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ABSTRACT

Background: Varying frequencies of ABO blood groups serve objectively to characterize populations just as
the traditional characters are observed and measured by anthropologist. The study aimed to delineate
genealogical relationships across the five major linguistic subpopulations of Pakistan using ABO blood groups
phenotype and gene frequencies.

Methods: This was a prospective multiple cohort study design. The study was conducted during 2009-2014. In
Karachi. Cohorts were formed because of mother fongue and termed as linguistic subpopulations. There
were five major cohorts namely Balochi, Punjabi, Pashto, Sindhi and Urdu. Punjabi, Sindhi and Urdu belong
to Indo Aryan class while Balochi and Pashto belong to Indo Iranian class of languages. Blood samples were
collected from 2,327 unrelated individuals chosen through random sampling from different sampling units.
ABO blood groups were determined using antisera. ABO gene frequencies were estimated through
Bernstein methods. Cluster and Correspondence analyses were performed to explore genealogical relation-
ships between the five linguistic subpopulations.

Results: Gene B was the most common across all the subpopulations except Balochis which showed relative-
ly higher frequency of gene A. Dendrogram of cluster analysis and bi-plot of correspondence analysis
showed closeness of three Indo Aryan linguistic subpopulations namely Punjabi, Sindhi and Urdu, while Indo
Iranian linguistic subpopulations Balochi and Pashto stood out from Indo Aryan cluster.

Conclusion: ABO blood groups efficiently delineated genealogical relationship between the five linguistic
subpopulations of Pakistan. Randomization, un-relatedness and a larger sample size enhanced the reliability
of the results. Inclusion of more genetic markers may further elaborate the relationships between the
subpopulations.
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INTRODUCTION

The finding of blood group ABO by Landsteiner in
the early part of twentieth century is one of the most
important discoveries of medical science in both
the clinical and scientific fields'>. ABO polymor-
phism was investigated frequently to form anthro-
pological criterion to reveal unknown and morpho-
logically invisible relationships between different

populations®¢7,

The world distribution patterns of ABO blood groups
vary across populations®?. A geographical gradient
of blood groups was revealed in various research
studies with a comparatively higher frequencies of
blood group B in Asian populations than blood
group A, AB or O. However, majority of them
approached populations without considering their
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ethnic and linguistic backgrounds hence ignored
population strafification. Population strata may
have ABO blood group frequencies that may differ
significantly from overall picture of the whole popu-
lation.

Blood groups have been linked to certain diseases
including cancer like threatening illnesses'®'. These
groups were also used to reconstruct population
genealogical structure'™”. Recently ABO blood
group studies investigated evolutionary history of
populations'®?. It is worth noficing that the gene
frequencies are found to be similar in populations
who are known to be related. If the gene frequen-
cies for the two components of a mixed population
are known, the gene frequencies in the mixfure tell
us the proportions of the two original population’s
present?!-22,

The study of the blood groups of human populo-
fions in general is becoming a planned and
infegrated investigation?2. People of the Indian
subcontinent have a long history of population
heterogeneity with respect to its complex cultural,
social, and even genetic structure. These effects
are magnified with repeated invasion and migra-
fion of the populations from other areas. Systemic
forces e.g., mutation, migration, selection, admix-
tfure and rate of population increase also affect
population sfructure and equilibrium. Population
genetic studies have also shown some substruc-
tures in Pakistani population for genetic variants,
including genetic diseases, blood groups and DNA
polymorphism?*%, We may hope that population
studies will one day include examinations of many
more markers and in collaboration with other
human studies; we will be able to study the popula-
fion structure in detail. This study was aimed to
delineate genealogical relationships across the five
major linguistic subpopulations of Pakistan using
ABO blood groups phenotype and gene frequen-
cies.

METHODS

Blood samples were collected from 2,966 unrelated

individuals living in Karachi. Individuals from each
linguistic subpopulation were sampled randomly
from different sampling units for ABO blood group-
ing using anti sera A, B and D. Sampling units were
chosen through systematic random sampling from
each of the five districts (south, central, west, and
east) of the city. Each of the samples was provided
with an informed consent and a questionnaire
regarding his or her ethnicity and mother tongue
up to second generation. Ethical approval for the
present study was given by the Board of Advanced
Studies and Research (BASR), University of Karachi.

Each linguistic subpopulation was based on individ-
vals’ mother tongue. Either sample size was calcu-
lated using a frequency estimate of 0.5 for of the
Gene A, B or O which gives a maximum sample size
needed?. The calculation showed a sample size of
96 with a precision of 0.1 and 384 with a precision of
0.05. Therefore, only those linguistic subpopulations
were included in the study, which showed a
sample size of more than 100. Only five major
linguistic subpopulations who fulfilled this criteria
were included making a total sample size of 2,327.
These subpopulations were Balochi, Punjabi,
Pashto, Sindhi and Urdu. A comprehensive
sampling strategy, randomization and a large
sample size (n=2, 327) yielded the proportions of
linguistic subpopulations that were roughly the
same as their proportion in the total population of
Karachi. The data obtained from different sampling
units was compiled and analyzed using Pearson chi
square test and exploratory statistical tests namely
Cluster and Correspondence analyses to delineate
the relationships between different linguistic
subpopulations of Karachi.

RESULTS

There were five linguistic subpopulations included
in the study. Sample size of each subpopulation is
shown in Table 1. As the individuals were sampled
randomly, and total sample size was large, their
proportion more or less reflected the actual propor-
tion in the city census population (Figure 1).

Table 1: Demographic information of mother tongue based linguistic subpopulations of Karachi.

Linguistic Language Language Sample | Percentage population
S. No. . . o q o
subpopulation Family Class Size in Karachi*
1 Balochi Indo European Indo Iranian 105 4.34
2 Pashto Indo European Indo Iranian 247 11.42
3 Punjabi Indo European Indo Aryan 641 13.94
4 Sindhi Indo European Indo Aryan 259 7.22
5 Urdu Indo European Indo Aryan 1075 48.52

* According to 1998 census.
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Figure 1: Proportion (%) of each linguistic subpopulation in the present study.

Phenotype and gene frequencies of ABO blood
group for each linguistic subpopulation were

calculated from the data using SPSS version 16

Table 2: Sample size and ABO blood group counts and percentages (in parentheses) for each of the five

linguistic subpopulations included in the study.

(Table 2). Gene frequencies were estimated by the

simple Bernstein method? (Figure 2).

s. No. sué.:;ig::;gct:ion Bloo: ?;Sup A Bloo: (g‘yr;;up B BIoAc;dng(;SJp Blog?‘ ?;?)up Total
1 Balochi 35 (33.33) 33 (31.43) 10 (9.52) 27 (25.71) 105
2 Urdu 244 (22.7) 428 (39.81) 116 (10.79) | 287 (26.7) 1075

3 Pashto 69 (27.94) 109 (44.13) 27 (10.93) 42 (17) 247

4 PUnjabi 125 (19.5) 257 (40.09) 66 (10.3) | 193(30.11) 641

5 Sindhi 54 (20.85) 118 (45.56) 17 (6.56) 70 (27.03) 259
Agglomerated 527 (22.65) 945 (40.61) 236 (10.14) | 619 (26.6) | 2327

population
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Figure 2: Frequencies of Gene A and Gene B across
all the linguistic subpopulations of the present
study.

Null hypothesis of independence across five linguis-
tic subpopulations was tested using Chi square test
of independence. The fest was performed using
SPSS version 16.0. A significant p value (< 0.05)
showed that the two categorical variables are
associated (Table 3).

Table 3: Chi square test of independence shows
significant association (p value <0.05) for the distri-
bution of blood groups ABO across the five linguis-
tic subpopulations.

S.No. Tests Value Degree |p-value
of Freedom
1 Pearson Chisquare| 28.56 12 0.005
2 Likelihood Ratio 29.77 12 0.003

Exploratory analyses were performed to delineate
relationship across linguistic  subpopulations  of
Karachi by constructing a population tree (dendro-
gram) of them. For this purpose, data was explored
through two multivariate statistical approaches,
namely Cluster and Correspondence analyses.

Complete linkage (furthest neighbor) and squared
Euclidean distance were used for the analysis.
Agglomeration schedule and the dendrogram for
the clusters so formed showed the similarities
between the linguistic subpopulations of Karachi
(Figure 3). Dendrogram showed a distinct cluster of
Punjabi, Sindhi and Urdu subpopulations, while
Balochi and Pashto were a bit apart from the
former three subpopulations.
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DENDROGRAM OF CLUSTER ANALYSIS
SHOWING THE RELATIONSHIP BETWEEN DIFFERENT MOTHER
TONGUE BASED SUBPOPULATIONS RESIDING IN KARACHI
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Figure 3: Dendrogram of Cluster Analysis showing
the relationships across linguistic subpopulations of
Karachi.

Correspondence analysis was used to describe the
relationships between subpopulations in a low
dimensional space. Three dimensions of solufions
were chosen. These dimensions measured the
variation between the subpopulations like the
principle components of Principal Component
Analysis (PCA). Dimensions were extracted like the
principle components in the PCA. Symmetrical
normalization was used to construct biplot
between the subpopulations (Figure 4). Biplot of
the Correspondence analysis showed the same
relationship across the linguistic subpopulations as
shown by the Dendrogram of the Cluster analysis.
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Figure 4: Biplot of Correspondence Analysis show-
ing the relationships along the axes of Dimension 1
and Dimension 2 across the five linguistic subpopu-
lations of Karachi.
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DISCUSSION

Ethnic, linguistic, and cultural diversity is the sine
qua non of the inhabitant populations of South
Asia, making it the focus of interest for a wide
variety of discipline including anthropology, linguis-
tic, genetics and evolutionary studies. Pakistani
population is known for its heterogeneity with
respect to ethnicity, bradri and caste system,
linguistic origin, cultural heritage, complex social
structure and even the genetic variants. This popu-
lation is said fo be a sub-structured population?.
The consanguinity rate was found to be as high as
25.9%%*. Population genetic studies have also
shown some substructure in our population for
genetic variants, including genetic diseases, blood
groups and DNA polymorphism. Therefore, it is
mandatory to study the population in context of its
substructure. In the present study mother tongue
was taken as the basis of variation in the popula-
tion. Chi square test of independence shows that
the linguistic subpopulations are heterogeneous in
nature for the distribution of ABO blood group
frequencies. As ABO blood groups are expressions
of one’s DNA, therefore it can be concluded that
these linguistic subpopulations vary from each
other in their genetic makeup.

Three methods are used to estimate ABO gene
frequencies from their phenotypic frequencies®'.
Efficiencies of all the three methods are almost the
same but it depends on the number of alleles under
consideratfion. Here the number of alleles (m) is
three i.e. A, B and O. For m=3 simple Bernstein
method is fully efficient®?. Therefore, gene
frequency estimation from simple Bernstein method
was used for the analyses. Blood group B was found
to be the most frequent blood group. This finding is
in agreement with the previous studies, which claim
the higher prevalence of blood group A in the west
and that of blood group B in the east®? 33,

However, there is a subpopulation, which did not
show the higher prevalence of blood group B. The
observation is mainly confined to a single subpopu-
lation i.e. Balochi. Blood group A is found to be
more frequent in this subpopulation. Although the
difference is smaller but this is, significant keeping in
view the ratio of A to B is almost 1: 2 in other
subpopulations. One can conclude that the
subpopulations having a high prevalence of ‘A’
may have an evolutionary history of admixture with
other world populations who have high frequency
of blood group A. However, this finding needs to be
explored extensively with a larger sample size and
in conjunction with other human studies.

Pashto subpopulation, which like Balochi subpopu-
lation belongs to Indo Iranian linguistic class, did not
show the same frequency distribution of ABO blood
group as did the Balochi subpopulation. This differ-
ence might be due to early migration of Pashto
linguistic subpopulation to Karachi and their admix-
ture with other Indo Aryan linguistic subpopulations
residing in Karachi. However, the ratio of blood
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group A fo Bis 2:3 in Pashto subpopulations as com-
pared to Indo Aryan subpopulations that showed
the ratio of A to B as 1:2. Moreover, Balochi subpop-
ulation is thought be a relatively isolated subpopu-
lation, which remains confined to its clan due to
strict cultural values and social norms. Dendro-
grams of cluster analysis and biplot of Correspon-
dence analysis showed the clustering of the three
subpopulations Punjabi, Sindhi, and Urdu. All these
subpopulations belong to Indo Aryan class of Indo
European group of languages. Remaining two sub
subpopulations Pashto and Balochi belong to Indo
Iranian class of Indo European group. This finding
showed that ABO polymorphism could be used to
frace out linguistic affiliations.

CONCLUSION

ABO blood group served as efficient genetic mark-
ers to unravel genealogical relafionships between
subpopulations of Pakistan. Similarities between
subpopulations were shown either as distinct cluster
in Dendrogram or closeness in the biplot of corre-
spondence analysis. Similarities of subpopulation
may reflect either a common ancestry or recent
admixture. Keeping in view the linguistic origin and
evolutionary history of Pakistani subpopulations
both were the plausible explanations. However, the
inference will be strong and reliable when the data
include as many markers along with ABO blood
groups and as large sample size as possible. In
conjunction with the studies of other genetic mark-
ers, such as STRs, VNTRs, Alu, and SNPs etc., we will
be able to draw a clearer picture of the popula-
tion.
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