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Discovery and wvalidation of single nucleotide poly-
morphisms (SNPs) in the human genome is an active
area of interest, because of their wsefulness in evolu-
tionary and disease-association studies. We have rese-
quenced 70 chromosomes from the Jarawa, a Negrito
tribal group inhabiting the Andaman and Nicobar
archipelago, for a = 10 kb genomic region spanning two
genes, [CAMI and TWF-oo We have discovered three
new SNPs in the TANF-ot gene. There is low sequence
variability among the Jarawa, possibly due to founder
eflect and genetic drift.

CENETIC polymorphisms are wseful tools for the mecon-
struction of evolutionary histories of populations and in
the study of susceptibilities to common diseases'. The most
common type of polymorphism in human genome is sin-
gle nucleotide polymorphisms (SNPs). The great majority
of these changes is stable and tends to remain baallelic. A
database documenting these SNPs in global populations is
dbSNP  (www.nchi.nlm.nih.gov/SNF/).  Analysis of the
data in dbSNP (www.nebinlm.nih. gow/SNPsnp_summary.
cgi) showed a density distribution of = 18 SNPs per 10 kb
of human genome, though the sequence-variation profiles
of many populations, particularly those who are inhabi-
tants of the Indian subcontinent, still remain under-repre-
sented. Since SNPs are being widely used in case-control
association studies of common disuasusz, it 1% crucial to
discover and validate these in multiple populations, espe-
cially because estimates of variation in SNP frequencies
across populations can provide an assessment of the nature
and extent of population substructuring, which need to be
taken into account in disease-association studies'.

In this communication we present a systematic survey
of DNA scquence vanation in two functionally coding
regions in a nearly extinet ethnic group, Jarawa, who live
in the Andaman lslands. The Jarawas are a numerically
small (their current population size 15 estimated to be
about 200 individuals), isolated autochthonous group rep-
resenting remnants of one of the very few Negnto stocks
in Asia. They primarnly inhabit almost inaccessible regions
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of the middle and south Andamans. This ancient aborigi-
nal, hunter-gatherer ribe may serve as a missing link in
population genctics studies that aim to address the issues
of settlement of eastern and southern Asia after anatomi-
cally modern human came out of Africa.

The target DNA regions in this study were the genes
coding for tumour necrosis factor-ce (TNF-d and inter-
cellular adhesion molecule | (JCAM ). Both these genes
play important roles in a variety of human diseases. TNF-
ot 15 a pro-inflammatory eytokine known to be essential
in the control of many intracellular infectious agents in
humans®. Elevated levels of TNF-cthave been implicated
in the pathogenesis of infectious diseases such as malaria®,
meningococcal diseases™, schistosomiasis’ and some
autoimmune diseases®. The endothelial receptor ICAMI
15 upregulated by TNF and other cytokines. The pathoge-
necity of Plasmodium falciparum has also been ascribed
to the ability of the infected red blood cells to adhere to
the endothelium”. A number of endothelial molecules, in-
cluding JCAM T (CD34) have been identified as receptors
of parasitized cells'”. As mentioned earlier, since no data
on polymorphisms in autosomal genes at the molecular
level are available from this trbe and since these genes
(TNF-ct and ICAMT) play important roles in susceptibili-
ties to infectious diseases, especially malana which has
already been found in this tribe, we chose these two
genes. However, the primary objective of our study was
to gencrate base-line polymorphism data that can be used
for future evolutionary and disease-association studies.

Blood samples were collected by the Regional Medical
Research Centre, Indian Council of Medical Research,
Port Blair, in collaboration with the Health Services De-
partment of the Andaman and Nicobar Administration,
when there was an outbreak of unknown fever among the
Jarawas some years ago. About 60 blood samples were
collected in the Kadamtala Public Health Centre, located
in the Middle Andaman.
These samples were analysed and it was established that
many of these individuals were suffering from malana.

within the Jarawa habitation

Further studies showed'' that there was also on alarming
prevalence of hepatitis-B  infection among the Jarawa.
When these results were brought to the attention of the
Govemment of India, an Expert Group constituted by the
Ministry of Home Affairs recommended that further ge-
netic studies be conducted among all primitive tribes of
the Andaman and Nicobar Islands, including the Jarawa.
Before undertaking research using these collected blood
samples, approval of the Ethics Committee of the Regio-
nal Medical Research Centre, Port Blair, was taken. The
blood samples of 35 Jamwa individuals analysed in the
present study are a subset of the original collection. Since
it is almost impossible to communicate with the Jarawas,
except in body language, no explicit informed consent
could be obtaimed from any of the individuals. Except for
obvious parent—offspring relationships, other forms of re-
lationship among the individuals from whom blood sam-
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ples were drawn were impossible to ascertain. To the best
of our knowledge, therefore, parents and their offspring
are not included in this subset of 35 individoals. Genomic
DNA was isolated vsing a standard procedure (phenol-
chloroform  extraction) at Regional Medical Research
Centre of the Indian Council of Medical Research, Port
Blair. DNA sequencing and data analysis were performed
at Indian Statistical Institute, Kolkata.

The genomic sequences which also include the 1000 bp
upstream region of JCAMI (15kb) and TNF-ce (3085 bp)
were  obtained  from UCSC Genome  Browser  (http:
Hgenome.uese.edu). The genes map to the chromosomal
region  19p13.2-pl33  and 6p21.3, respectively. The
ICAM! gene contains seven exons and the TNF-oLgene
contains four exons. The genomic region encompassing
ICAM! was repeat-masked vsing the program Repeat-
Masker2 (http:/fip.genome.washington.edu.c gi-binRepeat
Masker). Appropriate primers for DNA  amplification of
the genomic regions were designed after repeat-masking.
The 5 and 3" UTRs, and the exons and introns were
completely sequenced, except the repeat-masked regions.
The total number of bases resequenced was 6088 and
3085, respectively for the ICAMT and TNF-cLgenes.

DNA amplificabon (PCR) conditions were optimized
using control samples. PCR products were treated with
exonuclease I and shomp alkaline phosphatase to remove
the excess dNTPs and unused primers, and subjected to
sequencing on an ABD 3100 automated sequencer using
dye-terminator  chemistry. (Pomer sequences and PCR
conditions are available on request.) ABI trace files thus
generated were  analysed uwsing the PHRED software
(http:  Meww.mbt. washington.edu/phrap.docs/phred. html)
which assigns quality scores to each base. The PHRED
outputs for any given PCR amplicon were then aligned
using the PHRAP software. The resulting assemblics
were viewed using CONSED which allows identification
of sequence differences as well as access to the indivi-
dual chromatograms to scrutinize each putative variant.
A subset of samples in which variant alleles were obser-
ved was sequenced using reverse pnmers to validate the
vitriant.

After sconng the varants by inspecting CONSED output
files, genotype frequencies were tabulated. Allele frequen-
cies at each variant site were computed by the gene-count-
ing method. Haplotypes were constructed and maximum-
likelihood estimates of ther frequencies were obtained
via the EM-algorithm using HAPLOPOP'®,

A otal of six polymorphic sites were detected in the
TWF-otgene, among which two single nucleotide and one
msertion/deletion  (Indel) polymorphisms present in the
gene have already been reported in NCBI's dbSNP data-
base. We have discovered three new polymorphisms in
Jarawas (Table 1). The only exonic (exon 4 and 3" UTR)
SMP found in TANF-ct harbours an A-to-C transversion,
while the remaining five changes lie either in the up-
stream region of the gene or in the intronic region. The
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minor allele frequencies at all six polymorphic loct are all
2 10%. Nine haplotypes based on these six poly morphic
sites were observed; among which four were observed
only once (Table 2). HT-1, HT-2, HT-3 and HT-5 together
account for 85% of the chromosomes in the Jarawas (Ta-
ble 2). They are related to each other by a single muta-
tional difference in the haplotype string. HT-4 which
accounts for 10% of the total chromosomes in the Jarawas,
occupies a phylogenetically distant position  from  the
cluster formed by HTs-1, 2. 3 and 5. The remaining hap-
lotypes are possible products of recombination.

Four SNPs were detected by sequencing 6088 bp uni-
que sequence segments embedded in 15,781 bp genomic
region coding JCAMI. All four SNPs present in JCAMYT
have already been reported in dbSNP. One of these
polymorphisms (rs3030382) harbours a non-conservative

Table 1. Description and [requency of SNPs found in TAF-ceand

JCAM Y genes in Jawaras

Drescription

of variation:
nucleatide change Whether new Frequency
(aming acid or meporied (% 5E) of
Gene  change, if any) (dbSNP 1D major allele
TNF-ce  G483A Mew 0900 = 0.036
C-257T Mew 0842 20.043
30T MNew 0657 £0.057
AG Indel m 551 Reported (rs464582) 0871 £ 0.040
ALL24G Reported (rs3093664) (0.853 £0.043
ALRTAC Reported (rs3093665) (L851 £0.042
ICAMI  CI0EG Reported (rs5030352)  0.794 £0.049
CRE2IG Reported (rs281432) 0515 £0.060
ALIB4RG (E469K) Reported (rs5030382) 0.514 20,060
Gl4501A Reported (rs2071440) 0.928 £0.031
Table 2. Haplotype and its frequency in TNF-ctand fCAM T penes in
Jarawas
Gene  Haplotype sl no. Haplotype description Frequency (£ 5E)
TNF-ou HTI GC-T-D-A-A 0.342 20,003
HT2 G-C-C-D-A-A 0315 20,003
HT3 G-T-C-D-A-A 0142 20,001
HT4 G-C-C-1-G-C 0088 0,001
HTS A-CC-D-A-A 0041 = 0.0005
HTa A-CC-1-G-C 0015 20,0002
HT? G-C-C-D-G-C 0.014 £ 0.0002
HTH A-CC-1-G-A 0.014 £ 0.0002
HTY A-T-C-1-G-C 0014 £ 0.0002
fcAMi HTI C-G-G-T 0.236 £ 0.0025
HT2 C-C-G-T 0220 £ 0.0024
HT3 C-G-A-C 0,192 20,0022
HT4 C-C-C-C 0151 20,0018
HTS G-C-C-C 0.088 200011
HTa G-C-C-T 0.054 = 0.0007
HT? G-G-C-C 0040 = 0.0005
HTH G-G-C-T 0.7 20,0002

D, AG deletion: 1, AG insertion.

n



amino acid change from glutamic acid (E) to Iysine (K)
at position 469 of the CD54 protein, while another
(rs30933032) lies in the exon 7 of the gene (3'UTR). The
remaining  two  polymorphisms are  intronic.  Like  the
SMPs present in TNF-of the frequencies of TCAMT SNPs
are also moderate to high (Table 1). A total number of
eight haplotypes were observed, among which HTs-1 and
2 are equally frequent. Except for one haplotype (HT-8),
all others occur more than once in the Jarawa gene pool
All JCAMT haplotypes can be joined sequentially by sin-
gle-site mutational difference, though the possibility of
recombination in this gene cannot be ruled out.

This DNA-marker study carned out among the Jarawas,
15 based on autosomal markers. The primary objective of
this study was to examine the nature and extent of poly-
morphisms in two known autosomal genes that are known
to play important roles in determining susceptibilities to
infectious  diseases, especially malaria which has been
detected in this tribe. Other studies'™' have dealt with
mitochondnal and Y-chromosomal markers in Andama-
nese tribes. In this study we have resequenced approxi-
mately 10 kb region from two autosomal loct in each of
the thirty-five Jarawa individuals. The major observations
emerging from  the pattern of sequence variability of
TWF-ot and JCAMI genes in Jarawas are: (1) there s low
DNA sequence varability, (1) rare SNPs are absent, (i)
the group harbours new SNPs, and (iv) there is restricted
vanation in haplotypes. The general paucity of low fre-
quency variations among the Jarwas indicates that they
have not undergone any demographic expansion. The
lack of large number of haplotypes suggests that this
population is genctically homogencous. Both these find-
ings corroborate the fact that the Jarawas constitute a
small and highly isolated., closed population. Possibly
because of strong founder effect and small demographic
size of the population, that results in strong genetic drift,
the level of sequence vanability is low. Altematively, the
paucity of sequence variation in TNF-otand TCAMT may
be due to purifying selection. Both TNF-ot and TCAMI
are involved in inflammation and have significant roles
in controlling the pathogenesis of various infectious and
parasite-mediated  diseases, particulardy  cerebral  malaria.
Therefore, it is likely that selection pressure is opemtive
on these two autosomal genes. Our discovery of three
new polymorphisms with relatively high heterozy gosities
in TNF-cigene suggests that SNPs already posted in the
major databases, such as dbSNP, do not comprise an ex
haustive list, and indicates the need to carry out more
systematic SNP search in many more populations.
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