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ABSTRACT We report single nucleotide polymorphisms (SNP) at the two sites each of NPY and DRD2-Taqgl loci
among the 28 populations from southern parts of Andhra Pradesh, India. The average allele frequency at these sites
in these populations categorized into upper, middlie and lower ranking castes, Muslims and tribes were also carried out
in order to test if there is any trend in the alele frequency of some of these SNPs that are implicated in acoholism.
This was felt important as some of these hierarchical low ranking groups and tribes traditionally are known for
addictive behavior, especially to alcohol, as against the prohibitive norms among most of the higher ranking castes.
The trend in average alele frequency although suggests some association with these traditional behavioral patterns,
the case control studies are required before inferring the exact nature of this association. The bivariate plot between
the NPY-C and TaglA1 mean allele frequencies in the 28 populations and the lack of significant association between
the genotypes of these two SNPs at the individual level rules out any possibility of co-adaptation between these two

aleles, despite both being somewhat implicated in alcoholism.

INTRODUCTION

Neuropeptide Y (NPY) is a 36-amino acid
peptide neurotransmitter encoded by NPY gene
located on the long arm (g15.1) of human
chromosome 7g15.1 (Minth et al. 1986) anditis
divided into and consists of four exons (Baker et
al. 1995). Neuropeptide Y (NPY) existsin both
the central and peripheral nervoussystemandis
thought to modulate many functions such as
regulating energy balance of the body (Billington
etal. 1994) and insulinrelease (Moltz et al. 1985),
stimulating lipoprotein lipase activity in the
adiposetissue (Billington et al. 1991), inhibiting
norepinephrine release and potentiating
norepinephrine response (Walker et al. 1991). It
issuggested that a T1128C polymorphisminthe
signal peptide of the NPY generesultsinleucine
(Leu) 7 to proline (Pro) 7 substitution. This
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substitutionislikely to alter the properties of the
signal peptide due to the different physico-
chemical properties of Leu and Pro amino acids
and was found to be associated with high serum
cholesterol and LDL cholesterol levels(Karvonen
et al. 1998), enhanced carotid atherosclerosisin
elderly patients with type 2 diabetes and control
subjects (Niskanen et al. 2000a), retinopathy in
type 2 diabetes (Niskanen et al. 2000b), birth
weight and serum triglyceride concentration in
pre-school aged children (Karvonen et al. 2000)
and alcohol dependence (Kauhanen et al. 2000;
Lappalainen et al. 2002). Thefindingsrelated to
alcohol dependence are, however, hetero-
geneous (llvesoski et al. 2001; Lappalainen et al.
2002).
The D2 dopaminereceptor (DRD2) isone of
thefive human dopaminereceptors(D1, D2, D3,
D4, D5/D1b) for which the gene hasbeen isolated
(Grandy etd. 1989). TheDRD2TaqlA site, located
approximately10 kb from the 3'end of DRD2,
exerts no known effect on gene expression but
has been associated with alcoholism and other
addictive behaviors (Blum et al. 1990; Comings
and Blum 2000). The“ Tagl A” polymorphismis
a C/T single nucleotide polymorphism (SNP)
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about 10 kb centromeric downstream to the stop
codon of DRD2 on 11923 (SNPrs1800497). The
CalleleresultsinaTaql restriction siteand the T
alleledoesnot. TheT alelewasearlier designated
astheA1lallele, whichwefollow consistently in
this article. The presence of the Al allele is
associated with a40% reductionin theexpression
of D2 receptors in the striatum and perhaps in
other cortical regions, without changein receptor
affinity (Thompson et a. 1997, Ritchieand Noble
2003). Thisassociationismost likely aresult of
linkage disequilibrium between this poly-
morphism and afunctional DRD2 polymorphism,
since rs1800497 itself is a nonsynonymous
coding polymorphism in the adjacent but func-
tionally unrelated geneANKK 1 (Ankyrin repeat
and kinase domain containing 1) ANKK1. The
alternative hypothesis that ANKK1 regulates
DRD?2 levels has not been ruled out, however
(Nevilleet al. 2004). TheAlallele of the DRD2
gene has been associated not only with
alcoholism (Noble, 2003) but also with other
substance use disorders, including cocaine
(Nobleet al. 1993), nicotine (Spitz et a. 1998) and
opiate (Lawford et al. 2000) dependence,
polysubstance abuse (Smith et al. 1992) and
obesity (Spitz et a. 1998) indicating that itisnot a
specificrisk factor for a coholism but rather abroad
substance dependence genetic risk marker. Inany
case, the studieson itsassociation with alcoholism
yielded contradictory results so far (Bolos et al.
1990; Lawford et al. 1997; Ishiguro et a. 1998;
Sander et al. 1999; Shaikh et al. 2001) asA2 allele
also showed strong association in certain studies.
However, this variant of the DRD2 gene has
functional significance as subjects carrying the
DRD2A1dlele, compared with findingsfor those
without this allele, have reduced brain D2
dopamine receptors (Jonsson et a. 1999).

A critical appraisal of the earlier studies on
the nature and extent of the association of the
above polymorphismswith alcoholisms, obesity
and other complex disorders suggests that the
resultsare contradictory and no definiteinference
can be deduced. Nevertheless, a wide ethnic
variation is observed in the allele frequency.
While the frequency of the Pro7 allele has been
reported to be 0.08 in Finns, 0.03 in Dutchmen
(Karvonen et al. 1998) and virtually absent in
Japanese (Drubeet al. 2001; Makino et al. 2001;
Ding et a. 2002), the Tagq1A alele frequencies
vary more than fourfold among the European
Samaritans population (Castiglione et al. 1995;

Goldman et al. 1992). The frequency of the Al
alelewasfoundtobeaslow as0.09inaMiddle
Eastern Caucasian population of Yemenite Jews
to as high as 0.75 in Muskoke Amerindians.
Arinami et al. (1993) found significant A1
frequency differences between their Japanese
unscreened controls and unscreened white
controls reported by others (Grandy et al. 1989;
Boloset al. 1990; and Gelernter et al. 1991). The
frequency of Al allele in the control samples
variesfrom 6to 21%, a3.5fold variation. When
no significant association between Al alleleand
alcoholism was found, the control Al alele
frequency ranged from 15 to 21%, whereaswhen
significant association was observed the A1l
alele frequency ranged from 6 to 11% (See
Buckland 2001 for review).

Tothebest of our knowledge only oneattempt
has been made so far in India to study the
association between TaglA and acoholism in
the hospital sample at Bangalore (Sheik et al.
2001) and the results suggested lack of
association. Further, the allele frequency was
found to be somewhat similar to the East Asian
population frequency. On the other hand,
Viswanathan et al. (2003,2004) studied 5
populationsof Nilgiri hillsfor the distribution of
alelefrequency of TaqlA, B and D and thethree
marker systems in their study are highly
polymorphic in al the five tribal populations;
TaqlA1frequency ranged from0.21to 0.51. We
report here the single nucleotide polymorphism
at the4 sites, two each from the NPY and DRD2
genes among the 28 populations from southern
parts of India, which represent almost entire
gamut of socioeconomic and occupational
variation inherent in the Indian population
structure. Since the studied populations are
clearly stratified into upper, middle and lower
castesand tribeswith certain traditional cultural
and behavioral patterns concerning drinking
alcohol etc. known specific to each of them, we
further endeavor to examine if the frequency of
any of these aleles implicated in acoholism,
obesity etc. follow a trend consistent with the
known traditional behavioral/lifestyle patterns
that are somewhat related to al coholism and other
lifestylesin these hierarchical groups.

MATERIAL AND METHODS

Intravenous blood samples (about 5 ml each)
were collected, with theinformed written consent,
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from 948 individual sbelonging to 28 endogamous
groups distributed in the contiguous areas of
the 6 southernmost districts of Andhra Pradesh
(Chittoor, Cuddapah, Ananthapur, Kurnool,
Prakasam, and Nellore) (Fig. 1). All the subjects
were apparently normal healthy volunteers and
no diagnosisfor any disorder was performed on
them. All the sampleswere anonymized and have
no individual specificidentity. The names of the
populations studied, the number of samples
drawn from each population, and their
socioeconomic backgrounds are furnished in
Table 1. Even though this study area can be
considered culturally, linguistically, and
geographically homogeneous, it is inhabited by
a wide array of caste and tribal populations,
representing almost the entire spectrum of
socioeconomic variation in the state.

DNA of the above sampleswasisolated using
theprotocol discussed by Sambrook et a. (1989).
TheForward (5-CCGTCCGTT GAGCCT TCT
GT-3) andreverse (5-CTA CCA GCCTGG GGA
ACC TGA AT-3) primers were used to amplify
464 bp length covering the exon 2 of NPY. The
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primers5014 (5'CCCTTCCTGAGT GTCATCA
3)and971(5 CGGCTGGCCAAGTTGTCTA3)
were used to amplify a310 bp fragment spanning
the polymorphic sites of the DRD2 gene. PCR
was carried out in a Gene Amp 9600 Thermal
cycler (Perkin ElImer) in 10m1 volume and using
1.0 U of AmpliTag DNA polymerase (Applied
Biosystems, Foster City, CA). PCR amplicons
were checked on 2% agarose gel.

PCR amplicons (70ng) were directly
sequenced using the BigDye Terminator Cycle
Sequencing Kit® (Applied Biosystems, Foster
City, CA) using 5PM primer. Extended products
were purified by alcohol precipitation followed
by washing with 70% alcohol. Purified products
were then dissolved in 10ul of 50% Hi- Di
formamide and analysed in ABI3730 automated
DNA Anayser (Perkin Elmer, USA).

Each genotyped site had two co-dominant
aleles. Allele frequencies were determined by
direct gene counting method. To test the
significance of the degree of heterogeneity in
the genotype frequencies among the hierarchical
groups X? test was performed.
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Fig.1. Map of Andhra Pradesh showing the sampled area and the names of populations studied.
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RESULTSAND DISCUSSION

Sequencing of 464 bp fragment of NPY gene

Table 2: x? test of homogeneity in the genotype
frequencies of the 4 SNPs, two each of NPY and
DRD2 TaqlA genes.

revealed two polymorphic sites. NPY T1128Cis ~ S\P df X?> P value
the polymorphism (rs16139) locatedinthesignal  rs16139 (T1128C) 6 8930 0.178
peptideregion of exon 2 changingtheaminoacid  rs9785023 (G1258A) 12 8.357 0.757
Leucine 7 to Proline 7, whereas G1258A isa  rs1800497 DRD2 (Tagl A) 12 26.893  0.008

synonymous SNP (rs9785023) located in the
carboxyl terminal peptide (exon 2) without amino
acid change at position 50 (Ser 50 ser). Analysis
of 310 bp fragment of DRD2 gene also revealed
two polymorphic sites, oneisaTagqlA site, which
islocated 10 kb down stream of DRD2 stop codon
(rs1800497) and ancther one is present exactly
100 bp down stream to thissite (rs17115461).
Population specific alelefrequenciesat these
4 stesarepresented in Tablel. Fromthefunctional
perspective, NPY 1128C is expected to confer
protection against alcoholism and DRD2 TagqlA 1
issusceptibleto alcoholism athough theempirical
dataareofteninconsistent. TheNPY 1128Callele
could not be traced in 9 of theout of 28 popula-
tions studied and the highest level of poly-

rsl7115461 6 19.360 0.004

morphism was observed in the K shatriya (11%),
one of the high-ranking castes. There seems to
be also a week trend of decrease in the mean
frequency of NPY 1128C from upper to lower
castesand tribes (Fig. 2). At the other polymorphic
steof NPY (1258A) theA-allelevariesfrom0.4in
one of the Muslim groupsto ashigh as0.769in
the Jangam, one of the lower middle ranking
castes. Overall, there appearsto beadlight trend
of decreasein the average frequency of alele A
at this site from upper to lower ranking castes.
Onthe other hand, at the Tag1A locus, whilethe
A1 allele frequency varies from about 23% in
Yanadi tribe to 50% in Chakali, a low ranked

Tablel: Population wise allele frequency at the 4 polymorphic sites, two each of NPY and DRD2-TaglA
genes screened among the 28 Indian populations.

Population Socioeconomic NPY TaqlA
(N) Status rs16139 rs9785023 rs1800497 rs17115461
(Caste or Tribe) (1128C) (1258A) [TaqlA1l] (C allele)
Brahmin (21) Upper 0.056 0.583 0.286 0.023
Kshatriya (25) Upper 0.109 0.543 0.280 0.000
Vysya (19) Upper 0.031 0.406 0.289 0.026
Akuthota (31) Upper-middle 0.071 0.518 0.371 0.065
Kamma (48) Upper-middle 0.023 0.500 0.333 0.031
Kapu (24) Upper-middle 0.000 0.438 0.229 0.000
Pokanati (39) Upper-middle 0.026 0.513 0.333 0.051
Panta (47) Upper-middle 0.011 0.564 0.263 0.056
Vanne (32) Upper-middle 0.047 0.500 0.317 0.117
Balija (34) Lower-middiel 0.029 0.426 0.344 0.000
Ekila (35) Lower-middiel 0.000 0.645 0.343 0.043
Kurava (50) Lower-middiel 0.032 0.500 0.290 0.015
Thogata (16) Lower-middiel 0.031 0.500 0.344 0.125
Yadava (31) Lower-middiel 0.069 0.500 0.419 0.081
Ediga (32) Lower-middie2 0.031 0.500 0.276 0.000
Gandla (21) Lower-middle2 0.000 0.429 0.269 0.000
Jangam (14) Lower-middie2 0.000 0.769 0.321 0.071
Devanga (62) Lower-middie2 0.074 0.489 0.331 0.016
Chakali (29) Lowerl 0.000 0.457 0.500 0.086
Mangali (13) Lowerl 0.000 0.500 0.423 0.038
Vadde (40) Lowerl 0.025 0.475 0.338 0.005
Madiga (65) Lowerl 0.000 0.508 0.392 0.051
Mala (50) Lowerl 0.052 0.448 0.380 0.070
Erukala (80) Proto-Australoid tribe 0.021 0.472 0.263 0.025
Sugali (39) ‘“Caucasoid” tribe 0.045 0.470 0.308 0.038
Yanadi (106) Proto-Australoid tribe 0.010 0.459 0.226 0.005
Dudekula (26) Muslims 0.000 0.400 0.404 0.019
Sheik (21) Muslims 0.000 0.447 0.381 0.214
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Fig. 2. Variations in the weighted mean allele frequencies in different socio economic categories of
populations of Andhra Pradesh. While X-axis in the graphs represent socio economic category, Y-axis
represents allele frequency.
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Fig. 3. Bivariate plot of allele frequency of NPY-
1128C and DRD2-TaglAl in the 28 populations of
India.

washermen casteat thers17115461 sitetheallele
C frequency varies from zero to 13% among the
studied populations. A trend of increase in
average frequency of the alleles from the upper
tolower castesisevident at both the above sites.
Further, the contingency x? test for homogeneity
in the distribution of genotypes among the
hierarchical groups(Table 2) suggestssignificant
heterogeneity for both the sites of DRD2 (2 =
26.9and 19.4; d.f. 12 and 6, p < 0.01) but not for
NPY sites(x?=8.9and8.4; df. 6and 12, p>0.15).
SinceNPY 1128C aswell asTaqlAlalleleshave
been variously implicated in obesity, alcoholism
and other substance abuse disorders, we tried to
examine the nature of association of allele
frequency at the population level and co-
occurrence of these alelesat theindividual level
which may throw somelight on the possibility of
co-adaptation of these two alleles in the
populations. The bivariate plot of allele
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frequencies of NPY-C and TagqlA1l (T) at the
population level (Fig. 3) suggests no association
(r-value-0.09, p=0.32).

Inherent in the traditional Indian population
structure is the clearly defined roles and
obligationsfor each of the hierarchical castesas
they live in symbiotic relationship. Depending
on the hierarchy of the castes their roles and
valuesystem varied distinctly. For example, while
amongst most of the upper and upper middle
castes drinking alcohol is considered a stigma
and looked down upon, among the lower castes,
scheduled castes and tribes, who traditionally
worked mostly as laborers or rendered services
as scavengers, barbers, leather workers,
washermen, gold/iron smiths etc., assisting the
upper castesin variousactivities, itisconsidered
as quite a normal behavior; traditionally, most
men and some of their women were used to
drinking indigenously made liquor which is
supposed to help these people to relax and have
good nights sleep after the days hard physical
labor inducing body achesetc. Further, typically,
most men from these lower castes are known to
spend greater part of their earnings on drinking
alcohal, in additions to what the upper castes
sponsor them for drinking during religious
occasionslikemarriages, jatras, death ceremonies
etc. Looking against these backgrounds there
seems to be subtle trend in the mean allele
frequency of both the NPY-C and TaqlA1l
although one cannot be sure if there is genetic
basis behind such average alcoholic behaviors
of some of these service castes. Nevertheless,
assuming that NPY-C gives protection to
alcoholism and susceptibility to obesity, and the
fact that relatively greater % of obese people are
observed among the upper castes of Andhra
Pradesh (NirmalaReddy 1998a,, 1998b; Feitosa
et al. 1999, 2000), the greater frequency of this
allele among them may be expected and tempts
oneto surmiseif thereisnot really genetic back-
ground to such cultural behaviors. Nevertheless,
it appearsimperative that suitable environment,
by way of cultural norms that may dictate
lifestyles, is necessary in order to manifest the
genes responsible for developing addictive
behaviors.

Indeed, if there is co-adaptation and/or
interaction between these genes in effecting
particular behavioral pattern of anindividual this
association should reflect in the genotypes of
an individual at these two loci. However, the x?

value obtained does not reflect this (2= 1.1, d.f.
4, p > 0.5), probably indicating that these two
loci act independently and may not have joint
rolein developing al coholism and/or obesity. On
the contrary, it is quite interesting to note that
when populationshaving zero % of NPY-C allele
are excluded and plotted against the Taq1A1 as
well as TaqlA2 aleles, respectively, it shows
significant positive association (r = 0.663, p<0.01,
d.f. 18) withthe TaglA1, while showing negative
association (r = -0.663, p< 0.01, d.f., 18) with
TaqlA2. This may provide subtle and indirect
hint at possible joint action of these genes in
developing the alcoholic phenotype and /or
probably co-adaptation at the population level.
Ontheother hand, if NPY 1128C aswell asTagqlA2
aleles are considered to have implication to
alcoholism, as certain studies suggest, then these
two genes may act as proxy to each other, which
is perhaps reflected in the negative association
at the population level. Nevertheless, without
proper characterization of theindividual acohalic
phenotypes in these populations and in the
absence of family based and/or candidate gene
approachesin conjunc-tion with population level
screening of these markerstheseinferences may
remain purely tentative. We plan to undertake
such studies in the near future.
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