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Abstract: Zoroastrian-Parsi's people belong to the Persian community, who emigrated to India between 785 and 936
A.D. after the Arab invasion. They are the proponents of Zoroastrianism faith and have endogamous culture.Since they
have settled in India for a long time we hypothesized that though they were endogamous there might be incidences of
admixture with the Indian population. In order to test this, we built a phylogenetic tree using mitochondrial sequences
of both the Indian and Pharsi population. We used 97 Indian mitochondrial sequences representing different
communities from different regions of India and 64 Zoroastrian-Parsi mitochondrial genome sequences from different
parts of India and a single african mitochondrial genome sequence as an outgroup. We built a maximum likelihood
phylogenetic tree and mapped sequence specific haplogroups and their variants on the phylogenetic tree.The
phylogenetic analysis showed admixture to have taken place at many instances. A total of 6 major haplogroups with a
maximum of 12 sub-haplogroups were identified as mapped on the tree. The co clustering of common as well as unique
variants of different haplogroups in some clades suggest multiple admixture events to have happened between the
Zoroastrian-Parsi and Indian populations.which raise remarks on their endogamous culture.
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. INTRODUCTION

The Parsi community in India are Indo-European followers of the Zoroastrian faith, one of the ancient theism that
emerged in the pre-Islamic Persian period [1]. They are the followers of the prophet Zarathustra (Zoroaster in Greek) of
Iran [2], who's deemed to have preached the message about the one true God - Ahura Mazda which is detailed in the
Gathas, the consecrated Zoroastrian text known as the core of Avesta [3],[4],[5].Zoroastrians who migrated to Gujarat,
India were known as the "Parsis" meaning people from Persia [6],[7].By the 10th Century this community became a
religious minority group and migrated to other regions [8].Zoroastrian migration to India is known as the New
Persian- Qessa-ye Sanjan “Story of Sanjan”- a legendary account of the journey by sea from Iran to India [9],[10].
The Zoroastrians practiced endogamous culture when migrating to India ,which preserved their genetic identity to
remain restricted among their community. This is attributed as a major reason for the population rate decline. Also
their religious belief was against inter-caste marriages, if any individual marries within another community he/she is
banished from their sacred beliefs and culture[11].Bombay became the hub of residence for the Parsi community but
the recent population is <52000 in India as per the 2011 Census, Govt of India [12].
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TABLE | PARSI POPULATION IN BOMBAY AND INDIA,1881-2001-KULKS, E (1974)

SL | CENSUS |PARSISIN |PARSISIN TOTAL PARSIS AS A% OF

NO. | YEAR MUMBAI INDIA POPULATION OF | INDIA'S
(INCLUDING INDIA POPULATION
MUMBAI)

1. |1881 48,597 85,397 253,891,821 0.034

2. | 1891 47,458 88,887 287,314,671 0.031

3. | 1901 46,231 93,952 294,361,056 0.032

4. | 1011 50,931 100,096 315,156,396 0.032

5. |1921 52,234 101,778 318,942,480 0.032

6. |1931 57,765 111,853 352,837,778 0.032

7. | 1941 59,813 114,890 388,997,955 0.030

8. |1951 68,660 111,790 361,088,090 0.031

9. |1961 70,065 100,772 439,234,771 0.023

10. | 1971 64,667 91,266 548,159,652 0.017

11. | 1981 50,053 71,630 683,329,097 0.010

12. | 1991 53,794 76,382 846,302,688 0.009

13. | 2001 46,657 69,601 1,028,737,436 0.007

Admixed populations provide intense opportunities for mapping ancestral diseases as well as in studying signatures
of selection such as inbreeding in a population [13].The Indian population harbours substantial proportions of genetic
diversity and also local admixture incidents[14].Studies reveal that a recent admixture has taken place between
the Indian and African population [15]. Asian populations ,the Uygurs in China also report mixed
populations[16].Admixture of the Parsis with Indian and Iranian populations are known to have occurred ~1,200 years
ago[17].

A. Enumerating incidences of Admixture between Indian and Zoroastrian-Parsi Population through mitochondrial
genome analysis.

Human Mitochondrial Genomes - Enroute ancestry findings.

Mitochondrial genome based analysis have become paramount in the recent decades to decipher human evolution ,
population genetic studies and ancestral disease linkage studies.
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Fig 1: Functional map of Mt DNA -[17]

Human mitochondrial DNA ( mt DNA) is a double stranded, circular (16,569 kb) genome of bacterial origin ,which
encodes 13 structural polypeptides responsible for oxidative phosphorylation . In addition, 22 tRNAs and 2 rRNAs are
also encoded by the mtDNA[18].

Mitochondrial DNA sequences have also played a prime role in enunciating the ancestral origins of European, Asian,
African, Iranian, South East Asian, Indian populations and also in reconstructing the phylogenetic trees that have been
previously ascribed [19].The characteristic features such as maternal inheritance, high rate of mutation ,lack of
recombination, high copy number per cell, offer the opportunity to explore ancestral relationships among individuals
and to study matrilineal differences among the human populations at continental and regional level [20],[21],[22],[23].
Lack of genetic recombination in mtDNA results in maternally inherited singlenucleotide polymorphisms(SNPs).
Accumulation of these SNPs or more commonly known as variants would result in stable mutations to form haplotypes
that become markers for tracing phylogenetic relationships.[24], [25].

B.Haplogroups

A group of haplotypes that share common ancestral polymorphic variations are referred to as haplogroups. In the 1990s
the concept of mtDNA haplogroup nomenclature was introduced, with alphabetical labels assigned to different
geographical areas [26].The mitochondrial haplogroups are subdivided in to three Top Level Haplogroups of lineages
L, M, and N;

Lineage L ("African™): LO, L1, L2, L3, L4, L5, L6.

Lineage M ("Asian"): C,D, E, G, M, Q, Z.

Lineage N ("Eurasian"): A, B, F, H,HV, I, J, K, N,O,P,R,S, T, U, V, W, X, Y.

wherein A to G haplogroups belong to Asian and American lineages , H to K belong to Europe and L confined to the
African lineage.

The Iranian mitochondrial DNA belongs to haplogroups HV, TJ, U, N1, N2 and X, commonly found in West
Eurasia.The Indian mitochondrial DNA majorly belongs to M, N,H and R along with the subclass M2,M3,M4 and M5
[27].In this study ,we have proposed to analyse the Indian- Zoroastrian-Parsi mitochondrial genomes to pinpoint the
proportion of admixture.

© IARJSET This work is licensed under a Creative Commons Attribution 4.0 International License 122


https://iarjset.com/

IARJSET ISSN (0) 2393-8021, ISSN (P) 2394-1588

(@g International Advanced Research Journal in Science, Engineering and Technology
= ISO 3297:2007 Certified 3¢ Impact Factor 7.12 32 Vol. 9, Issue 11, November 2022
DOI: 10.17148/IARJSET.2022.91118

1. MATERIALS AND METHODS

A. Collection of Sequences for Analysis

Hundred Indian mitochondrial genome sequences ( AY713976 to AY714050 and AY922253 to AY922277) were
retrieved from Genbank. These sequences were representative of the following communities: Reddy and Thogataveera
from Andhrapradesh, South India; Bhargava ,Chaturvedi and other Brahmin from Uttarpradesh, North India;Rajbhansi
from West Bengal and Khasi population from Meghalaya both located in Northeast India [28], [29].
105 Zoroastrian-Parsi  mitochondrial genome sequences ( (MT506242 to MT506346)) were retrieved from
GenBank. The sequences had been collected from samples of the resident Parsi population of Hyderabad,
Secunderabad, and Bangalore, India [12] and [28]. An African mitochondrial genome sequence belonging to the zulu
community was chosen as the outgroup and retrieved from Genbank (MH981686) [30].

A o - INDIA

@surat
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Fig. 3 The geographical distribution and sampling locations of modern and ancient Parsi samples. The population data
are obtained from the Parzor Foundation, New Delhi, India (http://unescoparzor.com/)
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B. Sequence Specific Haplogroup Identification:

Sequence specific haplogroups and variants of Parsi , Indian and the African mitochondrial genomes were retrieved
using the MITOMAP Tool [31].

Mitomap tools can be accessed through the following webpage : https://www.mitomap.org/MITOMAP

C. Indo-Parsi Phylogeny

Redundant Sequences containing the same haplogroups and same variants were eliminated manually. As a result, 97 of
100 Indian mitochondrial genome sequences and 64 of 105 Parsi mitochondrial genome sequences were selected for
further analysis.These sequences were aligned using MUSCLE [31]. alignment with the African mitochondrial
genome sequence as an outgroup in the MEGA-X [33] Software.The obtained fasta format of the aligned
mitochondrial sequences were employed to construct the maximum likelihood phylogenetic tree using RAXML [34]
with GTR - GAMMA +I model with bootstrap value set to 1000 , and other parameters were kept default.
The MUSCLE program, source code and PREFAB test data are freely available at http://www.drive5. com/muscle.
MEGA-X Software : www.megasoftware.net free of charge.

RAXML Program :The code to download this program is available under GNU GPL at
https://github.com/stamatak/standard-RAXML.

D. Evolutionary Model Analysis:

Partitionfinder 2.0 [35] was used to find the best evolutionary model for the aligned Indian and Zoroastrian- Parsi
sequences , parameters such as input data was given as phylip format, Greedy algorithm [36] was used with model
selection scheme as "AICC" and PhyML [37] .Among the several models seventeen evolutionary models were listed
as a result of the analysis.

Here we present the data of evolutionary models provided for the whole mitochondrial genome sequences. The models
are subject to a specific gene or a charset of genes of the genome.

TABLE |l BEST EVOLUTIONARY MODELS LIST FOR INDIAN-ZOROASTRIAN -PARSI MITOCHONDRIAL GENOME

SL BEST GENES
NO EVOLUTIONARY MODELS

1. TIM+I+G D'LOOP;
2. t RNA-Phe ,r RNA (12SrRNA), t RNA-Val,rRNA(16S rRNA),
K81UF+I+G tRNA-Leu; tRNA-Ser,tRNA-Asp
3. NADH dehydrogenase subunit 2;NADH dehydrogenase subunit
4L (NDAL)

NADH dehydrogenase subunit 1(ND1)
NADH dehydrogenase subunit 3 (ND3)
HKY+I NADH dehydrogenase subunit 4(ND4)

4, NADH dehydrogenase subunit 1(ND1)
cytochrome c oxidase subunit I (COX 1)
NADH dehydrogenase subunit 4L (ND4L)
NADH dehydrogenase subunit 2 (ND2)
TRN+G cytochrome c oxidase subunit 11 (COX I11)

5. cytochrome c oxidase subunit 111 (COX 111)
NADH dehydrogenase subunit 1(ND1)
TRN cytochrome c oxidase subunit Il (COX 1)

tRNA-Trp, tRNA-Ala, tRNA-Asn, tRNA-Cys, tRNA-Tyr ;
TRN tRNA-Ile, tRNA-GIn,tRNA-Met

7. NADH dehydrogenase subunit 2 (ND2)
tRNA-Glu
TRN+I NADH dehydrogenase subunit 5(ND5)
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NADH dehydrogenase subunit 6(ND6)
NADH dehydrogenase subunit 4(ND4)

8. NADH dehydrogenase subunit 5(ND5)
cytochrome c oxidase subunit 111 (COX 111)
cytochrome c oxidase subunit 11 (COX I1)
cytochrome c oxidase subunit 1 (COX 1)

TVM cytochrome b (CYTB)

9. K80 cytochrome c oxidase subunit I (COX I)

10. cytochrome c oxidase subunit I (COX 1)
NADH dehydrogenase subunit 6(ND6)

TRN

12. TIM+G ATP synthase FO subunit 8 (ATP8)

13. TRN+I tRNA-Arg;tRNA-Gly

14. NADH dehydrogenase subunit 5(ND5)
cytochrome b (CYTB)

NADH dehydrogenase subunit 4(ND4)
TRN+G NADH dehydrogenase subunit 3 (ND3)

15. JC NADH dehydrogenase subunit 4L (ND4L)

16. TRN NADH dehydrogenase subunit 6(ND6)

17. TRN+G tRNA-Thr,tRNA-Pro

E. Partition finder 2.0 Software

PartitionFinder is a free open source software that allows the users to select best-fitting partitioning schemes and
models of molecular evolution for phylogenetic analyses.

PartitionFinder 2 can be installed by downloading it from the webpage www.robertlanfear.com/partitionfinder. The
source code is available at https://github.com/brettc/partitionfindeor installing it via GitHub. It requires the installation
of Python and few dependencies.

1. RESULT

Our admixture analysis among the Parsi and Indian population with mitochondrial genome sequences has provided
some insight regarding the haplogroups specific to these populations and also provide information about
the ancestral haplogroup markers.

Venn diagram illustrates that there is an overlap of 23 variants between the Indian and Parsi haplogroups which depicts
a probable admixture incident to have taken place and that the African haplogroup doesn't share remarkable variants
with both these populations.
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Fig. 4 Venn Diagram representing the number of Haplogroups found in both Parsi and Indian populations built using
the Funrich tool [38].

A. Variants Distribution
Haplogroup M2b (M2b1) of the Parsi population was found to have a higher variant number of 55 and haplogroup
R30b1 of the Indian population was found to have a higher variant number of 47 in the analysis.

B. Ancestral Haplogroup Markers

Most SNPs are widespread across all lineages. These variants play a role in haplotyping and are referred to
as ancestral haplogroup markers.

In our analysis we came across 8 haplogroup markers (Tab 3).Ancestral haplogroups of both Indian and Zoroastrian-
Parsi populations provide information about their lineage.

TABLE Il REPRESENTATIONOF COMMIN VARIANTS OF DIFFERENT HAPLOGROUPS PRESENT IN
BOTH INDIAN-PARSI POPULATION

Types of variants observed | Percentage of variants in the populations studied
A73G 89%
A263G 99%
A750G 99%
Al1438G 99%
A2706G 91%
A4769G 99%
C7028T 95%
G11719A 86%

C. Haplogroup Distribution

A total of 5 major haplogroups were identified from the phylogenetic tree analysis, with 69 sub-haplogroups of
the Indo- Zoroastrian-Parsi population .The number of variants of the haplogroups ranged between 10 - 55.
Analysis of the sub haplogroups depicted M haplogroup to be most prevalent with 29 distinct sub haplogroups. (Tab 4)
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Fig 5: Bar graph showing the distribution of major haplogroups depicting admixture.

D. Phylogenetic Tree
The phylogenetic tree (fig6) obtained showed incidents of admixture of 23 haplogroups among the Parsi and

Indian populations representing five distinct major haplogroups, revealed by the presence of the ancestral haplotype of
each similar haplogroups.(Tab 3)
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Fig 6 The phylogenetic tree constructed based on the haplogroups of Indian mitochondrial genome(Red) and

Zoroastrian-parsi mitochondrial genome sequences (Blue).The clades marked with different colors indicate admixture
event.
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E. Inferences derived from Indian-Zoroastrian-Parsi phylogeny
TABLE IV PARSI AND INDIAN HAPLOGROUPSTHAT CLUSTERED TOGETHER IN THE SAME CLADE AS

INFERRED FROM THE PHYLOGENETICTREE. F1g EURASIAN HAPLOGROUPS WAS FOUND ONLY IN
THE ZOROASTRIAN PARSI POPULATION CONTROVERSIAL

Indian and Parsi Haplogroups
Major Sub haplogroups
haplogroups

Ti1al ; Tlalbl

T T2ala ;T2b2;T2d1a; T2e2;
T2g; T2i

R R31a ;R30b2
R30b1; R31b;

Ulalala;Ulalcla;Ulalcld
U2bla;U2b2;U2ala;U2alb;U5alb1f; U24789; U4db; U3b
U U2e; U2elb

U2elal; U2elh

U7; U7a ;U7ala; U7a3b
M2a;M2ala+207;M2b1;
M34b;:M

M3a3a2; M3a3al+204
Md4a ; M65aMba2ala; M5a2a2; M5a2
M30+16234

M M30a1;M30b; M30c1;
M30d1;M30d2;

M33a2a

M35b, M35a,M35b1
M37+152+151; M37e
M39b; M39b1 ; M39c
M44a; M52alb;M52b
HV2a,HV2a2

HV H;HV12b;HV12b1;
HV12bla ;HV14a

H2; H ;H9

M Haplogroup

The M - Haplogroup depicted the higher proportion of admixture among the Indian- Zoroastrian-Parsi population.A
maximum of 30 sub-haplogroups were found co-clustered in the phylogenetic tree, which proposes that this
haplogroup shares a major role in admixture.

U Haplogroup:
The U Haplogroup comprises 19 sub-haplogroups co-clustered to indicate incidences of admixture with
haplogroup U7a being prevalent in both the study populations.

T Haplogroup:
The T Haplogroup comprises 8 sub-haplogroups that provided incidents of admixture.

H Haplogroup:
H haplogroup consisted of 10 sub- Haplogroups that showed incidents of admixture. HV12b and HV12b1 are found to
be present in both populations.

R Haplogroup:

R Haplogroup had the least no. of sub-haplogroups i.e. only 4, that depicted admixture to have happened between the
Zoroastrian-Parsi and Indian population.
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V. CONCLUSION

Our studies to elucidate the questionnaire of endogamous stability of present day Zoroastrain Parsis among it's counter
Indian community has been noteworthy. This study has unfolded the reduction of homogeneity of the extant
Zoroastrain population. Known for their sacred zoroastrian belief , the Parsis have lost their endogamous practice on
the course of civilisation, migration, through intermarriages among Parsis and Non-Parsis.Genetic diversity observed
through mitochondrial haplogroup analysis reveals the extent of admixture.

This study has also highlighted the census of the Zoroastrain-Parsi population which has steeply increased thereby
characterising admixed population rate increase . Further research is required to predict the period when admixture of
these populations could have taken place.
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