultivars originating from 

Muzafargarh, Rahim Yar Khan, Bhakkar and Dera Ismail Khan clustered separately 

according to the first three factors; and within the remaining populations, there is a dispersal 

of accessions representing the genetic variation among populations or there may be 

admixture genetic material. 

 

     

 

 
 

Figure 4.13 Expected (He) and Observed (Ho) heterozygosity over 18 SSR markers for date 

palm population from 12 geographical locations of Paksitan. 
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Figure 4.14: Box-plot of number of Pakistani date palm accessions detected as a function of the number of loci re-sampled 1000 times 

within the 18 microsatellite markers (from 0 -18) using GENECLONE software. The box represents the average, minimum and 

maximum numbers of MLGs detected when re-sampling on loci. 

 
 
 



 
 

104 

 

 

   Table 4.8: Genetic diversity index for the 12 groups and MLGs detected with maximum frequent MLG. 

 
Location Sample size MLGs detected Ho He Significance Genetic diversity maximum freq. MLG Average 

number of 

allele/locus 

Muzafargarh 9 7 0.685 0.592 Ns 0.944 2 5.000 

Jhang 34 25 0.572 0.554 Ns 0.966 6 5.722 

Faisalabad 2 2 0.611 0.438 Ns 1.000 1 2.278 

Rahim Yar Khan 6 6 0.537 0.579 Ns 1.000 1 4.111 

Bhakkar 3 3 0.574 0.512 Ns 1.000 1 3.056 

Dera Ismail Khan 25 18 0.562 0.576 Ns 0.940 6 6.056 

Khairpur 9 9 0.586 0.567 Ns 1.000 1 4.500 

Sukkur 8 7 0.472 0.523 Ns 0.964 2 4.111 

Kech  28 26 0.601 0.567 Ns 0.995 2 6.333 

Gwadar 4 4 0.569 0.509 Ns 1.000 1 3.556 

Bagh 6 6 0.574 0.512 Ns 1.000 1 3.833 

Kotli 5 5 0.500 0.547 Ns 1.000 1 3.444 
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Table 4.9: Estimates of Fst (upper diagonal) and its significance (lower diagonal) based on 18 microsatellite loci for 139 date palm 

accessions representing the 12 districts of Pakistan.  

Fst/p-value Muzafargarh Jhang Faisalabad Rahim Yar Khan Bhakkar Dera Ismail Khan Khairpur Sukkur Kech Gwadar Bagh Kotli 

Muzafargarh 
- 

0.099 
(211) 

0.070 
(272) 

0.035 
(239) 

0.027 
(210) 

0.063 
(262) 

0.055 
(426) 

0.076 
(432) 

0.073 
(1265) 

0.059 
(1469) 

0.077 
(739) 

0.057 
(713) 

Jhang 0 .000 

(211)* 
- 

-0.012 

(76.1) 

0.075 

(430) 

0.131 

(181) 

0.013 

(228) 

-0.003 

(618) 

0.011 

(615) 

0.032 

(1464) 

0.044 

(1669) 

0.090 

(543) 

0.078 

(516) 

Faisalabad 0.096 

(272) 

0.580 

(76.1) 
- 

0.013 

(506) 

0.092 

(258) 

0.001 

(340) 

-0.002 

(712) 

-0.042 

(699) 

0.031 

(1540) 

0.020 

(1744) 

0.055 

(476) 

-0.026 

(448) 

Rahim Yar Khan 0.096 
(239) 

0.003 
(430) 

0.283 
(506) 

- 
-0.027 
(543) 

0.053 
(480) 

0.035 
(207) 

0.032 
(194) 

0.073 
(1089) 

0.062 
(1293) 

0.100 
(992) 

0.053 
(964) 

Bhakkar 0.169 

(210) 

0.000 

(183) 

0.000 

(259) 

0.779 

(543) 
- 

0.082 

(75.6) 

0.081 

(659) 

0.104 

(637) 

0.119 

(1386) 

0.105 

(1517) 

0.149 

(477) 

0.107 

(449) 

Dera Ismail Khan 
0.007 
(262) 

0.020 
(228) 

0.379 
(340) 

0.030 
(480) 

0.024 
(75.6) 

- 
-0.010 
(596) 

0.027 
(574) 

0.032 
(1318) 

0.049 
(1449) 

0.056 
(514) 

0.061 
(486) 

Khairpur 0.029 

(426) 

0.552 

(618) 

0.349 

(694) 

0.112 

(207) 

0.014 

(659) 

0.771 

(596) 
- 

0.011 

(22.5) 

0.001 

(933) 

0.016 

(1075) 

0.050 

(1162) 

0.040 

(1134) 

Sukkur 0.010 
(412) 

0.156 
(600) 

0.676 
(676) 

0.148 
(189) 

0.000 
(637) 

0.068 
(574) 

0.243 
(22.5) 

- 
0.030 
(902) 

0.006 
(1106) 

0.096 
(1144) 

0.053 
(1117) 

Kech 0.000 

(1265) 

0.000 

(1464) 

0.116 

(1540) 

0.002 

(1089) 

0.000 

(1386) 

0.000 

(1318) 

0.421 

(933) 

0.007 

(902) 
- 

0.000 

(159) 

0.064 

(1831) 

0.087 

(1803) 

Gwadar 0.048 

(1469) 

0.025 

(1669) 

0.223 

(1744) 

0.073 

(1293) 

0.000 

(1517) 

0.059 

(1449) 

0.214 

(1075) 

0.356 

(1106) 

0.444 

(159) 
- 

0.080 

(1962) 

0.059 

(1934) 

Bagh 0.046 
(739) 

0.001 
(543) 

0.092 
(476) 

0.027 
(992) 

0.000 
(477) 

0.010 
(514) 

0.044 
(1179) 

0.000 
(1167) 

0.003 
(1832) 

0.014 
(1963) 

- 
0.010 
(124) 

Kotli 0.111 
(716) 

0.005 
(516) 

0.576 
(448) 

0.139 
(964) 

0.146 
(402) 

0.020 
(440) 

0.110 
(1152) 

0.072 
(1139) 

0.001 
(1757) 

0.136 
(1888) 

0.268 
(124) 

- 

*Figures in brackets indicate distance between study areas in kilometer (km), source: https://www.google.com/maps/dir/; Non 

significant Fst values (P˃0.01)  
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 Figure 4.15: 3D-Factorial Correspondance Analysis (FCA) based on the SSR data of 139 Pakistani date palm accessions. 
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Figure 4.16: Graphical plot based on delta k calculated from Evanno et al., (2005) to estimate 

the actual number of clusters for 139 Pakistani date palm accessions used in this study. 

Structure (Pitchard et al., 2000) software results showing the assignment of 139 date palm 

accessions from 12 locations from assumed populations two (K2) to seven (K7). Each solid 

bar represents one accession and colour represents different genotype groups. The bars with 

more than one colour mean that the genome of that accession is admixture. 
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4.3.5. Genetic diversity and population structure of world date palm (Phoenix 

dactylifera L.) germplasm using Simple Sequence Repeat (SSR) 

4.3.5.1              Microsatellite diversity/SSR polymorphism  

 

Among 18 SSR markers, all showed high polymorphism across the 342 accessions 

representing 10 different countries. In total, 225 alleles were detected with an average of 13 

alleles varying from 2 (PdCUC3-ssr1) to 29 (PdCUC3-ssr2) per locus. There was highly 

variable allele frequency from one locus to another, ranging from 0.212 for (mPdCIR78) to 

0.991 (PdCUC3-ssr1). The number of genotypes per locus varied from 2 (PdCUC3-ssr1) to 

84 (PdAG1-ssr) with an average of 36 and with a total number of 647. The average PIC value 

for the 18 loci was 0.607 and the most informative locus was mPdCIR78 (0.876). The Nei’s 

genetic diversity ranged from 0.040 (mPdIRD013) to 0.886 (mPdCIR078) with an average of 

0.632 (Table 1), suggesting that the examined date palm germplasm has high polymorphism. 

Three among the 18 SSR loci displayed a significant heterozygosity deficit (P<0.01), 

(mPdCIR035, mPdIRD33 and mPdCIR016) and mPdCIR085 locus displayed a significant 

heterozygosity excess (P<0.01). The results indicated the efficiency of these SSR markers to 

detect molecular polymorphism. Thus, these markers can be used to perform genetic 

diversity studies on world date palm genepools. Maximum Fst value (0.167) was scored in 

mPdCIR035 and minimum value (-0.003) was observed in PdCUC3-ssr1; with an average Fst 

value of 0.077.  

Total genetic diversity (Ht), mean of genetic diversity within a population (Hs) and genetic 

differentiation among populations (Gst) are reported in Table 4.11. For all the 18 loci, genetic 

diversity within a population (Hs) and total genetic diversity (Ht) values are nearly similar; 

suggesting that the maximum variability is locally maintained. This assumption is confirmed 

by the low values of Fst (0.077) and Gst (0.140). For instance, the multi-locus values of Hs, Ht 

and Gst are 0.537, 0.635 and 0.140, respectively. 

4.3.5.2  Genetic relationship among accessions  

Neighbor joining dendrogram was constructed, based on Das genetic distance over all 18 SSR 

loci. The dendrogram exhibited that 342 accessions were divided into three major clusters I, 

II and III (Appendix 3). Each of the clusters I (Western), II and III (Eastern) were subdivided 

into two sub-clusters. The first cluster (I), includes 177 accessions. It is a big cluster. 
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Similarly, second cluster ((II) contained 105 accessions. Whereas 60 remaining accessions 

were grouped in cluster III.  

4.3.5.3  Mutilocus genotyping test for clonality and geographical patterns of 

genetic variability 

Multilocus genotyping of 342 date palm accessions representatives of a 10 different countries 

using a set of 18 SSR markersnwas undertaken. Plotting the multilocus genotypes (MLGs) 

detected against the number of loci re-sampled showed that 12 markers, i.e. mPdIRD031, 

mPdIRD033, mPdIRD40, PdCUC3-ssr2, PdAP3-ssr-F4, mPdCIR078, mPdCIR015, 

mPdCIR016, mPdCIR032, mPdCIR035, mPdCIR057 and mPdCIR085 performed well to 

discriminate clonal lineage (Fig 4.14). Distinct MLGs with sampling unit designation are 

shown in Appendix 2. 

All the populations displayed a clear signature of recombination and a high genetic diversity. 

The difference between observed heterozygosity (Ho) and expected heterozygosity (He) was 

non significant across all the geographically spaced populations with few exceptions under 

Hardy-Weinberg equilibrium (Table 4.12) 

4.3.5.4         Patterns of population subdivision 

 

Nonparametric approach (DAPC) separated whole the date palm accessions into four 

populations (Fig 4.19). Mainly, it separated eastern and western group in first axis, and the 

second axis differentiated two more groups from eastern ones. The observed distribution 

group reflects their geographical position; Pak-Omani and Pak-Iraqi group were found at an 

intermediate between the eastern and western groups (Fig 4.19).    

The above mentioned pattern of population was further confirmed by Fst estimates, with a 

strong differentiation of eastern population from the western group, at the exception of the 

introduced genetic material to western zone (Italy and Spain) and in eastern zone (Pakistan) 

as well. Meanwhile, Fst value was significant between most of the population. 

The relatedness of the accessions were also confirmed by 3D-Factorial Correspondence 

Analysis (FCA) on the SSR data (Fig. 4.15). The plotted pattern evidences the strong 

signaling between eastern and western geographic structure. Although, the three FCA axes 

explain the cumulative percentage of genetic variation of 9.91%, but it indicates a pattern of 

genetic diversity geographically structured. The cultivars originating from Muzafargarh, 
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Rahim Yar Khan, Bhakkar and Dera Ismail Khan clustered separately according to the first 

three factors; and within the remaining populations, there is a dispersal of accessions 

representing the genetic variation among populations or there may be admixture genetic 

material. 

Based on the AMOVA analysis, the genetic variance was about 5% among these two defined 

regions and 5% among different date palm populations (Table 4.14). The majority of total 

genetic variance (88%) was due to within individual’s variation.  
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Table 4.10: Summary of genetic estimates for 18 simple sequence repeats (SSR) loci tested on 342 date palm accessions from 10 

different countries of Middle East, Africa and Europe 

 

Locus 

Allele 

Frequency 

Genotype 

No 

Allele 

size 

Allele 

No He  Ho PIC Fis Fst Hs Ht Gst 

mPdIRD031 0.844 7 352-363 4 0.276 0.272 0.258 -0.015 0.041 0.245 0.263 0.071 

mPdIRD33 0.855 7 189-201 4 0.259 0.216 0.245 0.137 0.046 0.289 0.321 0.099 

mPdIRD40 0.624 13 184-202 5 0.520 0.480 0.448 0.031 0.067 0.507 0.574 0.118 

PdCUC3-ssr2 0.219 77 261-367 29 0.884 0.813 0.874 0.027 0.076 0.725 0.881 0.178 

PdAP3-ssr-F4 0.268 48 233-260 13 0.843 0.827 0.825 -0.086 0.130 0.673 0.829 0.189 

mPdCIR078 0.212 81 117-154 26 0.886 0.778 0.876 0.060 0.087 0.755 0.871 0.133 

mPdCIR015 0.333 33 120-137 11 0.802 0.775 0.777 -0.028 0.083 0.683 0.809 0.155 

mPdCIR016 0.463 10 128-136 4 0.660 0.541 0.599 0.112 0.106 0.544 0.644 0.157 

mPdCIR032 0.273 41 286-302 13 0.823 0.751 0.801 0.037 0.073 0.693 0.799 0.133 

mPdCIR035 0.500 29 179-213 11 0.658 0.468 0.611 0.162 0.167 0.512 0.674 0.239 

mPdCIR057 0.575 23 250-274 10 0.620 0.588 0.586 -0.051 0.132 0.542 0.656 0.173 

mPdCIR085 0.325 54 143-183 17 0.816 0.775 0.796 -0.002 0.073 0.744 0.850 0.125 

PdAG1-ssr 0.224 84 212-323 28 0.875 0.807 0.864 0.020 0.082 0.743 0.883 0.158 

mPdCIR010 0.313 47 120-163 14 0.810 0.781 0.787 0.002 0.049 0.671 0.791 0.152 

mPdCIR025 0.360 50 199-240 17 0.787 0.830 0.762 -0.098 0.055 0.637 0.751 0.151 

mPdCIR063 0.319 38 119-179 14 0.791 0.731 0.762 0.008 0.094 0.636 0.770 0.175 

PdCUC3-ssr1 0.991 2 327-330 2 0.017 0.018 0.017 -0.005 -0.003 0.007 0.007 0.015 

mPdIRD013 0.980 3 198-210 3 0.040 0.041 0.039 -0.033 0.021 0.057 0.064 0.106 

All 0.482 647   225 0.632 0.583 0.607 0.015 0.077 0.537 0.635 0.140 

Hexp, Hobs, PIC, Fis, Fst, Hs, Ht and Gst correspond to expected heterozygosity, observed heterozygosity, polymorphic information content, inbreeding coefficient, 

fixation index, mean genetic diversity within population, total genetic diversity and genetic diversity among the population/group  
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Figure 4.17: Box-plot of number of date palm accessions of 10 different date palm growing countries detected as a function of the 

number of loci re-sampled 1000 times within the 18 microsatellite markers (from 0 -18) using GENECLONE software. The box 

represents the average, minimum and maximum numbers of MLGs detected when re-sampling on loci. 

 

 

 

 

 



 
 

113 

 

 

 

Table 4.11: Genetic diversity index for the 10 group and MLGs detected with maximum frequent MLG. 

 

Location 

Sample 

size MLGs detected Ho He 

P-value for 

significance of 

difference between Ho and He maximum freq. MLG 

Average 

number of 

allele/locus 

Algeria 125 123 0.589 0.588 0.944 2 7.667 

Djibouti 9 4 0.447 0.599 0.778 5 3.222 

Iraq 35 17 0.549 0.592 1.000 9 5.167 

Italy 23 19 0.575 0.582 0.944 5 5.500 

Libya 9 8 0.577 0.599 0.944 2 4.167 

Mauritania 4 4 0.543 0.597 0.889 1 3.556 

Niger 3 3 0.509 0.611 0.889 1 2.944 

Oman 7 7 0.489 0.577 0.833 1 3.500 

Pakistan 122 98 0.609 0.576 1.000 9 9.667 

Spain 5 5 0.480 0.511 0.889 1 3.222 

MLG = multilocus genotypes 

Ho        = observed heterozygosity 

He     = expected heterozygosity 
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Table 4.12: Estimates of Fst (upper diagonal) and its significance (lower diagonal) based on 18 microsatellite loci for 139 date palm 

accessions representing the 10 different date palm growing countries.  

 
Fsr /p-value Algeria Djibouti Iraq Italy Libya Mauritania Niger Oman Pakistan Spain 

Algeria - 0.151 0.127 0.053 0.092 -0.006 0.057 0.116 0.091 0.057 

Djibouti 0.000 - 0.115 0.123 0.245 0.187 0.237 0.155 0.092 0.294 

Iraq 0.000 0.000 - 0.065 0.178 0.114 0.151 0.067 0.023 0.223 

Italy 0.000 0.000 0.000 - 0.093 0.022 0.080 0.084 0.054 0.134 

Libya 0.000 0.000 0.000 0.300 - 0.050 0.059 0.186 0.124 0.133 

Mauritania 66.100 0.000 0.500 19.500 6.600 - 0.043 0.077 0.061 0.063 

Niger 1.000 0.000 0.000 3.300 3.400 17.100 - 0.206 0.103 0.082 

Oman 0.000 0.500 1.000 0.200 0.000 0.300 0.000 - 0.028 0.234 

Pakistan 0.000 0.000 0.000 0.000 0.000 0.200 0.000 1.300 - 0.164 

Spain 0.000 0.000 0.000 0.100 0.200 6.400 1.400 0.000 0.000 
- 

Non-significant Fst values (0.01) are shown in bold. 
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 Figure 4.18: 3D-Factorial Correspondance Analysis (FCA) based on the SSR data of 342 date palm accessions of 10 different date 

palm growing countries. 
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Figure 4.19: Discriminant analysis of principal components (DAPC) analysis of 

worldwide date palm accessions sampled from different geographical regions. Scatter-

plot of the worldwide distribution of date palm accessions into four genetic groups (A). The 

Bayesian information criteria (BIC) supported four distinct genetic groups (B). The Eigen 

values of the analysis suggest that the first two components explained the maximum genetic 

structure of the dataset (C).  

 

 



 

 

 

Figure 4.20: Cluster analysis results showing the assignment of 342 date palm accessions 

from 10 diiferent date palm growing countries from assumed populations three (K3) to five 

(K5). Each solid bar represents one accession and color represents different genotype groups. 

The bars with more than one color mean that the genome of that accession is admixture. 
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Table 4.13: Analysis of molecular variance (AMOVA) for the clusters of date palm 

accessions based on 18 SSR markers.   

 

Source of variation Degree of freedom Sum of square Estimated variability % 

Among Regions 1 168.845 0.305 5% 

Among Populations 8 137.543 0.311 5% 

Among Individuals 332 1787.918 0.070 1% 

Within Individuals 342 1794.000 5.246 88% 

Total 683 3888.306 5.932 100% 
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Chapter 5  

 

DISCUSSION 

 
 

5.1. Morphological characterization and correlation  

 The present study was conducted to estimate the extent and range of diversity within 

or among the date palm germplasm from 10 different locations of Pakistan. Previously, 

leaves, leaflets, spines, fruit and trunk as morphometric markers for identification and 

characterization of date palm genotypes in the germplasm population have been reported 

(Elhoumaizi et al., 2002; Salem et al., 2008; Eissa et al., 2009; Hammadi et al., 2009, 

Ahmed et al., 2011). However, seed traits were considered as a powerful morphological tools 

for diversity measurement. For this, a set of 5 quantitative and 14 qualitative seed traits was 

used to screen out the phenotypic variation or genotype identification. Few authors have used 

limited seed quantitative traits in their studies (Elshibli and Korpelainen, 2009; Ahmed et al., 

2011)  

Our study exhibited a wide spectrum of phenotypic variation present in date palm population 

of Pakistan.  These results were strongly sustained by principal component analysis (PCA) 

biplot and agglomerative hierarchical clustering.  Similar findings also have been reported in 

previous publications (Elhoumaizi et al., 2002). The Principal component analysis intended 

at identifying traits differentiating among the accessions indicated that the characters related 

to embryo to apex length, base to apex length, embryo to apex length/base to apex length, 

dorsal area, lateral area, micropyle position, seed wings and frequency of seed wings 

accounted for a big share in the observed variability. On the other hand, observed Pearson’s 

coefficient correlation among traits showed interesting relationship. There were more 

negative correlation among the quantitative traits and the other qualitative traits. However, 

overall, a strong correlation between embryo to apex length, base to apex length and embryo 

to apex length/base to apex length, dorsal area and lateral area suggested that the seed 

structure is well arranged. 

Cluster analysis showed a phenotypic diversity in the local date palm germplasm. The 

topology of the dendrogram strongly supported this assumption. In fact, the separation of 
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accessions on geographical origin basis was not exhibited because escapes have been 

observed from some population and they grouped with the different accessions in another 

population. Such type of variability trend was observed in populations, caused by 

heterogeneity due to environmental factors or phenotypic plasticity of the germplasm in the 

study area. For example, Ood (RYKP), Sok (RYKP), Bad (RYKP) and Pir (RYKP) 

representing district Rahim Yar Khan (Punjab) clustered together in Class III while 2526 

(RYKP) was the only accession showing deviation and grouped in Class I. Similarly, 

accessions from Sukkur (Sindh) i.e. Khu (SS), DDI (SS), Khu (SS) and Las (SS) clustered in 

class I. As in other districts, they showed variations. Among them, accessions from (KS) 

Kech-Balochistan showed more variability. Similar findings have been reported by 

Elhoumaizi et al. (2002) and Ould Mohamed Salem et al. (2008) in date palm, Saddoud et al. 

(2008) in fig, and Ouazzani et al., (1995, 1996) in olive and pomegranate accession cultivars. 

It strongly supports the fact that there has been an exchange of material among different 

provinces (author’s observation/oral communications with farmers). As, few exotic (Iraqi) 

cultivars (Hillawi, Khudrawi, Zehdi, Sayer) which were introduced in Multan, Shahpur, D.G. 

Khan, Muzafargarh distircts of the Punjab province by the British Indian Government during 

early 1909 (Milne, 1918). Author observed that with passage of time, interest in more 

varieties collection and plantation in their agricultural land as an agroforestry shape 

increased. Since last decade, trend has been twisted toward orchard establishment focusing a 

single variety i.e. Dhakki, Aseel and Begum Jangi. More focus has been on Dhakki for its 

appreciation as best marketable “chohara” (dehydrated dates). It may also be because of out 

crossing in the date palm accessions in different habitat and it supports the concept that there 

would not be planned cultivation or breeding practices. In addition, UPGMA dendrogram 

showed an association between cultivars with their genetic makeup. Hil (LP) and Hil 

(DGKP) grouped in class I whereas Hil (JP) was in class II near to the class I. However, three 

accessions Ase (JP), Ase (KS), Ase (KB) and DHA (KB) clustered together in class I. 

Comparative results have been observed when i worked on microsatellites markers for 

Pakistani date palm germplasm exploration.    

In the scenario of the present study, it is concluded that the quantitative and qualitative seed 

traits possessed a useful approach to measure the phenotypic diversity of the date palm 

cultivars. The results revealed considerable diversity within date palm cultivars. However, 
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this method of characterization cannot properly define the cultivar identification problem. 

Indeed, many diverse accessions may possess same aspect in spite of their diverse genome. 

Advances in the development of more effective markers (microsatellite) may provide a 

precise genotypic differentiation and overcome this problem (Zehdi et al., 2004, 2012). 

Indeed, a precise description of the phenotypic and genetic diversity of the Pakistani gene 

pool requires a combination of biochemical, morphological and molecular markers. 

5.2 Comparative analysis of molecular and morphological data 

Comparative analysis of molecular and morphological data of 56 Pakistani date palm 

accessions from 4 different geographical regions evidences population wise distribution of all 

the accessions (Fig. 4.8) which sustained the result of population structure (Fig. 4.10). 

However, closely clustering and considerable overlaps in PCA of all the populations from 

four different locations in Fig. 4.8 and three different morphotypes (Fig. 4.9) suggested gene 

flow occurrence and inbreeding adventure even though genetic material has geographical 

distances and morphological deviations. Considerable overlaps evidenced the involvement of 

common genes. Out-crossing nature of the plant, anthesis over a period of 35-45 days and co-

existence of different accessions within the same locality might have promoted the gene flow 

between the populations and/or morphotypes. Results also indicate the interbreeding within 

and among the accessions of same and spaced population but limited gene flow have 

occurred with escapes. Closeness of escapes with accessions from ‘J’ group may suggest 

interbreeding adventure in the past and genes were transferred at some point. Some of the 

molecular taxa appeared to be admixture of populations and morphotypes. There could be 

possibility of continuous breeding of isolated or closely related individuals so as to preserve 

their desirable traits. Recently, evidences of inbreeding have been found in some varieties of 

date palm i.e. Ajwa and Mazafati. Inbreeding was due to the three possibilities; 1) differences 

in intensity of breeding, 2) continuous selection and 3) for desired traits (Hazzouri et al., 

2015).  

In the present study, molecular data indicated population differentiation and limited gene 

flow among the six populations within two main geographic locations (Fig. 4.10A and B). 

Weak genetic signature of most of the accessions of each cluster supports division of 56 

accessions into two distinct populations (Fig. 4.10A and B). However, divided membership 

of some accessions between two and/or three clusters substantiated the gene flow among the 
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accessions and it appeared to be more appropriate that these three clusters/populations have 

admixture genetic material which could possibly be interbred.           

5.3 High genetic diversity and genetic structure 

In the present study, a set of different analysis was carried out to understand genetic diversity 

and genetic structure. For this, microsatellite markers were used to estimate the genetic 

variation.  A total of 139 accessions, representing 12 different geographically spaced 

populations were evaluated or compared using a set of 18 SSR markers. All the markers 

proved themselves very informative in assessing genetic variation between or among 

different populations. Previously, several authors have reported SSR markers as a powerful 

tool for evaluating genetic variation and population subdivision in fragmented populations of 

tropical species, i.e. Collevatti et al., (2001) explored endangered tropical tree species 

Caryocar brasiliense whereas Zehdi et al. (2012) and Racchi et al. (2013) estimated genetic 

diversity in Tunisian and Libyan date palm genetic resources using SSR markers.  In present 

studies, a large number of SSR alleles have been revealed.  An average  of  10  alleles  per  

locus  were  detected,  revealing  a  comparatively high  degree  of  genetic  range  in date 

palm. 

 Contrary to previous work done on date palm from Algeria, Morocco, Tunisia, Sudan and 

Libya (Benaceur et al., 1991; Elhoumaizi et al., 2006; Zehdi et al., 2004 and 2012; Elshibli 

and Korpelainen 2008 and 2009 and Racchi et al., 2013), microsatellite markers showed a 

high level of molecular polymorphism in Pakistani accessions.  Thus, these markers can be 

suitable for genetic diversity studies on Pakistani date palm.  However,  total number of 175 

alleles was detected  for  the  139  accessions of  date  palm  in  the  present  study  which 

was  much higher   than  that  scored by Hussam et al. (2011) in 22 accessions from Iraq (73 

alleles for 12 microstallite loci);  Zehdi et al. (2012) in 101 accessions from Tunisia (134 

alleles for 14 microstallite loci) and Racchi et al. (2013) in 440 accessions from Libya (134 

alleles for 18 microstallite loci) whereas low scores were counted in case of work done by 

Elshibli  and  Korpelainen  (2008)  in  68  accessions  from  Sudan and  Morocco  (343  

alleles  for  16  microsatellite  loci) which could also be differences in sampling. It is quite 

obvious; allele number depends on sample size. It could be vice versa in a case if genetic 

material is of same genetic blood. It means if same varieties are collected even from different 

locations, that may still present a low frequency of allelesnumbers with maximum sample 
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size. The mean  value  of  the  observed  heterozygosity  (Ho)  and the expected 

heterozygosity (He) for  all  loci  was 0.572 and 0.603, respectively,  suggesting  a  wide  

genetic  diversity  in  the  Pakistani  date  palm germplasm whereas Tunisian date palm 

showed Ho and He mean values 0.657 and 0.731, respectively (Zehdi et al., 2012).  In case of 

Sudan date palm studies, the  observed  and  the  expected  heterozygosity  values have 

counted 0.912 and 0.853 respectively (Elshibli  and  Korpelainen,  2008).  On average, 

number of accessions were higher in Pakistan as compared to Tunisian and Sudani material. 

Similarly, number of alleles and level of heterozygosity were higher than that of Tunisian 

date palm germplasm but lower than Sudani date palm germplasm. Taken together, these 

findings provide insights into the genetic variation in the date palm germplasm as well as a 

relationship among the accessions from different locations of Pakistan. These  results  

suggested higher  genetic  diversity  in the Tunisian and the Sudan  date  palm  resources  as 

compared  to  the  Pakistani germplasm. It may be due to intensive selection operating in 

Pakistan, most of the collections representing known/superior varieties and maintained in 

different germplasm units or by the farmers. The most informative SSR marker in this study 

was mPdCIR078 followed by PdCUC3-ssr2 while mPdIRD013 and PdCUC3-ssr1 were the 

least informative among the SSR markers used.  

Population based multilocus values of Hs, Ht and Gst explained the high level of diversity 

among population rather than between populations as reported earlier in Tunisian and Sudani  

date  palm  cultivars  based  on the microsatellite  markers  (Elshibli  and  Korpelainen, 2008; 

Zehdi et al., 2012). Additionally,  pairwise  comparisons  of  the  multilocus  Fst index among  

the twelve geographically spaced date  palm  groups  indicated  that  the  highest  genetic 

proximity among  the groups  and  almost all the geographical populations have a similar 

genetic background in date palm cultivated in Pakistan. However, the accessions originating 

from four populations i.e. Muzafargarh, Rahim Yar Khan, Bhakkar and Dera Ismail Khan 

have shown deviation. Supporting this, the 3D-FCA analysis showed a genetic discrimination 

between the Indus basin fragment of hot and sandy (semi-arid) belt (Muzafargarh, Rahim Yar 

Khan, Bhakkar and Dera Ismail Khan) and the rest of the climatic regions in Pakistan. 

Similarly, the neighbor joining tree showed that accessions from Muzafargarh, Rahim Yar 

Khan, Bhakkar and Dera Ismail Khan were all on the record in a same sub-cluster. 
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5.3.1 Cultivars identification key 

The identification key was established for 139 Pakistani date palm accessions as presented in 

Figure 4.9. Supporting our assumptions, accessions presenting the same genotype for one 

locus were clustered together while those with different genotype was discriminated and 

separated. All the selected primers combination permitted the unambiguous discrimination of 

all the accessions studied. Theoretically, selected primers would be able to discriminate a 

maximum of 3874816 possible multilocus genotypes suggesting that there may be a wide 

room for expansion of a key. 

Similar identification keys were established for 49 and 101 Tunisian date palm accessions 

using 3 and 5 primers combination, respectively (Zehdi et al., 2004, 2012). In case of 49 

accessions with 3 primer combinations, revealed 25 alleles and 57 genotypes whereas 63 

alleles with 160 genotypes were reported using 5 primers in 101 genotypes. Similarly, Salem 

et al., (2001) revealed 12 polymorphic alleles in 29 date palm cultivars based on isozyme 

markers, out of which, two cultivars were not differentiated. However, 18 Libyan date palm 

accessions based on three SSR primers unveiled 24 alleles with 70 genotypes (Racchi et al., 

2013). Another identification key has also been obtained for 54 apricot cultivars (Prunus 

armeniaca L.) based on 5 SSR primers revealing 28 alleles and 54 genotypes (Krichen et al., 

2006). These studies illustrates the differentiation power of microsatellite markers in 

comparison with isozyme markers whose numbers are often restricted to specific 

development stages or tissues. 

The identification key has ability to resolve the differences and construct the relationship 

among the cultivars of the same name or vice versa, respectively. Thus, it is evidenced that 

‘Aseel’ labeled 1, 3 collected from Jhang and Khairpur respectively; and labeled 2 

originating from Kech were discriminated on the basis of five SSR primers. The same 

situation was encountered for the accessions ‘Karblain’ labeled 1 from Jhang and 2 from 

Khairpur; for ‘Khurma’ labeled 1 from RYK and 2 from Sukkur; for ‘Gulistan’ labeled 1, 2 

originates from DIK; for ‘Shamran’ labeled 1, 2 from Jhang; for ‘Basra’ labeled 1 from RYK 

and 3 from DIK; for ‘Kharoch’ labeled 1 from Kech and 2 from Gwadar. In addition, 

homonyms were also detected in ‘Begum Jungi’ labeled 1 from Jhang and 2 from Khairpur; 

and for ‘Koherba’ labeled from 1 Jhang and 2 from Kech. In fact, out of 18 microsatellite 

markers, only six are sufficient to discriminate among the Pakistani date palm accessions.  
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Finally, the homonyms elucidated through this identification key for Pakistani date palm 

accessions illustrates the confusion in nomenclature that can be observed in the particular 

region. Similar homonyms and synonyms were observed in Tunisian date palm (Zehdi et al., 

2004; 2012), Tunisian apricots (Krichen et al., 2006), Tunisian fig (Achtak, 2009) revealed 

by microsatellite markers.         

5.3.2 Geographical pattern of population structure 

A set of analysis of the proposed analytical approaches explored the pattern of population 

structure. Both model-based Bayesian and nonparametric analysis constituted a clear but 

relatively weak structure in Pakistani date palm accessions, with at least five genetic groups. 

Population from the semi arid - moonsonal or canal irrigated (seasonal or perennial) and 

suleman pediment belt (Bhakkar, Muzafargarh, Rahim Yar Khan and border areas of Dera 

Ismail Khan near to Darya Khan and Pahar pur) were clearly differentiated from Himalayan 

zone (Bagh, Kotli), dry arid ecological zones of Balochistan with 36-110 mm annual rainfall 

(Kech, Gwadar) and southern irrigated plains (Sukkur, Khairpur). In contrast, genotypes 

from Jhang, Sukkur and Khairpur tended to be more admixed.  

Our results also suggested the existence of population subdivision at the regional level. 

Population from semi arid – monsoonal or canal irrigated (seasonal or perennial) belt of 

Punjab (Bhakkar, Muzafargarh, Rahim Yar Khan) and dry arid ecological zones of 

Balochistan (Kech, Gwadar) are stable in their structure. Recently, few varieties have been 

introduced from Balochistan to other part of the country. In contrast, “Dhakki” variety 

showed its conservation according to its origin (Dhakki village, Dera Ismail Khan). In 

Pakistan, date palm plantation is not well layed out. In large date growing areas date palm 

exists in the form of irregularly planted groves except Khairpur and Sukkur (Sindh). Sukkur, 

Khairpur and Jhang have more admixed material. Most of the material from Jhang was 

collected from a research station. Research station may have 34 varieties in total representing 

Iraqi material along with few varieties from Balochistan and Sindh.     

It can be assumed that being an eastern end of date palm expansion, there may be several 

reasons for the spread of date palm in Pakistan i.e. continuous selection of superior genotypes 

by the farmers, chances of favorable climatic adaptation, dispersal thorugh canal/river system 

and its historical background in the country. Supporting assumptions, Pakistan has 5000-

7000 years old date palm history since Mehrgarh/Indus civilization (Ahmad and Smead, 
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2005). Archaeological remains, origin of sister species – Phoenix sylvestris and Phoenix 

loureiroi, trade system among ancient civilizations of the region, consecutive dates growing 

provinces Balochistan (Pakistan), Balochistan-Sistan (Iran) and Oman, actual distribution 

status in the country, strong interaction with the middle eastern countries (UAE, Saudi 

Arabia, Oman, Iran, Iraq etc.) in terms of trade and human resources consumption, 

intentionally or unintentionally exchange of dates during pilgrimage (Hajj) times annually. 

Alexander’s great invasion into Indo-Pak Subcontinent through Makran coast during 462 BC 

have concept that dates had been available at that time.  Muhammad Bin Qasim invasion into 

Sindh and movement throughout Indus Basin during 712 AD might also be a cause of dates 

spread in Pakistan (Ahmad and Tahir, 2005; Dhillon et al., 2005).      

5.4 Eastern and Western are two separate genepools 

This study elucidated the genetic diversity and examined the genetic structure among date 

palm accessions collected from ten different date palm growing regions i.e. Algeria, Djibouti, 

Iraq, Italy, Libya, Mauritania, Niger, Oman, Pakistan and Spain. A total of 342 accessions 

were analyzed using 18 microsatellite (SSR) markers and 225 alleles were detected with an 

average of 13 alleles per locus. This is higher than the values obtained in previous studies by 

Khierallah et al., 2011; Elmeer et al., 2011 and Zehdi et al., 2012. Neighbor joining tree of 

the 10 date palm groups based on shared alleles distance showed that clustering of 342 

accessions is made of their geographic origin. As cluster I comprise accessions from West. 

However, Eastern material is divided into cluster II and III. Pakistani genepool showed more 

diversity distributing all accessions in cluster II and III. The grouping of the date palm 

accessions from Muzafargarh and Rahm Yar Khan (Pakistan) were close to Western cluster 

but grouped separately as a sub-clsuter I within a main cluster I. Many authors worked to 

measure the variability in date palm of different countries i.e. Tunisia (Zehdi et al., 2004; 

2012), Oman (Al-Ruqaishi et al., 2008), Sudan and Morocco (Elshibli and Korpelainen, 

2008), Libya (Racchi et al., 2013). Besides, Zehdi et al., (2004 and 2012) proposed Oriental 

and Tunisan groups as two genetically different genepools. This concept was further 

supported by Arabnezhad et al., (2012). He discriminated the groups into Iran-Iraq and North 

Africa using new set of microsatellite markers.  

Similar results were reported in other studies of cultivated plants, such as olive (Breton et al., 

2006, 2009; Sarri et al., 2006; Haouane et al., 2011), apricot (Bourguiba et al., 2013) and 
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grapevine (Bacilieri et al., 2013). Indeed, genetic studies on olive tree have reported genetic 

differentiation between western and eastern Mediterranean areas. While, apricot accessions 

structured into three main gene pools “Irano-Caucasian, North Mediterranean Basin and 

South Mediterranean Basin. Bacilieri et al., 2013 revealed three main genetic groups 

(western regions, Eastern Mediterranean and Far East countries). All these studies agree on 

the existence of a strong geographic structure in the genetic diversity of these most important 

cultivated fruit tree of the Mediterranean region and corroborate the genetic structuring 

revealed by the SSR markers in date palm that confirms the existence of two ancient gene 

pools of the current diversity.   

As for as date palm is concerned, the accepted hypothesis for date palm domestication is a 

single center of origin around the Persian Gulf, from where genes of the cultivated date palm 

flowed towards the West up to Mauritania and East up to Pakistan. In our study, the nuclear 

SSR showed that the Western accessions strongly differed from the Eastern ones. In the case 

of a single origin, this pattern of diversity may be observed only in the case of a strong 

bottleneck during expansion toward the West. This would have led to an important genetic 

drift and therefore the loss or fixation of alleles in the Western group that therefore displays a 

very different allelic pattern from the Eastern one. The levels of diversity observed in the 

Eastern cluster groups appear close to that in the Western cluster groups, questioning the 

truthfulness of the single origin hypothesis. 

On contrast, another hypothesis may explain that this strong geographic structure between 

Eastern and Western cultivars: the presence of two domestication events, one in the East and 

one in the West. Indeed, the Persian Gulf might not be the only domestication center for date 

palms. North Africa could also be a domestication center, either independent (primary 

domestication center) or after the arrival of cultivars from the Middle-East and their crossing 

with local date palms (secondary domestication center). The absence of well identified wild 

populations in addition with the unknown natural distribution area hampered deciding 

between two hypotheses. 

Previously, few authors (Henderson et al., 2006; Pintaud et al., 2010 and 2013) has 

supported the second hypothesis while working in choloplastic region and identified two 

haplotypes (Oriental and Occidental). So, Pintaud et al., 2010 suggested two hypothesis:  
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1. both chlorotypes were present in both clusters and the observed distribution resulted 

from cultivation practices, selection operated by farmers and/or genetic drift,  

2. each cluster had its own haplotype then population movements and anthropogenic 

actions resulted in the dissemination of the Oriental chlorotype in the Western cluster 

and vice versa to a lesser extent.  

This study of nuclear genome using the SSR markers revealed that component is highly 

structured between Western and Eastern date palms. This pattern could therefore be observed 

if cultivars initially imported from the Eastern to Western regions and were subsequently 

pollinated with local males (displaying the Occidental chlorotype) over generations leading 

to new populations with predominantly Western nuclear genome and Oriental chlorotype 

were obtained. This would be in accordance with the fact that date palm cultivation has 

always been based on the selection of female accessions.  

In accordance with previous morphometric data, this study questions the current accepted 

hypothesis of a single origin for cultivated date palms. Indeed, the strong differentiation 

between Eastern and Western cultivars might be the result of two domestication events. 

Northern Africa could have also been either a primary domestication center or a secondary 

domestication center.  
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Chapter 6 

 

SUMMARY 

 
In spite of being a 5

th
 largest date producer in the world with a very long history with God 

gifted tree (date palm) along with an eastern most end of the date growing world, Pakistan is 

still relativly poorly explored region of South Asia. Date palm germplasm is depleting due to 

urbanization, under utilization, expansion of few elite varieties and unawareness of the 

farmers. The goals of this study were to explore the phenotypic as well as genetic variability 

by means of morphometric and molecular markers and to assess the gene flow of indigenous 

date palm germplasm along with its relationship with regional germplasm. 

 

Morphometric traits proved useful tools for date palm germplasm discrimination across all 

the 82 accessions collected from 10 different geographically distant locations of Pakistan. 

Morphometric traits included base to apex length (BAL, cm), embryo to apex length (EAL, 

cm), embryo to apex length/base to apex length (EAL/BAL %), dorsal area (DA, cm
2
), lateral 

area (LA, cm
2
), seed shape (SSH), seed color (SCO), seed surface (SSU), seed base (SBA), 

seed apex (SAP), seed wings (SWI), frequency of wings (FOW), ventral furrow shape (VFS), 

ventral furrow width (VFW), ventral furrow ends (VFE), ventral furrow nature (VFN), 

micropyle position (MPO), micropyle elevation (MEL) and micropyle appearance (MAP). 

The morphological markers (quantitative and qualitative) concluded the considerable 

diversity within the date palm seed based quantitative and qualitative traits. These markers 

revelaed the fact that there has been an exchange of material among different provinces. The 

quantitative traits revealed that dorsal area, lateral area, embryo to apex length and base to 

apex length had highest CV indicating their prominent role in discrimination. Seed wings and 

frequency of wings were the more variable quantitative triats. Seed wings were only 

accounted in four accessions including Cong (KB), Kec (BP), 1513 (BP) and Hal (BP). All 

these accessions belong to dry region of Pakistan (Kech-Balochistan and Bahawalpur-

Punjab). Out of four, three accessions were collected from Bahawalpur district. Actually, 

these three accessions are prominent varieties from Balochistan. It means seed wings are 

unique trait of dry region. However, the principal component analysis (PCA) for traits and 
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accessions of first three axis accounted 20.02 %, 32.61 % and 44.68 %. These components 

grouped accessions according to their phenotypic resemblance and morphological 

characteristics. For example, 26 accessions including SuR (GB), Hal (KB), Koh (KB), Bad 

(BP), Sur (LP), Gul (BP), Bad (RYKP), Ruk (KS), Taa (BP), Hus (KS), Kha (KB), Mur 

(MP), Pas (KB), Beg (KS), Cha (KB), 2506 (LP), Bgn (KS), Ase (KS), Pir (RYKP), ZBJ 

(KB), 2564 (GB), Ood (RYKP), Sok (RYKP), Gok (KB), 2515 (DGKP) and Koz (KB) 

explained the different morphology than other accessions and placed as distinct group on 

their micropyle position basis. Furthermore, 4 of these 26 accessions with central and 2 with 

proximate micropyle position were separated as sub-group (2564(GB), Pas (KB), Mur (MP) 

and SuR (GB); and Kha (KB), Hus (KS). Four accessions Ood (RYKP), Sok (RYKP), Gok 

(KB) and 2515 (DGKP) were further differentiated and thus distinguished from other 

accessions within groups because of their distinctive relatedness as caudate seed base in the 

lower right plane. The dendrogram was constructed using cluster analysis to understand the 

grouping of studied accessions according to their similar traits. Among these 82 accessions 

representing 10 regions, there was no specific cluster for a sampling locality. However, Ood 

(RYKP), Sok (RYKP), Bad (RYKP) and Pir (RYKP) representing district Rahim Yar Khan 

(Punjab) clustered together in Class III while 2526 (RYKP) was the only accessions showed 

deviation and grouped in Class I. Similarly, accessions from Sukkur-Sindh (SS) i.e. Khu 

(SS), DDI (SS), Khu (SS) and Las (SS) clustered in class I. As in other districts, they showed 

variations. Among them, accessions from (KS) Kech-Balochistan showed more variability. 

While focusing on cultivars; Hil (LP) and Hil (DGKP) grouped in class I whereas Hil (JP) 

was in class II near to the class I. Similarly, three accessions Ase (JP), Ase (KS) and Ase 

(KB) clustered together in class I.    

 

Microsatellite (SSR) markers proved themselves highly polymorphic and informative for the 

estimation of genetic variability and population structure of Pakistani date palm accessions 

collected from 12 different geographical locations. In total, 175 alleles were discriminated 

with an average of 10 alleles per locus ranging from 2-23. mPdCIR078 was the most 

polymorphic marker (0.826) whereas mPdIRD013 was the least informative (0.028). A large 

number of Pakistani accessions (139) possessed high observed heterozygosity and more 

allelic numbers. For genetic relationship between accessions, Neighbor Joining tree was 
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constructed. NJ tree showed all the accessions independent of sex and origin. Population 

subdivision based on FCA assumed a geographically structured pattern representing 

divergent of Muzafargarh, Rahim Yar Khan, Bhakkar and Dera Ismail Khan according to 

first three axis. K value clearly differentiated all the accessions into two reasonable clusters; 

1) semi-arid to arid (Bhakkar, Muzafargarh, Rahim Yar Khan, Kech and Gwadar), 2) 

Irrigated plains and Himalayan zone (Jhang, Faisalabad, Khairpur, Sukkur, Dera Ismail 

Khan, Kotli and Bagh). Cultivar identification key was established using 6 primers of di-tri 

and hexa nucleotide for their homogeneity and reproducibility. All the accessions represented 

different fingerprints across all the SSR markers examined.  

    

Working on third objective, 342 accessions from 10 different countries of eastern and 

western world (Algeria, Djibouti, Iraq, Italy, Libya, Mauritania, Niger, Oman, Pakistan and 

Spain) were included. In total, 225 alleles were detected varying from 2 (PdCUC3-ssr1) to 29 

(PdCUC3-ssr2). The average PIC value for the 18 loci was 0.607 and the most informative 

locus was mPdCIR078 (0.876). The dendrogram exhibited that 342 accessions were divided 

into three major clusters I, II and III (dendrogram not presented due to its length). Each of the 

clusters I (Western), II and III (Eastern) were subdivided into two sub-clusters. The first 

cluster (I), includes 177 accessions. It is a big cluster. Similarly, second cluster ((II) 

contained 105 accessions. Whereas 60 remained accessions were grouped in cluster III. FCA 

axes explain the cumulative percentage of genetic variation of 9.91%, but it indicates a 

pattern of genetic diversity geographically structured. The cultivars originating from 

Muzafargarh, Rahim Yar Khan, Bhakkar and Dera Ismail Khan clustered separately 

according to the first three factors; and within the remaining populations, there is a dispersal 

of accessions representing the genetic variation among populations or there may be 

admixture genetic material. In case of eastern and western date palm germplasm, 

Discrimnant analysis of principal component clearly shaped the germplasm into two distincet 

genetic group, eatern and western. 

 

To sum up the discussion, we know that date palm is regarded as an economic fruit, yet a 

number of challenges exist for it as a crop. Genetic diversity of date palm and expansion of 

area under date palm is currently at risk due to plenty of problems. Replacement of 
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elite/superior cultivars by none-descript types is occurring.  Similarly, the date palm 

presently is threatened by desertification, deforestation for fuel and timber, urbanization, lack 

of proper documentation, biotic and abiotic stresses. Many local selections of date palm with 

good quality are nearly extinct due to lack of interest in conserving this diverse genetic 

material. Therefore, the need to search for new sources of variation and the estimation of 

genetic diversity among collections has specific implications for date palm genetic resources 

conservation, improvement or germplasm management. Further evaluation and 

characterization of all the collections through collaborative relationships will provide a 

common platform for information on global date palm germplasm. 

Genetic diversity provides a certain degree of strength against destruction of plant population 

by natural disasters. Extremely low levels of genetic diversity may lead to complete 

elimination of some species and result in a loss of overall biological diversity. In this study 

the average coefficient of variance was 72.39%, which indicates the strength and potential of 

the collected germplasm.  Our results mean high polymorphism within Pakistani germplasm 

and findings also provide insights onto the genetic variation in the date palm germplasm as 

well as a relationship among the accessions from different locations of Pakistan. Genetic 

structure provides two pools within Pakistani date palm genetic resources; 1) Muzafargarh, 

Rahim Yar Khan and Bhakkar and 2) rest of the country. In a global scenario, Pakistani 

genepool is closer to Middle East. So, there could be a future line of a work to include 

Iranian and Egyptian missing samples for a broader picture of regional date palm structure 

and gene flow. Along with this, there is a need to explore the missing part of Pakistan (Miri 

Qalat, Bolan and along the Nehang river) which is assumed as a one of the oldest place 

having date palm groves. Furthermore, future research may be on application of GBS in 

selection of improved date palm varieties for cultivation. In fact, genotyping by sequencing 

provides opportunity to find thousands of new markers in hundereds of offsprings and can be 

used for sex determination and constructing genetic map on genome structure conservarion. 

With this, traditional breeding program take several years. In contrast GBS can be an 

ultimate marker assisted selection tool for breeding programs and varetal improvement of 

date palm.       
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APPENDIX 

Appendix 1: List of SSR locus used in date palm characterization 

Locus No.  SSR locus   Repeat motif    Primer sequences (5
ʹ
→3

ʹ
)   References  

   

1  mPdCIR010  (GA)22     F: AC CCC GGA CGT GAG GTG         Billotte et al. (2004) 

          R: CGT CGA TCT CCT CCT TTG TCT C 

2  mPdCIR015  (GA)15     F: AG CTG GCT CCT CCC TTC TTA   ˶ 

          R: GCT CGG TTG GAC TTG TTC T 

3  mPdCIR016  (GA)14     F: AG CGG GAA  ATG AAA  AGG TAT   ˶ 

          R: ATG AAA ACG TGC CAA ATG TC 

4  mPdCIR025  (GA)22     F: GC ACG AGA  AGG CTT ATA GT   ˶ 

          R: CCC CTC ATT AGG ATT CTA C 

5  mPdCIR032  (GA)19     F: CA  AAT CTT TGC CGT GAG    ˶ 

          R: GGT GTG GAG TAA TCA TGT AGT AG  

6  mPdCIR035  (GA)15     F: AC AAA CGG CGA TGG GAT TAC   ˶ 

          R: CCG CAG CTC ACC TCT TCT AT  

7  mPdCIR044  (GA)19     F: ATGCGGACTACACTATTCTAC   ˶ 

          R: GGTGATTGACTTTCTTTGAG  

8  mPdCIR048  (GA)32       F: CGAGACCTACCTTCAACAAA   ˶ 

          R: CCACCAACCAAATCAAACAC     

9  mPdCIR050  (GA)21     F: CTGCCATTTCTTCTGAC    ˶ 

          R: CACCATGCACAAAAATG 

10  mPdCIR057  (GA)20     F: AA GCA GCA GCC CTT CCG TAG   ˶ 

          R: GTT CTC ACT CGC CCA AAA ATA C   

11  mPdCIR063  (GA)17     F: CT TTT ATG TGG TCT GAG AGA   ˶ 

          R: TCT CTG ATC TTG GGT TCT GT 

12  mPdCIR070  (GA)17       F: CAAGACCCAAGGCTAAC    ˶ 

          R: GGAGGTGGCTTTGTAGTAT 

13  mPdCIR078  (GA)13     F: TG GAT TTC CAT TGT GAG    ˶ 

          R: CCC GAA GAG ACG CTA TT 

14  mPdCIR085  (GA)29     F: GA GAG AGG GTG GTG TTA TT   ˶ 

          R: TTC ATC CAG AAC CAC AGT A   

15  mPdCIR090  (GA)26     F: GCAGTCAGTCCCTCATA    ˶ 

          R: TGCTTGTAGCCCTTCAG  

16  mPdCIR093  (GA)16     F: CCATTTATCATTCCCTCTCTTG   ˶ 

                                                                                                             R: CTTGGTAGCTGCGTTTCTTG 
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Locus No.  SSR locus   Repeat motif    Primer sequences (5
ʹ
→3

ʹ
)   References 

    

17  PDCAT1  (TC)21     CTGAAATCTCTGTTCAAATCC                   Akkak et al. (2009)  

AGTTTGGATCTATTTGTGAGT  

TATTTTCTTT  

18  PDCAT2   CTCGCTG(TC)3(TC)3T   GGCCTTCTCTTCCCTAATGGG    ˶  

(TC)3T(TC)3T(TC)4TTCT   AGTTTCTTGCCCCTGTTCTTTC  

GTCCCG(TC)16T(TC)    CCTC  

19  PDCAT3   (CA)8- (GT)3(CA)4    CAAGGATAGGTGTGATGACC    ˶ 

ACCGTTTGTCCTTTTAACTTCT  

TGCTGGAATT  

20  PDCAT4   (CA)8TT(CA)4(GA)20    TAACGAGTCCACACACCTGGG   ˶ 

TAAAGCTTATAAG  

21  PDCAT5   (AG)16      GGCCCGTCCTTGGATTAGAGC    ˶   

TACGTTGTCCCGTCAATTGG  

22  PDCAT6   (CA)14(GA)23     AATCAGGGAAACCACAGCCA     ˶ 

GTTTAAAGCCTTCTCAAGATA  

GCCTCAG  

23   PDCAT8   (TC)16      GCTTAAGTGGTTAGTTGCCAA    ˶  

GTTTGGCAGAAGTATTGAAA  

AGTTGA  

24  PDCAT10   (TC)16      CACTGCTCCTGTTGCCCTGTT    ˶  

GTAGAAGGGCAGAGGACGG  

25  PDCAT11   (TC)7(TC)20     TTAGTAGACTCCCCACCGTCC    ˶  

TGTTTCATGGTGCTGGAGAAT  

GAA  

26  PDCAT12   (CT)19       CATCGTTGATTCCTAACCCCT    ˶  

CGTTTAGATCTTGCATGGCAACGC  

27  PDCAT13   (GA)21GCA(GGA)GA   TGTTGCCATTCACATGCTGCG    ˶  

      (GGA)3     TTTGGACTAGTCCCTCCCTCCC  

28  PDCAT14   (TC)19(TC)16    TGCTGCAAATCTAGGTCACGAG   ˶  

                                                                                                                                    TTTACCCCTCGGCCAAATGTAA  

29  PDCAT15   (GA)13-(GA)8(GA)6    ACAGAGAGGTGGAGTTTTCGG   ˶  

                                                                                                                       ATTTCTTCCTTTCAAACCAGCA  

                                                                                                                                    AGCT  
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Locus No.  SSR locus   Repeat motif    Primer sequences (5
ʹ
→3

ʹ
)   References 

    

30  PDCAT17   (GA)21      CAGCGGAGGGTGGGCCTCGTT   ˶  

TCTCCATCTCCCTTTTTCTTCT  

GCTACTC  

31  PDCAT18   (CT)13G(CT)8CG(CT)3   CCTAAACCTGAATGAATCAAAG   ˶ 

CG(CT)3     CAACTAACATAAGGACAGTGCT 

ATGTGATTG  

32  PDCAT20   (GA)29      TTTCAGACACATCAAGTAACG    ˶  

ATGAGTTTACGTCCACCCCAA  

GTTACGA  

33  PDCAT21  (GA)5T(GA)2TA(GA)2   GTGTTTGAAGATTGATTTTGT    ˶   

GC(GA)5(GT)7    GTTATGAGGTTTCGAACTATA   

GGCATGCACAATAGTATATTG  

34  PdCUC3-ssr1       F: CGT GGA CTC ATG ACT CGC ATG TCC  ˶         

          R: GGT CCT TGC CGG TGG CCT TC 

35  PdCUC3-ssr2       F: ACA TTG CTC TTT TGC CAT GGG CT  ˶ 

          R: CGA GCA GGT GGG GTT CGG GT 

36  DP150    (GAA)9      F: CTGCGCCAATCTAAACCATT                   Elmeer et al. (2011) 

           R: GCAAATTGCAACAAATCCTTG 

37  DP151    (AC)37      F: TTGCTGGTTGAAATGGTGTT   ˶    

R: GCAACAGATGCTCTTGCTCA 

38  DP152    (TAT)8      F: ACGAGTTTTTGGGAGAGCAA   ˶    

R: GCAAGTTGCCAACATTCTTGT 

39  DP153    (TCA)9      F: TCATCACAGGCAATGGCTAA   ˶    

          R: GCAGATGGCCATTGAACC     

40  DP154    (AC)19      F: ACACACACACACCGCGAAT    ˶    

R: GCATGTGAGGCGCATATCTA 

41  DP155    (TC)51      F: CCCCCTCTCTCTCTCTCTCTC   ˶   

          R: GCCAAGAGGATTGGAGATTG 

42  DP156    (GA)17      F: TGTGTGTGTGTGTGTGTGTGA   ˶     

                                                                                                                       R: GCCATTGTTTGTGTGGACTG 

43  DP157    (TC)19      F: TGGACAATGACACCCCTTTT   ˶    

                                                                                                                                    R: GCCCACACAACAACCTCTCT 
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Locus No.  SSR locus   Repeat motif    Primer sequences (5
ʹ
→3

ʹ
)   References  

   

44  DP158    (GA)29     F: TCATTGGCTAATCCACACACA   ˶    

R: GCCTTGTGGTCATGAGAGGT 

45  DP159    (TC)27     F: AGCTCCAATTTGCTGCAGAG   ˶  

R: GCTGACCTGGAGTCCAAAAC 

46  DP160    (GAAA)5    F: AAGAGCGACAATCATGACCA   ˶   

R: GGAAATTGAAGGGCATCTTG 

47  DP161    (CT)13     F: TGGTTGCTGCTTATCTGCTG    ˶   

R: GGAGGGAACCGAGAGAGAGA 

48  DP162    (TACA)9    F: TGGACTTCAAGAAGTGCGAAT   ˶   

R: GGCAGTCACATTTTGCTTCA 

49  DP163    (GA)19     F: GTGCGTGTGTGTGTGTGTGT   ˶   

R: GGCTGTTTGGGTTCGTACTG 

50  DP164    (ATAG)6    F: GGACCAAGAACCGACAGTTG   ˶   

R: GGGAAGGTGAGGTGGTATGA 

51  DP165    (AATA)5    F: AAGCATCCTATGGCTTTGACA   ˶   

R: GGGCTGTATGTGATGCATTG 

52  DP166    (GAAA)5    F: CAATTTCTTCTCGCCTGGAG   ˶   

R: GGGGTTTCTTTTCCTTCTGC 

53  DP167    (GAAA)6    F: ACATCCAATGGCATCCAAAT   ˶   

R: GGGTTTCCAGGTTTTCTTCTC 

54  DP168    (CAT)8     F: GCAGCAAAGCCCTTAGGC    ˶   

          R: GGTGTTATGTGCAGCCAATG 

55  DP169    (AAT)12     F: GCATGGACTTAATGCTGGGTA   ˶   

R: GGTTTTCCTGCCAACAACAT 

56  DP170   (AGGG)5    F: TCTTTGGGCTTACGACAACC   ˶   

R: GTATGGCCCAAGATGCAGAT 

57  DP171    (TTC)10      F: GTGGGAGTAGCGAGGTATGG   ˶    

          R: GTCCGGCACTTTAGGAAGTT 

58  DP172    (AGG)11     F: GGTGTTTGGGCCTATTTCCT    ˶   

                                                                                                                                    R: GTCCTCCTCCTCCTCTGTCC 

59  PDAG1001  (AG)21     F: TGCCGAGTGGTTTAATTGTG Arabnezhad et al.(2012) 

          R: TGAAGCAGAGAATCCAACAGAG    

60  PDAG1002  (AGGG)4    F: GGACATAGTTTTGGCTGGCTAC   ˶ 

          R: ACCAGTTTACCACTTGCTCCA  
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Locus No.  SSR locus   Repeat motif    Primer sequences (5
ʹ
→3

ʹ
)   References  

     

61  PDAG1003  (AG)3-TG-(AG)17   F: GACTGGGAATATAAAGCGATGTC   ˶ 

          R: CCATCTCCCCTAACTCTCCTC   

62  PDAG1004  (AG)10     F: CTTCACTGCAAAGGCTCCAC   ˶ 

          R: AGGCTCTCTCTTCGCTCTCTG     

63  PDAG1005  (AG)10     F: GTATGTTCCATGCCGTTCTAC   ˶ 

          R: AGCCACATCACTTGGTTCA     

64  PDAG1006  (CT)22     F: GCCACAGGAAGCACATTTAG   ˶ 

          R: CCACACCTTAATCACAAACTCC     

65  PDAG1007  (TC)22     F: CCCACACCATGACGAGTGA    ˶ 

          R: CCAGACCCCAACATGCAG   

66  PDAG1008  (TC)23     F: GATGCTGAACTCGGACAAAG   ˶ 

          R: TGGGTAGAGATGGTTGGTTG     

67  PDAG1009  (CT)10     F: GCAACTCCCCCAAACAAGAT     ˶ 

          R: TGCATTCTTCCTATTTCTGAAGTC    

68  PDAG1010  (TC)21-TA-(TC)5    F: TGAAGCAGTGAGTTCCATTG   ˶ 

          R: GATGTGCTTTGTGCCATTC     

69  PDAG1011  (AG)12     F: TCGATCGCTCCTCCTACAGT     ˶ 

          R: GTCACGCCTTTCATTCCTTC       

70  PDAG1012  (AG)20      F: AGAGGGGCAATTTGGGAAG   ˶    

R: CAGGCGTGTATCAAGCCAAC       

71  PDAG1013  (AG)24      F: CCAAAACTCTGTTTTCTCTTTGG   ˶ 

            R: CCTGCATGAACTGAACTAGCC     

72  PDAG1014  (TC)16-CC-(TC)8    F: TCGTGCATTTAGAACGTTGA   ˶ 

          R: GAGCACGACTTACGAGTTC    

73  PDAG1015  (AG)27      F: CTTGGTCGCTGCTTAAAATG   ˶ 

          R: TGGGAACAGGAGACCATCA    

74  PDAG1016  (TG)11-(AG)20-AC-(AG)9   F: TCTCAAGCCTCTCAGGTTGC   ˶ 

          R: CCTAGTCGATGCTGTTGTTCC   

75  PDAG1017  AG)9-TG-(AG)17    F: GCTGCGAGGAGAGATTTCAT   ˶  

                                                                                                                                    R: GGGAAAAATCTAAATGAACAGGTG    

76  PDAG1018  (TC)27     F: TGTCTGCTGCCATTCTGTTC    ˶  

          R: CTGACCATGGACCACCTACC   

77  PDAAG1019  (TTC)2-TC-(TTC)3   F: ATTTCTTTCCCCCACGTTTC    ˶  

                                                                                                                       R: CCAGGTGACACTGCATTCC  
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Locus No.  SSR locus   Repeat motif    Primer sequences (5
ʹ
→3

ʹ
)   References 

              
78  PDAAG1020  TTC)3-CTCC-(TC)2-(TTC)3  F: CGCTCATAAATTAGGGCATTG   ˶  

R: CCCTAGGTGATGAAGGACCAC     

79  PDAAG1021  (AAG)8-N.N-(AAG)5-N.N-(AAG)10 F: GGAGAGAAACGGAACAAGAAG   ˶  

R: AGCGTCCAAGAACAAGGTATG     

80  PDAAG1022  (TTC)4-T-(TTC)13   F: TTCGGAGAATTGGATCCTTG   ˶  

R: GTTTGGTCGGCTGAGATGTG      

81  PDAAG1023  (AAG)10     F: AGACGCTCACCTTGGAACTT   ˶  

R: ACCCCGCTCATGAATTAGG      

82  PDAAG1024  (AAG)15-A6-(AAG)3    F: CTTCTCCACTGGCATCTTCC    ˶  

R: CACCCGTTGGGCATCTTA     

83  PDAAG1025  (TTC)6-GTC-(TTC)4    F: ATCCCGTCCTCTCTTTCCA    ˶  

          R: CATGCATACATATACGCAAAGAA     

 

 

 

 

 

 

 



Appendix 2: Samling unit designation according to distinct MLG 

Distinct MLG designation Sampling unit designation 
  

1 2611_DAC810         

2 2465_PES1         

3 2589_KHB1         

4 2627_DAC819         

5 2594_MBI1, 2590_DMW1, 2588_DEW1 

6 2620_DAC817         

7 2617_DAC814         

8 2461_RAC1         

9 2571_FAS1         

10 2587_SHK1         

11 2472_ZAY12, 2582_KAR2, 2445_ZAY11, 2455_DAN1, 2476_ZAY13 

12 2586_DHA3, 2439_DHA1, 2538_CGN1, 2568_DAC801, 2602_DHA4, 2600_DHA3, 2583_DHA2, 2601_DAC804, 2598_DAC803 

13 2480_GAD3         

14 2531_DAC796         

15 2604_DAC806         

16 2462_SEB1         

17 2529_DAC794         

18 2581_GJR1         

19 2554_LOL1         

20 2596_GAM1         

21 2616_DAC813         

22 2484_LAL1         

23 2579_ASE3, 2537_DHZ1, 2470_ANG1, 2440_ASE1, 2481_KHR1 

24 2619_DAC816         

25 2626_DAC818         

26 2444_CHO1         

27 2542_QSB1         

28 2556_JWA1, 2558_HAR1 

29 2610_DAC809         

30 2443_MKN1         

31 2614_DAC811         

32 2603_DAC805         

33 2530_DAC795         

34 2464_SHD1         

35 2577_RUK1         

36 2597_GLS2         

37 2569_KHR2         

38 2471_CHA1, 2441_HWY1, 2469_HWY2, 2447_NEE1, 2585_GLS1, 2459_SMR1, 2458_PEL1 

39 2479_GAD2         
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40 2483_DAC784         

41 2574_KHP2         

42 2592_CHS1         

43 2595_AJWA1         

44 2540_CHP1         

45 2448_ZER1         

46 2546_SBJ1         

47 2450_KOH1, 2452_KAR1 

48 2543_GBG1         

49 2606_DAC808         

50 2474_SAJ1         

51 2545_KZA1, 2451_KOZ1 

52 2485_BAS1         

53 2548_PKH1         

54 2539_PAS1         

55 2557_KHC1         

56 2562_DAC799         

57 2580_OTA1         

58 2475_APC1, 2478_APC2 

59 2584_BAS3, 2460_SMR2 

60 2463_ZAR1         

61 2467_KUI13, 2466_KUI12 

2435_PDR1 

62 2605_DAC807         

63 2566_BEG2, 2454_KOK1, 2550_ZBJ1 

64 2570_DHD1         

65 2572_HAW1         

66 2457_DEG17         

67 2438_AKH1         

68 2535_DHN1, 2541_FRZ1 

69 2442_QTR1         

70 2551_KOH2         

71 2449_JAM1         

72 2555_GOK1         

73 2477_GAD1         

74 2536_ASE2         

75 2575_KAW1         

76 2560_DAC798         

77 2591_DES1         

78 2544_ZKH1         

79 2533_HLI1         

80 2453_JAN1, 2565_HUS1 

81 2553_NAZ1         

82 2503_HDS2         
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83 2576_LAS2, 2573_LAS1 

84 2563_KHC2         

85 2599_JHA1         

86 2615_DAC812         

87 2532_DAC797         

88 2534_ROG1         

89 2561_SRK1         

90 2547_NMM1         

91 2549_MOZ1         

92 2552_SDH1         

93 2618_DAC815         

94 2446_BRH1         

95 2473_SAV1         

96 2456_BEG1         

97 2468_WAH1         

98 2559_KLR1         

99 2528_DAC793         

100 2578_BGN1         

101 2593_DAC802         

102 2486_NIS1         

103 2482_RAT1                 

 

 

 

 



Appendix 3: Neighbor joining dendrogram of 342 world date palm accessions constructed 

based on Das genetic distance. Bootstrap values have been computed over 10000 replications 

(not shown). 
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             Appendix 4: Pictorial presentation of different cultivars 

 

 
 


