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Abstract

Twenty four wheat varieties/lines were assessed through RAPD for genetic diversity. Of forty primers, thirteen were
able to amplify the genomic DNA and yielded 269 polymorphic bands. The percentage of the polymorphic loci was 86.22%.
Nei’s genetic diversity (h) ranged from 0.248 to 0.393, with an average of 0.330. Shanon’s index (I) ranged from 0.382 to
0.567, with an average of 0.487. The proportion of genetic variation among the populations (Ds) accounted for 28.58 % of
the whole gentic diversity. The level of gene flow (Nm) was 1.25. Some specific RAPD bands were also identified, variety
C-591, and QM-4531 contain a specific segment of 4.9kbp. Whereas SARC-1 and PKV-1600 amplified a specific DNA
segment with primer A-09. Marvi-2000 contains two specific segments of 3.2kb and 200bp amplified with primer B-07.
Genetically most similar genotypes were C-591 and Pasban-90 (76%) and most dissimilar genotypes were Rawal-87 and
Khirman (36.1%). On the basis of results, 24 wheat varieties under study could be divided into ‘two’ groups and five

clusters ‘A’ to ‘E’.

Introduction

Every year a number of plant cultivars are released
particularly for crops of world wide economic importance,
such as hexaploid wheat (Triticum aestivum L.). Breeders
usually select the new genotype mainly on the basis of
morphological and biochemical markers. Morphological
traits are the byproduct of gene and environmental
interactions. The degree of gene expression is highly
influenced by the conduciveness of the environment and
genetic background in which gene is present. This
difference is not actually by the genetic changes and
breeder who is doing selection for such traits may do
wrong selection on the basis of phenotypic traits (Kumar et
al., 1998; Astarini et al., 2004). Due to lack of the
information, breeders have been using genetically similar
parents extensively in a breeding programme leading to a
narrow genetic base (Fouilloux & Bannerot, 1988; Xia et
al., 2004; Rehman et al, 2002). DNA marker is a tool to
provide the exact information of the genotype. Molecular
characterization of cultivars is also useful to evaluate
potential genetic erosion (Manifesto et al., 2001). Thus,
molecular markers generally detect more variability than
other markers because they are not influenced by the
environment.

The most common molecular markers are restriction
fragment length polymorphism (RFLP) and marker
based on polymerase chain reaction such as random
amplified polymorphic DNA (RAPD), simple sequence
repeat (SSR), and amplified fragment length
polymorphism (AFLP). The genetic variability estimated
through such markers distributed throughout the genome
should (in principle) provide a mean to predict hybrid
performance prior to making and evaluating the actual
cross (Vienne et al., 1992). Molecular markers have
been used to directly assess, the genetic diversity and/or
genetic distance between parental genotypes of wheat
(Sasanuma et al., 1996; Mayburg et al., 1997; Sun et al.,
1998), Lens species (Ahmed & Mc Neil, 1996), Alium
cepa (Le-Thierry et al., 1997) and other crops. RAPD is
least complicated, most user-friendly, cost and time
effective (Williams et al., 1990; Karp et al., 1997; Asif

et al., 2005). Therefore, RAPD analysis was conducted
to assess genetic diversity and genetic relationship
among local collection of wheat genotypes for marker
assisted breeding.

Materials and Methods

Plant material: Seeds of 24 wheat genotypes viz; C-591,
Pasban-90, Barani-83, Punjab-81, LU-26-S, QM-4531,
QM-4934, GA-2002, Bakhar-2002, 2K-CO-50, Chakwal-
97, Rawal-87, Sarsabz, Kiran-95, Marvi-2000, Bhitai,
Khirman, NIA amber, Abadgar-93, Ingilab-91, SARC-1,
PKV-1600, Chakwal-86 and CM24/87 were grown in
bowls at control condition at NIA Tando Jam, and
seedlings were harvested after 15 days.

DNA extraction and amplification: DNA was extracted
from fresh leaves of wheat genotypes using MATAB
method (Bibi et al., 2010). The concentration of the
extracted DNA was measured with spectrophotometer
(BIOMATE 3) at absorbance 260nm and 280 nm. The
quality of DNA was further checked on 0.8% agrose gel.

Thirteen primers from Gene Link, each ten bases in
length, were used to amplify the DNA (Table 2). PCR
reaction was carried out in 25ul reaction mixture and
amplification reaction was performed in the Eppendorf
Master Cycler according to the method described by Bibi
etal., 2010.

Data analysis: Data was scored as presence of band as
(1) and absence of bands as (0) on the basis of size in
comparison with external standards using the UVitec
Cambridge UK, gel documentation and analysis system
with Band Map software for calculating the bands size
from RAPD amplification profile. The following
parameters were generated using the population genetic
software package POPGENE: the observed number of
alleles (Na), the effective number of alleles (Ne), Nei’s
gene diversity (h) and Shannon’s index (Nei’s, 1987).



2034

The genetic structure was investigated as described
by Nei’s (1987) analysis. The proportion of the total
genetic variation found among the population (Gsr) was
calculated from Ggr=Dg/H;r Gene flow was estimated
from Gst or Ggs according to the McDermott and
McDonald (1993), Nm=0.5(1-Gs7)/Gsr.

Genetic divergence between the populations was
investigated using Nei’s unbiased genetic distance (D)
and genetic identities (1) (Nei’s 1973). Genetic
relationships among populations were quantified by the
Nei’s (1973) which is modified from NEIGHBOR
procedure of PHYLIP Version 3.5 software. The matrix
of the similarity between the pairs of individuals was
subject to cluster analysis by the un-weight pair group
method with the arithmetic averages (UPGMA).

Results

RAPD polymorphism: Genomic DNAs of wheat
cultivars produced multiple fragments with ten base
arbitrary primers. Of forty primers, thirteen were
amplifying the genomic DNA. The total number of the
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amplified DNA products (bands) yielded across the set of
24 wheat cultivars was 269. The percentage of the
polymorphic loci with an average was 86.22% (Table 1).
Level of the individual genotype of the twenty four wheat
varieties/lines produced polymorphism in which few
monomorphic loci were observed. Primer A-09 amplified
twelve segments which were polymorphic, with the range
of 299bp-4.9kb. Only C591 and QM-4531 contain a
specific segment of 4.9kb. SARC-1 contains a
differentiate segment of 1.68kp. PKV-1600 contain a
specific segment of 1.09kb All wheat genotypes contains
segment of 1.45kb except Sarsabz, Marvi-2000, PKV-
1600 (Fig. 1).

Primer-B-07 amplified seventeen bands ranged
between 200bp-3.9kb and was polymorphic. Marvi-2000
contains two specific RAPD markers of 3.2kb and 200bp
whereas a specific band (2.91kb) was also observed in
Bhitai and NIA amber. Sarsabz, Kiran-95, Bhitai and NIA
amber contain a specific segment of 2.1kb. Another
specific segment of 1.39kb appeared in Pasban-90, Barani-
83 and Bakhar-2002. Pashan-90 and Barani-83 containing a
differentiated 396bp segment of DNA (Fig. 2).

Table 1. Genetic variation parameters of wheat genotypes based on RAPD

Population No. Polymorphic loci % of Polymorphic loci Na Ne h |

C-591 11 84.62 1.8462 1.4446 0.2812 0.4312
Pasban 13 2.0000 1.5249 0.3239 0.4976
Barani-83 11 84.62 1.8462 1.5580 0.3208 0.4738
Punjab-81 13 2.0000 1.6425 0.3754 0.5578
LU-26-S 11 84.62 1.8462 1.5679 0.3317 0.4891
QM-4531 10 76.92 1.7692 1.5066 0.2951 0.4366
QM-4934 10 76.92 1.7692 1.3969 0.2475 0.3815
GA-2002 12 92.31 1.9231 1.5278 0.3188 0.4821
Bakhar-2002 12 92.31 1.9231 1.6883 0.3864 0.5604
2K-CO-50 11 84.62 1.8462 1.5194 0.3047 0.4555
Chakwal-97 12 92.31 1.9231 1.6938 0.3897 0.5644
Rawal-87 09 69.23 1.6923 1.4655 0.2677 0.3945
Sarsabz 11 84.62 1.8462 1.5732 0.3275 0.4824
Kiran-95 12 92.31 1.9231 1.6799 0.3772 0.5473
Marvi-2000 12 92.31 1.9231 1.6480 0.3626 0.5308
Bhittai 10 76.92 1.7692 1.5346 0.3063 0.4493
Khirman 10 76.92 1.7692 1.4649 0.2718 0.4075
NIA amber 12 92.31 1.9231 1.6591 0.3707 0.5406
Abadgar-93 11 84.62 1.8462 1.4805 0.2892 0.4380
Ingilab-91 10 76.92 1.7692 1.5174 0.2948 0.4347
SARC-1 11 84.62 1.8462 1.6399 0.3586 0.5188
PKV-1600 12 92.31 1.9231 1.6474 0.3637 0.5322
Chakwal-86 11 84.62 1.8462 1.6189 0.3510 0.5104
CM-24/87 12 92.31 1.9231 1.7218 0.3932 0.5663
Mean 269 86.22 0.3295 0.487

Na, observed No of alleles/ locus; Ne, effective’s number of alleles /locus; (h), Nei’s genetic diversity; (1), Shanon’s index
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Figs. 1 & 2. Amplification profile of 24 wheat genotypes with primer A-09 & B-07 respectively by RAPD-PCR. M=1kb ladder, 1=C-
591, 2=Pasbhan, 3=Barani-83, 4=Punjab-81, 5=LU-26-S, 6=QM-4531, 7=QM-4934, 8=GA-2002, 9=Bakhar-2002, 10=2K-CO-50,
11=Chakwal-97, 12=Rawal-87, 13=Sarsabz, 14=Kiran-95, 15=Marvi-2000, 16=Bhitai, 17=Khirman, 18=NIA amber, 19=Abadgar-93,
20=Ingilab-91, 21=SARC-1, 22=PKV-1600, 23=Chakwal-86, 24=CM 24/87, B=Blank

Genetic variation within  population:  Genetic
variability among the population is presented in Table 1.
In individual populations the per population percentage of
polymorphic loci (P) ranged from 69.23% to 100%, with
an average of 86.22%. The observed number of alleles
(Na) varied from 1.692 to 2.000, while the effective
number of allelles (Ne) varied from 1.397 to 1.722. Nei’s
genetic diversity (h) ranged from 0.248 to 0.393, with an
averge of 0.330. Shanon’s index () ranged from 0.382 to
0.566, with an average of 0.487.

Twenty four populations of T. aestivum showed
diferent level of genetic diversity. The heighest level of
genetic diversity was detected in population CM 24/87,
while the lowest level was detected in population of QM
4934. The order of genetic diversity based on genetic
parameters (1) was found to be CM 24/87 > Chakwal-97 >
Bakhar-2002 > Punjab-81 > Kiran-95 > NIA amber >
PKV-1600 > Marvi-2000 > SARC-1 > Chakwal-86 >
Pasban-90 > LU-26-S > Sarsabz > GA-2002 > Barani-
83> 2K-CO-50 > Bhittai > Abadgar-93 > QM-4531 >
Ingilab-91 > C-591 > Khirman > Rawal-87 > QM-4934.

Population genetic structure and differentitiation :
Wheat genotypes showed level of genetic differentiation
among the populations (Table 2). The total gene diversity

(H+) and gene diversity among the populations (Hs) were
0.4614 and 0.3296 respectively. The proportion of genetic
variation among the populations (Ds) accounted for
28.58% of the whole gentic diversity, indicating a low
degree of genetic differentitation among the populations.
The level of gene flow (Nm, the number of migrating
individuals among the populations per generation) was
estimated to be 1.25. The observed valued indicated that
gene exchange between the populations was low.

Table 2. Population genetic structure of wheat genotypes.
Samplesize  Ht Hs Gst Nm*

196 0.4614 0.3296 0.2858 1.2494
Nm = estimate of gene flow from Gst or Gcs. E.g., Nm = 0.5(1 - Gst)/Gst.

Locus

Mean

Population  genetic  relationships:  The genetic
relationshionship  between the populations  was
determined by calculating genetic distances (D) and
genetic identity (1) (Table 3). For populations pairs, the
greatest genetic distance (D=0.639) was found between
the populations Rawal-87 and Khirman followed by
Rawal-87 and Bhittai (D=0.628) and the lowest genetic
distance (D=0.024) was found between the popilations C-
591 and Pashan-90 followed by LU-26-S and QM-4531
(D=0.026) and Ingilab-91 and SARC-1 (D=0.028).
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Cluster analysis: On the basis of dendrogram, the
varieties could be divided into two groups and five
clusters A to E, C-591, Pashan-90, LU-26-S, QM-4531
and QM-4934 in cluster A, Punjab-81, Chakwal-97,
Bakhar-2002 and Kiran-95 in cluster B, Sarsabz, Bhittai,
NIA amber, CM 24/87, and Ingilab-91 in cluster C.
Cluster D contained predominantly PKV-16000 and
Chakwal-86. Cluster E comprises of Khirman, Abadgar-
93, GA-2002, Rawal-87, 2K-CO-50 and Marvi-2000
which is showing genetically close related to each other.
Cluster A, B C and D forming a group ‘one’. Whereas,
Cluster E forming a group two. Barani-83 showed 12-
25% dissimilarity with cluster A and B, while SARC-1
showed 12-28% dissimilarity with cluster A B and C.

Discussion

Welsh & McClelland (1991) developed a PCR-based
genetic assay (RAPD), this procedure detects nucleotide
sequence polymorphisms in DNA by using a single
random primer. On an average, each primer directs
amplification of several discrete loci in the genome,
making the assay useful for efficient screening of
nucleotide sequence variability between individuals
(Franco et al, 2001; Semagn et al., 2006). The
reproducibility of the RAPD technique can be influenced
by variable factors, such as primer sequence, template
quality and quantity, the type of thermocycler, and
polymerase concentration (Semagn et al., 2006).
However, the use of a standardized RAPD protocol can
ensure a reproducible RAPD pattern. The random
amplified polymorphic DNA (RAPD) technique,
regardless of its sensitivity to reaction conditions and
problems with repeatability and amplifying of non-
homologous sequences has been successfully used for the
assessment of genetic diversity in diploid, tetraploid and
hexaploid wheat (Sivolap et al., 1999). In hexaploid
wheat, large genome size, a high proportion of repetitive
DNAs, continuous inbreeding caused by self-pollination
and a narrow genetic base represent the difficulties for use
of molecular markers (Joshi & Nguyen, 1993).
Knowledge of genetic diversity among adopted cultivars
or elite breeding materials has a significant impact on the
improvement of crop plants (Franco et al., 2001).

In this study, a total of 269 polymorphic bands were
produced for thirteen primers combination in all 24 wheat
genotypes. The percentage of the polymorphic loci with
an average was 86.22%. Compared with previous studies,
the level of genetic diversity was moderate. Mukhtar et
al., (2002) was reported that total number of amplification
products produced was 445, out of these amplified
product 64.38% were polymorphic among 20 wheat
cultivars. Khan et al., (2005) reported that 40.7% of the
total score able bands were polymorphic and 26.1% of the
polymorphic bands were observed most frequently among
the 20 Pakistan wheat cultivars released from 1933-2002.
Bibi et al., (2009) also reported that a total of 102
Scorable loci were amplified, out of which 89.2% were
polymorphic among 12 wheat varieties/lines. Khan et al.,
(2010) observed that a total of 177 DNA fragments were
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amplified in the 75 accession of wheat with 20 RAPD
primers. Of the total, 142 fragments were polymorphic
among the wheat accession, which indicated 80.22%
polymorphism.

Wright (1978) reported that an FST range of 0-0.05
indicates little differentiation, 0.05-0.15 moderate
differentiation ~ (Hartl,  1987), 0.15-0.25 large
differentiation, and above 0.25 indicates a very large
differentiation (Kiambi et al., 2005). In this study, basing
on the AMOVA analysis, wheat population showed
significant levels of genetic differentiation among the
genotypes, with 28.6% of the total variation (Gst=0.286)
due to differences among the populations. Loveless &
Hemrick, (1984) reported that high genetic differentiation
was attributed to restricted gene flow. When the distance
is not a limiting factor, dispersal and gene flow is
unlimited and population will form a single uniform
genetic unit. According to Slatkin, (1977) and Hutchison
& Templeton, (1999), in restricted gene flow population
genetic differences will increase.

Kiran-95 and Ingilab-91 have the same parentage but
Ingilab-91 developed through hybridization whereas Kiran-
95 was out come of indirect mutagenesis (Table 4),
showing the 25% dissimilarity between them. Kiran-95 and
Ingilab-91 have different levels of genetic diversity.
Effective number of alleles (Ne) 1.68 was observed in
kiran-95 and 1.52 in Inqgilab-91. Nei’s genetic diversity (h)
was 0.38 (kiran-95) and 0.3 (Ingilab-91), whereas, shanon’s
index was observed 0.55 in kiran-95 and 0.44 in Ingilab-91
(Table 1). The clear DNA fingerprinting results of kiran-95
and Ingilab-91 was showed in Figs. 1 and 2. This showed
that both the methodologies have the potential to create
new ideotypes which can be useful for enhancing the crop
productivity. These DNA fingerprints will also provide
documentary evidence of breeder rights Thus; it indicates
the reliability of RAPD technique for the evaluation of
duplicate accession (Congiu et al., 2000).

Twenty four wheat varieties/lines showing genetic
relationship through banding pattern in Figs. 1 and 2.
RAPD by definition uses randomly marked sections of the
genome and associated genes are not necessarily critical
in distinguish cultivar performance (Heneen & Jorgensen,
2001). Polymorphism revealed by RAPD could be a result
of nucleotide changes at the primer annealing site, or due
to addition or deletion between two priming sites, which
results in different lengths of the amplification products
(Williams et al., 1990). Moreover, the morphological
features of the individual plants in the field were also
uniform. The amplification of monomorphic loci is
depicting sharing of common blood among the genotypes
(Asif et al., 2005).

Barani-83 was showing maximum (88%) similarity
with C-591 and minimum with Punjab-81 (75%), as
well as another distinct genotype SARC-1 comprises of
88% similarity with Bakhar-2002 and 72% with
Ingilab-91. The close genetic relationships are quite
alarming and may impede further plant improvement. It
has been very well documented that plant improvement
is based on the information about the genetic
relationships among accessions within and between
species (Thormann et al., 1994).
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Table 4. Parentage, origin and year of release of wheat varieties of Pakistan.
S. No. Variety Year of release Parentage Origin
1. Sarsabz 1986 PI/FRND//MxP/3/P1/M20/79 NIA, Tando Jam
2. Kiran-95 1996 WL 711/Crow ‘S’ NIA, Tando Jam
3. Marvi-2000 2003 CMH-77A917/PKV-1600//RL6010/6 SKA NIA, Tando Jam
4, Bhittai 2004 VEE/TRAP#1 Soghat-90 NIA, Tando Jam
5. Khirman 2005 ULC/PVN//TAN/3/BUC NIA, Tando Jam
6. NIA amber 2010 VEE #5 *S’/ SARA//Soghat-90 NIA, Tandojam
7. Abadgar-93 1996 Yaktana54xNorin10-BervorxSon64 Wheat. Res. Stat. T. Jam
8. Ingilab-91 1991 WL 711/CROW ‘S’ AARI, Faislabad
9. SARC-1 Advanced line
10. PKV-1600 ZAT76 x Sonalika-64
11. Chakwal-86 1988 FORLANI/ACC//ANA AARI, Faislabad
12. CM 24/87 Advanced line
13. C-591 1934 Ty X 8g AARI, Faislabad
14. Pasban-90 1991 INIAG6/A.DISTT//INIA66/3/GEN.81 AARI, Faislabad
15. Barani-83 1984 BB/GLL/3/GTO/TC/BB/CNO
16. Punjab-81 1981 INIA/3/SON64/P4160 (E)//SON64 AARI, Faislabad
17. LU-26-S 1977 Blue silver//Khushal69 UAF
18. GA-2002 2002 FRET2/UKURU//FRET2
19. Bakhar-2002 2002
20. 2K-CO-50
21. Chakwal-97 1997 -—-
22. Rawal-87 1987 MAYA/MON’S’/IKVZ/TRM BARI, Rawalpindi
23. QM4934 Advanced line NIA Tando Jam
24, QM4531 Advanced line NIA Tando Jam
25. Sonalika (BLS) 1978 11-53-388/An/3/Yt54’NIOB//LR64
26.  Soghat-90 (Pavon) 1991 VCM//CNO S’/7C/3KAL/BB AARI, Faislabad

NIA= Nuclear Institute of Agriculture; AARI= Ayub Agriculture research Institute; BARI= Barani Agriculture Research Institute;

UAF= University of Agriculture Faisalabad

Genetic diversity is commonly measured by genetic
distance or genetic similarity, both of which imply that
there are either differences or similarities at the genetic
level (Weir, 1996). The genetic distance of 24 wheat
genotypes ranging from 0.024 to 0.639 with an average of
0.332 suggested that the level of genetic diversity among
the wheat genotypes is low. In several other studies, elite
wheat germplasm showed genetic diversity (Joshi and
Nguyen, 1993; Mukhtar et al., 2002; Asif et al., 2005;
Khan et al., 2005; Bhutta et al., 2006; Bibi et al., 2009;
Khan et al., 2010). Mukhtar et al., (2002) reported
similarities as high as 76-93% among 20 elite wheat
genotypes. Bhutta et al., (2006) observed that within
population genetic variation ranged from 83% to 93% of
the total. This low value of genetic distance is an
indication that a large part of the genome of the genotypes
under study is identical. This is primarily due to the lack
of parental diversity, because all the genotypes may share
somewhat similar parents in the pedigree.

Furthermore, a closer view of Fig. 3 revealed that 18
of 24 genotypes under examination were grouped together
in the major group | comprising four clusters. However, 6
genotypes of group Il were the most distinguishable ones,
which were depicting sharing of the common blood
among the genotypes. Moreover, breeders usually share
the breeding material of other breeding station or use
common exotic parents/lines, so the tendency to the use of
extensive similar parents in breeding programme has led
to a concern of lack of genetic diversity (Igbal et al.,
1997, Rahman et al., 2002). It is extremely important to
study the genetic composition of the germplasm of
existing modern-day cultivars in comparison with their

ancestors and related species. This will not only provide
information on their phylogenetic relationship but will
also indicate a chance of findings new and useful genes,
as the accessions with most distinct DNA profiles are
likely to contain a greater number of novel alleles
(Messmer et al., 1992).

NIA amber, QM-4934, QM-4531, Pashan-90, C-591,
Punjab-81, Kiran-95 Barani-83, Bakhar-2002, Rawal-87
and Sarsabz developed from exotic material. Breeders
usually developed the wheat cultivars/lines by crossing
indigenous genotypes with exotic parents and also derived
from the exotic material mostly introduced from the
ICARDA/CIMMYT, Mexico. Such type of the selection
has made a small gene pool for wheat cultivars (Mukhtar
et al., 2002). Thus, conscious efforts need to be made to
diversify the parental genetic base to ensure high genetic
variability among the cultivated varieties. New sources
from the interspecific/ intergeneric hybrid gene pool need
to be used along with proven parents to generate the
variability that will be both commercially viable and
genetically diverse.

In the present study, it was found that RAPD marker
is valuable system to evaluate the genetic variability. The
information about genetic similarity will be helpful to
avoid any chance of elite germplasm becoming
genetically uniform and endangering long term
productivity gains (Messmer et al., 1992). Therefore, this
information will be helpful for breeders to produce
distinct genotypes that will maintain the steady genetic
improvement.
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Fig. 3. Dendrogram of 24 wheat genotypes developed from RAPD data using un-weighted pair group method of arithmetic means

(UPGMA).
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