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ABSTRACT Five family pedigrees of people of Karnataka have been analysed to study the inheritance pattern of the
genetic defects of missing left forearm, polydactyly, atrophied toes and nails and lobster claw deformity of hands and
syndactylous feet, all possibly autosomal dominant genetic traits. These deformities affected eight persons among a
total of 211 individuals represented by five pedigrees belonging to 18 generations. They are from Lingayat, Muslim,
Valmiki and Brahmin communities inhabiting Dharwad city, Hosahalli Village in Dharwad district and Hubli city. The
first pedigree siblings of the propositus with missing left forearm and the second and third pedigree siblings as well as
the ancestors of the propositi with polydactylous hands were all phenotypically normal, indicating the variable
expression of the gene for polydactyly. The fourth pedigree propositus with atrophied toes and nails might be
attributed to a condition known as anonychia. The fifth pedigree proposita with cleft hands and syndactylous feet
might have resulted due to autosomal dominant genes with variable expressivity and penetrance. The variable
expression of genes for polydactyly and anonychia in the Karnataka females is predominantly a vertical type of
inheritance rather than horizontal one. With the help of these pedigrees an attempt has been made to interpret the

pattern of inheritance of the reported anomalies.

INTRODUCTION

There are two important concepts in the
study of genetics that stand out prominently:
one is the constancy and regularity of a given
genotype in its expression from parents to
offspring as also in its effect on development
and the other isthe variability in the expression
of genes. Both these charactersinfuse dynamism
to the subject of geneticsin general and human
geneticsin particular and make the very pattern
of inheritance interesting in its general
understanding and the implications of its
interpretation. In the case of variability in the
expression of genes, it hasto beremembered, as
Curt Stern (1960) rightly put it, that there are
“numerousinterconnecting steps’ between gene
and effect, the variability of which may cause
change in the expression of the gene. The other
possibility, namely the variability of the gene
itself or mutation as the cause of the variable
expression of a gene can not also be ruled out,
but it bas been well established by the study of
transmission of genes through germ cells from
parents to offspring that such a possibility is
rare. We have to therefore fall back to the
consideration of the concept of interacting
developmental processesin theinterpretation of
the variable expression of genes.

Thevariable expression of genesresulting in
different defects may involve single genes,

multiple genes and chromosomes. The single
gene defects which occur in simple Mendelian
fashion are generally uncommon, while those of
multiple genes together with the environmental
factorsand chromosomesare common. Therapid
strides made by geneticsinthewest greatly owe
to the explosion of knowledge on the genetic
defectswhereasin Indiathe expertise, resources
and energies have all along been directed to
tackling the diseases mainly caused by
malnutrition, infections etc. rather than in the
investigation of genetic disorders, their analysis
and estimation of their risk to health asalso their
curation or therapy and appropriate counselling.
Bhatnagar et a. (1986) discussed at length about
the scope and relevance of genetic counselling
and the circumstancesunder whichit isrendered.

Asgenetic disordersaffect tissuesof different
systems of the human beings, they cut across
various medical fields and non-medical
disciplines like molecular biology and human
biology, it isneedlessto say as Jagannatha Reddy
(1978) opined that the screening of genetic
disordersisaninterdisciplinary pursuit. Narahari
(2003) in his recent study also emphasized the
need for linkage analysis at protein level for
understanding the mechanism of inheritance of
autosomal dominant traits.

India with thousands of endogamous caste/
tribal population groups apart from thereligious
groups like Muslims and Christians practicing
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different mating patterns and inhabiting a wide
range of environmental situationsoffersexcellent
opportunitiesto screen the genetic abnormalities.
A number of earlier studies, both prospective
and retrospective, have been based mostly on
hospital datain different parts of the country. In
majority of the cases, there was no proper
diagnosis of the abnormalities nor the studies
have been planned with appropriate design and
methodol ogy, let a onetheir management (Verma
1978). There is also no concern shown by any
quarter inthe government or outside to undertake
the important task of surveying the different
ethnic groups of the country for understanding
the distribution pattern of various abnormalities
and their scientific interpretation as also
publication.

PRESENT STUDY

The present paper isattempted from a part of
the data generated through a larger project
undertaken by the first author. The data on a
family pedigree of the multiple abnormalities of
polydactyly, clinodactyly and hare-lip from the
same project was earlier published (Rami Reddy
et a. 1986). In this paper the data based on the
screening of five pedigrees among the people of
North Karanataka affected by the genetic
anomalies of missing left forearm, polydactyly,
atrophied toes and nails and lobster clawed
hands and syndactylous feet is endeavoured to
be presented.

MATERIALS AND METHODS

Hubli and Dharwad cities, and Hosahalli
village in Savanur taluk, located 60 and 77 kms.
to the southeast of former cities are the places
from where the study samples of the five
pedigrees, containing atotal of 211 individuals
representing 18 generations, have been drawn.
There are eight affected persons. The members
of the first and third pedigrees belong to the
Lingayat community, those of the second
pedigree to the Muslim community, those of the
fourth pedigree to the Valmiki community and
those of the last pedigree to the Brahmin
community. The Socio-cultural traditionsasalso
lifestyles and religious practices of these
communities broadly conform to those of their
counterpartsin other partsof South India. Further
these communitieslikethelatter el sawherein the
country practise consanguinity in varying
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degrees which generally occurs in higher
proportions.

The first pedigree from Dharwad City
consists of atotal of 15 individuals spread over
three generations. The affected person with
missing left forearm was a male aged about 22
yearsbelongingtothelll generation. Therewere
29 persons in four generations observed in the
second pedigree with two malesfrom Hosahalli
village - father aged about 30 yearsand son aged
about eight years - affected by polydactyly in
thelll and IV generationsrespectively. Thethird
pedigree from Hublicity, also of polydactyly,
contained 33 individuals traced through three
generations. The affected personsweregirlsaged
about 17 years and one-and—a-half months
respectively. Thefourth pedigree, an uncommon
one of awoman aged about 40 years, was affected
by atrophy of toesand nailsand camefromthell
generation of afamily pedigree of 25individuals
spread over three generations. Thelast pedigree
whichisthelargest and rarest of al the pedigrees,
wasa so recorded from the Hubli city. It consisted
of atotal of 109 individuals distributed in five
generations. The girl affected by the lobster
clawed deformity of handsand syndactylousfeet
was about 19 years of age and belongsto the IV
generation of thefamily. The other casewasof a
boy aged about six yearsfrom the V generation
of the same pedigree in which only lobster-
clawed hands were reported to have been
observed.

During the course of investigation of each of
the pedigrees, care was taken to verify the
personal information of al the members, including
the propositus/ proposita. They were carefully
observed aswell asinterviewed for the different
anomalies. Further, the information about the
dead persons including their afflictions if any,
was ensured to be accurate. This aspect of the
datawasrecorded by interviewing theliving family
members and their neighbours as also their
relativesin order to know whether the dead were
affected by any congenital anomalies. Finally,
the respective family pedigrees were prepared
according to standard procedures, and
photographs of the respective defects of the
propositus/proposita were taken.

RESULTS AND DISCUSSION

Theanalysisof the datawas undertaken with
the help of field observations made on the
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anomalies as well as with the information
recorded and verified by interviewing the people
themselves, with the photographs of the defects
taken, with the pedigree charts prepared, with
the records on the pedigrees and comparison of
all these aspects with the available published
literature on the subject. This was followed by
theinterpretation of the pattern of inheritance of
the reported abnormalities. The pedigree charts
and photographs of the defects of the respective
propositus/proposita are shown in figures 1-12.
Each of the pedigreesis separately dealt with as
under.

Missing L eft Forearm

This is perhaps the first case reported from
India. The pattern of itsinheritance is shown in
figure 1 and the photograph of the propositus
withthemissing left forearmisshowninfigure6.
The pedigree contains three generations of 15
individuals. The propositus aged about 22 years
belonged to the I11 generation of the pedigree.
Although the parents of the propositus are
phenotypically normal, the occurrence of this
congenital abnormality in the affected individual
suggeststhat either parent must be heterozygous
for thetrait, or dueto theincomplete expression
of the gene for the trait. Information was also
obtained regarding the persons died in the
second and third generations of the pedigree, to
have a complete understanding about the
presence of the trait in all the sibships of the
family inthisgeneration.

Since the published literature either on the
incidence or on the pattern of inheritance of this
trait is extremely meagre, systematic pedigree
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Fig. 1. Pedigree missing left forearm and hand
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analysis could not be carried out in the light of
the present one alone.

PolydactylousHands

The family pedigrees of the individuals
affected with polydactyly are shownin figures2
and 3, duly supported by photographs of the
respective anomaly as in figures 7-9. The
propositus (Fig. 2) belongsto the IV generation
of the family. Heis an affected male aged about
eight years. His father aged about 30 years was
al so affected with the anomaly while the mother
was phenotypically normal. Since the gene for
polydactyly is fully expressed phenotypically,
the affected individual is homozygous for the
trait. Hisfather’s genotype was also of the same
type as expected since heis aso phenotypically
polydactylous. The maternal parent of the
propositus might however be heterozygouswith
variable expressivity since sheisphenotypically
normal. The absence of expression of this gene
either among the sibships of the IIl or IV
generations might be dueto variable expressivity
of this gene (Mahotra 1964), or its incomplete
penetrance or its absence among the personsin
the pedigree. The condition of polydactyly in
the affected individual is postaxial in nature
represented by the left thumb divided with an
extrafinger bent on the ulnar direction.

Figure 3 showsthefamily pedigree of thetwo
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Fig. 2. Pedigree showing polydactyly

affected females by polydactyly both in the 111
generation. The affected areillustrated infigures
8-9. The parents of the affected individuals are
phenotypically normal. The presence of thistrait
in the propositi might be due to the passage of
the generesponsiblefor thistrait either from the
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Fig. 3. Pedigree of Showing polydactyly

maternal or paternal parent, or from both. The
normal phenotypic expression among the parents
of the propositi reveal sthat either parent or both
might be heterozygouswith variable expressivity
of the defective gene. The possibility of the
existence of the generesponsiblefor thistraitin
the generation earlier than the observed | (first)
generation of this pedigree can not be ruled out
due to its skipping nature in some pedigrees
reported earlier. The ratio between the affected
and normal individuals in the Il generation is
2:3, which supports the Mendelian mode of
inheritance. The propositi of the pedigree has
the right and left thumbs respectively divided
with the extrafingers bent on the ulnar direction
asin the previous pedigree.

Atrophied Fingersand Nails

Thisisarare condition observed for the first
time in a family pedigree in this part of South
India and is shown in figures 4 and 10. The
condition, identified as the atrophy of toes and
nails, isbelieved to have resulted dueto what is
called anonychia (Roberts 1974).The proposita
aged about 40 years at the time of investigation
wasfoundinthell generation of afamily pedigree
of three generations. The parents and sibs of the
proposita were phenotypically normal. None of
her children of either sex were affected with this
abnormality. The reasons for the absence or its
expression among the siblings of the Il
generation are beyond our comprehension in
view of its absence among al the sibships of
either sex of thelll generation.

A cursory look at the published literature
shows the non-availabilty of previous reports
either on the incidence or on the mode of
inheritance of thisabnormality and thereforeitis
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Fig. 4. Pedigree of Showing Atrophied (Reduced)
Toes

rather difficult to interpret the nature of its exact
mode of inheritancein the affected family merely
based on the present pedigree.

L obster Clawed Handsand SyndactylousFeet

In this pedigree, there are 109 individuals
traced through five generations (Figs. 5, and 11-
12). The propositaaged about 19 yearswasborn
to phenotypically normal parents, who were
reported to be consanguineously related for over
a number of generations. During the investi-
gation, it was revealed that the girl underwent
operationin 1957, just about ayear after shewas
born for possible correction of the deformity in
the hands. Before the operation, the first two
digits of the right hand were separate while the
third and fourth digits were fused and had nails.
The left hand digits too were fused with three
nails present on the fingerballs. By operative
treatment, only thumb could be separated in either
hand with the rest of the digits remained fused.
The right hand presents bifid appearance with
thumb separated from the other four fingerswhich
arefused. The left hand has crooked thumb and
the rest of the finger remnants are fused with
local gigantism of ring finger (Fig. 11).

No correctivetreatment was attempted on the
syndactylous feet. Webbing on the right foot is
present between the second and the third, and
between thefourth and fifth toes. Thefirst toe of
thisfoot, which is somewhat curved outwardly,
isfreeandinlinewith other toes. Thefused right
fourth and fifth toes, showing combined
shortening, are approximately of the samelength,
the latter being prominently projected laterally.
Webbing on the left foot is present between the
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Fig. 6. Missing left forearm

second, third and fourth toes, and the outcurved
first and fifth toes are free. All the toes are of
normal size. The syndactylous condition
between the toes, extending nearly to their tips,
manifests bilateral symmetry. It seems to have
formed by the union of skin and fibrous tissue
(Fig. 12). A rudimentary cleft exists between the
right third and fourth toes, and between the | eft

Fig. 7. Polydactylous left hand

first and second toes, and fourth and fifth toes.
The proposita belongs to the IV generation of
the family pedigree and the abnormality was an
autosomally inherited dominant genetictrait. Both
the parents of the affected person are
phenotypically normal. A similar defect of clawed
handswas reported to have occurred in aboy of
six years belonging of the V generation of the
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pedigree. He is the great grandson of the
proposita’s grandmother’s elder sister. The
occurrence of this abnormality in two persons
among a total of 109 individuals of the family
observed indicates its uncommonness
substantiating the earlier findings.

The science of genetics has successfully
disproved a large number of age-old
misconceptions, false beliefs, impressions,
myths, superstitions, etc. regarding the methods
of inheritance of traits. Theserangefrominfluence
of blood, parents’ age, drugs, acquired
characteristics to heredity or environment and
maternal impressions. In the case of achild born
with only one hand, for instance, as Winchester
(1969) states, the mother attributes the
abnormality to a serious automobile accident
witnessed by her in her late pregnancy. Such
impressions can never occur and arescientifically
untenable as revealed by the knowledge of
genetics and embryology. One such case of an
adult malewith missing left forearm fromthe 11
generation of the Dharwad family pedigree of
the present study (Figs. 1 & 6) is closely
comparable to the one reported by Winchester
(1969, Fig. 1-4). Owingto the limitations of this
being the solitary case in the third generation,
the absence of the affected persons in the first
two generations, the numerically small size of
the pedigree and lack of published literature, both
on the incidence as well as on the pattern of
inheritance of the abnormality, no convincing
explanation can be advanced on its possible
mode of inheritance. However, it may be surmised
that the parents of the propositus were
heterozygous for the defect or it might have
occurred dueto incomplete expression of thegene

Polydactyly, agenetic trait characterized by
the presence of extrafingers or toes, is the first
reported inherited trait in humansand isgoverned
by a single gene effecting inheritance in an
autosomal dominant fashion with variable
expressivity and penetrance (Winchester 1969).
This abnormality was also observed earlier in
monkeys, horses, dogs, cats and other animals.
Approximately one-half of the children of both
sexes are affected from an affected couple. In
some pedigrees, polydactyly occasionally skips
ageneration. Postaxial polydactyly isrepresented
by afully developed extra ulnar or fibular digit
whilepreaxid polydactyly isexpressed asan extra
thumb or great toe (Woolf and Woolf 1970). In
the case of the propositus from Hosahalli under

study (Figs. 2 & 7) the gene for polydactyly is
fully expressed and hence it is homozygous for
the trait as is his father who was also
phenotypically polydactylous. The absence of
the phenotypic expression of this abnormality
either in the grand paretnal generation or in the
siblingsindicatesthe heterozygosity of the gene
with variable expressivity or its incomplete
penetrance, or even its absence. More or less
similar explanation can be offered for the mode
of inheritance of the polydactylous condition in
the propositi of the Hubli pedigree. In this
pedigree however the ratio of the affected to
normals supports the Mendelian mode of
inheritance (Figs. 3 & 8-9). The aforesaid
interpretation is subject to the association of the
inheritance pattern of the trait of polydactyly
with a number of other genetic syndromes
besidesthelimited number of affected individuals
inthe pedigrees (Smith et al. 1963; Temtamy and
McKusick 1969).

The propositaaffected by atrophied toesand
nails does not seem to have a paralel in this
country as shown by the examination of the
published literature (Figs. 4 & 10). Her affected
feet present a swollen appearance giving the
impression that the woman was suffering froma
serious disease whereas our enquiries revealed
that she was a perfectly normal individual. The
mode of inheritance of this abnormality is not
clear at this stage of our knowledge due to
limitations of itsabsencein other generations of
the pedigree and lack of earlier works. Theissue
may be resolved by systematic future research.

Fig. 8. Polydactylous right hand
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The lobster clawed hands and syndactylous
feet of thegirl inthe Hubli pedigree constitute an
uniqueinstance of aseriousdeformity (Figs.5&
11-12). Thelobster claw deformity affecting both
hands and feet with a hereditary history of five
generations was reported perhaps for the first
timein humans by Lewis and Embleton (1908).
Subsequently, apedigree of cleft hand involving
an affected woman and her affected children by
four different normal fatherswasreported by Curt
Stern (1960). Theaffected children had their hands
as well as feet with the deformity unlike their
mother. Three Yugodavian familiesinvestigated
by Zergollern (1978) also had this syndrome —
the first one with an affected sister and brother
and the other two with one affected child each.

Fig. 9. Polydactylous left hand

Fig. 10. Atrophied toes and nails
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The anomaly in the first family was considered
to be autosomal recessive type due to negative
family history, non-consanguinity and normal
progeny of the affected persons, while in the
other two familiesit wasinferred that the affected
were due to fresh mutation of an autosomal
dominant trait. In India too this syndrome was
reported by Vermaet al. (1976) who believethat
the deformity isan autosomal recessivetrait, and
by Kumbnani (1991) who, based on the
occurrence of the affliction in both hands and
feet of awoman and her five children born of a
normal father, thinksthat the mode of inheritance
was autosomal dominant.

The proposita with lobster clawed hands is
inthe |V generation besidesthe reported case of
aboy with similar deformity intheV generation.
All the earlier generations are devoid of the
abnormality. The abnormality seemsto bedueto
an autosomal dominant gene with variable
expressivity and penetrancein right and left hand
digitsof the sameindividual. The differencesin
the expressivity of the defect are apparently due
to theinfluence of intrinsic and extrinsic factors
(Figs.5& 11).

The above proposita also presents the
anomaly of syndactyloustoeswhichisavariable
trait (Figs. 5 & 12). The condition of webbing
shows sex-linked inheritance in some families.

Fig. 11. Lobster clawed hands
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Asitoccursineither sex, thetrait may be caused
by an autosomal recessive gene (Winchester
1969). In awestern Indian kindred investigated
by Malhotra (1963) there are 33 direct
descendants of a syndactylous man and
phenotypically normal wife. Two of their male
children in the Il generation are both
clinodactylous and syndactylous and two of the
female grand children in the |1l generation are
syndactylous. He believes that both these traits
are transmitted, independently of each other, as
dominants with incomplete penetrance. In our
example, the family history is negative for both
cleft hands and webbed feet and their occurrence
in one and the same individual is a sheer
coincidence. Thewebhing of feet may have been
caused by an autosomal dominant gene with
variable expressivity and penetrance.

N

Fig. 12. Syndactylous feet

Thisindividua-level study makesit clear that
the genetic defectsin genera areall-pervasivein
nature occurring in al ethnic groups and are not
limited to particular racial or community groups
and families. Many of these disorders place
considerable social stigma on the concerned
communities or families while others indeed
endanger their health and physical well-being.
These thus call for taking appropriate measures
ranging from curation, therapy, management to
prevention. It is against this background that a
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systematic country-wide population survey has
to be organised as amultidisciplinary pursuit to
establish the frequencies of different defects by
age-groups, communities, regions and so on.
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