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ABSTRACT 

The comparison of complete organelle genome sequences is becoming increasingly important for many tasks, 

including reconstructing the evolutionary relationships of organisms and understanding the inheritance. In the 

present work, an attempt has been carried out to annotated mitochondrial genome of Water Buffalo (Bubalus 

bubalis). Genome annotation compared with another bovine mitochondrial genome. The genome analyzed for 

whole genome alignment and codon usage and also explored for mapping the EST under lactating and non-

lactating. The results of comparative analysis of the mitochondrial genome revealed activation of ATP8, ATP6, 

COX3 (subunit 3 of cytochrome) and COB (Apocytochrome B) during lactation. The presence of such genes 

indicated the mammary mitochondrial ATP synthesis activity during lactation. Genome comparison exhibits 

98% similarity for genome sequences used in the study. The mtDNA gene pool was found to be more closely 

related to similarity in Bubalis bubalus and Bostaurus. 
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I. INTRODUCTION 

 

Water buffalo (Bubalus bubalis) contributes very larger to the agricultural economy of the Indian 

subcontinent, South East Asian countries through milk, meat, hides, fertilizer, fuel and draught animal power. A 

large part of the human population depends on this species than any other livestock species in the world. There 

is 188.3 million buffalo population in the world which contributes around 55 – 60% of total milk production[1]. 

Asia has nearly 97% of buffaloes and is an integral part of agriculture in India, China, Pakistan, Nepal, 

Bangladesh, Thailand, Myanmar, and Malaysia. The productivity of buffaloes in these regions is higher as 

compared to cattle[2]. Several international organizations have emphasized the potential of buffaloes in the 

agricultural economy of many developing nations in Asia, but domestic buffalo continues to be neglected 

despite its superiority over cattle under the harsh environments of the tropics[3]. Genome analysis of water 

buffalo has advanced significantly in recent years. A total of 66,935 nucleotide sequences for the water buffalo 

have been deposited in the GenBank database and are mainly 64,212 whole genome shotgun sequences, while 

the rest includes 974 mitochondrial genomic sequences and 1,748 nuclear genes/genomic DNA sequences 

[4].The mitochondrial genome analysis is likely to be found significant importance in the ATP generation[5]. 

The water buffalo mt molecule is 16.355 base pair length and shows a genome organization similar to those 

reported for another mitochondrial genome. These new data provide a useful tool for much research area, i.e. 
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evolutionary study and identification of food origin[4]. Along with that, Gene expression-based approaches are 

useful research tools for several studies directed to elucidate the broad range of aspects of animal physiology 

and pathology the different types of water buffaloes[6]. Although, the resources like cytogenetic 

characterization, whole genome mapping and next-generation sequencing  of Bubalus bubalis revealed 

significant findings, newer technologies and approach in computational biology help to optimize production 

potential, reproduction efficiency, product quality, nutritional value and resistance to diseases.The present study 

was carried out to find out the hidden truth of the mitochondrial genome of Bubalis bubalus using in silico 

approach. EGassembler (http://egassembler.hgc.jp/) is a web server, which provides an automated as well as a 

user-customized analysis tool for cleaning, repeat masking, vector trimming, organelle masking, clustering and 

assembling ESTs and genomic fragments[7].  

The Dual Organellar GenoMe Annotator (DOGMA) automates the annotation of organelle (plant chloroplast 

and animal mitochondrial) genomes. It is a Web-based package that allows the use of BLAST searches against a 

custom database and conservation of base pairing in the secondary structure of animal mitochondrial tRNAs to 

identify and annotate genes. DOGMA provides a graphical user interface for viewing and editing annotations. 

Annotations were stored on password protected server to enable repeated sessions of working on the same 

genome[8]. ACUA has got the potential to serve as a comprehensive platform, and also as a part of biologist's 

essential toolkit to extract all the prerequisite data required for statistical analysis of codon usage[9]. 

 

II. MATERIALS AND METHODS 

2.1 Collection of Mitochondrial Genome Data 

Mitochondrial genome data for Genome browser for the Water Buffalo (Bubalus bubalis) Pure 

Murrah Buffalo available at http://210.212.93.84/Bubalusbubalis (water buffalo) and 

(http://www.ncbi.nlm.nih.gov/nuccore/33334119) India,GI 33334119 Bubalus bubalis (water buffalo) 

India, GI 347801295 Bubalus bubalis (water buffalo) France, GI 52220982 Bubalus bubalis (Swamp 

buffalo) China, GI 44894095 Bubalus bubalis (water buffalo), Italy and GI 51173180 Bubalus bubalis 

(Swamp buffalo) China collected from the NCBI. 

 

2.2 Quality Trimming 

To increase the accuracy of the data, the quality trimming was done using EGAssembler software 

using its default parameters[7].  

 

2.3 Mitochondrial Genome Annotation and Whole Genome Alignment  

Mitochondrial genome annotation was carried out by Dual organelle genome annotator (DOGMA) as 

described by Wyman, 2004. CLUSTALW did multiple sequence alignment. While, entire genome 

alignment performed by Mauve software using instruction provided by the software provider[10]. 
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2.4 Condon Usage Analysis 

Codon usage analysis was carried out using ACUA (Automated Codon Usage Tool) as per instruction 

provided by the software provider[9]. 

 

2.5 Mapping of Differentially Expressed EST During Lactation 

Differentially expressed EST sequences Bubalus bubalis collected from EST database and mapping 

was carried out by using EST2GENOME available in EMBOSS suite for finding homology-based 

similarity for EST and Genome[11].  

 

III. RESULTS AND DISCUSSION  

3.1 Collection of Mitochondrial Genome Data 

In the present study, complete mitochondrial genome data of six different Bubalus bubalis breed was 

taken. Out of total six two sequences were of Indian origin. One was from Pure Murrah Buffalo 

(Water Buffalo scientific name Bubalus bubalis) was taken from http://210.212.93.84 generated by 

National Bureau of Animal Genetic Resources (NBAGR) in Karnal and another collaborator. While 

another Indian sequence collected with GI 333334119 submitted from CCMB, Hyderabad India. 

Besides that two other sequences for Bubalus bubalis (water buffalo) with accession no. GI 

347801295 and GI 44894095 was from France and Italy respectively. Remaining two other sequences 

with GI 52220982 and GI 51173180 were for Bubalus bubalis (Swamp buffalo) from China. (Table 

1). The complete water buffalo mitochondrial genome was sequenced by three groups of scientists at 

Hainan Medical College, China (Acc. No.AY702168), Centre for Cellular and Molecular Biology, 

Hyderabad, India (Acc. No. AF547270) and Istituto Spallanzani, Italy (Acc. No. number. 

AY488491).[4] 

 

3.2 Mitochondrial Genome Annotation 

The comparison of complete organellar genome sequences is becoming increasingly important for 

many tasks, including reconstructing the evolutionary relationships of organisms and understanding 

the inheritance of certain human diseases. In the past, annotating organellar genomes has been time-

consuming and error-fraught process and, with the input of high-throughput genome sequencing 

centers, has been the rate-limiting step in the production of complete chloroplast and mitochondrial 

genome sequences. DOGMA is the first tool that automates this process. Mitochondrial genomes 

submitted in FAST format to DOGMA. Annotation visualized in the annotation panel of DOGMA. 

For the entire Bubalus bubalis mitochondrial genome total, 41 genes were reported. Genes were also 

found to have similar locus also. In comparison to Bubalus bubalis variation was observed for 

Bostaurus trnS-gga and trnV-cac gene were absent and trnI-gau, trnS-gcu, trnN-auu, trnT-uguwere 

found in different loci only in Bos taurus only. (Table: 2) The essential gene for more exploration 

based on the presence of the gene for Lactoferrin enzyme pathway. This enzyme had found significant 
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importance in the industrial applications. In Bubalis bubalus, this gene was observed with the size of 

2,127bp. While sequence can found in NCBI with Acc.No. AJ005203. [12] 

 

3.3 Whole-Genome Annotation 

Whole-genome annotation was carried out by eight different mitochondrial genomes from Bubalus 

bubalis NBAGR, INDIA, Bosindicus 33321647, Bostaurus 42521312, Bubalus bubalis 51173180 

China, Bubalus bubalis 52220982 China, Bubalus bubalis 347801295 France, Bubalus bubalis 

33334119 CCMB, INDIA and Bubalus bubalis 44894095 Italy. All the mitochondrial genomes were 

found to align significantly, and only gene rearrangement obtained with two scores only. For both the 

water buffalo from India, no gene rearrangement was recorded for the swamp buffalo from China 

gene rearrangement were evident.  (Figure: 1) According to the study carried out by Vanessa et al., 

2010 13 coding mitochondrial genes in water buffalo, the length of the coding sequences of four 

genes – COX1, ND4L, ND4 and ND6 are identical to those in Bison bison (American bison, 

NC_012346), Bosgrunniens (domestic yak, NC_006380), Bos indicus (zebu, AF492350), Bos taurus 

(domestic cattle, NC_006853), Capra hircus (goat, NC_005044), Equusasinus (donkey, NC_001788), 

Equus caballus (horse, NC_001640), Lama glama (llama, NC_012102), Oryctolaguscuniculus 

(rabbit, NC_001913), Ovis aries (sheep, NC_001941) and Sus scrofa (swine, NC_000845).[4] Along 

with that, the D-loop region (926 bp) of water buffalo was found somewhat small in size comparative 

to 888 bp of B. bison to 1800 bp in O. cuniculus[13]. While, the comparison of sixteen genes overlap 

in the water buffalo mitochondrial genome, including two three-gene-overlaps (ND1/tRNA-Ile/tRNA-

Gln ATP8/ATP6/COX3), and five two-gene-overlapsND2/tRNA-Trp, tRNA-Tyr/COX1, ND4L/ND4, 

ND5/ND6 and tRNA-Thr/tRNA-Pro.[14] 

 

3.4 Codon Usage Analysis 

For comparative Codon usage analysis of all the Bubalus bubalis rrnS gene were compared with 

similar gene from the Bos Taurus (GI42521312), Lama pacos (GI 9558343), Musmusculus (GI 

33115104), Rattusnorvegicus (GI 26983975) and Bosindicus (GI 33321647). AT Skewness was in the 

range of 0.178 to 0.245 and highest, and similar Codon usage pattern observed for two sequences 

from Bubalus bubalis (water buffalo) of Indian origin and Bosindicus. (Table 3) 

 

3.5 EST 2Genome 

Out of total 312 EST from lactating 29 mapped on Chromosome M during 209 from non-lactating 27. 

Comparison of mapped gene between lactating and non-lactation revealed many common gene 

mapping. For non-lactating condition unique mapping observed for nad5(NAD5) only While, in case 

of lactating unique condition mapping observed for atp8(ATP8), atp6(ATP6), cox3(subunit 3 of 

cytochrome) and cob(apocytochrome B).The mapping of these EST suggested the increases in 
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mammary mitochondria ATPsynthesis activity that is in agreement with the report by Hadsell et al., 

2011. [15] 

 

IV. CONCLUSION  

 

In the present study, complete mitochondrial genome data of two different Bubalus bubalis breed was 

from Indian origin were annotated and compared with other available mitochondrial genome and 

another related animal. Genome annotation, codon usage pattern, and whole alignment revealed the 

high similarity between the two sequences from Indian origin. The EST2Genome mapping showed 

activation of Atp8 (ATP8), atp6 (ATP6), cox3 (subunit 3 of cytochrome) and cob (apocytochrome B) 

during lactation. The Mammary glands mitochondrial ATP synthesis activity observed in during 

lactation condition. 
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Tables and Figures 

Table 1: Bubalus Bubalis Mitochondrial Genome 

Availability/GI No Source of Mitochondrial genome Country 

Genome browser for the Water Buffalo 

(Bubalus bubalis) Pure Murrah Buffalo  

Bubalus bubalis (Water buffalo) India 

GI 33334119 Bubalus bubalis (Water buffalo) India 

GI 347801295 Bubalus bubalis (Water buffalo) France 

GI 52220982 Bubalus bubalis (Swamp buffalo) China 

GI 44894095 Bubalus bubalis (Water buffalo) Italy 

GI 51173180 Bubalus bubalis (Swamp buffalo) China 
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Table 2: Comparison of Different Mitochondrion Genome 
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Table 3 : Codon Usage Analysis 

Gene A T G C Total 

bp 

AT 

Percent 

GC 

Percent 

AT 

Skewness 

Bubalus bubalis_NBAGR, 

INDIA 

348 211 172 223 954 58.6 41.41 0.245 

Bubalus bubalis 33334119 

CCMB, INDIA 

347 211 172 224 954 58.49 41.51 0.244 

Bosindicus 33321647 349 214 174 218 955 58.95 41.05 0.24 

Bubalus bubalis 347801295 

France 

345 212 174 223 954 58.39 41.61 0.239 

Bubalus bubalis 44894095 

Italy 

345 212 174 223 954 58.39 41.61 0.239 

Bubalus bubalis 51173180 

china 

345 212 174 223 954 58.39 41.61 0.239 

Bostaurus 42521312 351 216 172 216 955 59.37 40.63 0.238 

Lama pacos9558343 338 212 187 231 968 56.82 43.18 0.229 

Rattusnorvegicus 26983975 350 241 162 203 956 61.82 38.18 0.184 

Bubalus bubalis 52220982 

CHINA 

469 324 234 327 1354 58.57 41.43 0.183 

Musmusculus 33115104 361 252 154 188 955 64.19 35.81 0.178 

 

 

Figure 1 : Genome Comparison Using Mauve 


