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ABSTRACT
Single nucleotide polymorphisms (SNPs) represent the most frequent type of genetic polymorphism and thus
provide a high density of markers near the locus of interest. However, the mining of SNPs and significance of
SNPs in organellar genomes has not been completely understood. In the present work, mitochondrial genomes
were investigated for the distribution and pattern of SNPs. In recent past, the availability of organelle genome
sequences has allowed us to understand the organization of SNPs in their genic and intergenic region. Most of the
SNPs in mitochondrial genes are neutral with respect to protein structure therefore can be used to study
divergence in closely related species. In this study, the SNPs were identified and categorized in six mitochondrial
genes of five species of class Chlorophyceae of green algae and many of their properties such as DNA
polymorphism, codon usage bias, conserved DNA regions, indels etc. were measured. The data revealed that
nad2 gene exhibited highest degree of polymorphism and significantly the indels were also observed in great
amount in same. This work constitutes the first report of an exhaustive comparison of mitochondrial SNPs in
algal species and has revealed important information thereon.
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INTRODUCTION
Nuclear and mitochondrial DNA is thought to be of
separate evolutionary origin;the latter DNA being
derived from circular genomes of bacteria that were
engulfed by early ancestors of today's eukaryotic cells.
In most multicellular organisms, mitochondria are
normally inherited from mother [1]. Biologist can
determine and then compare mitochondrial DNA
sequences among different species and use the
comparison to build an evolutionary tree for the
species examined [2].
A single nucleotide polymorphism (SNP) is a DNA
sequence variation occurring when a single nucleotide
A,T,G,or C in the genome differs between members of a
biological species [3]. Almost all common SNPs have
only two alleles [4]. The genomic distribution of SNPs is
not homogenous. SNPs are found throughout the
genome, e.g. in exons, introns, intergenic regions, in
http://bioinfo.aizeonpublishers.net/content/2013/5/bioinfo234-238.pdf

promoters or enhancers [5]. SNPs usually occur in noncoding regions more frequently than in coding regions
or in general where natural selection is acting[6]. A SNP
in coding region may directly impact a relevant protein,
an intronic SNP can influence splicing [7], and a SNP in
a promoter can influence gene expression [8]. The
degree to which each kind of SNP influences phenotypic
expression is likely to receive a great deal of attention
as more and more SNPs are identified and studied. The
application area of SNPs is broad.Primarily they act as
genetic markers and are used for gene identification
and genetic mapping [9]. Besides this major
application, SNPs are also utilized in species/strain
identification and in diagnosis or risk profiling [5, 10].
In past, we have extensively worked on data mining of
organelle genomes and have particularly studied the
distribution and pattern of simple sequence repeats
(SSRs) in the chloroplast and mitochondrial genomes
[11-13].
234

Himani Kuntal and Vinay Sharma / Int J Comput Bioinfo In Silico Model. 2013, 2(5): 234-238

In present study, mitochondrial genes of organisms
belonging to Chlorophyta (a group of green algae) were
analyzed for SNP identification and characterization of
their frequency and distribution patterns among the
genes.

MATERIALS AND METHODS
Data source
The coding regions of mitochondrial genomes of the
five species of phylum Chlorophyta were retrieved
from the GenBank (http://www.ncbi.nlm.nih.gov
/GenBank) database of NCBI. The species used in the
analysis and their accession numbers are listed below
(Table 1).
Table 1. Chlorophyta species used in single nucleotide
polymorphism analysis
Name of species
Chlamydomonas reinhardtii
Chlamydomonas eugametos
Dunaliella salina
Polytomella capuana
Scenedesmus obliquus

Accession no.
NC_001638.1
NC_001872.1
NC_012930.1
NC_010357.1
NC_002254.1

References
[14]
[15]
[16]
[17]
[18]

Methods
Gene profile was created for the selected species of
Chlorophyta. Six genes namely nad1, nad2, nad4, nad6,
cob and cox1, were found common in all selected
species.Multiple sequence alignment was performed for
individual gene sequence dataset using ClustalW
[19].Results were analyzed using DnaSP v5 [20]
software for identification of SNPs, DNA polymorphism,
polymorphic sites, conserved DNA regions, indel
polymorphism and codon usage patterns.

RESULTS AND DISCUSSION
Polymorphic sites
The common gene sequences were analyzed for
polymorphic sites, the number of monomorphic sites,
the number of polymorphic sites segregating for two,
three, or four nucleotides, the total number of
parsimony-informative sites (sites that have a
minimum of two nucleotides that are present at least
twice), and non-informative sites (singleton sites)
(Table 2).

Table 2. Polymorphic sites detected by DnaSP in the six genes
Genes
Number of sites
Monomorphic sites
Singleton variable sites
Parsimony informative sites
Singleton variable sites (two variants)
Singleton variable sites (three variants)
Singleton variable sites (four variants)
Parsimony informative sites (two variants)
Parsimony informative sites (three variants)

nad1
973
244
310
217
191
93
26
122
95

nad2
1683
187
506
328
238
208
60
164
164

The data represented maximum monomorphic sites in
cox1 gene sequence and minimum in nad4 gene but
also maximum singleton sites in cox1 gene and
minimum in nad4 genes. The same proportional data is
available for parsimony informative site. This result
was also biased due to length of sequence.
The data showed the cox and cob genes as most
conserved having the maximum number of conserved
sites although the singleton variable sites are higher
than parsimony informative site in each case
representing higher mutational frequency.
DNA Polymorphism
DNA polymorphism analysis for all six genes showed
uniformity for the highest and the lowest values. A total
of 1326 sites were analyzed in nad2 gene that showed
the highest values for nucleotide diversity (pi, the
average number of nucleotide differences per site
between two sequences and its sampling variance) and
theta (θ) (Waterson estimator; estimating population
mutation rate) from total number of mutations (η) and
theta (θ) (from number of polymorphic sites, S), that
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nad4
1545
58
151
54
85
52
14
39
55

nad6
666
108
187
126
58
63
26
68
58

cob
1209
378
416
301
235
129
52
170
131

cox1
1609
607
535
361
310
166
59
205
156

are 0.513, 0.623, 0.392 respectively. The highest values
for variance of theta (in no recombination condition,
0.038) and standard deviation of theta (in no
recombination condition, 0.195) belonged to nad2. As
an exception however, the highest values for the
number of polymorphic sites, the total number of
mutations that were 896 and 1336 found in cox1 and
nad4 showed 0.00061 and 0.024 values for the
variance of theta (free recombination) and standard
deviation (free recombination) respectively; these
being the highest values. The total number of sites
analyzed in nad4 and cox1 were 1545 and 1609
respectively. The lowest values for nucleotide diversity
(π), theta (θ) from eta (η), theta from polymorphic
sites, variance of theta (in no recombination condition),
variance of theta (θ) (in free recombination condition),
standard deviation of theta (θ) in both conditions (no
recombination and free recombination) were 0.360,
0.426, 0.286, 0.020, 0.00009, 0.412, 0.009 found in cox1
gene. The nad4 gene showed exceptionally lowest
number of polymorphic sites (245) and total number of
mutations (1336) (Table 3).
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Table 3. DNApolymorphism and their variances
Genes
Selected region
Number of sites
Total number of sites
Number of polymorphic sites
Total number of mutations
Nucleotide diversity
Theta (per site) from Eta
Theta (per site) from S
Variance of theta
(no recombination)
Standard deviation of theta
(no recombination)
Variance of theta
(free recombination)
Standard deviation of theta
(free recombination)

nad1

nad2

nad4

nad6

cob

cox1

1-973
973
771
527
767
0.40739
0.47751
0.32809

1-1683
1683
1021
834
1326
0.51361
0.62339
0.39209

1-1545
1545
303
245
380
0.49637
0.60198
0.38812

1-666
666
421
313
486
0.46057
0.55411
0.35686

1-1209
1209
1095
717
1081
0.39991
0.47386
0.3143

1-1609
1609
1503
896
1336
0.36001
0.42667
0.28615

0.02674

0.0381

0.03766

0.03176

0.0245

0.02029

0.16353

0.19521

0.19408

0.17822

0.15653

0.14245

0.0002

0.00018

0.00061

0.00041

0.000138

0.00009

0.01429

0.01358

0.0248

0.02017

0.01174

0.00956

Insertion-deletion (indel) Polymorphism
In evolutionary studies, indel simply refers to the
mutation class that includes both insertions, deletions,
and the combination of both. The highest number of
indel sites was detected in nad2 and the lowest number
in nad4. Equal numbers of indel events were analyzed
for gene nad1 and cox1. Indel haplotypes were found to
be common for all genes (5) except nad4 (2). The same
trend applied in case of haplotype diversity. InDel
Diversity per site, Pi (i) which is the analogue of Pi,and
the nucleotide diversity were computed as k(i)/m,

where m is the net number of positions analyzed. It was
found to be maximum for nad2 and the minimum value
was shown for cox1. Theta was calculated from the
indel events and was found to be highest for nad2
(18.72). A statistical test, Tajima’s D was performed.
The purpose of the test was to distinguish between a
DNA sequence evolving randomly and one evolving as a
non-random process. The highest value of Tajima’s D
was calculated for cox1 (-0.20) and nad4 showed the
lowest value (-1.16) (Table 4).

Table 4. InDel (Insertion-Deletion) Polymorphism
Genes
Number of sites
Total number of sites
Total number of InDel sites analysed
Total number of InDel sites
Total number of InDels events analysed
Total number of InDels events
Number of InDel Haplotypes
InDel Haplotype Diversity
InDel Diversity
InDel Diversity per site, Pi(π)
Theta (per sequence) from I
Tajima's D value

nad1
973
771
73
202
13
23
5
1
5.6
0.007
6.24
-0.74

nad2
1683
1021
88
662
39
111
5
1
17.4
0.015
18.72
-0.53

Codon Usage Bias
There are two codon bias measures- ENC (Effective
Number of Codons) and CBI (Codon Bias Index). ENC
quantifies the "effective" number of codons that are
used in a gene. For the nuclear universal genetic code,
the value of ENC ranges from 20 (only one codon is
used for each amino acid; i.e., the codon bias is
maximum) to 61 (all synonymous codons for each
amino acid are equally used; i.e., no codon bias). Among
all the six genes, the maximum value of ENC was shown
by nad1 (51.62) indicating the synonymous use of
amino acids and minimum value was shown by nad6
gene (35.504) (Fig. 1).
The second measure, i.e. CBI indicates the deviation
from the equal use of synonymous codons. CBI values
range from 0 (uniform use of synonymous codons) to 1
http://bioinfo.aizeonpublishers.net/content/2013/5/bioinfo234-238.pdf

nad4
1545
303
11
1242
7
45
2
0.4
2.8
0.009
3.36
-1.16

nad6
666
421
28
245
8
37
5
1
3.6
0.008
3.84
-0.44

cox1
1609
1503
45
106
12
23
5
1
5.6
0.0036
5.67
-0.2

Cob
1209
1095
46
114
17
27
5
1
7.6
0.0066
8.16
-0.5

(maximum codon bias). Here the maximum CBI value
was shown by nad6 gene (0.64) while the minimum
value was detected in cob gene (0.385) and nad4
(0.386) (Fig. 2).

Figure 1. Effective number of codon values of genes
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Figure 2. Codon bias indexes of genes

The highest G+C contents in coding region (G+Cc) were
detected in cox1 gene (0.429) while the lowest value
was reported in nad6 gene (0.378). The same condition
was seen in case of G+C contents in 2nd coding position
(G+C2). Here also cox1 possessed maximum G+C2
content and nad4 contained the minimum. G+C
contents in 3rd coding position were detected highest
for nad1 gene (0.403) and the lowest value was
observed for nad2 (0.323) (Fig. 3).

Figure 3. G+C contents of the genes

Conserved DNA regions
It represents the value of conservation along the whole
sequence as well as in different regions of the
individual sequence. It divides the sequences into
different overlapping regions and calculates the

conservation depending on the decided conservation
threshold. The number of regions in which the
sequences are divided depends on the length of the
sequences. 917 polymorphic sites were found with
0.402 sequence conservation in cox1 gene that
contained 1534 analyzed sites. Here the number of
sites analyzed and the value of sequence conservation
were highest for cox1 gene. The number of
polymorphic sites in nad4 gene was 972 that showed a
very little difference from cox1 gene despite low values
for sequence conservation and conservation threshold
that was 0.271 and 0.37 respectively. The lowest
numbers of sites analyzed and number of polymorphic
sites were 489 and 366 respectively in nad6 gene.
Despite of moderate number of analysed sites, the nad4
gene showed the lowest values for sequence
conservation and conservation threshold that were
0.183 and 0.28 respectively (Table 5).
The characteristics of SNPs in mitochondrial genomes
of rice, date palm, castor beans and other species have
also been investigated [21-24]. SNPs have also been
characterized in fungal genomes Neurospora crassa in
nad3, nad4L and nad5 genes, where they were detected
in intronic portion only [25]. At the same time
chloroplast SNPs have also been projected in barcoding approaches [26-27]; but all previous works
considered data from same genus.
Our study has revealed that NAD subunits are more
polymorphic than other core genes of Chlorophyte
group with the indels present in great amount in nad2
gene. To the best of our knowledge, ours is the first
report where an exhaustive and comprehensive
analysis of SNPs in mitochondrial genomes of algal
species has been carried out and has revealed
important information thereon.

Table 5: Sequence conservation and conservation threshold
Genes

nad1

nad2

nad4

nad6

Cob

cox1

Number of sites analysed
Number of polymorphic sites
Sequence conservation
Conservation threshold

895
602
0.327
0.42

1330
1086
0.813
0.28

1334
972
0.271
0.37

489
366
0.252
0.35

1157
764
0.340
0.43

1534
917
0.402
0.5

CONCLUSION
SNPs are abundant across prokaryotic and eukaryotic
genomes and play an important role in genome
evolution. We identified six common mitochondrial
genes in five green algal species and investigated their
properties. In Chlorophyta members, the nad2 gene
showed the highest number of polymorphic sites, while
the least were shown by nad6. DNA polymorphism data
revealed that the nad2 exhibits maximum values for pi
(π), eta (η), theta (θ),variance of theta and standard
deviation of theta which clearly accounts for uniformity
i.e. the one which shows maximum values for one
property shows it mostly for all the other properties
too and vice versa. The highest number of indel sites
was detected in nad2 and the least in nad4. The
statistical test Tajima’s D gave negative values for all
http://bioinfo.aizeonpublishers.net/content/2013/5/bioinfo234-238.pdf

genes which indicated that low frequency
polymorphism was more than the expected value.
Tajima’s D value was found to be least for nad4 and
highest for cox1 gene. Maximum value for sequence
conservation was again for nad2 while the least for
nad6. Conservation threshold was highest for cox1
while least for nad2. The nad1 gene showed the highest
value of ENC indicating the synonymous use of amino
acids in codon usage. The maximum codon bias was
detected in the nad6 gene. The overall analysis
represented that NAD subunits are more polymorphic
than other core genes of Chlorophyte group.
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