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Abstract Random amplified polymorphic DNA
(RAPD) analysis was used to evaluate the genetic diver-
sity of elite commercial cotton varieties. Twenty two
varieties belonging to Gossypium hirsutum L. and one to
G. arboreum L. were analyzed with 50 random decamer
primers using the polymerase chain reaction (PCR).
Forty nine primers detected polymorphism in all 23
cotton varicties. while one produced monomorphic am-
phfication profiles. A total of 349 bands were amplified.
89.1% ol which were polymorphic. Cluster analysis by
the unweighted pair group method of arithmetic means
(UPGMA)showed that 17 varieties can be placed in two
groups with a similarity ranging from 81.51% to
93.41%. G. hirsutum L. varicties S-12. V3 and MNH-93
showed a similarity of 78.12, 74.46 and 69.56% respect-
vely with rest of the varieties. One variety. CIM-1100.
showed 57.02% similarity and was quite distinct. The
diploid cotton G. arboreum L. var. Ravi was also ver)
distinct from rest of its tetraploid counterparts and
showed only 55.7% similarity. The analysis revealed
that the intervarietal genetic relationships of several
varieties is related to their center of origin. As expected.
most of the varieties have a narrow genetic base. The
results obtained can be used for the selection of possible
parents to generate a mapping population. The results
also reveal the genetic relationship of elite commercial
cotton varieties with some standard “Coker™ varieties
and the diploid G. arboreum L. var. Ravi (old world
cotton).

Key words Cotton varieties ©+ RAPD -+ Genetic
similarities

Communicated by H. F. Linskens
M. Javed Igbal (0 ) - N. Aziz + N. A. Saced * Y. Zafar
K. A Malik

National Institute for Biotechnology and Genetic Engineering
(NIBGE). Jhang Road, P.O. Box 577. Faisalabad. Pakistan

Introduction

A majority of the present-day commercial cotton va-
rieties belong to Gossypivm hirsutum L. (upland cotton):
a few belong to G. barbadense L. (8% of total world
production) and some to diploid species (Lee 1984).
Breeders have evolved these varieties through selection
based on morphological and physiological features
(yield. fiber quality. resistance agaimst certain pests and
diseases etc.). Pakistan is among the top-three cotton
producing countries with an annual production of near-
ly 12 million bales. A large number of cotton varieties
grown in Pakistan originated from mntraspecific crosses
of G. hirsutum L. at various research centers around the
country. These hybridization practices resulted m a
narrow genetic base for the new varieties. Any crop with
anarrow genetic base is more prone to natural disasters.
such as the outbreak of a discase. Epidemics of cotton
leafl curl virus disease in Pakistan since 1991 is a typical
example and none of the varieties was found to be
resistant.

Morphological features are indicative of the genotype but are
represented by only a few loci because there is not a large enough
number of characters available. Morcover. they can also be effected
by environmental factors and growth pracuces. To have an accurate
and reliable estimate of genetie relationships and genetic diversity. a
large number of polymorphic markers are essentially required. Bio-
chemical markers such as isozymes have been used to distinguish
between homozy gous and heterozygous individuals and to estimate
the level of genetic variability in plant populations (Melchinger et al.
1991). Wendel et al. (1992) studied the genetic distances of a large
number of accessions of upland cotton from different locations by
1sozyme analysis. However. isozyme analysis has certain limitations
duc 10 the availubility of a imited number of marker loci. a general
lack of polymorphisms for these loci in elite breeding materials. and

the chance of variability in banding patterns beng due to plant
development (Tanksley et al. 1989).

The random amplified polymorphic DNA (RAPD) technique of
Williams et al. (1990) provides an unlimited number of markers which
can be used for various purposes. In addition to the technical
simplicity and speed of RAPD methodology (Gepts 1993). 1ts level of
genetie resolution is equivalent Lo restriction fragment length poly-
morpblsm (RFLP) for determining genetic relationships '.\mm'\g
Brassica oleracea L. genotvpes and B. napus L. breeding hines (Doy
Santos et al. 1994: Hallden et al. 1994). RAPD markers have been
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Amphfication profiles W 22 cotton varichies were compared with cacl
h nd bands of DNA fragments were scored as present (1) or
ent (0). The data for all the 50 primers was used 1o estimate the
similarity on the basis of the number of shared amphhication product
(Netand Li 1979). A dendrogram based on similarity coeflicients was
generated by using the unweighted patr group method of arithmetic

means (UPGMA)

Results and discussion

The amplification profiles of 23 cotton varieties were

polvmorphic with 49 primers and can be used for var-
ietal identification. The banding patterns produced with

one primer (OPI1-03) were not polymorphic for any of

the 23 varieties. Individual plants of two vanieties (S-12

and Karishma) were also studied for intravarietal
Fig. 1 Amplification profiles a 1 2 3 4 6§
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ind the variety S-121s guite homogencous, SO tht

are not surprising and can be used 10 evaluate f

purity. In the case of the variety Karishma. 15 mmdividu

plants were studied with mine primers. Poly

morphism
were observed with two out of these nine primers. In thi
variety. the response of individual plants to cotton le
curl virus (CLCuV).was variable. The morphol
features of individual plants in the field were also not
uniform (data not shown). The mtravanetal polymor-
phisms detected by RAPD analysis suggest that the
variety 1s not homogencous and segregation might still
be occurring in the population. The polymorphisms of
amplification profiles of individual plants have earher
been reported in rve “Secale cereale L var. Balboa™
(Igbal and Rayburn 1994)

The fiftv primers studied amplified a total of 349
DNA fragments. Out of these 349 amplificd fragments.
38 (10.9%) were not polymorphic. The rest of the bands
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(89.1%) were polymorphic in onc or other of the 23
varieties, Even though the amplitude of polymorphisms
was high (89.1% bands were polymorphic and 98% ol
the primers produced polymorphic profiles). there was
not a single primer (out of 50 studied) which could
differentiate clearly between all the varieties. This might
be indicative of a narrow genctic base for some of the
cotton varicues studied.

The levels of polymorphism were different with differ-
ent primers among different varieties (Fig. la.b.c). The
diploid cotton. G. arboreum var Ravi(Fig. 1a.lane #15).
can be clearly distinguished from its tetraploid counter-
parts. Only 1350 fragments were amplified from Ravi
genomic DNA with 50 primers as compared to the total
of 349. But the lowest number of amplified fragments
were 138 from CIM-1100. The number of amplified
fragments from the rest of the varieties ranged from 200
o 300 with a maximum of 301 bands from MNH-93.
The number and size of amplified fragments also varied
with different primers. A maximum of 16 fragments were
amplified with primer OP1-06 and a minimum of three
bands with primers OPI-03 and OPR-08. The size of
amplified fragments also varied with different primers. A
4.5-kb fragment was amplified from 135 varicties with
primer OP1-08 while the smallest-size (0.3 kb) fragment
was amplhified by primer OPR-10.

The main objective of the present study was to esti-
mate the genctic similarities of elite cotton varieties. The
similarity matrix obtained after multivariant analysis
using Neiand Li's (1979) coefficient 1s shown in Table 2
These similarity coeflicients were used o generate a
dendrogram (Fig. 2) by UPGMA analysis in order to
determine the grouping of different varieties. From the
similarity matrix, the least similar variety is Ravi. Its
similarity ranges from 48.63%0 (with S-12) to 64.46%
(with SLS-1). The low similarity of Ravi with other
varieties is due to the fact that it is a diploid cotton (G.
arboreum L.) and belongs to the old world. In the
dendrogram. Ravi does not cluster with any other var-
iety tested and is easily distunguishable. CIM-1100 1s
also quite distinct from rest of the tetraploid varieties. Its
similarity coefficient varies from 51.48% with MNH-93
10 67.39% with CIM-109. The parents of CIM-1100 are
different from rest of the varieties and it also has some
distinct morphological characters, This variety is re-
ported to be tolerant to CLCuV disease (personal com-
munication) while the others (except Ravi) are suscep-

tible. Although the number of fragments amplified from
Ravi and CIM-1100 are 150 and 138. they are only
55.47% similar which means that more than 50% of the
amplified fragments were polymorphic. These results
are a good indication of the reliability of the RAPD
technique for the evaluation of genetic similarities.
Similarity matrix data revealed that varieties FH-87
and FH-682 are 93.41% similar while SL-41 and SLS-1
are 91.10% similar. Interestingly, the first two varieties
have been developed at one breeding center and the
latter two at another research station. On the basis of the
RAPD data their genetic base looks very narrow. The
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Fig. 2 Dendrogram of 22 cotton varieues generated from RAPD
data using the unweighted pair group method of arithmetic means
(UPGMA) The scale 1s based on Neiand Li's coefhicients of similarity

coeflicient of similarity of most of the other varietes
ranges between 70 and 90%. Multani and Lyon (1995)
studied a number of Australian cotton cultivars and
found 92.1 98.9% genctic similanty among nine cul-
tvars of G. hirsutum L.. while G barbadense L. var. Pima
S.7 showed about 57% similarity with the G. hirsutum L.
varicties. In the present study the genetic similarity of 17
varicties ranges between 81.51 and 93.41%. The G.
hirsurwm L. cotton varieties are least similar
(48.63 64.46%0) 10 the G. arboreum L. From the dendro-
gram. two clusters represented as A and B are very
distinet. The two American varietues Coker-304 and
Coker-312. along with CIM-109. CIM-240 and
karishma. are in cluster A. The varieties CIM-109.
CIM-240 and Karishma has American parents and the
results fit to the known pedigree. In cluster B. there are
12 varieties and their similarity ranges from 93 to 83%.
The similarity between the two clusters is also more than
80%0 (81.51%). There arc only four tetraploid varieties in
addition to the diploid “Ravi™ which have less than 80%
aenetic similarity. These results are in accordance with
the known genetic make up (pedigree) of the varieties.
The genetic relatedness measured from the analysis of
RAPD patterns generated after bulking the DNA of
alfalfa populations has been found to be very similar 1o
the index of genetic distances (IGD) calculated after a
comparison of individuals (Yu and Pauls 1993). Tatineni
ct al. (1996) studied 19 cotton genotypes with eight
primers and compared the genetic distance obtained
from RAPD data with the taxonomic data. In their
studies 8 out of 27 primers studied (33.8%) did not
produce any polymorphisms while in our study 98% of
the primers produced polymorphic patterns but the
level of genetic similarity was quite high. Brubaker and
Wendel (1994) also demonstrated that the level of RFLP
diversity was low in G. hirsutum L. cultivars as compared
to the other reported taxa. The genotypes used in the
present study are ehite commercial varieties in addition
to some standard Coker (American) varieties and a
diploid variety. The results are indicative of their genetic
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relationships and are in accordance with the carlies
studies. Intravanetal studies of S-12 describe the useful
ness of the technique for the evaluation of seed purity
and of the genetic similarity of the cotton varieties
Moreover. the genetic similarities obtained from the
analysis can be used for the selection of parents to
generate a mapping population and will also help mn the
selection of parents for breeding purposes
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