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Postaxial Polydactyly in Three Indian Families*
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In most of the reported pedigrees on human poly-
dactyly, the manifestation of the trait has been
attributed to a single autosomal dominant gene.
That this gene is not always penetrant and exhibits
a great degree of variable expressibility has been
stressed by various authors (listed by Gates, 1946,
and McKusick, 1966). By contrast, recessive poly-
dactyly has been described by only a few authors
(Snyder, 1929; Bell, 1930; Shevkenek and
Thompson, 1933; Oliver, 1940; Salzano, 1961,
etc.).
Two main phenotypically different varieties of

postaxial polydactyly have been recognized (Mc-
Kusick, 1966). In type A, the extra digit is well
formed and articulates with the fifth or an extra
metacarpal or metatarsal, while in type B the extra
digit is vestigial and is frequently merely a skin tag.
It has been suggested that these two phenotypes of
postaxial polydactyly may also be genetically differ-
ent (Gates, 1946; McKusick, 1966). Type A
seems to be inherited as a dominant trait in most
pedigrees and the gene shows marked penetrance.
The genetics of type B is more complicated, and
two different inheritance mechanisms have been
proposed for it. Gates (1946) considered this type
to be representative of recessive polydactyly, but
pedigrees of type B studied by Sverdrup (1922),
Callan (1942), and Walker (1961) were described as
dominant. Sverdrup (1922) reported a large Nor-
wegian kindred and noted the occurrence of both
types A and B in the same pedigree. He suggested
that type B was produced by a single factor and
type A was probably due to an additional modifying
factor. Instead, Walker (1961) postulated two
dominant genes for type B and suggested that the
additional gene controlled the penetrance of the
polydactyly gene.

This paper deals with the inheritance of postaxial
polydactyly type A in three Indian families. Of all
possible modes of inheritance, a single dominant
gene for this type of polydactyly seems to be the
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least probable in these families. Two more likely
possibilities, those of a recessive gene and of more
than one dominant gene for the trait, are considered.

Observations
In the families to be described, postaxial polydactyly

type A exists as a separate entity, i.e. does not form part
of a syndrome of congenital malformations, though in
one family four other members are afflicted with ectro-
dactyly.

Family 1. In this Sikh family, which lives in Delhi
and Punjab, 5 affected individuals are seen in the third
generation (Fig. 1). Polydactyly had never been known
in the past. In the affected individuals each hand and
foot show supernumerary digits (Fig. 2 and 3). Of the
5 affected, 2, namely III.3 and III.6 of Fig. 1, show
superficial differences in the anomalous phenotype.
The extra little finger of the left hand in III.3 cannot
be moved independently like the other supernumerary
digits. This is because the extra digit is attached by a
piece of skin to the otherwise normal fifth, yet this extra
digit itself contains bones (Fig. 2). In III.6, the poly-
dactyly of the feet is due to the splitting of the little toes.
The extra digits are well formed with nails.

Consanguinity between II.4 and II.8, and II.12 and
11.13 has been denied, but II.4 and II.13 are third
cousins.

Family 2. Most of the members of this 'Sunee'
Muslim family are domiciled in Malerkotla (Punjab).
The pedigree traced through six generations shows 5
affected individuals (Fig. 4). All the polydactyls'
hands and feet are affected, but exact details in IL.1, V.3,
and VI.1 could not be confirmed. Fig. 5 illustrates the
phenotypes of the two examined persons. In IV.4, the
polydactyly of the left foot is shown as the splitting of
the fifth toe. The other affected member of the same
generation, IV.6, exhibited the defect only on the right
hand and the right foot.

Consanguineous marriages are the most common to
occur among the Muslims. Except for the marriage
between III.1 and III.2, all the other spouses are rela-
tives.

Family 3. Originally from Sind, this family is now
settled in Bombay and Delhi. Two defects, i.e. ectro-
dactyly and polydactyly, exist as separate entities within
the family (Fig. 6). Four individuals of the second and
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third generations show ectrodactyly. The only poly-
dactyl observed appears in the fourth generation from
unaffected parents. Fig. 7 illustrates the phenotype of
the anomaly.

Consanguinity between the spouses has been denied.

Discussion
All the polydactyls observed in these families have

normal parents. If a single dominant gene were
responsible for the trait, several dominant mutations
would have to be postulated to account for the
findings. Family 1 offers intriguing complications
when one tries to explain the origin of the gene.
The four possible transmitters are indicated below:
Members 11.8 and II.12 could both be carriers

IVIII
IV 4

of a single dominant mutation with its expression
delayed for one generation, and II.4 and 11.13
could be the carriers of the same dominant muta-
tion only if it did not express for two generations.
This is improbable, though cases of delayed mu-
tations either due to gonadic mosaicism or other
obscure reasons are known in experimental animals
and this explanation has also been invoked in one
human pedigree (Auerbach, 1956). Additional
evidence against the trait being due to a dominant
gene is offered by Family 2 (Fig. 4). In this family,
two marriages between polydactyls and unaffected
have yielded only normal offspring. No conclusion
can be drawn from the observations in as small a
family as 3 (Fig. 6).

* Polydactyly
0 Unaffected

FIG. 1. Pedigree of Family 1.

FIG. 2. Hands and feet of III.3 (A and B) and III.6 (C and D) of Family 1.
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FIG. 3. Hands and feet of III.7 (A and B), of III.9 (D and E) and feet only of III.8 (C) of Family 1.

I
Polydactyly
Reported polydactyly
UnaffectedII

III

V

VI
FIG. 4. Pedigree of Family 2.
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.w-g -
FIG. 5. Feet of IV.4 (A) and hands and feet of IV.6 (B and C) of Family 2.

III 9 1 4

IV

Ectrodactyly Polydactyly
@ Reported ectrodactyly Unaffected

FIG. 6. Pedigree of Family 3.

The above observations suggest that the abnormal
trait in these families involves a mode of inheritance
other than one of simple dominance.
Assuming that a recessive gene is causing poly-

dactyly in these families also implies that the 7
pairs of unaffected spouses are carriers of the poly-
dactyly gene. The ratio of abnormals to normals
arising from such marriages should be 3: 1, respec-
tively, while the observed figure is 11 out of 20.

These differences are statistically significant (x2 -
0 60, d.f. 1, 0-01 > p > 0X001), though numbers in-
volved are small. Another point in favour of the
trait being non-recessive is the phenotype of the
abnormality which resembles dominant pedigrees
more than the recessive ones described so far.

Pedigrees where polydactyly has been described
as due to two dominant genes are on record (Pipkin
and Pipkin, 1946; Walker, 1961, etc.). Walker
(1961) named these two pairs of genes as rare poly-
dactyly gene pair (P,p) and an accessory pair (A,a).
He also suggested that the accessory dominant gene
controls the penetrance of the polydactyly gene.
Using the nomenclature of Walker, the combina-
tions PPAA, PPAa, PpAA, and PpAa would be
polydactyls, and PPaa, Ppaa, ppAA, and ppAa
would be normals. The presence of trait in the
present series of families could be explained by
postulating various genotypes, similar to those pro-
posed by Walker, but while doing so, observed
phenotypic differences must be pointed out. In
the pedigrees studied by Pipkin and Pipkin (1946)
and by Walker (1961), only feet or hands were
affected. Other abnormalities were also present
along with polydactyly. In the present families,
the defect is shown both by hands and feet, and, in
addition, no other abnormalities are apparent.
The hypothesis that multiple alleles exist offers
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FIG. 7. The phenotype of the anomaly.

an explanation for the observed phenotypic differ-
ences between reported pedigrees, or only one allele
is involved, but is greatly influenced by the genetic
milieu. The postulation that two dominant genes
cause polydactyly is, of course, advantageous as it
opens various ways to explaining the observations,
e.g. epistatic interactions, increased genotypic
combinations, etc. Such an attempt in this direc-
tion, however, has little heuristic value owing to the
rarity of the abnormality. Lastly, the possibility
that there are more than two loci for the abnormal
trait cannot be excluded. Some of these could be
'major' genes and others 'minor', and thus greater
variability would be produced. In experimental
animals the existence of 'major' and 'minor' genes
for such abnormalities has been indicated (Grune-
berg, 1963).

Summary
Three new pedigrees of postaxial polydactyly

from India are described. A single dominant gene

seems to be the least probable for the trait; two
other possibilities are discussed.
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