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ABSTRACT. Brucellosis in goats is 
mainly caused by the bacterium Brucella 
melitensis, which is one of the most 
important pathogenic species in the world. 
In Malaysia, the annual prevalence data 
of brucellosis was recorded in goats and 
the control strategy of the disease based 
on test and cull of infected animals. 
This strategy has caused huge economic 
losses to farmers and government alike. 
Therefore, whole genome sequencing of 
B. melitensis local strain is essential for 
improving the current vaccine.

B. melitensis strain VRI 6530/11 was 
obtained from veterinary research institute 
biobank, Ipoh. The strain was submitted 
for classical identification procedures and 
the total genomic DNA was extracted 
by using DNeasy blood and tissue kit 
(QIAGEN). The concentration and purity 
of DNA were determined by using agarose 
gel electrophoresis and spectrophotometer 

(DNA/RNA) assay respectively. The 
genome was sequenced by using Illumina 
HiSeq platform with insert size ~200 bp.

A total of 1.0 Gb data was generated 
from the sample. More than 95% of 
sequencing data was retained in the 
sample after quality filtering, this indicate 
the sequencing reads are of high quality. 
Final assembly had 33 scaffolds with total 
size ~3.28 Mb, 44 contigs, GC content is 
57.25%, N50 is 293,291. A total of 3,238 
protein coding genes, 48 tRNAs and 3 
rRNAs were predicted and over 87% of 
the genes were functionally annotated. 

Genome sequencing of a local B. 
melitensis strain is the first of its kind in 
Malaysia and work from this study can 
contribute towards the development of a 
new effective vaccine for the control of 
the disease in the country.
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INTRODUCTION

Brucella melitensis is a Gram-negative and 
facultative intracellular pathogen, which 
can infect human beings and various 
species of animals. It is responsible for 
ovine and caprine brucellosis (Alton et 
al., 1988; Manish et al., 2013). In some 
countries, brucellosis is considered a 
major endemic zoonotic disease with high 
prevalence rates among sheep and goats 
(Shang et al., 2002; Mantur and Amarnath, 
2008). The organism was first isolated 
in Malaysia from an ovine brucellosis 
outbreak in Johor in 1994 (Moktar et 
al., 1995). Not much work was carried 
out to map the prevalence of the disease 
among ruminants between that period 
and the current study period. In a more 
recent brucellosis surveillance of goats in 
Malaysia in 2014, Pulau Pinang recorded 
the highest reactor rate (2.18%) compared 
to other states. In that surveillance, four 
B. melitensis strain were isolated from 
300 vaginal samples taken from goats 
(Al-Garadi et al., 2011; Omer et al., 2014). 
In Malaysia, infected animals are culled 
as a control strategy of the disease. This 
strategy has caused huge economic losses 
to farmers and government alike (Bahaman 
et al., 2007; Bamaiyi et al., 2012; Bamaiyi 
et al., 2015). Vaccination policies using 
the Rev. 1 vaccine, is currently the only 
approved and appropriate method of 
controlling the disease in sheep and goats 
(Elberg, 1981; Al Khalaf et al., 1992). It is 
a live attenuated vaccine derived from a 
virulent B. melitensis strain. This vaccine 

however had shown a considerable degree 
of virulence and it has been reported to 
induce abortion when administered during 
pregnancy (Blasco and Díaz, 1993; Banai, 
2002).

Designing a new vaccine against 
B. melitensis requires an understanding 
of the mechanism that is used by the 
bacterium in causing the disease. The 
genome sequencing and bioinformatics 
analysis of genome data provide novel 
information about the bacterium such as, 
identification of novel virulence genes, 
novel metabolic pathways and novel cell 
wall proteins that represent new targets for 
vaccine development (Ribeiro et al., 2012). 

In the present study, we analyzed 
the complete genome sequence of local B. 
melitensis strain to help in the identification 
of suitable antigens for the development 
of a new vaccine, which can be used to 
control the disease in small ruminants in 
Malaysia.

MATERIALS AND METHODS

A local B. melitensis strain (VRI 6530/11) 
was obtained from the Veterinary 
Research Institute in Ipoh, Malaysia. 
The strain was submitted for classical 
identification procedures. Total genomic 
DNA was extracted and purified using 
DNeasy blood and tissue kit (QIAGEN). A 
spectrophotometer (DNA/RNA) assay was 
used to determine DNA concentration and 
purity. Agarose gel electrophoresis was 
used to separate DNA for analysis. The 
genome was sequenced using the illumina 
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HiSeq platform supporting a read length 
of 200 bp. Quality of the raw sequencing 
reads was assessed by FastQC v0.10.1. and 
low quality reads, bases (lesser than Qv20), 
ambiguous bases (Ns), and artifacts were 
removed before assembly by using Fastx 
toolkit v0.0.13.2. Velvet assembler v1.2.10 
was used for de novo assembly of the 
reads. Empirical test with different values 
of k-mer (hash length) was used to choose 
the k-size. Contigs from reads assembly 
were scaffold by SSPACE v2.0. The gaps 
were filled by Gapfiller v1.10. Genes 
content of the genome were predicted by 
using GeneMarks v4.10d. The predicted 
genes were functionally annotated by 
Kyoto Encyclopedia of genes and genomes 
(KEGG), non-redundant (NR) and Swiss-
Prot (SP) protein databases at maximum 
expected value (E-value) threshold of 1e-5. 
Structural RNA was identified by using 
tRNAscan-SE v1.3.1 and rRNAmmer v1.2. 
Potential virulence genes were identified 
by blast search against PHI-base and 
VFDB databases. The genomic circular 
map was drawn by using Circos v0.64. 

RESULTS 

Quality assessment of raw and clean 
reads

Quality assessment is always performing 
before analyzing the sequence for drawing 
biological conclusions and produce better 
mapping results. This assessment includes: 
per base sequence quality, per sequence 
quality scores, per base sequence content 

and sequence length distribution. Raw 
reads produced from sequencing machine 
contain dirty reads (reads are contain 
adapters or unknown and low quality 
bases). These reads will affect negatively, 
the bioinformatic analysis of genome 
sequencing data. Fastx toolkit v0.0.13.2 
was used for filtering and trimming 
these reads from the sequencing data. 
The results of quality assessment of raw 
data and filtering reads of B. melitensis 
(VRI 6530/11) genome revealed that over 
95% of sequencing data was retained 
after the quality filtering process in both 
phases of Illumina sequencing platform; 
paired‐end sequencing (PE1) and paired 
PCR enrichment (PE2). This indicates the 
sequencing reads are of very good quality. 
The results of raw read (pre-filter) and 
clean read (post-filter) are depicted in 
Table 1. 

De novo whole genome assembly  

The randomized subset of clean reads with 
200× coverage of estimated genome size 
3.28 Mb was used for de novo assembly. 
An empirical test with different values 
of hash length was used to select best 
assembly based on the assembly statistics. 
The assembly from hash-57 was selected 
as depicted in Figure 1 and the results of 
final assembly are listed in Table 2. 

Gene prediction and annotation

A total of 3,238 protein coding genes were 
predicted by GeneMarks. The annotation of  
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Reads
Number of reads (%)

Bases
Total bases (%)

Raw Reads
PE1           5,490,328 549,032,800

PE2           5,490,328 549,032,800

Total        10,980,656      100% 1,098,065,600                100%

Clean Reads
PE1          5,453,428 523,273,827

PE2          5,453,428 526,407,591

Total        10,906,856     99.3%  1,049,681,418               95.6%

Table 1.  Sequencing statistics of raw reads (pre-filter) and clean reads (post-filter)

Table 2.  Final assembly statistics of B. melitensis (VRI 6530/11) genome

Basic  statistics B. melitensis  VRI 6530/11 genome
Number of scaffolds (>=1000bp) 33

Number of  contigs 44

Largest scaffolds 609,228

N50 293,291

GC (%) 57.25

Number of Ns 653

Total length 3,283,458

Figure 1.  Empirical test with 
different values of hash lengths.
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putative protein encoding genes was shown 
2,842 genes have functional assignments, 
396 hypothetical proteins, 1,210 Proteins 
with EC number assignments and 2,499 
Proteins with GO assignments. As well 
as, 48 tRNAs and 3 rRNAs were identified 
in the genome of B. melitensis (VRI 
6530/11). The results of gene prediction 
and annotation are listed in Table 3.

Identification of plasmid sequence

Scaffolds of genome assembly were used as 
query in blastn search against the plasmid 
database. No significant plasmid hit was 
observed from the results at cut-off values 

of (1) E-value ≤ 1e-5, (2) identity ≥ 50%, 
(3) query coverage ≥ 50% and (4) subject 
coverage ≥ 50%.

Identification of phage or prophage 
sequence

One intact and one incomplete prophage 
regions have been identified by phage 
search tool (PHAST) for assembly. The 
details of the prophage region are listed in 
Table 4 and depicted in Figure 2, 3 and 4.

Table 3.  Gene prediction and annotation statistics of whole genome sequence of  
B. melitensis VRI 6530/11
Gene prediction and annotation B. melitensis VRI 6530/11 genome
Number of predicted protein-coding gene   (≥ 33 aa) 3,238

Hypothetical proteins* 396

Proteins with functional assignments 2,842

Protein with EC number assignments 1,210

Protein with GO assignments 2,499

tRNA 48

rRNA 3

*Include proteins with keywords unknown, hypothetical, predicted, unnamed and uncharacterized.

Table 4.  The details of prophage regions have been identified in whole genome sequence of 
B. melitensis VRI 6530/11

B. melitensis 
VRI 6530/11

Region
Region 
length Completeness

No. of 
CDS

Region 
position

GC 
(%)

1 22.6 kb incomplete 14
850667-
873319

58.15%

2 13.7 Kb intact 18
2693223-
2706963

61.19%
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Figure 3.  Prophage region 1 have been identified in the genome of B.melitensis VRI 
6530/11

Figure 2.  Prophage types have been identified in the genome of B. melitensis VRI 6530/11
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Gene ontology

The gene ontology (GO) software 
level 2 was used to provide a system of 
hierarchically classifying genes or gene 
products to terms organized in a graph 
structure. The terms of GO included 
three categories: (1) molecular function 
(describing the molecular activity of a 
gene), (2) biological process (describing the 
larger cellular or physiological role carried 
out by the gene, coordinated with other 
genes) and (3) cellular process (describing 
the location of gene in the cell where the 
gene product executes its function) as 
depicted in Figure 5.

Genomic circular map 

The whole genome sequencing data of B. 
melitensis VRI 6530/11 was visualized as 
a circular map by using Clico software. 
The bars of the map are marked from 
outmost to the inner ones. The outmost bar 
is considering 33 scaffolds in green color. 
Subsequently, two regions of prophage 
sequence are in red color. The forward 
and reverse directions of putative genes 
are in blue and purple color respectively. 
48 tRNA and 3 rRNA are in dark blue 
and dark red color respectively. The GC 
plot is in green color and the GC skew is 
in orange and black color as depicted in 
Figure 6.

Figure 4.  Prophage region 2 have been identified in the genome of  B. melitensis VRI 
6530/11

https://en.wikipedia.org/wiki/Graph_(mathematics)
https://en.wikipedia.org/wiki/Cell_(biology)
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Figure 5.  Gene ontology of B. melitensis VRI 6530/11 genome

Figure 6.  The whole 
genome sequencing data of 
B. melitensis VRI 6530/11 
was visualized as circular 
map. The bars marked from 
outmost circle to the inner 
ones corresponding to 
scaffolds (green), Prophage 
sequence (red), putative 
genes in forward (blue) and 
reverse (purple) direction, 
tRNA (dark blue), rRNA 
(dark red), GC plot (green) 
and GC skew (orange and 
black).
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DISCUSSION

The whole genome sequence of B. melitensis 
has provided significant information 
on the basic nature of the organism and 
identification of genes, which are involved 
in immune evasion, intracellularsurvival, 
regulation and secretion system.

Regarding the genome structure of 
the B. melitensis local isolate, it was found 
to have 3,283,458 bases, two chromosomes 
(chromosome I larger than chromosome 
II), GC content is 57.25%, 3,238 protein 
coding genes, and no significant plasmid 
hit was observed from the results at 
cut-off values of (1) E-value ≤ 1e-5, (2) 
identity ≥ 50%, (3) query coverage ≥ 50% 
and (4) subject coverage ≥ 50%. These 
findings agree with the DNA structure of 
B.melitensis reviewed by DelVecchio et 
al., (2002) and Halling et al., (2005). They 
found that the members of Brucella genus 
share a similar GC content of 55-58% and 
it has no further chromosomal duplicating 
entities such as the plasmids. Furthermore, 
the genome sequencing of B. melitensis 
strain 16M has confirmed the existence 
of two chromosomes with estimated size 
3.27Mb and the chromosome I being larger 
than chromosome II with a median length 
of 2.1 and 1.2 Mb respectively (Michaux et 
al., 1993; Jumas-Bilak et al., 1998).

Recently, the genome sequence of 
B. melitensis strain Bm IND1 from India 
was found with 3,284,360 bases, 3,360 
protein-coding genes, and GC content is 
57.2% (Sashi et al., 2014). These data agree 
approximately with what this study has 

obtained about the genome size and the 
GC content, but disagree about the number 
of protein coding genes. The difference 
within the Brucella genome is common due 
to finding deletion events, more frequently 
than insertions (Gao et al., 2012). The 
difference could be used as applicant 
for molecular epidemiology studies 
among Brucella strains. Furthermore, the 
differences between Brucella strains may 
be explained by the bacterial adaptation to 
host and environment (Atluri et al., 2011). 
In genome sequencing of numerous B. 
melitensis strains around the world and 
from different hosts, it is very important 
to find the conserved or different genetic 
materials among the strains. 

Characterizing the genome sequence 
of a local B. melitensis strain is the first 
of its kind in Malaysia, and work from 
this study can contribute towards the 
development of diagnostic tests or vaccine 
to avoid the epidemiological, public health 
and economic complications caused by the 
disease. 
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