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Abstract 
 

Single nucleotide polymorphisms (SNPs) are the most popular DNA markers because of their 

abundance and consistency in the genomes. House keeping genes are conserved in nature across the 

genomes of different organisms. Study of variations in these conserved genes can reveal the hidden 

facts of evolution which can not be excavated with conventional DNA marker systems. In the 

present study, mitochondrial small heat shock protein gene (MT-sHSP) has been explored to find 

nucleotide variations within Gossypium arboreum, with the other diploid Gossypium genomes, G. 

hirsutum and also with Arabidopsis thaliana. A conserved region spanning 300bp was amplified 

and sequenced from two G. arboreum (A2) genotypes, species of other diploid genomes belonging 

to A1, C1, E1, D4, D6, D9 genomes and tetraploid species G. hirsutum (AD). Sequence of the gene of 

A. thaliana was retrieved from Genbank. These sequences were aligned. Within G. arboreum 

genome one Indel was found while, ‘C’ genome showed the least nucleotide variations with the ‘A’ 

genome species (G. arboreum) as compared to other genomes. D genome species and G. hirsutum 

were closely related with each other. A. thaliana was most distantly related with other genomes. 

The present studies reveal that SNP markers could be identified in conserved regions where 

conventional markers are of little or no use. This study will lead to the better understanding of G. 

arboreum evolution and understanding how these variations can be utilized for the improvement of 

cotton genome.    

 

Introduction  
 

Single nucleotide polymorphisms (SNPs) are a single base change or small insertions 
and deletions in homologous DNA fragments. In human genome sequencing 10 to 30 
million SNPs were found and were the most abundant source of polymorphisms (Collins 
et al., 1998) present both in coding and noncoding regions (Aerts et al., 2002). As a 
marker SNPs are preferred over other marker systems because they are more frequent, 
codominant in nature and are sometimes associated with morphological changes 
(Lindblad-Toh et al., 2000). Genomes of higher plants like barley (Kanazin et al., 2002), 
maize (Tenaillon et al., 2001), soybean (Choi et al., 2007), sugar beet (Schneider et al., 
2001), sunflower (Lai et al., 2005), rye (Varshney et al., 2007) and cotton (Lu et al., 
2005; Shaheen et al., 2006; Ahmad et al., 2007) have also been surveyed for SNPs 
discovery and characterization. Because SNPs are highly polymorphic, every gene should 
contain a few SNPs even among strains (Cho et al., 1999). MT-sHSP gene is an 
important gene which helps to tolerate heat shock. The MT-sHSP protects NADH: 
ubiquinone oxidoreductase of the electron transport chain during heat stress in plants 
(Herrman et al., 1994). 
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Table 1. Origin of cotton species used in study (Guo et al., 2006). 

S. No. Species name  Genome Distribution 

1. G. arboreum (A2) Old world 

2. G. herbaceum africanum (A1) Africa 

3. G. aridum (D4) Mexico 

4. G. laxum (D9) Mexico 

5. G. stocksii (E1) Arabian peninsula 

6. G. gossypoides (D6) Mexico 

7. G. sturtianum (C1). Australia 

8. G. hirsutum (AD) New world 

 

SNP markers, combined with QTL data for phenotypic character, can provide a new 

system of breeding i.e., gene-mediated breeding instead of marker-assisted selection 

(Lange & Whittacker, 2001). Genetic improvement of cotton fiber and agricultural 

productivity will be enhanced by the availability of rapidly developing genetic resources 

and tools, including high-density genetic maps (Lacape et al., 2005). Cotton being 

economically important crop (Rahman et al., 2002; 2005) is being explored to understand 

its genome (Chen et al., 2007). In understanding cotton genome major problem is the 

huge genome size and occurrence of polyploidy in cotton. Polyploid genomes are more 

difficult to analyze for SNPs than diploids. The ratio of SNP alleles varies in polyploid 

genomes (Adams et al., 2003).  

In this study we have conducted an experiment to analyze frequency of SNPs in G. 

arboreum and its comparison with other diploid genomes of cotton G. hirsutum and A. 

thaliana as well.   

 

Material and Methods  

 

Isolation of total genomic DNA: Total genomic DNA was isolated from two local cotton 

varieties of G. arboreum (A2) (var. Ravi and Entry-17) and diploid cotton species G. 

herbaceum africanum (A1), G. sturtianum (C), G. aridum (D4), G. gossypoides (D6), G. laxum 

(D9), G. stocksii (E1) and G. hirsutum (AD) (Table 1) by a method used by Iqbal et al., (1997).  

 

Primer designing and PCR amplification: Gene sequences were used to search 

homology in NCBI using Blast N tool to find the conserved regions. Primers were 

designed using primer 3 software on the basis of regions spanning the conserved regions. 

Polymerase chain reaction (PCR) was performed in a total volume of 20µl, using 2.5µl 

(15ng/µl) of cotton DNA, 10 x PCR buffer without MgCl2 (10mM Tris-HCl, 50mM KCl, 

PH 8.3), 3mM MgCl2, 0.1mM each of dATP, dGTP, dCTP and dTTP and 0.5 units of 

Taq DNA polymerase, 0.15 mM of each primer. Taq DNA polymerase together with 10 x 

PCR buffer, MgCl2 and dNTPs were from MBI Fermentas. Polymerase chain reaction 

consisted of denaturation at 94°C for 1 min., 35 cycles of 94°C for 30 sec., 50°C for 30 

sec., 72°C extension for 1 min., and final extension at 72°C for 10 min. PCR products 

were resolved on 2% agarose gel. 

 

Sequencing of PCR product:  Sequencing of PCR products was done on ABI automated 

DNA sequencer from Macrogen. Sequences were edited manually. Sequence of A. 

thaliana was retrieved from Genbank. 
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Single nucleotide polymorphism detection: DNA sequences obtained were aligned to 

detect nucleotide polymorphism using Megalign DNA star. Phylogenetic analysis was 

done with Megalign after alignment with ClutalW.   

 

Results 

 

Types and distribution of SNPs: Conserved region of MT-sHSP gene spanned from 

nucleotide position 138 to 440 in G. arboreum. On alignment of sequences obtained from 

G. arboreum, G. herbaceum africanum, G. sturtianum, G. aridum, G. gossypoides, G. 

laxum, G. stocksii and G. hirsutum along with sequence obtained from GeneBank for 

Arabidopsis thaliana SNPs were detected at 21 positions while Indels at 10 positions. 

Base substitutions include T/C, T/G, A/G, T/A, C/A, C/G and T/C/G. Nucleotide 

variations with A. thaliana were at 101 positions. Maximum number of base substitutions 

was T/C which are transitions (Fig. 1). 

 

Phylogenetic analysis of diploid genomes: Phylogenetic relations portrayed by the 

SNPs study resulted into two clusters. One cluster included A genome species G. 

arboreum (A2), G. herbaceum (A1) and C genome species G. sturtianum (C1). Both 

varieties of G. arboreum were closely related with each other. While second cluster 

included D genome species G. aridum (D4), G. gossypoides (D6), G. laxum (D9), G. 

stocksii (E1) and AD genome species G. hirsutum (AD). A. thaliana was at 20% distance 

from other genomes  (Fig. 2). 

 

Frequency of SNPs and Indels:  In a genomic region of 300 bases, 21 SNPs were 

detected which indicate occurrence of 1SNP per 14 b and 10 indels were found which 

indicate occurrence of one indel per 30 bases.  

 

Discussion 
 

In this study we observed 21 SNPs and 10 indels in 300 bases amplified from 
conserved regions of MT-sHSP gene among diploid genomes of cotton including G. 
arboreum (A2), G. herbaceum (A1), G. sturtianum (C), G. aridum (D4), G. gossypoides 
(D6), G. laxum (D9), G. stocksii (E1) and tetraploid species G. hirsutum (AD). Results 
depict frequency of occurrence of one SNPs per 14b and one Indel per 30b. Maximum 
type of variations are transitions (T/C), it is comparable with the previous results with 
data published for human genome and sugar beet where transitions were more frequent 
than transversions. (Schneider et al., 2001). The frequency of SNPs and Indels observed 
in this study is higher as compared to intraspecific frequency of occurrence of SNPs as in 
cotton 1 SNP/500b (Lu et al., 2005), 1 SNP/3.3 kb and 1 Indel /6.6 kb in Arabidopsis 
(Jander et al., 2002), 1 SNP/130 bp in sugar beet (Schneider et al., 2001), 1 SNP/60.8 bp 
alongwith 1 Indel/126 bp in maize (Ching et al., 2002) and 1 SNP/170 bp in rice (Yu et 
al., 2002). A high degree of interspecific occurrence of SNPs has been observed in earlier 
reports as compared to intraspecific variations in genomes (Shaheen et al., 2006; Ahmad 
et al., 2007). 

High frequency of occurrence of SNPs makes them potent markers to develop a 
dense genetic map of cotton. Molecular markers being used in cotton like RAPD, SSRs, 
AFLP, and SCARs have their own limitations (Ayeh et al., 2008). Molecular markers 
reveal a low degree of polymorphisms intraspecifically (Zhang et al., 2008). 
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- - - - - - - - - - - - - - - T T T A - - C C T T C A C T A A C A A - T - - A A A C T T G - T A C A Majority

10 20 30

- - - - - - - - - - - T C C A T T T A - - C C T T C A C T A A C A A - T - - A A A C T T G - T A C A  7 A2 (G. arboreum) Ravi

C C T T A T T C A C A . . . . . . . . - - . . . . . . . . . . . . . - . - - . . . . . . . - . . . .  138 A2 (G. arboreum) E-17

- - - - - - - - - - - - . N . . . . . - - . . . . . . . . . . . . . - . - - . . . . . . . - . . . .  2 A1(G. herbaceum a)

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . . - . - - . . . N . . . - . . . .  4 C1 (G. sturtianum)

- - - - - - - - - - - - - - - - - - - - - - . C . T . . . . . . . . - . - - . . . . . . . - . . . .  2 D4 (G. aridum)

- - - - - - - - - - - - - - - - - - - - - - - - . T . . . . . . . . - . - - . . . . . . . - . . . .  2 D6 (G. gossypoides)

- - - - - - - - - - - - - - - - - - - - - . . . . . . . . . . . . . - . - - . . . . . . . G . . . .  1 D9 (G. laxum)

- - - - - - - - - - - - - - - . . . . - - . . . . . . . G . . . . . G . - - . . . . . . A - C . . .  11 E1 (G. stocksii)

C C T C A T T C A C A . . . . . . . . - - . . . . . . . . . . . . . - C - - . . . . . . . - . . . .  149 AD (G. hirsutum)

A T T C A C T C A C T . A . T . C C . T T . . A . . T . A . . . . . T C C A . . . T A A A A C . . T  149 Arabidopsis

C T A C T C A A C G G T - G A C T T G A - T A C A C A T C C T T C C - - T C T C C T C C - T C C T T Majority

40 50 60 70 80

C T A C T C A A C G G T - G A C T T G A - T A C A C A T C C T T C C - - T C T C C T C C - T C C T T  40 A2 (G. arboreum) Ravi

. . . . . . . . . . . . - . . . . . . . - . . . . . . . . . . . . . - - . . . . . . . . - . . . . .  182 A2 (G. arboreum) E-17

. . . . . . . . . . . . - . . . . . . . - . . . . . . . . . . . . . - - . . . . . . . . - . . . . .  34 A1(G. herbaceum a)

. . . . . . N . . . . A - . . . . . . . - . . . . . . . . . . . . . - - . . . . . . . . A . N . . .  18 C1 (G. sturtianum)

. . . . . . . . . . . . - . . . . . . . - . . . . . . . . . . . . . - - . . . . A . . . - . . . . .  26 D4 (G. aridum)

. . . . . . . . . . . . - . . . . . . . - . . . . . . . . . . . . . - - . . . . A . . . - . . . . .  24 D6 (G. gossypoides)

. . . . . . . . . . . . - . . . . . . . - . . . . . . . . . . . . . - - . . . . A . . . - . . . . .  27 D9 (G. laxum)

. . . . . . . . . . . N T . . . . . . . A . . . . . . . . . . . T . C T . . . . . . . . N . . . . .  41 E1 (G. stocksii)

. . . . . . . . . . . . - . . . . . . . - . . . . . . . . . . . . . - - . . . . A . . . - . . . . .  193 AD (G. hirsutum)

. . . G . . . . . . T . T - . T G . . . - C G A . T . . T G . . A . G - - . . . A . . . - - T . . .  199 Arabidopsis

- C A C T T T - A G G C A C A A C C A C - T T T C A A C A C C C C A T T T T T C A T C T C A G C C T Majority

90 100 110 120 130

- C A C T T T - A G G C A C A A C C A C - T T T C A A C A C T C C A T T T T T C A T C T C A G C C T  85 A2 (G. arboreum) Ravi

- . . . . . . - . . . . . . . . . . . . - . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  227 A2 (G. arboreum) E-17

- . . . . . . - . . . . . . . . . . . . C . . . . . . . . . C . . . . . . . . . . . . . . . . . . .  79 A1(G. herbaceum a)

- . . . . . . - . . . . . G . . . . . . - . . . . . . . . . G . . . . . . . . . . . . . . . . . . .  64 C1 (G. sturtianum)

- . . . . . . - . . . N . . . . . . . . N . . . . . . . . . C . . . . . . . . . . . . . . . . . . .  71 D4 (G. aridum)

- . . . . . . - . . . . . . . . . . . . - . . . . . . . . . C . . . . . . . . . . . . . . . . . . .  69 D6 (G. gossypoides)

- . . . . . . - . . . . . . . . . . . . - . . . . . . . . . C . . . . . . . . . . . . . . . . . . .  72 D9 (G. laxum)

T . . . N . . T . . . . . . . . . . . . N . . . . . . . . . C . . . . . . . . . . . . . . . . . . .  91 E1 (G. stocksii)

- . . . . . . - . . . . . . . . . . . . - . . . . . . . . . C . . . . . . . . . . . . . . . . . . .  238 AD (G. hirsutum)

T A . T C . . T G . A - . T C . . . . . - . . . . . . . . . A . . . . . C . . . . . T . . C . . . .  243 Arabidopsis

T T A T C T C A T C C A C C T T A T A C A T G G T G G G G G G - T A G G T C A A G C C T G C T C G A Majority

140 150 160 170 180

T T A T C T C A T C C A C C T T A T A C A T G G T G G G G G G - T A G G T C A A G C C T G C T C G A  132 A2 (G. arboreum) Ravi

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . G . . . . . . . . . . . . . . . . . .  274 A2 (G. arboreum) E-17

. . . . . . . . . . . . . . . . . C . . . . . . . . . . . . . - . . . . . . . . . . . . . . . . . .  127 A1(G. herbaceum a)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - . . . . . . . . . . . . . . . . . .  111 C1 (G. sturtianum)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - . . . . . . . . . . . . . . . . . .  119 D4 (G. aridum)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - . . . . . . . . . . . . . . . . . .  116 D6 (G. gossypoides)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - . . . . . . . . . . . . . . . . . .  119 D9 (G. laxum)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - . . . . . . . . . . . . . . . . . .  141 E1 (G. stocksii)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - . . . . . . . . . . . . . . . . . .  285 AD (G. hirsutum)

. A . . . . . . . . A G T . . . G . . T . C T T . C T C C . . - . . A C . . . . T . . . A . . . . T  291 Arabidopsis

G T A C C G T C T C C C T C C C C C C T C T T C T T C T T C T T C T T C - - - A T C C T C C C A A T Majority

190 200 210 220

G T A C C G T A T C C T T C C C C C C T C T T C T T C T T C T T C T T C - - - G T C C T C C C A A T  181 A2 (G. arboreum) Ravi

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - - - . . . . . . . . . . .  324 A2 (G. arboreum) E-17

. . . . . . . . . . . C . . . . . . . . . . . . . . . . . . . . . . . . - - - . . N . . . . . . . .  176 A1(G. herbaceum a)

. . . N N . . . . . . C . . . . . . . . N . . . . . . N . . . . . . . N G A C A - - - . . . . . . .  160 C1 (G. sturtianum)

. . . . . . . C . . . C . . . . . . . . . . . . . . . . . . . . . . . . T T C A C . . . . . . . . .  168 D4 (G. aridum)

. . . . . . . C . . . C . . . . . . . . . . . . . . . . . . . . . . . . - - - A . . N . . . N . . .  165 D6 (G. gossypoides)

. . . . . . . C . . . C . . . . . . . . . . . . . . . . . . . . . . . . - - - A C . . . . . . . . .  168 D9 (G. laxum)

. . . . . . . C . . . C . . . . . . . . . . . . . . . . . . . . . . . - - - C A . . . . . . . . . .  190 E1 (G. stocksii)

. . . . . . . C . . . C . . . . . . . . . . . . . . . . . . . . . - - - - - - A C . . . . . . . . .  334 AD (G. hirsutum)

A A . . . - - - . . . G . . . A T . T C . A G A A A . A . . . . . . - - - - - - C . . . . . - - - .  340 Arabidopsis

C T T T A C C C C C T T C T C C T C G G A T G A T G A G T G T G T T C T G T T C C A C - - - - - - - Majority

230 240 250 260

C T T T A C C C C C T T C T C C T C G G A T A A T G A G T G T G T T N - - - - - - - - - - - - - - -  228 A2 (G. arboreum) Ravi

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C T G T T C C A C C G A G A T C  371 A2 (G. arboreum) E-17

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C T G T T C C A N - - - - - - -  223 A1(G. herbaceum a)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C T G T T C C A N - - - - - - -  207 C1 (G. sturtianum)

. . . . . . . . . . . . . . . . . . . . . . G . . . . . . . . . . . C T G T T C N A N - - - - - - -  218 D4 (G. aridum)

N A . . . N T A . . . . . . T . . .                                  212 D6 (G. gossypoides)

. . . . . . . . . . . . . . . . . . . . . . G . . . . . . . . . . . C T G T T C C A C - - - - - - -  215 D9 (G. laxum)

. . . . . . . . . . . . . . . . . . . . . . G . . . . . . . . . . . C T G T T C - - - - - - - - - -  237 E1 (G. stocksii)

. . . . . . . . . . . . . . . . . . . . . . G . . . . . . . . . . . C T G T T C C A C C G A G A T C  378 AD (G. hirsutum)

. . G . T T . . . . . . . . . . . . T A . . C . C C . A . . . . . . C T G T T C C A A A G C C A A T  378 Arabidopsis  
 

Fig. 1. Alignment of cotton genomes and A. thaliana to detect SNPs and Indels.  

Similar nucleotides are presented as dotted lines and nucleotides which differ are shown. 
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Fig. 2. Phylogenetic assessment of cotton genomes and Arabidopsis thaliana. 

 
Results portrayed with phylogenetic assessment are comparable with the results 

obtained with other DNA markers (Guo et al., 2006; Wu et al., 2007). Both varieties of 
G. arboreum are very closely related and G. herbaceum is also clustered with them, C 
genome species is also in close proximity. Clustering of A genome species into one 
cluster and D genome species into separate cluster is comparable with previous studies 
(Wu et al., 2007). Parental lineages of AD genome belong to A and D genomes (Guo et 
al., 2005), however AD genome species has shown more affiliation with D genome 
species in phylogenetic analysis. Grouping of C genome species with A genome reflect 
its more genetic affiliation with A genome as compared to D genome. A high degree of 
similarity (80%) between Arabidopsis and cotton strengthen the concept of same ancestry 
of Arabidopsis and cotton which has been proposed in earlier studies (Rong et al., 2005).  

In conclusion SNPs markers are more frequent in nature and comparable with other 
potent markers. They can be very helpful in making dense genetic maps and 
understanding evolutionary mechanisms.  
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