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Abstract. The degree of genetic divergence was estimated in sev-
en wheat genotypes, six exotic genotypes and one local variety, through 
random amplified polymorphic DNA methodology. A total of 112 DNA 
fragments were generated by the 15 random primers, with an average 
of about 7.4 bands per primer. Among the 112, 50 fragments showed 
polymorphism among the seven wheat genotypes. Nei and Li’s similarity 
matrix ranged from 86.2 to 93.0%, which indicated a narrow genetic base 
among the genotypes. The maximum similarity, 93.0%, was observed be-
tween 12WLRG/1-12 and WL-43. The local variety, Chenab-70, showed 
the lowest similarity with the exotic types. We conclude that random 
amplified polymorphic DNA analysis can be used for the characteriza-
tion and grouping of wheat genotypes; these results will be helpful in 
our wheat breeding program.  
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Introduction

Being a staple food, wheat occupies an important place in the crop husbandry of 
Pakistan. Although wheat production in Pakistan has been better during recent years than 
it was previously, continued improvement in productivity is highly desirable because of 
increasing demand by the still-growing human population. However, during the last few 
years, yield improvement in wheat varieties has not been substantial; the narrow genetic 
base of the germplasm in use has been considered the main reason. Knowledge of diversity 
patterns allows plant breeders to better understand the evolutionary relationships among 
accessions, to sample germplasm in a more systematic fashion, and to develop strategies to 
incorporate useful diversity in their breeding programs (Bretting and Widrlechner, 1995). 
Information about genetic diversity and relatedness in the available germplasm and among 
elite breeding material is a fundamental element in plant breeding. The future of our breed-
ing program depends upon the availability of genetic variability to increase productivity. 
Traditionally, assessment of genetic diversity has been based on differences in morpho-
logical and agronomic traits or on pedigree information for the different crops (Gizlice et 
al., 1996; Sneller et al., 1997; Bernard et al., 1998). Recently, restriction fragment length 
polymorphisms and isozyme markers have been used for diversity studies and for genetic 
mapping of these crop species (Trujillo et al., 1995; Paull et al., 1998). But their use has 
remained limited, as they revealed low levels of polymorphism and isozyme expression 
was found to be highly influenced by environmental conditions (Hernendez et al., 2001). 
However, PCR-based DNA marker techniques seem to provide the means for generating 
useful information on polymorphism, genetic relatedness and diversity. The PCR-based 
random amplified polymorphic DNA (RAPD) markers are dominant markers and are ex-
tensively used in genetic mapping (Chalmers et al., 2001) and for the identification of 
markers linked with useful traits (Bai et al., 2003). Due to its technical simplicity and 
speed, RAPD methodology has been used for diversity analyses in several crops (Zenglu 
and Randall, 2001). Wheat is characterized by a large genome size (approximately 17,000 
Mb) and little or no sequence information is available for the wheat genome. We made an 
RAPD analysis of seven genotypes of wheat to estimate their genetic diversity and related-
ness and to compare the exotic genotypes with the local variety. The information gathered 
will be helpful for our breeding programs. 

Material and Methods 

The plant material 

The plant material used in the study consisted of seven genotypes of wheat: 
27HTN/1-54, 7HTN/1-54, 3WLRG/1-8, 12WLRG/1-2, WL-23, WL-43, and Chenab-70. 
All genotypes were planted in pots in a growth chamber.

DNA extraction 

The wheat genotypes were grown in plastic containers (250 mL); 0.2-0.3 g leaf tissues 
were obtained from the 6-day-old seedlings. After being cut into small pieces, the weighed tis-
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sues were immediately transferred into zippered plastic bags containing 1.5 mL cetyl trimethyl 
ammonium bromide. The leaf material was completely homogenized with a hand roller. After 
incubation, at 65oC for 30 min, the homogenized leaf tissues were transferred to two 1.5-mL 
Eppendorf tubes. Equal volumes (0.75 mL) of chloroform and isoamylalcohol were added and 
the tubes were inverted vertically 5-10 times, followed by centrifugation at 13,000 rpm for 
10 min. After centrifugation, 800 µL of supernatant was transferred from both tubes to another 
1.5-mL Eppendorf tube. Then, approximately 700 μL isopropanol was added to the supernatant 
(800 µL) and mixed by inverting the tube about 10 times. The DNA was pelleted and washed and 
resuspended in 150 µL 0.1X Tris EDTA. The concentration of DNA was measured at 260 nm 
in a spectrophotometer (CECIL CE 2021 2000 Series). The quality of DNA was checked by 
running 5 μL DNA on a 0.8% agarose gel prepared in 0.5X Tris borate EDTA buffer. The DNA 
samples that produced undefined smears on the gel were rejected. 

RAPD analyses

DNA concentration in the working solution of approximately 15 ng/μL in d3H2O was 
confirmed by spectrophotometer. For RAPD analysis (Williams et al., 1990), concentration of 
genomic DNA, 10X PCR buffer with (NH4)2SO4, MgCl2, dNTPs (dATP, dCTP, dGTP, dTTP), 
10 mer random primer and Taq DNA polymerase were optimized. The 10-base oligonucle-
otide primers obtained from GeneLink company (USA) were used for the amplification of 
the genomic DNA. Taq polymerase buffer, MgCl2, dNTPs, and gelatin were purchased from 
Fermentas (Italy).

DNA amplification reactions were performed in a thermal cycler (Eppendorf AG 
No. 5333 00839). The PCR profile was: one cycle of 94ºC for 5 min, 40 cycles of 94ºC for  
1 min, 36ºC for 1 min, and 72ºC for 2 min, and a final extension for 10 min at 72ºC. 

Analyses of RAPD data

The RAPD fragments were analyzed by electrophoresis on 1.2% agarose gels with 
ethidium bromide (10 ng/100 mL of agarose solution in Tris borate EDTA buffer). The bands 
were counted by starting from the top of the lanes to the bottom. All visible and unambiguously 
scorable fragments amplified by the primers were scored under the heading of total scorable 
fragments. Amplification profiles of the seven genotypes were compared with each other, and 
bands of DNA fragments were scored as present or absent.

The data of the primers were used to estimate genetic similarity (Table 1) on the basis 
of number of shared amplification products (Nei and Li, 1979). The equation used was: No. 
of shared amplification products = 2 x (No. of common bands between any two lanes)/(Total 
No. of bands in the same two lanes). Genetic relationship among the genotypes was estimated 
with the dendrogram (Figure 1) constructed using unweighted pair group of arithmetic means 
(Sneath and Sokal, 1973).

Results and Discussion

DNA of seven varieties of wheat was amplified with 15 different random primers, 
i.e., A2, A3, A5, A12, A13, A14, A15, A16, A18, A19, A20, B3, B16, B17, and B20. A total 
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of 112 DNA fragments were generated by the 15 primers, with an average of about 7.4 bands 
per primer (range = 3-11). The number and size of the DNA fragments were strictly dependent 
upon the sequence of the primer. Reactions were repeated from two to three times to check 
the consistency of the amplified products; only easily resolved and bright DNA bands were 
counted. All the genotypes differed, based on their amplification profile with these 112 DNA 
bands. Fifty fragments were polymorphic (45%) in these seven wheat varieties. Ten individual 
plants of each genotype were tested separately; all showed similar banding patterns, indicating 
that the genotypes were highly homozygous. All the seven wheat varieties could be identified 
with a single primer. These results suggest that RAPD markers provided substantial informa-
tion for the identification of wheat genotypes. Among the seven wheat genotypes, 3WLRG/1-8 
produced the largest number of DNA-amplified fragments (110), while the smallest number 
(93) was produced by Chenab-70.

Table 1. Similarity matrix of seven wheat varieties obtained from random amplified polymorphic DNA markers.

1 2 3 4 5 6 7

27HTN/1-54 1
7HTN/1-54 0.9168 1
Chenab-70 0.836 0.84066 1
WL-23 0.86333 0.87733 0.88266 1
3WLRG/1-8 0.896 0.89733 0.884 0.916 1
12WLRG/1-12 0.905 0.91266 0.872 0.908 0.916 1
WL-43 0.89333 0.88266 0.822 0.874 0.8833 0.93 1

Figure 1. Dendrogram of seven wheat genotypes developed from random amplified polymorphic DNA data using 
unweighted pair group of arithmetic means.
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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 (Hernendez et al., 1999). However, the use of a standardized RAPD protocol can 
ensure a reproducible RAPD pattern. 

The concentrations of MgCl2, Taq DNA polymerase and concentrations of template DNA 
were optimized for PCR conditions. DNA concentrations of 5, 10, 15, 20, and 25 ng/25 μL in each 
reaction were assayed. The concentration of 10 ng/25 μL was found to produce the most consistent 
and reproducible banding patterns. Nabulsi et al. (2001) used RAPD technique to evaluate garlic 
mutants and found that 3 mM MgCl2 was the optimum concentration for amplification. We had 
the same results. Higher than 3 mM MgCl2 produced nonspecific amplification. Similarly, one unit 
concentration of Taq DNA polymerase was found optimum for amplification of genomic DNA. 
Other reaction conditions were also kept constant, and the results were found to be consistent and 
reproducible. All of the amplified bands were identical in each repetition. The line 27HTN/1-54 was 
found to be 91.61% similar to 7HTN/1-54. Both these genotypes will be used for the breeding pro-
gram to develop a heat-tolerant variety. Similarly, WL-23 was 91.6% similar to line 3WLRG/1-8. 
These six genotypes clustered in group A and Chenab-70 was placed in group B. This clustering of 
the genotypes might be due to the selection from a single population; the same was observed with 
other wheat cultivars (Mukhtar et al., 2002). The low similarity of Chenab-70 with the rest of the 
genotypes seems to be due to the fact that it is the only local variety. Forapani et al. (2001) com-
pared hemp varieties using RAPDs. They found a mean of 97.1% polymorphism over all varieties 
and loci. Mukhtar et al. (2002) observed 445 DNA fragments amplified with 50 random primers in 
20 varieties; they found 64.38% polymorphism. In our study, 112 DNA fragments were amplified 
with 15 random primers, with an average of 7.4 bands/primer. There was 45% polymorphism in 
the seven wheat varieties. Overall, a narrow genetic base was found, with 86.2 to 93.0% similarity 
among the seven genotypes. RAPD technique was found to be quite effective in determining the 
genetic variation among wheat genotypes and could be utilized as DNA fingerprinting for variety 
identification and for the establishment of plant breeder rights in Pakistan. These findings would 
also contribute to choose parents for the our breeding program.
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