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Abstract Nineteen insertion/deletion and restriction site polymorphisms
on autosomal and mitochondrial genomes and mitochondrial DNA hyper-
variable segment 1 sequences were used to study genetic diversities and
affinities among four endogamous groups of Punjab, India. High values of
heterozygosity were noted in all four groups, both in the autosomal and mito-
chondrial genomes. The coefficient of gene differentiation among the groups,
however, was found to be low. Genetic distance and phylogenetic analyses
based on thesc data indicated that inferences on affinities among the popula-
tions were different when the two sets of loci (autosomal and mitochondrial)
were considered separately. We have interpreted these results on the basis of
some known historical data on migrations into this region. The results of this
study when compared with the findings of some previous studies indicate that
there are regional differences in the patterns of correlation between genomic
and sociocultural affinities within India.

The study of evolution and genetic relationships among contemporary human
populations has shed light on the origin of modern humans and also on the nature,
extent, and causes of genetic differentiation. India represents one of the most in-
teresting global regions in human evolution, primarily because some of the most
ancient out-of-Africa waves of human migration appear to have passed through
India (Cann 2001). Further, northern India has been a virtual melting pot of hu-
mans who have entered India in historic times (Thapar 1966). As groups of hu-
mans entered India, there must have been differential admixture of genes brought
in by these immigrants with those of preexisting local ethnic groups, who were al-
teady socially structured in a hierarchical manner. Therefore, population groups
of northern India are of great interest from the standpoint of the peopling of India.
In the present study, we have included four endogamous groups resident in the
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north Indian State of Punjab, with a view to understanding the extent of genetic
diversities and affinities among them. This study has been conducted using two
sets of DNA markers, autosomal and mitochondrial. The autosomal set includes
eight insertion/deletion (InDel) polymorphisms. The mitochondrial set includes
11 markers (10 restriction site polymorphisms [RSPs] and 1 InDel) and hyper-
variable segment-1 (HVS1) sequences.

Alu elements are a family of short interspersed elements (SINEs) with
about 500,000 members distributed throughout the primate genome (Batzer and
Deininger 1991; Deininger and Batzer 1993). The human-specific Alu InDels are
highly polymorphic in most human populations, and since their ancestral states
are known, these InDels are particularly useful in tracing the ancestry through
phylogenetic trees more effectively (Perna et al. 1992; Batzer et al. 1994, 1993,
1996). Alu insertions do not occur multiple times at the same chromosomal loca-
tion; therefore, the sharing of Alu elements is necessarily because of common an-
cestry. This fact makes the Alu elements useful markers for various population ge-
netic studies (Batzer et al. 1994; Stoneking et al. 1997). Only a single major study
using Alu InDel polymorphisms has been conducted in India (Majumder et al.
1999). This study on 14 ethnic groups of India, however, did not include popula-
tions from Punjab. Lack of data on north Indian populations on these InDel poly-
morphisms, especially from Punjab, motivated us to undertake this study. Further,
although some earlier mitochondrial DNA (mtDNA) studies (Kivisild et al. 1999)
on Indian populations have been based on HVS1 sequence data from individuals
drawn from Punjab, these samples were included without regard to their endoga-
mous group identity. It was also of interest to cross-validate the findings of
Bamshad et al. (2001) on the origin of Indian castes. Bamshad et al. (2001) found
that caste groups in the uppermost rung of the social hierarchy were the closest to
Europeans, and that this affinity declined as one descended the social ladder of
the caste groups.

In the present study, eight human-specific InDel loci were examined on 192
individuals, 48 each from four ethnic groups, namely, Brahmins, Khatris, Jat
Sikhs, and Scheduled Castes of Punjab, India. Of these eight loci, six were Alu in-
sertion loci; the seventh locus (CD4) was a deletion locus. Further, we have also
included an eighth locus, which is an mtDNA segment insertion in the human nu-
clear genome (Zischler et al. 1995). Ten mtDNA RSPs and one mtDNA InDel
have been screened. In addition, we have sequenced the HVS1 segment (nt [nu-
cleotide] 16024-16380) of the mtDNA in a subset of 57 individuals (about 15 in-
dividuals drawn randomly from each of the four populations).

Materials and Methods

Populations Studied.  Four endogamous groups of Punjab consisting of Brah-
mins, Khatris, Jat Sikhs, and Scheduled Castes were studied for eight InDel loci.
The Brahmins are geographically distributed over the entire State of Punjab. They
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are traditionally priests and torch-bearers of Aryan rituals, but now they partici-
pate in various, primarily white-collar, occupations. The Khatris occupy the cen-
tral region of Punjab. Their main occupation is trade. There are some subgroups
of this caste. Consanguinity is practiced within the subgroups, but the level of in-
breeding is low. Jat Sikhs are predominantly agriculturists and inhabit all regions
of the state. They may have entered Punjab after the Brahmins and Khatris (Ib-
betson 1916a, b). The Scheduled Castes are primarily menial workers and occupy
the lowest rung in the social hierarchy. They also inhabit all regions of the state.
According to the Hindu caste system in Punjab, Brahmins are at the top of the so-
cial ladder and the Scheduled Castes are at the lowermost rung. The position of
Jat Sikhs and Khatris is controversial. According to one view Jat Sikhs are at the
top since they are the most predominant caste group (~60%) among the Sikhs
(followers of Sikhism). The social ranking of the Khatris, or the Kshatriyas of the
original Manu’s classification of castes, is below the Brahmins and just above the
Scheduled Castes. The origin of Jat Sikhs is also disputed. While one view is that
they are one of the Rajput tribes, another is that the Rajputs belong to the original
Aryan stock that entered India, and the Jats belong to a later wave of immigrants
of Indo-Scythian stock (Ibbetson 1916a,b). A total of 192 blood samples of unre-
lated individuals, 48 from each endogamous group belonging to different social
strata, were collected randomly from different geographical locations of Punjab,
India.

Laboratory Analyses.  After obtaining prior informed consent of the study
participants by researchers of the Guru Nanak Dev University, Amritsar, blood
samples (5~10 mL by venipuncture) were collected in sterile EDTA vials. DNA
was isolated in the laboratory of Guru Nanak Dev University, using the method of
Gill et al. (1987). Each DNA sample was screened with respect to 8 autosomal
Alu In/Del polymorphisms. DNA samples were amplified by polymerase chain
reaction (PCR) using locus-specific primers. The primer sequences and PCR pro-
tocols used in this study are given in Majumder et al. (1999). Amplified PCR
products were run on agarose gel, stained with ethidium bromide, and visualized
under UV light. To size the alleles, a Haelll-digested (X174 DNA marker was
also run simultaneously.

Each DNA sample was also screened for 10 mtDNA RSPs and one InDel
polymorphism (IDP). The RSPs screened were Haelll nt 663, Hpal nt 3592, Alul
nt 5176, Alul nt 7025, Ddel nt 10394, Alul nt 10397, Hinfl nt 12308, Hincll nt
13259, Alul nt 13262, and Haelll nt 16517; the IDP screened was the COII/
RNA™" intergenic 9-base-pair (bp) deletion. These sites were chosen such that
individuals could be classified into haplogroups that are most relevant for Indian
Populations. Mitochondrial DNA RSP analyses were performed using standard
Primers and protocols (Torroni et al. 1993, 1996).

Sequencing of the mtDNA HVS! was carried out by the cycle sequencing
method in an ABI-3100 automated DNA sequencer and the ABI prism
dideoxyterminator system. The HVS1 region (nt 16024-nt 16380) was amplified
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using standard primers (Vigilant et al. 1991). Genotyping and DNA sequencing
were carried out at the Indian Statistical Institute.

Statistical Analyses.  Allele frequencies were calculated by the gene counting
method. The proportion of heterozygous individuals at each locus, standard error
(SE), and the average heterozygosity were calculated from the estimated allele
frequencies. The coefficient of gene differentiation (Gsr), was also calculated
(Nei 1973). Genetic distances between pairs of populations based on allele fre-
quencies were estimated using the D4 distance measure (Nei 1973). Neighbor-
joining (NJ) trees were constructed on the basis of these estimated distances
(Saitou and Nei 1987). The results have been compared with the available data for
other Indian populations to obtain an overview of the populations studied. DNA
sequences were aligned using ClustalW. Appropriate statistics pertaining to nu-
cleotide sequence variability (nucleotide diversity, average number of nucleotide
differences) were computed. A maximum-likelihood tree of the distinct se-
quences was calculated using PHYLIP (http:/evolution.genetics.washington.edu/
phylip.html).

Results

Locus-specific allele frequencies for the populations studied are presented
in Table 1. Allele frequencies at the seven insertion loci ranged from 35% to 93%.
The deletion allele at the CD4 locus exhibited low frequencies in all the popula-
tions. Majumder et al. (1999) had also reported allele frequencies of between
29% and 94% for the insertion loci in their study populations and low frequencies
of the deletion allele at the CD4 locus.

The heterozygosity values at the individual loci and the average heterozy-
gosity values and their standard errors for each population were estimated (Table
2). Except for CD4 and APO, high levels of heterozygosity were observed at all
the loci in all the populations. The average heterozygosities were remarkably sim-

Table 1.  Allele Frequencies at Eight Polymorphic Autosomal InDel Loci in Four Endog-
amous Groups of Punjab

Alu Alu Alu Alu Alu Alu Alu
ACE PV92 FXIHIB DI.1 CD4 APO PLAT MINUC

Population +¢ + + + - + + +

Brahmin (n = 48) 0.4895 0.3541 0.5418 04687 0.0834 0.9062 0.4468 0.5729
Khatri (n = 48) 0.6250 0.4062 0.5937 0.5104 0.0625 0.8750 0.5119 0.5833
Jat Sikh (n = 48) 0.6979 0.3958 0.5937 0.5208 0.1563 0.9270 0.4559 0.5625

Scheduled Castes (n =48) 0.4791 0.5000 0.6875 0.3645 0.0521 0.9062 04896 0.4895

a. Insertion (+) and deletion () are relative to primates.
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Table 2. Heterozygosity Values at Eight Polymorphic InDel Loci in Four Endogamous
Groups of Punjab

Average
Heterozygosity
Population ACE FXIIIB PV92 DIl CD4 APO PLAT MINUC + S.E.

Brahmin  0.4996 0.4996 0.4573 0.4980 0.1528 0.1699 04943 04996 0.4160 +0.0550
Khatri 0.4687 0.4823 0.4823 0.4997 0.1171 0.2187 04997 04921 04156 +0.0543
JatSikh  0.4216 0.4824 0.4782 04991 0.2636 0.1351 04961 04860 0.4173 +£0.0490
Scheduled

Castes 0.4990 0.4296 0.5 0.4632 0.099 0.1699 04997 0.4892 0.4034 +0.0592

ilar and high in all the four populations studied. These estimated values are con-
sistent with those reported from other Indian populations (Majumder et al. 1999)

The observed heterozygosity (Hs) within the populations and the total het-
erozygosity (Hyp) at all the loci were calculated (Table 3). There was wide varia-
tion (0.0027—-0.0348) in the estimated coefficients of gene differentiation (Gsy)
across loci. Gy values at the APO, PLAT, and MtNUC loci were about an order of
magnitude lower than those observed for the other loci. The coefficient of gene
differentiation for all the loci considered together was 0.0134, indicating that
within-population variation is much greater than between-population genetic
variation.

The neighbor-joining tree based on the estimated D, distances (Table 4),
which were calculated on the basis of allele frequencies of all eight loci, is de-
picted in Figure 1. As can be seen from Table 4 and Figure 1 (an unrooted tree),
the Brahmins and the Khatris are genetically the closest to each other. The Jat
Sikhs are genetically close to the Khatris, but are distant from the Brahmins. All
three groups are genetically very distant from the Scheduled Castes.

Table 3. Results of Genetic Diversity Analysis Based on Autosomal Loci

Heterozygosity

Within-Population Coefficient of Gene
Locus (Hg) Total (Hy) Differentiation (Gsr)
ACE 0.4723 0.4894 0.0348
FXIIIB 0.4728 0.4783 0.0115
PV92 0.4795 0.4852 ‘ 0.0117
DL 0.4901 0.4977 0.0154
CD4 0.1581 0.1614 0.0205
APQ 0.1735 0.1742 0.0040
PLAT 0.4975 0.4988 0.0027
MiNUC 0.4919 0.4946 0.0055

Combined 0.4045 0.4100 0.0134
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Table 4. Pairwise Genetic Distances based on Frequencies at Autosomal InDel Loci
(above the Diagonal) and Frequencies of mtDNA Haplotypes (below the Diagonal) among
Four Endogamous Groups of Punjab

Scheduled
Brahmin Khatri Jat Sikh Castes
Brahmin - 0.0022 0.0042 0.0043
Khatri 0.0937 - 0.0026 0.0046
Jat Sikh 0.0461 0.0579 - 0.0084
Scheduled Castes 0.1305 0.0650 0.0961 -

SCHEDULED CASTE

BRAHMIN

JAT SIKH
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L KHATR!t

Figurel.  Neighbor-joining tree depicting genetic relationships among four endogamous groups
of Punjab based on eight autosomal insertion/deletion polymorphisms.

The Alu ACE polymorphism is known to be associated with cardiovascular
disease and may be influenced by selective pressures. We therefore examined
whether the pattern of affinities changes by exclusion of this locus. The topology
of the neighbor-joining tree based on D, distances calculated after removing data
on the Alu ACE locus remained unchanged.

With respect to the 11 biallelic mtDNA polymorphisms, 13 distinct haplo-
types were observed among the 192 individuals screened from the four popula-
tions (Table 5). None of the individuals possessed the COII/tRNAs intergenic
9-bp deletion. Three of the 10 restriction sites (Haelll nt 663, Hpal nt 3592, and
Alul nt 5176) were also monomorphic. Only three of the haplotypes are common
in all populations; the remaining 10 haplotypes are present sporadically. While
the haplotype 00111101010 is the most frequent haplotype among the Khatris, Jat
Sikhs, and Scheduled Castes, this is not the most common haplotype among the
Brahmins. The most common haplotype (00110001010) among the Brahmins is
the second most frequent haplotype among the Khatris and the Jat Sikhs, but is
uncommon among the Scheduled Castes. Based on the haplotype frequencies, we
estimated the haplotype diversities within each of the four populations, which are:
Brahmins = 0.836, Jat Sikhs = 0.829, Khatris = 0.790, and Scheduled Castes =
0.731. The coefficient of differentiation with respect to mtDNA haplotype fre-
quencies, Gsr, was estimated to be 0.0264, which is much higher than the value
estimated with respect to autosomal DNA markers. Thus, compared to autosomal
markers, there is substantially greater within-population variation in mtDNA hap-
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Table 5.  Mitochondrial DNA Haplotype Frequencies (Percentages) in Four Endogamous
Groups of Punjab

Scheduled
Brahmin Khatri Jat Sikh Castes Total
Haplotype® (n=48) (n=48) (n=48) (n=48) (n=192)
0100001000 1 3 1 3 8
(2.1) (6.3) 2.1) (6.3) 4.2)
0100001010 1 2 1 4
2.1) “4.2) 2.1) 2.1)
0100011000 1 1
2.1) (0.5)
00110000110 1 | 2 1 5
2.1) (VR))] 4.2) (2.1) (2.6)
0110001000 5 4 4 2 15
(10.4) (8.3) (8.3) 4.2) (7.8)
0110001010 14 6 9 2 31
(29.2) (12.5) (18.8) 4.2) (16.1)
0110011000 2 5 3 5 15
4.2) (104) (6.3) (10.4) (7.8)
0110011010 8 5 5 9 27
(16.7) (10.4) (10.4) (18.8) (14.1)
0111001000 1 1
2.1) (0.5)
(0111001010 1 2 3
2.1 4.2) (1.6)
0111011010 2 1 2 5
“4.2) 2.1) 4.2) 2.6)
0111101000 1 2 2 1 6
2.1 4.2) 4.2) 2.1) 3.1
0111101010 11 20 17 23 71
(22.9) 41.7) (35.4) 47.9) (37.0)

2. 0 denotes absence of restriction site or lack of deletion; 1 denotes presence of restriction site or
deletion. Order of loci: Haelll nt 663, Hpal nt 3592, Alul nt 5176, Alul nt 7025, Ddel nt 10394,
Alul nt 10397, Hinfl nt 12308, Hincll nt 13259, Alul nt 13262, Haelll nt 16517, 9-bp deletion.
Loci found to be polymorphic in these populations are designated in boldface.

lotype frequencies relative to the within-population variation. We constructed a
teighbor-joining tree of relationships among the four population groups on the
basis of the pairwise D, distances (Table 4) estimated from haplotype frequen-
cies. This tree is presented in Figure 2. It can be seen that the relationship among
the population groups reconstructed from frequencies of mtDNA markers and the
atosomal DNA markers are not congruent. The most striking dissimilarity is that
inregard to autosomal DNA markers, the Scheduled Castes were clearly very dis-
tant from the other castes, but in regard to mtDNA markers they are not very dis-
tant from the Khatris and the Jat Sikhs. The Scheduled Caste group is genetically
tather distant from the Brahmins. The Brahmins are fairly close to the Jat Sikhs,
but less so with the Khatris. The Jat Sikhs and the Khatris are fairly close.



826 / KAUR ET AL.

KHATRI

SCHEDULED CASTE

JAT SIKH
j—— T

L BRAHMIN

Figure 2.  Neighbor-joining tree depicting genetic relationships among four endogamous groups
of Punjab based on haplotype frequencies of mtDNA polymorphisms.

Based on the mitochondrial RSP data, we were able to classify individuals
into eight haplogroups: Asian and Amerindian haplogroups A, B, C, and D; east
Asian haplogroup M; Caucasian haplogroups U and H; and African haplogroup L.
The frequencies of the various haplogroups are presented in Figure 3. Hap-
logroups A, B, C, D, and L were not observed. Fifty-nine (30.7%) individuals
could not be classified into any of the eight haplogroups based on the RSP sites
examined. The proportion of individuals with haplogroups other than the eight
listed above varied from 50% (Brahmins) to 14.6% (Scheduled Castes). Hap-
logroup M was found to be the most frequent—40.1% of the individuals in the
pooled sample belonged to this haplogroup. Although the social ranks of the Jat
Sikhs and the Khatris are somewhat controversial, if it is assumed that they occu-
pY a social rank between the Brahmins and the Scheduled Castes, then there is an
inverse trend of the frequency of haplogroup M with social rank: Brahmins
(25%), Jat Sikhs and Khatris (42.7%), and Scheduled Castes (50%). These differ-
ences are, however, not statistically significant (x> = 7.17, p = 0.07). No such
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Figure 3.  Frequency distributions of various observed mtDNA haplogroups in four endogamous
groups of Punjab.
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trend is observed in the frequency of haplogroup U, which is about 20% among
Brahmins, Jat Sikhs, and Khatris, and a little higher (about 30%) among the
Scheduled Castes. These differences among ethnic groups are also not statistical-
ly significant (x? = 1.76, p = 0.62). The remaining observed haplogroup, H, oc-
curs sporadically (about 4% to 6%) in all ethnic groups except the Khatris, among
whom the frequency is 10.4%.

HVS1 of the mtDNA, comprising 357 nucleotides from positions 16024 to
16380, was sequenced in 57 individuals (12 Brahmins, 15 Khatris, 15 Jat Sikhs,
and 15 Scheduled Castes). A summary of the raw sequence data is presented in
Table 6. It was observed that 13 sequences (22.8%) were common to individuals
within and across the four endogamous groups. The shared sequences were: (KH-
64, JT-67), (SC-07, JT-61), (SC-11, JT-66), (JT-52, KH-55), (SC-10, SC-12),
(KH-65, BR-59), (SC-09, KH-70), (SC-13, KH-58), (BR-58, BR-62), (BR-66,
BR-67), and (BR-64, SC-05, KH-51, JT-53). No striking preponderance of shar-
ing of sequences within or across any two endogamous groups was found. The to-
tal observed number of polymorphic sites was 49, of which 19 were singleton
sites. The nucleotide diversities and the average number of pairwise nucleotide
differences are given in Table 7. It is seen that the Brahmins and the Khatris show
the highest nucleotide diversities and average number of pairwise nucleotide dif-
ferences, followed by the Scheduled Castes and then the Jat Sikhs.

The maximum-likelihood tree depicting relationships among the sequences
is given in Figure 4. There is no clear clustering of mtDNA sequences by endog-
amous group.

Discussion

The Alu insertions/deletions are relatively stable polymorphisms, and their
ancestral states are known. Allele sharing is due to identity by descent. These
properties make them a novel set of highly informative and useful DNA markers
for studying human evolution and genetic relationships among various human
populations (Batzer et al. 1994). Allele frequencies at all the Alu insertion/dele-
tion loci studied, except CD4, were found to be highly variable within popula-
tions. The MtNUC InDel locus was also highly polymorphic in the study popula-
tions.

The populations studied exhibited high heterozygosity values for most of
these InDel loci. For most loci, the average heterozygosity values in populations
were high. Wide variation in the coefficient of gene differentiation (Ggy) across
loci was noted. The highest Gsy value (0.0348) is an order of magnitude higher
than the lowest value (0.0027), although the absolute values are all low. The Gsy
value for all eight loci combined was 0.0134. Studies by Batzer et al. (1996) on
the Alu loci exhibited Gy values that ranged from 0.039 to 0.132. An earlier study
by Batzer et al. (1994) reported slightly higher Gs7 values (0.097-0.283) for the
same set of Alu insertion loci. The lower Gy values reported by Batzer et al. in



Table 6. Nucleotides at Various Positions in the HVS1 Segment Drawn from Four Endogamous Groups of Punjab: Brah-
min (PBR), Khatri (KHT), Jat Sikh (JSK), and Scheduled Caste (SCH)

NUCLEOTIDE POSITION - 16000

POPLN. 000000000000001111111/41111111111111111111111111111
CODE- 33456678889999000112223344444455556666666777778888
SLNO. 78816951262345248014694602457834682346789236890123

CRS AAGAACTACTTTTCTCCGCTTGCTTCTGCCGTGAAAAACCCTCCTCAAAA

PBR-O55 . ... i e e
PBR-058 . o

KHT-064
KHT-065
KHT-066
KHT-069

TV 19 40V / §Ts



SCH-017
SCH-018

628 / (vipuy) qulund u suswydiowdjod YNA



Table 6. (Continued)

JIIII11112222222222222222222222222222222222222222222222222222222222222233333333333333333333333333333333
8888889990001111122222233333444444444555555666666677777788888999999999900000011111222222334445555555666
4567890236793457802345701459012356789046789013456902456846789012345678901245912689012457052342345679028

CRS

CCCCCTCCCAATGCATCACCTCAATCACAACTCAACTCACCACCCTCACACAGATCACCTACCCACCCTTAACATAATAAAGCCATTCTATACTCCCTTTCTT

KHT-060

JSK-058

"IV 19 40V / 068



SCH-012 ..
SCH-013
SCH-014
SCH-016
SCH-017
SCH-M8

Note: A dot (.) in a particular nucleotide position indicates that the nucleotide is the same as the nucleotide at this position occurring in the
Cambridge Reference Sequence (CRS). The CRS is provided in the first line of the table.

1£8 / (p1puy) golung ur swsiydiowdjod YNd
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Table 7. Observed Nucleotide Diversity (1) and Mean Number of Pairwise Nucleotide
Differences (k) in Four Endogamous Groups of Punjab

Population n k

Brahmin 0.0138 £ 0.0081 507 +2.64
Khatri ©0.0137 £ 0.0079 5.04 +2.59
Jat Sikh 0.0107 = 0.0063 3.92+2.08
Scheduled Castes 0.0126 £0.0073 462 +240
Combined 0.0127 £ 0.0075 4.67 £2.32

1996 are probably because of the inclusion of a number of closely related popula-
tions of European descent. A study by Novick et al. (1998) on 30 American pop-
ulations of native and Asian origin on five Alu loci observed Ggr values in the
range of 0.09 to 0.16. They attributed the reduced genetic diversity in these unre-
lated populations to bottleneck effect. The low overall Gy value (0.0134) ob-
served in the population groups included in the present study may be a reflection
of their recent common ancestry or bottleneck effects. The overall Ggr value esti-
mated in the present study is also lower than that (0.068) reported by Majumder et
al. (1999). This is probably because the populations studied by Majumder et al.
were ethnically and geographically more diverse.

Majumder (1998) and Majumder et al. (1999) reported that in Indian popu-
lations chosen from widely separated geographical areas, those in closer geo-
graphical proximity exhibited closer genomic affinity irrespective of the social
rank of the populations. Thus, for example, their studies showed that Brahmins
and other upper castes residing along with lower castes in close geographical lo-
cations showed greater genomic affinities than caste groups of a similar social
rank inhabiting different geographical locales. While the present study cannot
provide a validation or refutation of these observations because the populations in
the present study are all drawn from a relatively small geographical region, the re-
sults of the genetic distance and phylogenetic analyses based on autosomal and
mtDNA polymorphisms do not reveal a congruent picture of evolutionary rela-
tionships among the populations studied. From Table 4 and the branch lengths
separating the populations in the NJ tree based on the autosomal InDel loci (Fig-
ure 1), it is clear that the Scheduled Castes and the Brahmins are genetically very
dissimilar, which is also what is seen in the tree based on mtDNA polymorphisms
(Figure 2). However, while the Scheduled Castes group is also genetically very
distant from both the Khatris and the Jat Sikhs based on autosomal DNA data,
this feature is not observed from the mtDNA data. Further, while with respect to
the autosomal DNA data, the Brahmins, Khatris, and Jat Sikhs appear to form a
cluster with respect to mtDNA data, the Khatris are clearly separated from the
Brahmins and Jat Sikhs. These findings based on our autosomal DNA data are
consistent with those from a previous study by Singh et al. (1974) using red cell
enzyme polymorphisms, which were all autosomal loci, in which Brahmins, Kha-
tris, and Jat Sikhs were also found to show no significant allele frequency differ-
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Figure 4.  Maximum-likelihood tree depicting relationships among 44 distinct mtDNA HVS1 se-
quences drawn from four endogamous groups of Punjab. (BR = Brahmin, KH = Khatri,
JT = Jat Sikh, SC = Scheduled Castes).
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ences. Our findings reveal that the Brahmins and Jat Sikhs may have been found-
ed by a small group of female lineages, but because of waves of migration during
the historical period (Thapar 1966), which were possibly predominantly male,
various new autosomal genes were differentially introduced in the populations
studied. The origin of the Scheduled Castes appears to be quite different, because
they stand apart from the other three groups both in respect to mitochondrial and
autosomal DNA data. Our interpretation stated above seems reasonable because
the haplotypes that are common in the endogamous populations of Punjab are
also common among many other populations of India (Roychoudhury et al. 2000,
2001). While this interpretation may imply that there should also be extensive
sharing across endogamous groups and population clustering of HVS1 se-
quences, neither of these is observed in this present study. The most likely reason
for these observations is the high mutation rate in the HVS1 region, which can po-
tentially scramble long-term evolutionary history.

The frequency of haplogroup M increases with decrease in the social rank
of the groups, although the differences in frequencies of this haplogroup among
the populations is not statistically significant. The pooled frequency (40%) of this
haplogroup is lower than frequencies observed in many caste populations of oth-
er parts India, except among the Brahmins of Uttar Pradesh (Roychoudhury et al.
2000). The frequency of this so-called ‘Asian specific’ haplogroup shows a rough
clinal decrease from south to north India. The frequency of the ‘European’ hap-
logroup U does not show any statistically significant difference across the study
populations, but the pooled frequency (22%) is higher than most that of other
caste populations in other parts of India, except those of Uttar Pradesh (Roy-
choudhury et al. 2000). However, it is interesting that haplogroup H, which is
found in Europe in about 40% to 50% frequency, is present among 10% of Kha-
tris, but at a lower (4% to 6%), but not significantly so, frequency among the oth-
er populations. This haplogroup is absent among many tribal populations of India
(Roychoudhury et al. 2001), but has earlier been reported among northern Indian
caste populations of Punjab and Uttar Pradesh (Passarino et al. 1996). These re-
sults agree with the interpretation of Passarino et al. (1996) that there has been a
considerable inflow of genes from Indo-European—speaking populations from
central, and possibly also from west, Asia into northern India, including Punjab.

The extents of haplotype and nucleotide diversities and average number of
pairwise nucleotide differences do not differ significantly across the endogamous
groups, although the values of these statistics are highest among the Brahmins.
Since mtDNA is maternally inherited, a parsimonious explanation of these fea-
tures, including the extensive sharing of a small number of haplotypes across the
study populations, is that in spite of high levels of admixture in historical times in
the endogamous groups of Punjab, there was no significant introduction of mater-
nal lineages subsequent to the formation of these endogamous groups.

While Bamshad et al. (1998, 2001), using data on mitochondrial, Y-chro-
mosomal, and antosomal DNA polymorphisms, found that genetic distances be-
tween the upper, middle, and lower Hindu caste groups correlated with their so-
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cial ranks, we have not found such a clear trend. The results of this study when
contrasted with those obtained by Majumder et al. (1999) and Bamshad et al.
{1998, 2001) show that there are regional differences in the patterns of correlation
between genomic and sociocultural affinities within India.
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