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I am deeply grateful for being selected William A. Allan Awardee. It
is a nice feeling to be appreciated by one's colleagues. I am particularly
pleased to receive the Allan Award from the hand of this year's president.
Twenty years ago on the shores of Puget Sound and on the banks of the Chesapeake,
a parallel development of novel type took place —— a division of medical
genetics in a department of medicine. Because of this and other parallelism
Arno and I have always felt a strong brotherhood, with only a little sibling
rivalry!

Receiving this award reminds me that I have been very lucky, luckybin many
ways. I shall mention only three ways without amplifying on any of them.

I have been lucky in time and place. I have been lucky in my colleagues,
including many able junior colleagues. I have been lucky in having a rich
variety of fascinating topics available to me for study.

This reference to topics for study leads me directly to the subject of
this discourse. At the risk of spreading myself too thin, I have chosen to
speak to you on three topics that have absorbed my attention for the last 15
to 25 years: "heritable disorders of connective tissue" (work initiated more
than 25 years ago), ''the gene map of the X and other human chromosomes"

(an interest for about 20 years) and "the clinical population genetics of
the 01d Order Amish" (an ongoing study of 15 years' standing). A scarlet
thread running through the three is genetic nosology, which I prefer to

define as the delineation of genetic diseases.



Heritable Disorders of Connective Tissue

The concept of generalized Mendelian defects of connective tissue has,
it seems, been a useful one, and the term for them "heritable disorders of
connective tissue" has proved durable. The growth in the field is reflected

by the steadily increasing size of successive editions of Heritable Disorders

of Connective Tissue (1), beginning with the first in 1956 (Fig. 1A). In

part, this has been due to the addition of new chapters prompted by nosologic
advance, e. g. the addition of a chapter on homocystinuria beginning with

the 1966 edition, but in larger part to the burgeoning of nosologic informa-
tion in each of the origiﬁally discussed areas.

Heritable disorders of connective tissue can be divided into those that
affecﬁ primarily the fibrous elements (collagen and elastin) and those
involving the ground substance, specifically mucopolysaccharide. Delineation
of heterogeneity in the Marfan syndrome, osteogenesis imperfecta and
pseudoxanthomas elasticum is progressing slowly (2). Success has been
somewhat greater in the case of the Ehlers-Danlos syndrome because biochemical
characterization has come to the aid of the clinical approach; eight forms
have been tentatively identified (3, 4).

As reflected in the chart of relative growth rate (Fig. 1B), nosologic
progress has been greatest in the mucopolysaccharidoses, especially
since 1960. Tracing these advances may serve to illustrate the intimate
interdependence of clinical, genetic and biochemical studies in genetic
ﬁosology (5).

In the 1956 and 1960 editions of Heritable Disorders of Connective

Tissue the chapter on the mucopolysaccharidoses was entitled "The Hurler

Syndrome". Already in 1956, however, we recognized that two different forms



existed: a severe disorder that appeared to be autosomal recessive, and a
second clinically milder form that appeared to be X-linked. The 1956
edition presented a table contrasting the two forms in regard to corneal
clouding and other features. The 1956 edition further suggested that "one
might’, with historic justification, refer to the disorder inherited as an
autosomal recessive as the Hurler syndrome, and to that inherited as a
sex-linked recessive as the Hunter syndrome..." (p. 176). See Fig. 2A.

In discussing "The future in the study of heritable disorders of
connective tissue'" the 1956 edition stated (p. 210):

Tissue culture of fibroblasts is possibly one of the more promising,
although as yet unexplored, techniques for the study of heritable
disorders of connective tissue. (In general, tissue culture has been
too little used in physiological genetics.)...the first objective '
of tissue culture studies should be the in vitro replication of the
morphologic abnormalities....in the Hurler syndrome one can with
justification anticipate success....,i.e., the "gargoyle cell" may

be demonstrable in culture.

Nine years later, Danes and Bearn (6) confirmed the prediction. Although
the metachromasia they used as the cellulo-phenotypic equivalent of the
disease has been superceded by cellular characteristics more specific because
they are closer to the primary action of the mutant gene, Danes and Bearn (1965)
gave a "shét in the arm'" to the field. But I am getting ahead of the story.

Dorfman and Meyer independently discovered mucopolysacchariduria between
the 1956 and 1960 editions (¥ig. 2B). It was in the period between the 1960
and the 1966 editions that the pattern of specific mucopolysaccharides in the

urine was exploited, in combination with analysis of phenotype and of family



patterns, to classify the mucopolysaccharidoses into six separate entities, each
designated by a Roman numeral and alternatively by an eponym (Fig. 3).

Between the 1966 and the 1972 edition Dr. Elizabeth Neufeld and her
colleagues appeared on the scene. In experiments, now classic, using cultured
fibroblasts they demonstrated deficiency of so-called corrective factors in
individual mucopolysaccharidoses. The six-way classification was corroborated,
with two notable exceptions -- two separate defects were demonstrated as
leading to the same phenotype, the Sanfilippo syndrome (MPS III); the defect
in MPS I and V (Hurler and Scheie syndromes) involved the same éorrective factor
or enzyme (subsequently shown to be o-L-iduronidase), despite the widely
different phenotype. This suggested that the Hurler and Scheie syndromes
were the homozygotes for two different alleles. The Hurler syndrome was

compared to SS disease among the hemoglobinopathies and the Scheie syndrome

to CC disease. By further analogy a genetic compound comparable to SC

disease was predicted and tentatively identified with a characteristic
phenotype.iTTugfratE&*bywGhe~paeéents~shcwn~in~¥igu;e,é;;Ehese patients

long outlive the Hurler patients but are shorter of stature and much more
severely handicapped than are the Scheie patients. Like SC disease, the
presumed Hurler-Scheie compound not only has a phenotype of severity inter-
mediate between that of the two homozygotes, but also has some unique features,

particularly a receding jaw and generally characteristic facies.

That the Hurler and Scheie syndromes are determined by allelic genes
is supported by failure of complementation in cell-fusion studies by Galjaard (7).

Whether the so-called Hurler-Scheie compound is that and not a homozygote
for another allele at the iduronidase locus we cannot say. None of the parents

of suspected genetic compound cases are consanguineous as might be the case



if the patients are in fact homozygotes. The 1972 classification (Fig. 4)
postulated allelic forms of MPS II and MPS VI, as well, as the basis for
phenotypic diversity observed with deficiency of iduronate sulfatase and
arylsulfatase B, respectively.

In 1965, Hers (8) defined five characteristics of lysosomal diseases
(Table 1): a sixth, the potential for enzyme replacement, was added later.
Two other striking features of lysosomal diseases might be added: (1) Allelic
mutations lead to widely diverse phenotypes (9). This is the Hurler-Scheie
phenomenon, which occurs also in the various forms of Gaucher disease,
Niemann-Pick disease, GMi-gangliosidosis, metachromatic leukodystrophy,
fucosidosis, Tay-Sachs disease -- indeed probably in most lysosomal diseases.
(ii) The same phenotype may be produced by any one of several different
enzyme deficiencies. This is the Sanfilippo phenomenon. Another example:
angiokeratoma is produced not only by the a-galactosidase deficiency of
classic Fabry disease, but also by one form of o-fucosidase deficiency (10).
Because of the heterogeneity (multiplicity) of substrates on which the
lysosomal enzymes can operate it is perhaps not unexpected that different
mutant enzymes might have different substrate repertories with different
phenotypic consequences. (See O'Brien (11,12) for biochemical confirmation
of this expectation.) Furthermore, since multiple enzymes are required
for the stepwise degradation of many macromolecules, e.g. heparan sulfate)
phenotypically similar or identical disease might be expected from any one
of several enzyme deficiences. These two characteristics hold for most
categories of mendelian disease, but they seem to be exaggerated in the

lysosomal diseases.



Since 1972 (Fig. 3) the precise enzymatic nature of the corrective
factors deficient in the Hunter and Maroteaux-Lamy syndromes has been
established; the enzymatic deficiency in the Morquio syndrome has been
identified; two further mucopolysaccharidoses have been added (MPS VII*
and MPS VIII); an autosomal recessive form of iduronate sulfatase deficiency,
i.e. an autosomal recessive form of the Hunter syndrome, has been suggested,
and a third phenotypically indistinguishable but enzymatically distinct form
of the Sanfilippo syndrome has come to light.

In the future, yet further mucopolysaccharidoses will almost certainly
be discovered. This follows from the fact that the deficiency state of
some enzymes involved in degradation of heparan sulfate and dermatan sulfate
have not yet been found. Other enzymatic bases of previously described
phenotypes such as the Morquio syndrome are likely to be found, as well as

futher allelic varieties of some of the other presently known mucopolysaccharidoses.

The Gene Map of the Human Chromosomes

As represented in Figure 6 at least one gene locus has been assigned
with confidence to each of man's 24 chromosomes (13). In all, over 240 gene
loci have been assigned: over 100 have been assigned to the X and about 140
to specific autosomes. Some of the chromosomes are becoming rather crowded,
and regional localization on particular chromosomes has been achieved for
many loci.

It is a matter of intellectual satisfaction that the colorblindness and

classic hemophilia loci, two of the genes longest recognized in man, are

*In‘fact, MPS VII, B-glucouronidase deficiency, was discovered in time for the
1972 edition, as indicated by the table shown as Fig. 5.



known to be situated at the distal end of the long arm of the X; that the Rh
locus is toward the end of the short arm of chromosome 1; that the ABO

blood group locus is near the end of the long arm of chromosome 9, and that
the major histocompatibility complex is determined by genes on the short

arm of chromosome 6.

All the more remarkable this appears when it is remembered that 10 years
ago noﬁ a single valid autosomal gene assignment had been made in man.
The first linkage of autosomal loci, secretor/Lutheran, was discovered in 1951
by Jan Mohr using the family method (14). 1In the next 17 years, arduous
study, mainly by the family method, uncovered in all five pairs of linked
loci, one trio of linked loci and two tight linkage groups but not until

o . N | h—ﬁu@\/\AR-v.mn.wajﬂJ

1968 was a specific gene assigned to a specific chromosome. /1968 was a
watershed year. That year Donahue and colleagues (15) assigned the Duffy
blood group locus to chromosome 1 (by the family method). About the same
time Weiss and Green (16) assigned the thymidine kinase locus to a specific
autosome (later shown to be 17) by study of clones derived from interspecies
hybrid cells, and soon after Caspersson's group (17), as well as others,
introduced chromosome banding methods for unique identification of chromosomes
and parts of chromosomes. Thus, the two techniques that have done most
for recent progress in mapping, cell hybridization and chromosome banding,
became available.

In both mouse and man the situation that at least one gene had been
assigned to each chromosome was reached in the Spring of 1976 (18). It is
of interest to compare the earlier progress of mapping in man and mouse. The

first autosomal linkage in the mouse, albinism and pinkeye, indeed the first

autosomal linkage in any mammal, was established in 1915 by Haldane et al. (19). The

first X-linkage in the mouse was not found, however, until 1953 by which time 12



autosomal linkage groups (two were later shown to be on the same chromosome)
were known in that species (20). The situation is the precise opposite in

man: by the time the first autosomal linkage group was discovered in 1951 (14),
about 36 X-linkages were known.

A brief review of the mapping of one part of the X chromosome may
illustrate the development of human chromosome mapping in general. A
characteristic pedigree pattern of colorblindness was known at least
since Horner (21) in the last century, and had been adumbrated in the
observations of Dalton (22) in his own family a century before that. The
first gene to be assigned to a specific chromosome in man, perhaps in any
organism, was colorblindness assigned to the X chromosome by E. B. Wilson in
1911 (23). The first genetic interval in man, that between the hemophilia and
colorblindness loci, was estimated by J.B.S. Haldane and his associates (24,25).
His estimate was confounded by genetic heterogeneity, i.e. existence of two
X-linked hemophilias, one tightly linked to colorblindness and one unlinked --
a fact that C.A.B. Smith (26) in the 1960's demonstrated on re-examination of

the original data. In the early 1960's three groups (27-29) showed close

linkage of the colorblindness loci and the G6PD locus, and in 1965 Boyer

and Graham (30) reported the close linkage of G6PD and hemophilia A.
Assignment of the colorblindness cluster to the long zrm of the X was achieved
by Ricciuti and Ruddle (31) using the KOP X/14 translocation in the mouse-
human hybrid cell system and using G6PD as the member of the cluster that
could be studied in cultured cells. Several workers (322’studying other
aberrant X chromosomes in the hybrid cell system, narrowed the assignment

of G6PD (and indirectly the closely linked hemophilia and colorblindness

loci) to the distal third of the long arm.



New methods, some presented at this meeting, can be expected to contribute
further to filling up the map. Although a lion's share of the thromosomal
assignments have been achieved by the method of somatic cell hybridizationm,
the family method has not been unproductive; there is mutual potentiation
of the two approaches. I count about 40 linkages found since 1968 by the

family method.

The Clinical Population Genetics of an Inbred Group

The 0l1d Order Amish (33) represent an almost strictly endogamous religious
sect. Although descended from a limited number of founders, many of whom
immigrated to the United States before the American Revolution, the ppish now
number over 75,000 persons. The group is made up of a number of moderately
distinct demes. The coefficient of inbreeding for these populations is high;
for example, in the Lancaster County (Pa.) Amish community the coefficient is
0.026 (a minimal estimate). This is the equivalent of all couples being
related slightly less closely than lst cousins once removed. Only 2 of
1849 married couples (in the Lancaster community in 1973) were not demonstrably
consanguineous (34), at least remotely.

In each deme the influence of founder effect is evident from the distinctive
distribution of family names; for example, seven family names, each of them
originating from a unique immigrant founder, account for over 787% of Lancaster
County Amish, total population about 13,000 (Table 2), and a different set of
7 names account for about an equal portion of the Holmes County (0.) Amish.
Founder effect is analogous to cloning. It is as though the Amish immigrant founders

were "'streaked out' like bacteria across the belt of American east of the Mississippi.
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as though, when colonies sprang up —— not, to be sure, from single individuals,
yet from a small number of persons -- an assay was performed on the genome
of the founders. Each Amish deme tends to have its characteristic collection
of recessive disorders. Random genetic drift can contribute further to the
enrichment of specific genes in each deme.

In addition to high consanguinity, founder effect, and drift, large
family size increases the "visibility" of recessives by increasing the
probability of more than merely one sib being affected. Furthermore, the
sociologic distinctiveness of the Amish, a marker for the extended fémily
they essentially represent, serves to highlight any anomalous phenotype that
occurs among them. "Groupness" as a factor in increased visibility of recessives may
be illustrated by thalassemia. This condition (or these conditioq&), although
frequent around the Mediterranean Sea, which subsequently gave the now
generally used name to the disease, was first clearly described, not in the
Mediterranean littoral, but in Detroit, Michigan, by pediatrician Cooley (35).
(We tend to forget that thalassemia was called Cooley's anemia for many years,
although I note that the eponym is being substituted for the tongue-twister
professional designation in uses such as federal legislation.) Cooley could
not but be impressed with the uniqueness of the severe anemic disorder, in

considerable part because it occurred in children of a particular ethnic group.

It is true that although in his case reports he noted Meditarranean origin
Cooley (35) did not list ethnic extraction as one of the six "reasons for

putting the cases in one group."

Capitalizing on the factors for increased visibility of recessives among
the Amish, our group and others have uncovered twelve or more new recessive
disorders. Cartilage-~hair hypoplasia is a paradigm of the usefulness of inbred
groups for the description of "new'" recessives. Almost 80 cases were found

among the Amish in the initial study published in 1965 (36) and probably the
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number now approaches 100. In addition to the defect in cartilage and hair,
there are three features highly variable in expression: an immune deficiency
(leading to lymphopenia and severe, even fatal varicella), a non-proliferative
disorder of myeloid cells (leading to anemia and neutropenia) and an intestinal
problem manifest as malabsorption and megacolon. The basic defect, presumably
an enzyme deficiency, has thus far eluded identification.

As with others of the disorders discovered among the Amish, once delineated
among them, cartilage-hair hypoplasia has been found in non-Amish in various
parts of the world and in various ethnic groups. The second largest collection
of cases of cartilage~hair hypoplasia is in Finland where about 30 cases are
now known (37). A common ancestry of the Finns and the Amish as a basis of
cartilage~hair hypoplasia in the two groups is highly unlikely. However, the
genetic structure of the Finnish population and the way in which that structure
evolved to its present state show parallels to the Amish (38). Thus, we are
probably dealing with independent but possibly identical mutations that
acquired a rela;ively high gene frequency in each population beéause of
similar founder-drift factors.

Both previously known and "new" disorders can be studied to advantage
among the Amish because of the reasonable confidence that one is dealing, in
the sizeable collection of cases one may find, with one and the same gene in
each case. The Ellis~van Creveld syndrome (six-fingered dwarfism) illustrates
this point. Since work on this disorder in the Amish was first published in
1964 (39), further infants with the Ellis-van Creveld syndrome have been born

in the Lancaster County settlement, bringing the total to 40 affected sibships
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and 82 affected individuals. All 80 parents of these 40 sibships trace their
ancestry to one Samuel King and his wife. The frequency of the Ellis-van

Creveld syndrome in the Lancaster County Amish is not less than 50 per 10,000
births. When a coefficient of consanguinity relevant to the common ancestral
couple (Samuel King and wife), namely 0=0.011, is used the frequency of the gene is
estimated to be 0.066.

The frequency of heterozygous carriers is estimated to be about 12.37%,
Recall (Table 2) that 12.6% of Lancaster County Amish carry the surname (King)
of the couple from whom the EvC gene was presumably derived.

Why is the EvC gene so frequent in the Lancaster County Amish settlement?
Selective advantage of heterozygotes (who, incidentally shown no abnormality)
is unlikely. The environmental circumstances under which the Amish live
are not greatly different from those of many other populations, and although
EvC has been observed in many different ethnic groups and in all parts of
the world, it is everywhere, except in the single Amish deme, rare.

Founder effect, perhaps aided and abetted by random genetic drift, appears
to be the main factor in the high frequency of the EvC gene in the Lancaster
County Amish. The proportion of homozygotes attributable separately i) to
consanguinity and ii) to the high gene frequency (those cases that would
occur without any consanguinity) can be derived from another form of the
formula used in estimating gene frequency. The cases attributable to
consanguinity (aq) have a frequency of 7 per 10,000, or 14% of the whole.

Thus, founder effect/drift is a more important factor than consanguinity
in determining the high frequency of EvC cases. Figure 7 generalizes,by
giving the total number of homozygotes and the number of homozygotes attributable

to consanguinity, at different gene frequencies and different inbreeding
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coefficients. It will be seen that at gene frequencies in excess of .Oé, for
example, consanguinity is a minor contributor to the homozygote group.

The population genetics of rare recessive diseases has been studied in
several other populations which bear similarities in genetic structure to the
01d Order Amish. Among the French Canadians (40), moderately distinct demes
are identifiable, descended from a limited number of founders, and showing
an unusual frequency of diseases such as tyrosinemia, the Morquio syndrome and
agenesis of the corpus callosum. As alluded to earlier, the Finns (38 , 41),
represent another parallel to the Amish -~ on a larger scale in terms of
time and numbers. After going through a population bottleneck in the early
stages of populating present-day Finland, during which time a small founder
population was spread out ('"streaked out" if you will) over an extensive
area, the Finns remained separate, mainly by reason of'their distinctive
Finnish-Ugrian language, but also because of geographic barriers and distance,
from both Slavic neighbors to the one side and Germanic neighbors to‘the

other. The cloning phenomenon occurred here. (Hybrid and hybridization are

terms used in at least four senses in genetics: populational, organismal,
cellular and molecular. 1In human genetics the term clonal has use on at
least three of these levels. Although it is doubtful that we need the term
in population genetics, the analogy between founder effect and cloning may

be a useful one in teaching.) Today, a considerable number of rare recessives

are unusually frequent in Finns (37, 41) and in some cases have been found

only in Finns. Conversely, other recessives, e.g. phenylketonuria, are
unusually rare in Finns. Mapping of the place of residence of the grandparents
of cases of high frequency disorders suggests the existence of moderately

distinct demes based on founder effect, as in the Amish.

The founder-drift hypothesis for the high frequency of Tay-Sachs disease (42)
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and certain other recessive disorders among the Ashkehazim appears particularly
attractive.because of parallels in demographic history between the Ashkenazi
Jews (43) on the one hand and the Amish, French Canadians and Finns on the

other hand, and the hypothesis has obtained some theoretical support from

an analysis by Rao and Morton (44). The ancestry of several recessive

disorders can be shown to be concentrated in different sections of the so-
called Jewish Pale (45),again suggesting separate demes.

The usefulness of Amish populations both in the detection of "new"
recessives and in their subsequent delineation is illustrated by the Kaufman
syndrome: hydrometrocolpos, postaxial polydactyly énd congenital heart
disease (Fig. 8). 1In 1964 (46) we reported two Amish sibships, each with
two females with hydrometrocolpos,i.e. transverse vaginal septum. All
four cases traced tﬁeir ancestry to a man named Christopher Beiler énd
his wife. 1In 1968 we (47) reported a third sibship with one case of
hydrometrocolpos, again tracing back through both parents to the same
Beiler couple.

In 1972, Kaufman and his colleagues (48) suggested that in fact
hydrometrocolpos is part of a syndrome that embraces also postaxial polydactyly
and congenital heart disease. This suggestion, based on a single case,
has been amply confirmed by restudy of the three previously known Amish sib-
ships and of three additional recently identified sibships (Fig. 9).

These six sibships contain 42 sibs, of whom 15 are affected, affection
being defined as presence of at least one of the three features. Only 1

of the 15 affected persons is known to have all three manifestations (Table 3).
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Independent variation of the several components of a syndrome is well
illustrated. The polydactyly varies from 4 limb postaxial hexadactyly

(Fig. 8, B,C) through postaxial hexadactyly of a single 1limb (Fig. 8D, E)
topolydactyly of the postminimi type. We are in the process of tracing the
Kaufman gene further by pursuing cases of postaxial polydactyly previously
known to exist in the Amish (independently of the Ellis-van Creveld syndrome),
but never looked at from the point of view of this syndrome.

One sibship of the six (E in Fig. 9) contains only a single affected member out of
children, and in that case of the Kaufman syndrome hydrometrocolpos is the
only manifestation. Thus far, polydactyly has been the only manifestation
in males.* The cardiovaséular abnormalities (in 3 persons) have been atrial septal
defect, ventricular septal defect and pulmonary hypertension. One person
with surgically corrected hydrometrocolpos is married but thus far childless.

Can one seriously doubt that the three features are pleiotropic manifesta-
tions of a single recessive gene? I think not. On the model of single
ascertainment, the data fit the recessive hypothesis precisely (49). There
would, however, be considerable question about both the validity of the triad
as a syndrome and the recessive inheritance were it not for the opportunity

to observe the large number of cases in the extended Amish family.

*] have recently seen a 30 year old man with 4 1limb postaxial hexadactyly

and atrial septal defect of ostium primum type. I suppose this represents

the Kaufman syndrome, but no relatives show any of the features and the parents
are not related.
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Genetic Nosology

Etymologically, nosology means "the study of disease". (Clearly, "nosology
of genetic disease" contains a tautology, hence "genetic nosology".) It
is usually defined as "the classification of disease'". If classification of
cases ig meant, i.e. pigeon-holing of similar cases that presumably represent
an etiologically homogeneous entity, then that agrees with my view of nosology.
Genetic nosology to me means delineation of specific genetic diseases.
Classification of disease can also mean, not the classifying of cases (i.e.
delineation of entities) but the classifying of entities into a hierarchical
taxonomy. Before one knows the basic nature of each entity, such a taxonomy
is difficult. A systematics baéed only on phenotype is shaky; on the other
hand the taxonomy follows a full delineation effortlessly. Such is illustrated
by Figure 10,a taxonomy for the relatively well understood a—L—iduroniaase
deficiencies.

The scientific and practical value of delineation needs no discussion.
The scientific and practical value of taxonomy may be questioned. Perhaps
its greatest value is mnemonic, lies in the organizationit gives to the
ever enlarging body of otherwise seemingly unrelated information on genetic
disease. FStanbury, Wyngaarden and Fredrickson (5) engage in taxonomy of
a highly useful nature when they divide their well-known book into sections
on disorders of lipids, carbohydrates, amino acids and so on, and further
divide the sections into chapters dealing with related entities within the
larger classes. A taxonomy may help the clinical geneticist maintain some
order in his mind concerning the disorders he deals with, since entities of
the same taxonomic class tend to behave similarly. Perhaps even phenotypically

based taxonomies, such as Pinsky's 'phenotypic communities of human malformation
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syndromes' (50,51) have usefulness in pointing to common developmental
(i.e. pathoembryologic) mechanisms, even though the entities clustered
together may be etiologically diverse.
A focus of what I have told you about heritable disorders of connective
tissue and the Amish is delineation of genetic diseases, and in a sense
gene mapping serves that function also. Genetics is really gene delineation.
It is fascinating to witness the delineation,by methods Pontecorvo called
parasexua},of genes that were previously not susceptible to study by Mendelian methods
because no allelic variation was known. As indicated in Fig. 7 these include
genes that determine the human vulnerability to diphtheria toxin and polio
virus (assigned by somatic cell hybridization to chromosomes 5 and 19,
respectively). Included is also the gene (or genes) for histone IV (assigned to chromoso
7 by in situ DNA-RNA hybridization), which judging from its strong evolutionary
conservatism must be of vital importance to chromosome structure and function.
Progress in genetic nosology and in delineation of genes in general (i.e.

genetics) is reflected by the numbers of entries in Mendelian Inheritance in

Man (52). The number of reasonably established loci (see Table 4) is now
over 1300 (of which 240, or almost a fifth, are assigned to specific

chromosomes).

As Dr. Motulsky has told you, today happens to be my birthday. I thank

all of you, cherished colleagues, for this birthday present.
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Table 1

Characteristics of Lysosomal Diseases

Intracellular storage of material occurs.

The storage material is heterogeneous.
Deposition is vacuolar, i.e., membrane bound.
Several tissues and organs are involved.

The disorders are progressive,

The potential for enzyme replacement exists.
Allelic mutations show wide phenotypic diversity.
The same phenotype may be produced by any one of
several different enzyme deficiencies.



Table 2

Frequency and Origin of Surnames of the 1849 Married Men

in the Lancaster County Amish Settlement

Family name

Stoltzfus
King |
Fisher
Beiler
Esch, Esh

Lapp

Zook

Frequency
No. %
475  25.7
233 12.6
203 11.1
198 10.7
121 6.5
119 6.4

100 5.4

78.4%

in 1973

Founding Immigrant

Nicholas Stoltzfus
Samuel King
Christian Fisher
Jacob Beiler

Jacob Esch

John Lapp

John Zug

Date of
Immigr.

1766
1744
1750
1737
1751
1773

1742



Table 3

The Kaufman Syndrome

Polydactyly alomne

Hydrometrocolpos alone

Polydactyly + hydrometrocolpos

Polydactyly + cardiac malformation

Polydactyly + cardiac malformation
+ hydrometrocolpos

Female

1
4
3
2
1

11/28

4/14



Table &4

Numbers of Mendelian Phenotypes in Man
(presumed. number of loci)

McKusick: Mendelian Inheritance in Man
Verschuer . .
1958

1966 1968 1971 1975 Oct. 1977
Autosomal 285 269 344 415 583 696
Dominant (+568) (+449) (+528) (+635) (+770)

Autosomal
Recessive 89 237 280 365 466 512
(+294) (+349) (+418) (+481) (+561)
X-Linked 38 68 68 86 : 93 106
' (+51) (+55) (+64) (+78) (+90)
Total 412 574 692 866 1,142 1314
(+913) (+853) (+1,010) (+1,194) (+1421)
1,487 1,545 1,876 2,336 2735

The numbers in parentheses relate to entries for which the particulaf mode of
inheritance is not firmly established or the status as indicating a locus
separate from another entry is not certain.




Legends for Figurés

Fig. 1. Growth of Heritable Disorders of Connective Tissue. A. Absolute

grcwth (in page numbers). B. Relative Growth (in percent of page numbers

in 1956 edition).

Fig. 2. Classification of the mucopolysaccharidoses. A. 1956 B. 1960

Fig. 3. Classification of mucopolysaccharidoses, 1966.

Fig. 4. Classification of the mucopolysaccharidoses, 1972.

Fig. 5. Classification of the mucopolysaccharidoses, 1977.

Fig. 6. A gene map of the human chromosomes, Jan. 1, 1978
Key for Fig. 6 (see attached)
Fig. 7. Contribution of consanguinity to frequency of homozygotes. (Adapted

from Nevanlinna (38),)

Fig. 8. Kaufman syndrome A. Hydrometrocolpos B. Hexadactyly of

both feet inD4 who also had hexadactyly of both hands. C. @Polydactyly of

the left hand as the only manifestation of Kaufman syndrome in C4.
Fig. 9. Pedigree of Kaufman syndrome. Information concerning sibship D was
provided by Drs. Patricia Christensen, Stephen J. Shochat, and Victor Whitman of

the Milton S. Hershey Medical Center, Hershey, Penn.

Fig. 10. A taxonomy of one form of 0-L-iduronidase deficiency. A fantasy is indicated

by dotted lines: an ultimate delineation based on chromosomal localization

and precise <codon altered ia the mutation. The fantacized designation means



the a-L-iduronidase structural gene is cistron 194 from the centromere on
1l4q and that the Scheie syndrome is caused by mutation in its 28th codon, which

reads AAT rather than the wildtype.
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