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Abstract
Manipur is one of the North-Eastern states of India and it lies on the ancient silk route and serves
as a meeting point between the Southeast Asia and South Asia. The origin and migration

histories of Naga and Kuki tribal populations have not been clearly understood. Moreover, Kukis
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have been traced to two different ancestries, which have created confusion among the people.
The present study examined genomic affinities and differentiation of the Naga and Kuki tribal
populations of Manipur, Northeast India. Twenty autosomal markers (Eight Alu InDels, and
twelve Restriction Fragment Length Polymorphisms) were analysed. Findings showed genetic
differences between Naga and Kuki tribal populations with respect to the allele distribution
pattern which was substantiated by genetic differentiation (Gst 5.2%) and molecular variance
(AMOVA) where the highest percentage of among group variances was observed between Naga
and Kuki tribal groups (7.09%). However, genetic similarity with respect to allele distribution
pattern in most of the loci were seen among their respective groups (Rongmei and Inpui; Thadou
and Vaiphei). Rongmei and Inpui tribal populations (Naga group) belong to Naga-Bodo linguistic
group and Thadou and Vaipei (Kuki group) belong to Northern Kuki-Chin linguistic group
suggesting that genetic similarities may not be independent of linguistic affinities. Despite
differential genetic affinities, both Naga and Kuki tribal populations in Manipur show proximity
with Southeast Asian populations and Northeast Indian populations than with other Indian

populations and global populations taken for comparison.
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The contemporary Indian tribal populations constitute 8.6% of the total population. About 90%
of them live in rural areas and only 10% live in urban areas. In general, Scheduled Tribes (STs)
inhabit two distinct geographical areas; Central India and North-Eastern India (Chakma et al.
2017). Manipur is a tiny state situated in the easternmost part of North Eastern region of India.
The state is bounded on the south and east of Burma (Myanmar), on the north by Nagaland, on
the west by Assam and on the southwest by Mizoram. It lies on the ancient silk route and serves
as a meeting point between the Southeast Asia and South Asia (Meitei et al. 2010). Manipur’s
great diversity comprises of Meitei, Naga, Kuki, Meitei-Pangal and immigrant populations. Naga
and Kuki are the tribal groups of Manipur. There are 34 recognized tribes spread over 16 districts
in Manipur (Ministry of tribal affairs, Government of India).

Some of the earlier studies classified Naga as nearly akin to the Kuki. However, there are
few distinctive features which set apart the Naga and Kuki groups (Rizvi & Roy 2006). The
differences are summarised here. The village government of Naga is distinctly democratic wherein
the chieftainship does not necessarily inherit by a son from his father. Among Kuki, the chiefs
invariably inherit the position by virtue of their birth and thus an autocratic form of village
government prevails. These chiefs take the initiative in all matters concerning the administration of
their clansmen by whom they are respected and feared. There is marked differences between the
Naga and Kuki in methods of cultivation of crops. Naga developed terrace cultivation whereas
Kuki practice Jnuming. The Nagas males did not keep their hair long in the past while the Kuki
males kept their hair in knot either at the back of the neck or at the occiput (e.g. Paite, Thadou,
Hmar tribes). The settlement pattern of these two groups also markedly differs. The Naga people
construct their houses on a flattened surface, and the floor (made of soil) is directly touching the

ground while Kuki people construct their houses on a sloping surface of the earth and the floor is
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not made of soil but bamboo matting is used. The houses of the chief and affluent Naga are
conspicuous by bearing a horn like structure on the ridge of the steep roofs while the houses of the
chiefs of Kuki people are normally larger in size having a large verandah. In sharp contrast to Naga
tribes, the languages of Kuki tribes are close to each other with minor differences (Haokip 2011)
and they are found everywhere in Manipur except in the territory occupied by the Mao confederacy
(Hodson 1911).

The Rongmei, Inpui, Thadou and Vaiphei are recognized tribal groups of Manipur. The
two population groups (Rongmei and Inpui) are falling under the category of Naga tribes and the
other two population groups (Thadou and Vaiphei) are falling under the category of Kuki tribes.
The total population of Rongmei is 90,372 (Tohring 2010) and Inpui is 11,000 (Devi 2013).
According to the 2001 census of India, the total population of Thadou and Vaiphei are 1,82,594
and 38,267 respectively. Linguistically, all the four ethnic groups are the speakers of Tibeto-
Burman groups however, based on their genetic relationships, the languages of Manipur have
broadly divided into two groups (Naga and Kuki-Chin) and further into several subgroups (Haokip
2011). Rongmei and Inpui belong to Naga-Bodo subgroup (Grierson 1903) on the other hand
Thadou and Vaiphei belong to Northern Kuki-Chin subgroup (Grierson 1904; Thurgood and
Lapolla 2003).

The origin and migration history of the populations of Manipur are not clearly
understood. Archaeological findings have revealed that Manipur was inhabited by prehistoric
man since Stone Age (Singh 1997). Manipur’s prehistoric cultural affinity with the Chinese
Neolithic culture of the second millennium B.C. has been exposed at the Napachik site (Singh
1983a). On the basis of stone tool evidence, it was deduced (Singh 1983b) that wave of people

from the regions of South China migrated to Manipur. Jacobs (1990) also suggested that the
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migrations must have occurred through China, Tibet and Burma during different periods of time.
The tribes of Naga are believed to have migrated from Southwest China (Gangmei 2017; Kamei
2014; Kamei 2015; Kameih et al. 2018) in the western hills of Manipur most probably in the
second half of the 13" century A.D. On the other hand, the arrivals of Kuki in Manipur have
probably two different sources of origins. One is an Israelite origin, i.e. European ancestry
(Mukherjee 1998; Haokip 2010) and the other one is Burmese origin i.e. Southeast Asian
ancestry (Rizvi & Roy 2006; Saraswathy et al. 2009a). They are known to be the late migrants to
Manipur who entered sometimes in late 18"/early 19" century A.D.

Few studies have been carried out on the populations of Manipur (Saraswathy et al. 2009g;
Saraswathy et al. 2009b; Meitei et al. 2010; Kameih et al. 2018; Kshatriya et al. 2019) however,
not on same genetic markers, most of them on different populations with different objectives.
Rongmei and Inpui were earlier grouped and identified as Kabui Naga prior 2011 census
therefore earlier studies (Saraswathy et al. 2009b; Meitei et al. 2010) had done sampling based on
blanket term ‘Kabui’ without specifying names of Rongmei and Inpui. Keeping this in view, we
report an analysis of 20 autosomal markers including eight insertion-deletion polymorphisms and
twelve restriction site polymorphisms (both linked and unlinked) in four tribal populations of
Manipur (two populations each from Naga and Kuki tribes), Northeast India. The objectives of
the present study are i) to assess the extent of genetic heterogeneity among Rongmei, Inpui,
Thadou and Vaiphei tribes of Manipur, and ii) to examine their probable parental affinities using

the available datasets from the populations across the world.

Materials and Methods

Study Subjects
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The present study was conducted among four tribal populations belonging to Naga (Rongmei,
Inpui) and Kuki (Thadou and Vaiphei) tribes of Manipur. The four study population groups were
selected from Tamenglong, Noney, Imphal West, Senapati, Kangpokpi, Chandel and
Churchandpur districts, precisely because of their predominant distribution in these districts (Fig.
1). Intravenous blood samples (5 ml) were collected from 310 unrelated (beyond great
grandparents) individuals (110 Rongmei, 100 Inpui, 67 Thadou and 33 Vaiphei) of either sex in the
age group 18-60 years, from the four population groups. Simple random sampling technique was
used in the selection of subjects. The blood was taken by a trained medical practitioner after
taking informed written consent from the subjects. The study was approved by the Departmental

Ethics Committee, Department of Anthropology, University of Delhi, New Delhi.

Laboratory Analysis

After the blood sample was collected, DNA extraction was done using the salting-out method
(Miller et al. 1988). The concerned genomic regions were first amplified using a standard
Polymerase Chain Reaction (PCR) to screen the samples for 20 autosomal loci and then digested
with appropriate restriction enzymes in the case of Restriction Fragment Length Polymorphisms
(RFLPs). This was followed by imaging results through electrophoresis in agar gels stained with
ethidium bromide and visualized under UV rays. For the present study, eight Alu Insertion-
Deletion polymorphisms (AlulnDels), namely ACE, APO, D1, FXIIIB, PLAT, PV92, mt-NUC
and CD4; six unlinked RFLPs, namely ESR (Pvu Il), NAT (Kpn I), PSCR (Taq 1), T2 (Msp 1),
LPL (Pvu Il) and HOXB4 (Msp I); three linked RFLP sites in DRD2 gene, namely Taq 1 ‘A’,
Taq 1 ‘B’ and Taq I ‘D’; and three linked RFLP sites in 3-globin gene, namely Hb7 (Hincll),

Hb8 (Hincll) and Hb9 (Hinfl) were analysed. The primers and protocols have been described
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elsewhere (Jorde et al. 1995; Stoneking et al. 1997; Kidd et al. 1998; Majumder et al. 1999a; Lee

et al. 2002; ALFRED database).

Statistical Analysis

Allele frequencies for each selected site were obtained using the software POPGENE version
1.31 (Yeh & Yang 1999). Hardy-Weinberg equilibrium was calculated using the test for chi-
square goodness of fit. Bonferroni’s correction for multiple comparisons was also applied.
Average heterozygosities were calculated using the software DISPAN (Ota 1993). The haplotype
frequencies (for linked loci) and analysis of molecular variance (AMOVA) were computed using
the software ARLEQUIN version 3.5 (Excoffier & Lischer 2010). To assess genetic relationships
among the populations, multidimensional scaling (MDS) analyses were performed using the

software SPSS version 17.0.

Results

The allele frequencies for the 20 loci in the four study populations are presented in Tablel along
with the number of chromosomes examined. All the loci are found to be polymorphic in all the
populations. When applying the chi-square goodness of fit test to determine whether the
phenotype and genotype frequencies depart from Hardy-Weinberg proportions and using
Bonferroni’s correction, it is observed that the phenotype (genotype) frequencies for most of the
loci are in reasonable agreement with their respective Hardy-Weinberg expectations and do not
show significant departure from expected frequencies. Tag | D locus exhibits maximum variation

across the populations ranging from 25.9% among Vaiphei to 80.9% among Inpui. CD4 locus
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shows least variation across the populations ranging from 89.1% among Vaiphei to 98.2%
among Inpui.

The heterozygosity at each locus and the average heterozygosity over all the loci for the
study populations are presented in Table 2. The heterozygosity value of all the loci is found to be
moderate in all groups. The overall average heterozygosity among the four study populations

vary from 0.372 in Vaiphei to 0.394 in Rongmei.

Genomic Diversity Analysis

Table 3 presents the estimate of genetic diversity for each locus and for all the loci together
among the four study populations of Manipur. The four study groups seem to differ most at Taqg|l
‘D’locus (Gst=27.9%) and least at PVV92 locus (Gst=1.1%). When all the markers are considered
jointly, the Gst value was 5.2%, which may be attributable to variation between populations. The
total genomic diversity among the subpopulations revealed overall moderate levels of
heterozygosity, where Hr ranges from a minimum of 0.114 at CD4 locus to a maximum of 0.498

at FXI1IB locus

Haplotype Frequencies
Data pertaining to DRD2 and S-globin haplotype frequencies among the studied populations of
Manipur are presented in Table 4 and 5 respectively.

With respect to haplotype analysis at DRD2 system, five out of the total eight possible
haplotypes were shared by all the studied populations. Only Rongmei showed all the eight

possible haplotypes which indicate the maximum diversity. Thadou, Vaiphei and Inpui showed
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seven of the eight possible haplotypes. Ancestral haplotype B2D2A1 was found in all the four
study groups and its frequency ranges from 8.1% in Vaiphei to 15.6% in Rongmei.

With respect to B-globin system, + — — haplotype is observed to be the most prevalent in
all the four populations ranging from 31.5% in Inpui to 60.1% in Vaiphei. It is observed that five
out of the total eight possible haplotypes were shared by all the studied populations. Thadou and
Inpui showed all the eight possible haplotypes. Rongmei showed seven of the eight possible
haplotypes and Vaiphei showed six of the eight possible haplotypes.

The extent of genetic differentiation as is shown by analysis of molecular variance
(AMOVA) among the populations based on language and ethnicity indicate that among
individual variation or intrapopulation variation is highest among all the categories (Table 6).
The highest percentage of among group variance is seen between Naga and Kuki groups (7.09%)
followed by variance between four linguistic groups of India (3.23%), between castes and tribal
groups (1.92%) and between the presently studied groups and Southeast Asia (1.18%). With
regard to variation of Kuki tribes and Naga tribes in the present populations, between-group
variation is higher (7.09%) as compared with interpopulation variation among the groups
(0.31%). It means that the greater genetic difference is observed between Naga and Kuki tribes,

suggesting their different gene pool.

Discussion

Analysis of allele frequency distribution at 20 autosomal DNA loci among the presently studied
four populations revealed that differences in the frequency pattern were observed at some loci
between Naga (Rongmei and Inpui) and Kuki (Thadou and Vaiphei) groups (Fig.2). However,

Rongmei and Inpui (Naga tribes) which belongs to Naga-Bodo linguistic group have a similar
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allele distribution pattern. It was also observed that Thadou and Vaiphei (Kuki tribes) who are
the speakers of Northern Kuki-Chin linguistic group showed a similar allele frequency
distribution. The genetic distances matrices also revealed that the least value between Rongmei
and Inpui (0.002) followed by Thadou and Vaiphei (0.005). It is therefore conceivable that genetic
similarities may not be independent of linguistic affinities; similar view was given by Haokip
(2011), who opined that the linguistic subgroups of Manipur were based on genetic relationship.

When allele frequencies among the presently studied four study populations at five
polymorphic Alu loci were compared with other populations of Manipur, Indian populations and
the global populations, they showed close affinities with Southeast Asian populations suggesting
their genetic proximity with these populations (Fig. 3).

In India, the frequency of ancestral allele B2 at the TaqIB site varies from as low as 36.7%
in the Onge tribe (Bhaskar et al. 2008) to as high as 91% among the Toda tribe (Vishwanathan et
al. 2003), with median values estimated to be 67% (Chakrabarti et al. 2002; Vishwanathan et al.
2003; Bhaskar et al. 2008; Prabhakaran et al. 2008; Saraswathy et al. 2009a, 2010; Kshatriya et al.
2010; Sinha et al. 2015). The median B2 allele value of the presently studied populations is 56%,
which is closer to the value of 59% computed from Chinese populations (Kidd et al. 1998). The
distribution of D2 allele frequencies ranges from 13.9% in Paite (Saraswathy et al. 2009a) to
98.3% in Mizo (Chakrabarti et al. 2002), with median values estimated to be 58% (Chakrabarti et
al. 2002; Vishwanathan et al. 2003; Bhaskar et al. 2008; Prabhakaran et al. 2008; Saraswathy et al.
20094, 2010; Kshatriya et al. 2010; Sinha et al. 2015). Further, the median D2 allele value of the
two presently studied Naga (Rongmei and Inpui) populations are 79%, which is closer to the value
93% computed from Chinese populations (Kidd et al. 1998) rather than with the Indian

populations. The ancestral Al allele is highly variable in India (Chakrabarti et al. 2002;
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Vishwanathan et al. 2003; Bhaskar et al. 2008; Prabhakaran et al. 2008; Saraswathy et al. 2009a,
2010; Kshatriya et al. 2010; Sinha et al. 2015) and with Al varying between 38% and 49% among
the two presently studied Naga (Rongmei and Inpui) populations, they are akin to Chinese
population groups. The overall allele frequencies among the four presently studied groups revealed
that the two presently studied Naga (Rongmei and Inpui) populations show close resemblances to
Zeme and Liangmai, the cognate groups of Zeliangrong (Kameih et al. 2018) and also to the
Chinese populations. In contrast to the two presently studied Naga (Rongmei and Inpui) population
groups, the other two presently studied Kuki (Thadou and Vaiphei) population groups is
comparable to Paite and Kom (Saraswathy et al. 2009a) which have also belonged to Kuki
population groups, indicating their closeness of being common ancestry.

The average heterozygosity in the present study using the 20 markers varies from 0.372 in
Vaiphei to 0.394 in Rongmei. It is known that the average heterozygosity levels vary with the kind of
markers analysed. Therefore, when compared with studies carried out on a similar set of 18 markers,
average heterozygosity levels of the four study populations are lower than the reported
heterozygosity values of other Indian populations, reaching the maximum theoretical value of 0.5
(Majumder et al. 1999a; Mukherjee et al. 2000; Veeraju et al. 2001; Vishwanathan et al. 2004;
Saraswathy et al. 2008; Kshatriya et al. 2011) but it is comparable to the reported values from other
populations of Manipur (Saraswathy et al. 2009a).

The gene differentiation value (Gst 5.2%) on the basis of 20 autosomal loci observed in the
presently studied four populations is found to be greater than that observed in some studies
(Mukherjee et al. 2000; Veeraju et al. 2001; Saraswathy et al. 2008; Kshatriya et al. 2011) but
smaller than observations from other studies (Vishwanathan et al. 2004; Saraswathy et al. 2009a).

Vishwanathan et al. (2004) carried out a study on tribal groups of Tamil Nadu and found Gsr to be
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6.70% on the basis of 24 autosomal DNA markers. Meitei et al. (2010) conducted a study among
population groups of Manipur using 7 alu InDel markers and found higher Gst value among tribal
populations (7.4%) than non-tribal populations (2.2%) and it reveals that the diversity within the
tribal groups is higher when compared with non-tribal. The high degree of genetic differentiation
(5.2%) in these populations could be suggestive of their different origin of these populations
maintaining its own gene pool without the possibility of gene flow, following strict endogamous
nature which is further supported by AMOVA analysis which indicates that the highest
percentage of among group variance is seen between Naga and Kuki groups (7.09%) as
compared to interpopulation variation among the groups (0.31%). When the four presently
studied populations and the earlier studied populations from Manipur (Saraswathy et al. 2009a;
Saraswathy et al. 2009b; Meitei et al. 2010; Kameih et al. 2018; Kshatriya et al. 2019) are
considered jointly on the basis of five markers, the Gst value was 4.6%, which may be
attributable to variation among the populations of Manipur.

Five out of the total eight possible haplotypes were shared by all the presently studied
populations. Only Rongmei showed all the eight possible haplotypes which indicate that they are
more heterogeneous suggesting that they might have undergone admixture with Inpui because the
Inpui villages on the foothill of the western Imphal valley have largely adopted the Rongmei
culture and dialect as the result of the acculturation (Khumba 2001). Ancestral haplotype B2D2A1
was found in all the four study groups and its frequency ranges between 8.1% in Vaiphei and
15.6% in Rongmei. The frequency of ancestral haplotype B2D2AL1 in the four tribal populations of
Manipur is not as high as that observed in African populations (Kidd et al. 1998) and some of the
south Indian tribal populations (Saraswathy et al. 2008, 2009c). Study from Manipur (Saraswathy

et al. 2009a) reported the frequency of ancestral haplotype vary from as little as 1.2% (Paite) to as
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high as 22.8% (Meitei) and conclude that this could be attributed to the different origins of the
populations included in the study.

With respect to B-globin haplotypes, the haplotype ‘- + +’which has been reported to be
associated with HbS in India (Majumder et al. 1999b) is found in frequencies range from 0% in
Rongmei to 3.89% in Inpui. These haplotype frequencies are comparable with the findings that
observed from other study from Manipur (Saraswathy et al. 2009a) but lower than the value observed
from some of the west Indian populations and South Indian populations (Kshatriya et al. 2011;
Saraswathy et al. 2008). The distribution pattern of another haplotype ‘+ - -> which has been reported
to be linked with HbA in India (Majumder et al. 1999b), is found to be vary from 31.5% in Inpui to
60.1% in Vaiphei. These haplotype frequencies are comparable with the findings that observed from
other study from Manipur (Saraswathy et al. 2009a) but greater than the value observed from South
Indian populations (Saraswathy et al. 2008).

Multidimensional scaling (MDS) plot analyses reveal that Kuki tribal populations were
found to cluster together with the Southeast Asian populations, whereas the European populations
were distinctly far from Kuki tribal groups and Southeast Asian populations (Fig. 4). This clearly is
indicative of the Kukis affinities with the Southeast Asians. Therefore, this contradicts the Israelite
origin theory given by Khuplam Milui Lenthang (Haokip 2010) which may be attributed to the
influence of the protestant missionaries who came to Manipur and Mizoram and were inclined to
afford more respect to the Old Testament. Ningombam et al. 2018 also pointed out that Israelite
origin theory (i.e. European ancestry theory) may not be valid because of their close affiliation with
Southeast Asia people, both in terms of morphology and language. Saraswathy et al. (2009a) has
also reported that the populations of Manipur share their ancestry with the Southeast Asian

populations. Furthermore, MDS plot analysis of the global populations presented in Fig. 5 also
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reveals that both Naga and Kuki tribal populations (Rongmeli, Inpui, Thadou and Vaiphei) along
with the other populations of Manipur are clustering together with Southeast Asian populations
rather than with other Indian populations or European suggesting their genomic proximity to the
populations of Southeast Asia.

The present study thus highlights the genetic affinities and differentiation of the two
major tribes (Naga and Kuki) of Manipur. Genetic differences are observed between Naga and
Kuki tribal populations with respect to the allele distribution pattern which was substantiated by
genetic differentiation (Gst) and molecular variance analyses. It is therefore conceivable that
Kuki and Naga tribes certainly have their different migration history. Genetic distances matrices
indicate that the least value was observed between Rongmei and Inpui followed by Thadou and
Vaiphei. Further on comparing genes and language, Rongmei and Inpui tribal populations (Naga
group) who belong to Naga-Bodo linguistic group have similar allele distribution pattern in most
of the loci. It was also observed Thadou and Vaiphei (Kuki) who are the speakers of Northern
Kuki-Chin linguistic group showed similar allele frequency distribution suggesting that genetic
similarities may not be independent of linguistic affinities. Finally, although Naga and the Kuki
tribes are genetically, culturally and linguistically diverse to some extent, yet both the groups show

genetically closer to the Southeast Asian populations rather than the Europeans.
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Table 1. Allele Frequencies at 20 Autosomal Loci among the Study Tribal Populations of Manipur

Loci Rongmei Inpui Thadou Vaiphei
pa Chi- 2nb P2 Chi- 2nb pa Chi- 2nb P2 Chi- 2n®
square square square square

ACE 0.509 1.302 202 0505 1.101 200 0.608 2.633 130 0.652 0.726 66
APO 0.728 0.582 180 0.810 0.444 174 0900 0.314 130 0.818 1.388 66
PV92 0.744 0.246 160 0.695 2369 174 0.719 19.093* 128 0.818 5.638* 66
FXINB 0573 12.017* 68 0598 36.173* 122 0.425 57.005* 120 0.517 22.438* 58
mt-NUC  0.467 2.089 122 0500 0.003 170 0.333 0.399 126 0.409 0.083 66
D1 0.279 1.252 186 0.216 0473 134 0.283 2129 120 0.109 1.632 64
CD4 0.956 35.172* 138 0.982 115.008* 116 0.926 7.814* 54 0.891 3.286 46
PLAT 0.555 0.218 182 0511 1992 182 0.405 0.175 126 0.364 0.323 66
ESR 0.627 3.671 142 0531 0354 196 0.745 1456 106 0.808 1.307 52
NAT 091 1.319 100 0.904 0.372 136 0.867 0.001 120 0.726 0.492 62
PSCR 0.057 0.254 158 0.033 0.086 184 0.25 0409 132 0.151 0935 66
T2 0.359 0.909 156 0.372 1857 188 0.492 0.891 126 0.379 0.208 66
LPL 0.679 0.418 184 0.676 1.068 176 0.395 0.054 124 0.406 0.381 64
HOXB4 0.556 0.008 124 0.48 0.177 148 0.623 0.001 114 0.621 0.693 58
Hb 7 0.404 0.062 136 0.477 1747 130 0.207 0.235 116 0.227 5.743* 66
Hb 8 0.312 0.365 138 0.316 0.000 152 0.173 0.17 110 0.076 5.289* 66
Hb 9 0.825 0.172 166 0.857 0.423 168 0.811 0541 106 0.734 0592 64
TaqlB 0.618 1.253 136 0.649 2824 154 0446 1128 112 0531 2213 64
TaqgID 0.779 0.754 136 0.809 1601 152 0.275 0.134 120 0.259 0.024 58
Tagl A 0.507 2.686 136 0.622 0.001 156 0.186 2.012 134 0.288 1945 66

2 frequency of ‘+’ allele; P number of chromosome tested; * significant at p <0.05
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Table 2. Heterozygosity at Individual Loci and Average Heterozygosity Based on 20 Autosomal DNA

Loci among the Study Tribal Populations of Manipur

Loci Rongmei Inpui Thadou Vaiphei
ACE 0.499 0.499 0.477 0.454
APO 0.396 0.307 0.180 0.298
PV92 0.381 0.424 0.404 0.298
FXIIB 0.489 0.481 0.489 0.499
mt-NUC 0.498 0.500 0.444 0.483
D1 0.403 0.339 0.406 0.194
CD4 0.832 0.338 0.137 0.194
PLAT 0.494 0.499 0.482 0.463
ESR 0.468 0.498 0.379 0.310
NAT 0.164 0.173 0.231 0.398
PSCR 0.107 0.638 0.375 0.258
T2 0.460 0.467 0.499 0.471
LPL 0.436 0.438 0.478 0.482
HOXB4 0.493 0.499 0.469 0.471
Hb 7 0.482 0.499 0.328 0.351
Hb 8 0.429 0.432 0.286 0.140
Hb 9 0.288 0.245 0.307 0.390
Tag 1 B 0.472 0.455 0.494 0.498
Taq | D 0.344 0.309 0.399 0.384
Tagl A 0.499 0.470 0.304 0.410
All loci 0.394 0.382 0.378 0.372
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Table 3. Gene Diversity Estimates Based on 20 Autosomal DNA Loci among the Study Tribal

Populations of Manipur

Loci Hr Hs Gst

ACE 0.490 0.482 0.016
APO 0.303 0.295 0.024
PV92 0.381 0.377 0.011
FXIIB 0.498 0.489 0.018
mt-NUC 0.489 0.481 0.016
D1 0.345 0.335 0.029
CD4 0.114 0.112 0.020
PLAT 0.496 0.485 0.024
ESR 0.437 0.414 0.052
NAT 0.252 0.241 0.044
PSCR 0.216 0.201 0.068
T2 0.480 0.474 0.012
LPL 0.497 0.459 0.077
HOXB4 0.490 0.483 0.014
Hb 7 0.441 0.415 0.059
Hb 8 0.342 0.322 0.059
Hb 9 0.312 0.308 0.013
Taq I B 0.492 0.479 0.025
Taq I D 0.498 0.358 0.279
Tagl A 0.480 0.421 0.123
Average 0.403 0.382 0.052

Hr Total average heterozygosity, Hs individual variation within population, Gst degree of genetic variation
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Table 4. Haplotype Frequency Distribution at Three Sites Taqgl ‘B’, Tagl ‘D’ and Tagl ‘A’ at the DRD2

System among the Study Populations of Manipur

DRD?2 haplotypes Population groups
Rongmei Inpui Thadou Vaiphei

B2D2A2 0.356 0.444 0.319 0.266
B2D1A2 0.047 0.074 0.115 0.153
B1D2A2 0.053 0.101 0.261 0.249
B1D1A2 0.044 0.000 0.089 0.028
B2D2A1 0.156 0.112 0.087 0.081
B2D1Al 0.059 0.023 0.048 0.000
B1D2A1 0.214 0.170 0.000 0.136
BIDI1Al 0.071 0.076 0.081 0.087

B2,D2,A2: Alleles for presence of restriction sites at Tagl ‘B’, Taql ‘D’, Taql ‘A’ respectively

Values in bold: Ancestral haplotype frequencies
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Table 5. Haplotype Frequency Distribution at Three Sites Hb9, Hb8 and Hb7 at the B-globin System

among the Study Populations of Manipur

Haplotype frequencies Population groups
Rongmei Inpui Thadou Vaiphei

(+++4) 0.172 0.154 0.073 0.062
(++-) 0.149 0.191 0.078 0.000
+--) 0.345 0.315 0.574 0.602
=+ 0.000 0.039 0.016 0.016
=) 0.046 0.044 0.119 0.164
(+—+) 0.054 0.222 0.056 0.086
() 0.193 0.018 0.031 0.000
-7 0.041 0.017 0.053 0.070

&+ Presence of restriction site — Absence of restriction site
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Table 6. Extent of Genetic Differentiation Estimated by AMOVA among Presently Studied Populations,

Other Indian and Southeast Asian Populations on the Basis of Autosomal Markers

Among groups Among Populations within Within Population
Category?
variance (In %)¢ groups variance (In %)¢ variance (In %)¢
1. Nagas and Kukis of the present 7.09 0.31 92.60
study (20)°
2. PS and Southeast Asia (5)° 1.18 1.83 96.99
3. Castes and Tribal groups of India 1.92 491 93.17
(11)°
4. Four Linguistic groups of India 3.23 2.64 94.13
(11)°

aTB- Tibeto-Burman, PS Present study, DR Dravidian . °In paranthesis are number of markers analysed (5 =
ACE, APO, D1, PLAT and PV92; 11 = ACE, APO, D1, PLAT, PV92, CD4, ESR, NAT, PSCR, T2, LPL; 20 =
ACE, APO, D1, PLAT, PV92, mt-NUC, CD4, FXIIIB, ESR, NAT, PSCR, T2, LPL, HOXB4, Hb 7, Hb 8, Hb

9, Taql B, Tagl D, Taql A) °The values are significant, p< 0.05
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Supplementary Table S1. Genotype Distribution at FXI11B, CD4, PV92, Hb7 and Hb8 Loci which Are

Getting Significant Values in the Present Study

Loci Genotype | Observed Expected
Thadou | Vaiphei | Inpui | Rongmei | Thadou | Vaiphei | Inpui | Rongmei
FXIIB ++ 25 14 33 16 10.71 7.63 21.72 11.06
+- 1 2 7 7 29.57 14.74 29.56 16.88
-- 34 13 21 11 19.71 6.63 9.72 6.06
CD4 ++ 24 57 65 2311 56.01 63.11
+- 2 0 2 3.77 1.98 5.78
-- 1 1 2 0.11 0.008 0.11
PV92 ++ 40 24 32.96 22.01
+- 12 6 26.08 9.97
-- 12 3 4.96 1.02
Hb- 7 ++ 4 1.62
+- 7 11.77
-- 22 19.61
Hb-8 ++ 1 0.15
+- 3 4.69
-- 29 28.15

++ Homozygous for presence of restriction
+- Heterozygous for presence and absence of restriction site

-- Restriction site absent
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Supplementary Table S2. Allele Frequencies at Alu InDel Loci among the Populations of Manipur?!

Considered for Gst Analysis

ACE APO PV92 PLAT D1
+2 3 + - + - + - + -
Thadou 0.608 | 0.392 | 0.900 | 0.100 | 0.719 | 0.281 | 0.405 | 0.595 | 0.283 | 0.717
Vaiphei 0.652 | 0.348 | 0.818 | 0.182 | 0.818 | 0.182 | 0.364 | 0.636 | 0.109 | 0.891
Rongmei 0.509 | 0.491 | 0.728 | 0.272 | 0.744 | 0.256 | 0.555 | 0.445 | 0.279 | 0.721
Inpui 0.505 | 0.495 | 0.81 | 0.190 | 0.695 | 0.305 | 0.511 | 0.489 | 0.216 | 0.784
Zeme 0.471 | 0.529 | 0.829 | 0.171 | 0.835 | 0.165 | 0.378 | 0.622 | 0.217 | 0.783
Liangmai 0.451 | 0.549 | 0.775 | 0.225 | 0.868 | 0.132 | 0.356 | 0.644 | 0.220 | 0.780
Meitei 0.544 | 0.456 | 0.917 | 0.083 | 0.676 | 0.324 | 0.452 | 0.548 | 0.263 | 0.737
Paite 0.675 | 0.325 | 0.905 | 0.095 | 0.779 | 0.221 | 0.440 | 0.560 | 0.315 | 0.685
Kom 0.259 | 0.741 | 0.906 | 0.094 | 0.437 | 0.563 | 0.448 | 0.552 | 0.454 | 0.546
Aimol 0.587 | 0.413 | 0.923 | 0.077 | 0.882 | 0.118 | 0.431 | 0.569 | 0.350 | 0.650
Manipur Bamon 0.591 | 0.409 | 0.722 | 0.278 | 0.633 | 0.367 | 0.419 | 0.581 | 0.351 | 0.649
Manipur Muslim 0.573 | 0.427 | 0.824 | 0.176 | 0.440 | 0.560 | 0.598 | 0.402 | 0.280 | 0.720

'Reference for secondary source data: Saraswathy et al. (2009a); Meitei et al. (2010); Kshatriya et al. (2019)

2Frequency of insertion allele *Frequency of deletion allele
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Figure Captions

Figure 1. Position of Manipur in the map of India (top); Regions of sample collections highlighted
in the map of Manipur (bottom).

Figure 2. Distribution of allele frequency among the four presently studied populations on the
basis of 20 markers

Figure 3. Distribution of Alu allele frequencies among Indian and the world populations. Sources:
Mukherjee et al. 2000; Vishwanathan et al. 2003; Xiao et al. 2002; Meitei et al. 2010; Kshatriya
et al. 2011; Panjaliya et al. 2012; Kshatriya et al. 2019; ALFRED database.

Figure 4. Multidimensional scaling (MDS) plot depicting the genetic relationships between the Kuki
tribal groups, Southeast Asian and European on the basis of five AlulnDel markers (PV92, D1, APO,
ACE and PLAT)

Figure 5. Multidimensional scaling (MDS) plot depicting the genetic relationships of 44 global
populations (present study populations, other Indian populations and other world populations) on the

basis of five AlulnDel markers (PVV92, D1, APO, ACE and PLAT)
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0.4
Vaiphel  moluccas squ
o
S Han o
0= Koreans Uyghur
: PN o Ukraniarn
o
2 0.0 -+ Thedoo Romanlanoo
= T Serb,,
g -0.2 Shanghai French
o Fillipino
-0.4- o
Taiwanese
o
-0.6 T T T
-1.0 -0.5 0.0 0.5 1.0

Dimension 1

+ Kuki tribal groups A Southeast Asian © European

Pre-print version. Visit http://digitalcommons.wayne.edu/humbiol/ after publication to acquire the final version.



Figure 5.

o

o~

=

L

v

S

&= <

5 @O

-1.0 T T T T
-1.0 -0.5 0.0 0s 1.0

Dimension 1

+ Southeast Asian © other Indian - African

0 European A American x Northeast Indian

Pre-print version. Visit http://digitalcommons.wayne.edu/humbiol/ after publication to acquire the final version.




	Genomic Heterogeneity of the Naga and Kuki Tribal Populations of Manipur, North-East India
	Recommended Citation

	tmp.1608065023.pdf.fWng0

