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The use of restriction fragment length polymorphisms
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SUMMARY Using a human dihydropteridine reductase (hDHPR) cDNA probe we have detected
two Avall and one MspI restriction fragment length polymorphisms (RFLPs). We show that
these RFLPs are in disequilibrium and calculate that approximately 60% of Caucasians are
heterozygous for at least one RFLP. We demonstrate the usefulness of these RFLPs in prenatal
diagnosis of DHPR deficiency in one family. This disorder can also be predicted by enzyme
assays and we therefore discuss the relative merits of the two methods of prenatal diagnosis.

Progressive cerebral degeneration despite adequate
dietary control of hyperphenylalaninaemia ('malig-
nant hyperphenylalaninaemia')1 was recognised in
1974/52 and was attributed to deficiency of the
tetrahydrobiopterin (BH4) cofactor of phenylala-
nine hydroxylase. Dihydropteridine reductase
(DHPR) deficiency was the first enzyme defect
recognised to cause this condition.3 Subsequently,
other defects in the biosynthetic pathway of BH4
have been identified.6
Treatment with L-dopa and 5-hydroxytryptophan,

in addition to control of phenylalanine levels by
diet, seemed to give encouraging results initially,7
but the outcome has been less than satisfactory in
many patients.8
DHPR deficiency is inherited as an autosomal

recessive disorder. DHPR is expressed in cultured
amniotic cells and in cells cultured from chorionic
villus samples, so prenatal diagnosis by enzyme
assay can be offered.9
At present most families who have one child

affected by this condition prefer to use prenatal
diagnosis and termination of pregnancy rather than
to hope for a good outcome with postnatal therapy
in future children.
However, it is difficult for each laboratory offer-

ing prenatal diagnosis to have available the enzyme
assay required for this disease and the many other
rare genetic diseases. The universality of the DNA
techniques for RFLP linkage analysis makes this
approach an attractive option if a DNA probe is
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available and if sufficient polymorphisms can be
found in the DNA immediately adjacent to or in the
gene.
We have reported the isolation and details of a

hDHPR cDNA clone.'( The cDNA was isolated in
an expression vector using antibodies against human
DHPR. The amino acid sequence predicted from
the cDNA matched the sequence of human DHPR
peptides purified by an independent, affinity absor-
bent method.

Southern blot analysis ofAvall digested DNA has
revealed two RFLPs and another RFLP was de-
tected with MspI digested DNA. In this paper we
analyse these polymorphisms and show the useful-
ness of the three RFLPs for prenatal diagnosis in
one family. Furthermore, we have determined the
frequency of the alleles, and conclude that these
three RFLPs are in linkage disequilibrium. These
RFLPs are likely to be of general use in prenatal
diagnosis of DHPR deficiency.

Methods

Cultured fibroblasts or transformed lymphoblast cell
lines obtained from four members of family A were

TABLE RFLPs linked to human dihydropteridine
reductase.

Restriction No of Size of Frequency of
endonuclease alleles alleles (kb) alleles

AvaIl 2 9-0/7-0 0-66/0-34
AvaII 2 5-7/4-3 0-26/0-74
MspI 2 1-3/1-2 0-63/0-37
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FIG 1 RFLP analysis offamily A using
probe. In panelA the chromosomal DA
with AvaIH and in panel B with Mspl. L
1, lane 2: child 2, lane 3: father, lane 4:,

the source of chromosomal DN.
members were the parents, a cl

B:qMspI The Avall digested DNA (panel A) shows the
presence of four different bands (at 4-3, 5.7, 7.0,

M 1 2 3 4 and 9-0 kb). From these data it was concluded that
the 4-3 kb and 5.7 kb bands are allelic, as are the 7-0
and 9-0 kb bands. This family also shows the 1-2/1-3

3 kb RFLP, obtained after digestion with MspI (fig 1,
v panel B).

Fig 1 also shows that this family is informative
with these RFLPs, and that they can be used in
prenatal diagnosis of DHPR deficiency. The
affected child (fig 1A, lane 1) is homozygous for the
9-0 kb and 4-3 kb alleles and the mutation(s) must
be associated with the 9-0/4-3 kb allelic configura-
tion, as summarised in fig 2. The data indicate that

* child 2. (fig 1A, lane 2) is a carrier of the condition.
* a0.@ This conclusion is in agreement with the MspI digest

data (fig 1B). With this enzyme the affected child
e * % *. 1.3 (lane 1) is homozygous for the 1-3 kb allele and the

12 mutation must segregate with this allele. Child 2 is
heterozygous for the polymorphism and is therefore

* 1 1* not affected. However, because the mother is
homozygous for the 1-3 kb allele (lane 4), it is not

* possible to determine from the MspI RFLP pattern
whether child 2 is a carrier or homozygous normal.

Analysis of allele frequencies in 42 unrelated,
unaffected Caucasians has shown evidence for link-
age disequilibrium between the polymorphisms. The
frequency of people heterozygous for one or more

,ahDHPRcDNA of the DHPR RFLPs was found to be 60% in the
IA has been digested normal population, while the expected frequency
,ane 1: affected child based on complete linkage equilibrium between the
mother. three RFLPs would have been 80%. Identification

of further RFLPs both within or linked to the
DHPR gene will increase the proportion of informa-

A. These family tive families.
hild with DHPR Analyses of the limited number of DNA samples

deficiency (child 1), and a fetus of unknown DHPR
status evaluated prenatally9 (child 2). To estimate
the frequency of the RFLPs, blood was obtained
from 42 unrelated Caucasians and lymphocytes were
isolated. Ten fibroblast cell lines from patients with
DHPR deficiency were the source of the patient
material. DNA was prepared from the cells,1 1

digested with restriction endonucleases AvaII or
MspI, electrophoresed on 0-7% agarose gels, and
blotted onto Gene Screen Plus membranes (New
England Nuclear). The blots were hybridised at
42°C to oligonucleotide labelled hDHRP cDNA
fragments12 according to manufacturer's recom-
mendations.

Results

The hDHPR cDNA probe recognises two Avall and
one MspI polymorphisms (table). Southern blot
analysis of the DNA from family A is shown in fig 1.

AvaIl:

sI:

9.019:014-3 571

11-31 1.3

1. 311.3 - 1-211 3

FIG 2 Pedigree offamily A.RFLP alleles are shown by
reference to band sizes in fig 1.
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suggest that the 9-0/5-7/1-2 and 7-014-3/1-3 haplo-
types may be over-represented in the unaffected
group and that the 7-0/5-7/1-2 haplotype appears to
be found frequently in the DHPR deficient cases
studied so far. Detailed family studies would need to
be undertaken to confirm this finding and to
establish the frequency of the DHPR haplotypes in
both the normal and DHPR deficient populations.
However, it is clear from our data that DHPR
deficiency is not tightly associated with specific
RFLP haplotypes.

Discussion

Prenatal diagnosis with termination of an affected
fetus is currently used by most couples who have had
one child with an inborn error of metabolism for
which treatment is imperfect, leaving serious re-
sidual defects. Many of these conditions are rare.
When available, the assay for the enzyme concerned
is specific and each requires careful standardisation
in amniotic cells before prenatal testing can be
offered. It is therefore difficult to make testing for
each rare disease available at every genetic centre.
Either each centre has to develop and maintain
expertise with a large number of enzyme assays, or
else samples have to be shipped to one of a small
number of centres specialising in that particular
enzyme assay.

Using recombinant DNA technology it should be
possible to establish tests which are technically
similar for every disease, so that each laboratory
could have a full array of capabilities just by
possessing the appropriate DNA probes. In the
future, stable, non-radioactive probes may further
simplify this approach. As the appropriate probes
become available the relative merits of DNA and
enzyme assay approaches should be evaluated for
each inborn error of metabolism.

Direct identification of the mutation in the gene is
not yet a practical approach to prenatal diagnosis for
most genetic diseases, because most mutations are
single base substitutions and detection of these is
very laborious. Exceptions do exist, for example,
the frequent gene deletions seen in a thalassaemia.
Southern gel analysis of DNA from 11 patients with
DHPR deficiency did not reveal any with a gene
deletion.'0 One of the 11 patients did lack detect-
able DHPR mRNA. 10 In previous immunochemical
studies of DHPR protein, the presence of antibody
cross reacting material (CRM) in patients was
assessed. 13 14 Together, these results indicate hetero-
geneity within DHPR mutations with at least three
classes: CRM positive, CRM negative/mRNA posi-
tive, and CRM negative/mRNA negative. The
number of patients available is not sufficient to

determine whether there is tight linkage of a specific
haplotype to any of these groups.

Potentially, DNA linkage to RFLP polymorph-
isms can be applied to all cloned genes. The power
of this technique depends upon the number of useful
RFLPs that can be found in the vicinity of the gene,
in order to increase the chances of the RFLP
analysis being informative in a specific family. Even
the limited studies performed to date with just seven
enzymes have revealed three RFLPs in the human
DHPR gene. AvaII has revealed two polymorphic
sites and MspI has revealed a further site. These
have been used in analysing a family which had
presented for prenatal diagnosis. The diagnosis had
already been defined as unaffected, probably hetero-
zygous, by enzyme assay.9 The RFLP data could
have been used to reach this conclusion, defining the
heterozygous state of the fetus with greater confi-
dence. These RFLPs should be useful for prenatal
diagnosis in affected families. Tests with other
restriction enzymes have revealed further RFLPs
which are still being analysed by family studies.

It is clear that DHPR deficiency is an inborn error
of metabolism for which it will be possible to offer
prenatal diagnosis by RFLP linkage in the majority
of families. This method of prenatal diagnosis may
become preferable to enzyme assay, depending
upon the way in which the organisation of these
services moves in the future.

Furthermore, the DHPR gene has been localised
to band p15-3 on chromosome 4 by in situ hybridisa-
tion to metaphase chromosomes (R M Brown and
H-H Dahl, submitted for publication). RFLPs in the
DHPR gene region might, therefore, also prove
useful in linkage studies to Huntington's disease.
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