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Original Communication

Genetic markers are used for identity testing and paternity
analysis depends on knowing the allele frequencies in the
population. Minisatellites show allelic variability in the num-
ber of repeat units. We have studied the allele frequencies
and heterozygosity of two VNTRs (ApoB and D1S80) in
Iranian populations. A total of 96 and 82 chromosomes
were analyzed by PCR and gel electrophoresis for ApoB
and D1S80 respectively. In the ApoB system, allele 37 was
the most common followed by allele 35 whereas allele 23
was the most common followed by allele18 at the D1S80
locus. Observed heterozygosity was relatively low in ApoB
than D1S80 locus, however, no significant differences were
found between observed and expected heterozygosity.
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Introduction

The human genome contains a large amount of highly

repetitive DNA sequences including many variable num-

ber of tandem repeats (VNTRs). Minisatellites are the

loci composed of tandemly repeated sequences be-

tween 10 and 100 base pairs (bp)[1] and showed sub-

stantial allelic variability in the number of repeat units.

The VNTR markers have been used for different appli-

cations, including linkage analysis, forensic identifica-

tion, paternity testing, anthropological research and

phylogenetic studies.[2,3]

One of these VNTR loci is mapped on chromosome

2 and is located 75 bp from the second polyadenylation
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signal at the 3 end of the apolipoprotein B gene (ApoB)

and this region consists of a tandem repeat sequence,

rich in A and T.[4] Higher rates of polymorphism have

been found for populations of different origin and

ethnicity.[2,5-8] The ApoB protein is one of the major low-

density proteins and plays a central role in the metabo-

lism of serum cholesterol. This locus is highly polymor-

phic and until now more than 25 alleles have been re-

ported. Since ApoB 3 is a highly polymorphic and infor-

mative marker, it is ideal to study the genetic heteroge-

neity among different groups in Iranian ethnics (Kurd,

Lur, Persian, etc.), similar to other allelic and loci het-

erogeneity such as GJB2 alleles in different populations

of Iran.[9,10]

The D1S80 locus is located on chromosome 1, the

largest human chromosome, and the repeating se-

quence at D1S80 is 16 bp in length.[11,12] To date, 32

different alleles of D1S80 (http://www.ncbi.nlm.nih.gov/

entrez/), rangeing in size from 354 bp to 850 bp have

been identified. Thus, 528 different allelic combinations

are theoretically possible. VNTR loci can be analysed

by polymerase chain reaction (PCR) amplification and

high-resolution agarose or polyacrylamide gel (PAGE)

or capillary electrophoresis.[2-8,13] There have been no

studies on allele frequencies of these VNTRs in the Ira-

nian populations.

The present study was undertaken to find out the al-

lele frequencies and heterozygosity of two VNTRs (ApoB

and D1S80) locus in the Iranian populations and to com-
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pare with other Asian populations.

Materials and Methods

Blood samples were collected from 48 and 41 healthy

unrelated individuals for ApoB and D1S80 respectively.

Genomic DNA was extracted from peripheral blood by

standard methods (salting-out technique).[9] ApoB and

D1S80 locus were analyzed by PCR amplification us-

ing the primers and PCR conditions as described ear-

lier.[14,15] The amplified product was separated on both

agarose and polyacrylamide gel electrophoresis

(PAGE). Following gel electrophoresis, the gels were

stained using ethidium bromide and silver staining, re-

spectively, and the repeat sizes were determined with

respect to the standard Pharmacia 100-bp commercial

ladder.

Allele frequencies and heterozygosities were calcu-

lated using method described by Chakraborty.[16] X2 test

was applied to see the association between the observed

and expected heterozygosities.

Result and Discussion

Allele frequencies, observed and expected het-

erozygosities along with the X2 values of the two

VNTRs are shown in Table 1. Nine ApoB and 14

D1S80 alleles were observed. There were 31 (ApoB)

and 34 (D1S80) heterozygous genotypes. The most

common allele for ApoB was allele 37 and for D1S80

allele 23 which followed by allele 35 (for ApoB) and

allele 18 (for D1S80). Observed heterozygosity was

found to be 0.646 and 0.829 for Apob and D1S80 re-

spectively. There was no significant differences be-

tween the observed and expected heterozygosities

for both the VNTRs locus.

There are many factors that suggest high heterozy-

gosity of VNTRs loci in Iranian population, include

Iran’s place on the route of the Silk Road, a history of

longtime wars with foreign nations, and marked im-

migration from neighboring countries. On the other

hand, relative ethic purity has been maintained by the

natural geographic borders within Iran and by an an-

cient culture that encourages familiar marriages that

suggest low heterozygosity. In our study, observed

heterozygosity in ApoB was similar to Chinese, Malay

and Indian Singaporeans, higher than Taiwanese and

lower than other Asian and European populations.[3,16-

28]

The most common alleles of D1S80 are allele 24 and

18 in the United Kingdom, USA, Canadian and Indian

populations.[29-31] Although, it is rare, but in some popu-

lations such as Alaska-Inupiaq and Alaska-Yupik (USA)

other alleles may be common (18 and 31 in Alaska-

Inupiaq and 18 and 25 in Alaska-Yupik).[32,33] Surpris-

ingly, we found that alleles 23 and 18 are the most com-

mon ones.

We have also compared the number of alleles and

heterozygosity for ApoB in Iranian population with

other world populations [Table 2]. In our study, the

number of allelea are less than the other Indian and

Asian populations, however, heterozygosity is simi-

lar to the Asian populations and less than the Indian

populations. Comparing Iranian populations with other

world populations at the ApoB locus, provides evi-

dence for a higher genetic diversity in Africans than

non Africans.

Genetic markers are used for identity testing and pa-

ternity analysis depends on knowing the allele frequen-

cies in the population. Our preliminary results indicate

that both ApoB and D1S80 are very polymorphic in the

Iranian populations. However, there have been no stud-

Table 1: Allele frequencies of ApoB and D1S80 VNTRs

ApoB allele Frequency D1S80 allele Frequency

29 0.052 16 0.049

31 0.083 17 0.024

33 0.073 18 0.122

35 0.240 19 0.037

37 0.396 20 0.037

39 0.062 22 0.085

47 0.021 23 0.244

49 0.031 24 0.085

51 0.042 25 0.061

28 0.061

29 0.049

30 0.099

30< 0.049

H (ob) 0.646 H (ob) 0.829

H (ex) 0.800 H (ex) 0.866

X2 0.150 X2 0.248

H(ob): observed heterozygosity; H(ex): expected heterozygosity;
X2: chisqure value

Heterozygosity and allele frequencies of the two VNTRs
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Table 2: Comparison of Iranian population with world
populations[16,28] in APOB heterozygosity

*Population* No. of Observed
alleles heterozygosity (%)

Ewondo (Cameroon) 17 89.2

New Guinea 4 67.7

Sotho (Africa) 15 88.0

Tunisian 16 80.0

Curiau (African-Brazilian) 10 86.6

Pacoval (African-Brazilian) 9 71.4

Dogrib (Brazil) 5 65.3

Pehunche (Chile) 8 71.7

Mexican 15 79.4

American Blacks 21 89.7

French Caucasians 12 76.9

Serbian population 17 71.0

Catolina (Spain) 16 80.8

Galicia(Spain) 17 77.0

Recanati (central Italy) 11 78.8

Calabria (Italy) 11 78.4

German 11 74.3

Sweden 13 77.1

Greek 13 76.0

Eastern European (10 populations) 25 73-8

Taiwanese population 13 42.0

Chinese Taiwanians 9  68.2.

Han Chinese 13 57.5

North Indian Bhargavas 17 69.8

North Indian Brahmins 18 74.5

North Indian Chaturvedis 18 72.4

western and southern India 82-8

(Kerala, Maharashtra)

Indian singaporeans 13 67.4

Chinese singaporeans 13 52.6

Malay singaporeans 13 59.8

United Arab Emirates 18 80.1

Iranian population 9 64.6

ies on differences in allele frequencies using DNA mark-

ers in Iranian populations, and since the Iranian popu-

lation is consisted of different ethnic groups hence, it

will be interesting to study each group separately to look

for genetic diversity. Furthermore, the number of seg-

regating alleles and higher heterozygosity in Iranian

populations further support the usefulness of ApoB and

D1S80 for population genetic studies, linkage analysis

and forensic purposes.
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