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ABSTRACT

In the present study, 33 genotypes of cotton (Gossypium hirsutum) were subjected to microsatellite analysis

(SSR). This marker is highly polymorphic, easy to handle, reliable in results and having high reproducibility.

25 SSR markers were used to measure the genetic diversity of the 33 cotton genotypes. Multivariate analysis

was conducted to generate a similarity matrix using PopGene software (version 1.44) based on Nei's

Unweighted Paired Group of Arithmetic Means Averages (UPGMA) to estimate genetic distance and

relatedness. A dendogram was obtained using Nei’s similarity coefficient FIG genotypes were clustered into

6 groups group A, group B, group C, group D, group E and group F. These cotton varieties showed maximum

similarity of 89% and dissimilarity of 47%. It shows that the cotton germplasm has narrow genetic base,

therefore it is strongly needed to broaden the genetic base of cotton germplasm to evolve the varieties with

promising characters. 
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Introduction

Pakistan is an agricultural country and cotton crop is backbone for earning foreign exchange of the

country. Pakistan is the 4  largest cotton producing country in the world (Anonymous, 2008). Share of cottonth

and cotton manufactures is about 69% of the total foreign exchange annually. It accounts for 7.3 % of the

value added in agriculture and about 1.6 to GDP (Anonymous 2008). The area of cotton in Pakistan during

2008-09 was 2.82 million hectares with production of 11.8 million bales with an average yield of 712 kg /hac

(Anonymous, 2008).

Morphological and physiological methods have been used to understand the genetic variation. Though

morphological features are indicative of the phenotype, they are affected by environmental factors and growth

practices. There are about 145 morphological markers identified in cultivated cotton but their utility in breeding

programs has remained limited because of their deleterious effect and the difficulties in accumulating multiple

markers in a single genotype (Percy and Kohel, 1999). Therefore, more reliable markers such as protein, or

more specifically, allelic variants of several enzymes so called isozymes were used. But as the number of

isozymes available is limited and their expression is often restricted to a specific developmental stage of

tissues, various DNA markers have come into use of the plant breeders. Tanksley (1983) listed five properties

that distinguish molecular markers from morphological markers. These properties are (1) genotypes can be

determined at the whole plant, tissue and/or cellular level; (2) a relatively larger number of naturally occurring

alleles exists at many loci, (3) phenotypic neutrality i.e., deleterious effects are not usually associated with
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different alleles, (4) alleles at many loci are codominant, thus all possible genotypes can be distinguished and

(5) few epistatic or pleiotrohic effects are observed.

Among all other molecular markers (simlple sequence repeats) are moe reproducible and hence reliable.

SSR or microsatellites are short, tandomly repeated DNA sequence motifs that consist of two to six nucleotide

core units, and were initially described in humans (Litt and Lutty, 1989). They are highly abundant in

eukaryotic genome but also occur in prokaryotes at lower frequencies. These small repetitive DNA sequences

provide the basis for PCR-based multi allelic, co-dominant genetic marker system. The high incidence of

detectable polymorphism through changes in repeat numbers is caused by an intra molecular mutation

mechanism called DNA slippage (Gupta at al., 2000).

The present study was carried out to estimate the genetic diversity among germplasm of cotton and to

estimate whether the germplasm of cotton present in Pakistan could be used for varietal development. 

Materials and methods

The present study was conducted at the Centre of Agricultural Biochemistry and Biotechnology (CABB),

University of Agriculture Faisalabad.The cotton varieties used in this study were taken from germplasm

collection of Department of Plant Breeding and Genetics, the University of Agriculture Faisalabad. The

screening of these genotypes was undertaken by molecular means for the detection of polymorphism among

these varieties.

268F 12. CIM-448 23. MNH-552

289F/1 13. CIM-496 24. MNH-93

4-F 14. Coker Improved 25. MS-84

A-89/FM 15. CP 15/2 26. 199-F

AC-134 16. DPL-26 27. NIAB-Karishma

Acala 1517 17. FH-1000 28. PB-899

B-557 18. FH-87 29. Qalandri

BH-118 19. Fregobract 30. S.362T.362

BH-160 20. LRA-5166 31. SA-100 

Cedex 21. MJ-5 32. Stonville NL/GL

Chris-402 22. MNH-147 33. VH-53

Seedlings of these varieties were grown in during the month of February 2008. .When the seedlings were

about 8-10 days, leaves were plucked for DNA extraction. DNA was extracted from 7-8 days old fresh leaves

using CTAB method (Khan et al., 2004).

A total of 25 SSR primers synthesized from GIBCOBRL (Life Technologies) were used in SSR analysis.

The annealing temperature of these primers has already been reported and was used for amplification. 

Table 1: JESPR Cotton Primers

aSr # Primer Sequence (5-3) T

1 J.S.P.247 F GCTTCTTCCATTTTATTCAAG 58

 R CAGCGGCAACCAAAAAG

2 J.S.P.278 F ACCCTTAAATCATAAGAGAAC 58

 R CCGTAAGTTAAGGTACAAGG 

3 J.S.P.279 F GGAGTGAAAGCTAATGCCTG 58

 R CGGGTCATTGGTTGTTTTTG

4 J.S.P.280 F GGAGTACAAGGACCAGCAG 58

 R GGATTAACTAATTAGTTTCCGC

5 J.S.P.281 F TGATTGATCCTAGTTCTACG 58

 R GTCTCCTTACTTCGCAAC

6 J.S.P.282 F GGAGTACAAGGACCAGCAG 58

 R CATAAGCCATGGTTGTAC

7 J.S.P.284 F CAAGATCCATCTGCTGATTAG 58

 R GTATATACAAGTATAAAGTATTGG

8 J.S.P.285 F CCCGGATATAGTACTAAGG C 58

 R ATGTATGGTGTTGAGTGC

9 J.S.P.289 F CATTGCATTTTGCCCC 58

 R AATCTAGCGCACAAGGGC 

10 J.S.P.290 F ACCGGTCAGTCCTCATAATC 58

 R GCCAAGGTCGTAGTCCAGG 

11 J.S.P.291 F CATTCCCCACTTTGCTCTTAC 58

 R CATGTTTCTTTGCCCATC
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Table 1: Continue

12 J.S.P.292 F GCTTGCAATCTCCTACACC 58

 R GAATATGTTTCATAGAATGGC

13 J.S.P.293 F CGAGATTTTAAGATTGTGC 58

 R TGATGGCAAAAGCACC

14 J.S.P.294 F CTCCTCATTTTGCACGTCCTCTTC 58

 R AGGGCTTCATTCTTCTTCG 

15 J.S.P.295 F GCCTCGTTTAAGCCCATAAAC 58

 R GAGGGCCATAGTCACCGG

16 J.S.P.296 F GGGTGTTACATAGAGTGTATAAAATTG 58

 R TGACCTCAATTTAGAAACCC

17 J.S.P.297 F GAGAACTCGTTAAAGCACAATG 58

 R GTTAATAGAGTTGGGTTTCTCATG

18 J.S.P.300 F CGCATCACAAACCAAACAC 58

 R CGGAAAATGATGATGATGAAGAAG 

19 J.S.P.301 F TGAGTTCCGAATTCCTTGG 58

 R CGGGCTAAGTGTTTTTCG

20 J.S.P.302 F CACTCCTAGCTTCTTGGCATC 58

 R CTGCGATCTTGGCACAG

21 J.S.P.303 F CATCGGAAAACTCTGAAC 58

 R GTAGCAGTACAGATGAAAGAG

22 J.S.P.304 F GAAATGCATTCCCTCAAAAGC 58

 R AGACTCTATCGAATGACCCTG

23 J.S.P.305 F CGATCCATCAAAGGCGAC 58

 R CCGCCTCAGCACCATTTAC

24 J.S.P.307 F CTTGGCCATGTATTCCTTCA 58

 R GAAAGACACTAAGCTGAGGC

25 J.S.P.308 F GGCATCATCAGATTCTTTC 58

 R GCTGGTGGATATTTTATTC

Table 1. Primers and their sequence

Same PCR conditions for amplification were used for all SSR primers. Annealing temperature was kept

as 58 30 seconds, denatutration temperature as 94 C and exrention tempratre was 72 C for 60 seconds. TheO  O

concentrations of PCR reagents were used for 20µl reaction as supplied by MBI Fermentas, USA.

2Taq Polymerase, together with 10 X buffer, MgCl  and dNTPs were purchased from MBI, Fermentas,

USA. PCR Reaction was carried out in Eppendorf Mastercycler/ mastercycler, Germany. To confirm that the

observed amplicons were amplified from genomic DNA, and not primer artifact, genome DNA was omitted

from control reaction. No amplification products were detected without genomic DNA in any PCR. Agarose

concentration of 3% was used for nucleic acid separation of SSR products. Genetic distances between cultivars

were calculated using a similarity matrix constructed using the similarity index complement (SI) for co-

dominant and or multiallelic variables calculated using the Genes program(Cruz and Carneiro, 2003).The SI

estimated the similarity between genotypes for each cultivar by awarding a score to each microsatellite (i.e.

0 when an allele was absent, 1 when the allele was present), the SI being calculated by dividing the total

number of common alleles by the total number of alleles evaluated. Cluster analysis was carried out using

tocher analysis, single linkage and complete linkage dissimilarity matrices and the unweighted pairgroup

method using arithmetic average (UPGMA) and the dendrogram resulting from these calculations plotted using

the Popgene program (StatSoft Inc., 1999). The efficiency of the cluster analysis was evaluated by the

cophenetic correlation coefficient, taking into account the concordance between the original dissimilarity

matrices and the dendrogram. 

Results and disscussion

For the 33 cotton cultivars evaluated, 25 microsatellite primer pairs amplified 36 loci. The microsatellites

JSP 279 and JSP.280 primers amplified four and three loci respectively (Fig 4.1-.5). Liu et al. (2000a) also

found that some primers amplified more than one locus.

The primers amplified a total of 72 alleles giving an average of 2.88 alleles per microsatellite locus similar

to that found in cotton by Gutierrez et al. (2002) who used 60 pairs of polymorphic primers amplifying 69

loci resulting into 139 alleles with an average of two alleles per locus. However Liu et al. (2000b) used 56

polymorphic primer pairs to amplify 62 cotton loci and produced a total of 325 alleles with an average of 5

alleles per locus. 
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Fig. 1: PCR product of marker JSP.305 100 bp Ladder =M 1=268-F, 2= 289F/I, 3=4-F, 4=A-89/FM, 5=AC-

134, 6=Acala-1517, 7=B-557, 8=BH-118, 9=BH-160, 10=Cedex, 11=Chris-402, 12=CIM-448,

13=CIM-496, 14=Coker Improved, 15=CP-15/2, 16=DPL-26, 17=FH-1000, 18=FH-87, 19=Fregobract,

20=LRA-5166, 21=MJ-5, 22=MNH-147, 23=MNH-552, MNH-93, 25=MS-84, 26=199-F, 27=NIAB-

Karishma, 28=PB-899, 29=Qalandri, 30=S.362T.362, 31=SA-100, 32=StonevilleNL/GL 33=VH-53

Fig. 2: PCR product of marker JSP.300 100 bp Ladder =M 1=268-F, 2= 289F/I, 3=4-F, 4=A-89/FM, 5=AC-

134, 6=Acala-1517, 7=B-557, 8=BH-118, 9=BH-160, 10=Cedex, 11=Chris-402, 12=CIM-448,

13=CIM-496, 14=Coker Improved, 15=CP-15/2, 16=DPL-26, 17=FH-1000, 18=FH-87, 19=Fregobract,

20=LRA-5166, 21=MJ-5, 22=MNH-147, 23=MNH-552, MNH-93, 25=MS-84, 26=199-F, 27=NIAB-

Karishma, 28=PB-899, 29=Qalandri, 30=S.362T.362, 31=SA-100, 32=StonevilleNL/GL 33=VH-53
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Fig. 3: PCR product of marker JSP.301 100 bp Ladder =M 1=268-F, 2= 289F/I, 3=4-F, 4=A-89/FM, 5=AC-

134, 6=Acala-1517, 7=B-557, 8=BH-118, 9=BH-160, 10=Cedex, 11=Chris-402, 12=CIM-448,

13=CIM-496, 14=Coker Improved, 15=CP-15/2, 16=DPL-26, 17=FH-1000, 18=FH-87, 19=Fregobract,

20=LRA-5166, 21=MJ-5, 22=MNH-147, 23=MNH-552, MNH-93, 25=MS-84, 26=199-F, 27=NIAB-

Karishma, 28=PB-899, 29=Qalandri, 30=S.362T.362, 31=SA-100, 32=StonevilleNL/GL 33=VH-53

Fig. 4: PCR product of marker JSP.289 100 bp Ladder =M 1=268-F, 2= 289F/I, 3=4-F, 4=A-89/FM, 5=AC-

134, 6=Acala-1517, 7=B-557, 8=BH-118, 9=BH-160, 10=Cedex, 11=Chris-402, 12=CIM-448,

13=CIM-496, 14=Coker Improved, 15=CP-15/2, 16=DPL-26, 17=FH-1000, 18=FH-87, 19=Fregobract,

20=LRA-5166, 21=MJ-5, 22=MNH-147, 23=MNH-552, MNH-93, 25=MS-84, 26=199-F, 27=NIAB-

Karishma, 28=PB-899, 29=Qalandri, 30=S.362T.362, 31=SA-100, 32=StonevilleNL/GL 33=VH-53
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Fig. 5: PCR product of marker JSP.280 100 bp Ladder =M 1=268-F, 2= 289F/I, 3=4-F, 4=A-89/FM, 5=AC-

134, 6=Acala-1517, 7=B-557, 8=BH-118, 9=BH-160, 10=Cedex, 11=Chris-402, 12=CIM-448,

13=CIM-496, 14=Coker Improved, 15=CP-15/2, 16=DPL-26, 17=FH-1000, 18=FH-87, 19=Fregobract,

20=LRA-5166, 21=MJ-5, 22=MNH-147, 23=MNH-552, MNH-93, 25=MS-84, 26=199-F, 27=NIAB-

Karishma, 28=PB-899, 29=Qalandri, 30=S.362T.362, 31=SA-100, 32=StonevilleNL/GL 33=VH-53

The coefficient of similarity was used to calculate the genetic distances between 33 cultivars evaluated

using microsatellite loci varied from 0.43 to 0.90. The UPGMA method used to study the genetic distances

among 33 cultivars is one of the best method. This method is being known to be hierarchical method

producing dendrogram with maximum cophenetic correlation. (Cruz and Carneiro, 2003). 

Multani and Lyon (1995), using RAPD markers, also found low genetic distance values (0.01 to 0.08)

between nine Australian cotton cultivars and Iqbal et al. (1997) found low genetic distances (0.18 to 0.07)

between 17 G. hirsutum cultivars using RAPD markers. Ulloa et al. (1999) used microsatellite markers to

investigate genetic distance in cotton and found that the distance between the Acala and Delta cultivars was

0.18 while that revealed microsatellite markers narrow genetic distance between Australian and American

Cultivars. Van Esbroeck et al. (1998) pointed out that the monoculture of some successful cultivars and their

extensive use as progenitors in breeding programs has limited the genetic diversity of cultivated cotton

cultivars. The threshold value for grouping samples in a dendrogram is generally empirical, but the best

threshold for grouping is generally considered to be the point where there is a large distance between groups

or where there is a clear nesting of taxonomic units. In this study, the dendrogram of the relationship between

the 33 cultivars showed two large groups (group 1 and group 2) and six well-nested subgroups.

The majority of group A cultivars were obtained through introduction and selection and are being used

in different breeding programs. The majority of cultivars in group B was produced as a result of crossing and

was recommended for cultivation in cotton belts of Punjab and Sindh provinces of Pakistan.

The six subgroups exhibited independence between genetic clustering and cultivars characteristics such as

origin, planting region and cropping cycle. It is interesting to note that in each of the six sub-groups there were

cultivars from several origins (Research institutes) indicating that the research institutes producing cultivars

employ similar germplasm which is shared among them.

The maximum similarity was shown between MNH-147 and Fregobract which is 90%. MNH-552 and

MNH-93 also showed similarity of 90%. Some inconsistencies were also found among the varieties. FH-1000

is the cross of CIM-448 and S-12 but CIM-448 and FH-1000 are placed in different subgroups although they

share 77% similarity.MNH-552 is the cross of Lra-5166 and MS-48 but MNH-552 and LRA-5166 are placed

in different groups while both share 72% similarity. The grouping of FH-1000 and CP15/2 in the same group

is also inconsistent because their genealogy does not permit it.
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Fig. 6: Dendogram developed using similarity coefficient data of SSR analysis

The lack of information about some genealogies may be a factor that led to the inconsistencies mentioned

above. According to Carvalho et al. (2003) the lack of genealogy makes it difficult to estimate diversity using

genealogical studies and Van Esbroeck et al. (1999) found no relationship between cotton genealogy and

similarity measurements based on morphological and agronomic features. Tatineni et al. (1996) detected a 0.63

correlation between the genetic similarity of cotton lines calculated using

RAPD markers and morphological features. In general, however, there is little information with respect

to the correlation between cotton genetic distances based on molecular markers and genealogical studies. 

In this study it was observed that a large number of the cultivars studied descended from a few original

cultivars (e.g. LRA-5166, CP 15/2, 268-F, Acala and Coker) thus narrowing their genetic base and possibly

making them vulnerable to the present and future diseases. In a similar way to Pakistani cultivars, cultivated

upland G. hirsutum presents limited genetic diversity (Wendel et al. 1992; Wendel and Brubaker 1993; Tatineni

et al. 1996; Iqbal et al. 1997). According to Iqbal et al. (2001), one hypothesis which may explain the

apparent lack of diversity in cultivated upland G. hirsutum is that one or more genetic bottlenecks may have

occurred during the later stages of the development of G. hirsutum latifolium, possibly as a result of rigorous

selection for early maturity. Much of the original genetic diversity of G. hirsutum , including valuable alleles

that confer resistance to insects, pathogens and environmental adversities, would have been lost during this

phase of its domestication. Iqbal et al. (2001) also pointed out that the G. hirsutum cultivated around the world

is derived from upland cottons from the USA which were exported to other countries in the 19th and early

twentieth century, with most upland cotton used in early Brazilian cotton breeding coming from this source.

They also observed that Pakistan cotton breeding is also coming from this source.

It is interesting to note that in this study I found that the majority of cultivars obtained from the different

breeding programs resulted from selection programs involving previously successful cultivars or, less often,

crosses between cultivars or between cultivars and lines. Van Esbroeck and Bowman, (1998) have suggested
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some explanations to justify crosses between closely related individuals in cultivar breeding programs. These

authors have argued that there is enough allelic variation, mutation or recombination in crosses between closely

related individuals to allow improvement in agronomic performance and/or that the coefficient of parentage

may not reflect the real genetic distance. The great number of successful cultivars obtained through reselection

show that a small quantity of recombination results in sufficient genetic variance to produce genetic progress

within breeding programs. Even so, great efforts are currently being made to reduce the genetic vulnerability

of cultivars by introducing more diversified germplasm into cotton cultivars while avoiding negative effects

on those cultivars already adapted to particular countries or regions, and will bring many rewards to the culture

breeding.

Conclusion

The study concludes that the evaluated cotton genotypes have narrow genetic basis. The recurrent use of

these genotypes as parents will not produce significant results. 
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