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ABSTRACT Recent studies have examined the influ-
ence on patterns of human genetic variation of a variety of
cultural practices. In India, centuries-old marriage customs
have introduced extensive social structuring into the con-
temporary population, potentially with significant conse-
quences for genetic variation. Social stratification in India
is evident as social classes that are defined by endogamous
groups known as castes. Within a caste, there exist endoga-
mous groups known as gols (marriage circles), each of
which comprises a small number of exogamous gotra (line-
ages). Thus, while consanguinity is strictly avoided and
some randomness in mate selection occurs within the gol,
gene flow is limited with groups outside the gol. Gujarati
Patels practice this form of “exogamic endogamy.” We have
analyzed genetic variation in one such group of Gujarati

Among the factors shaping present-day patterns of
human genetic variation, culturally driven marital prac-
tices provide a key instance of an interaction between
social and genetic processes. For example, culturally
learned mating preferences have been implicated in the
evolution of hair, eye, and skin coloration phenotypes
during human evolution (Aoki, 2002; Frost, 2006; Laland
et al., 2010). Additionally, the consequences of patrilocal
and matrilocal practices on local gene flow have been
shown to influence neutral patterns of genetic variation
in various populations (Oota et al., 2001; Cordaux et al.,
2004; Kayser et al.,, 2006; Nasidze et al., 2006). One
region of particular interest has been India, where many
recent studies have considered population structure in
terms of cultural, geographic, and linguistic groupings
that affect marital practices (Bamshad et al., 2001; Roy-
choudhury et al., 2001; Basu et al., 2003; Kivisild et al.,
2003; Cordaux et al., 2004; Kashyap et al., 2006; Rosen-
berg et al., 2006; Sahoo et al., 2006; Sengupta et al.,
2006; Thanseem et al., 2006; Indian Genome Variation
Consortium, 2008; Thangaraj et al., 2008; Tripathi et al.,
2008; Watkins et al., 2008; Reich et al., 2009).

The contemporary population of India is estimated to
consist of at least 1,028 million people (Census of India,
2001) and is culturally stratified as tribals, who constitute
8.2% of the total population, and nontribals. Over 87% of
the nontribal population belongs to the Hindu religion
(Census of India, 2001), within which strict traditions
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Patels, the Chha Gaam Patels (CGP), who comprise indi-
viduals from six villages. Population structure analysis of
1,200 autosomal loci offers support for the existence of dis-
tinctive multilocus genotypes in the CGP with respect to
both non-Gujaratis and other Gujaratis, and indicates that
CGP individuals are genetically very similar. Analysis of Y-
chromosomal and mitochondrial haplotypes provides sup-
port for both patrilocal and patrilineal practices within the
gol, and a low-level of female gene flow into the gol. Our
study illustrates how the practice of gol endogamy has
introduced fine-scale genetic structure into the population
of India, and contributes more generally to an understand-
ing of the way in which marriage practices affect patterns
of genetic variation. Am J Phys Anthropol 149:92-103,
2012. ©2012 Wiley Periodicals, Inc.

have introduced a complex arrangement of hereditary
groups and extensive social structure within the popula-
tion. It has been estimated that across India, these tradi-
tions have created 50,000—60,000 essentially endogamous
groups (Gadgil et al., 1998). These groups can be under-
stood in a framework with three different levels (Fig. 1),
or orders, of population structure that are similar across
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HINDU POPULATION OF INDIA

* FIRST-ORDER:

castes or jatis

Major castes

Kanbi
"'(Other)
Scheduled castes

NUMBER:
* ~3000 major castes
* ~1000 scheduled castes

DIVISIONS DEFINED BY:
« traditional job function

ENDOGAMIC RESTRICTIONS:
* marital transactions prohibited between castes
 sharing of food prohibited between castes

Chha Gaam Gol

Fig. 1. An overview of caste divisions in the Hindu population of India. The hierarchy among the top three Leva Kanbi Patidar
gols was taken from Thakkar (1999). We do not show the fourth and last order of caste divisions called tads (Shah, 1982), endoga-
mous groups composed of a few families who are all members of the same gol. To the best of our knowledge, these “fourth-order”

divisions do not exist among the Leva Kanbi Patidar.

diverse regions of India and that are commonly known as
the caste system (Shah, 1982; Shah, 1998).

Divisions of the first-order separate the population
into broad hereditary groups, often termed jatis or castes
(Shah, 1982; Shah, 1998), which are loosely associated
with a traditional job function. These castes are distin-
guished from each other by traditions that prohibit the
sharing of food and marital transactions, and they there-
fore constitute distinct endogamous groups (Shah, 1982;
Shah, 1998). It has been estimated that India contains
~3,000 of these major castes (Bittles, 2002), examples of
which include the Rajput (rulers and warriors), Brahmin
(teachers, scholars, and priests), Vania (also termed
Bania; traders), and Kanbi (also termed Kunbi; agricul-
turalists) (Shah, 1982, 1998). There also exist an esti-
mated ~1,000 scheduled castes (formerly known as
Dalits or untouchables) (Gadgil et al., 1998), which con-
stitute ~17.6% of the nontribal population of India
(Census of India, 2001). In traditional Indian society, the
castes themselves each exist among one of five Varnas or
broad social classes (Brahmin, Kshatriya, Vaishya, Shu-
dra, and Panchama) (Flood, 1996). However, it has been
noted that in modern India, it is impossible to place all
castes into the five-tier Varna system (Shah, 1998), and
therefore, we do not consider Varna as a caste division
here.

Divisions of the second-order separate each caste into
what are sometimes referred to as sub-castes, endoga-
mous groups that are distinguished by traditions that
prohibit marital transactions, but that permit the shar-
ing of food. The number of divisions varies between the
different castes (Shah, 1982, 1998); in the state of

Gujarat, while 80 such second-order divisions exist
among the Brahmins, only five exist among the Kanbi
(Fig. 1) (Shah, 1982).

Divisions of the third-order separate many second-
order divisions into groups known as ekdas (units) or
gols (marriage circles) (Shah, 1982, 1998). In Gujarat,
each gol is composed of a number of gotra (lineages or
clans) living in certain gaam (villages) that are generally
geographically close to each other. Among Gujarati
Patels, a village is the equivalent of a gotra. Each indi-
vidual within a gol identifies as belonging to his or her
father’s village (patrilocality), and property and sur-
names are inherited through the paternal line (patrili-
neality). In essence, gols are endogamous groups that
are distinguished from one another by strict traditions
restricting marital transactions, so that most marriages
occur between individuals from the same gol (Pocock,
1972). Within a gol, there is a strict practice of exogamy,
whereby an individual cannot marry anyone from his or
her village, as that would be considered marrying kin
(Pocock, 1972). Thus, while consanguinity is avoided and
some randomness in mate selection occurs through the
practice of village exogamy, there is a degree of gene
flow restriction among gols owing to the practice of
endogamy within the gol.

These traditions have partitioned a vast portion of the
population of India into tens of thousands of endogamous
gols. However, they have also allowed for a small
amount of gene flow between gols within the same sec-
ond-order division through the practice of hypergamy
(Ghurye, 1969; Nath, 1973), in which a bride marries a
groom from a family whose gol has a higher standing.
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There exist hierarchies both within each gol, where fam-
ilies and gotra vary by status (Patel and Rutten, 1999),
as well as between gols, which also vary in standing.
Marriages occur much less frequently between individ-
uals from different gols than between individuals
within the same gol, primarily because of the financial
burden placed upon the bride’s family by the higher
dowry that would need to be paid for such a marriage
compared to a within-go/ marriage, and by the fine
imposed by the bride’s gol for marrying outside it
(Pocock, 1957; Nath, 1973; Patel and Rutten, 1999).
The increase in status that would be gained by the
bride’s family by such a marriage (Pocock, 1957), and
the financial gain that it offers to the groom’s family
through the higher dowry that may offset dowries paid
when arranging the marriages of their own daughters,
make desirable such marriages between brides from
families of high status in a gol of lower standing and
grooms from families of low status in a gol of higher
standing. Among the motivating forces for the creation
of gols was the prevention of hypergamy (Clark, 1983).
This was particularly so for the gols of higher standing
(Das, 1973), who were concerned that if some family
among them gave in to the temptation of profitable alli-
ance with a lower-status family, the gates of entry into
a higher societal status would open for the lower sec-
tions, potentially leaving a shortage of grooms for their
own daughters.

In this study, we investigate the effect of restricted
marital practices in India on patterns of genetic varia-
tion. We have studied the Patels of the Chha Gaam Gol
(Circle of Six Villages; “CGP” henceforth) (Patel and Rut-
ten, 1999), a division of the third-order located in the
Charotar region of the western Indian state of Gujarat.
All Patels, or Patidars (Patel and Rutten, 1999), were
until 1931 known as the Leva Kanbi and Kadva Kanbi
(Pocock, 1972; Pocock, 1993), the former having higher
standing (Nath, 1973). Historically, the Leva Kanbi and
Kadva Kanbi were endogamous groups (Nath, 1973;
Pocock, 1972) located primarily in Gujarat, most notably
within the Charotar region (Nath, 1973), although also
in the states of Rajasthan, Maharashtra, Uttar Pradesh
and Madhya Pradesh.

Originally, within the Patidar, there were no gols.
Then, ~500 years ago, inequality in the movement of
brides arose among the Patidar, primarily driven by the
economic differences between Patidar living in cities
such as Ahmedabad, Gujarat, and Patidar who remained
in the villages. In 1869 CE, Nadiad, Sojitra, Vaso, and
15 other villages created their own gol. Over subsequent
years, some 50 gols were formed among the Patidar,
with the inclusion and exclusion of villages from the
original gol of 18 villages leading to the creation of the
modern CGP. This gol comprises the villages of Bhadran,
Dharmaj, Karamsad, Nadiad, Sojitra, and Vaso (Fig. 2),
all of which are populated by Patels who were formerly
Leva Kanbi (Fig. 1). The six villages of the CGP are
large in size, relatively wealthy, and urbanized, and are
therefore considered to be the highest-status villages
among the Patels (Fig. 1) (Vyas et al., 1958; Pocock,
1993; Patel and Rutten, 1999; Thakkar, 1999). Thus,
under the rules of hypergamy, while males of the CGP
can marry a female from any village, a female of the
CGP can only marry a male from the CGP (Patel and
Rutten, 1999).

We have analyzed 1,200 autosomal loci together with
26 Y-chromosomal markers and the HVS1 region of the
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Fig. 2. Map of the six Chha Gaam Patel (CGP) villages. The
map was obtained from Google Maps (http:/maps.google.com/),
retrieved on February 24, 2009. Inset, a map of India with the
state of Gujarat shaded in gray. A black rectangle indicates the
location of the six CGP villages.
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mitochondrial genome in 194 individuals of the CGP.
We analyze these data in conjunction with similar data
on 31 Gujaratis from outside the CGP (“other Gujara-
tis” henceforth) and autosomal data on 382 individuals
from 14 other population subgroups defined by lan-
guage from across India (Rosenberg et al., 2006), to
determine how the restricted marital practices of the
caste system have influenced patterns of genetic varia-
tion in this distinctive exogamous-endogamic group. We
show that while the practice of gotra exogamy has
made the descendants from the six villages genetically
very similar, the practice of gol endogamy has made
these descendants genetically distinguishable both from
non-Gujaratis and from other Gujaratis. We further
show that while the practice of patrilocality has made
Y-chromosome haplotypes highly specific to particular
villages, mitochondrial haplotypes are by contrast
highly variable and show no village-specific patterns.
This high variability in mitochondrial haplotypes can
be explained in part by the migration of females from
outside the CGP into the six villages through the prac-
tice of gol hypergamy. Our results shed light on the
genetic history of the CGP, and provide further evi-
dence that the restricted marital practices of the caste
system have introduced fine-scale genetic structure into
the Hindu population of India.
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TABLE 1. Sample size and mean heterozygosity

Number of
individuals Heterozygosity
Standard
Average deviation
Village Total Males Females across loci across loci
Bhadran 30 20 10 0.723 0.093
Dharmaj 31 23 8 0.724 0.093
Karamsad 29 20 9 0.724 0.093
Nadiad 47 32 15 0.724 0.092
Sojitra 36 21 15 0.723 0.096
Vaso 21 17 4 0.728 0.093
Gujaratis from 31 16 15 0.731 0.090

outside of CGP
14 other Indian
subpopulations

382 146 0.724-0.735 0.089-0.098

MATERIALS AND METHODS
Samples

We used a previously described Asian Indian sample
(Rosenberg et al., 2006), which consists of India-born
individuals sampled in the United States whose four
grandparents each spoke the same language and origi-
nated from the same state in India. Of the 279 Gujarati
individuals previously reported by Rosenberg et al.
(Rosenberg et al., 2006), we restricted our analysis to a
set of 249 individuals for whom the village of origin was
known. Of these 249 Gujarati individuals, 218 emigrated
from one of the six CGP villages (Fig. 2). The 31 Gujar-
ati individuals who were not from one of the CGP vil-
lages each emigrated from one of 25 villages, with not
more than three individuals emigrating from any given
village; of these 25 villages, over two-thirds are located
within a ~20-mile radius of the CGP villages.

For the population-structure analysis, 382 unrelated
individuals from 14 other groups defined by language
from across India were included: Assamese (25), Bengali
(27), Hindi (28), Kannada (24), Kashmiri (25), Konkani
(42), Malayalam (25), Marathi (26), Marwari (25), Oriya
(26), Parsi (25), Punjabi (28), Tamil (29), and Telugu (27).
These individuals are the same individuals previously
considered by Rosenberg et al. (Rosenberg et al., 2006).

To search systematically for relative pairs in the data
set, we followed the methods of Rosenberg (2006).
Among the 249 Gujarati individuals, on the basis of pair-
wise allele-sharing and the program RELPAIR (v.2.0.1)
(Boehnke and Cox, 1997; Epstein et al., 2000) 71 pairs of
individuals were inferred to be related at a level closer
than first cousins: 12 parent/offspring pairs, 20 full sib-
ling pairs, 2 half sibling pairs, 34 avuncular pairs, 2
grandparent-grandchild pairs, and 1 monozygotic pair.
While it is possible that the monozygotic pair does
indeed represent twins, it is perhaps more likely that
they are duplicate samples.

In each relative pair, one member was removed to pro-
duce a data set in which no two individuals were related
at a level closer than first cousins. To minimize the num-
ber of individuals removed, individuals present in two or
more relative pairs were preferentially omitted. In situa-
tions where either individual in a relative pair could be
removed, the individual with the higher level of missing
data was removed. After the exclusion of related individ-
uals, many of which were related to multiple individuals
in the initial data set, our final data set consisted of 225
unrelated Gujarati individuals (Table 1).

Genotype data

Each individual had been previously genotyped for
1,200 polymorphisms spread across all 22 autosomes
(Rosenberg et al,. 2006): 471 insertion/deletion (indel)
polymorphisms and 729 microsatellites. The microsatel-
lites were drawn from Marshfield Screening Sets 13 and
52 (Ghebranious et al., 2003), and the insertion/deletion
markers were drawn from Marshfield Screening Set 100
(Weber et al., 2002).

We successfully genotyped 26 Y-chromosomal microsa-
tellites (DYS19, DYS385a/b, DYS388, DYS389I,
DYS389II, DYS390, DYS391, DYS392, DYS393,
DYS425, DYS426, DYS434, DYS435, DYS436, DYS437,
DYS438, DYS439, DYS441, DYS442, DYS446, DYS462,
Y-GATA-A7.1, Y-GATA-A7.2, Y-GATA-A10, Y-GATA-C4,
Y-GATA-H4) in 140 of the 149 male Gujaratis in our
data set, using the procedures of Hall and Ballantyne
(2003) and Hanson et al. (Hanson et al,. 2006). Of these
140 individuals, 124 were from the CGP villages: 19
from Bhadran, 21 from Dharmaj, 19 from Karamsad, 29
from Nadiad, 21 from Sojitra, and 15 from Vaso. The
remaining 16 individuals were from villages outside the
CGP.

We successfully sequenced both strands of the HVS1
region of the mitochondrial genome in 138 of the 149
males, using primers L15996 and H16401 from Vigilant
et al. (1989) and standard dye-terminator sequencing on
an ABI3100 genetic analyzer (Applied Biosystems, Fos-
ter City, CA). Of these 138 individuals, 122 were from
the CGP villages: 19 from Bhadran, 21 from Dharmaj,
18 from Karamsad, 28 from Nadiad, 21 from Sojitra, and
15 from Vaso. The remaining 16 individuals were from
villages outside the CGP. Reads for each of the 138 indi-
viduals were mapped to the revised Cambridge reference
mitochondrial sequence (Anderson et al., 1981; Andrews
et al., 1999) (NC012920.1) to identify variable sites. Sites
showing evidence of more than one peak (heteroplasmic
positions) were scored as the non-reference base.

The autosomal microsatellite and indel genotype data,
Y-chromosome microsatellite genotype data, and the ge-
notype data for the 26 variable sites we identified in our
mitochondrial HVS1 sequences are available for down-
load from http://rosenberglab.stanford.edu/datasets.html.
The consensus mtDNA HVS1 sequence for each of the
138 successfully sequenced individuals can be obtained
from the NCBI GenBank nucleotide database (http:/
www.ncbi.nlm.nih.gov/genbank) using the accession IDs
provided in Supporting Information Table S1.

Autosomal analysis

The level of genetic variation in each of the CGP vil-
lages, in other Gujaratis, and in each of the 14 other
groups defined by language from across India, was eval-
uated using expected heterozygosity, averaged across the
729 autosomal microsatellite markers, as calculated with
a sample size-corrected estimator (Nei, 1987). Levels of
genetic variation in the six CGP villages were compared
with those in the 15 other groups using a Wilcoxon
signed-rank test performed wusing wilcox.test in R
(v.2.11.1) (R Development Core Team, 2008).

Pairwise genetic distances between the six CGP vil-
lages, and between the six CGP villages and other
Gujaratis, were estimated using Fgr (Weir and Cocker-
ham, 1984), as calculated using Arlequin (Excoffier et
al., 2005) (v.3.5.1.2) on the 729 microsatellites. The sig-
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nificance of the Fgr estimates under the null hypothesis
of no differences between groups was evaluated using
the permutation test implemented in Arlequin, which
permutes individuals between groups, with 10,000 per-
mutations. As it is possible for the unbiased estimate of
Fgr used here to assume negative values, which do not
have a biological interpretation, we set negative esti-
mates of Fgr to 0. Pairwise genetic distances between
the six CGP villages were compared to those between
each of the CGP villages and other Gujaratis using a
Wilcoxon signed rank test.

Neighbor-joining trees (Saitou and Nei, 1987) were
obtained based on pairwise autosomal allele-sharing dis-
tance among groups, calculated using all 1,200 autoso-
mal markers. A greedy-consensus (Bryant, 2003) neigh-
bor-joining tree of all groups in the data set was con-
structed using the neighbor, consense, and drawtree
programs in the phylip package (Felsenstein, 2008) from
1,000 bootstrap resamples across loci generated using
microsat (Minch et al., 1998).

Classic multidimensional scaling (MDS) analyses
(Cailliez, 1983; Gower, 1966) were performed using
cmdscale in R on pairwise allele-sharing distance matri-
ces constructed using all 1,200 autosomal markers. In
the two-dimensional MDS plot, the pairwise distances
between individuals from the six different CGP villages
were evaluated using a permutation-based test of the av-
erage linkage distance Ly (Le Roux and Rouanet, 2004;
Timm, 2002), as described by Kopelman et al. (2009),
using 10,000 permutations. To assess the overall signifi-
cance of the separation of individuals by village affilia-
tion in the MDS plot, we used a Fisher’s combined prob-
ability test (Fisher, 1925) to combine probabilities across
the 15 pairwise village comparisons, weighting each
comparison by the sum of the sample sizes of the two
populations included in the pair. This calculation was
performed using combine.test from the survcomp package
(Schroder et al., 2011) in R.

Y-chromosomal and mitochondrial analysis

Relationships between haplotypes were determined
using the program NETWORK v.4.516 or v.4.600. For
the Y-chromosomal network, DYS385a/b was excluded
because it is not possible to identify the a and b loci sep-
arately, and DYS425 was excluded because it showed 2-4
peaks in eight of the individuals, indicating the possible
presence of two or more alleles. DYS389a/b was
included, with the repeat count at DYS389b obtained by
subtracting the DYS389I count from the DYS389II
count. Y-GATA-A7.1 showed duplications in two individ-
uals (neither from within the six villages), and in each of
these individuals, one arbitrarily-chosen allele was used.
After down-weighting the two loci with highest variance
(DYS389b and DYS446) by a factor of five to reduce
reticulations, a median-joining network was constructed
(Bandelt et al. 1999).

Estimates of the time to the most recent common
ancestor (TMRCA) and its standard deviation were esti-
mated for individual clusters using the p statistic imple-
mented in NETWORK, assuming a mutation rate of 6.9
X 107% per microsatellite per 25 years (Zhivotovsky et
al., 2004). Clusters were defined as groups of six or more
individuals linked by 0-3 mutational steps. The most fre-
quent haplotype was assumed to be ancestral, or for the
Bhadran-1 cluster, the most central with respect to the
rest of the cluster. The ancestral haplotypes in the Soji-
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Fig. 3. Average microsatellite heterozygosity in each of the
six Chha Gaam Patel (CGP) villages (black squares), in other
Gujaratis (black circle), and the 14 other language groups
(hollow gray circles). Numerical values of the average hetero-
zygosity are provided in Table 1.

tra and Nadiad-2 clusters lay just two mutational steps
apart, and village of origin was considered in assigning
individuals to one or the other cluster. For a more
relaxed cluster definition applied in some analyses,
groups of three or more individuals linked by 0-4 muta-
tional steps were assigned to the same cluster.

For mtDNA, a median-joining network was constructed
using equal weights for all 26 variable positions
(m.16051A>G, m.16069C>T, m.16071C>T, m.16086T>C,
m.16092T>C, m.16093T>S, m.16111C>T, m.16114C>T,
m.16126T>C, m.16129G>A, m.16145G>A, m.16153G>A,
m.16154T>C, m.16162A>G, m.16171A>T, m.16172T>C,
m.16179C>T, m.16180A>G, m.16181A>G, m.16182A>C,
m.16183A>S, m.16184C>A, m.16185C>T, m.16188C>T,
m.16189T>C, and m.16190C>T).

RESULTS
Signatures of go/ endogamy in the CGP

The practice of endogamy restricts mate selection to
within a predefined group of individuals, thereby geneti-
cally isolating this group from others. If gol endogamy has
been practiced by the CGP since its formation, we would
expect to find reduced genetic variation within the gol, and
increased genetic distances in comparisons that involve
CGP villages and populations from outside the gol.

The level of autosomal genetic variation in each of the
six CGP villages, as measured by microsatellite hetero-
zygosity, is compatible with the expected reduction of
this genetic variation statistic through the practice of
endogamy by the CGP, ranging from 0.723 to 0.728
across the six villages, and lying below 0.724 for five of
the six (three rounded up to 0.724; Table 1). Comparing
the levels of genetic variation in the six CGP villages
with those in the 15 groups from outside the gol (0.724—
0.735), we find genetic variation in the CGP to be signifi-
cantly lower than in the groups from outside the gol
(Fig. 3; P = 3.50 X 10~ %, Wilcoxon rank sum test).



IMPACT OF MARITAL PRACTICES ON GENETIC VARIATION 97

o Konkani (42)
Punjabi (28) Hindi (28) Marathi (26)
Parsi (25)
Tamil (29)
969
Kashmiri (25) >4 Kannada (24)
D
L) Ve
° <
368 | 324 e, Telugu (27)
L =
Marwari (25 =

@) Malayalam (25)
5 %
8

Karamsad (29)
B3
1000 & Bengali (27)
Nadiad (47) 3
s Oriya (26)
5
& Assamese (25)
Other Guijaratis (31)
8
Sojitra (36)
Vaso (21)
Dharmaj (31) Bhadran (30)

Fig. 4. Consensus neighbor-joining tree estimated from 1,000 bootstraps using 194 individuals from the six Chha Gaam Patel
(CGP) villages (red branches), 31 Gujarati individuals not from the CGP villages (blue branch), 382 individuals representing 14
additional Indian language groups (black branches), and 1,200 autosomal markers. The thick edges have at least 95% bootstrap
support. The number on each internal branch is the bootstrap support for that branch. The sample size for a group is given in

parentheses following the group name.

S
S B B v
D BN
gX 5N
K S DK D 5 B
D N By
3 v.E, 3 ?/.K B DQ/D s B
@ W MO K s Pop
A S N K s SV N N
N KD K B B, K
K ?\1 SSny R v N
By N B?\E\P SN
N Vb B s $ N N
v N NNk N N
B
N B
Vv B
B Bhadran N Nadiad
D Dharmaj S Sojitra
K Karamsad V Vaso

Fig. 5. Multidimensional scaling analysis of pairwise autoso-
mal allele-sharing distances between all 194 Chha Gaam Patel
(CGP) individuals. Individuals are colored by their sex: males,
blue; females, pink.

Analysis of population structure in the full sample of
individuals using the neighbor-joining clustering algo-
rithm provides 100% bootstrap support for a grouping of
the Gujaratis and 100% bootstrap support for a grouping
of the CGP within the Gujarati clade (Fig. 4). This latter
observation is compatible with the significantly smaller
pairwise microsatellite Fgp values (Table 2) observed in
comparisons between pairs of CGP villages than in com-
parisons between each of the CGP villages and other
Gujaratis (P = 2.65 X 10~ % Wilcoxon rank sum test). In
agreement with the pattern observed for Fgr values cal-
culated using both males and females together, Fgy val-
ues calculated separately for males and females were
significantly higher in comparisons between each of the
CGP villages and other Gujaratis than in comparisons
between pairs of CGP villages (Table 3; P = 1.29 x 10 *
and P = 0.005, respectively, Wilcoxon rank sum test).

In summary, members of the CGP are genetically dis-
tinguishable both from other groups from across India
and from other Gujaratis, consistent with restricted gene
flow into the CGP as a consequence of the practice of
endogamy.

Signatures of gotra exogamy and gotra
hypergamy in the CGP

The practice of gotra exogamy, which prohibits mar-
riage between individuals from the same gotra, would be
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TABLE 2. Fgy between pairs of CGP villages

Village Bhadran Dharmaj Karamsad Nadiad Sojitra Vaso Other Gujaratis
Bhadran 0.092 0.114 0.114 0.127 0.147 0.277"
Dharmaj 0.156 0.108 0.129 0.162 0.258"
Karamsad 0.104 0.046 0.150 0.234"
Nadiad 0.100 0.111 0.191"
Sojitra 0.101 0.241"
Vaso 0.310"

All Fgr values (upper triangle) have been multiplied by 100. For the six CGP villages, underlined values indicate the smallest pair-
wise Fgr for individual villages and bold values indicate the largest pairwise Fgr.

P <0.01

TABLE 3. Fgr between pairs of CGP villages, computed separately for males and females
Village Bhadran Dharmaj Karamsad Nadiad Sojitra Vaso Other Gujaratis
Bhadran - 0.122 0.226 0.116 0.296" 0.251 0.406""
Dharmaj 0.337 - 0.186 0.088 0.179 0.266 0.339f
Karamsad 0.034 0.373 - 0.167 0.095 0.221 0.303"
Nadiad 0.323 0.282 0.237 - 0.191 0.208 0.243
Sojitra 0.177 0.151 0.194 0.148 - 0.241 0.384
Vaso 0.318 0.133 0.637 0.238 0.178 - 0.343"
Other Gujaratis 0.483 0.412 0.333 0.340 0.301 0.499 -

All Fgr values shown have been multiplied by 100, and they are given separately for the 149 males (upper triangle) and the 76
females (lower triangle). For the six CGP villages, underlined values indicate the smallest pairwise Fgr for individual villages and

bold values indicate the largest pairwise Fgr.
" P <0.05.
" P <0.01.

expected to maintain gene flow between goira in the
CGP, making individuals in all of the gotra genetically
similar. We might then expect to not observe significant
separation of individuals by village affiliation in an auto-
somal MDS plot. However, the practice of gotra hyperg-
amy, in which a female marries a male from a family or
gotra of greater standing, might be expected to selec-
tively promote gene flow between certain pairs of vil-
lages and thereby reduce the level of genetic differentia-
tion between such pairs. We might then expect signifi-
cant separation between some pairs of villages but not
others.

MDS analysis of individuals from the CGP produced
no apparent clustering of individuals by village affilia-
tion (Fig. 5). To evaluate the potential separation of indi-
viduals by village in the MDS plot, we examined the av-
erage pairwise linkage distance (Lg) for all pairs of vil-
lages. In one pairwise comparison, between Bhadran and
Vaso, there was a significant separation of individuals by
village affiliation (P = 0.004). All other pairwise compar-
isons had P > 0.1, and a Fisher’s combined probability
test did not reveal a significant overall separation of
individuals by village affiliation across the different vil-
lage pairs (P = 0.451).

The autosomal MDS results are compatible with the
practice of gotra exogamy within the CGP, and they
identify one possible signature of gotra hypergamy
among the six villages.

Signatures of patrilocality and
patrilineality in the CGP

Patrilocality, in which male descendants remain in the
village of their father while females move to the village
of their husband, and patrilineality, in which property
and surnames are inherited through the paternal line,
have traditionally been practiced in the CGP. These
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practices are expected to introduce genetic dissimilarities
between villages on the Y chromosome, but to maintain
more uniform patterns across villages for mitochondrial
DNA.

Analysis of Y-chromosomal haplotypes provides evidence
for distinctive patterns in each of the six CGP villages
(Fig. 6A). In each village, one (Dharmaj, Karamsad, Soji-
tra, Vaso) or two (Bhadran, Nadiad) clusters of haplotypes
predominated. Across villages, these clusters together
accounted for 103 of 124 males (83%). Clusters were
highly specific to particular villages, and only five individ-
uals within the major clusters originated from a village
other than the predominant one. Estimated times to the
most recent common ancestor (TMRCAs) of the clusters
ranged from 1,010 = 410 to 1,740 + 730 years (Table 4).

Conversely, analysis of mitochondrial haplotypes does
not show major distinctions between villages, with all
six villages represented in both of the most common hap-
lotypes (Fig. 7). Additionally, we observe appreciable di-
versity in mitochondrial haplotypes, with numerous hap-
lotypes present in only one or two individuals. This ob-
servation is compatible with the migration of females
from gols of lower status into the CGP villages through
the practice of gol hypergamy, as this practice would be
expected to bring a diverse collection of mitochondrial
haplotypes into the CGP from multiple sources.

Together, these observations support a scenario in
which patrilocality and patrilineality are practiced
within the CGP. They also provide evidence of the prac-
tice of gol hypergamy among Gujarati Patels.

This latter result is interesting, as gol hypergamy
might also be expected to influence patterns of autosomal
variation in the CGP; females entering the gol might orig-
inate from different sources, creating the expectation of a
slightly greater level of genetic differentiation among the
females of the different villages than among the males.
The significant separation of females, but not males, from
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Fig. 6. Relationships between Y-chromosomal haplotypes. A: Median-joining network of 140 Y chromosomes from the six Chha
Gaam Patel (CGP) villages and other Gujaratis. Twenty-four Y-chromosomal microsatellites were typed in 124 males from the six
CGP villages and 16 Gujarati males from outside the gol. The relationships between the haplotypes were determined using the pro-
gram NETWORK 4.516. Circles represent the microsatellite haplotypes and have areas proportional to the haplotype frequencies.
Villages of origin are indicated by color; clusters of haplotypes from the same village are labeled. Line lengths represent the number
of mutational differences between the haplotypes; the shortest line is one mutation. A line that abuts one or more haplotype circles
may appear shorter than the number of mutations it represents, as part of the line may be covered by the circles. B: Time to the
most recent common ancestor (TMRCA) estimates for each cluster in the Y-chromosome median-joining network. Clusters are or-
dered from top to bottom by increasing TMRCA estimates. Dots indicate TMRCA estimates, and colored lines represent their stand-
ard deviations. Black lines indicate the time of settlement of each village by Patels based on historical accounts, where available.
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different villages in an autosomal MDS plot might there-
fore further indicate the presence of females from outside
the gol who have migrated into the villages.

Examining, separately for males and females, the av-
erage pairwise linkage distance (Lg) for all pairs of vil-
lages, we observed a significant separation of females by
village affiliation in one of the comparisons: Nadiad and
Vaso (P = 0.042). All other pairwise comparisons had P
> 0.058, however, and there is no evidence of a signifi-
cant overall separation of females by village affiliation
across the different village pairs in the MDS plot (P =

Fig. 7. Median-joining network of 138 mitochondrial DNA
HVS1 sequences from the six Chha Gaam Patel (CGP) villages
and other Gujaratis. The HVS1 region of the mitochondrial ge-
nome was sequenced in 122 males from the six CGP villages and
16 Gujarati males from outside the gol. The relationships between
the haplotypes were determined using the program NETWORK
4.600. Circles represent the haplotypes. Each has an area propor-
tional to the haplotype frequency. Villages of origin are indicated
by color. Each line represents one mutational difference.
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TABLE 4. Estimates of the time to the most recent common
ancestor (TMRCA) of Y-chromosomal haplotype clusters

TMRCA Standard deviation
Cluster (years) (years)
Bhadran-1 1,510 710
Bhadran-2 1,510 530
Dharmaj 1,130 460
Karamsad 1,170 460
Nadiad-1 1,010 410
Nadiad-2 1,740 730
Sojitra 1,290 470
Vaso 1,080 530

Haplotype clusters are as labeled in Fig. 6.

0.335, Fisher’s combined probability test). Interestingly,
a significant separation of males by village affiliation
was also observed in only one comparison: Karamsad
and Sojitra (P = 0.038). All other pairwise comparisons
had P > 0.087, and a Fisher’s combined probability test
did not reveal a significant overall separation of males
by village affiliation across the different village pairs (P
= 0.245).

DISCUSSION

We have investigated how the practice of exogamic
endogamy within a group of six villages in the state of
Gujarat in western India has influenced genetic varia-
tion among its members. Consistent with the practice in
which individuals from the six villages marry within the
six villages, our analysis of 1,200 autosomal polymor-
phisms has found the members of the CGP to be geneti-
cally distinguishable from other Indian individuals,
including those from elsewhere in Gujarat. Furthermore,
patterns of genetic variation and genetic diversity in the
CGP villages are consistent with the practice in which
individuals from the six villages marry outside their own
gotra.

Analyses of Y-chromosomal and mitochondrial haplo-
types are consistent with strong patrilocality and patrili-
neality within the six CGP villages. Using a strict defini-
tion of haplotype clusters, 98 of 124 males (79%) lie
within a haplotype cluster characteristic of their village.
If the criteria for identifying a cluster are relaxed
slightly (see Methods), 103 males (83%) fall within their
characteristic village clusters. However, we find that the
villages may not be strictly patrilocal; 21 males with 21
different haplotypes, including representatives from all
six villages, lie far from any cluster and may represent
rare village lineages or possible male gene flow from out-
side the gol. Five or six males (according to whether a
strict or more relaxed cluster definition is used) carry
haplotypes characteristic of a different village within the
gol, accounting for 4-5% of the sampled gol haplotypes.
While this result could provide evidence of a low level of
male gene flow among the six villages, it might instead
reflect the presence of multiple founding Y-STR haplo-
types in these villages and a subsequent lack of male
gene flow among them.

In some analyses, the results for one of the CGP vil-
lages (Vaso) were noticeably different from those for the
other five villages. These differences accord with CGP
societal norms, as males from Vaso may have been
viewed as having a lower status among CGP individuals.
First, average heterozygosity was higher in Vaso than in
the other five villages (Fig. 3), suggesting that individu-
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als from Vaso might have more non-CGP admixture
than individuals from the other villages. This would be
consistent with Vaso males being more likely to marry
females from outside the CGP than are males in the
other five villages, purportedly through the practice of
gol hypergamy. Second, Y-chromosomal haplotypes from
Vaso did not cluster as tightly as did those from the
other five villages (Fig. 6A); this result is compatible
with a higher level of male gene flow into Vaso than into
the other villages, possibly as a consequence of matrilo-
cal marriage being more likely when the bride was from
Vaso than when the bride was from one of the other vil-
lages. The apparent male gene flow into Vaso could also
arise due to the fact that a husband from another CGP
village may have moved to live with his wife’s family in
Vaso and become a “gharjamai,” a term describing a son-
in-law who resides with his in-laws, because his in-laws
either had no male heir or could not afford a dowry;
hence, the husband would become heir-presumptive to
the wife’s family’s inheritance (Pocock, 1972).

We observed that for autosomal loci, males were no
more distinguishable across villages than were females.
At the same time, mitochondrial haplotypes were more
similar across villages than were Y-chromosomal haplo-
types. These results are potentially incompatible, as pat-
rilocality might be expected to generate a greater autoso-
mal difference among males compared to females in addi-
tion to a greater difference in Y chromosomes compared
to mitochondria, while gol hypergamy might be expected
to generate the opposite patterns to patrilocality. It is pos-
sible that these apparently discrepant results reflect long-
term patrilocality and gotra exogamy together with gol
hypergamy in the most recent generations, with females
entering the gol deriving primarily from the same broad
pool of mitochondrial haplotypes. This female gene flow
into the CGP might be at least partially attributable to
the practice of female infanticide by Gujarati Patels dur-
ing the nineteenth century (Nath, 1973; Clark, 1983).
Female infanticide led to an imbalance in the sex ratio in
many villages, particularly in villages of high status, such
as those of the CGP. For example, in a census taken in
1849 CE, the sex ratio in Nadiad was reported as 70
females for every 100 males (Clark, 1983), while sex
ratios in neighboring villages were in some cases even
lower. The migration of females into the six villages might
have occurred as a consequence of the dearth of eligible
brides within the six villages, owing to their historical
practice of female infanticide.

It is also possible that incompatibilities among our
autosomal, mitochondrial, and Y-chromosomal analyses
might have arisen from differences in levels of resolu-
tion; the 1200 autosomal markers potentially provide
more information compared with the data available for
the Y chromosome (24 microsatellites) and mtDNA
(sequence of the HVS1 region). For example, although
we have no reason to expect a bias toward specific group-
ings of populations, by limiting our mitochondrial analy-
sis to the HVS1 region, we might have failed to detect
distinctions in mitochondrial haplotype variation across
villages that would have been apparent had we analyzed
complete mtDNA sequences (Gunnarsdottir et al., 2011).

An additional issue is that a variety of phenomena
beyond marriage patterns might have affected the pat-
terns we investigated. For example, a reduction in popula-
tion size as a result of famine and plague in Gujarat at the
end of the 19th century (Pocock, 1972) may have caused a
decrease in genetic variation in the CGP villages. The
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lower average heterozygosities we observed in the CGP
villages compared with the other language groups might
partially reflect this event. However, mean heterozygosi-
ties for the six CGP villages are lower than for the other
Gujaratis in our study (Table 1), most of whom emigrated
to the United States from the same region of Gujarat
where the CGP villages are located; consequently, our
genetic evidence for gol endogamy within the CGP on the
basis of heterozygosity patterns is not likely to be
explained by a historic population size reduction.

While the TMRCA estimates for Y-chromosomal haplo-
type clusters have large uncertainties (Table 4), they
predate or are otherwise consistent with historical
accounts of the settlement of the six villages by Patels
between 1155 CE and 1575 CE (Chh Gam Patidar Samaj
Committee, 2010; Pocock, 1972) (Fig. 6B). Furthermore,
the separate clustering of Y-chromosomal haplotypes
from different villages is consistent with the view that at
least four of the six villages (Bhadran, Dharmaj, Karam-
sad, and Vaso) were settled by Patels from different vil-
lages located in the neighboring state of Rajasthan
(Anklav in 1471 CE, Jargal in 1156 CE (Pocock, 1972),
Hilod near Adala in 1211 CE, and Undhhel in 1224 CE),
and that one of the remaining two villages (Sojitra) was
settled by Patels from a different village within Gujarat
(Chapaner in 1575 CE). The historical record has not
provided a hypothesis for the location of the origin of the
Patels that first settled in the sixth village (Nadiad).
However, the existence of two Y-chromosomal haplotype
clusters associated with Nadiad could be compatible with
this village having been settled by two distinct groups of
migrants.

Information on the village of origin of the subjects in
this study was self-reported, and the subjects are all
first-generation immigrants to the United States. For
the non-Gujaratis, village of origin was not known for
most individuals, and as noted by Rosenberg et al.
(2006), each language sample is not a random sample of
individuals who speak that specific language. Among the
CGP samples, the individuals are members of families
who were originally from the CGP, but whose ancestors
had at some point in the past migrated out of the six vil-
lages to urban areas elsewhere in India. As the CGP
were among the earlier groups to migrate to urban areas
of India and overseas, initially to East Africa and then
to the United Kingdom and the United States beginning
in the 1930s (Patel and Rutten, 1999), it is possible that
our sampling in the United States contains some individ-
uals who have provided imperfect information about
their village of origin. However, there was and still is a
strong motivation to maintain the strict endogamic, exo-
gamic, and patrilineal marital practices of the CGP
among its diaspora. Thus, even though the subjects in
this study self-reported their village of origin and are
first-generation immigrants primarily from urban India,
the genetic data support patrilineality among the CGP
diaspora, and likely reflect a high degree of compliance
with the endogamic and exogamic rules established
when the gol was founded.

While we have not explicitly investigated inter-gol dif-
ferences, an early blood-group investigation focusing on
between-gol differences among six Gujarati gols, includ-
ing the CGP studied here, found significant genetic dif-
ferences among gols (Vyas et al., 1958). Our results on
the distinguishability of the CGP from other Gujaratis,
together with the findings of Vyas et al., raise the possi-
bility that the practice of exogamic endogamy has cre-
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ated isolated groups across India that are genetically
distinguishable from other individuals in the Indian pop-
ulation, including those in their local vicinity.

A previous study of overlapping data found a low level
of genetic differentiation among populations within India
(Rosenberg et al., 2006). This previous study included a
subset of the Gujarati individuals that we examined
here, together with the same set of 382 individuals from
14 other linguistically defined subgroups from across
India. However, with the large sample of Gujaratis con-
sidered here, we were able to detect genetic differences
among subgroups at a finer level of resolution.

CONCLUSIONS

Our findings highlight the important role that cultur-
ally driven marital practices can have in shaping pat-
terns of genetic variation in contemporary human popu-
lations. They provide further evidence on how caste-
based social traditions have influenced genetic structure
in India. In light of previous findings (Rosenberg et al.,
2006; Wooding et al., 2004; Indian Genome Variation
Consortium, 2008; Reich et al., 2009), a picture is emerg-
ing of different scales of genetic structure in the popula-
tion of India, structure that has been introduced and re-
inforced by systems of endogamy over hundreds or thou-
sands of years. These scales of structure range from the
large endogamous first-order divisions whose effects are
observable at the national level, down to the small
endogamous gols whose effects are observable locally.
The findings of our study highlight the need to study
genetic variation in first-, second-, and third-order divi-
sions from across India to clarify the ways in which the
rich variety of marital practices in India have influenced
patterns of genetic structure.
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