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Collation of RFLP Haplotypes at the Human
Phenylalanine Hydroxylase (PAH) Locus

To the Editor:

Phenylketonuria (PKU) is an inborn error in amino acid
metabolism that predisposes affected individuals to de-
velopment of severe mental retardation (Folling 1934).
The condition is secondary to a deficiency of the he-
patic enzyme phenylalanine hydroxylase (PAH) (Gervis
1947). The disorder is transmitted as an autosomal
recessive trait and has a prevalence of about 1/10,000
births among Caucasians (for review, see Scriver and
Clow, 1980). Since the initial report on the construc-
tion of a rat PAH cDNA clone (Robson et al. 1982),
a full-length human PAH cDNA clone has been ob-
tained, from the nucleotide sequence of which the pri-
mary structure of the human enzyme has been deduced
(Kwok et al. 1985). Functional PAH enzymatic activity
can be obtained by transfection of the cDNA into cul-
tured mammalian cells that normally do not synthe-
size PAH (Ledley et al. 1985), as well as in bacterial
cells (Ledley et al. 1987). The data provided strong evi-
dence that the human enzyme is a homopolymer en-
coded by a single locus that has been mapped to hu-
man chromosome 12q22-24.1 (Lidsky et al. 1984,
1985c).
The full-length human PAH cDNA was utilized to

identify extensive RFLPs at the corresponding locus in
the human genome (Lidsky et al. 1985a), which per-
mit prenatal diagnosis of the disorder in most PKU fam-
ilies (Woo et al. 1983; Lidsky et al. 1985b; Daiger et

al. 1986). The RFLPs defined distinct haplotypes at
the PAH locus, and 12 such haplotypes have previously
been observed in the Danish population (Chakraborty
et al. 1987). It is interesting that 90% of all mutation
alleles are associated with only four haplotypes in that
population and that two of them have been fully charac-
terized at the molecular levels. The mutant haplotype
3 allele is associated with a GT-to-AT transition at the
canonical splice donor site of intron 12 of the PAH gene
and causes the skipping of the preceding exon during
RNA splicing (DiLella et al. 1986; Marvit et al. 1987).
The mutant haplotype 2 allele is associated with a mis-
sense mutation involving an arginine-to-tryptophane
substitution at residue number 408 of the enzyme
(DiLella et al. 1987). Both mutant alleles are in linkage
disequilibrium with the corresponding RFLP haplotypes
throughout Europe (S. L. C. Woo, unpublished results).
The data suggested two mutational events that occurred
on background chromosomes of the two correspond-
ing haplotypes, followed by spread and expansion of
the two mutation alleles in the Caucasian population.

In collaboration with a number of laboratories and
clinical centers throughout Eruope, haplotyping anal-
ysis at the PAH locus has been performed in several
hundred PKU families. As a result, a number of novel
RFLP haplotypes have been detected. At the present
time, a total of 43 defined haplotypes have been ob-
served in various European populations (fig. 1), some
of which were first observed by independent investiga-
tors who kindly communicated their results to us prior
to publication. Mutant alleles have been found in as-
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Figure I RFLP haplotypes at the human PAH locus. The mo-
lecular structure of the human PAH gene is shown schematically with
its 13 axons encompassing about 90 kb of DNA. The heavy arrows
correspond to the polymorphic restriction sites in and immediately
flanking the gene. Plus (+) and minus (-) symbols designate the pres-
ence and absence of a polymorphic restriction site, respectively. An
equals sign (=) designates a 4.4[kb HindIII allele. Contributing PKU
centers in Europe include those in Denmark, Scotland, Switzerland,
Germany, France, Italy, Hungary, and Czechoslovakia.

sociation with many of these haplotypes, suggesting
that there may be a number of additional mutations
in the PAH gene that cause PKU. It is hoped that the
collated haplotype data will be adopted by the scientific
community in order to avoid confusions in the litera-
ture with regard to the numerical designation of dis-
tinct RFLP haplotypes in the human PAH locus.

SAvIo L. C. Woo
Howard Hughes Medical Institute
Department of Cell Biology and
Institute of Molecular Genetics
Baylor College of Medicine
Houston
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Polygenes versus One Gene Plus Chance:
What Are the Real Differences?

To the Editor:

In their fascinating paper, Kurnit et al. (1987) suggest
that they have demonstrated that the multifactorial
model of inheritance may be explained by a model in-
volving a single major gene plus chance, as well as by
a polygenic model. Yet they also note that, to explain
the steep falling off of recurrence risk with diminishing
relatedness, "selection" effects or an oligogenic model
involving a few major loci must also be introduced to
the single gene model. Doesn't this concession vitiate
what I understand to be the main conclusion of the
authors' papers, namely, that multifactorial inheritance
can be entirely simulated by a "single gene plus chance"
model? "Chance" by this definition excludes genetic or
environmental factors. But selection is mediated by en-
vironmental factors, and the boundary between "oligo-
genic" and "polygenic" is purely arbitrary. It would
appear that "environment" or polygenes must be intro-
duced over and above "chance plus a single gene" to
simulate multifactorial determination.

Second, even if my understanding on this point is
incorrect, and these are really distinct hypotheses, would
the authors comment on what practical difference it

makes, at present, as to which of the competing hy-
potheses is correct? As I understand their claim, the
predictions of the polygenic or their single gene model
cannot be distinguished in any event. If this is the case,
then, for heuristic purposes, why may one not just as-
sume the simpler, more elegant or more familiar model,
in, for example, the context of genetic counseling? For
most readers, this model would be the polygenic one.
Certainly one might argue that the possibility of a "sin-
gle gene plus chance" model might stir the search for
the major allele responsible for a trait hitherto held to
be polygenic. Discovery of a probe might well help iden-
tify a subset of the population at high risk. But until
such probes are available, if ever, what difference does
the alternative model make to the usual approach to
such conditions?

ERNEST B. HOOK
Genetic Counseling and Maternal &

Child Health Programs
Department of Social & Administrative

Health Sciences
School of Public Health, University of California
Berkeley
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Reply to Letter from Dr. Ernest Hook

To the Editor:

Dr. Hook is almost certainly right in suggesting that
environmental, oligogenic, or even polygenic factors
have to be included to get a complete picture of in-
heritance. Models always simplify- and indeed are only
useful because they simplify. The way to read our con-
clusions is that "a simple major locus model which al-
lows for the effects of chance accounts for common pat-
terns of inheritance surprisingly well." We did not mean


