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Abstract — The third intron of human ferrochelatase (FECH) gemetains according to NCBI, a poly-C (11) and a pbly-
(24) tracts which are located approximately 900 ugstream from the known splice modulating SNP IMB83¢/t.
Ferrochelatase catalyses the last step in hemgrithesis and a deficiency of this enzyme resulthénhereditary disorder
of erythropoietic protopoprhyria (EPP). During ttmurse of mutation analysis in tRECH gene among EPP patients, we
observed variations in the length of the poly-C aofly-T tracts. To study these variations, we aredya total of 54
individuals of Swiss and Israeli origins. Amonghe37 were control subjects (23 individuals wite tfenotype t/t and 14
with the genotype c/t), 10 were unrelated EPP pegiggenotype c/M) and 7 were unrelated asympte@nmatitation carriers
(genotype t/M). The length of poly-C tract variedrr 10 to 16, that of poly-T tract from 22 to 24the study cohort.
Statistic analysis showed that the low-expresse@HrRllele (IVS3-48c) is associated with poly-C12, Gl C15 and
poly-T22. In addition, the segregation of poly-C graly-T tracts was studied in two Israeli EPP faesil Instabilities, as
seen by both insertion and deletion of one nudedbietween two generations, were observed onlgarpoly-T tract. The
function of the poly-C and poly-T tracts are yeb®explored.

INTRODUCTION Individuals with a t/M genotype i.e., a
combination of a normal 1IVS3-48t allele (t) with

OMIM#177000) is a hereditary disorder of theXCtivity, without clinical symptoms of EPP. Both
heme biosynthetic pathway. The affected enzynté and c/t genotypes present neither biochemical
ferrochelatase (FECH, EC 4.99.1.1) catalyzes tii®r clinical signs of EPP (4). About 4% of the
insertion of iron into protoporphyrin IX to form EPP cases are recessive with one mutation on
heme. As the result of ferrochelatase deficienc§ach of the two FECH alleles. Another 3% of the
a large amount of protoporphyrin accumulates i#@Ses are the so called variant EPP in which
the body and is responsible for the clinicafléletions in the S-aminolevulinate synthase 2
symptoms of cutaneous photosensitivity in EPALASZ) gene were found (11).

patients (1). In approximately 93% of the cases, _The third intron of human ferrochelatase
EPP patients carry a ¢/M genotype i.e., a mutatégECH) gene contains a poly-C and a poly-T
FECH allele (M)in trans to a low-expressed tract which are located approximately 900 bp
allele. This low allele is characterized by a cUpstream from [VS3-48. According to the
variant (c) at a polymorphic site in intron 35€guence data from NCBI, the length of these
(IVS3-48 c/t). The resulting enzyme activity intracts are 11 for poly-C and 24 for poly-T

patients iSB5% of that of normal individuals. ~ (@ccession  number NT025028). During the
course of mutation analysis in tleECH gene
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Figure 1. Examples of electropherograms showing varioug-@o&nd poly-T alleles. The alleles are indicatecabterisks
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Poly-C and poly-T tracts in the FECH gene

Table 1 Information on the study cohort of 54 unrelatedividuals

Genotype
Origin t/t t/M clt c/M
Swiss 9 (unrelated controls) 5 (from unrelated EPP 5 (unrelated controls) 10 (from unrelated
families)* EPP families)*

Israeli 10 (unrelated controls) 2 (unrelated family 8 (unrelated controls) -

4 (unrelated family members: individual 2 1 (individual 1 from

members: individual 3 from Family 1 Family 1)

and 4 fromFamily 1 individual 2 from

individual 3 and 7 from Family 9

Family 2 see Fig.2)
total 23 7 14 10
* The individuals are not related to each other.
Table 2 Distribution of poly-C alleles among EPP patientsyiers and control subjects (n= 54)
Length Genotype t/t and t/M Genotype c/t and c/M calcudtequency (%)*
of polyC |t/t t/M tt&t/M |clt c/M ct&c/M |t Diff c-t
C10 11 3 14 1 0 1 23.3 -21.3
Cl1 7 1 8 0 0 0 13.3 -13.3
C12 9 5 14 14 12 26 23.3 30.8
C13 7 2 12 15.0 10.0
C1l4 2 1 5.0 -5.0
C15 9 1 10 16.7 2.1
Cle 1 1 2 3.3 -3.3
sum 46 14 60 28 20 48 100 0

* The frequency of t-associated alleles was basedhe frequency observed in the combined M/t ahddhotypes; the
difference c-t was calculated from the observeduency in the c/t and M/c genotype after subtractibthe frequency of
the (t/t and M/t) genotype. For example, for the @lléle, the calculated t allele frequency equdisQ x 100% = 23.3; Diff
c-t = (1/48 x 100%) — 23.3 = -21.3. Positive nunshiedicate over-representation and negative urefmesentation of these
alleles in the c/t genotype assuming an identitsatidution of poly-C alleles in the t/t and c/t gaype.
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Figure 2. Genotypes of poly-C and poly-T tracts from 54 alated individuals of EPP patients, carriers ancaiftrol

subjects.
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Poly-C and poly-T tracts in the FECH gene

among EPP patients, we observed variations averlapping between major and stutter peaks, the
the length of the poly-C and poly-T tracts. In thisssignment of individual alleles in each
study, we analyzed these variations amongjectropherogram was only possible with the help
individuals with the four above-mentionedof “markers”. As described in the Materials and

genotypes, t/t, c/t, ‘M and c/M. Methods section, these “markers” were made
from poly-C and poly-T clones with a known
MATERIALS AND METHODS number of the respective nucleotides.
Study cohort Distribution of poly-C and poly-T among
A cohort of 54 unrelated individuals including EPPgenotypes t/t, M/t, ¢/t and c/M
patients, carriers and control subjects was studigte The 54 unrelated individuals carried

detailed information on the individuals included, lmth . . _ .
Swiss and Israeli origins is given in Table 1. Nafethe different genotypes with respect to 1VS-48 i.e.,

individuals shared any alleles with another indigitwithin 23 individuals with t_he t/t genotype, 7 with the
this cohort. In addition, two previously publishéstaeli t/M genotype, 14 with the c/t genotype and 10
EPP families and 5 Swiss EPP families were analy@&  with ¢/M genotype (Table 1). Among them, all
Fig.3, Table 4). All EPP patients and carriers haghqividuals with the M/t and c/M genotypes were
documented mutations in tR&ECH gene. . .
selected from different EPP families.

Analysis of poly-C and poly-T tracts The poly-C and poly-T genotypes of the 54

Genomic DNA from each individual was amplified by unrelated individuals were assigned according to
PCR using fluorescence labeled primers. For amgiifioa the electropherograms shown in Figure 1.

of the poly-C tract, primers 5-FAM-CCT TGC ACT CCC :
AGT TAT C-MGB.3' and 5-TAC CTT cAG aTT ToT Among the 108 alleles of this cohort, seven

GTA ACG-3' were used. And for amplification of tipely- d!fferent poly-C alleles, C10 to C16, and three
T tract, primers 5-FAM-TCG TTA CAC AAA TGT GAA different poly-T alleles, T22, T23 and T24, were
GGT-MGB-3' and 5-GGA GGG ATG GCA TTA GGA-3' jdentified. The allelic distribution of poly-C and

were used. The lengths of the PCR products were zthly poly-T among the four IVS-48 genotypes are

on the ABI Prism 310 genetic analyzer (Applied . .
Biosystems, Foster City, California, USA). To deterenihe shown in Table 2 and Table 3, respectlvely.

number of “C"s and “T”s in the poly-C and poly-T ttac To obtain an overview on the genotype
the electropherograms of probands were comparddthét ~ distribution among the 54 individuals, the poly-C

of “markers”. These markers were generated by opuwf genotype (a combination of two poly-C alleles)

the non-fluorescent PCR products from a control sfbje P :
into pBluescript. The number of “C”s or “T"s in indduals from each individual was plotted against the

clones was determined by sequencing. Three polyefles] poly-T genptype (@ combination of two poly-T
€10, C12 and C13, and three poly-T clones, T19, T2l a alleles) (Figure 2). Except for C10/10 and
T22, were obtained. Purified plasmid DNA from tleele of C16/16, the remaining 16 poly-C genotypes (see
the six clones were amplified with fluorescenceeletd Figure 1) were found among the 54 individuals.
prin:ers before being analyzed on the ABI Prism 3difetjc All five poly-T genotypes (see Figure 1) were
analyzer.

yAnalysis of the IVS3-48c/t polymorphism wasObserved among the 54 individuals. Variations in
performed as previously described (9). poly-C among EPP patients (genotype c/M, n=
Statistical analve 10) differ significantly from the control group

atistcal analysis — .

Non-identity of the distribution of the variablelpeC (geno';ype t/F’ 9723’p<9'001)' However, no.
and poly-T tracts among the polymorphic 1VS3-4glak statistically significant difference was found in
was tested by Chi-square test including Monte Carlpoly T (p=0.23).
simulation of the multinomial sampling distribution
(http://faculty.vassar.edu/lowry/VassarStats.html). Poly-C and poly-T in the low-expressed FECH

allele
RESULTS To study the relationship between low-

o _ expressedFECH allele (IVS3-48c) and poly-
Identification of different poly-Cand poly-T c/poly-T tracts, the results in Table 2 and 3 were
genotypes _ _ .. analyzed by chi-square test separately. Since

The analysis of the 54 unrelated individualgoth genotype t/M and t/t are in fact homozygous
and members of the seven Israeli and Swiss ERQP at |vS3-48, the poly-C/poly-T results from
and 5 different poly-T genotypes. As shown inyt g yM” in Table 2 and 3). Likewise, cit
Figure 1, the electropherogram of each genotypgdividuals were combined with ¢/M individuals
consists of one or two major peaks that argee column “c/t & c/M” in Table 2 and 3). Chi-
surrounded by a number of stutter peaks. Due &uare test was then performed in these data sets.
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Table 3 Distribution of poly-T alleles among EPP patiemtsriers and control subjects (n=54)

Length Genotype t/t and t/M Genotype c/t and c/M calcudtequency (%)*
of polyT |t/t t/M tt & t/M |clt c/M clt&c/M |t Diff c-t
T22 12 5 17 13 8 21 28.3 154
T23 31 7 38 15 12 27 63.3 -7.1
T24 3 2 5 0 0 0 8.3 -8.3
sum 46 14 60 28 20 48 100 0
*see table 2.
Table 4 Haplotypes of the IVS3-48c allele in seven Swisd Israeli EPP families

EPP families
EI/‘SEISO' A B C Israeli 2(1) Israelil D E Israeli 2(2)
poly-C | 12 12 12 13 12 12 13 13
poly-T |22 22 22 22 23 23 23 23
IVS3-48 | C C C C c C c

Swiss families: A, B, C, D and E (one member of fasilA and E with genotype t/M are included in Tabl@ene member
of families B, C and D with genotype c¢/M are includedable 1);

Israeli 1:Family 1in Figure 2;

Israeli 2 (1): the first “c” allele in individual @f Family 2(see Figure 2);

Israeli 2 (2): the second “c” allele in individublbof Family 2(see Figure 2).

The results showed that the distribution of poly- DISCUSSION
C alleles was significantly different between the

t/t genotype (including M/t) and the c/t genotype  pCR amplification of mononucleotide repeat
(including (M/c) ©<0.0001). The calculated artificially introduces insertions and/or deletions
frequency of different poly-C alleles based on th@jithin the repeat which give rise to a mixture of
frequency observed in the t/t genotypes showgfloducts in different lengths (2). As we
that in the c/t genotype, C12, C13 and C15 wegperienced, sequencing of such a mixture of
more frequent and the other alleles were le$CR products does not produce any informative
frequent than expected (Table 2). With the sam@sults. To overcome this analytical difficulty, we
approach, T22 was found to be associated Wigfmplified the poly-C and poly-T by PCR using
the IVS3-48c allele (c)p<0.0149; Table 3). fluorescently labeled primers and analyzed the
To verify the results of chi-square testproducts by capillary electrophoresis. However,
haplotyping analysis was performed among thde PCR products - a mixture as they remain,
seven lIsraeli and Swiss EPP families. Elgl'prear as Comp|ex patterns in the
different “poly-C/poly-T/IVS3-48c” haplotypes electropherograms. Each of the electropherogram
were resolved including two from Israeﬂamily contains one or two major peaks representing
1 (Table 4, Figure 3). Among these eighhomo- or heteroallele in diploids such as human.
haplotypes, C12 and C13 appeared 5 and 3 timg$e identification of heteroalleles (major peaks)
respectively. This result is consistent with thiat Qcould be hampered by the presence of stutter
chi-square test. On the other hand, T22 and T2aks (PCR artifacts). With respect to the poly-C
both appeared 4 times among the eighfact, heteroalleles can be readily recognized if
haplotypes, although the chi-square test onle length difference between the two alleles is >
indicated an association between T22 and the nucleotides (examples are C10,13, C10,14,
low-expressed allele (c). C10,15, C11,15, C11,16, C12,15, C13,16 in
Figure 1). With the help of “markers”, we were
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Family 1 1 @ 3
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Figure 3. Segregation of poly-C, poly-T and IVS3-48c/t irptigraeli EPP families. The mutated and low-expeédsECH
alleles are highlighted ired andyellow, respectively. Changes, either insertion or defetio the length of poly-T tract
between two generations are underlined.Family 2 two different 1IVS3-48 c alleles are representgdcth and c2,
respectively.
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able to assign the remaining homo- andancer. In general, homopolymer tracts are

heteroalleles. significantly over-represented and more widely
In the poly-T tract, a difference of only onespread in the genome than simply by chance

nucleotide between two alleles has been observgd]12). However, any possible functions of the

in the study subjects. The identification ofpoly-C and poly-T tracts of thEECH gene in

different genotypes was made possible with ththe low expression mechanism remain to be

help of “markers” (Figure 1). Another studied.

observation on the poly-T tract is its instability

between two generations. As shown in Figure 3, REFERENCES

both deletion and insertion of a single T occurred

in the two Israeli families (underlined numbers). 1. Anderson K.E., Sassa S., Bishop D., Desnick R.J.,
In a recent publication by Thompson andisorders of heme biosynthesis: X-linked sideraitas
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software, ”a.med PeakSeeker, in genotyping nhérited Dis'easeiEd 8, McGraw-Hill, New York, NY,

mononucleotide tracts (10). A computebggi-3062, 2001.
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