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Summary. Hemophilia A is an X-linked, inherited,
bleeding disorder caused by the partial or total inactiv-
ity of the coagulation factor VIII (FVIII). Due to
difficulties in the direct recognition of the disease-
associated mutation in the F8 gene, indirect diagnosis
using polymorphic markers located inside or close to the
gene is used as an alternative for determining the
segregation of the mutant gene within families and thus
for detecting carrier individuals and/or assisting in
prenatal diagnosis. This study characterizes the allelic
and haplotype frequencies, genetic diversity, population
differentiation and linkage disequilibrium of five
microsatellites (F8Int1, F8Int13, F8Int22, F8Int25.3
and IKBKG) in samples of healthy individuals from
São Paulo, Rio Grande do Sul and Pernambuco and of
patients from São Paulo with haemophilia A to deter-
mine the degree of informativeness of these microsat-

ellites for diagnostic purposes. The interpopulational
diversity parameters highlight the differences among the
analyzed population samples. Regional differences in
allelic frequencies must be taken into account when
conducting indirect diagnosis of haemophilia A. With
the exception of IKBKG, all of the microsatellites
presented high heterozygosity levels. Using the markers
described, diagnosis was possible in 10 of 11 families.
The F8Int22, F8Int1, F8Int13, F8Int25.3 and IKBKG
microsatellites were informative in seven, six, five and
two of the cases, respectively, demonstrating the effec-
tiveness of using these microsatellites in prenatal diag-
nosis and in carrier identification in the Brazilian
population.

Keywords: Brazilian populations, F8, haemophilia A,
haplotypes, indirect diagnosis, microsatellites

Introduction

Haemophilia A (HEMA; OMIM 306700) is a recessive
disease caused by the partial or total inactivity of the
coagulation factor VIII (FVIII), a plasma glycoprotein
coded by a 186-kb gene with 26 exons located at the
Xq28 position [1]. One-third of haemophilia A cases are
caused by new mutations, that is, the gene was not
inherited from the patient’s mothers [2]. The high
number of new mutations (about 1,000 have been
described so far) identified as causing haemophilia A [3]
is attributed to the size of the gene, to the existence of a

CpG island inside the gene and to the gene’s peculiar
organization (the presence of copies of the gene F8a in
the interior and around the F8 gene, which facilitates
the occurrence of inversions) [4]. In cases of severe
HEMA, the most frequent mutations are inversions in
intron 22 (50%) and intron 1 (5%) [5,6]. All other
mutations have extremely low frequencies [7].

Therefore, it is difficult to directly determine the
mutation in each particular case. In these circumstances,
the use of a haplotype formed by polymorphic markers
located near or within the gene is a good alternative for
determining the segregation of the mutant gene within
the family being studied [8] despite the fact that this
method is hardly applicable to the de novo mutation
cases. This method is useful even when direct diagnosis
is available. Therefore, more knowledge of population-
specific parameters of useful markers linked to the F8
gene is needed. The risks of recombination of the
external markers limit the use of restriction fragment
length polymorphisms in tracking the defective allele.
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Additional informative intragenic markers such as short
tandem repeats (STRs) in DNA would thus increase the
accuracy of analyses [9].

Considering that the allele frequencies of four intron-
ic microsatellites (F8Int1, F8Int13, F8Int22 and
F8Int25.3) and an extragenic microsatellite (IKBKG)
still remain to be determined, three samples of urban
Brazilian populations and a group of haemophilia A
patients were analyzed. The intragenic markers proved
to be useful in the indirect diagnosis of carriers.

Materials and methods

Samples

Blood samples or buccal swabs were obtained from
individuals from urban Brazilian populations (Fig. 1):
São Paulo (SP), 160 unrelated individuals (80 men and
80 women) from cases of paternity investigation at the
Hospital of the School of Medicine of Ribeirão Preto,
University of São Paulo (HCFMRP-USP); Pernambuco
(PE), 178 blood donors (150 men and 28 women) from
Hemocentro de Pernambuco (HEMOPE) from the city
of Recife; Rio Grande do Sul (RS), 154 individuals (105
men and 49 women) from the city of Porto Alegre; and
haemophilia A patients (HA), 73 patients of the
HEMOCENTRO of HCFMRP-USP (26 relatives from
11 patients were collected for family analyses). Of these
73 HA patients, 42 were classified as severe haemo-
philia cases, 14 as moderate and 17 as mild. These three
groups were defined, respectively, by an FVIII coagulant

activity of <1%, 1–5% and 5–40% [10]. This research
was approved by the National Ethics Research Com-
mittee (Process HCRP-FMRP, USP nº 6115/2007).

Laboratory analysis

Allelic and haplotype frequencies of four intronic
dinucleotide microsatellites in the F8 gene (F8Int1
(AC)n, F8Int13(AC)n, F8Int22(GT)n and F8Int
25.3(TG)n), as designated by Machado et al. [11], and
one extragenic microsatellite (IKBKG) located in Intron
1 of the IKBKG gene (inhibitor of kappa light polypep-
tide gene enhancer in B-cells, kinase gamma) (Fig. 2)
were estimated for each sample (Table 1). DNA extrac-
tion, loci, primers and PCR conditions have been
previously described [8,12–16].

Half of the already described alleles and each of the
new alleles of each locus were cloned and sequenced
using the BigDye Terminator v3.0 Ready Reaction
Cycle Sequencing kit (Applied Biosystems, Foster City,
CA, USA) and an ABI PRISM 310 Genetic Analyzer
(Applied Biosystems). The PCR was optimized for both
the cloned inserted repeats and the genomic DNA of
individuals. The amplified products were separated
using electrophoresis on 12% denaturing (F8Int13,
F8Int25.3 and IKBKG) or 10% non-denaturing
(F8Int1 and F8Int22) polyacrylamide gels stained with
silver nitrate. The cloned alleles were used as size
reference for genotyping the population to determine
the length of the dinucleotide repeats in tested individ-
uals. Samples from individuals typed as above were
loaded every 3–5 lanes as a reference for typing the
other samples (Fig. 3).

Statistical analysis

The allelic and genotypic frequencies, the Hardy–
Weinberg equilibrium, the exact tests of population
differentiation and the linkage disequilibrium between
pairs of microsatellites were estimated using GENEPOP
software version 3.4 [17]. The haplotype diversity and

Fig. 1. Map indicating the location of the samples. (1) Recife/Pernambuco

State, (2) Ribeirão Preto/São Paulo State and (3) Porto Alegre/Rio Grande

do Sul State.
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Fig. 2. Physical positions in chromosome X of the IKBKG, F8Int25.3,

F8Int22, F8Int13 and F8Int1 microsatellites. The numbers correspond to

pairs of bases from the Xp-Tel using the NC_000023 reference sequence.
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the analysis of molecular variance (AMOVA) were
calculated with the ARLEQUIN software [18]. The
haplotypes were designated by listing the repeat num-
bers separated by bars in the order F8Int1/F8Int13/
F8Int22/F8Int25.3/IKBKG. The genetic diversity with
the standard error was calculated for each sample using
DISPAN software [19]. Other parameters of diversity
(Hk, HT’ and GST’) were estimated using Fstat 2.8
software [20], whereas F-statistics were calculated
according to Weir and Cockerham (1984) using the
software GDA [21]. The bootstrap procedure with 1000
replicates was performed to test whether the values of
FST differed significantly from zero. If the confidence
intervals of 95% and 99% did not include the zero, the
estimate was considered significantly different from zero
with a = 5% or 1% respectively.

Results

The allelic frequencies and heterozygosities of the
populations were analyzed, and are listed in Table 1.
Some alleles occurred only once: F8Int1*10 in PE,
F8Int13*26 in SP, F8Int13*16 in RS, F8Int22*18 in PE,
F8Int25.3*12 in RS, IKBKG*25 in PE and IKBKG*33
in RS. The allelic frequencies of IKBKG and the
F8Int1*10, F8Int1*21 and F8Int25.3*12 alleles are
described here for the first time. In the SP, RS and HA
female populations, all of the microsatellites exhibited
the genotypic proportions predicted by the Hardy–
Weinberg equilibrium. In the PE sample, all of the
microsatellites except F8Int22 presented disequilibrium
as determined by a deficit of heterozygotes.

Considering the five microsatellites and each popula-
tion sample, the average HS values were similar for men
and women, grouped or not. The IKBKG microsatellite
presented smaller values of total genetic diversity
(HT’ = 0,209) compared with the other four microsat-
ellites, the HT’ values of which of varied between 0.567
and 0.699. The HT’ value was not significantly different
between men (54.9%) and women (55.5%).

The allelic differentiation (Table 2), tested using
Fisher’s exact test, for the five markers in the pairwise
comparisons of the four samples showed that of the 30
possible comparisons among the male fraction, 13
presented significant differences, whereas of the 15
possible comparisons in the female fraction, six com-
parisons were significantly different. This was a slightly
larger difference than that obtained when considering
the genotypic differentiation, in which only four of 15

Table 1. Allelic frequencies (%) of the F8Int1, F8Int13, F8Int22, F8Int25.3 and IKBKG microsatellites in samples of São Paulo (SP), Rio Grande do Sul (RS),

Pernambuco (PE) and Haemophilia A patients (HA). n = number of X chromosomes; Hk = Expected heterozygosity.

STRs/POPS Alleles n Hk

F8Int1 10 12 14 15 16 17 18 19 20 21

SP 0.4 0.4 0.4 1.7 51.5 25.5 11.7 6.3 2.1 239 0.651

RS 3.0 0.5 6.4 61.5 24.1 3.0 1.5 201 0.558

PE 0.5 0.5 0.5 1.0 9.2 50.0 21.8 6.8 8.7 1.0 206 0.682

HA 9.6 63.0 16.4 4.1 5.5 1.4 73 0.562

F8Int13 16 18 19 20 21 22 23 24 25 26

SP 0.8 2.9 42.1 24.2 12.5 9.2 6.2 1.7 0.4 240 0.735

RS 1.0 5.9 54.5 27.3 5.9 5.4 203 0.618

PE 1.9 6.8 46.2 18.9 9.7 7.3 8.7 0.5 206 0.724

HA 1.4 8.2 45.2 23.3 5.5 9.6 6.8 73 0.718

F8Int22 18 22 23 24 25 26 27 28 29

SP 2.5 6.7 8.3 37.9 40.4 3.8 0.4 240 0.680

RS 0.5 4.5 35.8 54.7 3.0 1.0 0.5 199 0.570

PE 0.5 1.0 2.4 10.2 36.4 45.1 3.9 0.5 206 0.651

HA 4.1 2.7 23.3 64.4 4.1 1.4 73 0.527

F8Int25.3 12 15 16 17 18 19 20 21 22

SP 0.4 7.6 4.7 63.1 10.2 12.3 1.3 0.4 236 0.568

RS 0.5 2.0 2.5 65.7 11.9 14.9 2.5 200 0.530

PE 13.1 1.9 59.2 11.7 10.7 2.4 1.0 206 0.606

HA 8.2 4.1 68.5 2.7 13.7 1.4 1.4 73 0.502

IKBKG 25 27 28 29 30 33

SP 0.8 6.2 86.3 6.7 240 0.247

RS 0.5 6.8 87.8 4.4 0.5 203 0.223

PE 1.0 1.0 5.9 91.1 1.0 205 0.166

HA 1.4 6.8 89.1 2.7 73 0.201

IKBKG F8Int13

F8In22F8Int1

F8Int25.3

20

26        

28 29 29/30 31 20/21 20 23 21/22 17 20 18 18/20

25/26 28 25/28 2715/17 17/21 17/19 18 19

Fig. 3. Patterns of the electrophoretic mobility displayed by each micro-

satellite. Samples of the first and last lanes are from individuals whose

phenotype was determined by cloning and sequencing. Numbers refer to the

phenotype of each sample and corresponds to the number of repetitions.
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comparisons presented significant differences.
Considering all STRs, only three of the 15 possible
comparisons were significantly different. Based on the
five analyzed microsatellites, the pairwise FST values of
the population showed significant differences between
male patients in the pairs SP/RS, RS/HA, RS/PE and SP/
HA and between female patients in the pairs SP/HA and
RS/PE.

Considering men and women separately, the associ-
ation analyses between all of the intronic microsatellite
pairs revealed highly significant P-values. The IKBKG
marker, the only extragenic microsatellite, did not show
linkage disequilibrium with the others. A total of 163
different haplotypes (Table 3) were found in male
fraction of the samples described here: 82 in PE sample,
48 in RS, 46 in SP and 45 in HA. The haplotype 17/20/
26/18/29 was the most frequent in the four population
samples. Moreover, 32 of the 163 different haplotypes
were shared between samples, whereas 58 occurred
exclusively in PE, 26 occurred in RS, 24 occurred in SP
and 23 occurred in HA. The AMOVA showed that
almost total diversity (99.25%) was found within the
samples (P = 0.195).

Eleven of the 73 haemophilic patients presented
relatives for pedigree analysis. It was possible to identify
the haplotype that followed the mutation in 10 of these
families. In the unique case in which it was not possible
to identify the haplotype that followed the mutation,
the patient’s mother was homozygous for the most
frequent haplotype (Fig. 4a). In another case (Fig. 4b),
there was clearly a mutation at F8Int1; therefore,
because we had a small pedigree with a single affected
patient, it was not possible to dismiss the possibility that
a new mutation caused the haemophilia in this partic-
ular patient. However, it was possible to rule out the
condition of carrier for the sister of the affected. In a
third case, the alleged paternity was excluded, but this

fact did not interfere with the analysis. The
microsatellites F8Int22, F8Int1, F8Int13, F8Int25.3
and IKBKG were informative in seven (63.6%), six
(54.5%), six (54.5%), five (45.4%) and two (18.2%)
cases respectively. The haplotype 17/20/26/18/29, the
most frequent in the four population samples, occurred
in four of the families studied.

Discussion

The occurrence of the F8Int1*10, F8Int1*21 and
F8Int25.3*12 alleles, which were described for the first
time here, was confirmed using cloning and sequencing
procedures. The presence of exclusive alleles in a single
population can be explained by the low frequency of
these alleles (Table 4). The allelic frequencies of
IKBKG, which had been briefly discussed by Fang et al.
(2006) [22], were determined in detail here for the first
time (Table 1). The low heterozygosity (HT’ = 0.209)
suggests that this marker may not be useful for indirect
diagnosis.

All of the microsatellites except F8Int22 exhibited
significant deviation from the Hardy–Weinberg predic-
tion due to a deficit of heterozygotes in the PE sample.
Genotyping errors can be ruled out because genotyping
errors would lead to the same disequilibrium being
present in the other samples. Previous studies [23–25] in
the same region (PE) did not show any special charac-
teristics that could explain the disequilibrium. The
disequilibrium is probably due to the small size of the
female subsample (n = 28) on which our computations
were based.

The weighted allele frequencies obtained for each
continental group (European, Africans, Asiatics and
Americans) were used to compare the present study
results (Table 4). It is noteworthy that in F8Int1, all
populations (Spanish, Korean, Indian, Chinese) studied

Table 2. Genic and genotypic differentiation

between possible pairs of the samples of São

Paulo (SP), Rio Grande do Sul (RS), Pernambuco

(PE) and Haemophilia A patients (HA) based in

the microsatellites F8Int1, F8Int13, F8Int22,

F8Int25.3 and IKBKG.

F8Int1 F8Int13 F8Int22 F8Int25.3 IKBKG All STRs

Male/Female

SP · RS * * * 0.067 0.685 *

SP · PE � 0.196 0.236 0.252 � �

RS · PE * * 0.055 * 0.093 *

Male

SP · RS � * * * * *

SP · PE * 0.103 0.670 0.940 * �

RS · PE * * 0.350 � 0.084 *

SP · HA * 0.325 * 0.252 0.213 �

RS · HA 0.097 0.092 0.375 * 0.334 �

PE · HA 0.922 0.652 0.236 0.270 0.715 0.707

Female (genic)

SP · RS � � � 0.411 0.389 *

SP · PE 0.121 0.805 0.184 0.255 0.199 0.173

RS · PE � � 0.080 0.121 � *

Female (genotypic)

SP · RS � � � 0.426 0.555 *

SP · PE 0.196 0.802 0.089 0.406 0.077 0.116

RS · PE 0.054 0.131 0.149 0.288 � �

*P £ 0.001.
�0.001 <P < 0.05.
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so far were different from each other in relation to the
most frequent allele [16,14,15,17, respectively, Ta-
ble 4], and allele 17 is the most frequent in the
populations described here. It is difficult to explain this
variability because even the more likely hypothesis,
methodological differences in genotyping, is not suffi-
cient to explain it.

In the European and Asian populations, the average
frequencies of the F8Int13 alleles were centered at 20
and 21 repeat alleles. However, discrepant samples
from New Zealand [26], China [27] and Indian [28]
populations have been reported in which the most
frequent alleles were 17 and 18, 25 and 26 and 22–24

respectively. Although allele 22 was the most frequent
in the only sample of Africans reported so far (Table 4)
[29], alleles 19–23 also have high frequency. The allelic
distributions in Americans diverge in the three previ-
ously described samples, including a Brazilian one [30].
This makes it difficult to compare the present data, in
which alleles 20 and 21 are the most frequent, with
those reported in the literature.

In F8Int22, Europeans and Asians present distribu-
tions centered around alleles 25 and 26. Although the
New Zealand sample (Table 4) is clearly different from
the other samples, we do not know the precise origin of
the examined patients [26]. The sample of subcontinent

Table 3. Absolute frequency of the five microsatellites haplotypes of chromosome X observed in men in samples of São Paulo (SP), Rio Grande do Sul (RS),

Pernambuco (PE) and Haemophilia A patients (HA). The gray boxes indicate exclusive haplotypes were not unique.

Haplotype

STRs/Alleles

n

Number of X chromosomes

F8Int1 F8Int13 F8Int22 F8Int25.3 IKBKG SP RS PE HA

1 17 20 26 18 29 90 15 28 32 15

2 17 21 26 18 29 20 3 6 4 7

3 17 19 26 18 29 14 1 4 6 3

4 16 20 26 18 29 11 3 6 2

5 17 21 25 20 29 11 3 4 3 1

6 17 20 26 19 29 9 2 1 5 1

7 18 21 25 20 29 9 1 6 1 1

8 20 24 25 16 29 9 1 6 2

9 18 20 26 18 29 7 1 2 3 1

10 18 23 25 18 29 7 3 3 1

11 17 21 25 19 29 6 3 1 2

12 17 20 25 18 29 5 2 1 2

13 17 22 25 19 29 5 1 3 1

14 18 20 25 20 29 5 2 1 1 1

15 17 20 26 18 28 4 2 1 1

16 18 21 25 21 29 4 2 1 1

17 18 21 26 20 29 4 1 1 2

18 19 22 24 18 29 4 3 1

19 17 18 26 18 29 3 2 1

20 17 20 26 18 30 3 2 1

21 17 22 25 16 29 3 2 1

22 18 20 25 18 29 3 3

23 18 20 26 20 29 3 1 2

24 18 21 26 18 29 3 1 1 1

25 18 22 25 20 29 3 3

26 19 23 25 18 29 3 3

27 12 20 26 18 29 2 2

28 16 20 26 19 29 2 1 1

29 17 20 26 20 29 2 2

30 17 20 27 18 29 2 2

31 17 20 28 18 29 2 1 1

32 17 21 26 19 29 2 2

33 17 23 25 16 29 2 1 1

34 18 21 25 18 29 2 1 1

35 18 22 24 18 29 2 2

36 18 23 26 18 29 2 1 1

37 19 21 24 18 29 2 1 1

38 19 21 25 21 29 2 1 1

39 19 24 25 16 29 2 1 1

40 20 23 25 16 29 2 2

41 20 23 25 18 29 2 2

42 21 24 25 16 29 2 1 1

Unique haplotypes 121 22 25 52 22

Number of haplotypes 163 46 48 82 45

Number of shared haplotypes 32 22 22 24 22

Exclusive haplotypes 131 24 26 58 23

Number of individuals 401 78 101 149 73

Haplotype Diversity (ha) 0.9570 ± 0.0158 0.9143 ± 0.0230 0.9479 ± 0.0137 0.9486 ± 0.0182
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Indians [28], which diverged from the Asian average in
F8Int13, also diverged from the reported Asian frequen-
cies of F8Int22. The only sample of Africans described so
far presents the 24 and 25 alleles as the most frequent
ones (Table 4). These alleles are also more frequent in
Canadians and Mexicans, whereas in the São Paulo
sample, in spite of the remarkable frequencies of alleles
25 and 26, the most frequent allele is 27. In the samples
of the present study and in the few samples previously
analyzed for the F8Int25.3 microsatellite, allele 18
occurred at the highest frequency.

The utility of one polymorphism for prenatal disease
diagnosis and/or for carrier diagnosis is directly pro-
portional to its expected heterozygosity levels (HK) in
the population under study. For the F8Int1 microsatel-
lite, the HK values ranged from 0.56 (Spanish) to 0.66
(Asian). The highest HK values were for F8Int13 for
Americans (0.81), and only the Asians (0.58) showed a
lesser value. The F8Int22 and the F8Int25.3 microsat-
ellites presented HK values ranging from 0.63 (African)
to 0.71 (American) and from 0.38 (Asian) to 0.57
(present study) respectively. These differences between
worldwide populations demonstrate the importance of
regional surveys of allelic frequencies.

The Brazilian population is the result of interethnic
crosses of European (mainly Portuguese), African and

Amerindian populations, but the proportions of these
components vary among different regions. The African
and Amerindian contribution to the southern Brazilian
population is small [31,32]. The genic and genotypic
differentiation (Table 2) observed here could be due to
the different ethnic composition and allelic frequency
differences of the founder populations. The sampling of
patients analyzed herein is composed mostly of individ-
uals from several regions of the São Paulo State.
Therefore, some degree of differentiation between HA
and the other samples could be expected.

The exact test of population differentiation based on
allele frequencies (Table 2) and pairwise FST analysis
showed an increased number of significant differences
when men were considered in the comparison. The
differences in the inter-populational diversity parame-
ters are in agreement with the analysis of molecular
variance. These results highlight the differences among
the analyzed population samples, which could be the
consequence of differences in the contribution of
founder populations to each of the regional samples
[31,32]. Thus, the regional differences in allelic fre-
quencies must be taken into account when conducting
an indirect diagnosis of haemophilia A.

The population differences were less pronounced
when considering the IKBKG microsatellite, which
could be explained by the low heterozygosity of this
microsatellite. In addition, it is the only microsatellite
that did not show linkage disequilibrium with the other
microsatellites analyzed. This is probably due to IKBKG
being the most distant from the others, which would
increase the possibility of recombination.

The comparison of haplotypes of the present data
with those in the literature is possible only for the
F8Int13 and F8Int22 microsatellites. The most frequent
haplotype in the present data was 20/26 (35.24%). The
most frequent haplotypes (F8Int19 HindIII, F8Int13,
F8Int22 and F8Int22 XbaI) observed in Turkish patients
and healthy individuals are formed by the alleles )/20/
26/+ and +/21/25/) respectively [33].

The haplotype distribution was similar in South-
African black patients and healthy individuals (with or
without the Intron 22 inversion). The frequency of the
20/26 (F8Int13/F8Int22) haplotype in South-African
Caucasoid patients without the Intron 22 inversion was
higher than in healthy individuals (P < 0.01). The
finding of a low inversion frequency in this group
together with the disproportional representation of one
haplotype on chromosomes without inversions is sug-
gestive of the presence of a founder haemophilia A
mutation [29].

Due to convergent evolution in microsatellites, the
interpretation of haplotype frequencies across popula-
tions should be conducted with caution. Two or more
populations can share haplotypes at a high frequency
because of convergent mutations, drift, gene flow or a
common origin [34]. For this reason, the researcher
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Fig. 4. Pedigree and haplotype analysis of the F8Int1, F8Int13, F8Int22,

F8Int25.3 and IKBKG microsattelites in two Haemophilic A families. (a)

illustrates the only one among the 11 families in which the markers were not

informative; (b) The markers were informative, despite the mutation in

F8Int1 at II-1 patient. Gray bars represent haplotype linked to mutation.
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must be careful when making conclusions based on
samplings of restricted areas. However, the existence of
significant differences between populations in the allele
frequencies suggests that local patterns of variability of
these microsatellites should be explored to evaluate
their forensic usefulness. The IKBKG marker presented
a low rate of heterozygosity, contributed to family
analysis in just two (18.2%) cases and did not show
linkage disequilibrium with the intronic markers.
Therefore, situations in which the diagnosis is based
exclusively on data from this microsatellite should be
carefully considered.

The knowledge of the linkage phase of the five
microsatellites altered the genetic counseling in 10 of 11
cases in our sample. This informativeness is similar to
that described by Soares et al. 2001 [30], who reported
100% cumulative reliability using four informative
polymorphisms, but is higher than that obtained by de

Carvalho et al. 2007 [35] using three polymorphisms.
Although diagnosis of haemophilia A from linkage
analysis has limitations, the results demonstrate the
effectiveness of the use the microsatellites descried here
in prenatal diagnosis and in the identification of carriers
in the Brazilian population.
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uldade de Medicina de Ribeirão Preto,

2000.

24 Mauricio-da-Silva L, Silva RS, Dellalibera E,

Donadi EA. Population genetics of HPRTB,

F13B, and LPL in Pernambuco, Northeast

Brazil. J Forensic Sci 2000; 45: 684–6.

25 Dellalibera E, Havro ML, Souza M, Kaji-

hara K, Mauricio-da-Silva L, dos Santos

Silva R. Genetic analysis of 13 STR loci in

the population from the State of Pernam-

buco, northeast Brazil. Forensic Sci Int

2004; 146: 57–9.

26 Harraway JR, Smith MP, George PM. A

highly informative, multiplexed assay for the

indirect detection of hemophilia A using five-

linked microsatellites. J Thromb Haemost

2006; 4: 587–90.

27 Yip B, Chan V, Chan TK. Intragenic dinu-

cleotide repeats in factor VIII gene for the

diagnosis of haemophilia A. Br J Haematol

1994; 88: 889–91.

28 Saha A, Mukherjee S, Maulik M, Chandak

GR, Indian Genome Variation Consortium,

Ray K. Evaluation of genetic markers linked

to hemophilia A locus: an Indian experience.

Haematologica 2007; 92: 1725–6.

29 Dangerfield BT, Manga P, Field SP, Hart-

man E, Jemkins T, Krause A. Feasibility of

prenatal diagnosis and carrier detection in

South African haemophilia A patients. Br J

Haematol 1997; 97: 558–60.

30 Soares RP, Chamone DA, Bydlowski SP.

Factor VIII gene inversions and polymor-

phisms in Brazilian patients with haemo-

philia A: carrier detection and prenatal

diagnosis. Haemophilia 2001; 7: 299–305.

31 Ferreira LB, Mendes-Junior CT, Wiezel

CEV, Luizon R, Simões AL. Genomic

ancestry of a sample population from the

state of São Paulo, Brazil. Am J Hum Biol

2006; 18: 702–5.

32 Muniz YC, Ferreira LB, Mendes-Junior CT,

Wiezel CE, Simões AL. Genomic ancestry in

urban Afro-Brazilians. Ann Hum Biol 2008;

35: 104–11.

33 El-Maarri O, Kavakli K, Çaglayan H. Intron
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