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Abstract 

 
Single nucleotide polymorphism analysis is an expedient way to study polymorphisms at genomic level. In the present 

study we have explored Ubiquitin extension protein gene of G. arboreum (A2) and G. herbaceum (A1) of cotton which is a 
multiple copy gene. We have found SNPs at 16 positions in 200 bp region within A genome of cotton indicating frequency 
of SNPs 1/13 bp. Both sequences from cotton have shown maximum similarity with UBQ5 and UBQ6 of Arabidopsis 
thaliana. Sequence obtained from G. arboreum has shown SNPs at 28 positions in comparison with each UBQ5 and UBQ6 
of Arabidopsis thaliana while sequence obtained from G. herbaceum has shown SNPs at 31 positions in comparison with 
each UBQ5 and UBQ6 of Arabidopsis thaliana. In conclusion although during pace of evolution ubiquitin extension protein 
genes of both A genome species have got some mutations from nature but still most of their sequence is similar. Single 
nucleotide polymorphism study can prove a vital tool to identify gene type in case of Multicopy genes.  

 
Introduction 
 

SNPs are the most abundant molecular markers in 
plants and animals (Gupta et al., 2001; Bansal et al., 
2010; Gomez-Uchida et al., 2011), and have been used in 
the genetic studies of a wide range of organisms (Qi et al., 
2008). SNPs are a rich source of variations that can be 
used to saturate genetic maps (Ayeh, 2008). SNPs have 
also potential to be used for association mapping of 
interesting traits (Botstein & Risch, 2003; Kolkman et al., 
2007; Aly et al., 2008). They are advantageous over other 
markers due to frequent occurrence, codominant nature 
and ease of automation (Ayeh, 2008).  

In plants, SNPs have been detected through high-
throughput analysis in Arabidopsis (Cho et al., 1999) 
and the same technique was used to find cis-acting 
elements in Arabidopsis (Narusaka et al., 1999 & 2003; 
Kidokoro et al., 2009). In Arabidopsis genome 
sequencing 25,274 SNPs and 14,041 Indels (small 
insertions/deletions) were found (Cho et al., 1999) 
which was very promising for detection of SNPs in 
plants. Although because of the expense of high-
throughput technology for SNP discovery and detection, 
they have not been widely used in plant species.  

Mining for SNPs in cotton is just in infancy (Shaheen 
et al., 2006; Ahmad et al., 2007). Genetic improvement of 
cotton will be enhanced by the availability of rapidly 
developing genetic resources and tools, including a high-
density genetic map (Rahman et al., 2005; Rong et al., 
2004; Lacape et al., 2005; Rahman et al., 2012). Cotton 
like other polyploid crops has the problem of huge 
genome size (Udall et al., 2006). As a remedy mining 
SNPs in diploid genomes first seems to be more feasible 
due to low level of complexity in diploid genomes (Wang 
et al., 2005). Coding regions which are conserved among 
many organisms are least prone to mutations and hence 
other marker systems can not be effective to explore these 
regions (Semagn et al., 2006).  

Various markers are explored to help in markers 
assisted selection (Rabbani et al., 2010; Turi et al., 
2012; Sarwar et al., 2013); however, gene-mediated 
breeding instead of marker-assisted selection can prove 
a new system of breeding if SNP markers are combined 
with QTL data for phenotypic character (Lange & 
Whittacker, 2001; Masood et al., 2005).  

In this study we have used SNPs for identification 
of gene type in multiple copy genes Ubiquitin extension 
protein gene. Ubiquitin is a highly conserved, 76-aa’ 
protein that appears to be present in all eukaryotes. 
Several biological roles for Ubiquitin have been 
proposed; the best characterized is as a covalently bound 
recognition signal for proteolysis (Callis et al., 1990). 

Biological function of the extension proteins has been 
partially elucidated with the observation that in yeast both 
extension proteins co-sediment with ribosomes (monosome 
and polysome fractions), indicating that they are 
constituents of mature active ribosomes (Callis et al., 
1990). Ubiquitin extension protein genes are multiple copy 
genes in Arabidopsis (Callis et al., 1995).  

The two Arabidopsis genes encoding ubiquitin 81-aa 
extension proteins (UBQ5 and UBQ6) have 90% 
nucleotide identity between them for both the ubiquitin 
and extension protein coding regions. The two 81-aa 
extension proteins are not identical they have 4-aa 
substitutions between them, of which 2 (at positions 32 
and 80) are conservative substitutions. Unlike the 52-aa 
extension protein genes, the coding regions of UBQ5 and 
UBQ6 are not interrupted by introns. Arabidopsis 
extension proteins are highly conserved and we have used 
sequences of Arabidopsis extension proteins to identify 
the ubiquitin extension protein genes of cotton. 
 
Materials and Methods 
 
Plant material: Experimental material consisted of G. 
herbaceum. ESTs of G. arboreum (accession 8401) were 
obtained from cotton ESTdb.  
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Isolation of total genomic DNA: DNA was extracted 
from G. herbaceum plants according to the method used 
by Iqbal et al., (1997). After RNase treatment the DNA 
concentration was measured by flouremeter DyNA 
QuantTM 200. Running 25 ng DNA on 0.8% agarose gel 
checked the quality of DNA. The DNA samples, which 
were not showing a discrete band, were rejected. The total 
genomic DNA was diluted in double distilled water to a 
concentration of 15 ng/ul for PCR analysis. 
 
Primer designining: Gene specific primers were 
designed based on ESTs showing homology with genes 
encoding for Ubiquitin extension protein gene of G. 

arboreum (accession 8401). Primers were designed using 
primer 3 software (Table 1). 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 35 cycles of 94°C 
for 1 min, 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. 

 
Table 1. EST used for primer designing, its homology and primer sequence. 

EST Best blast homology Primer sequence 

CON_002_01293 Ubiquitin extension protein 5´CGTCAAGATGCAGATCTTCG3´ 
5´CTTCTTCCTCTTCTTGGCAC3´ 

 
Sequencing of PCR product: Sequencing of PCR 
product was done on ABI automated DNA sequencer.  
Sequence was edited manually. Sequences of Ubiquitin 
extension protein genes UBQ5 and UBQ6 of Arabidopsis 
thaliana, was obtained from GenBank. Maximum 
similarity of cotton gene sequences was searched with 
BLAST search tool in NCBI.  
 
SNPs detection: DNASTAR (DNASTAR Inc., Madison, 
WI, USA) and Clustal v were used for sequence 
alignment (Fig. 1).  
 
Results and Discussions 
 
Distribution of SNPs: EST sequence of Ubiquitin 
extension protein gene of G. arboreum was used to design 
primers to amplify region from G. herbaceum. Ubiquitin 
extension protein gene sequence of G. arboreum and G. 
herbaceum was containing similarity with UBQ5 and 
UBQ6 genes of Arabidopsis thaliana (Fig. 1). On 
alignment of sequences obtained from G. arboreum and G. 
herbaceum along with UBQ5 and UBQ6 of Arabidopsis. 
SNPs between two cotton species were detected at 16 
positions including 14 substitutions and 2 Indels (Table 2). 
Nucleotide variations of G. arboreum (accession 8401) 
with Arabidopsis thaliana UBQ5 were at 28 positions and 
with UBQ6 were also at 28 positions (Fig. 1). Nucleotide 
variations of G. herbaceum with Arabidopsis thaliana 
UBQ5 were at 31 positions and with UBQ6 were also at 31 
positions. SNPs were detected at 18 positions between 
UBQ5 and UBQ6 of Arabidopsis thaliana (Table 3). 

Development of new SNPs by re-sequencing of PCR 
amplicons with or without pre-screening has been 
reported in previous studies (Rafalski, 2002; Ayeh, 2008; 
Hina et al., 2012; Safdar et al., 2012). In this study we 
observed 16 SNPs including 14 substitutions and 2 indels 
in 200 bp amplified Ubiquitin extension protein gene 
region in G. arboreum (accession 8401) and G. 
herbaceum (Table 2). Maximum type of variations are 
transitions (T/C and A/G) 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 
expected from previous intraspecific studies in cotton 
(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 limitations of low 
frequency (Ayeh et al., 2008).  

Ubiquitin genes are highly conserved in nature. In 
Arabidopsis two genes with 90% nucleotide identity in 
their exons encode ubiquitin and identical 52-amino acid 
(aa) extension proteins with 85 and 79% aa identity to 52-
aa extension proteins from humans and yeast, respectively. 
Two other genes with 90% nucleotide identity encode 
ubiquitin and 81-aa extension proteins that differ by 4 
amino acids from each other and are approximately 70% 
identical to the 76- and the 80-aa extension proteins from 
yeast and humans, respectively (Callis et al., 1995). 

Cotton and Arabidopsis are close relatives (Rong et 
al., 2005) and in this study we have used Arabidopsis 
genes to identify gene type in cotton. Gene sequences 
obtained from cotton shown maximum similarity with 
UBQ5 and UBQ6 of Arabidopsis thaliana. On alignment 
of sequences obtained from G. arboreum and G. 
herbaceum along with UBQ5 and UBQ6 of Arabidopsis. 
SNPs between two cotton species were detected at 16 
positions including 14 substitutions and 2 Indels (Table 
2). Nucleotide variations of G. arboreum (accession 
8401) with both protein sequences of Arabidopsis 
thaliana UBQ5 and UBQ6 were at 28 positions but at 
different sites (Fig. 1). Nucleotide variations of G. 
herbaceum with both protein sequences of Arabidopsis 
thaliana UBQ5 and UBQ6 were also at 31 positions but at 
different locations. SNPs were detected at 18 positions 
between UBQ5 and UBQ6 of Arabidopsis thaliana (Table 
3). Presence of SNPs between both species and their 
different number of SNPs (31 and 28) for Arabidopsis 
protein genes sequences show effect of evolutionary 
processes which have caused mutations but not at very 
high ratio, as reported Stupar et al., (2006) who studied 
structural diversity of patatin Multicopy gene family. 
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A G A C C A T A A C C C T T G A G G T T G A G T C T T C C G A C A C C A T C G A C A A T G T C A A G Majority

60 70 80 90 100

A A A C C A T A A C C C T T G A G G T C G A G T C T T C C G A C A C C A T C G A C A A T G T C A A A  51 A2 (G. arboreum) native
- - - - - - - - - - - - - . . . . . . T . . . . . . . . . . . T . T - . . . . . . . . . . . . . . .  6 A1 (G. herbaceum a) genome 
. G . . . . . . . . . . . . . . . . . T . . A . . A . . . . . . . . . . . . . . . . . . . . G . . G  35 UBQ5 Arabidopsis
. G . . G . . C . . T . . C . . . . . . . . . . . C . . T . . . . . . . . . . . . . . . . . . . . G  35 UBQ6 Arabidopsis

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

110 120 130 140 150

G C C A A G A T C C A A G A C A A G G A A G G C A T C C C T C C C G A T C A A C A A C G C C T T A T  101 A2 (G. arboreum) native
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . C . . . . . C . . . . C C . - . . . . . .  42 A1 (G. herbaceum a) genome 
. . G . . . . . . . . . . . . . . . . . . . . A . . . . . A . . G . . C . . G . . G . . A T . G . .  85 UBQ5 Arabidopsis
. . . . . . . . . . . . . . . . . . . . . . . A . . . . . A . . G . . C . . G . . G . . A T . G . .  85 UBQ6 Arabidopsis

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

160 170 180 190 200

C T T C G C C G G G A A G C A G C T T G A A G A C G G C C G C A C C T T A G C C G A C T A C A A T A  151 A2 (G. arboreum) native
. . . . C . . . . . . . . . . . . . C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C .  91 A1 (G. herbaceum a) genome 
T . . . . . . . . . . . A . . . . . . . . . . . . . . . . . T . . . C . C . . . . . . . . . . . C .  135 UBQ5 Arabidopsis
T . . . . . . . . A . . . . . . . . C . . . . . . . . A . . T . . . . . . . . . . . T . . . . . C .  135 UBQ6 Arabidopsis

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

210 220 230 240 250

T C C A G A A G G A A T C C A C T C T T C A C C T C G T C C T C C G C C T C C G C G G C G G T G C C  201 A2 (G. arboreum) native
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T . . . A . G . . T . . . . . .  141 A1 (G. herbaceum a) genome 
. . . . . . . . . . . . . G . . G . . . . . T . . . . . . . . . . . T . . . . . T . . T . . . . . T  185 UBQ5 Arabidopsis
. . . . . . . . . . . . . A . . G . . . . . . . . T . . . . . T . . T . . . . . T . . A . . . . . T  185 UBQ6 Arabidopsis

A A G A A G A G G A A G A A G A A G A C C T A C A C C A A G C C X A A G A A G A T C A A G C A C A A Majority

260 270 280 290 300

A A G A A G A G G A A G A A G A A G A C C T A C A C C A A G C C C A A G A A G A T C A A G C A C A A  251 A2 (G. arboreum) native
. . . . . . . . . . . . . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  191 A1 (G. herbaceum a) genome 
. . . . . . . . . . . . . . . . . . . . T . . . . . . . . . . . G . . . . . . . . . . . . . . . . .  235 UBQ5 Arabidopsis
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T . . . . . . . . . . . . . . . . .  235 UBQ6 Arabidopsis  

 
Fig. 1. Alignment of G. arboreum, G. herbaceum and UBQ5 and UBQ6 of Arabidopsis thaliana showing polymorphisms. 

 
Table 2. SNPs identified in cotton  
(G. arboreum and G. herbaceum). 

EST Amplicons 
size 

No. of SNPs/ 
Indels 

Type of 
mutation 

Ubiquitin 
extension 

protein gene 
 

200 16 T→C 
C→T 
C→T 

-C 
T→C 
T→C 
A→C 
A→C 

-G 
G→C 
T→C 
T→C 
C→T 
C→A 
C→G 
C→T 

 
Table 3. Number of SNPs identified in cotton sequences, 

UBQ5 and UBQ6 sequences of Arabidopsis and  
in cotton and Arabidopsis sequences. 

Comparison of sequences No. of SNPs
G. arboreum  and G.herbaceum  16 
G. arboreum  and UBQ5 of Arabidopsis 28 
G. herbaceum  and UBQ5 of Arabidopsis 31 
G. arboreum  and UBQ6 of Arabidopsis 28 
G. herbaceum  and UBQ6 of Arabidopsis 31 
UBQ5 of Arabidopsis and UBQ6 of Arabidopsis 18 

Both varieties separated from each other 1-4 MYA 
(Wendel, 1989). More numbers of SNPs were detected in 
G. herbaceum when aligned with A. thaliana as compared 
to G. arboreum which indicate that G. herbaceum was 
separated from A. thaliana before than G. arboreum. 

In conclusion SNPs are an effective tool for whole 
genome survey and are potent markers to survey 
conserved regions where other markers may not prove 
very effective. They can prove very effective in study of 
multiple copy genes.  
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