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In this work, the genetic diversity of 13 improved cotton (G. hirsutum L.) varieties which were released 
for production in Ethiopia were studied using 24 simple sequence repeats DNA markers. A total of 93 
alleles, with a range of 2 to 9 and a mean of 3.88 per markers were detected. The polymorphism 
information content of the markers ranges from 0.13 to 0.80 with a mean of 0. 50. The pair-wise Dice 
genetic dissimilarity observed among the varieties were in a range of 0.16 to 0.56 and the overall mean 
was 0.39 indicating modest genetic diversity among released cotton varieties used in this study. 
Neighbor joining tree showed the varieties could be assigned to three clusters. Overall the result of this 
study alarms there is a need to introduce more diverse new cotton varieties to production to reduce the 
possible risk of genetic vulnerability. 
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INTRODUCTION  
 

Cotton (Gossypium spp.) is often cross pollinated, 
world’s most important fiber and major oil seed crop of 
global significance in the genus Gossypium L. of the 
family Malvaceae. It is native to tropical and subtropical 
climates, and is generally a shrubby plant having broad 
three-lobed leaves and seeds in capsules.  The 
Gossypium genus comprises about 50 species, of which 
45 are diploids (2n = 2x = 26) and five are allotetraploids 
(2n = 4x = 52) species (Fryxell, 1992; Wang et al., 2012; 
Yu et al., 2013). So far there are four cultivated species 
of Gossypium genus viz.  G. arboretum L., G. herbaceum 
L., G. hirsutum L., and G. barbadense L. species (Ge and 
Wu, 2018; Noormohammadi et al., 2018; Shim et al., 
2018). 

Ethiopia has a long history in the cultivation and use of 
cotton since very ancient time (Nicholson, 1960; Gervers, 

1990, 2008). However, it was not more than a home 
grown farm yard crop until the beginning of cotton 
improvement program in 1960’s. Since then, production 
of old world cotton species by subsistence farmers for 
home use and to meet their family needs shifted to high 
yielding and better fiber quality possessing new world 
cotton (G. hirsutum L.) species on large scale commercial 
production for domestic industry needs and export. 
Furthermore, detailed cotton research plan and strategy 
including breeding, selection from foreign introductions, 
variety trials and other scientific studies resulted35 
registered/released improved varieties (open pollinated, 
hybrids and genetically modified) of cotton for production 
(Gudeta et al., 2017). Hybrid and genetically modified  
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improved cotton varieties are yet to enter into production. 
On the other side, limited number of released open 
pollinated improved varieties are under large scale 
production and most are restricted to specific area of 
cotton growing belts of the country. However, they are 
being used as crossing parents to develop new improved 
cotton varieties.  

Elucidating the details of genetic diversity in the 
available plant germplasm is one of the first step to 
understanding the conservation and the efficient 
utilization of plant germplasm for improvement purpose 
(Ulloa et al., 2006; Abdurakhmonov et al., 2012). 
Conventionally, genetic diversity in plant populations was 
determined by assessing differences based on visually 
observable morphological traits. Morphological 
traits(morphological markers) have economic merits of 
being readily available, simple and available for 
immediate use. However, they are subject to 
environmental variation, developmental stage of the plant 
and confounded by pleiotropic and epistatic effects 
(Govindaraj et al., 2015). In contrast, DNA markers 
exhibit superiority on handling some of these drawbacks 
of  morphological markers  and  used as a tool for 
studying  genetic diversity in  various crop types including 
cotton (Messmer et al., 1993; Melchinger et al., 1993; 
Karp et al., 1996).  

Since the dawn of DNA marker technology in the 
1980s, a vast array of DNA-based genetic markers 
including simple sequence repeats (SSR) has been 
discovered. Simple sequence repeats are highly variable 
and evenly distributed throughout the genome. They are 
also common in eukaryotes and are ideal genetic 
markers for detecting differences between and within 
species of all eukaryotes (Farooq and Azam, 2002).   

Simple sequence repeat DNA markers are highly 
polymorphic, robust, can be automated, requires very 
small DNA, highly abundant, analytically simple, readily 
transferable and have a co-dominant inheritance. Thus 
they are being widely applied in genetic diversity analysis 
and other scientific investigations (Powell et al., 1996; 
Matsuoka et al., 2002; Zhang et al., 2007; Ma et al., 
2011). Hence this study was initiated with the objective of 
studying the genetic diversity among improved cotton (G. 
hirsutum L.) varieties released for production in Ethiopia 
using SSR markers. 
 
 
MATERIALS AND METHODS 
 
Plant Materials 
 
In this study a total 13 cotton varieties were used. The 
seed source of all the varieties was national cotton 
research coordinating center, Werer Agricultural 
Research Center. The list of varieties used is given in 
Table 1. 
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SSR Markers 
 
Initially, based on chromosome coverage, 46 SSR 
markers were selected from Cotton Marker Database of 
Cotton Gen (http://www.cottongen.org). The annealing 
temperatures of primers were optimized by performing 
gradient PCR (Altay Scientific S.P.A, Italy). Finally 24 
polymorphic SSR markers were selected excluding 17 
markers that failed to amplify properly and 5 that were 
monomorphic.  Details of the SSR markers used for this 
study is in Table 2. 
 
 
DNA Extraction 
 
Seeds of the varieties were sown in plastic pots in 
greenhouse at Holeta National Agricultural Biotechnology 
Research Center, Ethiopia. Leaves were harvested from 
12 days old seedlings and stored in freezer (-80

O
C) to 

avoid degradation until DNA was extracted following, Xin 
et al. (2003).  A small piece of leaf was collected in a 96 
well PCR plate and 50µl of 0.1M NaOH and 2% Tween 
20 (v/v) was added and incubated for 10 minutes at 95

O
C 

using PCR machine. Subsequently 50µl of 0.1M Tris-HCl 
and 2mM EDTA was added and gently mixed at a 
moderate speed of 550 revolution per minute on vortex.  
A 0.5µl extract was used as a source of template DNA. 
 

 

Polymerase Chain Reaction  
 
The PCR was also performed according to Xin et al.  
(2003) with some modifications. The total volume was 
10µl mixture, composed of 0.1% Bovine serum albumin 
(w/v), 0.25 µl each primer pairs [10µM], 0.5 µl crude DNA 
templates, 1% Polvinylpyrrolidone-40 (w/v), 2.9 µl 
Nuclease free water and 5 µl One Taq® 2X Master Mix 
with standard buffer (New England BioLabs

®
Inc.). 

The thermal cycling conditions of the PCR was 2 
minutes of initial DNA denaturation at 94

0
C followed by 

30 cycles consisted of 15 seconds of DNA denaturation 
at 94

0
C 15 seconds of primer annealing at indicated 

temperature on Table 2 and 30 seconds of primer 
extension at 68

0
C. The PCR cycling condition was 

terminated with final extension time of 5 minutes at 68
0
C 

and the amplified product was hold at 4
0
C. 

 
 
Gel Electrophoresis 
 
The amplified DNA was mixed with 6X loading dye with 
gel red in the ratio of 3:2 (v/v) respectively. With DNA 
ladder on the adjacent lane and the amplified products 
were loaded on 3.5% Hi-Res agarose gel in 0.5X TBE 
buffer (Xin  et al., 2003; Wangari et al., 2013) and  gels 
were run  for 8 hour at 65V. Finally the amplified bands, 
were documented under ultraviolet light (Bio-Rad, USA).  
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Table 1. List of cotton varieties used in the study. 
S. no Variety name Year of release Designated code 

1 STG-14 2014 G14 
2 Werer-50 2015 G15 
3 Candia 2014 G16 
4 Claudia 2014 G17 
5 Gloria 2014 G18 
6 Weyto-07 2015 G19 
7 Acala SJ2 1986 G20 
8 Carolina queen 1994 G25 
9 Sisikuk -02 2015 G26 

10 Cucurova 1518 1994 G27 
11 Deltapine-90 1989 G29 
12 Ionia 2008 G31 
13 Stam-59A 2007 G36 

 
 
 

Table 2. SSR markers used in the study. 
S. no Name Location Motif 

(s) 
              Primers (5' - 3') AT (

o
C) 

1 BNL2960 AD_Chr.10 GA F- TAAGCTCTGGAGGCCAAAAA 52 

       R- CCATTTCAATTTCAAGCATACG  

2 BNL0946 AD_Chr.10, GA F- GCTGTTGCTCCACATCTCCT 58 

   AD_Chr.20   R- GGGCAAACAGATAGGCAGAA  

3 JESPR0274 AD_Chr.9, CA F- GCCCACTCTTTCTTCAACAC  57 

   AD_Chr.23,   R-TGATGTCATGTGCCTTGC  

   AD_Chr.26      

4 BNL3545 AD_Chr.02,  CA F- AGTCAGTTTTTTGTTAGCAATATGC  52 

   AD_Chr.14   R- AACCATTAATTCCCTATTTAACCG  

5 DPL0196 AD_Chr.04,  GA F- CACATTTGGTGGGTATTGAGAAG 56 

   AD_Chr.22   R- ACCATACACGTGCTAATGTCAAAG  

6 BNL3594 AD_Chr.06,  TC F- AGGGATTTTGATTGTTGTGC  51 

   AD_Chr.25   R-TGAATTCAAAACAAATGTTAGCC  

7 NAU1119 AD_Chr.26 GCA F- CCCCAACAAACTGAAAAATC 52 

       R- AGTTCTGTTGCCTGGGTTAG  

8 NAU3401 AD_Chr.12 ATC F- ATGCCGACGCTTTAAGTAAC  52 

       R- CGATATGGGCATGTTTGATA  

9 NAU5189 AD_Chr.23 TTC F- TGTCCCCCAATCATATTTTC  52 

       R- CAACTTCCCAAGCTCGTATT  

10 BNL4071 AD_Chr.05,  GT, F- CATTTCAGAAGTTGACATTTTCG  52 

   AD_Chr.19 GA R- CACTGCCCCTAAGAAGTTGC  

11 NAU1070 AD_Chr.03,    AGG F- CCCTCCATAACCAAAAGTTG  54 

   AD_Chr.14   R- ACCAACAATGGTGACCTCTT  

12 BNL3065 AD_Chr.16 AG F- CAAACGGGAGACCAAAAAAA  54 

       R- CGAACTGGCGAGTTAGTGCT  

13 BNL3985 AD_Chr.23 TC F- TTCAATTCTGGGTTCGAGCT  55 

       R-CACCCATCAACCCAAATTTC  

14 BNL1417 AD_Chr.25 AG F- TTATTCTAACCACCGCCTCC  58 

        R- TGAGTGGATATGCTTGGCCT   

AT=Annealing temperature, F= Forward primer, R= Reverse primer. 
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Table 2. Continued.  
S. no Name Location Motif 

(s) 
              Primers (5' - 3') AT (

o
C) 

15 BNL1721 AD_Chr.18 AG F- TGTCGGAATCTTAAGACCGG 57 

       R- GCGCAGATCCTCTTACCAAA  

16 BNL3371 AD_Chr.17 AG F- CAATCCTTTACGTGGCCTGT  58 

       R- AAAGACAGGCAATCCCCTTT  

17 BNL3644 AD_Chr.14 TC F- GTGCTGTTTGGGCCTTACAT  58 

       R- TAAGCGCATTGACACACACA  

18 DPL0717 AD_Chr.11,  TA, F- CTCCATGATTTCTGAAACACAGGT  57 

   AD_Chr.21 TTG R- TTGTACTAACATACCTCCGGGTCT  

19 JESPR0220 AD_Chr.4 GA F- CGAGGAAGAAATGAGGTTGG 56 

   AD_Chr.22   R- CTAAGAACCAACATGTGAGACC  

20 BNL3992 AD_Chr.05,  TC,  F- CAGAAGAGGAGGAGGTGGAG  55 

   AD_Chr.19 GA R- TGCCAATGATGGAAAACTCA  

21 BNL1672 AD_Chr.09,  AG F- TGGATTTGTCCCTCTGTGTG  57 

   AD_Chr.23   R- AACCAACTTTTCCAACACCG  

22 BNL2634 AD_Chr.07,  AG F- AACAACATTGAAAGTCGGGG  56 

   AD_Chr.16   R- CCCAGCTGCTTATTGGTTTC  

23 NAU3665 AD_Chr.10,  AAT F- CAGCATGGAAATCCTAATCC  54 

   AD_Chr.20   R- TGAACTAGCTTGGCTGAATG  

24 NAU1297 AD_Chr.20 TTC F- CCGCTGCAAAATTCTCTTAC  55 

        R- CCCACTGGACATTTCTATCC   

AT=Annealing temperature, F= Forward primer, R= Reverse primer.  
 

 
Data Scoring and Analysis 
 
SSR profile within expected product size range was 
manually scored according to estimated molecular size 
comparing with DNA ladder and in the form of binary data 
(1 for presence and 0 for absent allele). Missed value 
was scored as -9. The allele number, allele frequency 
and polymorphic information content (PIC) of the SSR 
markers were calculated using Power Marker software 
program, version 3.25 (Liu and Muse, 2005).The PIC of 
SSR markers was calculated as per Botstein et al. (1980) 
using the following formula, 
 

1 − � ��� −
�

��	
� � 2����� �

�

����	

�
	 

��	
 

 
Where, ��� is the frequency of i

th
allele 

 
Binary data was used to calculate the pairwise genetic 
dissimilarity among the varieties based on Dice 
dissimilarity (Dice, 1945) using DARwin software, version 
6.0.18 (Perrier and Jacquemoud-Collet, 2006).  
 

Dij=  
��� 

���(���) 
 
Where,  

 

Dij = Dice dissimilarity indices 
a= number of alleles present in both i and j varieties 
b= number of alleles present in i and absent in j  
c= number of alleles absent in i and present in j  
The pair-wise Dice dissimilarity matrix generated were 
used to cluster genotypes by Neighbor-joining algorithm 
(Saitou and Nei, 1987) using MEGA software, version 
7.0.26 (Kumar et al., 2016).  
 
 
RESULTS  
 
Diversity among SSR Markers 
 
A total of 93 SSR alleles were produced across 24 loci 
with a mean number of alleles 3.88 (Table 3). The 
detected number of alleles produced ranges from 2 to 9 
and the lowest number of alleles produced belongs to 
each ofBNL2960, BNL3065, BNL1417, BNL1721 and 
DPL0717 locus while the highest number of alleles was 
detected in NAU1297 locus. The mean frequency of 
major allele of markers was 0.54 and within range of 0.27 
to 0.92. The polymorphic information content (PIC), of the 
markers varied from 0.13 to 0.80 with a mean value of 
0.50. The highest PIC values of 0.80 belongs toNAU1297 
followed by 0.78 in BNL3545 and 0.73 in each of 
NAU1070 and  
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Table 3. SSR marker indices used in the study. 

 
 

Table 4.Dice dissimilarity matrix among cotton varieties. 
Varieties G14 G15 G16 G17 G18 G19 G20 G25 G26 G27 G29 G31 G36 

G15 0.25             

G16 0.24 0.41            

G17 0.32 0.37 0.32           

G18 0.39 0.32 0.45 0.43          

G19 0.41 0.38 0.47 0.45 0.33         

G20 0.45 0.50 0.43 0.44 0.29 0.26        

G25 0.40 0.42 0.53 0.39 0.46 0.43 0.45       

G26 0.49 0.46 0.47 0.50 0.53 0.36 0.43 0.40      

G27 0.51 0.41 0.54 0.43 0.40 0.45 0.39 0.34 0.22     

G29 0.44 0.44 0.56 0.53 0.43 0.42 0.44 0.33 0.22 0.28    

G31 0.35 0.51 0.41 0.44 0.44 0.44 0.40 0.38 0.21 0.27 0.23   

G36 0.39 0.41 0.50 0.45 0.36 0.43 0.37 0.32 0.24 0.20 0.25 0.16  

Mean 0.39 0.41 0.44 0.42 0.40 0.40 0.40 0.40 0.38 0.37 0.38 0.35 0.34 

 
DPL0196 while the lowest of 0.13 was recorded in each 
of BNL1417 and BNL1721. 
 
Genetic Diversity among Cotton Varieties. 
 

The Dice dissimilarity (genetic distance) matrix among 
G.hirsutum L. varieties used in this study is presented in 

Table 4. The overall mean genetic distance was 0.39. 
The pair-wise genetic distance ranged from low of 0.16 to 
high of 0.56. The highest pair-wise genetic distance 
observed was between, Candia (G16) and Deltapine-90 
(G29) followed by Candia (G16) and 
Cucurova1518(G27), Carolina queen (G25), Gloria (G18) 
and Sisikuk-02(G26); and Claudia (G17) 

S. no Marker name Major allele frequency Number of allele Polymorphism information content 

1 BNL2960 0.54 2 0.37 

2 BNL946 0.77 3 0.34 

3 JESPR274 0.38 3 0.59 

4 BNL3545 0.27 6 0.78 

5 DPL0196 0.38 7 0.73 

6 BNL3594 0.81 3 0.29 

7 NAU1119 0.64 3 0.47 

8 NAU3401 0.42 3 0.57 

9 NAU5189 0.48 4 0.45 

10 BNL4071 0.54 3 0.54 

11 NAU1070 0.35 6 0.73 

12 BNL3065 0.88 2 0.18 

13 BNL3985 0.42 5 0.67 

14 BNL1417 0.92 2 0.13 

15 BNL1721 0.92 2 0.13 

16 BNL3371 0.52 5 0.62 

17 BNL3644 0.46 4 0.60 

18 DPL0717 0.54 2 0.37 

19 JESPR220 0.50 3 0.50 

20 BNL3992 0.54 3 0.50 

21 BNL1672 0.42 5 0.66 

22 BNL2634 0.54 4 0.45 

23 NAU3665 0.50 4 0.55 

24 NAU1297 0.27 9 0.80 

Mean 0.54 3.88 0.50 
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Figure 1. Neighbor- joining dendrogram showing genetic relationship of cotton varieties. 

 
 

Table 5. Intra and inter cluster genetic distance among cotton varieties. 
Cluster A B C 

A 0.32   
B 0.43 0.29  
C 0.46 0.42 0.27 

 
 

 
and Deltapine-90 (G29). These varieties were initially 
introduced from breeding programs of different countries 
including USA and Turkey.  The least genetic distance 
among the varieties was between Ionia (G31) and Stam-
59A (G36), and they were selection from cotton 
germplasm introduced from Mali. 

The Neighbor joining cluster analysis showed the 
varieties could be assigned to three clusters (A to C). 
Cluster A consists four varieties including STG-14 (G14), 
Werer-50 (G15), Candia (G16) and Claudia (G17). 
Cluster B comprises three varieties and they were Gloria 
(G18), Weyto-07 (G19) and Acala SJ2 (G20). Cluster C 
consists the highest number of varieties. Neighbor-joining 
dendrogram illustrating genetic relationship of studied 
cotton varieties is given in Figure 1. 

The intra and inter cluster mean genetic distance 

among cotton varieties depicted in table 5. The mean 
intra genetic distance within varieties of each clusters 
were 0.32(Cluster A), 0.29 (Cluster B) and 0.27 (Cluster 
C). The lowest mean inter cluster genetic distance of 
0.42wasamong varieties of cluster B and cluster C, 
followed by 0.43 (Cluster A and B) and 0.46 (Cluster A 
and C).  
 
 

DISCUSSION 
 

Understanding the range of genetic diversity in crop 
plants is critical for the effective conservation, 
management and efficient utilization. The present study is 
the first effort, SSR based genetic diversity study of 
improved cotton varieties in Ethiopia. The mean  
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frequency of major allele of markers was 0.54 and within 
range of 0.27 to 0.92, indicating that the 24 markers used 
were polymorphic in this study. The mean number of 3.88 
alleles was generated per locus. A number of studies on 
G. hirsutum L. species cotton reported low mean number 
of alleles as compared to this study. For instance, a 
mean number of alleles of 2.13, with a range of 2 to 3 
number of alleles per 31 SSR loci in 53 G. hirsutum L. 
cultivars reported by Bertiniet.al, 2006.  Similarly, Zhao et 
al. (2015) reported 2.26 per 146 SSR loci in 157 elite G. 
hirsutum L. cultivar collected from China, America, Africa, 
Former Soviet Union and Australia. In addition, Tyagi et 
al. (2014) reported a mean number of 3.06 (2 to 12) 
alleles in 378 upland cotton accessions per 120 SSR 
locus. In other studies comparatively high mean number 
of alleles reported. Zhang et al. (2011) reported 5.08 
alleles per locus (2 to 14) in 59 cotton cultivars of China 
using 40 SSR markers. Lacape et al. (2007) reported a 
mean of 5.6 alleles per locus (2 to 17) evaluating 47 
accessions of Gossypium genus through 320 SSR 
markers. Furthermore study by Moiana et al. (2012) on 
35 cotton cultivars and eight inbred lines of G. hirsutum L. 
using  15 SSR markers showed  a mean allele number of 
6.9 (between 4 and 10) per locus.  Overall, the number of 
alleles depends on markers to be used, platform used for 
resolution of amplified products and plant materials to be 
genotyped (Lacape et al., 2007). 

The polymorphic information content (PIC), which is a 
measure of degree of informativeness of the markers 
varied from 0.13 to 0.80 with a mean value of 0.50. In this 
study, half (12) of the markers used were highly 
informative (i.e. PIC >0.50) and 9 (37.5%) markers were 
moderately informative with PIC values ranging between 
0.29 and 0.50.  The rest 3 (12.5%) markers were slightly 
informative with PIC values of 0.13 and 0.18. The mean 
PIC in this finding is more or less similar with that of Jia et 
al. (2014), who reported a mean PIC value of 0.53 in 325 
G. hirsutum L. cotton germplasm using 106 SSR 
markers. In other studies, a mean PIC value of 0.36 
(Moiana et al., 2015), 0.46 (Khan et al., 2009), 0.62 
(Guang and Xiong-Ming, 2006), 0.80 (Zhang et al., 2011) 
were reported.  

Genetic diversity among and within a given plant 
materials, is measured by genetic similarity (GS) or 
genetic distance (GD = 1 - GS), both of which indicate 
that there are either similarities or differences at the 
genetic level (Weir, 1990). The Dice overall mean genetic 
distance among the varieties used in this study was 0.39, 
indicating availability of modest genetic diversity among 
the varieties. The pair-wise genetic distance were in 
range of 0.16 to 0.56 indicating low to moderate genetic 
distances within the varieties. Nearly 59% of the 
observed pair-wise genetic distances were above the 
mean genetic distance (0.39). About 12.8% were within 
0.50 and 0.56 range. Moreover, 16.6%, 23.1% and  
 

 
 
 
 
 
46.2% of the pair-wise genetic distances were within 
range of 0.20 -0.29, 0.32-0.39 and 0.40-0.49 respectively. 
In relation to effective utilization of these varieties for 
future cotton improvement work, Candia (G16), Claudia 
(G17) and Werer-50 (G15) are on average the most 
promising to generate diverse segregates in which 
selection process could be effective. 

The result of this study is in agreement with the work 
of, Guang and Xiong-Ming (2006) who reported a mean 
genetic distance of 0.39 among 43 sources of Upland 
cotton germplasm with different parental origins, breeding 
periods, and ecological growing areas in China using 36 
SSR markers. In addition Bertini et al. (2006) reported a 
mean genetic distance of 0.41 (0.00 to 0.71) among 53  
G. hirsutum  L. cotton cultivars developed and released 
by public and private institutions in Brazil, Argentina and 
Paraguay using 31 SSR markers. Similarly, a mean 
genetic distance of 0.41(0.18 to 0.62) among 51 G. 
hirsutum L. cotton cultivars of different parental origins 
and breeding periods that were developed in Hubei 
Province in China using 108 SSR markers was reported 
by Tu et al. (2014). 

The Neighbor-joining tree based on the estimates of 
genetic distance showed the varieties could be assigned 
to three clusters with the mean inter clusters genetic 
distance exceeding mean intra cluster genetic distance. 
Hence the crossing of varieties of different cluster is 
recommendable to generate diverse progeny. In Ethiopia, 
the tendency of cotton improvement efforts has been to 
select plant materials that combine the most desirable 
traits including high seed cotton yield and improved fiber 
qualities. The resulting homogeneity and uniformity 
offered substantial advantages in both the seed cotton 
yield and fiber qualities. However this promotes few and 
moderately distinct widely adapted varieties and 
enhances opportunities for pathogen or pest evolution 
and the natural selection of new strains able to attack 
their hosts successfully. Furthermore nowadays most of 
these varieties are under limited production areas. This, 
together with large-scale cultivation of limited number of 
varieties increase genetic vulnerability. In conclusion, 
there are promising varieties that can be exploitable as 
parental lines to generate segregating progenies of broad 
genetic base for further selection to develop improved 
population of genotypes which make up a cultivated 
variety. Overall there is a need to introduce more diverse 
new varieties to production to reduce the possible risk 
(genetic vulnerability). 
 
 
ACKNOWLEDGMENTS  
 
The author would like to thank Dr Zerihun Tadela and Dr 
Matthew Rouse for their generous donation of the 
primers used in this study. 
 



 

 
 
 
 
REFERENCES 
 
Abdurakhmonov IY, Buriev ZT, Shermatov SE, Abdullaev 

AA, Urmonov K,  Kushanov F,  Egamberdiev SS, 
Shapulatov U,  Abdukarimov A, Saha S, Jenkins JN, 
Kohel RJ, Yu JZ, Pepper AE, Kumpatla SP, Ulloa M 
(2012). Genetic Diversity in Gossypium genus. In: 
Caliskan M (ed) Chapter 16. Genetic Diversity in 
Plants, In Tech Publisher, China, pp 313-338. 

Bertini CH, Schuster I, Sediyama T, Barros EGD, Moreira 
MA (2006). Characterization and genetic diversity 
analysis of cotton cultivars using microsatellites. Gen. 
Mol. Bio. 29(2):321-329. 

Botstein D, White RL, Skolnick M, Davis RW (1980). 
Construction of a genetic linkage map in man using 
restriction fragment length polymorphisms. Ame. Jour. 
Hum. Gen. 32(3):314. 

Dice LR (1945). Measures of the amount of ecologic 
association between species. Eco. So. Am. 26(3): 297-
302. 

Farooq S, Azam F (2002). Molecular markers in plant 
breeding-I: Concepts and characterization. Pak. J. Biol. 
Sci. 5(10):1135-1140. 

Fryxell, PA (1992). A revised taxonomic interpretation of 
Gossypium L. (Malvaceae). Rhe. 2:108–165. 

Ge X, Wu JH (2018). Simultaneous editing of two copies 
of Gh14-3-3d confers enhanced transgene-clean plant 
defense against Verticilliumdahliae in allotetraploid 
upland cotton. Fro. Pla. Sci. 9:842. 

Gervers M (1990). Cotton and cotton weaving in Meroitic 
Nubia and medieval Ethiopia. Tex. His. 21(1):13-30. 

Gervers M (2008). Weaving Cotton in Ethiopia and 
Nubia. In: Selin H (ed) Encyclopaedia of the History of 
Science, Technology and Medicine in Non-Western 
Cultures. Springer, Netherlands, pp 2235-2236.  

Govindaraj M, Vetriventhan M, Srinivasan M (2015). 
Importance of genetic diversity assessment in crop 
plants and its recent advances: an overview of its 
analytical perspectives. Gen. Res. Int. 2015. 

Guang C, Xiong-Ming DU (2006). Genetic diversity of 
source germplasm of upland cotton in China as 
determined by SSR marker analysis. Ac. Gen. Si. 
33(8):733-745. 

Gudeta B, Workie A, Shonga E, Gebregziabher A, Gebre 
D, Girma B (2017). Cotton Research in Ethiopia: 
Achievements, Challenges, Opportunities and 
Prospects. In: Dawit A, Eshetu D, Getnet A, Abebe K 
(eds) Agricultural Research for Ethiopian Renaissance: 
Challenges, Opportunities and Directions: Proceedings 
of the National Conference on Agricultural Research for 
Ethiopian Renaissance to mark the 50

th
 Anniversary of 

the establishment of the Ethiopian Institute of 
Agricultural Research (EIAR) held at Addis Ababa, 
Ethiopia. ResearchGate, pp 61-80.  

Jia YH, Sun JL, Wang XW, Zhou ZL, Pan ZE, He SP, 
Pang BY, Wang LR, Du XM (2014). Molecular diversity 
and association analysis of drought and salt tolerance  

Donis                13 
 
 
 

in Gossypium hirsutum L. germplasm. J. Integ.Agr. 
13(9):1845-1853. 

Karp A, Seberg OL, Buiatti M (1996). Molecular 
techniques in the assessment of botanical diversity. 
Ann. Bo. 78(2):143-149. 

Khan AI, Fu YB, Khan IA (2009). Genetic diversity of 
Pakistani cotton cultivars as revealed by simple 
sequence repeat markers. Comm. Biom. Cro. Sci. 
4(1):21-30 

Kumar S, Stecher G, Tamura K (2016). MEGA7: 
Molecular Evolutionary Genetics Analysis version 7.0 
for bigger datasets. Mol. Bio. Evo. 33:1870-1874. 

Lacape JM, Dessauw D, Rajab M, Noyer JL, Hau B 
(2007). Microsatellite diversity in tetraploid Gossypium 
germplasm: assembling a highly informative genotyping 
set of cotton SSRs. Mol. Bre. 19(1):45-58. 

Liu K, Muse SV (2005). Power Marker: an integrated 
analysis environment for genetic marker analysis. Bio. 
21:2128–2129. 

Ma H, Yin Y, Guo ZF, Cheng LJ, Zhang L, Zhong M, 
Shao GJ (2011). Establishment of DNA fingerprinting of 
Liaojing series of japonica rice. Midd. J. Sci. Res. 
8(2):384-392. 

Matsuoka Y, Mitchell SE, Kresovich S, Goodman M, 
Doebley J (2002). Microsatellites in Zea–variability, 
patterns of mutations, and use for evolutionary studies. 
Theo. App. Gen. 104(2-3):436-450. 

Melchinger AE (1993). Use of RFLP markers for analyses 
of genetic relationships among breeding materials and 
prediction of hybrid performance. Int. Cro. Sci. I. 
Internationalcr: 621–628. 

Messmer MM, Melchinger AE, Herrmann RG, 
Boppenmaier J (1993). Relationships among early 
European maize inbreds: II. Comparison of pedigree 
and RFLP data. Cr. Sci. 33(5):944-950. 

Moiana LD, Goncalves-Vidigal MC, de Carvalho LP 
(2015). Genetic diversity and population structure of 
upland cotton Brazilian cultivars ('Gossypium 
hirsutum'L. race'latifolium'H.) using SSR markers. Aus. 
J. Cro. Sci. 9(2):143. 

Moiana LD, FilhoVPS, Gonçalves-Vidigal MC, Lacanallo 
GF, Galván MZ, de Carvalho LP, Maleia MP, Pacheco 
CM, Ribeiro T, Neto HZ, Coimbra GK (2012). Genetic 
diversity and population structure of cotton (Gossypium 
hirsutum L. race latifolium H.) using microsatellite 
markers. Afr. J. Bio.11(54):11640-11647. 

Nicholson GE (1960). The production, history, uses and 
relationships of cotton (Gossypium spp.) in Ethiopia. 
Eco. Bot. 14(1):3-36. 

Noormohammadi Z, Ibrahim-Khalili N, Sheidai M, Alishah 
O (2018). Genetic fingerprinting of diploid and tetraploid 
cotton cultivars by retrotransposon-based markers. Th. 
Nucl. 61(2):137-143. 

Shim J, Mangat PK, Angeles-Shim RB (2018). Natural 
variation in wild Gossypium species as a tool to 
broaden the genetic base of cultivated cotton. J. Plant. 
Sci. Curr. Res. 2(005). 



 

14          Acad. Res. J. Biotech. 
 
 
 
Perrier X, Jacquemoud-Collet JP (2006).  DARwin 

software. http://darwin.cirad.fr/darwin 
Powell W, Morgante M, Andre C, Hanafey M, Vogel J, 

Tingey S, Rafalski A (1996). The comparison of RFLP, 
RAPD, AFLP and SSR (microsatellite) markers for 
germplasm analysis. Mol. Bre. 2(3):225-238. 

Saitou N, Nei M (1987). The neighbor-joining method: a 
new method for reconstructing phylogenetic trees. Mol. 
Bio. Evo. 4(4):406-425. 

Tu JL, Zhang MJ, Wang XQ, Zhang X, Lin Z (2014). 
Genetic dissection of upland cotton (Gossypium 
hirsutum) cultivars developed in Hubei Province by 
mapped SSRs. Gen. Mol. Res. 13(782):90. 

Tyagi P, Gore MA, Bowman DT, Campbell BT, Udall JA, 
Kuraparthy V (2014). Genetic diversity and population 
structure in the US Upland cotton (Gossypium hirsutum 
L.). Theo. App. Gen. 127(2):283-295. 

Ulloa M, Stewart JM, Garcia-c EA, Godoy-a S, Gaytan-m 
A, Acosta NS (2006). Cotton genetic resources in the 
western states of Mexico: in situ conservation status 
and germplasm collection for ex situ preservation. Gen. 
Res. Cro. Evo. 53(4):653-668. 

Wang K, Wang Z, Li F, Ye W, Wang J, Song G, Yue Z, 
Cong L, Shang H, Zhu S, Zou C (2012). The draft 
genome of a diploid cotton Gossypium raimondii. Nat. 
Ge. 44(10):1098. 

 
 
 
 

 
 
 
 
Wangari NP, Gacheri KM, Theophilus MM, Lucas N 

(2013). Use of SSR markers for genetic diversity 
studies in mulberry accessions grown in Kenya. Int. J. 
Bio. Mol. Bio. Res. 4(3):38-44. 

Weir BS (1990). Genetic data analysis: Methods for 
DISCRETE Population Genetic Data. Sinnauer 
Associates, Inc. Publishers, USA, pp 191. 

Xin Z, Velten JP, Oliver MJ, Burke JJ (2003). High-
throughput DNA extraction method suitable for PCR. 
Bio. 34(4):820-826. 

Yu J, Jung S, Cheng CH, Ficklin SP, Lee T, Zheng P, 
Jones D, Percy RG, Main D (2013). Cotton Gen: a 
genomics, genetics and breeding database for cotton 
research. Nucl. Ac. Res. 42(D1):D1229-D1236. 

Zhang SB, Zhu Z, Zhao L, Zhang YD, Chen T, Lin J, 
Wang CL (2007). Identification of SSR markers closely 
linked to eui gene in rice. Yi. 29(3):365-370. 

Zhang Y, Wang XF, Li ZK, Zhang GY, Ma ZY (2011). 
Assessing genetic diversity of cotton cultivars using 
genomic and newly developed expressed sequence 
tag-derived microsatellite markers. Gen. Mol. Res. 
10(3):1462-1470. 

Zhao Y, Wang H, Chen W, Li Y, Gong H, Sang X, Huo F, 
Zeng F (2015). Genetic diversity and population 
structure of elite cotton (Gossypium hirsutum L.) 
germplasm revealed by SSR markers. Pl. Sys. Evo. 
301(1):327-336. 

 
 

 


