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ESTIMATION OF GENETIC DIVERSITY AND HYBRID IDENTIFICATION 
IN AMERICAN COTTON (GOSSYPIUM HIRSUTUM L.) BY PCR BASED 

RAPD ANALYSIS
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Lal Hussain Akhtar*, Syed Awais Sajid Shah* 

and M. Shahjhan Bukhari* 

ABSTRACT:- DNA of 15 cotton genotypes comprising five parents and their 
ten F  hybrids was extracted successfully from their immature leaves to estimate 1

genetic diversity and hybrid identification. Out of the 26 RAPD primers used for 
DNA amplification, 14 primers produced polymorphic bands, while 12 produced 
monomorphic bands. These 14 primers yielded total 96 RAPD markers, out of 
which only 40 were found polymorphic which resulted in 41.66% polymorphism 
among the genotypes studied. The number of RAPD markers produced ranged 
from 4 to 12. Average number of 6.40 bands per primer was observed. On the 
whole, 87.50% genetic identity was found in material under investigation and it 
ranged from 68.07% to 96.88%. The polymorphism detected among the 
genotypes was employed as marker for hybrid identification. Comparing the 
banding patterns of RAPD of the parents with their particular hybrids, true 
hybrids were identified by six primers namely GLA-7, GLA-8, GLA-15, GLA-19, 
GLD-3 and GLD-5. Consequently, RAPD analysis can be used as a marker 
technique to ascertain the hybrid nature of offsprings and to evaluate parental 
lines in terms of genetic diversity.

Key Words: American Cotton; Genetic Diversity; Hybrid Identification; PCR; 
RAPD Analysis; Pakistan.

INTRODUCTION

Cotton (Gossypium hirsutum L.) is 
an important crop which provides the 
world's most important natural 
textile fibre and is the second most 
important oil seed crop in the world. It 
is commonly called as 'white gold' 
(Kumar et al., 2007). Pakistan is an 
agricultural country and cotton crop 
is the backbone for its foreign 
exchange earnings. It plays an 
important role in the economy of 
Pakistan by contributing 7.0% to the 
value added in agriculture and 1.5% 
to the GDP. About 50% of the total 
foreign exchange earnings obtained 

through exports of raw cotton and 
cotton products. Local cotton 
industry employs a huge labor force, 
and provides substantial amount of 
edible oil and cake meal (GoP, 2013). 

Although, Pakistan is self 
sufficient in cotton production but 
still lacks in some fibre quality traits 
and per unit area production as 
compared to many other cotton 
growing countries of the world. 
Improvement in that direction is 
possible, if the existing scarce genetic 
sources are properly utilized in 
breeding programme. The first step 
being is the selection of parental lines 
with broad genetic base which are 
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used in any hybridization programme 
to produce genetically modified and 
potentially rewarding new genotypes 
of cotton. Conventional breeding 
methods have contributed much in 
the evolution of new cotton varieties, 
however the use of molecular 
markers has been proposed as an 
alternative procedure for the 
identification of promising parental 
lines and identification of hybrids 
(Mehetre et al., 2004a).  Molecular 
markers have equipped the plant 
breeders with a rapid and powerful 
tool to select parental lines with 
better potential and broad genetic 
diversity. In conventional breeding, 
true hybrid can be identified by 
comparing morphological traits of the 
parents with their hybrids by means 
of growing them in the field that is a 
lengthy and time consuming process. 
For this reason, an alternative 
method is needed for quick and 
reliable evaluation of true hybrids. 
Molecular markers analyses is more 
reliable and alternative way for 
identification of hybrids as these are 
independent of environmental var-
ations because genetic interactions 
are anticipated on genotype basis. 
Several molecular techniques for 
instance SSR (microsatellite), ISSR, 
RFLP, AFLP, SNP and RAPD are being 
used for analysis of genetic diversity 
and evaluation of hybrids among 
different crop cultivars. The develop-
ments of DNA markers have greatly 
facilitated genetic studies in plant, 
animal and prokaryotic genomes 
(Mullis, 1990; Smith et al.,1990; 
Erlich et al., 1991; Khan et al., 2004). 
Various developments in DNA marker 
technology and marker-assisted 
selection have made cotton breeding 
more efficient and productive.

Among all these techniques, 

Random Amplified Polymorphic 
DNAs (RAPD) markers are more 
efficiently being used for genetic 
mapping and in plant breeding 
programmes for development of new 
cultivars (Williams et al., 1990). 
RAPD produced consistent results in 
various crops with optimized 
conditions and have the potential to 
be employed for phylogenetic 
relationships and taxonomic classi-
fication. This technique is technically 
the simplest, less expensive, fast, 
requires a small quantity of DNA and 
needs no prior information of target 
sequences to design primers. RAPD 
markers have been utilized by a 
number of scientist like Iqbal et al. 
(1997), Zuo et al. (2000), Rahman et 
al. (2002), Thangaraj et al. (2003), 
Mehetre et al. (2004a & b), Rana and 
Bhat (2005), Sheidail et  al. (2007), 
Khan et al. (2010; 2011), Surgun et 
al. (2012) and Dongre et al. (2012) in 
cotton to quantify the genetic 
diversity and also for the identi-
fication of F  hybrids. RAPD analysis 1

has also been utilized in other crops 
like maize (Iva et al., 2005), rice 
(Zhang et al., 1995; Mani et al. 2010; 
Skaria et al. 2011), wheat (Khan et al., 
2005; Awan  et al., 2008; Milad  et al., 
2011) for their genetic characteri-
zation and hybrid identification. 
Therefore, the present research work 
was conducted to study the genetic 
variability among selected cotton 
genotypes and the hybrid status of 
the offsprings at DNA level by using 
RAPD technique. 

MATERIALS AND METHOD

Development of Experimental 
Material 

The present studies were conducted 
at the Centre of Agricultural Bio-
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chemistry & Biotechnology (CABB), 
University of Agriculture, Faisalabad, 
Pakistan. The experimental material 
was developed by crossing five parental 
genotypes (Coker-4601, MNH-552, S-
14, Stoneville and Allepo-41) to 
generate 10 hybrids (Allepo-41 x 
Stoneville, Allepo-41 x S-14, Allepo-41 
x MNH-552, Allepo-41 x Coker-4601, 
Stoneville x S-14, Stoneville x MNH-
552, Stoneville x Coker-4601, S-14 x 
MNH-552, S-14 x Coker-4601 and 
MNH-552 x Coker-4601). The seed of 
parents was sown in earthen pots 
placed in greenhouse. During 
germination and growth, optimum 
growth conditions i.e., light and tem-
perature were given and reco-
mmended agronomic practices were 
followed. At the time of flowering the 
parents were crossed to generate 10 F  1

crosses (direct). All desired preventive 
measures were taken to evade 
contamination of genetic material 
during crossing. At maturity, seeds 
obtained from the parents and crossed 
bolls were grown in plastic pots in the 
Ware House to obtain young fresh 
leaves as experimental material for 
DNA extraction.

DNA Extraction 
This was done following CTAB 

method (Doyle and Doyle, 1990). The 
concentration of extracted genomic 
DNA of the 15 samples was measured 
on spectrophotometer (CECIL CE 
2021-2000 Series, Cambridge, UK) at 
260nm wavelength. DNA quality was 
assessed by running 5µL DNA mixed 
with 3µL bromophenol blue dye on 
0.8 % agarose gel prepared in 0.5X 
TBE buffer. The DNA samples giving a 
smudge on the gel were rejected. 
Extracted DNA was diluted to make a 
PCR working solution of approxi-

-1
mately 15ngµL  in d H O. 3 2

PCR Amplification and RAPD 
Analysis        

In PCR amplification with RAPDs, 
the reaction condition is very 
important for obtaining reproducible 
and consistent results. For RAPD 
analysis, template DNA, Taq DNA 
polymerase and MgCl  with different 2

concentrations were used to stan-
dardize the PCR conditions to find 
clear and reproducible RAPD banding 
pattern, as these factors may 
influence the reproducibility of RAPD 
banding pattern. Template DNA with 
five different concentrations of (7, 10, 

-1
15, 20, 25ng 25µL ) was tested but 

-1
concentration of 15ng 25µL  pro-
duced more consistent and repro-
ducible banding pattern. Similarly, 
MgCl  with eight different concen-2

trations (1.7, 2.0, 2.3, 2.5, 2.8, 3.0, 
3.3, 3.5 mM) was used but 3mM was 
found the best for constant results. 
Moreover, 1.0U of Taq DNA poly-
merase, provided best result for 
amplification of template DNA after 
studying different concentrations 

-1
(0.2, 0.5, 0.7, 1.0, 1.5 unit 25µL . 
Other conditions of PCR reaction 
were kept steady to achieve stable 
and reproducible RAPD banding 
pattern in each repeat.

The DNA amplification reactions 
were carried out with 26 primers 
(Gene Link Inc., UK) in a thermal 
cycler (Eppendorf AG No. 5333 
00839) by using 15ng DNA as 
template. The polymerase chain 
reaction (PCR) was carried out with 
25µL of reaction volume containing 
8.3µL of d H O, 2.5ìL of 10x Taq 3 2

polymerase buffer (MBI, Fermentas, 
Vilnius 2028, Lithuania), 2.5ìL of 
gelatin (0.025%), 3.0ìL of 3mM MgCl  2

(MBI, Fermentas), 4.0ìL of dNTPs 
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(MBI, Fermentas, Vilnius 2028, 
Lithuania), 2.0ìL of oligonucleotide 
primer, 2.5ìL of template DNA and 
0.2 ìL of Taq DNA polymerase 
(Fermentas). 

The amplification of DNA include: 
initial extended step of denaturation 
at 94ºC for 5 min followed by 40 PCR 
cycles of denaturation at 94ºC for 1 
min, primer annealing at 36ºC for 1 
min, extension at 72ºC for 2 min and 
after 40 cycles final extension step for 
10 min at 72ºC. 

All amplified products were 
electrophoresed in 1.2% agarose gel, 
stained with 1% ethidium bromide 
solution, at 80 V for approximately 2h 
using 0.5X TBE buffer along with a 
DNA marker of known molecular size. 
The fingerprints were examined 
under ultra violet transilluminator 
and photographed using the Syn 
Gene Gel Documentation System. 

Data Analysis
All apparent RAPD fragments 

were calculated for each primer and 
counted as present (1) or absent (0) for 
each sample. Ambiguous bands 
which were not clearly distinguished 
were not counted. The bands were 
calculated from top to the bottom of 
each lane. Amplification profiles of 
each of 15 cotton samples were 
compared with each other. A Software 
Popgen Version 1.31 (Yeh et al., 1999) 
was used to calculate genetic identity 
matrix between genotypes studied 
following Nei (1978). This matrix was 
then used to produce a dendrogram 
by unweighted pair-group method of 
ar i thmetic  averages analysis  
(UPGMA). 

RESULTS AND DISCUSSION

Polymorphism
The genomic DNA of all the 15 

cotton genotypes was of good quality 
for RAPD analysis as determined by 
gel electrophoresis. Out of the 26 
RAPD primers used for DNA 
amplification, 14 primers produced 
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Table 1. Selected primers, their sequences and level of polymorphism.

Primers

GL DecamerA -4

GL DecamerA -7

GL DecamerA -8

GL DecamerA -9

GL DecamerA -11

GL DecamerA -12

GL DecamerA -13

GL DecamerA -15

GL DecamerA -17

GL DecamerA -19

GL DecamerA -3

GL DecamerA -5

GL DecamerA -16

GL DecamerA -8

Total

Sequences 
(5’----3’ )

AATCGGGCTG

GAAACGGGTG

GTGACGTAGG

GGGTAACGCC

CAATCGCCGT 

TCGGCGATAG 

CAGCACCCAC 

TTCCGAACCC

GACCGCTTGT

CAAACGTCGG

GTCGCCGTCA

TGAGCGGACA

CACACTCCAG

GTCCACACGG

Total bands 
amplified 

12

8

4

7

10

8

8

6

6

5

4

6

6

6

96

Polymorphic 
bands

4

4

1

2

7

3

3

1

2

4

3

1

2

3

40

%age
polymorphism

33.33

50.00

25.00

28.50

70.00

37.50

37.50

16.60

33.33

80.00

75.00

16.60

33.33

50.00

41.66
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polymorphic bands, while 12 
produced monomorphic bands 
(Table 1). There are three types of 
bands i.e., monomorphic, poly-
morphic and unique bands. Bands 
produced in all the genotypes are 
called monomorphic while those 
produced in one or more but not in all 
genotypes are called polymorphic 
and bands produced in at least one 
genotype and not in any other are 
called unique bands. All the 14 
selected random decamer primers 
generated  96 RAPD markers for the 
assessment of genetic variability 
between the genotypes studied. The 
number of RAPD markers ranged 
from 4 as produced by primers GLA-8 
and GLD-3   (Figure 1 and 2) to 12 as 
yielded by primer GLA-4 (Figure 3). 

Among the 15 genotypes studied, 
hybrid H  produced maximum 1

amplifications products (91) while 
minimum number (77) were yielded 
by hybrid H  with these 14 primers. 6

Average number of bands yielded per 
primer was 6.40. Out of 96 RAPD 
markers amplified only 40 were 
polymorphic which resulted in 
41.66% polymorphism. All the 14 
pr imers y ie lded polymorphic 
products; however the level of poly-
morphism percentage assorted with 
each primer range from 16.6% to 80% 
(Table 1 Figures 1 - 4). All genotypes 
showed a varying degree of genetic 
diversity based on their amplification 
profile. Reactions were duplicated 
from time to time to check the consis-
tency of amplified products.

GENETIC DIVERSITY AND HYBRID IDENTIFICATION IN AMERICAN COTTON

Figure 1. PCR amplification profile of  
cotton genotypes generated 
by primer GLA-8

Figure 2. PCR amplification profile of  
cotton genotypes generated 
by primer GLD-3

Figure 3. PCR amplification profile of  
cotton genotypes generated 
by primer GLA-4

Figure 4. PCR amplification profile of  
cotton genotypes generated 
by primer GLA-19

269



Genetic Diversity
The percentage genetic identity 

among the 15 genotypes using RAPD 
primers ranged from 68.75% to 
96 .88%.  These  va lues  were  
calculated after scoring the presence 
or absence of bands (Table 2). The 
highest genetic identity was found 
between MNH-552 and Allepo-41 x S-
14 (96.88%) followed by S-14 x MNH-
552 and Coker-4601 x MNH-552 
(95.83%), Stoneville x S-14 and S-14 
x MNH-552 (94.79%) and so on. The 
lowest genetic identity was observed 
between Allepo-41 x Coker-4601 and 
Stoneville x MNH-552 (68.75%). 
Overall, 87.50% average genetic 
identity was found in the material 
under investigation. As a result, all 
the genotypes showed a narrow 
genetic diversity.

Polymorphism other than RAPDs 
may also be due to change of base 
pairs in the sequences of priming 
sites, deletions or insertions in the 
priming sites that cause priming sites 
unable to carry out amplification. 
Deletions or insertions may also alter 
the size of a DNA fragment without 
disturbing its amplification (Williams 
et al., 1990). In this study, ambi-
guous polymorphism was also 
observed but not considered. It might 
have resulted from low discrimi-
nation by a primer between 
alternative priming site of faintly 
different nucleotide sequences.  
Bands of the same size amplified from 
different genotypes were considered 
as the same loci and bands of 
different sizes were considered as 
different loci. Amplification products 
of the same size resulted from 
different varieties might have 
homologous sequences. RAPD 
markers are inherited in Mendelian 
manner, but unlike other DNA level 

markers which are co-dominant, 
RAPD markers have complete 
dominant phenotypes (Rehman and 
Zafar, 2001).

In this study, polymorphic bands 
were generated by all primers. Iqbal et 
al. (1997) reported 98% of the primers 
yielded polymorphic bands and 
89.1% polymorphism among all the 
23 varieties of cotton in their study. A 
low level of polymorphism (41.66%) 
was examined among all the 
genotypes in the study. Lu and Myers 
(2002) also reported 13.5% poly-
morphism  among all the ten varieties 
of cotton. Rahman et al. (2002) 
studied 66.2% polymorphism among 
27 cultivars of cotton. This study 
showed narrow genetic base in the 
material under investigation, which  
might be due to almost similar genetic 
makeup of genotypes. The average 
genetic identity of 89.55% among 27 
cotton genotypes was reported by 
Rahman et al. (2002). Vafai-Tabar et 
al. (2003) found 79% genetic identity 
in Indian cotton varieties. Linos et al. 
(2002) found a genetic identity range 
of 61.4%-92.2% in 28 upland var-
ieties of cotton, representing a 
relatively narrow genetic base. Rana 
and Bhat (2005) reported 74% 
average genetic resemblance among 
41 G. hirsutum cultivars. Khan et al. 
(2011) observed 88.89% - 42.48% 
genetic similarities among the 11 
cotton accessions based on RAPD 
analysis. Surgun et al. (2012) 
calculated the rate of polymorphism 
between Turkish cotton genotypes 
which was 18.1%, and genetic 
similarity between any 2 genotypes 
ranged from 90.2% to 96.5% through 
RAPD-PCR analysis.

Contradictory results on the level 
of polymorphism in different studies 
could be accredited to the nature of 
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the genetic makeup of all the cotton 
genotypes used in these studies. A 
low level of polymorphism was 
observed in the present study as 
compared to other studies might be 
due to the narrow based genetic 
material used in this study that 
belonged to same cotton species 
(Gossypium hirsutum  L.) .This 
indicates the fact that the more 
commonly cultivated genotypes have 
relatively narrow genetic base, which 
may be true due to the fact that 
universal parents are usually used 
for the development of new varieties of 
cotton. Therefore, the genetic base of 
recurrently cultivated varieties of 
cotton should be broadened by using 
uncommonly cultivated species of 
cotton in plant breeding programmes.

Cluster  Analysis
Cluster Analysis of  15 

genotypes of cotton by means of 
UPGMA revealed that Stoneville x   
MNH-552 and Allepo-41 x Coker-
4601 were quite diverse from all 
others, tracked by a group of three 
genotypes (Allepo-41 x MNH-552, 
Allepo-41 and S-14 x Coker-4601). 
Excluding these five genotypes, the 
leftover was genetically more 
alike(Figure 5). 

The most evident pairs observed 
were S-14 x MNH-552 vs. Coker-4601 
x MNH-552, S-14 vs. Allepo-41 x  
Stoneville and MNH-552 vs. Allepo-
41 x S-14. By comparison of these 
genetic interactions (Figure 5) to 
known parentage showed diminutive 
adequacy of grouping these geno-
types. For example, Allepo-41 x S-14 
grouped with MNH-552 but not with 
one of its parents (Allepo-41 or S-14). 
It might be due to involvement of 
common parents in the development 
of these genotypes. Same situation 

was observed in S-14 and Allepo-41 x  
Stoneville pair. However, Allepo-41 x   
MNH-552 paired with one of its 
parent (Allepo-41). Similarly S-14 x  
MNH-552 paired with Coker-4601   x 
MNH-552 because both have one 
parent (MNH-552) in common. A 
group of 3 genotypes Stoneville x 
Coker-4601, S-14 x MNH-552 and 
Coker-4601 x MNH-552 was closely 
linked with their two parents S-14 
and Coker-4601 (Figure  5).

Hybrid Identification
The polymorphism examined 
between the genotypes was employed 
as marker for identification of 
hybrids. By comparing the banding 
pattern (bp) of RAPD markers of the 
parents with their pertinent hybrids, 
true hybrids from selfed progeny 
were identified. RAPD markers were 
categorized according to the 
presence or absence of bands into 
seven types as shown in Table 03. 
Similar RAPD banding patterns for 
hybrid identification were reported 
by Mehetre et al. (2004a) in their 
study. All the 10 F  hybrids were 1

identified by different primers GLA-
7, GLA-8, GLA-15, GLA-19, GLD-3 
and GLD-5.  Primer GLA-8 amplified 
a  p o l y m o r p h i c  m a r k e r  o f  
approximately 100bp in female 
parent Allepo-41 (P ) and F  hybrid 1 1

Allepo-41XMNH-552 (H3) but it was 
absent in male parent MNH-552 (P4) 
that helped to identify this hybrid. 
Similarly this polymorphic marker 
also helped to identify three other 
hybrids, H , H , and H  Figure 01. 6 8 10

The primer GLD-3 generated two 
polymorphic bands of 250bp and 
125bp in male parent MNH-552 (P ) 4

and F  hybrid S-14XMNH-552 (H ) 1 1

but that band was not amplified in 
female parent S-14 (P ), so hybrid 3
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using RAPD markers. 
 (2005) successfully used 

three DNA markers i.e. RAPD, ISSR 
and microsatellite for identification 
of a hybrid cotton H '6' and its 
parents G.Cot.10 (male) and 
G.Cot.100 (female). Ali et al. (2008), 

Dongre and 
Parkhi

GENETIC DIVERSITY AND HYBRID IDENTIFICATION IN AMERICAN COTTON

Figure 5. Dendrogram of 15  cotton genotypes based on UPGMA method

was identified (Figure 2). These two 
amplicons, amplified by GLD-3 also 
identified three other hybrids H , H , 2 5

and H . Similarly, the hybrids H , H , 9 1 3

H  and H  were identified by the 4 7

primers GLA-7, GLA-15, GLA-19 and 
GLD-5. Of all the RAPD markers 
observed, Type IV are of particular 
importance because the occurrence 
of male-specific bands in the hybrid 
reveals that the hybrid is  genuine, 
as it eliminates the prospect of self- 
pollination. Type I bands (Table 3) in 
the hybrids might have instigate due 
to reorganization of DNA sequences 
because of  abolition or recombi-
nation between the chromosomes of 
parents during meiosis (Mehetre et 
al., 2004a). Banding pattern of type II 
and type IV markers were followed to 
identify the hybrids. Mehetre et al. 
(2004b) identified a genuine hybrid 
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Table 3. Classification of RAPD 
markers  according to 
presence or absence of bands

Male
1

0

1

1

0

0

1

1

1

0

1

0

1

0

Female
1

1

1

0

1

0

0

Offspring

PropertyTypes

I

II

III

IV

V

VI

VII



Tafvizei et al. (2010) and Dongre et al. 
(2012) also identified genuine 
hybrids in cotton by comparing 
banding patterns of RAPD markers of 
hybrids with their pertinent parents. 
Consequently, RAPDs can be used as 
a marker to ascertain the hybrid 
nature of the offspring and for the 
evaluation of the parental lines and 
their hybrids.
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