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We have analyzed the sequence divergence amongst the three species that is, gorilla, chimpanzee and 
human varying from Hominidae and Pongidae. Apart from the genomic phylogeny, we compared the 
protein and rRNA phylogenies to increase the importance of phylogenetic analysis. The proteins 
selected are from the mitochondrial origin as mtDNA which codes for mitochondrial proteins, mutate at 
a higher rate compared to nuclear DNA, so as to give a more useful, magnified view of the diversity 
present in a population, and its history. The phylogenetic analysis of the mitochondrial genome, rRNA 
and proteins are done using parsimony, BIONJ and PHYML methods which $resulted into variable 
results. The proteins that were able to infer the already stated phylogeny between these members were 
ATP synthase subunit 6 and 8, cytochrome b, cytochrome oxidase subunit 1 and 3 and NADH 
dehydrogenase subunit 2, 3 and 5. Although BIONJ and PHYML methods predicted similar results most 
often parsimony was found to be predicting contradictory phylogeny with respect to above two 
methods. To verify the results as obtained from various methods and to further analyze the 
evolutionary relationship between these members, we applied the method of calculating sequence 
divergence using bioinformatics tools. Taking into account that local point mutations generate a 
considerable genetic variation and this variation being very high in mitochondrial DNA, we analyzed the 
sequence divergence between these three species using 0, ±1 and ±2 error in identical cut sites by 
different restriction enzymes. No identical site between chimpanzee-human clade at different errors 
indicated gorilla to be common ancestor of these two members. At ±2 error, an identical sequence 
divergence was obtained between the chimpanzee-gorilla and human-gorilla clades but overall results 
suggest chimpanzee to be a closer relative of gorilla than human. 
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INTRODUCTION 
 
The endless number of study related to the evolutionary 
analysis of the three species varying from Hominidae to 
Pongidae confirms the importance which these 
organisms hold in evolutionary analysis. One of the 
species among these, the Homo sapiens has also been 
studied widely in evolutionary and phylogenetic terms. 
Traditionally chimps are classified with other great apes, 
gorillas and orangutans in the family Pongidae, separated 
from the human family Hominidae, but at the level of DNA 
humans  are  so  closely  related  to  chimps  that chimps  
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should not be part of the same taxonomic family, but also 
the same genus. Even the humans are also being called 
“the third chimpanzee” (Jeff, 2003). However, the close 
similarity in the nucleotides of two species does not mean 
that proteins coded by them are also the same. A recent 
study has proposed that 80% of the proteins between 
chimps and humans are different that leads to a 
considerable morphological difference between the two 
species (Galina et al., 2005). The molecular phylogeny 
using the complete sequences of mitochondrial DNAs for 
the evolution of prosimians is already being done 
(Atsushi et al., 2009). Moreover, taxonomic and 
phylogenetic analysis between great apes and humans 
has   identified   phylogentic  relationship  between  these 
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species as a never ending conflict (Galina et al., 2005). 
We have analyzed the phylogenetic relationship between 
the great apes, that is chimps and gorillas with humans 
using sequence divergence in their mitochondrial 
genome. 

The paper deals with the use of novel bioinformatics 
tool in analyzing the phylogeny and stating some new 
points in the evolutionary relationship of chimpanzee, 
gorilla and human. The approach involves the use of 
parsimony, BIONJ and PHYML methods to analyze the 
phylogenetic relations between the mitochondrial DNA, 
12s and 16s rRNA and mitochondrial proteins on which 
the life of animals are crucially dependent. The new 
method that we are using here is the analysis of 
sequence divergence between the mitochondrial genome 
of these organisms. Since mitochondria is found to be 
evolving much more rapidly than single-copy nuclear 
DNA in higher animals (Brown et al., 1979), the number 
of cut sites obtained after digesting the DNA with a 
variety of restriction enzymes were highly unlikely to be 
similar. We used a new approach considering the local 
point mutations to be one of the main causes of genetic 
variation among these sequences and obtained a result 
that can be used to state evolutionary relationship as well 
as the degree of separation between gorilla, chimpanzee 
and human. The results presented here may be further 
used in the evolutionary studies of Hominidae and great 
apes. 
 
 
MATERIALS AND METHODS 
 
Dataset 
 
The mitochondrial genome, mitochondrial rRNA and mitochondrial 
proteins of Pan troglodytes (Chimpanzee), Gorilla gorilla (Gorilla) 
and Homo sapiens (humans) were taken from from Entrez Genome 
(available at http://www.ncbi.nlm.nih.gov/entrez) using the NCBI 
Sequence Viewer version 2. The details of the sequences taken 
and their accession numbers are depicted in Tables.  
 
 
Multiple sequence alignment 
 
The multiple sequence alignment of mitochondrial genome, 
mitochondrial rRNA and mitochondrial proteins was done using 
Clustal X 1.83 (Thompson et al., 1997). The program can align the 
sequences in both multiple alignment mode as well as Profile 
alignment mode. For the present work, we have used the multiple 
alignment mode to align the mitochondrial genome, mitochondrial 
rRNA and mitochondrial proteins of chimpanzee, gorilla and human. 
 
 
Phylogenetic tree using parsimony 
 
Phylogenetic tree using parsimony was calculated using PHYLIP’s 
dnapars/protpars algorithm. The tool used for finding the tree is a 
standalone tool known as SeaView 4.0 (Galtier et al., 1996).  
 
 
BioNJ tree 
 
The   distance   based  phylogenetic  analysis  of  the  mitochondrial 

 
 
 
 
genome, mitochondrial rRNA and mitochondrial proteins of 
chimpanzee, gorilla and human was done using the BioNJ 
algorithm which is an improved version of NJ algorithm (Gascuel, 
1997). The algorithm is well suited for distance estimation from 
DNA and protein sequences. BIONJ has better topological 
accuracy than NJ in all evolutionary conditions; its superiority 
becomes important when the substitution rates are high and varying 
among lineages. 
 
 
PhyML tree 
 
PhyML 3.0 program was used to estimate the phylogeny by 
maximum likelihood method (Thompson et al., 1997). The PhyML 
algorithm is a simple, fast and accurate algorithm to estimate the 
large phylogenies by maximum likelihood method. The tool used for 
calculating the PhyML tree is a standalone tool known as SeaView 
4.0 (Galtier et al., 1996). The algorithm behind this program 
dramatically reduces time and can be used with much larger and 
more complex data sets.  
 
 
In silico restriction digestion 
 
The in silico restriction digestion of the mitochondrial genome, 
mitochondrial rRNA and mitochondrial protein was done using 
Webcutter 2.0 tool available at http://rna.lundberg.gu.se/cutter2. 
Webcutter 2.0 accesses the restriction enzymes from the 
Restriction Enzyme Database or REBASE available at 
http://rebase.neb.com (Gascuel, 1997). The mitochondrial genome 
was provided as a RAW input to the tool for restriction digestion 
analysis and the restriction digestion for chimpanzee, gorilla and 
human genomes are done separately.  The selection of restriction 
enzymes was based upon the earlier works of Ferris et al. (1981). 
The 19 restriction enzymes used for the present work are AvaI, 
BglII, BstEII, EcoRI, EcoRV, FaunDI, HincII, HindIII, HpaI, KpnI, 
PstI, PvuII, SacI, SalI, ScaI, SmaI, Xba I and XhoII with the 
exception of FaunDII. Since FaunDII is not available in the 
Webcutter 2.0, it was replaced by FaunDI for the present work. 
 
 
RESULTS AND DISCUSSION 
 
Nucleic acid phylogeny 
 
Phylogenetic analysis of the mitochondrial genome, 12s 
rRNA and 16s rRNA of chimpanzee, gorilla and human 
was done and the trees are drawn in Table 2. BioNJ and 
PhyML phylogeny supported the already stated results of 
chimpanzee-human clade. However, the parsimony 
phylogeny using mitochondrial genome supported 
human-gorilla clade while using the 12s and 16s rRNA, 
phylogeny supported the chimpanzee-gorilla clade. 
 
 
Protein phylogeny 
 
Phylogenetic analysis of the mitochondrial proteins listed 
in Table 1 also gave variable results. Among the thirteen 
mitochondrial proteins selected for the analysis, 
cytochrome oxidase subunit 2 and NADH dehydrogenase 
subunit 1 and 4 were supporting the chimpanzee-gorilla 
clade and hence were  considered  faulty.  ATP  synthase
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Table 1. Dataset of mitochondrial genome, rRNA and proteins. 
 

mtDNA or proteins coded by mitochondria Chimpanzee Human Gorilla 
mt DNA NC 001643 AC_000021 NC_011120 
ATP synthase S6 NP_008191 AP_000644 YP_002120664 
ATP synthase S8 NP_008190 AP_000643 YP_002120663 
Cytochrome B NP_008198 AP_000651 YP_002120670 
Cytochrome ox S1 NP_008188 AP_000641 YP_002120661 
Cytochrome ox S2 NP_008189 AP_000642 YP_002120662 
Cytochrome ox S3 NP_008192 AP_000645 YP_002120665 
NADH dehy sub 1 NP_008186 AP_000639 YP_002120659 
NADH dehy sub 2 NP_008187 AP_000640 YP_002120660 
NADH dehy sub 3 NP_008193 AP_000646 YP_002120666 
NADH dehy sub 4 NP_008195 AP_000648 YP_002120667 
NADH dehy sub 4L NP_008194 AP_000647 YP_002117971 
NADH dehy sub 5 NP_008196 AP_000649 YP_002120668 
NADH dehy sub 6 NP_008197 AP_000650 YP_002120669 

 
 
 

Table 2. BioNJ and PHYML trees for mitochondrial genome and 12s and 16s rRNA. 
 

 BioNJ PhyML 

Genome 

 
 

 
   

12 s rRNA 

 

 

 

 
   

16s rRNA 

  
 
 
 
subunit 6 and 8, cytochrome b, cytochrome oxidase 
subunit 1 and 3, NADH dehydrogenase subunit 2, 3, 4 
and 5 supported the chimpanzee-human clade. 
Mitochondiral protein phylogenetic analysis in these three 
organisms also indicated that the phylogenies predicted 
by parsimony method was contradictory to that obtained 
from BIONJ and PHYML methods. 
 
 
In silico restriction digestion 
 
As we know, most of the variation among genes in a gene 
family is caused by point mutations and positive selection 

(Xinli et al., 2006). In silico restriction digestion using 
Webcutter 2.0 and analysis of the number of sites shared 
between mitochondrial genome of chimpanzee, gorilla 
and human showed that there were no sites shared 
between the genome of chimpanzee-human and gorilla-
human and the results are tabulated in Table 3. This 
could be due to the intense evolution that has resulted in 
a change in the position of restriction sites of the 
restriction enzymes. However, a total of 2 sites (PvuII454 
and Xbal643) were found to be exactly common between 
chimpanzee-gorilla. This directly confers the strong 
similarity between these two and hence less sequence 
divergence during the course of evolution. 
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Table 3. Cut sites alongwith the restriction enzymes at increased level of error for gorilla, chimps and human 
mitochondrial genomic DNA. 
 

Error Chimpanzee Gorilla Human 

0 
PvuII 454 PvuII 454 - 
XbaI 643 XbaI 643 - 

    

±1 

EcoRI 3571 EcoRI 3570 - 
EcoRI 4724 EcoRI 4723 - 
HincII 1874 HincII 1873 - 
HincII 5143 HincII 5142 - 
HpaI 1874 HpaI 1873 - 
HpaI 5143 HpaI 5142 - 
PvuII 4416 PvuII 4415 - 
KpnI 2028 KpnI 2027 - 

    

±2 

- AvaI 19 AvaI 17 
- PstI 30 PstI 28 
- SmaI 21 SmaI 19 
- XbaI 18 XbaI 16 
- XhoI 21 XhoI 19 

AvaI 21 AvaI 19 - 
PstI 32 PstI 30 - 

SmaI 23 SmaI 21 - 
XbaI 20 XbaI 18 - 
XhoI 23 XhoI 21 - 

 
 
 

Table 4. Fraction of common sites between chimpanzee-gorilla, chimpanzee-human and gorilla-human 
clades. 
 

Error Chimpanzee-Gorilla Chimpanzee-Human Gorilla-Human 
0 0.0163 (0.9837) 0 0 
±1 0.068 (0.932) 0 0 
±2 0.042 (0.958) 0 0.043 (0.957) 

 

Percentage of sequence divergence is given in parenthesis. 
 
 
 

As it is reported earlier that local point mutations 
continually generate considerable genetic variation that is 
capable of altering gene expression (Jonathon and 
Gregory, 2001) that we can consider as evolution, the 
error of ±1 between the sites digested by restriction 
enzymes in different organisms can be taken closer to 
the exact sites digested by the same restriction enzymes. 
Using this approach, I have tried to analyze the number 
of sites shared between chimpanzee, gorilla and human 
with ±1 error. Extending the same approach to ±2 error, 
number of sited shared are calculated and sequence 
divergence is calculated. The percentage of sequence 
divergence at increased levels of error is tabulated in 
Table 4. 
 
 
Conclusion 
 
We have analyzed the  phylogeny  between  three  members 

of the Hominidae family that is, human, gorilla and 
chimpanzee using parsimony, BIONJ and PHYML 
methods and calculated the sequence divergence 
between them using in silico restriction digestion. For our 
analysis, we have taken the genome, 12s and 16s rRNA 
and a set of 13 proteins coded by the mitochondrial DNA. 
Phylogeny based upon mitochondrial genome, 12s and 
16srRNA supported the chimpanzee-human clade. 
Mitochondrial genome phylogeny was not found to 
predict the correct phylogeny by any of the three 
methods. However, some mitochondrial proteins were 
also found to be supporting the chimpanzee-gorilla clade. 
Moreover, not a single protein was found for which the 
phylogeny predicted by parsimony, BIONJ and PhyML 
methods were same. PhyML and BIONJ methods were 
found to predict correct phylogeny often. However, 
neither mitochondrial genome, rRNA nor any of the 
mitochondrial proteins was found for which the three 
methods   predicted   similar  results.   In   an   attempt  to 



 
 
 
 
analyze the phylogenies more clearly, we calculated the 
sequence divergence between the genome of these three 
organisms. The results suggest the human mitochondrial 
genome to have diverged more from gorilla in 
comparison to chimpanzee. Even considering the 
evolutionary process to be influenced more by point 
mutation, we analyzed the digested sites of these three 
organisms and achieved the similar results. At ±2 error, 
human mitochondrial genome was found to have 
diverged 95.7% from gorilla genome compared to the 
95.8% divergence of chimpanzee genome. No similar cut 
sites were found between human and chimpanzee at 0, 
±1 and ±2 errors. This indicate gorilla to be having 
similarity with both human and chimpanzee at increased 
levels of error and hence to be the common ancestor. 
The results from this study might be helpful in further 
evolutionary studies of these species. 
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