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ABSTRACT

Thalassemia is one of the most common monogenicddis, with a high demand for carrier detectiondan
prenatal diagnosis in the Iranian population. Irewi of the presence of a large number of mutatiessaated with
the disease, the polymorphic markers present ingtgobin gene cluster region were commonly usednkabe
analysis of the disease. Markers usually show aulation-based dependent haplotype frequency. Antbag
polymorphic markers, five markers including Av&dkal, Hinfl, Tagl and Hind 11l were genotyped in0l@nrelated
healthy individuals from the Iranian population.€élhaplotype frequency was estimated using PHASgr anmo and
linkage disequilibrium (LD) was analyzed by MIDA®Bgram. Among the eight possible haplotypes, faygdtypes
showed relatively high frequencies %), of which the haplotype Avall-Tagl-Hindlll Wwithe highest frequency
could be suggested as an informative haplotypepfmssible carrier detection and prenatal diagnosfsbeta
thalassemia in the Iranian population. Moreove D results showed that Rsal and Hinfl (locatedhia hotspot
region) were not associated with the 5' sub-halesyor 3' sub-haplotypes, and therefore, these ensnkight be
excluded as strong molecular diagnostic markefisata globin gene region in the Iranian population.
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INTRODUCTION

Beta thalassemia seems to be one of the most corhamaglobinopathy in the Middle East countries saghran
[1].The beta-globin gene (HBB), part of the betakjh cluster, is located at the short arm of chreomoe 11
(11p15). More than 200 different mutations in thetabglobin gene have been reported to be assoaiatldeta
thalassemia [2]. Direct mutation analysis of théakgfobin gene mutations is a time-consuming arst-effective
procedure. Therefore, molecular markers which iaket to the beta globin gene region are usualdun carrier
detection and prenatal diagnosis of the diseasé’j&hatal diagnosis of beta-globin gene disordsirsg molecular
markers usually relies on linkage disequilibriunDjLof the beta-globin gene mutations and the adjacearkers
[4]. This procedure may carry some degree of riskecombination between mutant alleles and marlkdus, to
meiotic recombination hotspots in the human gen{BheThe beta-globin gene cluster contains a hdtspgion
which lies immediately 5' to the beta-globin gefidée beta-globin gene cluster contains several defined
polymorphic markers, including twenty restrictiomdment length polymorphisms (RFLPs) known as tharid
3’-subhaplotypes located at the 5' and 3' of thegw region, respectively [6].

A limited number of RFLP-haplotypes of the betabjiogene cluster have been demonstrated in sommeceth
groups [7]. Orkinet alreported the presence of linkage between spetifiassemia disease causing mutations with
particular RFLP-haplotypes. The importance of lggtdin gene cluster haplotypes in carrier detectind prenatal
diagnosis of beta-thalassemia have been documéBited@herefore, in the instances that direct motatanalysis
fails, or to confirm the transmission of mutatetklels, haplotype analysis could be considered asltamative
approach with relatively high accuracy [9].
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RFLP markers have been commonly applied in molealilgnosis of beta-thalassemia in the Iranian [adjmun
[10]. However, the frequency of beta-globin haptety and LD between RFLP markers in this populatias not
been clearly defined. In this study, five markassated in the beta globin gene region, includigl(in the p
globin gene),Rsd and Hinfl(in the hotspot region) andad and Hindlll (in the 5' sub-haplotypes df) were
genotyped to estimate their haplotype frequendiéniranian population.

MATERIALS AND METHODS

DNA samples and genotyping

Blood samples were collected from 150 healthy iiddials from the Iranian population. Total genomikAdwas
extracted using the standard salting out methatkasribed [11]. DNA samples were genotypedXeal (+50603),
Rsd (-5008), Hinfl (-990B), Tad (-9kb) andHindlll (located in the intron Il of Ggene) using PCR with primers as
described earlier [7, 12]. The PCRs were carriedioueactions of 5Q.L total volume containing 100-200 ng
genomic DNA, 50mM KCI, 10mM Tris-HCI (pH 8.4), 24nM MgClL 0.4mM dNTP, 0.4UIL Tag DNA
polymerase and 0.2M of each primer. Initial denaturation was perfodrat 94C for 4 minutes, followed by 30
cycles of 94C denaturation (1 minute), different annealing terapges depending on the primer (1 minutefC72
extention (1 minute) with the final extention of°Z2for 5 minutes. The optimum annealing temperatune f
amplification ofAvdl, Rsd, Hinfl, Tag and HindIll was 6%C, 62°C, 67°C, 58C and 63C, respectively. The PCR
products were digested with appropriate restrickomymes, and separated by electrophoresis on 2¥6seggel
and visualized by UV transillumination followingasting with ethidium bromide using a UV gel docuradion
(Syngene, Cambridge, UK).

Statistical analysis

The allele frequency, observed heterozygosity (ldo)Yl expected heterozygosity (He) were estimatedgusi
GENEPOP software [13]. The haplotype frequency estimated using the PHASE [14] computer program for
unrelated individuals. D' and’,ras the most important measures of LD, were estnaising inter-allelic
disequilibrium analysis software (MIDAS) [15]. Whéhis equal to 1, the LD is completed and two SMese not
separated by recombination. In the condition timdy two SNPs had not been separated by recombiméltiat had
the same allele frequency, LD was considered deqgi =1). Because D' alone could not provide good ptedic
of the potential usefulness for multiallelic markeYamazaki's standardized Chi-squafe another multiallelic LD
statistics, was used [16]. Chi-square providegectievaluation of the strength of the associatietween alleles at
the two loci. Also, the estimation gf was performed using MIDAS computer program.

RESULTS

The allelic frequencies and heterozygosity rate8wa|, Rsd, Hinfl, Tag andHindlll loci for 150 healthy Iranian
individuals were estimated using GENEPOP. As preskein Table 1, the degree of allelic frequency floe
markers examined varied form 0.3 -08infl showed the lowest (0.9/0.1), anthd (0.44/0.56) andRsd

(0.48/0.52) showed a higher degree of frequencytebher, all the markers showed a relatively higlgrde of
allelic heterozygosity (Table 1).

The estimation of haplotype frequency was performeithg PHASE computer program. The data revealed th
presence of five haplotypes with frequencies alih0B ¢0.05) in Iranian population (Table 2).

Given the presence of relatively high proportionirdbrmative haplotypes in the population, B'andy? for the
pairing of the examined five RFLP markers were daled by MIDAS program (Table 3). The null hypatiseof
random association between pairs of alleles atviodoci (D'= 0) was tested byvalue [17]. They? value for five
paired markers was obtained by means of the MIDA®jEams and was compared wijffobtained from the chi-
square chart (P B 0.05). The data indicated Taat-Hindlll haplotype had a strong LD with D'=0.783 afid(.52.
In contrast, a weak LD across the other haplotypas observed. As shown in Table 3, D' values rariged
0.0122 -0.783, whereas thewalues ranged from 0-0.52. As indicated, D' ahébr all haplotypes were almost
positively correlated, except f&sd-Hinfl (D' = 0.547, f= 0.034). As indicated in Table § results confirmed the
D' findings for all haplotype groups. These datggasted the presence of a weak LD forRisd andHinfl makers
at the hotspot region.

DISCUSSION
Linkage analysis using polymorphic markers preserthe beta-globin gene cluster region could ftediéi carrier

detection and prenatal diagnosis of beta thalassemifamilies with affected individual. The degredé
heterozygosity of the markers present at the bletisirg gene cluster and their informative haplotypase been
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reported to be population specific [3]. Moreovére fpresence of hotspots in different genomic regigmow that
appropriate density of markers could be screeneeitber side of the hot spot for association studidis implies
that other areas of the genome experience low re@iion, which may exhibit elevated level of ligjea
disequilibrium, and could require low marker dendir successful association studies, with the mggion that
levels of gene conversion are not too high. [18]

The nonrandom association of polymorphic restrctsites in the beta-globin gene cluster was fiegtorted by
Antonarakiset al (1982) [19]. Their report indicated that theseypmbrphic sites form a 5' sub-haplotype and a 3'
sub-haplotype in the beta-globin. The 34.6kb 5teluconsist of seven sites includidgdll, Hindlll-Gy, HindllI-

Ay, Hindll-yp, Hindll-3'yB, Tad-5'c and the19.4kb 3'cluster consist of three sitesifitee 5' end of the beta-globin
gene includingHgiAl-p ,Avdl-B ,BanHI-B [6]. These findings have been fundamental to igthin linkage
analysis, and were applied in beta thalassemigecaetection and prenatal diagnosis [19].

Among the markers present in the beta-globin géngter region, the intra-genic markekydl, and four extra-
genic markersRsd, Hinfl, Tad and Hindlll were investigated in the present study. Thelalland haplotype
frequency of the markers were estimated in theldrapopulation.Tag and Rsd were in much higher frequency
thanAvdl andHindlll. However, the minor allele frequency blinfl was 0.1 and the observed heterozygosity was
31%. Therefore, this marker was less informatiantfour other markers. Moreover, it was reporteat the minor
allele frequency oHinfl in US black population, Greeks, Indian and ltal@opulations were 0.22, 0.04, 0.05 and 0,
respectively [6]. This indicated that this markeaswnot very informative in carrier diagnosis apgiiens. No
significant difference between the observed andetqul heterozygosity was evident exceptHiralll. In view of

the highest level of observed heterozygosityHofdlill, this marker could be more informative than etimarkers.
Therefore, this marker could be considered as itlse harker to be introduced in carrier detectionl grenatal
diagnosis of the beta thalassemia disease in &nélr population.

The PHASE program was used to estimate haplotygmuéncy on unrelated individuals. Estimation oflbigpe
frequency of the markers showed five haplotypeddocommon in the Iranian population (see Table Rh w
frequencies above 5% %¥5%). The remaining 8.5% of subjects inherited rareincomplete haplotypes.
Furthermore, the estimation of D? and y* for the above markers showed that they were notinkage
disequilibrium (excepTad andHindlll). Therefore, a large percentage of the chromas®in this population may
display rare haplotype3ad andHindlll markers, which are located within the 5' sulplotype, had a strong LD to
each other. However, these markers showed a wealitibAval (located at the 3' sub-haplotype) in the beta-
globin gene. MoreoveRsd andHinfl (located in the hotspot region) were not assediatith the 5' sub-haplotypes
(Hindlll and Tag ) or 3' sub-haplotypesAgal) (Table 3). Kazaziaret al (1984) have previously reported a beta
thalassemia mutation in Asian Indians carrying itbeh haplotypes but differ at the polymorphiinfl site. This
unusual finding led them to excluéinfl from haplotype designation. Furthermore, it wasven that Hinfl did not
show significant association with the markers witiDObp both at 5' and 3' end. This could sugdpestthis marker
lies within a limited region of sequence randoni@af20]. There are several reports confirming fimisling from
populations such as Mediterraneans and Blacks22]L,In another study in an Albanian family, tworeimosomes
carrying identical beta-globin haplotypes were fbun differ atRsd site. They reported that becauRsd was
within an area of randomization, it did not seeniéoassociated with a specific haplotype or a $ipduéta-globin
allele [23]. Furthermore, Valaei et al. (2009) destoated that a novel polymorphism of 330 base ¢@ivnstream

of Rsd/ B was not linked to a specific mutation in the HB&hg, and should be common in the Iranian population
Their findings suggested that this nucleotide cleaoguld interfere with precise interpretation oé thsd marker
for linkage analysis and prenatal diagnosis [24].

The presence of two reported single nucleotide rpolphism (SNPs) in the recognition site ldindlll could
decrease the accuracy of RFLP data ubiimgllll (Figure 2). Therefore, we prompted to sequetheePCR products
with recognition site ofHindlll (the Gy-IVSII region) in several DNA samples. The dataulesl in the
identification of only one SNP in the samples withgenotype. This could support the applicatiorHafdlll in
linkage and carriership analysis in the Iranianyafion. Several reports indicated that the presesfcmultiple
SNPs within theHindlll restriction site located in they&lobin intervening sequence Il could produce thmes
RFLP pattern [25]. In the present study, eight desmfrom HbAA subjects were sequenced. The dataetidhat
people with -/- genotype had only one SNP with Higuence AAGCTG.

55



Sedigheh Givi and Sadeq Vallian Ann. Exp. Bio., 2014, 2 (1):53-57

Avall

Hindlll Taql Rsal ‘

| r | ul [ u [ Bl ‘ [— —
T T — [—)  —

P |
€ Gy Ay B & LB

5' Subhaplotype Hotspot region  3' gy bhaplotype

Figure 1. Map of thep-globin gene cluster with the 5' and 3' subhaplotyes and the 9-kb ‘hotspot’ region. RFLP sites are wlicated by the

lines.
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Figure 2: Hindlll site with two SNP, rs2070972 and rs113425530h€ location of the restriction enzyme on chromosomgl and its
nucleotide sequence were presentedindlll site located in the intronic region of Gy is shown in blue. Two SNPs that are located in the
recognition site ofHindlll are represented by thick black lines.

Table 1.Allele frequency, observed heterozygosity() and expected heterzygosity(k) of 5’ beta-globin gene markers in the Iranian

population.
RFLP marker | Frequencyof +allele | Frequencyof-allele| H, He
Avall 0.63 0.36 45%| 46%
Rsd 0.48 0.52 46%| 50%
Hinfl 0.903 0.096 319 359
Tad 0.44 0.56 51%)| 49%
Hindlll 0.40 0.60 62%| 48%

Table 2.Haplotypes frequency determined by PHASE mgram

Index Avall- Tagl-Hindlll Frequency
Haplotype
1 ++— 0.056462
2 +++ 0.212630
3 +—— 0.348056
4 +—+ 0.025709
5 —+— 0.033964
6 —++ 0.137939
7 - 0.160897
8 —+ 0.024343

Table 3.Analysis of D', ? and y*or of 5' beta globin gene markers in the Iranian mpulation.

two-locus D' r? 12 ~Distance

haplotypes (kb)
Aval-Rsd 0.145 0.011] 171 1
Avall-Hinfl 0.228 0.003] 051 15
Aval-Taq 0.052 0.002| 032 95
Avall-Hindlll | 0.106 | 0.010| 1.54] 255
Rsd-Hinfl 0.547 0.034| 52| 044
Rsd-Tad 0.055 0.003] 04| 84
Rsd-Hindlll | 0.0122 | 0.001| 0.0 254
Hinfl- Tadl 0.214 | 0.006] 1.03 8
Hinfl-Hindlll | 0.273 | 0.012| 1.91] 25
Tad-Hindlll | 0.783 | 0.520| 84.3 17
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CONCLUSION

Together, the result from the present study dennatest thatAvall- Tag-Hindlll could be used as an informative
haplotype in performing carrier and prenatal digim®f beta thalassemia mutations in the Iraniapufation.
These markers could be used in families with astleme affected individual in prenatal diagnosisl &arrier
detection testing. However, according to the pnesiceports, markers located in the hotspot regioth® beta-
globin gene (such ablinfl and Rsd) could be considered with great caution in prahatiagnosis of beta
thalassemia and haplotype association studies.
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