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OBJECTIVE. In this study, we have exhaustively screened for footprints of natural 
selection in a whole-genome sequencing dataset generated from 907 healthy 
human individuals from diverse populations across Asia and beyond. By 
implementing three metrics, eight population groups living in malaria endemic 
regions across Asia (Tibeto-Burmans, Temuan-Senoi, Eastern Indonesians, 
Mainland Southeast Asians, Indo-Europeans, Malaysian Negritos, Melanesians, 
Indian Austroasiatic group) and one African (Yoruba) group were compared with two 
non-endemic groups (Europeans and Mongols). 

Malaria-causing parasites Plasmodium appeared in human populations more than 
100 thousand years ago (kya) and expanded into large territories in the last 10 kya.
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• We identified 285 adaptive genes showing robust selection signals in malaria endemic populations
• The adaptive genes are related to nervous system development
• The history of adaptation against malaria is population-specific, involving different genes
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Plasmodial invasion places a severe oxidant stress on 
parasitized erythrocytes which can result in red cell damage 
or lysis.

METHODS. We applied Integrated Haplotype Score – iHS, Cross-
Population Extended Haplotype Homozygosity analysis - XP-EHH, and 
Population Branch Statistic – PBS to perform genome-wide screening 
for footprints of positive selection in malaria-endemic population groups 
comparing them with non-endemics. The metrics were applied for 
phased genomic data of 20M biallelic genomic variants (SNPs, excl. 
chr. 6 genetic markers due to potentially inaccurate phasing). For all 
three applied methods, selection signals were considered significant if 
they appeared in the top 1% percentile rank in endemic populations 
groups and were absent in the top 1% percentile rank in both non-
endemic population groups (Europeans and Mongols). 
We used the TermFinder tool, which implements the Gene Ontology 
Annotation (GOA) Homo sapiens database, to annotate identified 
adaptive genes with the corresponding biological processes in which 
they are involved.
Tissue-specific enrichment analysis of gene expression levels was 
performed with the Genotype-Tissue Expression (GTEx) online 
database. Data visualization was performed using the in-built GTEx
plotting tool.

RESULTS. These adaptive genes were sparsely distributed throughout populations ranging from 
minimal 18 to maximal 77 genes in Malaysian Negritos and Indian Austroasiatic group, resp. 
The identified selection signals were often discordant between studied populations. Indeed, 
233 (82%) adaptive genes were identified in a single population group, while 52 (18%) genes 
were detected in more than one population group (A). In the Yoruba population, 51 adaptive 
genes were detected while only 16 of them were replicated in malaria endemic population 
groups of Asia. In Asian endemic populations, 250 genes, including the 16 genes, were 
identified to be under selection.
We used the panel of 285 identified adaptive genes to annotate the biological processes in 
which they are involved. The Gene Ontology (GO) terms relevant for these genes include cell 
organization, development and adhesion, as well as various biological processes related to the 
nervous system (B). The most over-representative GO term was found to be nervous system 
development (GO:0007399), and 75 out of the 285 genes (26.3%, pcorr.-value = 1.6*10-7) were 
annotated to this term. The most concordant adaptive genes show enrichment in the 
expression in brain tissues (C) that potentially relates these genes to cerebral malaria.
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Every colored bar indicates a gene under 
selection in a chromosomal region. The color 
of bars represents the number of population 
groups where the signal was identified. 

The over-representative gene ontology (GO) terms related to the 
identified malaria adaptive genes. The plot shows the cluster 
representative (GO) terms.

Tissue-specific enrichment analysis of seven most concordant adaptive genes. Rows represent genes 
and columns represent tissues. The expression level is measured by TPM from RNA-seq data and 
shown as a heat map. 

CONCLUSION. The genome-wide screening for genetic loci 
under positive selection against malaria infection in 
populations living in the malaria-endemic regions across Asia 
and in West Africa (Yoruba) resulted in identification of 285 
adaptive genes. The annotation of these genes with 
corresponding GO terms highlights the processes of nervous 
system development that potentially relates these genes to 
cerebral malaria. Our approach was sensitive enough to 
identify previously reported genes associated with malaria 
infection, red blood cells, and immune response without 
using patient’s data or individual medical records.
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