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Recent advances in ophthalmic genetics

Genetic counselling

BARRIE JAY

Genetic Clinic, Moorfields Eye Hospital, City Road, London

Contributed by request and dedicated to Sir Stewart Duke-Elder

Considerable advances have been made in our knowledge of human genetics since Sir
Stewart wrote the section on "Heredity" in his "System of Ophthalmology" (Duke-Elder,
I962) just over io years ago. Many of these advances have influenced our management of
patients with genetically-determined disorders and, in particular, have improved our accura-
cy in calculating the risks ofrecurrence ofhereditary diseases. With the increasing knowledge
of genetics among the general population, and with their increasing desire to plan their
families, the demand for genetic counselling has grown considerably in recent years.
Genetic counselling is concerned both with making an accurate assessment of the genetic
risk and with explaining this risk to those seeking advice. Accurate assessment of genetic
risk depends firstly on an accurate diagnosis, secondly on a good family history with
verification of relevant medical information from hospital or other records, and thirdly
on knowledge of the way in which the particular condition is inherited (Carter, I969). It is
the purpose of this paper to discuss some of the advances that have taken place in the past
decade which have influenced our assessment ofgenetic risk in hereditary disorders ofthe eye.

Genetic heterogeneity

"Genetic heterogeneity (two or more fundamentally distinct entities that share appro-
ximately the same phenotype) is the rule. If a disorder is thought to be a single entity, it
usually means that the disorder is not well understood." McKusick (1972)

The importance ofan accurate diagnosis in assessing genetic risk cannot be overemphasized,
particularly when the family history does not give a clear indication of the mode of trans-
mission. It has become apparent that in many instances more than one genetic cause leads
to the same or a similar clinical appearance (heterogeneity), and what was once thought to
be a single entity has proved on close study to consist of several distinct disorders. Three
examples of genetic heterogeneity will be used to illustrate this point.

Albinism

One of the original "Inborn Errors of Metabolism" described by Sir Archibald Garrod
(I909) was albinism, a condition of considerable antiquity widely distributed both in the
various races of man and in the rest of the animal kingdom. Albinism has for long been of
interest to ophthalmologists and one of the earliest classifications of this heterogeneous group
of disorders was that of Pearson, Nettleship, and Usher (191 1-13). Their classification,
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428 Barrie Jay

although inaccurate and incomplete in the light of our present knowledge, was not super-
seded until Fitzpatrick and Quevedo (I966), divided albinism into oculocutaneous, ocular,
and cutaneous forms. More recently, Witkop (I97I) has further subdivided oculocutaneous
albinism on the basis of the tyrosinase test (Kugelman and Van Scott, I961) into tyro-
sinase-positive and tyrosinase-negative forms. His study of two families (Witkop, Nance,
Rawls, and White, I970), one being being the family originally reported by Trevor-Roper
(1952), demonstrated that parents with the two different forms of oculocutaneous albinism
produce normal offspring, thus indicating that the genes responsible for these two forms
are situated at different genetic loci. Witkop's classification of albinism (Witkop, I97I)
includes a number of hypopigmentary disorders which Fitzpatrick and Quevedo (1972)
believe should not now be included under the general heading of albinism; it is clinically
useful, however, to consider these conditions together (Table I). It is Witkop's impression

Table I Classification of albinism*

Disorder

Oculocutaneous

Ocular

Cutaneous

Indication

Tyrosinase test negative
I Tyrosinase-negative oculocutaneous albinism
2 Albinism-haemorrhagic diathesis (Hermansky-Pudlak syndrome)

Tyrosinase test positive
I Tyrosinase-positive oculocutaneous albinism
2 Chediak-Higashi syndrome
3 Hypopigmentation-microphthalmus oligophrenia syndrome (Cross syn-

drome)
Tyrosinase test variable

I Yellow mutant

I Ocular albinism
2 Forsius-Eriksson type (?)

Without deafness
I Piebaldism with white forelock
2 Questionable isolated white forelock
3 Questionable isolated occipital lock
4 Menkes' syndrome
5 Miscellaneous

With deafness
I Waardenburg syndrome
2 Ziprkowski-Margolis syndrome
3 Questionable cutaneous albinism with deafness

* Witkop (I971)
that visual acuity is better and that nystagmus and photophobia are less marked in the
tyrosinase-positive than in the tyrosinase-negative form ofoculocutaneous albinism (Witkop,
1971); this impression needs to be confirmed. Witkop, Niswander, Bergsma, Workman,
and White (1972) also found that in tyrosinase-positive albinism the severity of nystagmus
and photophobia decreased with age. It is possible, therefore, that the visual prognosis
of children with oculocutaneous albinism might be determined by the result of the tyrosinase
test; children who are tyrosinase-negative appear to be at greater risk of being severely
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Recent advances in ophthalmic genetics 429

visually handicapped, while those who are tyrosinase-positive may develop a level of vision
sufficient for normal schooling. It also appears desirable to attempt to exclude the Her-
mansky-Pudlak and Chediak-Higashi syndromes in all children with albinism, the former
by the history of a bleeding diathesis, abnormal reticulo-endothelial cells, and possibly
abnormal platelets, the latter by the presence ofgiant peroxidase-positive lysosomal granules
in leucocytes.

Retinitis pigmentosa
A classical example of genetic heterogeneity is the group of disorders known as retinitis
pigmentosa. For many years it has been recognized that isolated retinitis pigmentosa can
be transmitted as an autosomal dominant, an autosomal recessive, or an X-linked trait,
the last being considered by far the rarest (Fran§ois, I96I; Ammann, Klein, and France-
schetti, I965). Because of the wide range of expression in heterozygous (carrier) females,
the X-linked form has in the past been subdivided into recessive, intermediate, and dominant
types, although this subdivision has recently been questioned (Berson, Gouras, Gunkel, and
Myrianthopoulos, I969; Jay and Bird, I973). In a recent study of retinitis pigmentosa in
London, nearly one-quarter of the Io6 families were found to have the X-linked form of
the disease (Table II), a finding at variance with previous reports. It has also been shown
that the different genetic forms of the disease have different visual prognoses; the majority

Table II Incidence of diferent genetic forms of retinitis pigmentosa
(per cent.)

Mode of transmission Franfois(l) Switzerland(2) London(3)

Autosomal recessive 37 o 90 I 7-0
Autosomal dominant I9'5 9 38.7
X-linked 4.5 I 23-6
Sporadic or uncertain 39o0 20-7

(1) Fransois (I96I) (2) Ammann and others (I965) (3) Jay and Bird
(unpublished)

of affected individuals with the autosomal dominant form have a central vision of 6/i8 or
better at 50 years ofage, while those with the autosomal recessive and X-linked forms usually
have a central vision of 6/6o or less at 30 years of age (Jay, 1972). These observations are
relevant, not only to genetic counselling, but also to studies aimed at determining the
aetiology of retinitis pigmentosa. It is probable that each genetic form of the disease has a
different underlying abnormality, and only by studying these different forms separately will
meaningful conclusions be reached.

Mucopolysaccharidoses
While the underlying defects in the various genetic forms of isolated retinitis pigmentosa
have not yet been established, considerable progress has recently been made in our under-
standing of another group of disorders which also demonstrates genetic heterogeneity,
the mucopolysaccharidoses (Table III). These uncommon and rare disorders are of interest
to ophthalmologists as several of the conditions in this group are associated with corneal
clouding. All but MPS II, the Hunter syndrome which is X-linked, are transmitted as
autosomal recessive traits.
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Table III Classification of mucopolysaccharidoses*

Designation

MPS I H Hurler syndrome
S Scheie syndrome
H/S Hurler-Scheie compound

MPS II A Hunter syndrome, severe
B Hunter syndrome, mild

MPS III A Sanfilippo syndrome A
B Sanfilippo syndrome B

MPS IV Morquio syndrome

MPS V
MPS VI A Maroteaux-Lamy syndrome

classic form
B Maroteaux-Lamy syndrome

mild form
MPS VII IJ-glucuronidase deficiency

Substance deficient

a-L-iduronidase
a-L-iduronidase
a-L-iduronidase

Hunter corrective factor
Hunter corrective factor

Heparan sulphate sulphatase
N-acetyl-a-D-glucosaminidase

Unknown

Maroteaux-Lamy corrective
factor

Maroteaux-Lamy corrective
factor

,8-glucuronidase

* McKusick (1972)

MPS I
The prototype mucopolysaccharidosis, MPS I H (Hurler syndrome), is characterized by
dwarfing and mental retardation, a large head and characteristic facies, hepatospleno-
megaly, and corneal clouding. Death usually occurs at about the age of IO years. Excessive
urinary excretion ofdermatan sulphate and heparan sulphate occur, and a deficiency of the
enzyme a-L-iduronidase has been demonstrated (Bach, Friedman, Weissmann, and
Neufeld, 1972).

A milder condition, the Scheie syndrome (Scheie, Hambrick, and Barness, I962),
characterized by corneal clouding, deformities of the hands, and aortic valve disease, but
with normal intelligence, has now been reclassified as MPS I S, since the basic defect is
the same as in MPS I H, a deficiency of a-L-iduronidase (Bach and others, 1972).

It is probable that the genes for MPS I H and MPS I S are allelic (occurring at the same
locus on a chromosome), and support for this is in the cases reported by McKusick, Howell,
Hussels, Neufeld, and Stevenson (1972) which appear to be Hurler-Scheie compounds.

MPS II
The first detailed clinical description of a mucopolysaccharidosis was that by Hunter
( 917) oftwo brothers who were dwarfed with gargoyle-like facies, claw hands, and hepato-
splenomegaly, but with normal intelligence and clear corneae. They are now believed to
have suffered from the X-linked MPS II. Mental deterioration develops as the affected
males grow older and a mild corneal clouding occurs (Goldberg and Duke, I 967; Topping,
Kenyon, Goldberg, and Maumenee, 197I). A pigmentary retinopathy develops in this
condition, as it also does in MPS I H, MPS I S, and MPS III. Severe and mild forms of

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.58.4.427 on 1 A

pril 1974. D
ow

nloaded from
 

http://bjo.bmj.com/


Recent advances in ophthalmic genetics 431

MPS II can be distinguished clinically; both are associated with excessive urinary excretion
of dermatan sulphate and heparan sulphate, and both show a deficiency of the same cor-
rective factor (indicating that they are allelic forms), the nature of which has not yet been
established.

MPS III
This type of mucopolysaccharidosis is characterized by severe mental retardation and
relatively less severe somatic changes (Sanfilippo, Podosin, Langer, and Good, I963).
Clouding of the corneae does not occur although an acid mucopolysaccharide accumulates
in the cornea (Jensen, 197 i). Two clinically indistinguishable biochemical forms have
been demonstrated, both associated with the urinary excretion of large amounts of heparan
sulphate. One form is due to a deficiency of the enzyme heparan sulphate sulphastase, the
other to a deficiency of N-acetyl-a-D-glucosaminidase.

MPS IV
The Morquio syndrome is characterized by extreme dwarfism, characteristic skeletal
changes, gargoyle-like facies, and progressive corneal clouding, but normal intelligence.
Most cases are associated with excessive urinary excretion ofkeratan sulphate; a few are not,
and these are considered by McKusick (1972) to have a distinct form of MPS IV. Meta-
chromatic granules are found in fibroblasts (Fraccaro, Mannini, Lenzi, Magrini, Perona,
and Sartori, I967; Danes and Bearn, I967), but the fundamental defect has not yet been
established.

MPS VI
The Maroteaux Lamy syndrome (Maroteaux, Leveque, Marie, and Lamy, I963), has
many clinical features similar to those of MPS I H, although intellectual development is
normal. Early corneal clouding is characteristic, the result of the accumulation of abnormal
mucopolysaccharides both intracellularly and extracellularly (Kenyon, Topping, Green,
and Maumenee, 1972). There is excessive urinary excretion of dermatan sulphate and the
fundamental defect is the absence of a specific corrective factor. There is some evidence
that MPS VI itself exhibits genetic heterogeneity, there being a clinically milder form also
showing absence of the same specific corrective factor.

MPS VII
The most recent entity to be recognized as a specific mucopolysaccharidosis is MPS VII,
P-glucuronidase deficiency (Beaudet, Di Ferrante, Nichols, and Ferry, 1972; Sly, Quinton,
McAlister, and Rimoin, I973). Clinical features include dwarfism, hepatosplenomegaly,
and inclusions in leucocytes. So far, corneal changes have not been seen. McKusick (I972)
gives a detailed account of this and other mucopolysaccharidoses.

Detection of heterozygous states
As our investigation of the heterozygous state becomes more sophisticated, so does its
detection become more frequent. In X-linked traits where the abnormality is manifested
in (hemizygous) males, and occasionally in homozygous females, it is becoming increasingly
common for minor abnormalities to be described in heterozygous ("carrier") females.
The identification of these heterozygous females is particularly important in genetic
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432 Barrie Jay

counselling, as 50 per cent. of their male offspring will be affected. The advent of amnio-
centesis, which allows the determination of fetal sex early in pregnancy, offers the oppor-
tunity for a therapeutic abortion of a male fetus if the condition is severe.

In "Mendelian Inheritance in Man: Catalogs of Autosomal Dominant, Autosomal
Recessive, and X-linked Phenotypes" (McKusick, I97i), about 30 per cent. of those
conditions considered to be definitely X-linked are ophthalmological, or have major
ophthalmological components. In about half of these, abnormalities have been reported in
heterozygous females (Table IV). These abnormalities vary considerably in severity

Table IV Detection of heterozygous states in X-linked traits with ophthalmic manifestations

Disorder

Albinism, ocular

Albinism, ocular (Forsius-Eriksson
type)

Albinism-deafness syndrome

Angiokeratoma, diffuse (Fabry's
disease)

Cataract, congenital total

Choroideremia

Colour blindness, blue-monocone
monochromatic type

Colour blindness, partial,
deutan series

Colour blindness, partial,
protan series

Colour blindness, partial,
tritanomaly

Ectodermal dysplasia, anhidrotic

Faciogenital dysplasia
Keratosis follicularis spinulosa

decalvans cum ophiasi
Lowe's oculocerebrorenal
syndrome

Megalocornea
Microphthalmia or anophthalmia
with digital anomalies

Mucopolysaccharidosis II

Night blindness, congenital
stationary, with myopia

Norrie's disease
Ophthalmoplegia, external, and
myopia

Pelizaeus-Merzbacher disease
Retinitis pigmentosa

Retinoschisis

Van den Bosch syndrome

Appearance of heterozygous state

Characteristic fundus appearance
in some heterozygotes

Normal

Impaired hearing

Whorl-like corneal dystrophy

Posterior sutural opacities

Characteristic fundus appearance

Normal

Very slight defects of colour
vision

Defects of teeth, sweat glands,
heart

? Short stature
Corneal erosions

Lens opacities

Slight increase in corneal diameter
Digital anomalies

Metachromatic cytoplasmic
inclusions in fibroblasts

Normal

Normal
Absent deep reflexes

Normal
Characteristic fundus appearance

Normal

Normal

Reference

Vogt (1942)
Falls (1951)
Forsius and Eriksson (1964)

Fried, Feinmesser, and Tsitsianov
(1969)

Rahman (1963)
Franceschetti, Philippart, and

Franceschetti (1969)
Krill, Woodbury, and Bowman

(1969)
McCulloch and McCulloch (1948)
Kurstjens (1965)
Spivey (1965)

Waardenburg (1963)
Kalmus (1965)

Kerr, Wells, and Cooper (1966)

Aarskog (1970)
Forgacs and Franceschetti (1959)

Richards, Donnell, Wilson,
Stowens, and Perry (1965)

Riddell (1941)
Lenz (1955)

Danes and Bearn (1967)

Duke-Elder (1964)

Warburg (1971)
Ortiz de Zarate (1966)

Rahn, Yanoff, and Tucker (1968)
Falls and Cotterman (1948)
Jay and Bird (1973)
Kraushar, Schepens, Kaplan,
and Freeman (1972)

Van den Bosch (1959)

from one disorder to another, and even in one disorder from one heterozygote to another.
In some disorders the heterozygous state can easily be ascertained clinically, in some

the abnormalities are inconstantly present, while in others the heterozygous phenotype
varies from almost normal to a severity almost equal to that of affected males. Examples
of this variability of the heterozygous state will be given.

Choroideremia
The appearance of the fundus in females heterozygous for choroideremia was first described
as such by Waardenburg (1942) and Goedbloed (1942), although there are earlier reports

in the literature of mild fundus changes in female relatives of patients with choroideremia
without the significance of these changes having been appreciated. In most of these
earlier reports the changes were described as pigment anomalies, most marked in the

McKitsick
catalogue

30050

30060

30070

30150

30220

30310

30370

30380

30390

30400

30510

30540
30880

30900

30930
30980

30990

31050

31060
31100

31160
31260

31270

31450
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periphery of the retina, and were considered to be congenital and stationary and not
usually associated with any functional deficit. Kurstjens (I965) described his findings in
45 affected males and 6I heterozygous females. In the females the striking feature was the
wide variation in the appearance of the fundus, ranging from very slight pigmentary
changes in the retina to features closely resembling those seen in affected males; there was
also considerable intrafamilial variation in these changes. In four of these heterozygous
females progression of the changes in the fundus were noted, associated with a reduction in
the visual acuity. Three of these four heterozygotes complained of night-blindness, had
abnormal dark adaptation curves, extensive defects in their visual fields, severe electro-
retinographic changes, and an absence of light rise in the electro-oculogram. These pro-
gressive changes in the fundus, associated with functional deficits, were observed to occur
later in life than in affected males. In this large group of heterozygous females, the most
common appearance of the fundus was, however, the presence of fine equatorial and peri-
pheral pigmentation, often in a striated and radiating pattern, and unassociated with
functional deficits.

Retinitis pigmentosa
The appearance of the fundus in females heterozygous for X-linked retinitis pigmentosa
has been of particular interest since the description of the tapetal reflex by Falls and Cotter-
man (1948). A number of isolated reports have appeared over the past 25 years, but it is
the two large studies by Schappert-Kimmijser (i963) and byJay and Bird (I973) that have
indicated the wide interfamilial and intrafamilial variation in the appearances of the fun-
dus in these heterozygous females. In the series of nineteen families reported by Jay and
Bird (1973), 42 heterozygous females were examined, 39 of whom had a visual acuity
better than 6/i8. Several females who were presumed to have been heterozygous but who
were not examined were said to have become blind in old age. Almost all heterozygous
females had changes in the fundus. A few had a glistening tapetal reflex, but this was neither
a common nor a particularly helpful change. A number had a characteristic granular
retinal periphery with small white dots scattered over it. The most characteristic changes
were segmental areas of atrophy of the pigment epithelium with pigmentary migration
into the retina. A few fundi showed segmental retinitis pigmentosa or even frank generalized
retinitis pigmentosa. Small defects in the visual fields were usually demonstrable corres-
ponding to the areas of greatest retinal involvement. In those heterozygous females with
gross retinal changes, the field changes were correspondingly gross, but never as extensive
as the changes found in affected males of similar age. The final rod threshold of dark
adaptation was almost always raised by 0-5 to 1-5 log units in patients with minor involve-
ment, the EOG light-induced rise in potential was usually between ioo and i6o per cent.,
and ERG changes occurred in the more severely affected females.

Identification of carriers
The importance of identifying heterozygous females in X-linked conditions is obvious, as
50 per cent. of their male offspring will be affected. The identification of heterozygotes
(carriers) in autosomal recessive conditions is far less often of practical importance.
Autosomal recessive conditions tend to be uncommon or rare and the chances of a carrier
marrying another carrier with the same abnormal gene are very small, as long as they are
not related. In certain instances, however, this identification of the carrier state is relevant,
particularly in the screening of whole populations especially at risk. Such identification is
already being carried out in parts of Italy, where io per cent. or more of the population
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434 Barrie Jay

carry the gene for thalassaemia; it has been suggested for the sickle-cell trait in Negroes,
so that couples found to be at risk can be offered antenatal diagnosis to prevent the birth
of affected children (Hollenberg, Kaback, and Kazazian, 1971); and it is being carried
out in parts of North America among Ashkenazi Jews who are at particular risk of carrying
the gene for Tay-Sachs disease (Delvin, Scriver, Pottier, Clow, and Goldmann, 1972). In
this last disease, Aronson and Volk (i 962) have estimated the carrier rate to be nearly I :30
in the Jewish population of New York City, compared with an estimated carrier rate of
aboutI: 300 in non-Jewish Americans. A screening programme to test for heterozygosity
to Tay-Sachs disease has recently been established in London (Evans, 1973). The identifi-
cation of the carrier state in autosomal recessive disorders is stillin its infancy. It is
inevitable that, with the demonstration of the basic enzymatic defect in each of these
conditions, and with the increasingly sophisticated biochemical estimations of these
enzymes, the list of disorders in which the carrier state will be identifiable will grow very
fast over the next few years.

Antenatal diagnosis

About 20 years ago it was shown that the sex of a fetus could be determined by examining
the sex chromatin of cells in amniotic fluid. AboutIO years ago these cells were cultured
and their chromosomes studied, thus determining the chromosome constitution of the
fetus. Nadler (I968) demonstrated that these fetal cell cultures could be used for the
antenatal diagnosis of certain biochemical disorders. In ophthalmic genetic counselling
we are particularly concerned with the determination of fetal sex and with the identifi-
cation of certain genetically-determined disorders by studying amniotic fluid, a study
which can now be undertaken at aboutI4 weeks of pregnancy. No mention will be made
here of chromosome studies, a subject which does not fall within the scope of this article.
The determination of fetal sex is relevant in conditions transmitted by genes on the

X-chromosome. An affected male with an X-linked disorder will produce normal sons
and heterozygous (carrier) daughters, while a female who is heterozygous for an X-linked
disorder will produce 50 per cent. affected sons and 50 per cent. carrier daughters. In
X-linked disorders with severe effects, it is reasonable to consider the termination of a
pregnancy if there is a 'substantial risk' of a serious abnormality in the fetus. The deter-
mination of fetal sex by amniocentesis can therefore be offered to heterozygous females as
long as termination of the pregnancy would be acceptable if the fetus were male. Amnio-
centesis can be offered, for example, to those heterozygous females for X-linked retinitis
pigmentosa or for choroideremia who do not wish to produce an affected son. The long-
term dysgenic effects of this policy have to be considered. The abortion of all males from
carrier mothers with full reproductive compensation (the ultimate size of the family being
unaffected by any terminations of pregnancy that are performed) will result in the gene
frequency rising linearly with time (Motulsky, Fraser, and Felsenstein, I97I). However,
this rise will probably be slow and its dysgenic effect on the gene pool less important than
other factors which influence gene frequency.
The detection of biochemical abnormalities in the fetus by demonstrating the absence

of a specific enzyme or the presence of an abnormal metabolite in amniotic fluid cells is
still in its infancy, so much so that only two conditions, Tay-Sachs disease and Pompe's
disease, have been diagnosed in any number. As a rule, this detection is required in a
second pregnancy after the birth of an affected infant in conditions transmitted as autosomal
recessive traits. When one such affected infant has been produced, the chances of further
offspring being affected are 25 per cent. The number of disorders which have been diag-
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nosed antenatally, or in which a method for diagnosis has been described, is growing
rapidly; those conditions with ophthalmic manifestations at present capable of being
diagnosed are given in Table V.
Table V Disorders with ophthalmic manifestations diagnosed in utero, or in which a* method for
diagnosis has been described using cultured amnioticfluid cells

Disorder

Diffuse angiokeratoma (Fabry's
disease)

Cystinosis (Fanconi syndrome)

Galactokinase deficiency
Galactosaemia

GM, gangliosidosis, type 1 (generalized
gangliosidosis)

GM2 gangliosidosis, type 1 (Tay-Sachs
disease)

GM2 gangliosidosis, type 2 (Sandhoff's
disease)

Homocystinuria
Globoid cell leucodystrophy (Krabbe's

disease)
Metachromatic leucodystrophy
Mucopolysaccharidoses
Niemann-Pick disease

Refsum's syndrome

(* Modified from Harvey, 1973)

Antenatal diagnosis is most

Deficient enzyme or other feature in
cell culture

a-galactosidase
Increased incorporation of 35S-cystine

Galactokinase
Galactose-1 -phosphate uridyl

transferase
P-galactosidase

Hexosaminidase A

Hexosaminidase A and B

Cystathionine synthase
Galactocerebroside f-galactosidase
Arylsulphatase A
(see text)
Sphingomyelinase

Phytanate a-hydroxylase

likely to be successful when

Reference

Brady, Uhlendorf, and Jacobson
(1971)

Schulman, Fujimoto, Bradley, and
Seegmiller (1970)

Benson, Blunt, and Brown (1973)
Nadler (1968)

Kaback, Sloan, Sonneborn, Herndon,
and Percy (1973)

O'Brien, Okada, Fillerup, Veath,
Adornato, Brenner, and Leroy (1971)

Okada, McCrea, and O'Brien (1972)

Bittles and Carson (1973)
Suzuki, Schneider, and Epstein (1971)

Nadler and Gerbie (1970)

Epstein, Brady, Schneider, Bradley,
and Shapiro (1971)

Uhlendorf, Jacobson, Sloan, Mudd,
Herndon, Brady, Seegmiller, and
Fujimoto (1969)

the basic enzymatic defect is
known and when the enzyme has wide tissue distribution. If the enzyme is expressed in
cultured skin fibroblasts, it will probably be demonstrable in amniotic fluid cells. It is
only recently that the basic enzymatic defects have been demonstrated for some of the
mucopolysaccharidoses (Table III) and as yet there are no reports in the literature of
antenatal diagnosis being based on their absence from amniotic fluid cells. Up to the
present time, the antenatal diagnosis of the mucopolysaccharidoses has depended upon
the increased incorporation of radioactive sulphate in cultured amniotic fluid cells
(Fratantoni, Neufeld, Uhlendorf, and Jacobson, i969), or upon the analysis of mucopoly-
saccharides in amniotic fluid (Matalon, Dorfman, Nadler, and Jacobson, I970). The
problems inherent in these methods are discussed by Crawfurd, Dean, Hunt, Johnson,
MacDonald, Muir, Wright, and Wright (1973). It is expected that a direct assay of the
specific enzyme in amniotic cells will soon be possible in this group of disorders, as it will in
many other inborn errors of metabolism. For a detailed account of the current position in
the antenatal diagnosis of ge ietic disease, reference should be made to Emery (I 973).

Summary
Some of the recent advances which have influenced our assessment of genetic risk in
hereditary disorders of the eye are discussed. The importance of making an exact diagnosis
is emphasized, and the concept of genetic heterogeneity is illustrated by three groups of
disorders: albinism, retinitis pigmentosa, and the mucopolysaccharidoses. The value of
recognizing the heterozygous state in X-linked and in autosomal recessive traits is discussed
and the clinical variability of heterozygotes for choroideremia and for X-linked retinitis
pigmentosa is described. Two aspects of antenatal diagnosis are considered. The impli-
cations of the determination of foetal sex for females heterozygous for X-linked traits is
discussed. The current position regarding the detection of biochemical abnormalities in
the foetus is stated.
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