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This month’s Genome Watch highlights 
how a population study, in conjunction 
with a reference genome, can identify the 
evolutionary features that contribute to 
drug resistance in a protozoan parasite.

Faster and cheaper technologies for sequenc-
ing whole genomes have greatly increased the 
availability of complete genome sequences 
for a range of organisms. Furthermore, the 
adoption of certain standards for the quality 
of sequence data1 has meant that the genome 
sequences in public databases now provide an 
excellent point of reference for researchers. In 
combination with comparative genomic analy-
ses, proteomics and in silico drug design, these 
reference genomes can aid the develop ment of 
new therapies against protozoan infections2,3.

Leishmania spp. are responsible for dif-
ferent diseases ranging from mild skin or 
mucosal lesions to fatal visceral leishma-
niasis, and there are an estimated 12 million 
infected individuals worldwide (www.who.
int/leishmaniasis/en/). Previous comparative 
genomic analyses of the Leishmania major, 
Leishmania braziliensis and Leishmania 
infantum genomes4 identified a high degree 
of gene conservation and synteny between 
the three species but revealed few genes that 
could be associated with the diversity of clini-
cal diseases or could be used as drug targets. 
However, a recent report presents a refer-
ence genome for Leishmania donovani 5 and 
includes a novel analysis using 16 related 
clinical lines of the parasite that exhibit differ-
ing susceptibility to antimonial drugs such as 
sodium stibogluconate (SSG). The reference 
genome was generated using a single cloned 
line with 454 and Illumina sequencing tech-
nologies. The result was a genome of 32.4 Mb 
contained within 2,154 fragments, in which 
50% of the genome was contained in frag-
ments of 45.5 kb or larger, meeting the quality 
standards to be used as a reference genome. 

Comparison of the reference genomes 
of all four Leishmania species revealed sub-
stantial single nucleotide polymorphism 
(SNP) variation between the three previously 
reported genomes and that of L. donovani, 
but interestingly only a low level of variation 
was found among the 17 L. donovani lines. 
This was unexpected, as high rates of nucleo-
tide changes are often related to differences in 
drug susceptibility. Nevertheless, those genes 
that contained SNP differences between SSG-
resistant and SSG-susceptible lines did show 
positive selection and encode products that 
are probably important during adaptation 
to drug pressure, including surface proteins, 
amino acid transporters, proteins involved  
in differentiation and enzymes involved in 
antioxidant metabolism.

In addition, the authors found extensive  
vari ation in chromosome and gene copy number,  
with a unique chromosome copy number pat-
tern for each L. donovani line. Interestingly, 
a previous report in L. infantum6 correlates 
antimonial drug resistance to copy number  
of aneuploid chromosomes, but the authors of 
the L.  donovani study could not identify a 
clear relationship between SSG susceptibility 
and aneuploidy in the 17 L. donovani lines.

The authors observed other important fea-
tures contributing to gene dosage differences, 
including the expansion and contraction of 
genes in tandem arrays that are expressed 
through polycistronic transcription. Changes 
in the arrayed nature and copy number of 
such genes could regulate the dosage and 
expression of genes encoding antigenic pro-
teins. In addition, the authors identified an 
episome that contains a mitogen-activated 
protein kinase (MAPK) locus and exhibits 
copy number variation 
between 

the different lines. The locus contains an acid 
phosphatase gene, and a MAPK gene with a 
probable role in signal transduction during 
the infection. Episomes have previously been 
reported to be stable only after in vitro drug 
selection6.

The combination of SNPs, changes in 
ploidy and variation in gene copy number 
provide a strategy for adaptation that has 
not previously been described for kineto-
plastid parasites and is probably important 
for the degree of SSG susceptibility among 
the L.  donovani population. This analysis 
will therefore provide the basis for a more 
detailed molecular profile that could be used 
to improve vaccine and drug design.

Whole-genome sequencing of parasite 
populations, along with association studies, 
could be the next step to understanding the 
evolution and epidemiology of a wide range 
of important parasitic diseases.
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