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Abstract

The Hazara population across Durand line has experienced extensive interaction with Central Asian and East Asian popula-
tions. Hazara individuals have typical Mongolian facial appearances and they called themselves descendants of Genghis
Khan’s army. The people who speak the Balochi language are called Baloch. Previously, a worldwide analysis of Y-chro-
mosomal haplotype diversity for rapidly mutating (RM) Y-STRs and with PowerPlex Y23 System (Promega Corporation
Madison, USA) kit was created with collaborative efforts, but Baloch and Hazara population from Pakistan and Hazara
population from Afghanistan were missing. In the current study, Yfiler Plus PCR Amplification Kit loci were examined in
260 unrelated Hazara individuals from Afghanistan, 153 Hazara individuals, and 111 Balochi individuals from Baluchistan
Pakistan. For the Hazara population from Afghanistan and Pakistan overall, 380 different haplotypes were observed on these
27 Y-STR loci, gene diversities ranged from 0.51288 (DYS389I) to 0.9257 (DYF387S1), and haplotype diversity was 0.9992.
For the Baloch population, every individual was unique at 27 Y-STR loci; gene diversity ranged from 0.5718 (DYS460)
to 0.9371(DYF387S1). Twelve haplotypes were shared between 178 individuals, while only two haplotypes among these
twelve were shared between 87 individuals in Hazara populations. Rst and Fst pairwise genetic distance analyses, multidi-
mensional scaling plot, neighbor-joining tree, linear discriminatory analysis, and median-joining network were performed,
which shed light on the history of Hazara and Baloch populations. The results of our study showed that the Yfiler Plus PCR
Amplification Kit marker set provided substantially stronger discriminatory power in the Baloch population of Pakistan and
the Hazara population across the Durand line.

Keywords Hazara - Pakistan - Afghanistan - Baloch - Population history - Forensic genetics

P4 Atif Adnan
mirzaatifadnan @ gmail.com

P4 Jie Lu
lvjie@cmu.edu.cn

Y-chromosome short tandem repeats (YSTRs) play an
important role in forensic molecular biology [1-3]. Nor-
mally, more paternal lineages can be differentiated with an
increased number of Y-STRs [4], such as the Powerplex Y
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region, which is considered important in spermatogenesis
and made up of ‘‘ampliconic’’ repeats which act as sub-
strates for nonallelic homologous recombination (NAHR).
This null alleles or allelic drop-out phenomenon is more
commonly observed in Central Asian and East Asian popu-
lations, but in the Hazara population of Pakistan, its occur-
rence was > 16% [11].

Durand Line is a boundary established in the Hindu
Kush around 1893 running through the tribal lands between
Afghanistan and British India (modern-day Pakistan), mark-
ing their respective scopes of influence. The recognition of
this line, which was named after Sir Mortimer Durand, has
settled the Indo-Afghan frontier problem for the rest of the
British period. Now, this is an established border between
Afghanistan and Pakistan. The origin of the Hazara popu-
lation is disputed. The Hazara could be of Turko-Mongol
ancestry and theorized to be the descendants of an occu-
pying army left in Afghanistan by Genghis Khan in 1300
AD [12]. The Hazara population speaks Persian with some
Mongolian words. The total population of Hazaras in the
world is 4.5 million. Afghanistan is considered the mainland
for the Hazara population (3 million), and they are the third
largest ethnic group (9%) after Tajiks (27%) and Pashtuns
(42%) [13], while in Pakistan, Hazara is one of the distinct
but small groups comprising 0.08% of the total population
(http://www.pbscensus.gov.pk). The tribes who speak the
Balochi language are called Baloch [14]. The Balochi pop-
ulation is 3.6% of total Pakistani population (http://www.
pbscensus.gov.pk). They are also found in the neighboring
areas of Iran and Afghanistan. Perhaps, the origin of Baloch
homeland lay on the Iranian plateau. The Baloch were men-
tioned in the Arabic chronicles of the tenth century. The
Seljuq invasion of Kerman in the eleventh century started
the eastward migration of the Balochi population [14]. In
this study, we have investigated the Baloch and Hazara
population from Pakistan and the Hazara population from
Afghanistan using 27 Y-STRs to determine their genetic his-
tory and gene diversity. This data has defined the Hazara
and Baloch populations better and are supplementary to the
Y-STR haplotype reference database (YHRD).

A total of 524 blood samples were collected, in which 111
were Balochi individuals from Baluchistan Pakistan, 153
from Hazara Town Quetta, Baluchistan Pakistan (partici-
pants were part of an earlier study 27 and agreed to the sec-
ondary use of their DNA samples), and 260 from Bamyan,
Afghanistan. The Axygen AxyPrep Blood Genomic DNA
Miniprep Kit was used to extract genomic DNA according
to the manufacturer’s protocol (Axygen Biosciences; CA,
USA). DNA was amplified using Yfiler Plus PCR Ampli-
fication Kit (Thermo Fisher Scientific). PCR amplification
was carried out using the Applied Biosystems GeneAmp
PCR System 9700 thermal cyclers. PCR amplifications
were performed as recommended by the manufacturer,
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although using half of the recommended reaction volume
(12.5 pl). After successful PCR amplification, the PCR prod-
ucts were analyzed by using an 8-capillary ABI 3500 DNA
Genetic Analyzer with POP-4 polymer (Life Technologies)
according to the manufacturer’s protocol. The GeneMapper
Software version 4.0 (Life Technologies) was used for the
genotype assignment. For the confirmation of samples that
showed no allele call at DYS448, they were re-amplified
by using the Goldeneye 20Y amplification kit (Goldeneye
Technology Ltd.). After being confirmed with two different
kits (Yfiler Plus and GoldenEye 20Y), these samples were
amplified and sequenced as described elsewhere [11].

Allelic and haplotype frequencies were computed by
direct counting method, and haplotype diversity (HD) was
calculated according to:

HD=nfl<1—pr>

where n is the male population size and p; is the fre-
quency of ith haplotype. Discrimination capacity (DC) was
calculated as the ratio of unique haplotypes in the samples.
Match probabilities (MPs) were calculated as X Pi%, where
Pi is the frequency of the ith haplotype. Genetic distances
were evaluated using the Rst [15] and Fst [16] statistic,
between reference populations and currently studied popu-
lations. Reduced dimensionality spatial representation of
the populations was performed based on Rst values using
multidimensional scaling (MDS) with IBM SPSS Statis-
tics for Windows, Version 23.0 (IBM Corp., Armonk, NY,
USA). Heatmaps for Rst and Fst values were also generated
using the R program. A neighbor-joining phylogenetic tree
was constructed for the Hazara and the reference popula-
tions based on a distance matrix of Fst using the Mega7
software [17]. We also predicted Y-SNP haplogroups in the
samples from Y-STR haplotypes (Yfiler STRs) using the
Y-DNA Haplogroup Predictor NEVGEN (http://www.nev-
gen.org). The R program V3.4.1 was used to perform linear
discriminant analysis (LDA) for Hazara (Pakistan), Hazara
(Afghanistan), Central Asia, East Asia, the Middle East, and
Southwest Asian (Baloch) samples. To define the genetic
relationships among Balochi and Hazara individuals for 20
Y-STRs (DYS19, DYS3891I-1, DYS390, DYS391, DYS392,
DYS393, DYS437, DYS438, DYS448,DYS456, DYS458,
DYS635, Y_GATA_H4, DYS549, DYS460, DYS481,
DYS533, DYS570, DYS576, DYS627), we used the stepwise
mutation model and Median Joining-Maximum Parsimony
algorithm by using the program Network-5 as described at
the Fluxus Engineering website (http://www.fluxus-engin
eering.com), and the weighting criteria for Y-STRs follow-
ing [11].

We successfully obtained genotypes of 524 individu-
als in three ethnic groups (Balochi population and Hazara
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population from Afghanistan and Pakistan) (Supplemen-
tary Table 1). Haplotype data were already made accessi-
ble via the Y-chromosome Haplotype Reference Database
(YHRD) under accession numbers YA004595 (Balochi),
YA004312-2 (Hazara Pakistan), and YA004503 (Hazara
Afghanistan). Allelic frequencies of Baloch ethnic group
from Baluchistan, Pakistan, and Hazara ethnic groups from
Pakistan and Afghanistan along with gene diversity values
are shown in Supplementary Table 2. DYF387S1 showed
the highest gene diversity/heterozygosity in Baloch and both
Hazara populations from Afghanistan and Pakistan with
0.9371, 0.9242, and 0.8792, respectively. Overall, DYS570
(0.8624) showed the highest or DYS437 (0.2383) showed
the lowest gene diversity/heterozygosity for single Y-STR
markers. Within three populations, single Y-STR markers
DYS570 (0.8624), DYS449 (0.8468), and DYS627 (0.7949)
showed the highest gene diversity/heterozygosities, while
DYS460 (0.5718), DYS391 (0.3916), and DYS437 (0.2383)
showed the lowest gene diversity/heterozygosities in the
Baloch and both the Hazara populations from Afghanistan
and Pakistan, respectively. After pooling Hazara popula-
tions together, DYF387S1 or DYS437 showed the highest
or lowest gene diversity/heterozygosities with 0.9257 and
0.4053 respectively. The observed numbers of alleles were
222, 240, and 188 for Baloch and both the Hazara popula-
tions from Afghanistan and Pakistan, respectively, on 27
Y-STRs. Allelic frequencies ranged from 0.0090 to 0.6036 in
the Baloch population, 0.0038 to 0.6654 in the Hazara popu-
lation from Afghanistan, and 0.0065 to 0.8627 in the Paki-
stani Hazara population. We evaluated forensic parameters
at seven levels: the minimal 9 Y-STRs loci, the extended 11
Y-STRs loci, PowerPlex Y12 STRs loci, Yfiler 17 STRs loci,
Y21STRs loci, Y27 Yfiler Plus loci, and 6 rapidly mutating
Y-STRs loci which are summarized in Table 1. The discrimi-
nation capacity (DC) ranged from 87.38% (the minimal 9
Y-STRs loci) to 100% (Y27 Yfiler Plus loci) with random
matching probability from 0.0162 (MHT) to 0.009 (Y27
Yfiler Plus loci), and haplotype diversity (HD) ranged from
0.9928 (the minimal 9 Y-STRs loci) to 1.0 (Y27 Yfiler Plus
loci) in the Baloch population of Pakistan. The discrimi-
nation capacity (DC) ranged from 47.06% (the minimal 9
Y-STRs loci) t0 99.35% (Y27 Yfiler Plus loci) with random
matching probability from 0.0745 (MHT) to 0.0066 (Y27
Yfiler Plus loci) and haplotype diversity (HD) ranged from
0.9316 (the minimal 9 Y-STRs loci) to 0.9999 (Y27 Yfiler
Plus loci) in Pakistani Hazara population, while DC ranged
41.15% (the minimal 9 Y-STRs loci) to 88.46% (Y27 Yfiler
Plus loci) with random matching probability from 0.0329
(MHT) to 0.0057 (Y27 Yfiler Plus loci), and HD ranged
from 0.9708 (the minimal 9 Y-STRs loci) to 0.9937 (Y27
Yfiler Plus loci) for Hazara population from Afghanistan.
Pooling both populations together DC ranged from 40.19%
(the minimal 9 Y-STRs loci) to 92% (Y27 Yfiler Plus loci)

with random matching probability from 0.0334 (MHT) to
0.0032 (Y27 Yfiler Plus loci), and HD ranged from 0.9689
(the minimal 9 Y-STRs loci) to 0.9992 (Y27 Yfiler Plus
loci). Interestingly, six rapidly mutating Y-STRs which are
included in Yfiler plus kit detect high haplotype diversity
(Table 1). We have observed 101 (90.99%) different hap-
lotypes out of 111; among them, 95 (85.58%) were unique
in the Baloch population. We have observed 139 (90.84%)
different haplotypes out of 153; among them, 131 (85.62%)
were unique in Pakistani Hazara population. While in
Afghani Hazara population, the observed haplotypes were
188 (72.30%) out of 260; among them, 152 (58.46%) were
unique. These six STRs (RM Y-STRs) showed the almost
the same diversity, shown by PPY 23 loci. The above results
are showing that the Yfiler plus kit loci showed strong dis-
crimination capacity, haplotype diversity, and random mat-
ing probabilities which provide utility for forensic identifi-
cation and paternity testing in three ethnic groups (Baloch
and Hazara from Pakistan while Hazara from Afghanistan).

Since the anthropological or ethno-historical relation-
ships between studied populations and reference populations
which are included for analysis were poorly known, so we
used two different methods on the basis of their similarity
with a priori expectations. Fist is a standardized variance
of haplotype frequency and assumes genetic drift as being
the agent that differentiates populations. Rst is a standard-
ized variance of haplotype size and takes into account both
drift and mutation as causes of population differentiation,
assuming a stepwise model in which each mutation creates
a new allele either by adding or by deleting a single repeat
unit. To assess the relationship between these three popula-
tions (Baloch, Hazara from Pakistan and Afghani Hazaras),
and the other relevant populations which are summarized in
Supplementary Table 3, pairwise genetic distances (Rst and
Fst) and their corresponding p-values were calculated and
were shown in Supplementary Table 4. These Rst and Fst
values were visualized using hierarchical clustering heatmap
(Supplementary Fig. 1a & b and S Supplementary Text 1A).
These results are consistent with our previous study results
[18]. The pairwise Rst genetic distances values between
Baloch and other relevant populations ranged from — 0.0402
to 0.1417. According to Rst values, the Baloch population
of Pakistan showed the closest genetic distance to Turks
(—0.0402) from Ardabil, Iran, while Kazakh (0.1417) from
Gansu, China, showed the greatest genetic distance.

For the Afghan Hazara population, the Afghan population
(0.0009) from Afghanistan showed the closest genetic dis-
tance, and for the Pakistani Hazara group, the Afghan popu-
lation (0.0381) from Afghanistan showed the closest genetic
distance. To investigate the paternal relationship among
these three and other reference populations, we have gener-
ated the MDS plot (Supplementary Fig. 2) based on pairwise
Rst matrix from Supplementary Table 4. In the MDS plot,
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Table 1 Forensic parameters on 7 different levels in three ethnic groups

MHT 9 Y-STRs EHT 11 Y-STRs PPY-12 Y-STRs Yfiler 17 Y-STRs PPY23 21 Y-STRs Yfiler plus 6 RM Y-STRs
27 Y-STRs
Hazara Pakistan
No. of samples 153 153 153 153 153 153 153
RMP 0.0745 0.0577 0.0577 0.0123 0.0084 0.0066 0.0091
HD 0.9316 0.9485 0.9485 0.9942 0.9981 0.9999 0.9974
No. of haplotypes 72 81 81 117 140 152 139
NUH 54 63 63 97 132 151 131
DC 0.4705 0.5294 0.5294 0.7647 0.9150 0.9934 0.9084
% of unique 0.3529 0.4176 0.4176 0.6339 0.8627 0.9869 0.8562
haplotypes
Hazara Afghanistan
No. of samples 260 260 260 260 260 260 260
RMP 0.0329 0.0285 0.0272 0.0184 0.0129 0.0057 0.0101
HD 0.9708 0.9753 0.9765 0.9854 0.9909 0.9982 0.9937
No. of haplotypes 107 122 124 166 190 230 188
NUH 64 81 83 132 157 207 152
DC 04115 0.4692 0.4769 0.6384 0.7307 0.8846 0.723
% of unique 0.2461 0.3115 0.3192 0.5076 0.6038 0.7961 0.5846
haplotypes
Pak-Afg Hazara
No. of samples 413 413 413 413 413 413 413
RMP 0.0334 0.0268 0.0262 0.0113 0.007 0.0032 0.0058
HD 0.9689 0.9756 0.9761 0.9911 0.9954 0.9992 0.9966
No. of haplotypes 166 191 193 273 317 380 320
NUH 109 137 139 223 274 357 274
DC 0.4019 0.4624 0.4673 0.661 0.7675 0.92 0.7748
% of unique 0.2639 0.3317 0.3365 0.5399 0.6634 0.8644 0.6634
haplotypes
Baloch Pakistan
No. of samples 111 111 111 111 111 111 111
RMP 0.0162 0.0136 0.0136 0.0095 0.0092 0.009 0.0114
HD 0.9928 0.9954 0.9954 0.9995 0.9998 1 0.9975
No. of haplotypes 97 100 100 108 110 111 101
NUH 93 96 96 105 109 111 95
DC 0.8738 0.9009 0.9009 0.9729 0.9909 1 0.9099
% of unique 0.83783 0.8648 0.8648 0.9459 0.9819 1 0.8558

haplotypes

RMP, random matching probability; HD, haplotype diversity; NUH, no. of unique haplotypes; DC, discrimination capacity

we have seen that the Hazara population from Afghanistan
is located closer to the Afghan population from Afghanistan
and the Pathan population from northern Afghanistan which
is similar to the results of another study [19], while Pakistani
Hazara lined closer to Kazakh and Mongolian population
which is similar to our previous study’s results [11, 20].
According to Fst values, the Afghan Hazara population is
closest to the Afghan population (0.0053) followed by the
Hazara population from Balochistan, Pakistan (0.0057), and
Iranian population from Mashhad, Iran (0.0077). Evolution-
ary relationships between the Baloch and Hazara population
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of Pakistan, the Hazara population from Afghanistan, and
other reference populations were inferred from the neighbor-
joining tree based on Fst values (Supplementary Fig. 3 and
S Supplementary Text 1B).

The Y haplogroups were predicted using the online
Y-haplogroup predictor software (http://www.nevgen.org/).
C2 (previously known as C3-Star cluster) was the most fre-
quent haplogroup in Pakistani and Afghan Hazaras. The
median-joining network of haplotypes (Supplementary
Fig. 4) showed a bulky central star-like cluster which repre-
sents predicated haplogroup M217 and another big cluster
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representing haplogroup M420 and comprises many of the
identical or highly similar haplotypes. These types of fea-
tures are usually inferred as past male-lineage expansions
35. Star-like features of haplotypes comprising haplogroup
M217 (C2) have been reported previously in Hazara, Mon-
gol, and Kazakh populations [11, 20, 21]. An explanation
about its origin in Mongolia was about ~1000 years ago
[21]. The frequency of the R haplogroup in the Baloch popu-
lation is 36.03%, 22.22% in Pakistani Hazara, and 21.15% in
Afghani Hazara. This haplogroup originated in north Asia
about 27,000 years ago (http://isogg.org/tree/index.html). R
is one of the most frequent haplogroups in Europe, with its
branches reaching 80% of the population in some regions.
One branch is believed to have originated in the Kurgan
culture, known to be the first speakers of the Indo-European
languages and responsible for the domestication of the horse
[22]. From somewhere in Central Asia, some descendants
of the man carrying the M207 mutation on the Y chromo-
some headed south to arrive in India about 10,000 years ago
[23]. This is one of the frequent haplogroups in Pakistan
and North India. In the Baloch population, the frequency of
haplogroup L1 is 22.5% and 1.53% in Afghani Hazara. In
sub-continental populations, its frequency is about 7-15%
[24, 25]. Genetic studies suggest that this may be one of the
original haplogroups of the creators of Indus Valley Civiliza-
tion [26, 27]. The frequency of L1 is about 28% in Pakistan
and Baluchistan, from where the agricultural creators of
this civilization emerged [28]. The origins of this haplo-
group can be traced to the rugged and mountainous Pamir
Knot region in Tajikistan [23]. In an earlier study[21], the
star-cluster (C3) profile for DYS389I-DYS389b-DYS390-
DYS391-DYS392-DYS393-DYS388-DYS425-DYS426-
DYS434-DYS435-DYS436-DYS437-DYS438-DYS439
was 10-16-25-10-11-13-14-12-11-11-11-12-8-10-10.
In the present study, mostly occurring haplotype for loci
DYS19-DYS3891-DYS38911-DYS390-DYS391-DYS392-
DYS393-DYS437-DYS438-DYS439 was 15-13-29-24-
10-11-13-14-11-12 which repeated itself in 43 individu-
als, while 14-13-29-24-8-11-13-14-11-11 repeated in 9
individuals and 15-13-29-24-11-11-13-14-11-12 repeated
in 8 individuals in Pakistani Hazara population; while in
Afghani Hazara 16-13-29-25-10-11-13-14-10-10, 15-13-
29-24-10-11-13-14-11-12, 14-12-28-23-10-11-12-15-
9-11, 14-13-29-24-11-13-12-15-12-12, and 15-14-
32-25-11-11-13-14-9-10 haplotypes were repeated in 30,
17,15, 12, and 11 individuals, respectively. The occurrence
of these haplotypes was previously observed in Mongols
and Kazakhs [29]. Allelic ranges of Kazak [29] population
from Kazakhstan Central Asia were similar, while those
in Mongol population from Inner Mongolia were almost
similar on abovementioned 10 Y-STRs. In our earlier study
[18], results showed that Hazaras have a close genetic affin-
ity with Turkic-speaking (Kazakh, Kyrgyz, and Uyghur)

and Mongolian people. Admixture and outgroup findings
further clarified that Hazaras have 57.8% gene pool from
Mongolians. Here, we also speculated a hypothesis that is
based on hearsay that Hazaras living in Pakistan are more
conserved and they only mate with the Hazaras, while across
the Durand line, the Hazaras mate with other ethnic groups
in Afghanistan. Results of gene diversity/heterozygosity and
F-statistics tests are also supporting this hypothesis. Accord-
ing to results, all loci showed more diversity in the Haz-
ara population from Afghanistan when compared with the
Hazara population from Pakistan (Supplementary Fig. 5).
F-statistics test within Hazara populations showed variations
at four loci only (DYS393 —0.05002, DYS449 —0.01694,
DYF387S1—0.00662, and DYS385a/b—0.00004) (Sup-
plementary Table 5). These variations may be the sampling
effect, population diversity, or maybe geographical bounda-
ries. LDA is a transformation technique which is commonly
used to understand genome diversity and was performed on
the Hazara population, Central Asian, South Asian including
the Baloch population, East Asian, and Russian population
samples to explore their genetic homology. Supplementary
Fig. 6 shows all individual samples plotted on the two LDA
factors (F1 and F2). The LDA plot showed the associa-
tion of the Hazara population with East and Central Asian
populations.

By using the Yfiler plus kit, we have observed the null
allele at DYS448 in 29 individuals in the Hazara popula-
tion from Afghanistan (Supplementary Fig. 7). Certain
factors can cause the phenomena of null alleles, and these
are deletions within the target region and primer binding
site problems that destabilize hybridization of at least one
of the primers flanking the target region [30]. This phe-
nomenon was previously reported, in which other com-
mercial kits were used. The current population study rep-
resents the highest frequencies of the null allele at DYS448
when compared with the previously reported population
to date (Table 2). The core repeat motif of the DYS448
locus is the hexanucleotide repeat AGAGAT [31]. DYS448
has two polymorphic domains separated by an invariant
42-bp region. We have observed 29 null alleles; among
these, long deletions were covering at a minimum the N42
region and the core AGAGAT repeats downstream, and
small deletions encompassing upstream repeats as well (all
alignments were based on allele 20). Observed null alleles
at locus DYS448 in 29 individuals from the Hazara popu-
lation of Afghanistan, which were later confirmed with the
GoldenEye Y20 System kit, were successfully amplified
using self-designed primers and sequenced (Supplemen-
tary Table 6) which were submitted to GenBank under
accession numbers MN623385 to MN623413. Overall,
we have observed 55 null alleles at DYS448 in the Haz-
ara population from Pakistan and Afghanistan. Interest-
ingly, all individuals (55) who showed deletion at DYS448
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Table 2 Frequencies of the null

. . Continent ~ Population Number of No.ofdel % Reference
allelfa at DYS448 in various samples
ethnic groups across continents
Asia Hazara (Pak & Afg) 413 54 13.08%  Current study
Korean 708 6 0.85%  Myung Jin Park et al
Kalmykia 99 7 7.07%  Roewer et al. 2007
Japan 1079 10 0.92%  Mizuno et al. 2007
Malaysia 980 3 0.30%  Chang et al., 2007
Nepal 769 3 0.39%  Parkin et al., 2007
Tajikistan 124 3 2.41%  Balaresque et al. 2008
Kyrgyzstan 87 9 10.34 Balaresque et al. 2008
China 130 3 2.30%  Balaresque et al. 2008
Asian 330 2 0.61%  AmpFISTR® Yfiler™ database
Europe Spain 247 1 0.40%  Sanchez et al., 2007
Africa Egypt 208 1 0.48%  Omran et al. 2008
Americas  Mexico 326 1 0.30%  Gutierrez-Alarcon et al. 2007
African American 985 2 0.20%  AmpFISTR® Yfiler™ database
Caucasian (USA) 1276 2 0.16%  AmpFISTR® Yfiler™ database
7761 108 1.39%

belongs to haplogroup C2 which is the most frequent hap-
logroup in Mongol and Kazakh populations. This high fre-
quency of allelic drop-out/mutation is DYS448 in the Haz-
ara population from Pakistan, and Afghanistan strongly
supports the evidence that they have Kazakh and Mongol
origin. Whole-genome or Y-chromosomal sequencing is
required to get more insight of this polymorphism. The
frequency of the null allele at DYS448 is more frequent
in Asia more specifically in East and Central Asia when
compared to the rest of the world [32, 33]. The commercial
companies should pay special attention while designing
DYS448 primers.

Finally, our study demonstrates that the Yfiler Plus Kit
detects high haplotype diversity in the Baloch popula-
tion from Pakistan and Hazara populations from across
the Durand line (Pakistan and Afghanistan), of which two
(Baloch and Afghani Hazara) were not previously stud-
ied at the Yfiler plus STR loci, which in general makes it
suitable for forensic casework in these groups. The recent
inclusion of these data in the YHRD allows widespread
use for forensic and other purposes.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00414-021-02591-2.
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