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We have previously reported preliminary data on a PKU family showing a discordant
segregation of Pvu Il (b) alleles at the PAH locus. A combination of several restriction
enzymes and probe C2.6 (intron 2) as well as STR typing were used to dissect the
molecular structure of the PAH gene around exon 3. In this family, the results of this
analysis and a re-examination of the physical map of the 5'-end of the gene provided
strong evidence for the occurrence of a deletion removing exon 3. The "Sicilian*
(approximately 2.5 kb) and "Yemenite Jew" (6.7 kb) deletions, the latter one also deleting
exon 3, are different in terms of both the 5'-end breakpoint and apparent length. This
‘study, besides adding a new member to the long and increasing list of nearly 200 PAH
gene mutations, also proposes to undertake a careful evaluation of RFLP discordances
incidentally detected at the PAH locus. Key words: classical PKU, PAH gene mutation,
RFLP discordance. -

In Sicily the study of the mutant alleles causing phenylalanine hydroxylase (PAH)
deficiency has recently led to the identification of 40 mutations altering the
structure and function of the PAH enzyme'. These mutations account for
approximately 98 percent of all mutant alleles in this population, and 22 of these
defects are individually represented at a low frequency (0.9%). This observation
is consistent with the presence of many founding populations for phenylketonuria
(PKU) in Sicily, as is also documented by historical and archeological records.
According to a consultation of the PKU Consortium Database?, 24 deletions of
the PAH gene have been reported to date. Large deletions are rare. One of the
largest deletions reported so far has been well characterized at the molecular
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level and removes 6.7 kb of genomic DNA containing exon 3 and intronic flanking
regions. It is the only mutation responsible for classical PKU in Yemenite Jews,
probably because of founder and genetic drift effects3. We have previously
reported preliminary data on the identification of a new mutation, also deleting
exon 3 of the PAH gene, found in a single mutant chromosome borne by a Sicilian,
classical PKU patient®. In this study we extend the molecular analysis of this
mutation and provide strong evidence that the deletion removes approximately
2.5 kb of genomic DNA. This molecular lesion is responsible for the discordant
segregation of alleles of the Pvu Il (b) restriction fragment length polymorphism
(RFLP) in the affected family. Although this mutation partially overlaps the deletion
described by Avigad et al.,® in Yemenite Jews it could be demonstrated that
the two deletions have different 5' breakpoints.

Material and Methods
Patients and Diagnosis

The index case in family F2 is a 22-year-old, mentally retarded boy who was sent
to the OASI Institute (Troina) for diagnosis. Determination of his blood phenylalanine
level showed that the had classical PKU, untreated since birth. His younger sister
(16 years old) was also affected by classical PKU but had been enrolled in the
regional neonatal screening program for PKU and had been successfully treated
since birth. The occurrence of defects involving homeostasis or synthesis of the
phenylalanine hydroxylase cofactor (BH4) was ruled out by urinary pterins testing.

Polymorphism and Mutation Analyses

RFLP analysis at the PAH locus was performed as described by Lidsky et al.®.
The haplotypes identified in this family (F2) have been previously reported?. A
previous mutation analysis performed in this family had shown that the two affected
siblings and the mother were heterozygous for the IVS X nt 546 mutation. Probe
C2.6 (kindly provided by Dr. Shiloh, Tel Aviv, Israel) was hybridized to genomic
DNAs digested with one of the following enzymes: Eco RI, Pvu Il or Hind Il
(biolabs, USA). Probe C2.6 is a genomic fragment, 2.6 kb long, derived from
intron 2 of the PAH gene. It was generated by digesting with Hind Ill and Eco
Rl probe C, which is 4 kb long. The 3' end of probe C2.6 maps in intron 2, 0.7
kb away from exon 3. Further details about probes C2.6 and C have been reported
by Avigad et al.3. Analysis of the intragenic short tandem repeats (STR)
polymorphism was performed as described by Goltsov et al.? STR allele sizes
determined according to the latter authors were two base pairs shorter than the
true size’. DNA fingerprinting analysis was carried out by typing D1S80%, ApoB®
and HLA DQ'® polymorphic loci. Mendelian inheritance was demonstrated for
each allele of the latter three polymorphisms in family F2. Statistical analysis was
performed according to Balazs et al.'' and Wong et al.'2
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Fig. 5: Restriction map of the PAH gene in the exon 3 region, showing the deletion of
approximately 2.5 kb (filled rectangle below the restriction map) removing exon 3 in PKU
family F2. The position of Hind Il (H) and EcoRI (E) sites were located according to Avigad
et al.3 Di Lella et al.,'S and Eisensmith and Goltsov (personal communication), respectively.
P* indicates the Pvu Il (b), and polymorphic site E* refers to an EcoRI site not reported in
the map published by Di Lella et al.'> The STR locus map 0.7 kb downstream to exon 36,
however its relative position to the polymorphic Pvu |l site is tentative.

Discussion

The results of DNA fingerprinting analysis make unlikely the possibility that the
Pvu |l (b) RFLP discordance was due to false parenthood. An alternative
explanation would assume that the father is hemizygous for the Pvu Il (b) 11.5
kb allele, and the mother transmits to the two affected siblings the IVS X nt 546
mutation. Such a hypothesis implies that exon 3 in the PAH gene inherited from
the father is deleted, since this is the only coding region contained in the Pvu
Il (b) polymorphic fragments recognized by the phPAH247 probe's. The deletion
is probably masked by the presence of the other normal 11.5 kb allele in the
father and by the presence of the maternal PKU chromosome Pvu |l (b) 9.0 kb
allele in the affected son and daughter. The new fragments seen with Eco Rl
and Pvu |l using probe C2.6 are likely to reflect the occurrence of a gene
rearrangement around exon 3, rather than the presence of restriction fragment-
length polymorphisms. For instance, the occurrence of a new 6 kb fragment
could be due to a new Eco Rl polymorphism. However, this possibility is unlikely
because, according to the map published by Di Lella et al.,'s, neither the
appearance of a new Eco Rl site nor the abolition of a preexisting one, would
lead to a 6 kb fragment. Such a fragment could only be generated by the
contemporary (and unlikely) abolition and creation of two Eco Rl restriction sites.
The Eco Rl data are rather consistent with the deletion of a DNA fragment including
exon 3 and the Eco RI site neighboring the 3' end of exon 3. Consequently, the
Eco Rl 6 kb band could be generated as a junction fragment linking the two
deletion breakpoints. In our preliminary report on this family*, a deletion of
approximately 9-10 kb was suspected, based on the restriction map published
by Di Lella et al.’> However, a recent reexamination of the Eco Rl restriction map
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of the original cPAH 10 lambda clone (Eisensmith and Goltsov: personal
communication) allowed the identification of one additional Eco RI site (see E*
in Fig. 5) not reported in the map of the PAH gene published by Di Lella et al.'®
Accordingly, the length of DNA removed by the deletion would be approximately
2.5 kb long. The latter estimate fits well now with the reduction of the Pvu Il (b)
fragment size from 11.5 kb to 8.8 kb (Fig. 4). On the other hand, by taking into
account the STR data only, the deletion could be shorter (i.e., less than 1.4 kb).
The discrepancy between STR and restriction enzyme analysis clearly prevents
a precise estimate of the deletion width, and it is likely to be due to the still
incomplete characterization of the physical map in this specific region of the
PAH gene. Furthermore, no other mutations altering the coding sequence were
detected by DGGE and sequence analyses carried out on the paternally inherited,
mutant PAH gene'. On the other hand, our attempts to identify a shorter transcript
due to the deletion of exon 3 by illegitimate transcription analysis were
unsuccessful. This result suggests that the deletion probably impairs the correct
splicing of exons 2 and 4. Since probe C2.6 identifies in these patients a normal
Hind Ill 3.3 kb fragment (Fig. 2) 3, the deletion must have its §' breakpoint further
downstream compared to the Yemenite Jews' mutation (the closest Hind Il site
upstream to exon 3 is conserved). It is possible that intronic regions flanking
exon 3 contain hot spots for recombination. According to previous reports'-4, the
frequency of this mutation in Sicily is approximately one percent. The results of
this study also emphasize the importance of undertaking a detailed molecular
analysis of RFLP discordances incidentally detected at the PAH locus, since
they may underlie the presence of PKU-causing mutations.
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