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Variegate porphyria (VP) is an autosomal dominant disorder of heme synthesis caused by a partial
deficiency of protoporphyrinogen oxidase (PPOX). Human cDNA encoding PPOX has been recently se-
quenced and the gene has been cloned, assigned to chromosome 1q23, and its exon/intron organization has
been characterized. We report here the complete nucleotide sequence of the Human PPOX gene. Including
660 bp of its promotor region, the PPOX gene spans 5.5 kb. Introns vary in size from 84 bp to 507 bp.
Two exonic and 3 intronic biallelic sequence variations have been characterized. q 1996 Academic Press, Inc.

The enzyme protoporphyrinogen oxidase (PPOX; EC 1.3.3.4) acts at the penultimate step
in the heme biosynthetic pathway, and catalyzes the oxidation of protoporphyrinogen IX to
protoporphyrin IX within the inner mitochondrial membrane (1, 2). A partial deficiency of
PPOX activity is responsible for variegate porphyria (VP), an autosomal dominant disease
with incomplete penetrance (3-4). Clinical features of VP include both chronic photodermatitis
and intermittent neurovisceral episodes which resemble those found in other acute hepatic
porphyrias, acute intermittent porphyria and hereditary coproporphyria (2).

Recently, Human PPOX cDNA has been cloned, sequenced and expressed (5-6). It consists
of an open reading frame 1431 nucleotides long, encoding a 477 amino-acid protein. The gene
has been mapped by FISH to chromosome 1q23, in contrast with a previous linkage assignment
on chromosome 14 (7-9). The PPOX gene contains 13 exons and all exon/intron boundaries
have been characterized 8 bp upstream and downstream of each exon (7-8). However, a
discrepancy about the size of the gene still exists between Taketani et al. (7) and Roberts et
al. (8) who respectively estimate the gene to span about 8 kb and 4.5 kb.

In the present study, we describe the complete genomic sequence of the Human PPOX gene
and report five intragenic dimorphisms.

MATERIALS AND METHODS

Subjects. Peripheral blood was collected from 50 unrelated control subjects of French Caucasian origin. Genomic
DNA was extracted from peripheral blood as previously described (10).

DNA sequencing. Oligonucleotides used were obtained from Genset (Paris, France). The regions corresponding to

1 The nucleotide sequence data reported in this paper will appear in the EMBL, GenBank and DDBJ Nucleotide
Sequence Databases.
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FIG. 1. Nucleotide sequence of the PPOX gene. Coding regions and introns are shown by upper- and lowercase
letters, respectively. The regions corresponding to amplimers or sequencing primers are underlined and exon locations
are notified in the right margin. The initiation and termination codon, in exon 2 and 13, respectively, as well as the
polyadenylation signal, are in boldface.

amplimers or sequencing primers were underlined (Figure 1). The PCR products were purified using the Wizard PCR
preps DNA purification system (Promega-Biotech, Madison, WI, USA) and direct sequencing was performed in both
orientations using a fmol DNA sequencing kit (Promega-Biotech). Samples from five unrelated subjects were studied
to determine the normal intronic sequences.

Polymorphism study. Sequence variations were first identified by direct sequencing. Allele frequency was obtained
from the study of 50 unrelated subjects of Caucasian origin using either DNA restriction or sequence analysis.

DNA restriction analysis. BssSI and HinfI restriction analysis were performed as follows: 10 ml of amplified product
were incubated with 1 U of BssSI or HinfI (New England Biolabs Inc., Beverly, MA, USA) in the appropriate buffer
at 377 C for 3 h. SfcI restriction analysis were performed using 10 ml of amplified product incubated with 1.5 U of
SfcI (New England Biolabs Inc.) in the appropriate buffer at 377 C for 1 h.

RESULTS AND DISCUSSION

The sequence of genomic PPOX is depicted in figure 1 : the 13 exons are located within a
5,5 kb region including 660 bp upstream from the initiation of translation site. This sequence has
been deposited in GenBank (Assignment of accession number is in process). We characterize 12
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TABLE 1
Structural Organization of the Human ppox Gene

Exon Genomic Intron Genomic
Exon size (bp) positions* Intron size (bp) position*

1 264 0439/0176 1 167 0175/09
2 95 08/87 2 166 88/253
3 135 254/388 3 136 389/524
4 116 525/640 4 507 641/1147
5 133 1148/1280 5 304 1281/1584
6 145 1585/1729 6 416 1730/2145
7 191 2146/2336 7 476 2337/2812
8 61 2813/2873 8 185 2874/3058
9 119 3059/3177 9 384 3178/3561

10 111 3562/3672 10 100 3673/3772
11 150 3773/3922 11 137 3923/4059
12 43 4060/4102 12 84 4103/4186
13 183 4184/4369

* Numbering of the exon/intron junctions starts from the initial base of the initiation codon described by Taketani
et al. (7).

introns with relatively short sequences ranging from 84 bp to 507 bp (Table 1). The differences
reported in the size of the PPOX gene between Taketani et al. (about 8 kb) and Roberts et al.
(about 4.5 kb) can be explained by an incorrect approximation in the size of introns 4, 7, and
9 (7-8) (Table 1). The distribution of each nucleotide along the PPOX gene sequence is
homogeneous with 21% A, 28% C, 27% G, and 25% T.

In the course of the genomic sequence determination, five intragenic polymorphic sites
were found. The variant nucleotides and the genomic positions are indicated in figure 2.
Two polymorphisms are exonic : the 0414 A/G is located in exon 1, which has a 5*
untranslated sequence (5). The 3101 G/A polymorphism lies within exon 9. This dimor-
phism corresponds to the one already described at position 1188 in PPOX cDNA (11).
The base change leads to an arginine to histidine substitution at codon 304 (R304H), and
creates a new BssSI restriction site.

Three polymorphisms are intronic : the 821 G/A dimorphism in intron 4 was detected by
HinfI restriction analysis; the two last polymorphisms are located in intron 6 (1909 A/C, and

FIG. 2. Exon/intron organization of the Human PPOX gene and location of 5 polymorphisms. Numbering of the
polymorphisms starts from the initial base of the initiation codon described by Taketani et al. (7). Exons are indicated
by boxes: closed and open boxes represent protein-coding and untranslated regions, respectively.
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TABLE 2
PPOX Intragenic Polymorphisms: Location and Allele

Frequencies in Normal French Caucasians

Allele
Genomic Restriction frequency
position* Location site (N Å 100)

0414 A Exon 1 0.61
C 0.39

821 G Intron 4 Hinf I / 0.94
A 0 0.06

1909 A Intron 6 0.75
C 0.25

1996 T Intron 6 Sfc I 0 0.96
C / 0.04

3101 G Exon 9 BssS I 0 0.59
A / 0.41

* Numbering of the polymorphisms starts from the initial base
of the initiation codon described by Taketani et al. (7).

1996 T/C). The respective allele frequencies of the five dimorphisms were calculated from
the data obtained from 50 different chromosomes using either restriction site analysis (821
G/A, 1996 T/C, 3101 G/A) or sequence analysis (0414 A/G, 1909 A/C) (Table 2). The
frequencies of each common alleles range from 0.59 to 0.96%. The five polymorphisms are
not in linkage disequilibrium in the population studied.

To date, only 4 different mutations and 1 polymorphism have been reported from VP patient
cDNA (11-12). In 3 different VP families, we have reported two mutations found in the coding
sequence of PPOX gene: a point insertion of a G at position 1022 of the cDNA, and a missense
G232R mutation (11). Meissner et al. described a R168C mutation and a R59W mutation with
a high prevalence in South Africans VP patients (12). Therefore, the determination of the
complete PPOX genomic sequence could facilitate further studies focused on mutation detec-
tion in VP patients. In addition, the findings of five intragenic polymorphic sites that segregate
independently, should facilitate the detection of presymptomatic heterozygotes in VP families
whose specific PPOX mutations have not yet been identified.
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