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ABSTRACT

Background: The study of B-globin gene cluster haplotypes provides insight into the origin,
migration and genetic variation of human populations, it also constitutes an essential prelude
to studying such haplotypes among those with hemoglobin disorders in a given population.
Materials and Methods: A total of fifty unrelated healthy non-thalassemic Iragi Kurds were
recruited. Their DNAs were extracted, and their B-globin gene cluster haplotypes were
determined using restriction fragment length polymorphisms technique at seven restriction
sites along the B-globin gene cluster, namely: HindIl 5’¢, HindIIl Gy, HindIII Ay, Hind II
5’yP, Hind 11 3’yp, Avall B, and BamHI 3°f.
Results: The enrolled individuals had a median age of 15 years and included 26 males and 24
females. Haplotype analysis identified 17 different haplotypes, including seven atypical ones.
The most frequent haplotypes among the 100 chromosomes analyzed were haplotypes I, 111, V
and IX at rates of 32%, 14%, 12%, and 9% respectively. These were arranged in 28 different
genotypes, the most frequent of which were /111, I/1X, I/l and V/V at rates of 14%. 8%, 8%,
and 8% respectively. There were significant differences between Yazidi and Muslim Kurds
haplotype distributions. The most informative of the seven markers employed in the current
study with highest polymorphism information content was HindII 5’¢ and HindIII Gy, while
the least was Hind I11AYy.
Conclusion: B-globin cluster haplotype distribution at the BA chromosomes among Iraqi Kurds
shares a lot of similarities with that in neighboring countries. The high rate of heterogeneity
noted may be due to the ancient origin of the population, while the differences observed
between Muslims and Yazidis maybe the consequence of genetic isolation of the latter
subgroup at least for the last millennium. This study paves the way to further studies on
haplotypes associated with B-globin gene disorders to have a better insight into their origin and
spread in Iraqgi Kurdistan.
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he B-globin gene cluster located on
short arm of chromosome 11 spans

were found to be in linkage disequilibrium
with B-globin gene mutation associated

about 70 kb. It includes six genes arranged
from 5’ to 3° ends as follows: g, Gy, Ay, yp,
5, B*. There are numerous polymorphic base
substitutions within the p-globin gene
cluster, many of which produce Restriction
Fragment Length Polymorphisms (RFLPs),
which if combined yield a limited number
of haplotypes. Several of these haplotypes

with thalassemia or hemoglobin variants?.
Furthermore, B-globin  gene  cluster
haplotypes emerged over the past four
decades as useful tools for studying the
origin, migration, evolutionary relationship
and genetic variation of human
populations®®.
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The study of B-globin gene haplotypes
among non-thalassemic Iragi Kurds is
important as a prelude to studying such
haplotypes among those with hemoglobin
disorders including B-thalassemia;
Furthermore, it may shed some light on the
genetic links between various ethnic
subgroups within this population and those
with other neighboring populations. Such a
task has not been tackled in Irag, and
therefore, it is our aim to address this issue
through assessing 100 chromosomes from
non-thalassemic Iragi Kurds.

MATERIALS AND METHODS:

A total of fifty unrelated apparently healthy
individuals were recruited. The enrollees
were all screened by full blood counts using
an automated hematology analyzer
(Swelab- Sweden). For inclusion: all
enrollees had to have a hemoglobin within
normal for age and sex, an MCV > 80 fL
and an MCH> 27 pg. The enrollees were

Hindll HindIIl HindIll

also scrutinized for consanguinity among
their parents.

All eligible enrollees had an extra 2.5 mL
of blood collected in an EDTA
anticoagulated tube, and kept at -20 C until
DNA was extracted. DNA was extracted
by Blood DNA extraction Kit (Qiagen,
Germany). Haplotype analysis was done by
using the technique of restriction fragment
length polymorphism (RFLP) at seven
restriction sites across the B-globin gene
cluster (Figure 1) as reported earlier 7,8.
Table 1 outlines the sequence of primers
and restriction enzymes used. The RFLPs
include: 5’ -HindII 5’¢, HindIII Gy, HindIII
Ay, Hind II 5°ypB, Hind II 3°yp, Avall B,
BamHI 3°. Haplotypes were assigned as
proposed by Orkin et al (1982)%. For the
purposes of the current study, it was
assumed that a heterozygous individual had
one common and one rare haplotype, rather
than two rare ones.
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Figure 1. The p-globin gene cluster showing the locations of the seven RFLPs used in the current study.

Statistical analysis: Chi square test (with
Yates correction where appropriate) was
used, and P<0.05 was considered
significant. The expected Heterozygosity
(H) was calculated according to Hardy
Weinberg equation, and polymorphic

information content (PIC) was determined
based on Botstein et al method®. The study
was approved by the ethics committee at the
college of Science- University of Duhok
and informed consent was taken from all
participants.

Table 1. The sequences of the primers, annealing temperatures, restriction enzymes and the product sizes
used to detect the seven polymorphisms in the current study.

A i Product Product
RFLP Sequence 5°-3° Tnnea Igg size(bp) size(bp)
emp.(C) absence site presence of site

)  TCTCTGTTT GAT GAC AAA TTC

Hind I15°e AT CAT TGG TCA AGG CTG ACC 55 760 314/446
. AGT GCT GCA AGA AGA ACA ACT ACC

HindllI Gy T TGC ATC ATG GGC AGT GAG CTC 65 328 237191
. ATG CTG CTA ATG CTT CATTAC

HindIll ™y oA TTG TGT GAT CTC TCT CAG CAG 55 635 3271308
. TCCTAT CCATTACTGTTC CTT GAA

Hindll S'WB - ATT GTC TTA TTC TAG AGA CGA TTT 55 794 687/107

Hindi 3yp  GTA CTCATACTT TAA GTC CTA ACT 55 014 480/434

TAAGCAAGATTATTITCTG GTCTCT
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A I Product Product
RFLP Sequence 5°-3° Tnnea lcn:g size(bp) size(bp)
emp.(C) absence site  presence of site
GTG GTC TAC CCT TGG ACC CAG AGG
AvallB 17c GTC TGT TTC CCA TTC TAA ACT 65 328 2217101
.o GCC CAC ATC ACC AAG GCA AT
Bam HI3'B 5o cTA CGG ATG TGT GAG AT 65 1520 292/1228
RESULTS results are shown in Figures 2 and 3. The

allele frequencies of each of the seven
RFLPs studied are shown in Table 2. The
highest heterozygosity (H) was observed in
HindIl 5’¢, HindIIl Gy and HindIl 3y},
while the least was observed in HindIII Ay.
Likewise, the PIC was highest at Hindll
5’¢, Hindlll Gy and HindIl 3’yp with
values of 0.373 each, and least at HindllI
Ay with a value of 0.177. Overall, all
markers were found to be in Hardy-
Weinberg equilibrium (Table 2).

Fifty unrelated healthy individuals who had
normal red cell indices and hemoglobin to
rule out thalassemia minor were enrolled®.
They included 26 males and 24 females and
had a median age of 15 years (Range 1.0-41
years). The enrollees included 42 Muslim
Kurds and eight Yazidis. Consanguinity
among parents of enrollees was
encountered in 44%.
The gel electrophoresis for the seven RFLP
reactions, demonstrating +/+, +/- and -/-
Al g2 et 36

Hindlll Gy

18 17 21 22

Figure 2. Gel Electrophoresis (2%0) of restriction products of five enzymes defining 5’-subhaplotypes ,
showing +/+, +/- and -/- results as defined in table 1.
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Figure 3. Gel Electrophoresis (2%0) of restriction products of two enzymes defining 3’-subhaplotypes ,
showing +/+, +/- and -/- results as defined in table 1.

Table 2.  Allele frequencies, heterozygosity (H) and polymorphism information content (PIC) and Hardy
Weinberg Equilibrium (HWE) assessment for all RFLP.
HWE
Marker allele frequency H PIC P value
HindIl 5°¢ + 0.54 0.497 0.373 0.6673
- 0.46
Hindll ©y + 0.46 0.497 0.373 0.809
- 0.54
Hindl11*y + 011 0.196 0.177 0.987
- 0.89
HindII 5°yp + 0.32 0.435 0.341 0.8491
- 0.68
HindII 3’ yp + 0.45 0.495 0.373 0.9975
- 0.55
Avall + 0.83 0.282 0.242 0.1027
- 0.17
BamHI 3’ + 0.69 0.428 0.336 0.3489
- 0.31

Based on the analysis of the results of the
seven RFLP used, 17 different haplotypes
were encountered, the most frequent was
haplotype | at 32%, followed by haplotypes
I, V, IX, and VII at 14%, 12%, 9%, and
7% respectively. Seven different atypical
haplotypes were observed with an overall
frequency of 12% (Table 3). These
haplotypes were arranged in 28 different
genotypes. Homozygosity for a particular
haplotype was encountered in 26% of cases
with the most frequent being genotypes I/1,
VIV, and NI/ at 8%.8%, and 4%

respectively (Table 4). Seventy-five
percent of the homozygous haplotypes were
in individuals with consanguineous parents.
The most frequent heterozygous haplotypes
combinations were /111, 1/1X, I/Atypical,
and I/IV at 14%, 8%, 6% and 6%
respectively (Table 4).
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Table 3. The distribution of B-globin cluster haplotypes among 100 non-thalassemic chromosomes overall,
and their distributions among Muslim Kurds and Yazidis subgroups.

Haplotype Restriction Muslim Kurds Yazidis Overall Percentage
pattern (n 84) (n 16) (total n 100)
I +o---t+t 27 (32.1) 5(31.3) 32 (32)
I S -+t + 2 (2.4) 4 (25) 6 (6)
" Sttt - 13 (15.5) 1(6.3) 14 (14)
v +-++-+ 4(4.8) - 4(4)
\% Hommmt - 12(14.3) - 12 (12)
VI R 1(1.2) - 1(1)
VII R . + 7(8.3) - 7(7)
VIl -+t 1(1.2) 1(6.3) 2(2)
IX -+ +++ 6 (7.1) 3(18.8) 9(9)
X - - -+ - - -
A3 -t -t -+ 1(1.2) - 1(1)
Atypical 10(11.9) 2 (12.5) 12(12)
Haplotypes
oottt 2 (2.4) 1(6.3) 3(3)
oot - 1(1.2) - 1(1)
e R 1(1.2) - 1(1)
-+t 2 (2.4) 1(6.3) 3(3)
+-t++++ 2(2.4) - 2(2)
N s 1(1.2) - 1(1)
B 1(1.2) - 1(1)

Table 4. Homozygosity and heterozygosity to various B-globin cluster haplotypes in the enrolled Iraqi
Kurds.

Homozygous
Genotype Number
1/l 4 1711
1/ I/1X
i/ I/Atypical

Heterozygous
Genotype number

~

VIV

VII/VII

IX/IX
Atypical/Atypical

i S

171

1AV

v

VIV
VI

IVl

/v
Atypical/Atypical
/11

I/VI

I/VII
IX/VIHI
IX/11
V/Atypical
VII/Atypical
IX/Atypical
A3/VII

P P PR RPRPRPRPRPNRPRPRPREPREONNNDWAN

Total

13

w
by




BETA GLOBIN GENE CLUSTER HAPLOTYPES IN IRAQI KURDS

As for ethnic variations in haplotype
distributions: haplotype | was the most
frequent haplotypes in both Muslim Kurds
and Yazidis, while three of the common
haplotypes among the former group were
absent among Yazidis, namely: haplotypes
V, IV, and VII. One the other hand,
haplotype Il and IX were more frequent
among Yazidis, though it was only
haplotype 11 that was significantly different
(P=0.004).

DISCUSSION

Beta globin gene cluster haplotype studies
are useful tools in identifying genetic
diversity of a target population, as well as
the inter-population relationships whether
in normal or -hemoglobinopathy cohorts5,
so the current study constitutes a first
attempt to address these issues among
normal non-thalassemic Iragi Kurds.

The current study revealed that the most
frequent haplotype among non-thalassemic
Iragi Kurds is haplotype I, this is expected
since this haplotype has been reported as
the most frequent in neighboring Iran,
Turkey, Asian Indians and Italians with
frequencies ranging from 21.4% to 43.3%
(Table 5)°-14, Our figure of 32% appears to
be intermediate between west Iranian and
Turkish  studies (42.9% and 28.6%
respectively)1%1?,

The other frequent haplotypes in the current
study were haplotypes Ill, V, IX and VII.
Haplotype Il at 14% is comparable to
reports from SW Iran at 15.4%10, but is
much higher than other Iranian and Turkish

studies’12° while it is infrequent in
Italians and not reported in Indians'®*,
Haplotype V, on the other hand, is most
frequent in Indians and SW Turks at 18.2
and 17.2% respectively'?3 while variable
rates were reported in Iranian studies (3.8-
11.7%)*%1115 our rate at the upper end of
latter range at 12.0%. Haplotype IX is also
a frequent mutation in NW and SW Iran,
SW Turkey and Sardinia, with nearly equal
frequencies to the current study®21415 put
it is infrequent or not reported in W Iran or
India (Table 5). Haplotype VII is most
frequent in India at 24.3%*3, while its rates
vary in Iran from 4.3-11.7%'1° so the
frequency in Iragi Kurds is within this range
at 7%, though it is lower than rates from
Turkey and Sardinia’?* (Table 5). Several
atypical haplotypes were encountered in the
current study, some of which were already
reported by previous studies from other
countries, e.g. haplotype (-+--+++) was
reported on BA chromosomes from SW
Turkey and W Iran at and Sardinial!?4,
while haplotype (-++-++-) was reported
from W and NW Iran and Sardinial!41,
On the other hand, haplotypes (+---++-) and
(-++--++) were reported in SW Turkey!?;
the latter haplotype and haplotype (-
+++++-)  were reported from A
chromosomes in W Iran'!. The similarities
in the common haplotypes and the shared
atypical ones with neighboring countries
may be related to the genetic links between
the populations of Iran, Turkey and Iraqi
Kurdistan throughout their joint history
well before the establishment of these
states.

Table 5. The distribution of haplotypes in the current study compared to surrounding countries, Indian

and Mediterranean populations.

Haplotype  Duhok- Iraq \:\;gilt II\: Z\r/] ISr\gn Ti/l\(/ey Salf((;l:gla Asian Indians
I 32 42.9 21.4 43.3 28.6 32 33.3

1 6 7.1 6.8 4.8 6.4 6.0 3.0

i 14 5.7 3.9 154 3.7 2.0
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Haplotype  Duhok- Iraq \Il\::ilt II\: Z\r/] ISr\gn Ti/l\(/ey Salf[(;l:gla Asian Indians
v 4 3.9 4.8 6.82 3.0 12.1
Vv 12 14.3 11.7 3.8 17.2 14.0 18.2
A\ 1 2.9 1.0

\1 7 4.3 11.7 4.8 8.3 12.0 24.3
VIl 2 2.7 1.0 3.0
IX 9 14 10.7 12,5 9.84 10.0

X - - 1.0 0.71

A3 1 1.4 3.9 5.0 12.0 3.0
D - - 4.9

A - - 6.3

Others 12 22.9 9.7 6.7 13.4 8.0 3.1
Ref no. Current study 11 15 10 12 14 13

The high rate of consanguinity among the
enrollees is to some extent consistent with
high rates reported among most Muslim
countries in Middle East'®. However, and
despite that, the haplotypes encountered
were in the large majority in heterozygous
state, which may indicate that the long
history of the population, allowing this
heterogeneity  through  recombination,
mutation and gene conversion®’8,

The difference in haplotype distribution
encountered between Yazidis and Muslims,
with a limited number of haplotypes among
Yazidis is likely to be related to the genetic
isolation of the latter ethnic group for more
than a millennium, with their strict religious
rules mandating no conversion from or into
their religion, and no intermarriage with
other ethnicities. The high frequencies of
haplotype IX and | in both ethnicities
suggests that these haplotypes may have
existed well before the segregation of the
population by the introduction of Islam;
While the significantly higher rate of
haplotype Il and absence of V, IV and VII
among Yazidis maybe due to genetic drift
in this small genetic isolate'®,

Locus heterozygosity (H) is the probability
that any randomly chosen individual is

heterozygous for any of two alleles at a
marker’s locus?. The highest
heterozygosity values were encountered in
HindIl 5’¢, HindIIl Gy and HindII3 vy},
followed closely by HindIll 5’yp, and
BamHI 3°B; while it was least HindIII Ay.
PIC (polymorphism Information content) is
determined by the ability of a marker to
establish a polymorphism in a population,
and it measures the informativeness of a
genetic marker for linkage studies?®?*, The
most informative of RFLP used in the
current study were HindIl 5’¢, HindIIIGy
and Hindll 3’yp, while the Ileast
informative was HindIIIAy. Furthermore,
the former two markers had a PIC very
close to 0.5 indicating high diversity, while
the latter marker had a PIC < 0.25
indicating  low  diversity?l.  Such
observations are important since they offer
researchers some insight in using these
linkage markers in future haplotype studies
on the 3 globin cluster in Iraqi Kurds.

In conclusion, it appears that the B-globin
cluster haplotype distribution of the BA
chromosomes among Iragi Kurds shares a
lot of similarities with that reported in
neighboring countries. The high rate of
heterogeneity noted may be due to ancient

7
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origin of the population,

while the

differences observed between Muslims and
Yazidis maybe the consequence of genetic
isolation of the latter subgroup at least for
the last millennium. This study paves the
way to further studies on haplotypes
associated with B-thalassemia mutations, to
have a better insight into their origin and
spread in Iraqgi Kurdistan.
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