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Abstract
Background/Aims: The porphyrias are genetically heteroge-
neous diseases, and each mutation is exclusive to one or two
families. Among the mutations responsible for variegate
porphyria in our country, c.1042_1043insT stands out, since
it was described only in Argentina and is present in about
40% of genetically diagnosed families. Thus, we hypothe-
sized the possible existence of a common ancestor for the
mutation in our population. Methods: We conducted a study
based on microsatellite (short tandem repeats) haplotypes.
Results: We found a common haplotype in all of the patients
carrying the common mutation. The age of the mutation was
estimated to be about 375 years. Conclusion: There is a re-
cent founder effect in our population for this particular ge-
netic alteration in variegate porphyria.

©2016 S. Karger AG, Basel

Introduction

Porphyrias are a group of metabolic disorders caused
by the partial deficiency of one of the enzymes involved
in the heme biosynthetic pathway. Particularly, variegate
porphyria (VP; OMIM 176200) is one of the acute/cuta-
neous or mixed hereditary porphyrias and it is the third
most prevalent in Argentina (1 in 500,000 to date) [1].
This autosomal dominant disorder results from a partial
deficiency of protoporphyrinogen oxidase (PPOX; E.C.
1.3.3.4), the seventh enzyme of the pathway, which cata-
lyzes the oxidation of protoporphyrinogen to protopor-
phyrin IX (PROTO IX) [2].

Patients with VP can present skin lesions and/or acute
neurovisceral attacks. The cutaneous symptoms include
photosensitivity leading to blistering in sun-exposed ar-
eas, skin fragility, hyperpigmentation and hypertrichosis
due to the accumulation of porphyrins. The acute attacks
are characterized by abdominal pain, constipation, vom-
iting, hypertension, tachycardia and various peripheral
and central nervous system manifestations due to the ac-
cumulation of the neurotoxic precursors, §-aminolevu-
linic acid (ALA) and porphobilinogen (PBG). VP shows
incomplete penetrance and its expression is highly vari-
able, which is in part due to the exposure to environmen-
tal, metabolic and hormonal factors.
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Human PPOX gene has been mapped to chromosom-
al region 1q22-23, and up to now more than 150 different
mutations have been described in VP. Most of them are
private, restrictive to one or a few unrelated VP families.
However, there are two prevalent mutations that have
been reported in a large number of families in South Af-
rican and Dutch populations [3-8] and a Chilean popula-
tion [9], suggesting the existence of a founder effect.

In Argentina, 36 different families have been diag-
nosed at a molecular level with VP, and 14 of them
(39%) carry the same mutation, the small insertion
.1042_1043insT, described for the first time by our labo-
ratory [10] and never found in any other population. To
elucidate if the unusual high prevalence of this mutation
was due to a founder effect, we carried out a haplotype
analysis on the basis of short tandem repeat (STR) analy-
sis in all the families carrying the small insertion, families
carrying other VP mutations and in a control group. Our
results indicate that, as expected, the families with the in-
sertion would have a common ancestor.

Materials and Methods

Patients and Controls

VP patients were divided in two groups for haplotype analysis,
patients carrying the insertion ¢.1042_1043insT, which comprised
14 families and their available relatives (ins, n = 26), and VP pa-
tients carrying other VP mutations, which included 22 families
and their available relatives (other, n = 51). The symptomatology
and the mutation carried by each family are shown in online sup-
plementary table 1 (see www.karger.com/doi/10.1159/000445749
for all online suppl. material). For allelic segregation studies those
available members of each family without any mutation were in-
cluded, reaching to 31 and 78 members, respectively. Moreover, 80
normal alleles were assayed to characterize the selected STRs
amongst control samples. These samples were obtained from the
Centro de Investigaciones sobre Porfirinas y Porfirias (CIPYP)
control DNA bank.

The biochemical and genetic VP diagnosis was made as de-
scribed in Méndez et al. [1]. Written informed consent was ob-
tained from all patients prior to their inclusion in the study. The
protocol was approved by the Ethics Committee of CIPYP (Hos-
pital de Clinicas, CONICET) and was performed in accordance
with the Declaration of Helsinki (1964).

STR Analysis

Five STRs flanking the PPOX gene were genotyped and char-
acterized. They spanned an interval of 7.1 cM on the Marshfield
Genetic Map (http://research.marshfieldclinic.org/genetics/Ge-
neticResearch/compMaps.asp). These markers were selected
based on their prior characterization and inclusion in other popu-
lations” haplotype VP studies (online suppl. table 2) [5-9].

The genotyping was performed by means of fluorescent PCR
and fragment length analysis by capillary electrophoresis on an
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automated sequencer (ABI3730XL, Macrogen Genescan Service).
Every PCR was performed in a final volume of 25 ul with 1.5 mM
of Mg?*, 1.5X of BSA, 200 uM of each dNTP, 0.16 M of each prim-
er, 0.5 U of Platinum Pfx DNA Polymerase (Invitrogen) and 150
ng of gDNA. The amplification profile was 5 min at 94°C followed
by 10 cycles at 94°C for 30 s, 60°C for 30 s and 40 cycles at 94°C
for 30 s, 55°C for 30 s with a final extension at 68°C for 10 min.

The STRs D15484, D1S1677 and D1S1679 were assayed using
the M13 tailed-primer strategy [11-13], with the following primer
concentration: 125 uM of reverse primer, 75 uM of M13 primer and
50 uM of forward primer. In these cases, the amplification profile
was 5 min at 95°C, 10 cycles at 95°C for 30 s, 68-63°C for 30 s,
68°C for 30 s; 15 cycles at 95 for 30 s, 63°C for 30 s, 68°C for 30 s;
10 cycles at 95°C for 30's, 59-54°C for 30's, 68°C for 30 s; 15 cycles
at 95°C for 30's, 53°C for 30 s, 68°C for 30 s, and a final extension
at 68°C for 10 min.

The allele size was obtained using PeakScanner (Applied Bio-
systems), and each value corresponds to each PCR fragment
length, including the primers, in base pairs. Allelic and genotypic
frequencies, the total number of alleles and genotypes and ob-
served heterozygosity were calculated employing the R software
(The R project for statistical computing, http://www.r-project.
org/). The same program was used to calculate the Hardy-Wein-
berg equilibrium in the control group. Haplotypes were deduced
on the basis of allele segregation between each family, and the
PHASE program was additionally employed to determine the
most probable haplotype of each patient and to compare the hap-
lotypes of each group (p < 0.95).

Estimation of the Age of the Mutation

The age of this small insertion was estimated using the ap-
proach described by Genin et al. [14] based on the likelihood that
uses multilocus data to estimate the age of the most recent ancestor
of the mutation and not the age of the mutation itself, which would
require assumption about population genetic processes that are
usually difficult to validate. The basic assumption of the method is
that the N affected individuals descend from a common ancestor
who introduced the mutation n generations ago and the problem
is to estimate this n value from the size of the haplotype shared by
these N individuals on each side of the mutation. So, the method
estimates the number of generations between the present time and
the most recent ancestor of all the mutation-bearing individuals as
a function of a recombination fraction between the mutation and
the marker loci, the rate mutation of microsatellite loci and the al-
lele frequencies of the marker loci [14]. The 95% confidence inter-
val (CI) for allele age was estimated according to Schneider-Yin et
al. [15].

Results

It can be mentioned that a previous study with about
the same VP families on the basis of SNPs analysis indi-
cated that these molecular markers were not informative
in our population, since the allele shared by all the pa-
tients with the insertion was also found in about 80% of
the control individuals, so they could not be used for this
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Table 1. Haplotype analysis in the Argentinean VP families carryin

g the insertion

Marker VP families

I 1I 11T A% VI XXI XXII XXIII XXIV XXV  XVII XVII XIX XX
D182707 143 143 153 153 153 153 153 153 153 151 153 153 153 143
D15484 158 158 158 158 158 158 158 158 158 158 158 158 158 158
D182705 146 146 146 146 146 146 146 146 146 146 146 146 146 146
PPOX ¢.1402-1043insT mutation
D1S1679 180 180 180 180 180 180 180 180 180 180 180 180 180 180
D1S104 160 154 154 156 154 158 154 154 160 154 162 154 156 154

The core haplotype is shown in bold and the extended haplotyp
sidering the length of the PCR product.

e is underlined. Numbers represent the size (bp) of each allele con-

Table 2. Haplotype analysis in the Argentinean VP families carrying other mutations

Marker VP families
I I III V VI XXI XXII XXIIT XXIV XXV XXVI XXVII XXIX XXX XXXI XXXII XXXIII XXXIV XXXV

D1S2707 151 151 145 151 151 153 151 147 153 149 153 149 149 151 143 143 141 153 151
D1S484 158 152 156 154 158 158 156 154 154 154 154 154 154 152 154 154 154 158 154
D1S2705 148 146 146 152 146 146 146 150 148 148 146 148 150 154 146 146 152 146 146
PPOX mutation

D1S1679 180 176 180 180 180 176 180 172 176 164 180 180 180 180 188 180 176 180 176
D1S104 154 160 160 156 154 164 154 162 164 160 156 160 162 160 154 156 168 154 160

Haplotypes of VP patients with other mutations. The central haplotype shared by VP families with the insertion is shown in bold.

aim [16]. For this reason, the present study was carried
out on the basis of STR analysis.

Since the 5 molecular markers used in this work were
not previously characterized in the Argentinean popula-
tion, as a starting point, we analyzed them in 80 normal
alleles. We found that all these STRs are in Hardy-Wein-
berg equilibrium and they were informative due to the
fact that they all presented heterozygosity values similar
to those found in other populations (The ALlele FRE-
quency Database http://alfred.med.yale.edu/alfred/in-
dex.asp; Genethon Genetic Maps http://www.bli.uzh.ch/
BLI/Projects/genetics/maps/gthon.html) (online suppl.
table 2). We also found up to 9 different alleles, up to 21
different genotypes and a wide range of allelic frequencies
(online suppl. table 3).

STRs characteristics for both groups of VP patients are
shown in online supplementary table 4. The pedigrees
and genotypes for families from both VP groups are
shown in online supplementary figures 1 and 2.

Haplotype Study in Variegate Porphyria

Allelic frequencies for the 3 groups analyzed are shown
in online supplementary table 5. When we compared
them, no significant differences were found between the
3 groups; however alleles D1S2707-153, D15484-158,
D1S§2705-146 and D1S1679-180 have a higher frequency
in the VP group with the insertion (in bold) than in the
other 2 groups, indicating that they likely would be asso-
ciated with the insertion. This difference is not so signifi-
cant for the D15104-154 allele. The allelic frequencies for
a European origin group are also shown (http://www.gdb.
org).

The haplotypes for the VP Argentinean families carry-
ing the insertion or other mutations are shown in tables
1 and 2, respectively. We found a core haplotype that
includes D1S484 allele 158, D1S2705 allele 146 and
D1S1679 allele 180, associated to the c.1042_1043insT
mutation in all the families included in this study (ta-
ble 1), while only 10.5% of the families carrying other VP
mutations shared this haplotype (table 2). Moreover, an
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Table 3. Values used for mutation age estimation

Allele Mb! 02 Freq®
D1S§2707-153 84.26 0.0026 0.235
D15484-158 84.84 0.0011 0.073
D1S2705-146 85.42 0.000 0.165
PPOX c. 1042_1043insT - - -

D1S1679-154 85.42 0.000 0.275
D1S104-154 87.81 0.0093 0.225

! Physical distance. > Recombination fraction calculated using
the Kosambi mapping function (see text). > Frequency of the mark-
er allele shared by the patients.

extended haplotype that includes D152707 allele 153 was
found, which was present in 71.4% of the families carry-
ing the insertion analyzed.

Estimation of the Age of the Mutation

According to the method by Genin et al. [14], we con-
sider two possibilities, the largest haplotype shared by 10
families and the shortest shared by the other 4 families.
Since the genetic and physical distances between the two
extreme haplotypes are 7.1 cM and 3.5 Mb, respectively
(online suppl. table 2), the correspondence between ge-
netic and physical distances over the whole region was
estimated to be 2.0 cM for 1 Mb. Recombination fractions
between the different markers and the insertion were
computed from genetic distances using the Kosambi
mapping function (http://statgen.ncsu.edu/qtlcart/man-
ual/node46.html), and the frequency of the marker allele
shared by the patients was estimated from a sample of 40
unrelated Argentinean control subjects (table 3). The age
of the most common ancestor of the ¢.1042_1043insT
mutation was estimated to be about 15 generations (95%
CI 8-21) considering a marker rate mutation equal to
zero. This result did not significantly differ if we consid-
ered a marker mutation rate of about 0.0006 for dinucle-
otide microsatellite markers. If we assume that one gen-
eration is 25 years, this corresponds to about 375 years.

Discussion

As already stated, porphyrias are genetically heteroge-
neous diseases, so usually there are a number of different
mutations affecting every population, and each mutation
is restricted to one or a few unrelated families.
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However, there are reports describing mutations with
high prevalence for some populations, suggesting then a
founder effect for them. Particularly, the p.R59W muta-
tion is carried by about 90% of the South African popula-
tion, and several studies have demonstrated that all of
them share a common ancestor, likely a Dutch couple es-
tablished in Cape Town at the end of the 17th century. In
effect, an extended haplotype analysis in 3 South African
and 3 Dutch families confirmed this hypothesis [8].
Moreover, a common ancestor for a VP mutation based
on haplotype analysis has been described for Chilean
population [9].

In our country, we found that the c.1042_1043insT
mutation is present in about 39% of Argentinean VP fam-
ilies, all of them from Buenos Aires. This small insertion
was first described in our laboratory and leads to the for-
mation of a stop codon one codon downstream [10]. It
has never been found in any other country, although most
of them have Spanish or Italian ancestry.

There are two possible explanations for this scenar-
io: the mutation is in a mutational hot spot or its high
prevalence is due to a founder effect. Even though there
is also a T insertion one base pair away from ours
(c.1041_1042insT) reported for the Swiss population
[17], which could suggest that, in fact, this region would
be a hot spot, we set out to investigate the founder effect
hypothesis.

In order to do so, we carried out a haplotype study in-
cluding 5 molecular markers. These markers were STRs
that are flanking the PPOX gene, spanning an interval of
7.1 cM and were selected because they were previously
characterized and used in similar studies in other popula-
tions [5-9].

In this work, we found a core haplotype that is shared
by 100% of the families included in this study and an ex-
tended haplotype that includes 71.4% of these families
(online suppl. table 5). Only 10.5% of the Argentinean VP
families carrying other mutations share the core haplo-
type (table 2).

Taking into account that the STRs used are very vari-
able in our population, the coincidental sharing of an
identical haplotype seems highly improbable; therefore,
we think that these results would indicate that Argentin-
ean VP patients carrying the recurrent c¢.1042_1043insT
mutation share a common ancestor.

Moreover, we applied the method described by Genin
et al. [14] to estimate the age of the mutation, and we
found that it could be generated about 375 years, so it
seems to be a very recent founder mutation. This would
be in accordance with the fact that we have to use extra-
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genic microsatellite markers to analyze the founder effect
as it has been reported for other mutations in VP patients
from South Africa [5]. Considering the ancestry of the
population studied, most of them of Spanish or Italian
origin, the prevalent European ancestry components of
the Argentinean population living in Buenos Aires [18,
19], we would point to a founder effect from European
migrants, although this mutation has not been yet found
in European populations. The possibility of a Native
American ancestry seems, at the moment, less viable, al-
though this is also an important contribution to the bio-
geographical ancestry of Argentineans [18, 19].
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