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Abstract Frontotemporal lobar degeneration (FTLD) rec-
ognises high familial incidence, with up to 50% of patients
reported to have a family history of similar dementia. It has
been reported that mutations within progranulin (PGRN)
gene are a major cause of FTLD in the USA and
worldwide, counting for 5-10% of FTLD and for 20-25%
of familiar FTLD cases. The aim of the present study was to
define the role of PGRN genetic variations in a large sample
of consecutive patients with FTLD in Italy. Two-hundred
forty-three FTLD patients were investigated. Each subject
performed a clinical and neuropsychological evaluation, a
functional and structural brain imaging, and the diagnosis
was confirmed by at least 1 year follow-up. PGRN
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sequencing was performed in all FTLD patients and in
121 healthy age-matched controls drawn from the same
geographic area. Only one PGRN pathogenetic mutation
was found, consisting of a four-base pair deletion in the
coding sequence of exon 8 (de/CACT). This mutation was
recognised in four patients, being the overall frequency of
mutations in our clinical series of 1.64%. Considering only
patients with a well-known family history for dementia, the
frequency of this mutation was 6%. Moreover, four
missense mutations within intron regions (g.100474G>A,
2.100674G>A, g.101266G>A, g.102070G>A) were found.
The frequency of these genetic variations did not differ in
patients compared to controls, and they did not influence on
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clinical FTLD phenotype. In conclusion, this study supports
a lower frequency of PGRN mutations amongst FTLD
patients in Italy compared to literature data and further
underlies the genetic heterogeneity of FTLD.

Keywords Frontotemporal lobar degeneration -
Progranulin - Mutations - Frequency

Abbreviations
bvFTD behavioural variant frontotemporal dementia

CBDS  corticobasal degeneration syndrome
FTLD  frontotemporal lobar degeneration
SD semantic dementia

MAPT  microtubule-associated protein tau
PGRN  progranulin

PNFA  progressive non-fluent aphasia

PSP progressive supranuclear palsy
Introduction

Frontotemporal lobar degeneration (FTLD) is the overall
term for a group of neurodegenerative diseases that accounts
for 5-10% of all dementias and between 10-20% of
dementia in patients with onset before 65 years of age [1].

The behavioural variant FTD (bvFTD), semantic de-
mentia (SD), and progressive non-fluent aphasia (PNFA)
represent the most frequently recognised clinical syndromes
[2, 3]. Progressive supranuclear palsy (PSP) and cortico-
basal degeneration syndrome (CBDS) are also considered
under the same label of FTLD because they overlap both
clinically and neuropathologically [4].

On the basis of immunohistochemical staining and
distribution of intracellular inclusions, FTLD is subgrouped
into tau-positive pathology and ubiquitin-positive but tau
negative pathology [1].

FTLD is a genetically complex disorder with multiple
genetic factors contributing to the disease. A positive
family history of dementia is found in 40% of FTLD
patients. Genetic linkage studies have revealed FTLD loci
and genes on chromosome 3p [5], chromosome 9q [6],
chromosome 9p (two loci) [7-9] and chromosome 17q (two
loci) [1, 10].

In 1998, the microtubule associated protein tau gene
(MAPT) [MIM#157140] mapping on chromosome 17q21
was identified as causative of FTLD in several families [11,
12]. At autopsy, MAPT mutation carriers consistently
showed extensive tau pathology [13].

Over the years, however, evidence accumulated for the
presence of a second gene at 17q21 involved in FTLD [13].

Only recently, it has been demonstrated that heterogene-
ity at 17g21 locus was explained by the fact that mutations
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were identified within progranulin (PGRN) gene [MIM
#138945] located close to MAPT. PGRN mutations are
associated with ubiquitin-positive tau-negative FTLD cases
[14, 15].

PGRN is a secreted factor involved in tissue remodel-
ling, wound repair and inflammation [16]. In the brain,
where PGRN is expressed in both neurons and microglia,
the functions have not been studied extensively. However,
the evidence that reduced concentrations of PGRN can lead
to neurodegeneration in FTLD implicates PGRN in
neuronal survival [14, 15].

Recent studies have shown that PGRN mutations are a
major cause of FTLD in the USA and worldwide,
accounting for 5-10% of FTLD and for 20-25% of familial
FTLD cases [17, 18]. Up to now, almost 50 pathogenetic
PGRN mutations have been described, and all are expected
to cause PGRN haploinsufficiency (Alzheimer Disease and
Frontotemporal Dementia Database. http://www.molgen.ua.
ac.be/FTDmutations/).

The role of PGRN mutations in Italy is still unknown.
Only one study is currently available on 78 Italian FTLD,
reporting an overall frequency of 1.3%, thus lower than
expected [19].

These observations prompted the present study aimed at
establishing a PGRN mutation role in determining FTLD in
an [Italian clinical series. For this purpose, we included a
large sample of patients covering all FTLD spectrum.

Materials and methods
Subjects

This work is part of an ongoing study aimed at evaluating the
genetic and environmental determinants of FTLD. Patients
were recruited from the “Centre for Ageing Brain and
Neurodegenerative Disorders”, University of Brescia (n=
237), from the Neurology Unit, University of Milan (n=6),
Italy. These centres are located in Lumbardy, in the
Northern Italy.

The Neary and McKhann for FTLD were fulfilled by all
subjects [2, 3]. Inclusion and exclusion criteria were
previously reported [20].

All subjects underwent a somatic and neurological
evaluation and routine laboratory examination, a brain
structural magnetic resonance imaging (MRI) study and a
brain functional single photon emission tomography
(SPECT) study.

Patients considered to have a positive family history
were those who had a first-degree relative with dementia,
parkinsonism or motor neuron disease. No patients belong-
ing to the same family were included. Patients with family
history underwent screening for MAPT mutations, which
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Table 1 Demographic and clinical characteristics of recruited patients and controls

Variables CON bvFTD SD PNFA CBDS PSP

N 121 110 13 10 53 57

Age (years) 64.4+7.3 62.8+9.9 66.8+8.8 62.2+7.5 61.5+9.0 70.2+5.6
Gender, F % (n) 49.6 (60) 48.2 (53) 76.9 (10) 70.0 (7) 35.8 (19) 54.4 (31)
Education (years) 7.6+3.5 7.3+3.5 9.2+4.5 5.84+2.8 7.4+3.6 7.1+4.3
Age at onset (years) - 65.8+7.7 68.7+8.4 64.7+8.4 63.4+8.9 73.3£5.5
Family history, % (n)* - 41.4 (41) 23.1 (3) 333 (3) 31.4 (16) 38.9 (21)

CON healthy controls, bvFTD behavioural variant of frontotemporal dementia, SD semantic dementia, PNFA progressive non-fluent aphasia, PSP
progressive supranuclear palsy, CBDS corticobasal degeneration syndrome

? Difference on the total are due to missing cases.

were excluded (data not shown). Demographic and comor-
bidities were carefully recorded. Collection of venous blood
sample were drawn from each patient for PGRN sequencing.

The diagnostic assessment involved a review of full
medical history, a semi-structured neurological examination
and a complete mental status evaluation by at least two
independent and experienced reviewers (B.B., C.A., E.S,,
A.P.). Only patients with full consensus agreement by the
reviewers were enrolled.

A standardised neuropsychological assessment including
global cognitive evaluation and a wide test battery for
investigating the main cognitive domains was performed.

Moreover, a control group similar in age and gender
composition was recruited in the same Italian area from
which the patients were drawn. All controls were found to
be cognitively intact, following medical history, presence of
comorbidities and neuropsychological examination as well
as PGRN genotyping.

Informed consent was obtained for blood collection from
venous puncture and genetic analysis from each subject.
The work was conformed to the Helsinki Declaration and
was approved by local Ethic Committee of our hospital.

Progranulin sequencing

Total genomic DNA was prepared from peripheral blood
according to standard procedures. All the 12 exons plus

exon 0 of PGRN and at least 30 base pairs (bp) of their
flanking introns were evaluated by polymerase chain
reaction (PCR). PCR primers were designed to optimise
denaturing high-performance liquid chromatography
(dHPLC) conditions following previously provided primer
pairs (see Appendix 1) [14, 15].

All PCR programs were established using a Touchdown
approach, the annealing temperature ranging from 58°C to
66°C.

Preliminary dHPLC analysis was performed on the
Wave® nucleic acid fragment analysis system (Trans-
genomic, Santa Clara, CA, USA), and samples with an
altered dHPLC profile were purified with Microcon
Centrifugal filter devices (Amicon Bioseparation, Milli-
pore) and sequenced. Sequencing was performed in
duplicate, from purified PCR on the 310 DNA sequencer
ABI Prism (Applera Biosystems, Italy), according to the
manufacturer’s instructions. Sequences were compared with
those available at public databases.

The numbering of reported genetic variations within
PGRN sequence is relative to the reverse complement of
GeneBank accession number AC003043 and starting at
nucleotide 1. The numbering of predicted RNA is relative
to the largest PGRN transcript (GeneBank Accession
Number NM002087.2 and starting at translation initiation
codon), and the numbering of predicted protein is relative
to the largest PGRN isoform (GeneBank Accession

Table 2 PGRN gene variations found in FTLD sample from the Northern Italy

% (n) in CON

Mutation Genome® Predicted cDNA®  Predicted protein®  Change in binding site % (n) in FTLD
IVS2+21 G>A  g.100474G>A c.264+21G>A No change No change 1.64 (4)
IVS3+23 G>A  g.100674G>A c.279+23G>A No change No change 5.8 (14)
IVS4+24 G>A  g.101266G>A c.462+24G>A No change Abolished 19.8 (48)
IVS8+7 G>A 2.102070G>A c.836+7G>A No change 75.8% decreased 4.93 (12)

Ex 8 delCACT  g.102039delCACT  ¢.813-delCACT p.Tyr272SerfsX10  — 1.64 (4)

0.82 (1)
5.8 (7)
24.8 (30)
3.30 (4)
0 (0)

FTLD frontotemporal lobar degeneration, CON control subjects, VS intron, Ex exon

#Numbering relative to the reverse complement of GenBank accession number AC003043.1 and starting at nucleotide 1
® Numbering according to GenBank accession number NM_002087.2 starting at the translation initiation codon

¢ Numbering according to GenPept accession number NP_002078.1
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IVS2+21G>4  IVS4+24G>A

Ex2 delCACT

[VS3423G>A

IVS8+7G>A

Fig. 1 PGRN mutations identified in FTLD patients. Schematic representation of the PGRN gene showing the PGRN mutations identified in the
Italian population. Mutations are numbered relative to the largest PGRN transcript (GenBank accession number NM_002087.2). [VS intron, Ex exon

Number NP002078.1, exon numbering starts with non-
coding first Exon 0). Automated splice site analyses were
conducted according to https://splice.cmh.edu [21].

Haplotype analyses were conducted by using micro-
satellite markers as reported in Appendix 2.

Statistical analysis

One-way analyses of variance and chi-square tests were
performed for socio-demographic and clinical character-
istics of patients and control subjects included in the study.
Results are expressed as mean=standard deviation (SD).
The significant level was established at P<0.05. Data
analyses were carried out using SPSS 13.0 software (http://
WWW.SpSS.com).

Haplotype frequency estimation was calculated by using
Arlequin 2000 and Phase 2.1.

Results
Subjects

Two-hundred forty-three FTLD patients, i.e. 110 bvFTD,
13 SD, 10 PNFA, 53 CBDS and 57 PSP, entered the study.
One-hundred twenty-one healthy controls were recruited as
well. The number of control sample was established on the
basis of PGRN polymorphism frequencies found in FTLD
patients.

Fig. 2 Pedigree of the four
probands carrying PGRN exon

Demographic and clinical characteristics of FTLD
patients and healthy controls are shown in Table 1.

Sequencing of PGRN gene was performed in all FTDL
patients. Table 2 shows the PGRN genetic variations in the
studied population. Five PGRN genetic variations were
detected (see Fig. 1). Four previously reported [17, 22]
polymorphisms within intron regions (g.100474G>A,
2.100674G>A, g.101266G>A, g.102070G>A) and a four-
base pair deletion in the coding sequence of exon
8 (2.102039 delCACT) were found.

Intronic genetic variations within PGRN gene

As shown in Table 2, the prevalence of the four intronic
PGRN genetic variations did not differ in FTLD patients
and controls.

The IVS2+21 G>A genetic variation showed a low
incidence both in FTLD patients (1.64%) and in controls
(0.82%). The IVS8+7 G>A mutation prevalence ranged
from 3.30% in controls to 4.93% in FTLD, and the IVS3
+23 G>A was of 5.8% in both groups. The IVS4+24 G>A
genetic variation had a higher prevalence in the overall
studied population, being found in 20-25% of subjects.

Despite the comparable prevalence of these genetic
variations in both FTLD patients and controls, the auto-
mated splice site analysis suggested a decrease in binding
site (75.8%) in IVS8+7 G>A and an abolishment of the
binding site due to IVS4+24 G>A polymorphism (see
Table 2). Thus, further analyses in patients carrying these
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Table 3 Haplotype analysis in the four index cases highlighted the presence of a common founder
Marker Allele (bp) Physical Frequency of Case index Case index Case index Case index
position (Mb) shared allele (%)* BS 076 BS 123 BS 234 BS 301
D17S1818 129 (CA)13 34.42 14.0 129-125 129-131 129-123 129-119
D17S1814 150 (CA)14 35.37 29.0 150-150 150-150 150-150 150-150
D17S1787 243 (CA)o 36.98 27.5 243-247 243-241 243-243 243-237
D17S1793 278 (CA)s 37.61 75.8 278-278 278-278 278-278 278-278
D178951 328 (CA)y 39.18 41.7 328-328 328-334 328-330 328-330
PGRN
D17S1861 92 (CA)s 40.16 5.0 92-102 92-106 92-100 92-102
D17S934 174 (CA)1o 40.41 9.2 174-172 174-172 174-172 174-170

*Frequency of shared allele based on 81 age-matched Italian control individuals

genetic variations were performed. No significant differ-
ences in age at onset was found between FTLD patients
carrying no polymorphism (n=166, 64.0+9.8) compared
either to FTLD patients with [IVS8+7 G>A polymorphism
(65.3£7.2) or to FTLD patients with 1VS4+24 G>A
polymorphism (66.6+9.0). No differences in gender and
family history were found as well.

We can therefore conclude that these polymorphisms do
not have any pathogenetic significance in FTLD.

Exon 8 delCACT mutation

Exon 8 delCACT deletion causes a frameshift at codon 272
that introduces a premature termination codon after a read
through of ten residues (Tyr272SerfsX10). The resultant
mutant protein is predicted to be composed of 282 amino
acid in length, instead of the 593 residues of the wild-type
PGRN. This deletion was found in four nuclear families and
was not present in control subjects. The pathogenetic
mutation was previously described in other two families
from Italy, in the same county where the present sample
was drawn [23].

In our population, only this pathogenetic mutation was
found, being the overall prevalence of 1.64 (4/243).
Excluding patients with PSP, as PGRN mutations have
never been described; the overall prevalence was 2.1% (4/
186). Considering only patients with a well-known family
history for dementia, the prevalence of this mutation was
6% (4/84).

The pedigrees are reported in Fig. 2. Three of them
showed a positive family history; one had no other known
affected siblings. The four delCACT index cases have a
significant allele sharing (P<1x10") demonstrating the
same ancestral haplotype (see Table 3).

In Table 4, the demographic and clinical characteristics
of the four patients are reported. The mean age at onset was
56.2+5.2; two of them were diagnosed as having bvFTD,
while the other two patients had a diagnosis of PNFA,

demonstrating a clinical variability within the same PGRN
mutation. Additionally, in the four delCACT patients, trans
alleles are different, and they are not related to the age at
onset. The cerebral SPECT perfusion patterns were highly
variable as well, but highlighting frontotemporal hypoper-
fusion (see Fig. 3).

Discussion

The present study aimed at addressing the role of PGRN
mutations in a large clinical series of Italian patients
affected by FTLD, as represented by different variants,
including FTD, PSP, CBDS, and overall 40% with a
positive family history.

Recent identification of PGRN as the gene responsible
for FTLD with ubiquitin-positive brain pathology linked to
chromosome 17 has contributed significantly to our
understanding of the genetic etiology of FTLD. Most
PGRN mutations reported to date are missense, splice site
or frameshift substitutions that lead to loss of mutant
transcript and thus functional protein [14, 15].

Table 4 Demographic and clinical data of the four patients carrying
pathogenetic PGRN Exon 8 delCACT mutation

Variable/patient BS 076 BS 123 BS 234 BS 301
Clinical diagnosis bvFTD bvFTD PNFA  PNFA
Age at first evaluation (years) 57 65 56 54
Gender F F M M
Education (years) 5 5 13 5
Estimated age at onset (years) 55 64 53 53
Family history + - + +
Other comorbidities None None None None
APOE genotype 3/3 3/3 2/3 2/3

Tau haplotype H2/H2 HI1/H2 HI/H2 HI/H2

BvFTD behavioural variant frontotemporal dementia, PNFA progres-
sive non-fluent aphasia, APOE apolipoprotein E
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Fig. 3 Hypoperfusion pattern in
the four FTLD carriers of PGRN
Exon 8 delCACT mutation.
Each patient was compared to
15 healthy age-matched con-
trols, and the analysis was car-
ried out by statistical parametric
mapping (SPM2)

In our clinical series, we found a previously described
four-base pair deletion in exon 8, defining the overall
genetic contribution of PGRN mutations of 1.64% (4/243).
The haplotype analysis of the four nuclear families carrying
the frameshift exon 8 de/lCACT mutation demonstrated a
common founder. No other missense or splice site patho-
genic mutations has been identified in our sample.

In comparison to previously published results, the
frequency of PGRN pathogenetic mutations is much lower
than expected. In fact, previous epidemiologic studies
showed PGRN being causative of FTLD in 5-11% of cases
in large series worldwide [17, 18, 22]. The frequency in our
sample was still low when only familial cases were
considered; we observed a frequency of 6% (4/84)
compared to 20-25% from literature data [17, 18, 22].

Such a discrepancy could count for a different patient
selection; the lack of neuropathological confirmation in our
sample might decrease the quote of ubiquitin-positive cases
that were highly represented in the already reported clinical
series (about 30%), and therefore, we cannot exclude that
future brain autopsy studies may contribute to further
define the genetic aetiology of the disease. Indeed, in a
previous work of pathologically confirmed ubiquitin-posi-
tive cases, the frequency of PGRN-related FTLD raised to
60-70% [17].

@ Springer

Our FTLD patients were carefully clinically character-
ised; they underwent structural and functional brain
imaging and had a follow-up evaluation to further confirm
the diagnosis. We are confident that our patients are
clinically FTLD, but we are aware that tau-positive patients
have been included. It also might be considered that dHPLC
screening of PGRN does not take into account the possibility
to detect a genomic macrodeletion, as it has been recently
identified [24]; however, as 40% of our sample shows
heterozygosis for PGRN polymorphic variants, we may at
least deduce that this portion of patients cannot present a
macrodeletion within the region comprising PGRN.

In accordance to current data, a previous study
performed in a sample of Southern Italy showed compara-
ble prevalence of PGRN pathogenetic mutation [20]. The
authors studied 78 FTLD patients, and they found a novel
truncating PGRN mutation (c.1145insA) in a proband from
an extended consanguineous kindred, the overall prevalence
being about 1%. Indeed, a possible genetic gradient from the
North to the South of Europe might be addressed for such a
difference, but further studies are warranted. In the same
view, it has been observed that also MAPT mutations have a
much low prevalence in Italian FTLD patients [25].

The identified four-base pairs frameshift mutation has
been already described as pathogenic [23]; functional
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molecular data are not yet available, but as the mutation
causes a premature stop codon and the predicted protein is
282 amino acid in length, it is plausible to consider a deficit
in PGRN production and secretion as the possible mecha-
nism responsible for the disease in analogy to other PGRN
mutations.

The clinical and neuropsychological features of our
mutated patients confirmed the heterogeneity of FTLD
associated to the same PGRN mutation. This variability was
also supported by imaging data (see Fig. 3). Indeed,
although defined by a peculiar ubquitin-positive and tau-
negative neuropathological hallmark, PGRN pathogentic
variations seem to be responsible of a wide spectrum of
clinical phenotypes [26, 27]. The number of reports
providing clinical details of patients belonging to the same
family or carrying the same mutation is growing rapidly.

The reason of these different clinical presentations due
to the same PGRN mutation is still unknown, but it resembles
the heterogeneity seen both within families and among
families having identical mutations in MAPT as well [28].

Notwithstanding, it is worth to note the gender specific-
ity in phenotype in our patients: the males presented with
PNFA, whilst females with bvFTD. PGRN’s role in gender-
specific brain development has been previously highlighted
[29] and may suggest gender-based differences in presen-
tation, but it warrants further study.

In addition, we firstly included PSP patients, not
represented in other PGRN mutation series, to evaluate
whether this extrapyramidal syndrome, which belongs to
the FTLD spectrum, might share a common genetic
mechanism. The absence of PGRN pathogenetic mutations
in patients resembling PSP phenotype supports the view of
a different genetic background for this disease. Therefore,
also excluding patients with PSP, in our clinical series, the
overall frequency of pathogenetic PGRN mutations was still
low, being 2.1% (4/186).

Finally, we found four intronic genetic variations, the
pathogenic significance being evaluated by comparison
with healthy controls. The polymorphism analysis in
control individuals allowed us to demonstrate that these
genetic variations were comparable in frequency in both
FTLD and control subjects. This observation indicates that
the natural genetic variability of PGRN is high and that the
pathogenetic significance strictly depends on the impact on
protein structure and stability. In fact, the reported
frequencies of polymorphic variations in PGRN gene were
similar to previous data, and the analysis of the clinical
phenotypes in polymorphism carriers and not-carriers
showed comparable results.

In conclusion, the current study further confirms the
genetic heterogeneity of FTLD and suggests that PGRN
does not represent a major disease cause in these Italian
clinical series.
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Appendix 1. Primers used for the analysis
of progranulin sequence

Primer
F-CTGTCAATGCCCCAGACACG
R-CCCCCAAGGAGTTTCAGTAAGC
MR-CCATTGGCCAGGGATCAGGGCT
MF-AGCCCTGATCCCTGGCCAATGG
F-GGGCTAGGGTACTGAGTGAC
R-AGTGTTGTGGGCCATTTG
F-TGCCCAGATGGTCAGTTC
R-GCTGCACCTGATCTTTGG
MR-AGTGTTGTGGGCCATTTG
MF-CAAATGGCCCACAACACT
F-GGCCACTCCTGCATCTTTAC
R-TGAATGAGGGCACAAGGG
F-TTAGTGTCACCCTCAAACC
R-ACTGGAAGAGGAGCAAAC
MR-GCCCCCACTTCCCTCCACAT
MF-ATGTGGAGGGAAGTGGGGGC
F-TGAGGAGGTGGGAGAGCATC
R-CCATGCCACAGAGCCCC
F-TCCCTGTGTGCTACTGAG
R-AAGCAGAGAGGACAGGTC
F-TACCCTCCATCTTCAACAC
R-TCACAGCACACAGCCTAG
F-TATACCTGCTGCCGTCTAC
R-GAGGGCAGAAAGCAATAG
F-TGTCCAATCCCAGAGGTATATG
R-ACGTTGCAGGTGTAGCCAG
MR-GGCATCTTCTCCAGTCCA
MF-TGGACTGGAGAAGATGCC
F-TGGACTGGAGAAGATGCC
R-CGATCAGCACAACAGACG
MR-ACGTTGCAGGTGTAGCCAG
MF-CTGGCTACACCTGCAACG
F-CATGATAACCAGACCTGC
R-AGGGAGAATTTGGTTAGG
MR-CGATCAGCACAACAGACG
MF-CGTCTGTTGTGCTGATCG

Exon
Exon 0

Exon 1

Exon 2

Exon 3

Exon 4 and Exon 5

Exon 6

Exon 7

Exon 8

Exon 9

Exon 10

Exon 11

Exon 12

F: forward primer; R: reverse primer; M: middle F/R

@ Springer



204

Neurogenetics (2008) 9:197-205

Appendix 2. Primers used for microsatellite haplotyping
and methods

Markers Primer

D17S1818 F 5" CATAGGTATGTTCAGAAATGTGA 3’
D17S1818 R 5" TGCCTACTGGAAACCAGA 3’
D17S1814 F 5" TCCCCAATGACGGTGATG 3'
D17S1814 R 5" CTGGAGGTTGGCTTGTGGAT 3’
D17S1787 F 5" GCTGATCTGAAGCCAATGA 3’
D17S1787 R 5" TACATGAAGGCATGGTCTG 3’
D17S1793 F 5" AAGAATCCAGCCCAAGGTTT 3’
D17S1793 R 5" ACCGCTTGGGAGACTTGAAT 3’
D17S951 F 5" TTCCTGACCTCAGGTGATCC 3’
D17S951 R 5" GCAGAAGCCTCCACTGAAAG 3’
D17S1861 F 5" AGGGGCAGCAGTCCTGTA 3’
D17S1861 R 5" ACATCATCCTGAAATCTAATGGG 3’
D17S934 F 5" TCTGAATGGCCCTTGG 3’

D17S934 R 5" TCCTATCTGAGGTGGGGT 3’

F: forward primer; R: reverse primer
Microsatellite haplotype and analysis

Polymerase chain reaction (PCR) amplicons were generated
using fluorescently end-labelled primers reported in the
table above at 500 mM for microsatellite markers
D17S1818(HEX) [GenBank Accession: Z52895],
D17S1814(TAMRA) [GenBank Accession: Z52854],
D17S1787(FAM) [GenBank Accession: Z52130],
D17S1793(HEX) [GenBank Accession: Z52280],
D17S951(FAM) [GenBank Accession: Z24197],
D17S1861(FAM) [GenBank Accession: Z53921] and
D17S934(HEX) [GenBank Accession: Z23831]. A loading
mix of 1 ul amplicon, 9.75 ul HiDi formamide (ABI) and
0.25 ul 400HD size standard (ABI) was prepared, and
DNA products were electrophoresed on an ABI 3130xl1
automated sequencer. Data were analysed using ABI
GeneMapper software v4.0.

The haplotype frequency estimation calculated from the
observed genotypes were tested using Arlequin 2000 and
Phase 2.1 softwares
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