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Abstract

The Parsis of Pakistan are descendants of Zoroastrians from Iran who fled to

Gujarat in India after the Arab invasion in 900 AD. A small group eventually

migrated from India to Karachi in Pakistan. In this study, the Parsis from

Pakistan were analyzed at the HLA-B, -C, -DRB1 and -DQB1 loci using the

polymerase chain reaction with sequence-specific primers (PCR-SSP). The most

common alleles at the HLA loci were HLA-B*35 (15.9%), HLA-Cw*0602

(21.4%), HLA-DRB1*11 (23.0%), and HLA-DQB1*02 (24.7%). Data analysis

suggests that the Parsis of Pakistan and India descended from the same stock

and may have the closest ancestry with Jewish and Italian populations.

Parsis are descendants of the Zoroastrians of Iran, who

were the followers of the prophet ‘Zarathushtra’ or

Zoroaster. The Achemenian (550–330 BC), Parthian

(312–216 BC), and Sassanian (211–641 BC) rulers of

Persia were Zoroastrians. In the year 634 AD, the Arabs

attacked and defeated the Sassanians and captured the

Sassanian capital Ctesiphon (present day Iraq). By 641

AD, the Zoroastrian rule had come to an end. A small

group of Zoroastrians migrated to Gujarat in India in 900

AD, where they were called the Parsi (meaning from Pars,

i.e., Iran) (1). Eventually the Parsis moved from Gujarat to

Mumbai in India and Karachi in Pakistan where, accord-

ing to recent estimates, they number approximately five

thousand. For this study, 91 Parsi samples were collected

from Karachi. Informed consent was obtained from all

individuals. HLA polymorphisms in the Parsi population

were characterized at the HLA-B, -C, -DRB1, and -DQB1

loci using polymerase chain reaction with sequence-speci-

fic primers (PCR-SSP) (2). Their genetic relationship with

other Pakistani ethnic groups, Parsis from India, and var-

ious world populations was ascertained. The HLA-A

alleles of the same Parsi samples have been reported else-

where (3).

The HLA allele frequencies found in the Parsis are given

in Table 1. Significant variation in allele frequencies

between the Parsis and other Pakistani ethnic groups was

estimated by a one-way parametric ANOVA (P < 0.05;

Tukey HSD, a ¼ 0.05) using the SPSS v. 10.0 (SPSS,

Chicago, IL) software. Previously published HLA allele

data of the Pakistani ethnic groups were used for compar-

ison (4). The approximate geographic locations, linguistic

affiliations, and proposed origins of these Pakistani ethnic

groups are given in Figure 1. The alleles exhibiting signifi-

cant differences between the Parsis and the Pakistani

populations are listed in Table 2.

Maximum-likelihood estimates of three- and two-locus

haplotype frequencies were calculated from allele frequen-

cies for HLA-A-Cw-B, HLA-A, -B, -DRB1, and HLA-

DRB1-DQB1 using ARLEQUIN v. 1.1 software (http://

anthropologie.unige.ch/arlequin) (5) (Table 3). Pairwise

linkage disequilibrium (LD) and the statistical significance

of LD using a 2 � 2 contingency Chi-square test were

calculated as described earlier (6). To evaluate the degree

of LD, relative linkage disequilibrium (RLD) defined as

the ratio of LD to the possible maximum value of LD was

also calculated (6). All the haplotypes showed significant

(P < 0.0001) LD values. A*30-Cw*0602-B*13, found in

11% of the Parsis, is present in some European [Basque

(2.0%), Austrian (2.0%), Poles (2.0%), and Spaniards

(1.3%)] and Oriental populations [Hui (6.1%), Manchu

(4.0%), Korean (3.8%), and Mongolian (2.9%)] (7).

A*3201-Cw*14-B*51 present in 4.9% of the Parsi was

found in the Kalash population of Pakistan (4) and has

not been reported previously in any other population.
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A*33-Cw*0802-B*14 has previously been detected in

Cypriots (4.0%), Italians (3.5%), Sardinians (2.9%),

Ashkenazi Jews (1.8%), and the Baloch (1.6%) (4, 8, 9).

A*33-Cw*0701-B*44 has been detected in populations

from the Indian subcontinent and some East Asian popu-

lations (4, 7). A*30-B*13-DRB1*07, found in 8.3% Parsis,

was considered an Arabic and Middle Eastern haplotype

(10). It has also been detected in Middle Mainland China

(5.6%), North Mainland China (5.2%), Greece (1.9%),

Cyprus (1.9%), Korea (1.7%), Italy (1.1%), and Portugal

(1.0%) (7, 11, 12). A*33-B*1402-DRB1*01 found in 6.0%

of the Parsi is found in Armenians (3.6%), Cypriots

(3.2%), Italians (3.0%), Sardinians (2.7%), Indians

(2.2%), French (2.0%), Germans (1.2%), and Greek

(1.1%) (7, 8). The haplotype DRB1*11-DQB1*0301/04

was present in 18.8% Parsis. This haplotype has pre-

viously been reported in the Moroccan (6.3%), Greek

(4.6%), Timorese (2.7%), and Mainland Chinese (7, 11,

13). The haplotype DRB1*01-DQB1*05 was found at a

frequency of 17.2% in the Parsi and is common in all of

Pakistan (unpublished data). It is a common haplotype

particularly in European populations [Finns (16.5%),

Basque (14.7%); Spaniards (13.5%); Sardinians (10.6%);

Poles (12.4%), Greek (7.8%)] (7). It has also been detected

in the Ashkenazi Jews (15.0%), Ethiopian Jews (10.8%)

Algerians (7.0%), Lebanese (7, 8), Moroccan Jews (4.4%),

and Libyan Jews (2.5%) (14–16).

HLA frequencies were used for phylogenetic and corres-

pondence analyses in order to compare the Parsis with

Table 1 HLA percent allele frequencies in the Parsis

HLA-B* HLA-C* DRB1* DQB1*

Alleles Percent frequencies Alleles Percent frequencies Alleles Percent frequencies Alleles Percent frequencies

07 3.8 01 2.2 01 19.5 02 24.7

08 3.3 0302/04 1.1 03 6.3 0301/04 23.0

13 14.3 0303 0.5 04/1122 9.8 0302 8.6

1401 5.5 04 18.1 07 18.4 030302 1.1

1402 9.9 0501 0.5 08 0.6 0305 1.1

15 0.5 0602 21.4 1001 1.1 04 0.6

18 3.8 0701 5.5 11 23.0 05 25.3

35 15.9 0702 6.0 13 1.1 06 6.3

38 3.3 0802 13.2 1302 3.4 0601 8.6

39 1.1 1202 4.4 14 3.4 0602 0.6

40 1.6 1203 8.8 15 11.5

41 1.6 14 4.9 16 1.7

42 0.5 15 8.2

44 5.5 1601 2.7

45 6.0 1701 2.2

50 2.2

51 8.8

52 4.9

56 1.1

57 0.5

58 0.5

73 4.9

Arabian Sea

Parsi

Sindhi
Origin: mixed

Origin: West Asian,

India

Afghanistan

Pathan
Origin: mixed

Origin: Proto-European
Kalash

China

Burusho
Origin: Dards, Pamir

Kashmir
(disputed
territories)

Levant

Baloch

Brahui

Iran

Origin: Persia

Origin: West Asian,
            Dravidian

Figure 1 Map of Pakistan showing the geographical locations and ori-

gins of the Pakistani ethnic groups used for comparison in this study.

With the exception of the Brahui, who speak a Dravidian language, and

the Burusho, who speak a language isolate Burushaski, the remaining

ethnic groups speak Indo-European languages.
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other Pakistani ethnic groups and other world popula-

tions. The computer software DISPAN was used to construct

phylogenetic trees by the neighbor-joining method (http://

www.bio.psu.edu/people/faculty/nei/lab/software.html).

The neighbor-joining trees were based on Nei’s DA genetic

distances (17) (bootstrap replications ¼ 1000). Correspondence

analysis was carried out using the program VISTA v. 5.0.2

(http://forrest.psych.unc.edu) (18). The Parsis form an

Table 2 HLA alleles exhibiting significant variation (P < 0.05) in frequency between the Parsis and other Pakistani ethnic groups

HLA allele Significant variation in comparison to

Frequency significantly increased in Parsis

B*13, *1402, *56, *73, Cw*0802 All Pakistani ethnic groups

B*1401 Brahui, Kalash, and Pathan

B*45 Baloch, Brahui, Burusho, Kalash, and Pathan

Cw*0602, DRB1*07 Baloch, Brahui, and Burusho

Cw*1601 Brahui, Burusho, Kalash, and Pathan

DRB1*01 Kalash, Pathan, and Sindhi

DRB1*11, *1302 Baloch, Brahui, Burusho, Kalash, and Sindhi

DQB1*0301/04 Baloch, Brahui, Burusho, and Sindhi

Frequency significantly decreased in Parsis

B*08, DRB1*07 Baloch, Brahui, Burusho, Pathan, and Sindhi

B*15 Burusho

B*27, Cw*02 Kalash

B*40, Cw*15 Baloch, Brahui, and Sindhi

B*51 Burusho, Kalash, Pathan, and Sindhi

B*58 Baloch

Cw*0302 Baloch, Brahui, and Pathan

Cw*0702 Burusho and Sindhi

Cw*1602 Pathan

DRB1*13 Burusho, Kalash, and Sindhi

DQB1*0603 Sindhi

Table 3 Two- and three-locus haplotype frequencies in the Parsis

Haplotypes HF (%) LD (100) RLD

HLA-A-Cw-B

A*30 Cw*0602 B*13 11.0 10.5 0.76

A*3201 Cw*14 B*51 4.9 4.9 1.0

A*33 Cw*0802 B*1401 4.4 4.3 0.79

A*33 Cw*0701 B*44 4.4 4.3 0.80

A*2901 Cw*04 B*35 4.3 4.1 0.48

A*01 Cw*1203 B*18 3.3 3.3 0.86

A*03 Cw*04 B*35 3.3 3.3 0.85

A*11 Cw*04 B*35 3.3 2.9 0.24

A*11 Cw*12 B*52 3.3 3.3 0.75

HLA-A-B-DRB1

A*30 B*13 DRB1*07 8.3 7.9 0.57

A*33 B*1402 DRB1*01 6.0 5.7 0.60

A*33 B*44 DRB1*07 3.9 3.7 0.7

A*2901 B*35 DRB1*11 3.8 3.5 0.42

A*11 B*52 DRB*15 3.3 3.3 0.67

HLA-DRB1-DQB1

DRB1*11 DQB1*0301/04 18.8 13.5 0.76

DRB1*01 DQB1*05 17.2 12.3 0.84

DRB1*07 DQB1*02 12.6 8.0 0.58

DRB1*15 DQB1*0601 8.6 7.6 1.0

DRB1*03 DQB1*02 6.3 4.8 1.0

HF, haplotype frequency; LD, linkage disequilibrium; RLD, relative linkage disequilibrium.
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allele frequency out-group in the phylogenetic and corres-

pondence analyses, with the other ethnic groups from

Pakistan (figures not shown). A neighbor-joining tree

comparing the Parsis with other world populations is

given in Figure 2. The populations included are as

described previously (4), with the addition of the Indian

West Coast Parsis (19), North Indian Hindus (20), and the

Iranian Baloch (21). The analysis is based upon HLA-A

and HLA-B allele frequencies since the Indian Parsi popu-

lation used for comparison lacked data for the remaining

HLA loci. With the exception of the Parsis, all the

populations from Pakistan group together in a cluster.

The Iranian Baloch cluster with the Pakistani Baloch as

reported earlier (21). The Parsi populations from Pakistan

and the Indian West Coast lie together in a cluster with the

Iraqi Jews. The neighbor-joining tree resolved the popula-

tions into their regional clusters, and despite the variable

range of bootstrap values, except for the Parsis, no indivi-

dual population is separate from its geographic cluster.

Although the bootstrap values at some of the nodes are

low, correspondence analysis of this data (figure not

shown) corroborates the results of the phylogenetic

analysis.

These results can be explained in a historical context.

The Parsis fled their homeland in present day Iran after

the defeat of the Sassanians by the Arabs. Traditionally,

they marry within their community and do not accept

conversions. It is therefore expected that they would

show little or no admixture with their current neighbors

in Pakistan. Similar observations have been made for Y

chromosomal markers of the Parsis. Their Y-chromo-

somes resemble those found in Iran more than their

Pakistani neighbors (22, 23). During the Achemenian per-

iod, at its zenith, the Zoroastrian empire extended as far

west as Macedonia and Libya to as far east as the Beas

River in India and from the Caucasus Mountains and the

Aral Sea in the north to the Persian Gulf and the Arabian

Desert in the south. The clustering of the Parsis with the

Jews and Italians may therefore be the result of shared

ancestry in ancient times.
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