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ABSTRACT
Molecular-genetic methods allow direct assessment of genetic diversity at the 

level of diversity of DNA structures between individuals of the same type. Factors 
that may influence the association of alleles with disease, such as ethnic or gender 
effect, can’t be determined without allelic frequencies in populations. 

The aim of our study was to determine the frequency of gene alleles for the 
hemochromatosis and the gene for angiotensin converting enzyme in the Bos-
nian-Herzegovinian population. The goal of study of gene copy number of DAZ 
was to determine the frequency of partial DAZ gene deletions and to analyse the 
existence of duplications in the general Bosnian population.
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VARIABILITY OF POPULATION BY DNA POLYMORPHISMS

The study included healthy subjects from Bosnia and Herzegovina, namely 
200 healthy subjects for the gene mutation for hemochromatosis, 50 men for 
the analysis of DAZ gene copy number. Insertion/deletion polymorphism of the 
gene for angiotensin – converting enzyme were analysed in 212 CAD patients 
younger than 50 years and 165 healthy persons from Bosnia and Herzegovina. 
The study applied PCR – RFLP and RT – PCR. For data processing software a 
software package ABI Prism Sequence Detection is used.

The allele frequencies of C282Y and H63D were 2.25% (95% CI: 1.2-4.2) and 
11.5% (95% CI: 8.7-14.9). The estimated mutation frequency C282Y and H63D 
in Bosnia and Herzegovina fits into a European gradient distribution of muta-
tion C282Y from the northwest to the southeast. Patients with CAD had a higher 
frequency of DD genotype (36.3%) compared to controls (25.6%). The frequency 
of duplication was 8% (4/50) in Bosnian-Herzegovinian population.

The frequencies of alleles identified in the population of Bosnia and Herze-
govina did not differ significantly from the frequencies identified in the other 
world populations.
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SAŽETAK
Molekularno-genetičke metode omogućavaju neposrednu procjenu gene-

tičkog diverziteta na nivou raznovrsnosti DNK strukture između jedinki koje 
pripadaju istoj vrsti. Faktore koji mogu uticati na povezanost alela sa bolešću, 
kao što su etnički ili uticaj spola, nije moguće utvrditi bez alelskih frekvencija u 
populacijama. 

U našem istraživanju cilj je bio ustanoviti frekvencije alela gena za hemo-
hromatozu i gena za angiotenzin konvertirajući enzim u bosanskohercegovač-
koj populaciji. Istraživanjem broja kopija DAZ gena cilj je bio odrediti učestalost 
parcijalne delecije DAZ gena i analizirati postojanje duplikacija u opštoj bosan-
skohercegovačkoj populaciji.

Istraživanje je obuhvatilo zdrave ispitanike iz Bosne i Hercegovine, i to 200 
zdravih ispitanika za mutacije gena za hemohromatozu, a 50 muškaraca za anali-
zu broja kopija DAZ gena. Insercijsko/delecijski polimorfizam gena za angioten-
zin – konvertirajući enzim analizirali smo kod 212 CAD bolesnika mlađih od 50 
godina i 165 zdravih osoba iz Bosne i Hercegovine. U istraživanju su primijenje-
ne metode PCR – RFLP i RT – PCR. Za obradu rezultata korišten je softverski 
paket Software ABI Prism sequence detection.

Utvrđene frekvencije alela C282Y i H63D bile su 2.25% (95%-tni interval po-
uzdanosti: 1.2-4.2) i 11.5% (95%-tni interval pouzdanosti: 8.7-14.9). Procijenje-
na učestalost mutacija C282Y i H63D u Bosni i Hercegovini uklapa se u europski 
gradijent distribucije mutacije C282Y od sjeverozapada prema jugoistoku. Bo-
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lesnici s CAD imali su veću učestalost DD genotipa (36,3%) u odnosu na kon-
trolne (25,6%). Učestalost duplikacija iznosi 8% (4/50) u bosanskoheregovačkoj 
populaciji. 

Frekvencije alela utvrđene u populaciji Bosne i Hercegovine ne razlikuju se 
značajno od frekvencija utvrđenim u drugim svjetskim populacijama. 

Ključne riječi: varijabilnost, hemohromatoza, ACE, DAZ geni

INTRODUCTION
There is a lack of knowledge regarding the frequency of disease associ-

ated polymorphisms in populations and population attributable risk for 
many populations remains unknown. Factors that could affect the associa-
tion of the allele with disease, either positively or negatively, such as race, 
ethnicity, and gender, may not be possible to determine without population 
based allele frequencies. Molecular-genetic methods allow direct assessment of 
genetic diversity at the level of diversity of DNA structure between individuals of 
the same type.

The hemochromatosis gene (HFE) was located on chromosome 6, two 
most frequent missense mutations were identified C282Y and H63D Ge-
netic epidemiology studies of hereditary hemochromatosis (HHC) have 
shown a high prevalence of the C282Y mutation in individuals of the 
North Western European origin, whereas lower prevalence of HFE gene 
mutation has detected in the population from southern European coun-
tries. A significant proportion of HHC patients are homozygous for C282Y 
or C282Y heterozygotes, compound heterozygotes, H63D homozygotes, or 
H63D heterozygotes (Merryweather-Clarke et al., 2003).

Rigat et al. (1992) demonstrated that the inter-individual variability of 
the plasma ACE concentration is associated with an insertion (I)/deletion 
(D) polymorphism involving a 287-bp DNA sequence situated in intron 16 
of the ACE gene, the so-called ACE I/D polymorphism. Thus researchers use 
the I/D polymorphism as a valid marker for studying the associations be-
tween the ACE gene polymorphism(s) and pathophysiological conditions. 
Insertion / deletion (I/D) polymorphism of the angiotensin – converting 
enzyme (ACE) gene influences serum and cellular concentrations of ACE. 
Studies done in different populations yielded contrasting results of the I/D 
polymorphisms of the ACE gene as a risk factor for CAD. The deletion 
(deletion (DD) genotype is associated with increased concentrations.of an-
giotensin II and degradation of bradoykinin. 
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Microdeletions of the long arm of the Y chromosome (Yq) commonly 
result in spermatogenic failure. The presence of a Y chromosomal spermat-
ogenesis locus was postulated to be located in Yq11.23 and designated as 
AZoospermia Factor (ZF). More recently, molecular deletion mapping in 
Yq11 has revealed a series of microdeletions that could be mapped to one 
of three different AZF loci:. Among three Yq regions (AZFa, AZFb, AZFc), 
AZFc region is most susceptible to deletions. The DAZ (deleted in Azos-
permia) gene family is strong AZFc candidate for spermatogenic failure. 
The DAZ gene family consists of four gene copies arranged in two head to 
head clusters on the human Y chromosome and is susceptible to deletions. 

Therefore, our objectives in this study were to: determine the frequen-
cy of C282Y and H63D HFE gene mutations, frequency of three different 
genotypes at the I/D polymorphisms of the ACE gene and to determine 
the frequency of partial DAZ gene deletions in Bosnian ad Herzegovinian 
general population.

MATERIALS AND METHODS
The study of the HFE gene was performed on a series of 200 (100 males 

and 100 females) unrelated healthy volunteer donors from Bosnia and 
Herzegovina . 

Genomic DNA was extracted from peripheral blood leukocytes using 
standard procedure. The analysis of HFE gene mutations was performed 
using standard polymerase chain reaction with the primers described by 
Feder et al. The cycling conditions were: an initial denaturation at 94C for 5 
minutes followed by 35 cycles od denaturation at 94C for 1 minute, anneal-
ing at 55.5C for 1 minute 20 seconds and extension at 72C for 1 minute, 
with a final extension at 72C for 10 minutes in the Thermal Cycler. After 
amplifications, aliquots of the PCR products were digested over night at 
37C with Rsal (C282Y) and Mbol (H63D) restriction enzymes. Digestion 
conditions were according manufacturer’s protocol. After digestion, the re-
sulting fragments were electrophoresed on a 3% Nusieve 3:1 agarose gel 
and observed under UV illumination after ethidium bromide staining. The 
resulting migration pattern allowed each specimen to be identified as being 
homozygous wild-type, heterozygous or homozygous for each mutation. 

The ACE I/D polymorphisms were assessed in group of 212 patients with 
myocardial infarction or angina pectoris (CAD) and the control group of 
165 healthy subjects. The diagnosis of CAD was confirmed with coronary 
angiography at the Cardiovascular Clinic Tuzla. Genotyping and frequency 

VARIABILITY OF POPULATION BY DNA POLYMORPHISMS
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of ACE I/D polymorphisms were obtained by PCR amplification that was 
performed on genomic DNA isolated from blood leucocytes. Results were 
analyzed in respect to clinical test results. For each subject, the presence 
(allele I) or absence (allele D) of the 287-bp Alu repeat in intron 16 of the 
ACE gene was determined by measuring the size of DNA fragments after 
polymerase chain reaction (PCR) amplification. The PCR conditions were 
as described by Brigitte Rigat et al. using a primer pair of 5’-CTG GAG 
ACC ACT CCC ATC CTT TCT-3’ (sense oligo) and 5’-GAT GTG GCC 
ATC ACA TTC GTC AGA T-3’ (anti-sense oligo). PCR amplification was 
carried out in a total volume of 25 μL containing 50 ng template DNA, 10 
pmols of each primer, 2.5 μL STR (short tandem repeat) 10×buffer (STR 
10×buffer,) and 1.5 U of Taq DNA polymerase. The PCR was performed 
in a thermocycler as follows: An initial denaturation step of 2.5 minutes at 
94°C, then 30 cycles consisting of 30 seconds of denaturation at 94°C, 105 
seconds of annealing at 60°C, and 1.5 minutes of extension at 72°C. The 
PCR products were separated on a 2% agarose gel, and DNA was visualized 
by ethidium bromide staining. The expected PCR product was a 190-bp 
fragment in the presence of the deletion (D) allele and a 490-bp fragment 
in the presence of the insertion (I) allele. Thus, each DNA sample revealed 
one of three possible patterns after electrophoresis: a 490-bp band (gen-
otype II), a 190-bp band (genotype DD), or both 490-and 190-bp bands 
(genot ype ID).

Copy number of DAZ genes in Bosnian population we analyzed in 50 
randomly selected, male samples. We used real time PCR method. Taqman 
primers and MGB probe for DAZ genes were newly designed using the Prim-
er Express TM Software (Applied Biosystems, foster City, CA). The sequence 
was chosen in DAZ exon 2 that is in a single copy in all for DAZ genes and 
was confirmed to be specific according to the UCSC genome Browser da-
tabase . Primers were chosen with nearly identical predicting melting tem-
perature and GC – content and were confirmed not to form primer dimmer. 
DAZ exon 2 forward primer: 5’ – CCT CAG CCT GGC GGT TCT A -3’; 
DAZ exon 2 reverse primer: 5’ – CCA AAG GCT AAG GTG TAA GGA 
AAA - 3’- The DAZ exon 2 probe was designed as a MGB probe with a fluo-
rophore 5’FAM: 5’- CTC CGA GGG TTC GCC CGC C - 3’. The assay for 
each sample was performed in triplicates for both DAZ and RNase P in one 
96 – well optical plate (ABI Prism TM 7000 sequence Detection System) with 
a final volume of 25 µl. A PCR master mix used for DAZ samples consisted 
of: 2x Taqman Universal PCR Master Mix (12,5µl), 100 nM DAZ forward 
primer 120 nM DAZ probe. A PCR master mix for Rnase p samples was 
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made according to the manufactures instructions, Thermal cycling condi-
tions included a prerun of 2 min at 50°C and 10 min at 95°C. Cycle condi-
tions were 40 cycles at 95°C for 15 sec and 60°C for 1 min according to the 
Taqman Universal PCR protocol (Applied Biosystems).

All patients and control subjects signed a written informed consent for 
participation in the study. Each study was approved by the national medi-
cal ethics committee.

RESULTS AND DISCUSSION
Among 200 analysed subjects 8 (4%) were C282Y heterozygotes, 33 

(16,5%) were H63D heterozygotes and 6 (3%) were homozygotes for the 
H63D mutation. One (0,5%) compound heterozygote C282Y/H63D was 
identified and no C282Y homozygotes were found. The genotype distri-
bution of C282Y was within Hardy – Weinberg equilibrium (p = 0.74; χ2 
= 0.11), whereas the H63D distribution was not (p = 0.02; χ2 = 5.43). The 
overall C282Y allele frequency in the population of Bosnia and herzego-
vina was 2.25% (95% CI: 1.2-4.2) and the observed H63D allele frequency 
was 11.5% (95% CI: 8.7-14.9). 

Hereditary hemochromatosis gene mutations have been studied in 
several European populations. As previously described, frequency of the 
C282Y mutation declines from Northern to Southern Europe, thus allele 
frequencies of 6.5% to 8.2% was found in English blood donors (Chambers 
et al., 2003), intermediate allele frequencies 3.1% to 4.8% are seen in the 
populations in Central Europe (Merryweather-Clarke et al., 2003), where-
as low allele frequencies 0-3.1% are recognized in population in Sothern 
Europe and the Mediterranean (Cassaneli et al., 2001). According to the 
geographic position in Europe the prevalence of the C282Y mutation in 
Bosnia and Herzegovina (2.25%) fits in the observed nort (soth gradient. 
Recent studies have shown that in Slovenia the observed allele frequency 
of the C282Y mutations is 4.0%, in Croatia 3.3% (Ristić S. et al., 2003), 
and in Greece 1.0%, which is comparable to the frequencies found in Bos-
nia and Herzegovinian population. In the Bosnia-Herzegovina popula-
tion, the H63D allele frequencies is 11.5%. this frequency is comparable 
to European populations, in which the H63D mutation is present ranging 
between 10% and 20%. There is moderate deviation from hardy – Wein-
berg equilibrium in the distribution of H63D genotypes, which might be 
explained as a consequence of genetic drift and migrational movements in 
the area of Bosnia and Herzegovina in the war and post-war period. 

VARIABILITY OF POPULATION BY DNA POLYMORPHISMS
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Among the patients the gene frequency of the I allele was 0.41 and that 
of the D allele 0.59; genotypes were in the Hardy-Weinberg equilibrium (χ2 

= 0.87; p = 0.39). Among the controls the gene frequency of the I allele was 
0.49 and that of the D allele 0.51; genotypes were in the Hardy-Weinberg 
equilibrium (χ2 = 0.71; p = 0.79). Patients with CAD had a higher inci-
dence of the DD genotype (36.3%) than controls (25.6%). The odds ratio 
for the ACE DD genotype in CAD patients was 1.7 (95% confidence inter-
val 1.0-2.7; p < 0.05).

These results are in agreement with some other studies performed in 
the Caucasian populations (Tiret et al., 1993,1994; Poirier et al., 1998). We 
may conclude that the DD genotype of the ACE gene polymorphism is an 
independent risk factor for CAD in the Bosnian population.

Of 50 Bosnian male samples tested no partial DAZ gene deletion was 
detected. More than four DAZ gene copies were found in four samples 
(8.7%; 95% CI: 3.4-20.3). Partial deletions of DAZ gene can either be dele-
tions of gene doublet or deletions of DAZ3/DAZ4 gene doublet. The gr/
gr deletion, which includes deletion of DAZ1/DAZ2 gene doublet, has al-
ready been described as a significant risk factor for spermatogenic failure 
(Repping et al., 2003). In the study of Fernandes et al. using PCR and So-
thern blot methods for determining DAZ gene copy number, 8% (5/63) of 
oligospermic patients have been shown to have DAZ1/DAZ2 gene doublet 
deletion whilst the same deletions were not found in any of the 107 fertile 
control samples. (Fernandes et al., 2002). We showed that DAZ genes are 
not only prone to deletions but also to duplications. Further studies are 
needed to estimate genetic epidemiology of DAZ copy number worldwide 
and it’s relevanced to the risk factor for male infertility.

We report allele frequencies for our Bosnia and Herzegovina popula-
tion. These allele frequencies found in our population and compared to 
the frequencies found in other populations represented very important 
datas. As expected our population allele frequencies were not significantly 
different from results reported in other populations. Population wide allele 
frequencies are important for the design and implementation of studies 
and for determining the relevance of a disease associated polymorphism 
for a given population.
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