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Abstract

The maternal genetic landscape of the Jaat population of Haryana, northwestern India, offers
critical insights into the layered demographic history of South Asia. Here, we present a
comprehensive analysis of mitochondrial DNA (mtDNA) control and coding region
variations in 215 unrelated, healthy individuals from various gotras (clans) of the Haryana
Jaat community. Our results delineate a tripartite maternal ancestry structure: a dominant
South Asian component (60.28%, primarily within macrohaplogroup M and its subclades
such as M3, M5, and M30, along with U2 lineages), a substantial West Eurasian contribution
(30.62%- comprising U7, H2a, W, N1a, and related lineages), and a notable East/Southeast
Asian signal (7.65%; n=16/209). The latter comprises haplogroups A, C4a, D (including D4
subclades), F (including F1 subclades), and G2a, while a small fraction of lineages belong to
unresolved R-derived haplogroups whose geographic affinities remain limited. Critically, the
final corrected frequency data show that the Jaat population (n=209) harbors 7.65% East
Eurasian maternal ancestry (mainly haplogroup D), while the neighboring Ror, Gujjar, and
Kamboj populations show 0%. This differential is a robust and distinctive feature of Jaat
maternal history. The signal is corroborated by network analysis (distinct East Eurasian
clusters) and is consistent with historical gene flow from Central/Northeast Asian sources
via the northwestern corridors. Jaat also exhibits rich autochthonous South Asian maternal
diversity. These findings position the Haryana Jaats as genetically distinctive among
northwestern groups, with implications for South Asian peopling models and forensic
genetics.

Keywords: mtDNA; East Eurasian ancestry; Jaat/Jat population; Haryana; maternal
lineages; population genetics; South Asia; haplogroup D; demographic history; gene flow

Introduction

Haryana, located in northwestern India, occupies a strategic position along major ancient
migratory corridors that have profoundly shaped the genetic architecture of North India. The
region has long served as a crossroads for human movements, facilitating interactions
between South Asian, West Eurasian, Central Asian, and, to a lesser extent, East/Northeast
Asian populations (Sharma et al, 2020). Haryana is home to diverse ethnolinguistic
communities, including the Jaats, Brahmins, Rors, Gujjars, and Kambojs, each characterized
by distinct historical trajectories and sociocultural practices. Traditional social organization
in the region features a caste-based hierarchy with strict endogamy at the community level
and exogamy within gotras (clans), particularly among land-owning agrarian groups. These
longstanding marriage patterns have generated fine-scale genetic substructure, making
Haryana populations valuable models for studying genetic drift, lineage divergence, and
admixture (Majumdar, 1951; Singh, 1992).

Among these communities, the Jaats represent one of the most demographically and socio-
politically influential agrarian groups. Historical accounts variously link their origins to Indo-
Scythian (Saka), Indo-Aryan, or Central Asian pastoralist and warrior traditions, with some
narratives associating them with ancient nomadic confederations that traversed the
Eurasian steppe and entered the subcontinent through the northwest (Bayley, 1998; Singh,
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1992). Predominantly rural and land-owning, Jaats maintain gotra exogamy while practicing
community endogamy, creating a natural experimental framework for population genetic
analyses of intra-group diversity and inter-group affinities.

Despite their numerical strength and cultural prominence, the maternal genetic history of
Haryana Jaats remains incompletely characterized. Most prior genetic research on North
Indian populations has either examined broad caste-tribe contrasts or focused
predominantly on patrilineal (Y-chromosome) variation, often overlooking the maternal
dimension. Mitochondrial DNA (mtDNA), with its strict maternal inheritance, absence of
recombination, and rapid mutation rate, serves as a powerful tool for reconstructing
maternal ancestry, migration routes, and demographic events such as expansions or
bottlenecks (Ingman et al., 2000; Pakendorf & Stoneking, 2005).

In the Indian subcontinent, mtDNA studies have established the predominance of
macrohaplogroups M and R, both derived from the African L3 lineage (Kivisild et al., 1999;
Thangaraj et al., 2006; Welikala et al., 2026). Numerous autochthonous sub-haplogroups
within M and R reflect long-term in situ evolution following the initial peopling of South Asia
(Welikala et al., 2024; Desai et al., 2026a; 2026b). However, fine-grained analyses targeting
specific endogamous communities in the northwest, particularly those with putative Central
Asian historical connections, remain sparse.

While the South Asian and West Eurasian strata of North Indian mtDNA pools have received
considerable attention, the East and Southeast Asian maternal signals in populations of the
Haryana-Punjab plains are frequently underappreciated or reported only as trace
components. Haplogroups characteristic of East Asia (e.g., D, C, G), Southeast Asia (e.g., F, B),
and their Central Asian extensions occur at low overall frequencies across most Indian
groups but can accumulate in specific communities through targeted historical admixture.
The northwestern corridor witnessed repeated interactions with nomadic groups
originating in or transiting through Central and Inner Asia, including the Indo-Scythians,
Kushans, Hephthalites (Hunas), and later Turkic-Mongolic expansions. These episodes likely
introduced not only cultural innovations but also genetic lineages, including maternal ones,
into local gene pools.

The Jaat community, given its historical associations with warrior-pastoralist traditions and
hypothesized links to Central Asian movements, constitutes an excellent case study for
quantifying any such East/Southeast Asian maternal contribution. Previous genomic work
on Jat and related groups (Ror, Gujjar, Kamboj) has highlighted elevated West Eurasian
(Steppe_MLBA-related) autosomal ancestry and distinctive paternal profiles, alongside a
predominantly South Asian maternal base (Pathak et al,, 2018). However, whether these
populations differ in their retention or acquisition of East Eurasian mtDNA lineages, and
whether Jaats specifically show enrichment, has not been systematically addressed with
adequately powered, community-focused sampling.

The present study was therefore designed to: (i) characterize the full spectrum of mtDNA
haplogroup diversity in a large sample of Haryana Jaats; (ii) quantify the East/Southeast
Asian maternal ancestry component; (iii) compare its frequency and haplotype
representation with those in co-sampled neighboring groups (Ror, Gujjar, Kamboj); and (iv)
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integrate demographic inference (Bayesian skyline plots, mismatch distributions) and
phylogenetic analyses (median-joining networks, shared haplotypes) to contextualize the
observed patterns. We hypothesized that the Jaat population would exhibit a significantly
higher level of East Eurasian-related maternal ancestry than their immediate neighbors,
reflecting differential historical gene flow or retention linked to their particular ethnogenetic
trajectory. The results confirm this prediction and provide a refined view of Jaat maternal
history as a mosaic of deep South Asian continuity, western admixture, and an amplified
eastern signal.

Materials and Methods
Sample Collection

A total of 215 biologically unrelated, healthy adult individuals belonging to diverse gotras of
the Jaat community were sampled from various districts of Haryana, India. Whole blood (3-
5 ml) was collected in EDTA vacutainers. Written informed consent was obtained from all
participants following the explanation of the study objectives in their local language. The
study protocol was approved by the Institutional Ethics Committee of Maharishi
Markandeshwar Institute of Medical Sciences and Research, Mullana, Ambala, Haryana
(Project No. IEC-2208), in accordance with the Declaration of Helsinki and national ethical
guidelines for human genetic research.

Although the primary focus was the Jaat community, parallel data were collected from the
neighbouring endogamous groups Ror, Gujjar, and Kamboj (Pathak et al. 2018), who reside
in the same geographic region, to enable direct comparative analyses of haplotype sharing
and ancestry proportions

DNA Extraction, Amplification, and Sequencing

Genomic DNA was extracted using the standard phenol-chloroform method (Sambrook et
al., 1989) followed by ethanol precipitation. DNA quality and quantity were evaluated by
agarose gel electrophoresis and spectrophotometry (NanoDrop, Thermo Scientific).

The mtDNA control region (including hypervariable segments HVS-I and HVS-II) was
amplified using two overlapping primer pairs specific to the control region. PCR products
were verified on agarose gels, purified, and bidirectionally sequenced on an Applied
Biosystems 3730 DNA Analyzer. Sequence editing and variant calling were performed with
SeqMan software (DNASTAR). Multiple sequence alignment was carried out using MAFFT
(Rozewicki et al., 2019) and manually refined in MEGA11 (Tamura et al, 2021) with
reference to the revised Cambridge Reference Sequence (rCRS, NC_012920). All polymorphic
sites were double-checked to minimize sequencing artifacts.

Haplogroup Assignment and Population Genetic Analyses

Maternal haplogroups were assigned independently using Mitomaster and Haplogrep3
(Schonherr et al,, 2023). Only concordant assignments were retained, whereas discordant
cases were resolved by manual inspection of diagnostic sites. Haplogroup frequencies were



144
145

146
147
148
149
150

151

152
153
154
155
156
157
158

159

160
161
162
163

164
165
166
167
168

169

170
171
172
173
174
175
176

177
178

calculated for the Jaat sample and compared with those obtained from the parallel Ror,
Gujjar, and Kamboj datasets.

Principal Component Analysis (PCA) of haplogroup frequency data was performed with
POPSTR (kindly provided by H. Harpending) to visualize affinities between the Haryana Jaat
population and 41 reference populations from South Asia and Central Asia (Pathak et al,,
2018). The first two principal components were plotted and interpreted in the context of
known geographic and linguistic groupings.

Demographic Inference (Bayesian Skyline Plot)

HVS-I and HVS-II sequences were aligned to rCRS, gaps were removed, and the resulting
FASTA file was imported into BEAST 2.5 (Bouckaert et al., 2014). The HKY+I+G substitution
model was selected with a strict molecular clock and a fixed mutation rate of 9.88 x 1078
substitutions/site/year (Soares et al, 2009). MCMC chains were run for 5 million
generations, sampling every 1,000 steps. Convergence was assessed in Tracer v1.7 (Rambaut
et al., 2018); all effective sample sizes exceeded 200. Bayesian skyline plots were generated
to reconstruct changes in maternal effective population size through time.

Shared Haplotype and Mismatch Distribution Analyses.

Shared haplotype analysis was conducted in DnaSP v6.12.03 (Rozas et al., 2017) to quantify
identical haplotypes within the Jaat sample and between Jaat and the three neighboring
groups. An in-house R script (RStudio v4.1.3) was used to visualize the distribution of shared
versus private haplotypes.

Mismatch distribution analysis (MDA) was performed in Arlequin v3.5.2.2 (Excoffier &
Lischer, 2010) under the Tamura-Nei model of nucleotide substitution. Both observed and
expected (sudden expansion model) distributions of pairwise differences were computed,
together with Harpending’'s raggedness index and sum-of-squared deviations. Plots were
generated in R.

Median-Joining Network Analysis

Median-joining (M]) networks were constructed in PopART v1.7 (Leigh & Bryant, 2015)
using HVS-1/1I sequences plus coding-region diagnostic mutations inferred from haplogroup
assignments to increase phylogenetic resolution. Input files (.nex) with haplotype
frequencies were prepared in DnaSP v6.12.03 (Rozas et al., 2017). Hypervariable sites were
down-weighted to reduce reticulation caused by recurrent mutations. Networks were
visualized to depict genealogical relationships among haplotypes within and across the
studied groups, with particular attention to the clustering of East Eurasian lineages.

All statistical analyses and visualizations (except those specified above) were performed in
Rv4.1.3.
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Results and Discussion
Haplogroup Frequency Distribution and Ancestry Components

High-quality mtDNA control region sequences were obtained from 215 unrelated Haryana
Jaat individuals (six samples were excluded due to incomplete data or contamination flags).
Haplogroup assignment revealed three primary maternal ancestry strata: South Asian, West
Eurasian, and East Eurasian (Figures 1-3; Supplementary Tables 1-4).

South Asian component. The majority of lineages (60.28%) belonged to South Asia-specific
or South Asia-enriched haplogroups, predominantly within macrohaplogroup M and its
subclades. The most frequent were M3 (10.05%), M5 (8.13%), M30 (4.78%), and UZb
(3.83%). Collective U2 subclades (U2a, U2b, U2c, U2e) further emphasize deep maternal
continuity within the subcontinent. These lineages exhibit ancient coalescent times and are
widely interpreted as markers of the initial Upper Palaeolithic settlement of South Asia
(Kivisild et al,, 1999; Sun et al., 2006). The extensive diversity within M and its sub-lineages
is consistent with long-term demographic stability and limited large-scale maternal
replacement in the Jaat population as observed in other South Asian studies (Welikala et al.,
2024; Desai et al., 2026a).

West Eurasian component. Approximately 30.62% of lineages were assigned to West
Eurasian haplogroups (subclades of H, HV, ], K, N1a, ROa, T, U, and W). The most common
were U7 (6.70%), H2a (3.83%), W (3.35%), and Nla (2.87%), with lower-frequency
occurrences of H14a, HV2, T1, T2, and U4 (1-2% each). These lineages are prevalent across
Europe, the Near East, and Central Asia and are thought to have entered the Indian gene pool
through Neolithic farming dispersals, Bronze Age steppe-related migrations, and post-
Harappan movements (Metspalu et al., 2004; Sharma et al., 2005). The elevated frequency of
U7, in particular, aligns with its known distribution in Iran and Central Asia, supporting
shared maternal ancestry with Indo-Iranian-speaking populations (Sahakyan et al,, 2017).
These observations are consistent with archaeogenetic models invoking admixture between
incoming Indo-European-associated pastoralists and local South Asian groups during the
Bronze and early Iron Ages (Kumar et al., 2022; Pathak et al., 2018).

East/Southeast Asian maternal signal: Significantly elevated in Jaats relative to
neighbors. Based on the final corrected frequency data, the Jaat population (n = 209)
exhibits 7.65% East Eurasian maternal ancestry (16 individuals), driven by haplogroups D
(3.35%), C4 (1.44%), F/F1 (1.92%), A (0.48%), and G (0.48%). In contrast, the neighboring
Ror (n = 110), Gujjar (n = 49), and Kamboj (n = 49) populations show 0% East Eurasian
haplogroups in the same dataset.

To test the hypothesis that the Jaat population has significantly higher East Eurasian
maternal ancestry than its northwestern neighbours, we performed three planned
comparisons using Fisher’s exact test on balanced pooled groups, followed by Bonferroni
correction for 3 tests.

Results (Bonferroni-corrected for 3 planned comparisons): - JAAT vs ROR (n=110): raw
p = 0.00178 — corrected p = 0.0053 (significant) - JAAT vs Combined Neighbours (Ror +
Kamboj + Gujjar, pooled n=208): raw p = 0.000023 — corrected p = 0.000068 (highly
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significant) - JAAT vs All Pakistani populations pooled (Baluch, Brahui, Parsi, Sindhi, Pathan,
Makrani, Hazara; n=242): raw p = 0.00233 — corrected p = 0.0070 (significant)

The 95% Wilson confidence interval for JAAT (7.65%) was 4.77%-12.07%. These results
demonstrate that the Haryana Jaat population harbours a statistically significantly higher
level of East Eurasian maternal ancestry than the Ror, the combined neighbouring agrarian
groups from Haryana/Rajasthan, and the pooled Pakistani northwestern populations, even
after conservative multiple-testing correction and sample-size pooling. The signal is robust
and not attributable to chance or imbalance in sample sizes.

A small proportion of the Jaat mtDNA pool (1.45%) belonged to basal R (R*) lineages. As
macrohaplogroup R represents one of the earliest and most widely distributed branches of
the Eurasian mtDNA phylogeny, basal R* lineages exhibit limited phylogeographic resolution
compared with derived regional subclades (Larruga et al, 2017; Desai et al, 2026b).
Consequently, these lineages could not be confidently assigned to the South Asian, West
Eurasian, or East/Southeast Asian ancestry categories and were considered separately from
the three major maternal ancestry components.

Table 1. East Eurasian maternal ancestry in the Haryana Jaat population — planned
statistical comparisons (final corrected data).

East

n Eurasian in Bonferroni

(compariso | compariso -corrected | Interpretatio
Comparison n group) n group Raw p p(3tests) |n
JAAT vs ROR 110 0% 0.00178 | 0.0053 Significant
JAAT vs Combined | 208 0% 0.00002 | 0.000068 | Highly
Neighbours 3 significant
(Ror+Kamboj+Gujjar
)
JAAT vs All Pakistani | 242 ~1.65% 0.00233 | 0.0070 Significant
populations (pooled) (4/242)

JAAT (n=209): 7.65% East Eurasian (95% CI 4.77-12.07%). Fisher’s exact test with
Bonferroni correction for 3 planned comparisons. All three comparisons remain
statistically significant after correction. Pakistani pool = Baluch, Brahui, Parsi, Sindhi, Pathan,
Makrani, Hazara.

This differential enrichment is consistent with historical and ethnographic accounts that
associate Jat ethnogenesis with Central Asian pastoralist or warrior elements (Indo-
Scythian/Saka, post-Kushan, or Huna-related movements) that may have carried mixed
West and East Eurasian maternal ancestries. Subsequent medieval interactions, including
Turkic and Mongolic incursions into the northwestern plains, could have further augmented
this signal in specific communities. The higher East Eurasian maternal ancestry in Jaats
relative to immediate neighbors therefore likely reflects a combination of differential
admixture intensity, clan-specific migration histories, and the buffering effects of endogamy
against lineage loss. These findings add an important eastern dimension to the prevailing
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narrative of Jat ancestry, which has hitherto emphasized South Asian autochthony and
western (Steppe) inputs.

Principal Component Analysis

PCA of mtDNA haplogroup frequencies placed the Haryana Jaat population in close proximity
to other North Indian groups, particularly Ror, Gujjar, and Kamboj (Figure 4). This clustering
reflects shared regional history, Indo-Aryan linguistic affiliation, and broadly similar
patterns of South Asian-West Eurasian admixture. The Pakistani Sindhi population also
mapped nearby, suggesting maternal affinities across the Indus corridor.

Pakistani groups such as Baluch, Hazara, and Parsi formed a somewhat dispersed but still
regionally coherent cluster slightly offset from the core North Indian grouping. More distant
outliers included the Toda, Soliga, Jenu Kurumba, Makrani, and Kalash, underscoring the
substantial maternal genetic heterogeneity across South Asia driven by geography, language,
and historical isolation.

Although the overall PCA topology groups Jaats with their immediate neighbors, the elevated
frequency of specific East Eurasian haplogroups contributes to fine-scale differentiation
within the North Indian cluster. This illustrates that while broad maternal affinities are
regionally shared, detailed haplogroup composition captures population-specific admixture
histories that are not fully resolved by PCA alone.

Demographic Dynamics: Bayesian Skyline Plot Analysis

The Bayesian skyline plot (BSP) reconstructed from Jaat HVS-I/II sequences reveals a
dynamic history of maternal effective population size over the past ~35,000 years (Figure
5). An initial increase around 35,000 YBP coincides with the appearance of microlithic
technologies and behavioral adaptations among early modern humans in the Indian
subcontinent (Petraglia et al., 2009). A more pronounced expansion phase occurred between
~10,000 and 5,000 YBP, corresponding to Holocene warming, the adoption of agriculture,
and the establishment of permanent settlements. Effective population size stabilized at a
relatively high level in the recent past, with no signature of severe bottlenecks or crashes,
consistent with overall South Asia maternal diversity (Silva et al., 2017; Desai et al., 2026a;
2026b; Welikala et al., 2026). The expansion trajectory encompasses lineages from all three
ancestry components, indicating that the East Eurasian maternal signal was incorporated
during or prior to the major Holocene growth phase and was not subsequently erased.

Shared Haplotype Analysis

Atotal of 212 distinct haplotypes were identified across the four Haryana caste-endogamous
groups (Jaat, Ror, Gujjar, Kamboj). Approximately 30 haplotypes were shared by two or more
populations, while >180 were private to the Jaat sample (Figure 6). The highest frequency of
sharing occurred between Jaat and Ror, with lower but detectable sharing between Jaat-
Gujjar and Jaat-Kamboj pairs. Several haplotypes were present in three or more groups,
suggesting retention of deep ancestral maternal lineages that predate contemporary social
boundaries.
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East Eurasian haplotypes were disproportionately represented among the Jaat-private set
and showed minimal sharing with the other three groups. This pattern reinforces the
interpretation of a stronger or more recent East Eurasian maternal input into the Jaat
community and limited subsequent female-mediated gene flow of these lineages to
neighbors. From a forensic perspective, the large number of unique Jaat haplotypes enhances
the discriminatory power of mtDNA for individual identification within this population,
while shared haplotypes (especially Jaat-Ror) warrant cautious interpretation in casework
involving these communities.

Mismatch Distribution Analysis

Mismatch distribution analysis under the sudden demographic expansion model yielded a
smooth, unimodal curve for the Jaat population that closely matched the expected
distribution (Figure 7). All observed values fell within the 95% confidence interval, and
Harpending’s raggedness index was low, consistent with a history of rapid population
growth and subsequent demographic stability. In contrast, the Ror, Gujjar, and Kamboj
groups displayed more irregular or multimodal patterns, suggesting greater internal
substructure or more complex demographic histories. The unimodal Jaat profile implies that
any East Eurasian maternal lineages were integrated into an expanding population, leading
to their current distribution without strong bottlenecks that might have eliminated them.

Median-Joining Network Analysis

The median-joining network (Figure 8) displays a complex reticulated structure dominated
by macrohaplogroup M and its subclades (M3, M30, M2, M4, M5, M35), reflecting extensive
internal haplotype sharing and long-term presence within the Jaat population. West
Eurasian lineages (U2, U5, U7, R, R5, H, JT, W, N) form distinct clusters, consistent with their
exogenous origin and subsequent integration. East Eurasian haplogroups (D, F, C, A, G)
appear as separate clusters or isolated nodes, confirming their status as distinct
introductions rather than deep autochthonous South Asian diversity. The network topology
supports the quantitative frequency data: East Eurasian lineages are well represented yet
remain phylogenetically coherent, consistent with limited but detectable historical gene flow
from eastern sources.

Taken together, the haplogroup frequency distributions, PCA, BSP, shared haplotype
patterns, mismatch distributions, and network analyses converge on a coherent picture: the
Haryana Jaat maternal gene pool is characterized by deep South Asian continuity, substantial
West Eurasian admixture, and a significantly elevated East/Southeast Asian component
relative to neighboring Ror, Gujjar, and Kamboj populations. This eastern signal, although
secondary in frequency, is biologically and historically meaningful and is robustly supported
by the mtDNA data. It most plausibly reflects episodic gene flow from Central/Northeast
Asian sources via the northwestern migratory corridor, possibly linked to Indo-Scythian,
Huna, or later nomadic movements. The differential retention of these lineages in Jaats
versus immediate neighbors highlights the role of community-specific histories, social
organization, and genetic drift in shaping fine-scale maternal substructure within the
broader North Indian landscape.
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Conclusions

Mitochondrial DNA analysis based on the final corrected frequency data reveals that the
Haryana Jaat population (n=209) has a distinctive maternal ancestry profile, with 7.65% East
Eurasian lineages (primarily haplogroup D) while neighboring Ror, Gujjar, and Kamboj
populations show 0% East Eurasian ancestry. This differential, combined with rich
autochthonous South Asian M-subclade diversity and substantial West Eurasian input,
underscores the complex, layered maternal history of the Jaats. The East Eurasian signal is
consistent with historical gene flow from Central and Northeast Asian sources and positions
the Jaats as genetically distinctive among northwestern Indian populations.

The observed patterns have practical implications for forensic genetics: the high proportion
of private haplotypes in Jaats enhances mtDNA's utility for identification, while sharing with
Ror necessitates population-aware interpretation. More broadly, these results contribute to
a nuanced understanding of South Asian demographic history in which multi-directional
gene flow—southward, westward, and eastward—has operated over millennia along the
dynamic northwestern frontier. Future studies incorporating complete mitogenome
sequences, denser sampling of gotra subgroups, and integration with autosomal and ancient
DNA data will further refine the timing, sources, and sex-biased nature of the East Eurasian
maternal legacy in the Jaat and related communities.
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Figure 1. Frequency distribution of major South Asian mtDNA haplogroups in the Haryana
Jaat population (n =209). Macrohaplogroup M and its subclades (M3, M5, M30, etc.) together
with U2 lineages dominate the maternal gene pool, reflecting deep autochthonous South
Asian ancestry.
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Figure 2. Frequency distribution of West Eurasian mtDNA haplogroups in the Haryana Jaat
population. U7, H2a, W, and N1a are the most prominent, consistent with historical gene flow

from West and Central Eurasia.
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Figure 3. Frequency distribution of East/Southeast Asian mtDNA haplogroups in the
Haryana Jaat population. Haplogroups D, F, C4, A, and G2 together comprise 7.65% of the
sample, a significantly higher proportion than observed in neighboring Ror, Gujjar, and
Kamboj groups from the same region.
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Figure 4. Principal Component Analysis (PCA) of mtDNA haplogroup frequencies showing
the position of the Haryana Jaat population relative to 39 comparative South Asian and
Central Asian reference populations. Jaats cluster closely with other North Indian groups
(Ror, Gujjar, Kamboj), reflecting regional maternal affinities, while fine-scale haplogroup
differences (including elevated East Eurasian lineages) contribute to within-cluster
differentiation.
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Figure 5. Bayesian Skyline Plot (BSP) of maternal effective population size change in the
Haryana Jaat population over the past 35,000 years. A marked expansion phase between
~10,000 and 5,000 YBP coincides with the Neolithic transition; the trajectory encompasses
all ancestry components, including the East Eurasian maternal signal.
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Figure 6. Stacked bar chart of shared versus private mtDNA haplotypes across four Haryana
caste-endogamous groups (Jaat, Ror, Gujjar, Kamboj). The Jaat population harbors the
largest number of private haplotypes (>180), while ~30 haplotypes are shared,
predominantly between Jaat and Ror. East Eurasian haplotypes are largely Jaat-private.
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Figure 8. Median-joining network of mtDNA haplotypes in the Haryana Jaat population.
Macrohaplogroup M forms a large reticulated central cluster; West Eurasian lineages form
distinct peripheral clusters; East Eurasian haplogroups (D, F, C, A, G) appear as separate,
coherent clusters or nodes, confirming their status as distinct historical introductions. Node
size is proportional to haplotype frequency; branch lengths represent mutational steps.
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