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Starting from the point of view of partienlate inheritance,
this study was made on a single-gene determined eharacter in
the hope that a clearer understanding of the developmental
processes of the character, with the aid of further knowledge
on the interaction between allelomorphic pairs and the differ-
entiation of parts as influenced by the interaction of tissuex
during the varied stages of ontogeny, might be a step loward
the dissolution of the vast unknown lying hetween particulate
heredity and the organism as a whole.
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site and that the horn spike is built up by other processes than
those commonly ascribed to normal bone formation. The
mfwmhr:uw which extends over the horn spike and is continumﬁ
with the frontal periosteum. is produced from connective u;'
dermal tissues and may act only as o protective sheath, or
take the place of periosteim. ‘

The localization of the various parts of the spike In the

apparently indifferent tissues of the spike anlage. makes it
possiblg to cut ont the portions forming diﬂ’erentgparts of the
horn spike and provides a means of observing in a new light
the formation of this limiting membrane. '
' In animal no. LITT (fig. 31) the three free transplants grow
ing separafely near the center of the head far from (heir
original loeation were found 1o be cnveloped by a Hmiting
mrl-mbruno. A limiting membrane was also found in the
original locus between the xmall spike that grew {here and the
sheath above it. The membranes surrounding the free frans-
p]:mt..\- were concerned with bone formation alone and not with
kerAafmA sheath formation. Thus the protective membrane,
which is considered as the continuation of the frontal peri
ost.(‘um, can be regenerated from any portion of the horn
spike anlage even in that part taken from the dermis.

The genetie factors responsible for the production of all
the apparently separate manifestations in the expression of
a character that has been shown hy Spillman (°05). Llovd
Jones ('16), Gowen ('18), Lush (26} and others, to he due
'f’ a single factor differencc, have heen dealt with in a pre-
liminary way in the introdnetion,

The experimental work reported upholds the view that the
os cornu is active in stimulating the manifestation of fusion
and boss formation, and is possibly active in directing the
keratinization of the sheath. )

As it was previously thought that scurs do not contain
bony core, there was then a reason to enfertain interest in a
duplicate or multiple action of genes, each controlling a part
of the character—one of which (the gene determining the hony
r'm*r')‘ was domiuated by the allelomorph in thus\e :unmn]'s
carrying scurs.
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Evidence from the natural aecnrrence of horns as all or none
structures, as well as from the experimental results here re-
porled, poinls toward a genetic interpretation in which sepa-
rate but closely linked genes are required for the differentia-
tion of each parl of the horn and in which all tissues lie
dormant until stimulated by the os cornu through the medium
of an interaction of tissues.

The presence of “knobs™ on the heads of polled goats ean-
not be considered as due to a separation of the gene for boxs
formation from the gene for spike formation. In goats. the
genes for knobs is allelomorphie to the prescnee of horns.

If it were possible to find a breed of ‘polled’ goats which
lacks even these bony protuberances, and if it were found that
a genetie factor difference exists between them and the other
two types, the problem would be entively different. In an
examination of the headx of polled goats of the Toggenbury,
Saanan and mixed breeds in various parts of Wisceonsin and
Tllinois. none were found that lacked these cxerescences.

In animals of the family Bovidae. both ox cornu and horny
sheath are present. The horn sheath is shed and renewed in
the prong horn antelope. In the deer the os cornu is shed and
the epidermis, which is not keratinized, s shed also, both
being renewed annually. The giraffe’s horn might be con-
gidered us an os cornu covered by normal skin, ic., lacking
the gene for sheath formation. But the epidermis is changed
to a certain extent by the growth of tufts of long coarse hair.

Horns of the rhinoceros are considered by almost all writers
as a structure composed entirely of hair, containing no bony
core. In reality the composite hair is similar to the hony
<heath of domestie cattle. and a bony excrescence is present,
but in a very diminished form.

An examination of the skulls of rhinoceros in the Field
Museum of ('hicago, the Exhibition Iall of Heads and Horns
in the New York Zoological I’ark, the Museum of Natural
History, Washington, D. C.. and varions other collections
containing skulls of extlinet and living rhinoceros show that



388 W. FRANKLIN DOVE

the bony protuberance (os cornut) is a prominent growth in
some cases, although it usually appears as a rough deposit of
bone on the nasal bones. The protuberauces are often similar
to the rough bony excrescences noticed on the sknlls of seur-
red cattle. Whether they are parallel structures or represent
the os cornu complete and fused is not known. But a broad
statement that the rhinoceros horn lack: the part analogous
to the horns of cattle may not be correet.

Accumulating these varied eontradictory ideas into a com-
posite picture, there stands out but one fact -the close cor-
relation of parts in the produetion of the complete horn.
There is no genclie evidence that the determining factors
separate from cach other. In addition, evidence has here been
given to show that the os cornu anlage inflnences the tissuces
below it to change their course of development. and while the
experimental work did not show that the epidermis was also
actively stimulated to keratinize by the os cornu anlage, vet
the possibility exists for such an action prior {o birth of the
animal. The os cornu. then. is considered the dominatin:
characteristic and the part controlled by the gene p for horns.

A asuggestion derived from the results of the experiments
reported on the relation of connective and dermal tissues in
cansing the formation of an osseons spike, could it not he
possible that the genetie factors controlling the shape of
skeletal structure aet through this same method?

There ave varvions exerescences present on a skull such as
the frontal eminence, the parietal crest, and the facial tuber-
osity.  Even the broad flat arcas of table bone vary in their
width, Tength. and surface cenformation. Some skulls have
a concave (deeply dished) area between the eves: others are
high and bulbous in the same region. The frontal cminence
may be sharp and prominent. or broad and veeeding. All
bones of the skeleton are subject fo variations in size nnd
shape which can be considered as mherited, since they are
common or specifiec ta strains and familics. s it not possible
that the conuective tissue, which is the original precursor of
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the periosteum, continues to lead, by directive action, the
manner and rapidity of bone deposited by the osteoblasts in
the periosteal layers below it?

There is an indication of such an effvet in the transplanta-
tion of a pedicled flap of poll periosteum.

Summary

The os cornu forming tizsnes of calve~ and kids would not
stimulate normal. non-sheath-forming skin to keratinize. The
rapidly proliferaling epidermis ocenrring in eicatricial tis-
sue artificially produced over ossifying os cornu would not
keratinize. Wailure to obtain any reaction between the two
tissues was altribuled to the age and specialization alveady
attained even at the birth of the animal. They were ‘set’ in
the direction of their differentiation and counld not be
redirected.

There appears to be a possibility that the os cornn may
stimulate the epidermis during carly embryonie life of the
animal. especially in view of the fact that it takes an active
part in fusing through frontal periostcumn as it makes attach-
ment to the skull and forms the basilar =upporting strueture
of the horn.

Keratin tissue migrating over connective scar tissue from
keratin forming cclls failed to stimulate bone growth beneath
it.

The view was favored that perhaps the os cornu is the lead-
ing character controlled by the genetie factor p for horns.

The suggestion is made that the shape and form of all
skeletal parts may be influenced by the conncetive tissues
above the periostenm. and that the ginetic faclors re<ponsible
for size and shape of bone work through this medium.

CORCLUSTONS

TProm the transplantation of horn-forming tissues of ealves
and kids, the following results have been observed:

1. The horn core is the product of an ossification originating
in tissnes above the frontal periosteum. The horn core anlage
lies in the comnective and dermal tissues



