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In 1929 Dr. Dry at Massey College startd simple
breeding experiments on the inheritance of fleece chaacters
in the New Zealand Romney. These inecluded pronounced haire
iness, i,e., substantial medullation in coarse fleeces. In
newborn lambs with coarse hairy birtheoats, long coarse,
hairy fibres, called by Dry Halo-hairs (1933, 1935) project
above the rest of the birth coat. lLambs born were graded on
halo-hair abundanee (Dry 1933, 1935) Grade 1 having no halo
haire on the back and grades II, I1I, IV, and V an increase-
ing number up to Grade VI, which had many. Experiments
showed that in these lambs halo-hair abundance wae inherited
in multifactorial fashion.

However in 1931 a search for lambs with many
halo~hairs was made in several stud Rommey flocks, this
leading to the discovery qﬂqmwmﬁmuuon produeing a high
abundance of halo-hairs., One ram was received from Mr.

N, P, Nielson of Tiakitahuna dnd became the founder of a
stock carrying an incompletely dominant gene producing a
great abundance of halo-hairs in the birthecoat far surpassing
that showm by Grade V1. lambs showing this birthcoat were
called N-grade in gratitude to Mr. Nielsen. The same gene
appears aL have been brought on to the College property in
1929 in a hairy ewe from which the foundation Negrade ram
of the Massey-N stock was deescended. |

A Regessive-N gene, ordinarily producing N-grade
halo-hair abundance in the homozygotes only, was also
discovered, 1In 1935 the original Recessive-N ram was born,

the double grandson of a hairy ram, bought and used in 1929



genotype lambs sustained a full abundance of halo-hairs

at the front of the body much better than in the heterozyg-
ous Dominant-N genotype. In 1947 A, S, Fraser's analysis

of stored data showed how to awunuumspur between homozygous
and heterozygous Dominant<N wuwonv with a very small margin
of error and to do this with maximum efficieney on birtheoat
detail in newborn lambs. (Dry and Fraser 1947.) In
heteroazygous Dominant-N's there is almost always a rdduction
in halo-hair abundance in a small armpit area just behind
the shoulder called the shoulder patch. About 1 in 70
heterozygous Dominant-N lambs have no shoulder pateh re-
duction., Iiomozygous Dominant-N lambe never show any
reduction below N-grade in halo-hair abundance in the
shoulder pateh region. Even in the sheep studied in this
thesis, one sheep, 300/48, a homozygous Dominant-N which
possessed a weakly medullated array on the shoulder patch
etill had a full abundance of halo hairs.

Breeding muuauuaono-,opunpon out by Dry (P.C.)
have shown that the Recessive-l and the Dominantel genes
are certainly not allelic but the genetic analysis has not
yet been carried far enough to show whether or not they are
H»aan. The mating homozygous Dominant-N x homozygous
Recessive-N thue produces animals of a fourth genotype,
carrying one DominanteN and one Recessive-N gene and called
double heterozygote.

All told five genotypes were available for
gtudy, namely Non-N or ordinary flock Romney, heterozygous
Dominant«N, homozygous DominanteN, homoaygous Hecessive-N,
and double heterozygote. Heterozygous Hecessive<N's were
not studied ae their phenotype was very little different
from that of ordinary Non-N Romneys. An exception to this
is seen in Dry's =uoswuoau.. (Dry P.C.) but these, although
of great theoretical interest are not typieal heterozygous

Recessive-N's., No sheep known to be of any other particular




abundance in lambs at birth and also of twe presence or
absence of horns in sheep of different Nmuoawuwu. except
for the rather anomalous position of the data relating to
horne in the homozygous Recessive-N's,( Dry £P.C.) has
shows that there seems to be a graded series in abundance
of halo-haire, and in horn characterization, in sheep of
different genotypes.

The ordinary Non-N Romney genotype has the least
abundance of halo-hairs over the body, these always, except
in one doubtful case being less than N-grade in abundance on
the back position, and it is usual for neither rams nor ewes
to grow horns.

Heterozygous Dominant-N lambs show great
‘variation in abundance of halo-hairs. About one lamb in
seventy shows no reduction in abundance of birthcoat halo-
hairs in any part of the body including the shoulder patch
region. About 1 lamb in 9 shows a reduction in the shoulder
patch region only, while about 3 in 4 have a reduction in
halo-hair abundance in some other region of the body as well,
generally showing itself in reduced halo-hair abundance’ over
the front of the body and sometimes along the side. About 2
in 13 of the heterozygoue Dominant-N lambs are less than N-
grade on the back, including cases less than grade VI uL»os
hair abundance in this position. Horns in Romney N-type
sheep are ®eéx-influenced, and are present in heterozygous
Dominant-N ramb but not in ewes, except that 1 in 10 rams
failed to grow horns, while about 1 ewe in 10 grows horns.

Homozygous Recessive-N lambs have N-grade
abundance of halo-hairs better sustained at the front of the
body than heterozygous Dominant-N's, About 1 lamb in six
shows no reduction below Negrade in halo-hair abundance on
any part of the body including the shoulder pateh. About
l in 5 show a reduction on the shoulder pateh region only,

while about 4 in & show a reduction in other body regions as



all these have been grade VI,

However horns as mentioned before are, in
Recessive-N ewes, less well developed than in heteroazygous
Dominant-N ewes. No ewes in the former genotype have grown
horns, these being defined as horny projections more than
an inch long. Only one ewe in 67 grew scurs, horny project-
ions less than an inch long, while asl majority were clean-
polled, not even possessing lumps under the skin.

In double heteroaygotes, although the records
are less detailed as many of the observations were made
before the significance of the shoulder-patch was discovered,
they show mrwa about one lamdb in six or seven has no shoulder

~pateh, 11 out of 14 have a shoulder pateh or greater
reduction, while one out of 21 is classed as grade VI,
However, the horns position is different from that in
Recessive-N, For ewes, in comparison with he terozygous
Dominant-N's, it is seen that the proportion of sieep with
horns or scurs is not significantly greater but that the
proportion clean-polled i® very distinetly lower. Thus in
double heterozygotes there seems to be an Mnommnma. both in
halo-hair abundance and in ability to produce horns when
compared with the heterozygous Dominant-N's while there is
only an increased ability to produce horns when compared with
Recessive-N'gs,

In homosygous Dominant-N lambs, there has never
been seen any reduction of halo-hair abundance in any region
of the body, while both ewes and rams grow horns, the only
exception to this being one ewe that grew very poorly in
her Wnuua year and only had seurs at three years., Thus
sheep of this genotype surpass those of all other genotypes
in that there is a complete covering of halo-hairs in all
parts of the body and both sexes grow horns. Whether the
fullest possible abundance of halo-hairs, is, however,
reached with this genotype is not known.
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born which had N-grade abundance of halo-hairs on the body .

Breeding tests showed that this was not due to a Recessa ve<N

gene being present in the Non-N stock but that some other

explanation ie heeded. Lven in ordinary heterozygous Recess=
ive N's however, the single Recessive<N gene hae some
phenotypiec expression as a quarter or more of the ram lambs ,
have hornes mostly quite small., Also, although very few |
lambe of thie genotype have full N-grade abundance of halo- _
hairs, on analysis of data supplied by Dry it was found that |
there are more lambs of Grades II and IIIl and less of Grade

1 for halo-hair abundance than with normal flock Romneys.

Goldschmidt % Hoener (1957), and Mohr (1932)
have uenarpm«on a theory of gene dosage effects ag a result
of study of the vestigial wing, no wing series of alleles.
Here there is a series of alleles 4, normal wing; ni, nicked; _
no, noteched; vg, vestigial wing, and Fw, no wing, which is
incomplc tely recessive. Different combinations of these
alleles produce different degrees of wing reduction and to
explain the facts the following theory was put forward by
Mohr. emo scalloping effect was known to be due to the
destruction of already existing wing area due to either
inefficiency of some growth substance or by accumulation of
some lytic stuff. Mohr suggested that, assuming that the
first possibility is correct, all the alleles produce the

same growth substance, but some do it less efficiently. If

it is supposed that the threshold for:wild type phenotype
is 40, then different genotypes produce different smounts |
of growth substance which in turn produces different
phenotypes according to the following scheme:
Wi 0 0 i o i i i
T T I I e ol ey
12 16 2 21 26 28 30 32 36 37 ..wu&p&.wawwﬁw




No wing = 6; vestigial = 10; notched - 15; nicked = 22;
wild = 30 for 1 gene. This theory fits all the facte about
the vestigial wing alleles found by Goldschmidt.

From this Goldschmidt has put forward a theory
of gene action as follows (Goldschmidt 1958): A gene acts by
catalysing the production of a certain substance which has
a certain effect on the biochemical system of the individual
carrying it. Mutant genes may either produce more or less of
the same substance than the wild type gene, and the mutant
effect is seen when there is not enough of a substance
produced by the two mwwmwmm.ao give threshold value to
produce the wild phenotype. This explanation works equally
a8 well if the mutants in the case of vestigial wing
produce a lytic substance that dissolves away the already
formed wing, except that here the series of mutants must
produce successively more and more of the substance.

Goldschmidt (1328) also discusses dominigenes
which he describes as non-allelic genes, the action of which
is to alter the action of other mutant or wild type genes.
In the vestigial wing series he has found three dominigenes
which shift the dominance of the normally completely
receasive vestigial wings to-wards the vg type if all three
are present, although each one individually has a small
effect. It is suggested by Goldschmidt as an explanation
that the dominigenes affect the rates of reaction of the

substances produced by vestigial wing series in some way,

|
]
[
i
i

thus affecting the phenotype in a similar way to that suggest-

ed for the mutant genes themselves.

In this theory dominance is also seen to be a
subphenomenon of the same system of reactions of different
speed. Dominigenes change this speed or one of the con-
comitant processes controlling threshold ete. with the same
quantitative effect upon the result as different alleles.

(Goldschmidt 19584 Referring again to Mohr'se explanation
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phenotypically intermediate condition whenever the threshold
for wild type is not transgressed. If this threshold for
wild type is transgressed in the heterozygote the allele
behaves a® a complete recessive, but if not, then it is
partially dominant, This partial dominance may be caused by
failure of the two alleles to produce enough substance to
cross the threshold value or by the influence of dominigenes
as above,

If there is muggested another threshold value
at the other end of the scale it can easily be seen how a
matant gene can be fully dominant. Also if it further
suggested that this speed or rate of production of a sube
stance by the gene can also be altered by the whole genotype
in which it finds itself placed, as well as by dominigenes,
this theory of dominance c¢an well harmonize with that of
Fisher (1930).

Section I11:

In view of the nature of the effects produced
by the two N-genes it wae thought that they would provide
material for a study of dosage effects. Certainly the facts
about halo-hair abundance at birth and horns in N-type sheep,
except for the anomalous position of horns in Recessive-N's,
would seem to merit examination in the light of the theories
of Goldschmidt and Mohr as outlined above.

The position of horne in relation to birthecoat
halo~hairs is, however, somewhat obscure, for while both
seem to be effects of the same gene and increase with inc-
reasing gene dosage, snaw*u a genotype high birtheoat halo-
hair abundance does not necessarily mean good nnoiww of
horns, or viece versa, (Dry P.C.) This variation would also
seem to be partly genetie., Thus, it eould well be suggested
that, as the correlation between the two effects is not

absolute, the Recessive-N gene produces better halo-hair




view that ﬁwm theories postulated by Goldschmidt fit the
known facte about Negenee are: (a) The discovery by Dr. Dry
of a probable dominigene that shifts the expression of the
heterozygous Recessive<N gene towards that of Netype., The
animals are thought to be Domino, e.g. nr/+.Do/+ and on halo-
hair distribution, and horn ®ize in males are of weak Netype
champterization. (b) There is evidence that genetic factors
hinder the expression of the Negene in heterozygous Dominante-
N gheep, and very likely one or several such modifying
factors are quite powerful,

The aim of the present thesis was to provide new
facts as a basis for the study of dosage effects in N-type
sheep, and to learn something about dosage effects. With
the two separate N-type genes present, the Recessive-N
designated nr and the Dominant-N designated X, together with
their wild type alleles, the following genotypes, arranged

"in increasing order of desage of the N-type genes, could
theoretically be attained:

(1) +/+.4/+ wild type Romney; (ii) 4+/+.nr/heterozygous

Recessive-N; (1iii) N/+.+/+, heterozygous Dominant-N;

(iv) +/t-unr/nr. homoazygous Recessive-N; (v) NA-.nr4.

double heterozygote; (vi) N/4+ .nr/nr not yet identified;

(vii) N/N,#+ homozygous uwanununsnn (viii) N/N.nr/4 not

yet identified; (ix) N/N.nr/nr not yet identified. Only
the genotypes (i), (iii), (iv), (v) and (vii) were studied.
Genotype (ii) was omitted as it wae much like genotype (i),
awwwo no lambs or samples from lambs known to be of geno-
types (vi), (viii) and (ix) were available. The effect of
increasing gene dosage on hairiness was studied by the fibre
type array method (Dry 1935; Sutherland 1939) to be deseribed
later, and also by means of the medullometer which gives a
measure of total percentage hairiness in the fleece.

Sections of skin were also made from some of the

genotypee to see if increasing gene dosage had anv effect on



to secondary follicles (Fraser, Ross & Wright 1.P.) but
their study had been limited to one position of the body,

Section IV:

G IENTS OVE .

Galpin (1956) studied the fibre type array
gradient in the New Zealand Romney lamb and found a gradient
in uﬂajwzmmm over the body, the most wmwww arrays being
found on the britch and the least hairy on the poll. As in
the heterozygous Dominant-N, Recessive-N, and double
heterozygote genotypes, there was a great variation in birth-
coat halo=hair abundance in different regions of the body,
it was decided to study the fibre type array, total medull-
ometer hairiness, and follicle population in different
regions of the body to see if and how this variation
changed in different genotypes. Also it was thought that
differences between genotypes in any one position might not
be truly representative of changes over the fleece with
increasing dosage of Netype genes. Finally, the changes
and gradients in fibre type array, hairiness and follicles
over the body were studied and the findings compared with
those of Galpin.,

The number of animals studied in each genotype
is too few to allow any separation on fibre type array detail,
hairiness as measured by the medullometer Or on percentages
of individual fibres present of the three intermediate geno~
types heterozygous Dominant-N, Recessive-N, and double
heterozygote. No real difference between any of these geno-
types in any. of ﬂﬁm.mdoqm measurements could be detected.
However, Dry's information on birthcoat halo=~hair distribution
would suggest that there is a real difference between
heterozygous Dominant-N and Recessive~N, but none between
double heterozygotes and Recessive-N. Double heterozygotes,
heteroszygous Dominant-li's angd Recessive=N's diffey in ability

to grow horns.
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with regard to one measurement, but it ¥8S thought better in

this thesis work to make preliminary studies in several
directions inetead of piling up data on a single point.

AS mentioned previously the three genotypes of
high dosage, namely N/+inr/ny, N/N.nr/+ and N/¥N.nr/nr have
not yet been identified. However it ie hoped that the
present work on known genotypes may ultimately provide a
bapie for tackling dosage effects in lambs so bred that
some of them must carry these heavier dosages.

As already indicated, another problem of interest
which has not been tackled at present, is the study of

dosage effects in lambs provisionally called "dominoes",
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INTRODUCTION
e T T

For this work the individual fibres in a small
lock of wool were sorted into classes depending on tip
shape and presence or absence of medulla. The various
classes and also their significance in the fibre type array
are described below while the materials and me thod are
discuseed in that chapter. (See Chapter 3.)

Section 1.

Dry (1953 & 1935) described the fibre types of
the Romney sheep, placing them in a number of classes
depending on the shape of the fibre tip and also the presence
or absence of medulla in both the pre- and postenatal region.
These fibre types have alsc been described by Sutherland
(1989) and Goot (1940), but as they are fundamental to the
work they will be described here. Also in this work the
curly-tip fibres were further n»:n!.- into two extra types.
A. Eresgurlv-tip fibre group.

I. (1) Halo-baire designated HE. So long as they
continue their growth these are either the longest and
stoutest fibree found, or are amongst them, and are the

first to appear on the foetus. They project above the rest
of the coat of the newborn lamb, but in N-grade birthcoats
they are ©0 numerous that they form a thick mat. These fidbres
coneist of a stout end which may be straight or curved, a
medullated pre-natal region, apt to be slightly wavy, and a
stout, strongly medullated postenatal region, generally straight
The pre-curly-tip region is generally larger than in supere
gickle fibres. Halo~hairs are sometimes, although only
occasionally, less medullated than hairy-tipecurly-tip fibres
or of less total fibre area than peak-curly-tip fibres.
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at the junction between the curly-tip and postenatal regions,
supposed to mark the point of fibre formation when the lamb
was born and thus ecalled the birth point, (Goot 1940.,)

41. Supers-sigile-fibres and Sickle-fibres; These as a group
are dietinguished from halo<hairs in that the pre-gurly-tip
region is shorter and forms a distinetly sickle-shapéd end
which is of greater area of cross section than the neck region
of the following curly-tip portion of the fibre . A® with
hale-hairs they are subedivided on the presence or absece of
medulla in their various regions. However, sickle-fibmes may
be 8o "weak" that all the fibre is non-medullated. Also the
nona-o_on medullation here is generally less thanm in the
halo=hair group. . . _
(1) Supep-sickle A fibres (designated S58A): These are
shorter and less stout than halo-haire but, like «rm!. they are
medullated throughout their length. Sometimes they are dig-
continuous from halo~hairs and this has led Sutherland (1939)
to suggest that they are fundamentally different. However, in

other arrays halo-hair and super-sickle~A fibres would seem, on
eye=-grading, to grade into each other, and are very difficult _
to separate. Intermediate fidbres were some times awa into
another class, called halo-hairg, HHg, but these were not
really dietinet from haloehairs at one end of the scale or
super~sickle As: at the other,

(i1) 't These resembled

super-sickle As: except for a break in medulls at the birth
point. (¢/f Ez.oyr&n..v

(ii1)  Super-sickle B depignated S8B: These are of turee
types. Type (a) has a break in medulla below the eickle-shaped
énd as well as another break at the birth point, but medulls
is present in the middle of the curly-tip region, between these

two breaks. Type (b) has the non-medullated region next to

the birth point extended up towards the sickle-end but there is

alwvayse some medulla present in the curlvetin recian inat helmo
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(iw) . Sickle-fibres designated Sk: These are distinguished
by having mo medulle: in the cairly-tip region of the fibre. The
sickle end mey or mey not be medullated.
(v) and (vi) Super-sickle (generally SSB) and sickle fibres
mey or may not have medulle in the post-natel region. If medulle

is absent they are termed fine super-sickle or sickle fibres
respecyively. .
B: Curly-tip fibres. These fibres conskst of only two regions,

& curly pre-natal region and & post netal region which may or
mey not be crimped and/or medullated.As with other groups they
are® sub-divided according to the predence or absence of medulla.
(i) Heiry-tip-curly-tip fibres designated HTCT: These heve med—
ulle present in the curly-tip region in amounts varying from a

trace to complete medullation throughout, except the extreme
apical end. Generally medulla is alseo present post=natally but
occasionally it is absent when the fibres are termed checked-
hairy-tip-curly-tips.

(11) Curly-tip fibres designated CT:Ehese have no medulle in
the curly-tip region; which may consist of many curls in fibres

next to the pre-curly-tip series down to slight curling in those
fibres next to the histerotrich seri¢s which lack a curly-tip
region. The lengbh 2nd number of curls present in the curly-tip
region is taken as.a measure of the order in which thesé fibres
appeared in the foetus and allows them to be arranged in a
series depending on time of appearence. Curly-tip fibres
are sub divided as follows:

&s Medullated post-natally.

These may include the bulk
of the curly-tip fibres or only a very small percent-
age; medulla may be strong or weak.

b. Non-medullated post-natally:

These may be either at
the beginning or the end of the curly-tip series
or at both places, If the fibres non-medullsated
post-natallyiprecede medullated fibres in the arrey
the non medullated ones are termed "echecked" and
are chnsidered to be next to fine sickle fibres.
However, non-medullated fibres occurring later
then medullated ones in the arrey are considered
to be a result of leck of basic médulls producing
ability of folliclee, and are termed curly-tips
non-medullated,

This division of the hairy-tip-curly-tips
and curly-iipsemay be furthe® complicated if & discontinuous
drop in length or diameter of the fibres of the series
occurse. This is termed & precipice amd fibres fall into dis--
tinct groups according to whether they are "above" or
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of the hairy-tip-curly-tip fibres matters are not so
complicated, but often there are present pre-precipice
curly-tip fibres discontinwous from the post-precipice ones,
and generally stouter and more -enounﬁw medullated although
in one exceptional case (178/48 side) this was not so. Very
occasionally some of the post-precipice fibres belong to the
uwuuwan»vnachWna»u fibre type, and this creates another
anomaly., There may be some merit in attempting to divide
array® into precipice and none-precipice ones as the class-
.kuopapon of fibres in the two arrays is somewhat different.
All the fibres in the precipice type array can be put into
the fibre types of the non-precipice ones but some valuable
data is thereby lost, (See later,) .
L. listerotrich Fibres designated Hi: These fibres consist
only of a postenatal region, i.e, lack a curly-tip. Goot
(1940) has done work which would suggest that they first
gtart to appear about two or three days before birth. As
they are nn»ww appearing at the time the samples were collect-|
ed they were not considered in the amalysis of the data to |
vmo extent that the other fibre types were., However, they
were divided into medullated and non-medullated histerotrichs.
This subeclassification was sometimes important, especially
when most or all of the curly-tip fibres were medullated, in
that it helped to show the strength of the basiec medulla
producing ability in the array; but the information was not
complete as not all histerotrichs were present.

The action of the Negenes is to increase the
hairiness, i.e., to increase the medullation of the individ-
ual fibres., This inecrease in medullation can be measured
as the proportion of various fibre types in each of the
groups hale-hairs, super-sickle and sickle, curly-tip and
histerotrich. Also, with increased medullation the
vnovonaurﬂ of fibres in the various groups themselves may

change, but this is not so marked as the changes of
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while the classification of the various groups is bzsed on
tip form and is more probably related to time of appearance
of the fibre groups in the age of the foetus than to med-
ullation, However, the halo-hair group is very often absent
from the less medullated arrays; and in these an increase in
the proportion of fibres in the curly-tip group has also
been postulated (Goot 1940), this being attributed to the
"promotion" of the histerotrichs, The secondary follicles
it is thought face less severe competition when the primary
follicles are growing less stout fibres.

Jegtion 2: |

This inecludes the main ideas that have emerged
in work on the goat of the Romney lambd when the fibre types
are considered, not separately, but as collections or arrays.
When a lock of the birthecoat of a lamb, is, some time after
birth, pulled to pieces and the fibres laid out on black
velvet, it is seen that there are usually pre-curly-tip,
curly-tip (including hairyetipecurly-tip) and histerotrich
fibres present. These fibres can be arranged in their order
of appearance in the lamb and thie series of fibres is
called a fibre type array, Halo<hairs are believed to be the
first constituents of the fleece to begin their naqmwovsnne
prior to birth (Dry 1935). Consequently they are placed at
the front end of the array. Following are the other pre-
curlyetip fibres, which possess a sickle-end above the
curly-tip position of the fibre. Curly-tips lacking a
sigkle-end, occur next in the array, those curly-tips with
many curls in the tip being thought to arise first on the
foetus and these are consequently put at the front end of
the curly-tip series of fibres. Those with few curls are
similarly thought to appear late and are placed last in the
curly-tip series, Hisgerotrich fibres lack a curly-tip

region and most would appear to arise after birth. (Goot 1940).

Thease fibreag are nlacsed laat in the 2 nwwasw
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I. Plateau array: Poasesses no sickle or checked curly-
tip fibres but of the other fibre types, halo-hairs,
hairy-tip-curly-tips, curly-tips and histerotriché-
are always present. Super-sickles may or may not be
found. This array has been extensively studied by
Sutherlend (I939), who distinguishes between strong
Plateau, no super-sickle B fibres present, and weak
Plateau where such fibres are present. Both types on
Sutherlends classification may have & flew sickle-fibres
"in parallel®

Ils Seddle arrey: Possesses sickle fibres not"in parallel™
but no mkk=Exxfine sickles or checked curly-tips. Bf
the other fibre types, halo-hairs, super-sickles and
hairy-tip-curly-tips may or mey not be presehnt.

III. Revine erray: This is distinguished by possessing fine
gsickle fibres but no checked curly-tips.

IV. Vaelley arrey: PRossesses both fine sickle-fibres and
check=d curly-tips but is more medullsted then the
Plein array tn that it possesses medullated curly-tip
fibres followingm the checked curly-tips.

Ve Plain arrems: These possess no medullated curly-tips
following what &are probably checked curly-tips. Thus
there is Just a straight series of fibres from fine
sickles, through non-medullated curly-tips to non-
medullaeted histerotrichs. In all except one Plain array
studied these were the only fibrek types present, the
possible exception being an arrey classed as Revine
bordering on Plain present on the shoulder petch of
heterozygous dominent-N, I04/48, where an occasionsl
halo-hair and super-sickle B were present in addition
to the other theee fibre types.

Two other erray types, Escarpment end All-In, have

been found, The former was not.met with in this work end will
not be discussed further and only a possible case of the
latter on the withers of 80/47, was found. The All-In array
is described as having a transition frpm small ended sickle~-
fibres to medullated curady-tips, Together with the above
Seddle charscteristics are superimposed Valley characteristics,
These are arn associastion between large and small ended fine
gsickle-fibees and e small number of checked curly-tip fibres.,
Those fibre types previous to the essential fibres,
e.2+. the super-sickles and medullated sickle-ftbres, may
or mey not be present in a Valley array. If they are absent
the arrey is termed"truneated®- |
This fibre type array cladsificetion of Dry's is
thus a direct measure of what iGoot AHm»ow calls the head
check which is supposed to operate in the following way.
»u.mﬂwmw with no head check would possess only halo-hairs,
super-sickle As end heiry-tip-curly-tips down tec non-
medullated histerotrichs end/or curly-tips. This is what
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the head check ouonreon. cauging first the pre-curiy-tip
fibres and if stronger the curly-tip fibres next to the
pre-curly-tip seried, to be non-medullated. Thus a very
weak head cheek mupe. causes some of suo_ supe r-gickle A fibres
to become !ﬁnaa»wwwo A'. A stronger head cheek produces
successively super-sickle B, sickle and fine sickle- and
super-sickle fikbres. A very strong head check finally
affects the curly-tip fibres next to the pre-curly-tips
causing them to be checked. 585. the checked curly-tips
are followed later in the array By medullated curly-tips a
Valley is produced but when the head check is such as to
include many checked curly-tips and/or the basal medullation
is s0 weak that no medullated curly-tips are found in the
middle of an array, a Plain is produced.

A8 the head check gets stronger in the array
the basal medullation generally, but not always, becomes
weaker, (See array 178/48 later.) The exceptions to this
generalization would seem to suggest that head check and
bagal medullation are independent variables but that the
N-genes affect both causing increase in basal medullation
and deerease of the power of the head check,

The fibre type array nppu-»wnapﬁo:\wuoon only
on the presence or absence of fibres affected by the "head
check". Unfortunately there is no convenient measure of
basal medullation but some research should be devoted to the
problem. (However, see Chapter 6.)

Increased dosage of Negenes also causes the
curly-tips next to the pre-curly-tip series to become long
and strongly medullated and separated from the other
‘ourly-tips series by a precipice. The final result is seen
when all these pre-preeipice curly-tip fibres become hairy-
tipecurly~-tips but this only occurs in hairy or "“tough"
arrays. According to the theories of Fraser, Ross and Wright
(I+Pe) the primary lateral follicles form the hairy-tipe




it is not absolutely correlated with the strength of the
"head” check., Some effort could well be made to correlate
the effects of all these different measurements of »uo.u.onu»an
medullation.
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MATERIALS AND HMiTHOD

SAMPLING POSLT,

For each fibre type array of the homozygous
Dominant-N, heterosdygous Dominant-N and Non-N stock a mamvw
sample of wool, consisting of about three locks, was taken
from each of seven standard sampling positions on the sheep.
These positions are as follows:

1. Standard Bacgk Position: In the mid-dorsal line at the
level of attachment of the last rib,

1ds In the mid~dorsal line immediately

above the shoulder position and level with the 5th rib.
111, 3ide Position: ©On the point of the last rib,

v, iv For this sample one of the

smallest and shortest locks from the armpit region
were selected.

V. Shoulder Position: Mid-way between the elbow joint and
the shouldeyr joint on the fore limb,

Vi. HNeck Position: Mid-way between the shoulder position and
the ear; i.e. on the side of the neck.

Vil. Britch Position: As found on the leg by the present
observer, this position is between the stifle joint
and the projection of the pelvis on the side of the
tail. The sample was teken from where lines of equal
length drawn at right angles to each other from the
above-meritioned positions meet.

- The back, withers, side and britch peositions
have been described by Galpin (1936)., The Figure following
shows the .eeven sampling positions in relation to the
sheep. (See Fig. I.)

All the wool samples, except those from the

Non-N genotype were collected from lambs born in Dr, Dry's

g AT P TRl MY - R SO et s P PRI TS . G n s T o T~ R



FIGURE I,

1, Shoulder patch 2, Shoul der 3., Neck 4, Withe
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the flock belonging to Mr, R. A, Buchanan of Kerere.

Samples from the Recessive-N genotype were
collected from lambs born in 1948 and 1947. The 1948
Recessive<N lambs were sampled in every position except the
briteh, while the 1947 lambs were not sampled from the
shoulder patch. By sorting out fibre type arrays in this
genotype from samples collected in both years a measure of
the arrays in all seven positions could be taken.

The only samples available from lambs of the
double heterozygote genotype were from lambs born as long
ago as 1944 and these were only sampled in the back, withers,
gide and britch positions, Samples from any of the other
positions were unfortunately not available from this geno-
type.

Jegtion 2 :  SAMPLING METHOD

For sampling the sheep was held by the neck with
its head between the operator's legs and its back in front.
The sampling position was then found and the sample,
including about three locks of wool was then taken by
cutting back from this position. Sometimes however a second
person held the lamb, while the first person did the sampling
and when this eoosmnon the sample was cut off from in front
of and including the sampling position. How much error was
incurred through this difference in technique is not knowm,
but any error variance included here is included in the
statistical analysis, in the error variance between individual
sheep, After sampling the samples were packed, dusted with
DeD.Ts powder to prevent moth larvae from causing destruction
and stored until use,

All of the samples analysed were taken from
lambs about two months after birth. This was before the-
pre-gurly-tip fibres had been shed and lost, but not all of
the histerotrich fibres had appeared at this time. (Goot
1940,) Thus the proportions of pre=curlvetin and curivetio
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Segtion 9.

. To find the fibre type array of a particular
sample the materials needed were, some black velvet cloth,
a pair of blunt tipped forceps, benzol, a microscope, slide
and cover slip., From the sample a small sub-sample of
approximately 400 fibres was taken, and, with the blunt
tipped forceps, each individual fibre was sorted out on to
the black velvet. If the sub-sample contained less fibres
than estimated an additional sube-sample was taken so that
at least 400 fibres were sorted. If there was any doubt as
to which class or type a fibre umpoamaﬁ. it was placed on
a slide under & cover 8lip, the whole was irrigated with
benzol and examined under g microscope. Medullated fibres
contain air which has a different refractive index from
benzol and thus shows white to ‘the naked eye or black under
the mioroscope, Non-medullated fibres however contain no
air and the refractive indices of benzol and this fibre are
very similar. Consequently in benzol non-medullated fibres
appear colourless and invisible to the naked eye and trans-
parent under the microscope. In this way it was possible
to tell with absolute acocuracy in which parts of a fibre
medulla was present or absent. (Elphick 1932)., Fibres
were then sorted into the aermmom described in the Introduct-

ion and the fibre type array studied,
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FIBRE TYPE ARRAYS AND GENE DOSAGE

In this chapter fibre type arrays, as described
in the introduction for Part II (Chapter &) are used for
a study of gene dosage., Comparisons are made between arrays
present on the same position between different genotypes
and between different positions in the same genotype.
Finally the interaction of these two comparisons is studied,
giving qualitative or quantitative changes in fibre type
array gradients in different genotypes. As no mathematical
measurement of fibre type array could be made, all the
observations here recorded are without statistical backing,
a fact to be le pt in mind throughout this chapter. The
relative tables are at the back of this work. In this
work, as Plateau arrays covered & fairly wide range they
were subedivided as follows: Plateau P; is a very strong
plateau possessing neither super-sickle ,.p_. super-gickle B
nor sickle-fibres. Plateau Py possesses ne ither super-sickle
B nor sickle-~fibres while wwﬂummﬂ P4 has no sickle~fibres,
Saddle arrays as stated before (Chapter 2) possess sickle -
fibres. As a result this classification is more rigid than
that of Sutherland (1939) who includes in Plateau those
arraye with a few sickle-fibres following on from the super-~
sickle B's these being desecribed as "in parallel" with the
array. On the avove clagsification these arrays would be
classed as strong Saddle. Sickle-fibres "in parallel® do
occur however and are sometimes seen in a fairly "tough"
Plateau containing super-sickle A and a few super=-sickle A'
fibres but no super-sickle B's.

In all work in the present chapter in comparisons
between individual fibre types (Chapter m;\ and in the
medullometer work (Part III) ,in the heterozygous Dominant-}
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and 194/48 were, in addition, included.
The term "toughness" is used to denote the

degree of hairiness of an array while "weakness" is used

in the opposite sense.

A: Back Arrave (See Tables I & 2 - 35 and Graph I.)

The fibre type arrey in all the None~N sheep
on the back is Valley, a very characteristic feature of
this genotype. However Dry (P.Ce) and Galpin (1936) have
found that, although Valley is the most common array on the
back of Non-N Romneys, Plain is common and Ravine and
Saddle are found easily. This would usmmamm that all possible
variation in the Non-N genotype has not been encountered in
thie work, due probably either to the small numbers taken or
else to variation in the flock the lambs were selected from
being less than normal. The only other Valley on the back
occurs in the heterozygous Dominant-N, 178/48, but this
sheep is unusual as deseribed later. (Chapter 6).
He terozygous Dominant-N's show much variation, the weakest
back array found being the above~-mentioned Valley and the
strongest a Plateau P; in 48/48, However the majority of
the wool samples analysed were Saddle or weak Plateau.
Recessive=N's and double heterozygotes are similar except
that two out of four Recessive~N back arrays are strong
Plateaus while no double heterozygote arrays are Plateau
and one is Ravine. Thus, if anything, Recessive=N arrays
would seem to be less and double heterozygotes more checked
on the back, The six homozygous Dominant=N's are all
Plateaus. Four are strong (grade Py), vhile the other two

are grades mm and weak ww.
B: Withers Arravg. (See Tables I & 2 - 35 and Graph I)
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position and these overlap with the Non-N withers arrays,
G: Side Arrays. (See Tables I & 2-35 and Graph L)

Side arrays are of sgimilar "toughness" to those
of the back,
2: Shoulder Pateh Arrave. (See Tables I & 2 - 36 and Graph I

These show differences in comparisons between
genotypes when compared with back, withers and side arrays.
All Won-N shoulder patch arrays are Plain and contain only
the fibre types, fine sickle, non-medullated curly-tip, and
non-medullated histerotrich. The he terozygous Dominant-N
shoulder patch arrays all contain some medullated fibres.
Arrays range from truncated Valley of 178/48 and Ravine
bordering on Plain of 104/48 to Saddle found in 48/48 and
65/48. Sheep 93/48 and 16/5 O have Valley arrays in this
position and all other UEdmuonm°ﬁu,uoB»=muaam.m Ravine,
The typical array for a heterozygous boawumsw:z on the shoul-
der patch region is thus Ravine. In the Recessive-N
genotype the four shoulder pateh arrays are two Valleys, a
Ravine and a Saddle. Thus here the typical arrays would
also appear to be about the "toughness" of g Ravine, thus
showing no difference from heterozygous uoEwamsdwz_m.
Homozygous Dominant-N's are the only genotypes to show
Plateau arrays on the shoulder patch. Of the six homozy gous
Dominant-N shoulder patches studied five were weak Plategus
and one & Ravine. However this sheep 300/48 showed very
weak arrays for N/N on the munor ghoulder patch amd britch.
The reason for this is not known but the phenomenon will
be discussed below. Double heterozygote shoulder patches as

stated earlier were not available.

&: Shoulder and Negk Arrays. (See Tables I & 2 - 35 and
Graph I.)
Shoulder and Neck arrays are very similar except
that of the two if there is any difference the shoulder is
usually the weaker. This does not agree with the halo-

hair distribubdions over the body in heterozveous Dominant<N' a
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on Plain, having fibres that are definitely checked curly-
tips but no medullated peak curly-tips following.

In the heterozygous Dominant-N's both shoulder
and neck arvays varxry in toughness from Valley to strong
Saddle bordering on Plateau except the neck array of 35/48
which is a weak Plateau. The average array for shoulder
appears to be about the border between Ravine and Baddle
while that for the nee¢k is Saddle.

Recessi ve=-N genotype arrays in these positions
are of similar but slightly greater "toughnees" ranging
from border be tween Ravine and Valley to Saddle on the neck
and weak Plateau on the shoulder. However, this difference
in toughness between Recessive~N's and heteroazygous
Dominant-N's is very slight and is probably of no significance.
It is seen mainly in the lack of Valley arrays in Recessive-
N's and in the presence of a shoulder Plateau but against
this howeveyr is the lack of a neck Plateau array.

All the homozygous Dominant-N shoulder and neck
arrays are Plateaus, ranging from strong in 239/48 to weak
in 15/60, 14/50, 245/48 and 300/48, Thus the average array
for this genotype in these positions is a Plateau of grade
Py or Pz and this is much tougher than the arrays present
in other genotype s.

F: Briteh Aryays. (See Tables I & 2 -~ 35 and Graph I.)

Britech arrays were studied in the Non-N,
he terozygous Dominant-N, Recessive-N, double heterozygote
and homozygous Dominant=-N genotypes., Non-N britches, in
contrast with arrays in this genotype on other parts of the
body, are very variable and range in toughness from Valley,
present in two sheep, through weak Saddle, (1 case), to
weak Plateau (also 1 case). The average array would there-
fore appear to be a weak Saddle or a Ravine. In the
he terozygous Dominant-N genotype two britch arrays were not

Plateau. one in 178/48 being a Seddle and the other in 148/B0
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Grade VI, and 16/50 being Grade III. All other heterozygous
Dominant-N and all double wmamuowwaodmm and homozygous
Dominant-N sheep had Pleteau arrays on the briteh. These
showed no increase in "toughness" in the homozygous Dominant=-
N genotype where three of the 8ix arrays studied were weak
Plateau. It is concluded that in all N~grade sheep a
certain threshold in britch hairiness, as shown by the Ffibre
type array, has been reached and that increase in gene
dosage does not result in increased "toughness" of the arrey.
Variation in the "toughness" of Britch arrays as seen in
Ne-grade sheep 1s due to a factor or factors unknown.

The one Recessive-N britch array studied was
also a strong Plateau so there does not seem to be any
anomaly in the position there, although the data does not

permit gemeralisation.

Galpin (1936) has studied fibre type array

gradients in the Non-N N.Z. Romney. ‘he has found that tie
mHamla no.ﬂﬁ»ow the fibre type arrays were depressed varied
over the body, giving a general mﬂmnwmza from briteh to
poll, the most depressed arrays being found on the poll and
the least depressed on the briteh. This gradient was
gradual, no sudden transition taking place on any part of
the body. Subsidiary gradients up the side of the body,
accompanying the posterior anterior gradients were also
found most noticeably on the limbs., In these gradients,
the array on the inferior position limited the & rray on the
superior position; thus the array on the britéh limited
the arrays in the rest of the body to being no less depressed
thain that of the briteh, but they could be more depressed.
As in the Non-N Romneys studied (Tables I & 2 -~ §
‘and Graph Hv the shoulder pateh was in all cases the most
checked region, the array here being straight Plain as
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followed by coarser non-medullated curly-tips so the array
was slightly less checked than on ﬂsn shoulder pateh. On
the other two sheep, a&rrays are truncated Valleys, containing
medulla in the curly-tip fibres, except in B b neck, where
oneé medullated sickle~fibre is present.

Next in increasing order of "toughness" are the
withers and eide sample® which also have very similar arrays.
These are all Valleys in some cases truncated, but the side
positions are consistently "“tougher" than the withers as
shown by their possessing more medullated curly-tip fibres.
In sheep B 1 there is no medulla present in the withers
array, but it is seen in curly-tip fibres on the side.

Bagk arrays are next in order of toughness, All
are Valley arrays but B b has an odd hairy-tip-curly-tip
fibre at the peak of the curly-tip series, B 4 back array
igy if anything, slightly weaker, as shown by it possessing
less medullated curly-tip fibres, than the side and withers
arrays on the same sheep, but in all the other Non-N sheep
studied the reverse was the case., Desides having a greater
percentage of medullated curly-tip fibres following the
checked curly=-tips, all the Non-N back arrays except B 4
po sse ssed ﬁqm;nzupwnapw fibres other than fine sickles, and
B 6 shows super-sickle B and siekle fibres in this position.

Britech arrays were the "toughest® found in Non-N
sheep, two of which had Valley arrays in this position, one
a Saddle bordering on a Favine, and one a Plateau grade ww.
The "weakest" britch Valley, found on B 1, was stronger than
the back array on the same sheep as it had more medullated
curly-tips and less checked ocurly-tips as well as halo-hair,
guper-gickle B and fine super-sickle B fibres present. The
next stronger britéh Valley, that on B b had, except for a
very small number of medullated histerotrich fibres, the

same fibre types as were present on the back but more of the
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moanmmdwo however, was that sheep possessing the "toughest"
britch arrays namely B 4 and B 6 did not possess the
"toughest™ arrays on other parts of the body, as can be seen
by the (Tables Nos, 2 - 5), B 6 arrays in other positions were
all very weak yet the britch array was Plateau while B §
arrays on the back, withers and side positions were tough
compared with these positions in other Non-N sheep studied,
yet the britch array was only a Valley. Because of this
anomalous position it is suggested that for fibre type
array detail in Non-N sheep, the britch sample does not give
a true measure of the hairiness of the fleece and at least
one other position should be sampled.

It is seen that in the individual sheep there is
very little variation over the body or gradient in "toughness"
in the Non-N sheep studied. All possess weak and in many
cases truncated Valley or FPlain arrays in all body positions
except the briteh. Thus these sheep possess a very even
fleece with regard to fibre type array detail except for a
small area on the britech, where a wochma array is often
found. However, it is also possible that this lack of
variation over the body in Non-N lambs was due to selection
with regard to this character having been practised in the
wpomw from which these lambs came,

B: In the heterozygous Dominant«N genotype (Tables
I& 6 - 17 and Graph 1) the "weakest" arrays are again found
in the shoulder patch position., These range from a Ravine
bordering on a Flain array present in 104/48, which is
however "tougher" than the Plains present in the NoneN
shoulder patches, as it possesses halo-hairs and super-sickle
B fibres, through three qﬁwwn%mamnm wmqwzmuxcw to two Saddle
array 8. Thus the typical heterozygous Dominant-N shoulder
patch array is Ravine,

The body positions next in ascending order of

"toughness" are the shou.der and neck. but excentinng tn +hia
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different gradient is 65/48 where though the shoulder array
~is the weakest next to that on the shoulder patech the mext
array in ascending order of "toughness" is a strong Saddle
found on the back, In this sheep the neck, and withers
arrays are about of equal "toughness" being on the border
between Plateau and Saddle. However, on closer inspection
it is seen that the neck array 28 no halo-hairs, a moderate
numbe r of super-sickle A fibres and many super-sickle B's
while both the back and withers arrays possess halo-hairs,

& moderate number of super~sickle A8 . and fewer super-sickle
B fibres than found on the neck. Thus, although the bagk
array has more sickle fibres than a re found on the neck, thus
technically making it a Saddle, yet taking all things into
"consideration it is the "“tougher".

‘On the shoulder the arrays range from Valley,
pregent in 16/50 and Hqﬁ\pmﬁeﬁuocmw Ravine of which array
three are present and Saddle, six present, up to one array
‘present on 35/48 on the border beiween Plateau and Saddle,

On aSm neck the arrays range from a truncated and very weak
Valley present in 16/50 through one Valley in 178/48, one
Ravine in 104/48, six mﬂnnHmmn two arrays in 65/48 and 48/48
on the border between Flateau and Saddle up to one array in
35/48 which is a Platesau of Wamgm wm. Thus although in both
positions the majority of mwam%m are Saddle, in the shoulder
there are three Ravines while the " toughest" array is on the
border between Plateau and Saddle, On the neck however only
one Ravine is present, while the "toughest" array ie a
Flateau.

Of the withers, side and back positions the
withers would appear to possess the weakest arrays, Sometimes
indeed as in sheep 6/48, 35/48 and 93/48 the withers array
ls weaker than that on the neck while in 104/48 and 90/48
it is aﬁuanmaa than the side array. However, arrays in this

vosition in hetero zveoous Nominant«l sheen Tanoe Fram Form
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Plateau and Saddle up to two arrays in 48/48 and 90/48
clagsified as weak MH Plategus, Thus when compared with
neck arrays those on the withers are seen to be "tougher"
in that no true Ravine was present but that two fairly
atrong Plateaus were found. However, the significance of
this difference in 4H@a.ow the small numbers, mwﬂwo;mﬁ it
cannot be subject to statistical analysis, is doubtful.

Side arrays are weaker in "toughness" compared
with those on the withers in the cases mentioned above and
in sheep 41/48, 12/48, 65/48, and 16/50 they are "tougher"
than the bagk arrays. In the twelve heterozygous Dominant-N
gheep studied, the side arrays ranged from one Valley in
178/48 through one array on the border between Saddle and
Ravine in 104/48, three Saddle arrays, up to seven Plateau
arraysgs, Of these latter, four were classed as mua two
bordexline cases between Mm and P; and one as ww with one
guper=gickle B in parallel. Here the majority of arrays
are clasped as Plateaus in contrast with those of the
withers but the average array would probably be aboutl the
border between Plateau and Saddle.

Back arrays are weaker in “toughness" than those
of the side in the above-mentioned cases. In 16/60 the back
array is tougher than the britch array, These aryrays vary
in toughness from Valley in 178/48 through strong Ravine in
16/50, four Saddle arrays up to six Plateaus of which two
are classed as wu. one as a border-line case between mw and
Pzy two as Py and one a8 P;. Here as on the side, the
majority of arrays are Plateaus although many Saddles are
present and the average toughnese would appear to be about
the level of the border between Plateau and Saddle, In the
four cases mentioned, the back arrays are "weaker" than on
the side, in sheep 90/48, 78/48, 104/48 and 6/48 they are

ttougher" while in the remaining four cases no marked

- F m o S - L I P )
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both the baek and side arrays., Here the britch array is
Valley, the back Ravine, and the side Saddle, this being
the “"toughest" region of the body studied. This is in con-
trast with Dry's halo~haiy grading of this lamb whieh was
classed Grade IIl in the back, while on the briteh there was
g full Ne-grade abundance of halo-hair over a restricted
renge. Arrays in this region of the body range from Valley
in 16/50 through Saddle on 178/48 to Plateau in the other
ten cases. Of these, two are classed as Pz, one as a
borderline case between Py and Pz, one as Py and six as P
The average =no¢ﬂﬁ5amm= of heterozygous Dominant«N britch
arrays would therefore be a Plateau of about Orade mw or Pz.

In this genotype therefore, the increasing order
of " toughness" of the various positions studied would appear
to be shoulder pateh  shoulder {neck <withers  side s
vack <britch. However, in any individual sheep this order
does not necessively hold good. Shoulder patch arrays are
alway s the weakest of any of the positions maﬁﬂpmn with
regard to any single sheep, but in all the other positions
the order in an individual sheep may or may not hold.

Fibre type arrays in the individual sheep in the
he terozygous Dominant-N genotype also .show great variation
between different positions of the body, or in other works,
the fibre type array gradients are much more marked than in
the Non-N sheep studied. LEven the average arrays for the

whole genotype in the different positions studied show this;

ool

Shoulder Patch average array : Ravine

Shoulder " “ : Saddle

Neck “ " :  Saddle

Withers " # : Strong Saddle

8ide " " :+ border between FPlateau
and Saddle

Back " n t border between Plateau
and Saddle

Briteh " = : Plateau of grade ww or

P.
-w.

When individual sheep were studied & similar type of gradient



4n four sheep arravs are:

SHLEP ARRAYS:  178/48 104/48 78/48 48/48
She. Pateh. Truncated Ravine Ravine Saddle
Valley bordering
on Plain
Sh Valley Ravine Ravine Saddle
Nk Valley Ravine Saddle Plateau-
Saddle
border.
We Valley Saddle Plateau/ Plateau Py
Saddle §
border.
3. Valley Ravine/ Plateau Pz  Plateau P,
Saddle
border
Bk, Valley Saddle Plateau Pp Plateau 2y
Br. Saddle Plateau mw Plateau w. Plateau ww

Here the heterozygous Dominant-N genotype is
seen to produce great variation in the fleece characters
as measured by the fibre type array. This is so far as
gradients over the body are concerned is in kee ping with
Galpin's (1936) findings that it is in the intermed iate
coated lambs, as distinct from the fine-even-coated lambs,
or uniformly coarse coated ones that marked gradients occur
in fibre type arrays over the body .

JoF; in the Recessive-N genotype (Tables I & 20-24

& Graph I) the shoulder patch is again the "weake st position
studied. The nmswm. although only four sheep were studied

in this position, is from Valley in 351/48 and 563/48 to

weak Baddle seen in 3532/48,

Next in ascending order of "toughness" are arrays
found on the shoulder and neck positions. Arrays found here
are mostly Saddle and in three sheep 351/48, 332/48 and
365/48 there is no difference in toughness between the two
positions. Saddle arrays are present in the two former
sheep while the latter has an array bordering between
Ravine and Valley in both positions. In m»w\pw a Plateau
grade Pz is present on the shoulder and a Saddle on the
:man while nu_mo\ﬁq a Ravine is present on the Shoulder
and a Saddle on the neck. Thue itis seen that, on fibre
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The back, withers, and side arrays are very
similar. In 80/47 the withers array is weaker than the
other two, which are Saddle, posseseing fine sieckle, and
both checked and non-checked hairy-tip-curly=-tip, and
curly~tip fibres. It is in faet a most unusual array
possessing features of a Ravine, Saddle and Valley and
might best be termed "All-in", However, see Chapter 6,
Section I. In the other four sheep the withers array is
eimilar in "toughness" to the weaker of the other two
arrays. Thus in 351/48 the withers array is a Plateau
Grade P2y similar to that on the side. The same position is
geen in 343/48 &wuwm\wwN\»m the back and withers arrays are
daddle and the side is on the border between Plateau and
Saddle. In 355/48 Saddle arrays are present in all three
positions. From the above deseription it will be seen that
there is practically no difference between the back and side
arrays. 3ide arrays are weaker in 351/48 and 3435/48 while the
reverse is true in 352/48. In sheep 355/48 and 80/47 arrays
are similar in both positions. On the withers, the average
array grading would be about the strength of a strong Saddle,
on the side and back a bout the border between Plateau and
Saddle. Back arrays may show slightly greater over-all
"toughness" in that two Plateau arrays of mamnw mw are
present but it is probably of no significance, especially as
in one sheep side is "tougher" than back. However withers
arrays would, over the whole pictune, m@wmmu to be slightly
"weaker".,

The one Recessive-N britch array studied showed
nothing unusual, being a Plateau grade ww like those found
in many heterozygous Dominant-N sheep.

Ds In the double heterozygote genotype (Tables I &
29 = 29 & Graph 1) the arrays were collected from sheep born
in 1944 and, as the significance of the shoulder patch was

B I . T o e L T T e s = -
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that in the Recessive-N genotype. On the back, withers,
and side positions there is remarkable uniformity in the
sheep studied and practically no difference between positions.
Baddle arrays of very similar “"toughness" are present in all
three positions of eheep 129/44, 88/44, and 155/44 and the
back end withers (the only positions studied) of 9/44. In
42/44 Ravines of approximately similar strength are present

on the back and withers, except that in the latter a

‘checked hairy-tip-curly-tip fibre was f ound, while the

array on the side was a Saddle.

Britch arrays in the double heterozygotes
studied are all Plateau and these range from one on the
border between Grades Pg and Pz through one on the border
between Grades P; and Py up to two of grade Pp,

Rece ssive~=N and double heterozygote genotypes
are very m»ﬁ»kmu.\wmn all except one sheep marked gradients
oceur in fibre type array. The exception is 332/48 which
is unusual in that arrays in all positions are Saddle.
Whether there is any significance in this or not is not
known, but a study of distribution of fibres in 353/48 and
80/47 (Tables 20 & 22) shows that there is not the variation
in presence or absence or numbers of various fibre types
commonly encountered in heteroaygous Dominant-N sheep. Thus
there would appear to be a slight suggestion that there may
be less variation in arrays from different parts of the hody
in Recessive-N sheep. Certainly the back, withers, and
gide arrays in both of these genotypes and more markedly in
the double heterozygotes show remarkable uniformity, but
then s0 do some on the heteroazygous Dominant-N sheep.

B3 In the homozygou®s Dominant~N genotype (Tables
1& 50 = 55 & Graph 1) the gradients in most of the sheep
studied seem to be much less marked and in some cases alter-

ed. Ixcept in sheep 300/48, a very special case which will
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other arrays, In sheep 245/48 the shoulder patch array is
on the border between Plateau grade P, and Py and mmmemsaw%
"tougher® than the shoulder array, However, on owcmmu
inspection it shows other weaknesses, such as «rm_wommmmmpoa
of many halo-hair' fibres, and no super-sickle A fibres,
which are completely medullated, while the mwomwamw array
possesses many of the latter and none of the former,

Arrays found @n the shoulder and neek positions
range from Plateau grade P3 in 14750, 245/48, and neck of
15/60, through an mwwm% on the border between Plateau Py and
Plateau Py on the shoulder of 15/50, Plateaus grade Py on
265/48 up to Plateau grade Py on 259/48.

The side arrays in sheep 265/48 and 15/50 are
weaker than arrays found in both the shoulder and neck
positions, In the formmer grade Py Plateaus are found in
all positions, but the array on the side pogssesses a higher
percentage of super-sickle A' fibres. In the latter sheep
a weak grade Py Plateau is found on the side and a strong
grade PJ3 Plateau is on the shoulder and neck. Sheep 14/50
and 259/48 show side arrvaye of comparable "toughness" with
those on the shoulder, but in both cases slightly "weaker"
than the neck arrays. However, this difference is so slight,
it is probably of no significance. In sheep 245/48 the side
array is "tougher", being a grade Pg Plateau, than either
the shoulder or neck arrays which are grade Pz. Thus in
this genotype, there would appear to be no real difference
in "toughness" between arrays found in the se three positions,
a fact of considerable interest in comparison with the
findings in other genotypes.

A very anomalous situation is seen when the
arrays on the back, withers, and briteh are compared. In
all the other genotypes, as before shiovn, the array found on

the britch, is, with the exception of sheep 16/50, the

' I T a 48 =
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and Pz, on the back, and one on the border between grades Pj
and P, on the withers, Here the withers array is the
"toughest" found, next comes that on the back, and then that
on the briteh. This briteh array is of comparable "toughneass"
with that on the neck position possessing a higher percent-
age of super-sickle A' fibres but fewer supere-sickle B, In
sheep 14/60 the briteh array is a strong grade Pz Plateau
again of comparable "toughnese" with that found on the nedck.
Here the withers array is a grade wn Plateau and the gmw
grade Py, Thus the arrays in ascending order of "toughness"
are Briteh { withers ( back compared to Briten < back £
withers in 15/50.

In the other three sheep 245/48, 259/48 and
263/48 Briteh arrays are as tough or tougher as those
found on the back and withers except that in mmw\.—m the
back and withers arrays possess only halo~hairs and no
super-sickle A fibres but both are present on the britch.
If, as suggested by Sutherland (1939) halo-<hairs are a
fundamentally different type from super-sickle A fibres, this
may perhaps indicate a difference between the back and |
withers and the britch arrays, However there is no differ-
ence in the medullation present in the two fibre types so
one type of array cannot be said to “be "tougher" than the
other in that respect.

Back and withers arrays are very similar, the
differences being small and contradictory. Thus in 14/50
aﬁn.i»agun array is weaker than that on the back, possess-
EN_E supe r«sickle A' fibres but in 15/50 and 259/48 the
back arrays are weakest,

Arrangement of arrays in different body positions
of homgazygous dominant sheep in ascending order of "toughe-
ness" would therefore appear to be shoulder pateh A
shoulder == side n._,n.._u.._aoow. Adu.»gv A.opow = withers.

Platdial tiave Fowsd ta a1l nadltitsns an all ehaimes swes ok &
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l. Shoulder Patch Grade P

1l. Shoulder : DBorder mmaseou grade Pg & Pgz,
11l1. Side : " g % N

1V, Neck : ! X " 2

V. Britch : Strong grade Pgp,

V1i. Back : DBorder between grade P) & Py,

Vil. Withers Weak grade Pj.
The arrays of 300/48 (Tables I & 30) show two
" peculiarities:
(i) Compared with those of other homozygous Dominant-N
sheep marked weaknesses can be found, sickle-fibres being
present in the side and neck arrays and fine sickles in that
of the shoulder patch.
(ii) in contrast with arrays in other genotypes but in
keeping with the position in homozygous voapzmaanz sheep,
the gradients over the body found in the former do not hold.
In this sheep the arrays seem to be divisible
into two groups:
(a): Those on the back and withers which are grade P,
Plateaus, as "tough" as any found in these positions on
other homozygous Dominant«N's, and containing only halo-hairs
super~sickle A, hairy-tipe-curly-tip, medullated curly-tip,
non-medullated curly-tip and non-medullated nisterotrich
fibres,.
(b): Arrays on the side, shoulder patch, shoulder, neck
and briteh positions which all possess super-sickle B or
even more checked fibres. The most checked ‘array included
here is a Ravine, with many fine sickles found on the
shoulder patch. Next are a strong Saddle found on the gide,
and an array on the border between rlateau and Saddle found
on the neck, The shoulder array is s weak Plateau, grade Pzy
with many superegickle B fibres while that on the britech is

a strongey mw Plateaun.

Section 1il:

There is very little variation over the body in

the Non~N genotype but as before stated this is very probably
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either Valley or Plain. As far as gradients were found
to exist there seemed to be & gradient round the shoulder
Tegion cumulating in the extremely checked shoulder patch.
Next a feirly well-checked area.was found on the side of
the neck end another on the gide. Beck arrays were found to
be "tougher" than those on the side but this is only an
overall average and does not hold in every case, s0 that the
results here may not be in contradiction with those of
Galpin (I936). Withers arregs while less“towgh!' then those
on the back are "tougher"thsn those on the shoulder. mwwnoy
arrays, the "toughest", show much varistion.
By In contrast the heterozygous Dominent-N genotype
shows gresat dwpvamos.dwﬁs in fibre type arrays in different
perts of the body of tlje same sheep, &s before shown, and
between different sheep in the same body positions.
€.£+ Shoulde: wmmor arrays range from Ravine bordering on
Plain in I04/48 and three Valleys up to two Saddle arrays,
shoulder arrays range from Valley to onc on the border
between Plateau and Baddle, neck errays from trunceted and
very weak Valley up to a grade wu Plateau and withers, sidey
back end brijch errays from Velley to grade mH Plateau.
Apart from the esnomalous case, seen in I6/50 however, the
fibre type arrey gradients: found in other genotypes hold.
In thie genotype they are just more marked.
C: . In the Recessive~N and double heterozygote
mmﬁonﬁwmm the position is very similsr to that in the hetero-
zygous Dominant-Ns in 21l respects, except for some slight
suggestion that there may be less of a marked Wﬂmawmsﬁ between
different body positioms than in the heterozygous anwsgsﬁ N
genotype. If this is so it would be very interesting from
the theoretical point of view if the gradients could be
geneticelly reduced when the medullation of the fleece was
at a helf wey mwmmm. €.2. would it be possible to produce a
SSuonaH% aoavwmdmpw hairy fleece?
D: In the homozygous Dominant-Ns, apert from sheep
woo\gm. the fibre type errey gradients are much reduced and
wﬁ some ceses reversed. Apert from the shoulder pstch being

the weakest array, all other positions are fairly uniform
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and herxe the britch array is no longer the "$oughest"
present; this position being taken in three of the six
sheep studied, by the baeck and withers arrays. Furthermore
the side arrays, which in other genotypes are classed next
to the withers and back arrays in "toughness" owmmmwﬁamﬂou”
are here relatively much "weaker", and are similar to arrays
found on the shoulder and neck. A clue to the situation
may be gathered from a study of sheep 300/48, a homozygous
Dominant~N but possessing several weak arrays, Here as in
other sheep studied the shoulder patech array is weakest,
Next in "toughness" come the shoulder, side, neck and briteh

arrays while the back and withers arrays are again "tougher".

Section AVs
RISSCUSSION AND CONCLUSIONS

A theory to explain these facts is as wo.,..womn“
In the Non-N genotype there exists a very slight gradient
in fibre type arrays in different parts of the body. One
marked gradient, is as found by Galpin ( Poumv\ that extending
from the britch to the withers or a posterior anterior
gradient. Another is the gradient on the shoulder oﬁwauum.n...
ing in the reduced shoulder pateh while the neek and side
regions also seem to be fairly weakly medullated. Here the
basal medulle producing ability of the genotype is insuffic-
ient to produce any great degree of fleece hairiness except
on the briteh. Next with increasing dosage of N-genes this
medul lation extends over the body, showing its effect first
in the areas which possess the "tougher" arrays but extend-
ing more and more to those areas where "weaker" -._u.u.n.qn are
found., As the ability to produce fleece hairiness seems to
be expressed more readily in those areas of the body where

"tougher" arrays are found, it can easily be seen how gradients

wou. d increase in steepness with increasing ability of the
moaoSGr to produce fleece hairiness, The heterozygous
DominanteN geénotype produces this second stage, Arrays in
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Non-N sheep, are "weak" arrays still found. A similar
position is found in the double heterozygote and Recessive-N
genotypes except for the suggestion before-mentioned, that
here the wmﬂ% gradients may be less marked., If this is not
a fortuitods resktult due to small numbers, it does not fit
into the theory as above-suggested, but could be due to
(1) A theoretical postulated effect of ..'Bs rece ssive-gene
on the body gradients causing these to be less marked,
(ii) Polygene combinations linked to the recessive gene
whobe effeet is to damp aoau.mwa grad ients.
(iii) A chance collection of polygenes, not linked with
the Regessive~N gene, in a -arww stock.
All explanations are unsatisfactory in that they are theoret-
ical attempts to explain away a suspected phenomenon whose
real cause if the above is a real effect is unknown.

In the homozygous Dominant-N genotype ability
to produce a Plateau array in every region of the body
studied has been reached, consequently gradients do not
follow the same pattern as in other N-grade genotypes,
However if no other complications occurred this would mean
a ugiform fibre type array all over the body, except for
some last lingering effects of lack of ability to produce
fully medullated fibres, seen in shoulder pateh arrays
being slightly weaker than the rest and with the same grad-
ients still present but very much less obvious, as in NoneN
sheep but at the opposite extreme of the "toughness" range.
However this latter condition is not realised.

In the homozygous Dominant-N's the ﬂ.lnnoa.n-
seem to be altered to seme extent and to be in increasing
order of "toughness" shoulder patch {  shoulder == side <=
neek { briteh <withers ==tack. In 300/48 there is
apparently a lack of ability to produce medullated fibres,

but this produces "weaknegs" in arrays in accordance with

+ha nanatnnlated ormamAdieanta i hamazuvonii@ Daminantailili o snad G
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to wm known of the mechanism of the productions of gradients
themselves and of the physiological and developmental
effects of the N-genes, a matter for future ummmmnnw.
However, from this it is seen that in contradbiion to the
findigs of Galpin (1936) that when the various Negrade
genotypes are taken into account, that the array in the |
inferior position does not limit the array in the superior |
position to being no lese depressed than iteelf. The array
on the britch does not limit the arrays on the rest of the
body to being no less depressed than that on the britch.
However, the only lambs studied by Galpin were ordinary
flock Romneys, of Non-N genotype and in the few Non<N
Romneys studied her findings, are, in the main, supported.
It is only in the N-type sheep, more especially in the
homozygous Dominant~N that any matrked anomalies are found,

However, in heterozygous Dominant-N's one sheep,
16/50, where the britch array was Valley, the back Ravine
and the side Saddle, was found to have gradients not accord-
ing to the general pattern so that even here the statement
that arrays in the inferior position limit arrays in the
superior position to not being more "tough" than themselves
is not an inviolable law, but does not hold in the great
ma jority of cases. Other slight anomalies are found in that
arrays in one of the body positions that is classed as
"weaker" in fibre type array detail when an average of all
.cages is taken may possess "tougher" arrays than the =aozmwg
er" position placed next to it on the scale, in individual
cases., Conversely a "tougher" position may possess an
array weaker than the one in "weaker" position next to it
on the scale. This overlapping is seen to occur between
shoulder and neck, neck and withers, withers and side, and

side and back positions.
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SEARIEB Y.
COMPARISONS BETWEBN INDIVIDUAL FIBRE TYPES, BETWEEN

§

POSITIONS AND BETWEEN GENOTYPES.,
e e e e ey e et e

The purpose of the uadongwww»ga.\uuawpnan in
the present chapter was t o study the differences in the -
percentages of the individual fibre types present, between
genotypes and between different positions of the body. The
differences between the different fibre type arrays Plateau,
Saddle ete, are based on the presence or absence of only
one or two different fibre types (Chapter 2), the rest
being ignored. A study by Ros® and Wright (I.P.) has shown
that real differences do exist between percentages of |
different fibre types present on the standard baek position.
For statistical Hﬁﬂwouan in the present chapter all uau_oouno
ages were transformed by using Bliss's transformation : .
angle = are !::\M\. (Snedecor 1946 P, 447) as most percent=-
ages were under twenty and the data was heavily skewed. For
the following work the fibres were all plaged in the fibre
type groups halo-hair, halo<hair', super-sickle 4, supere
sickle A', super-sickle B, fine super-sickle B, sickle,
fine sickle, checked curly-tip, hairy-tipecurly-tip,
medullated curly-tip, non-medullated curly-tip, medullated
histerotrich and non-medullated histerotrich. The fibre
type curly-tip big as hairyetip-curly-tip, i.e. those pre -
precipice=curly -tip fibres in arrays where precipices
occurred, was here plaged with the smaller medullated curly-
tips in the medullated curly-tip fibre group. ﬂw»_n wag
because these fibres could only be distinguished in arrays
where a precipice occurred. aw..o% will be dealt with later
undeyr the chapter on precipice, |

In the present chapter the statistiesl method
was similar to that in the analysis of the medullometer
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A, Comparisons of the Bmmum of halo=halir percent-
ages present between different genotypes in all regions of
the body show that differences at the 1% level exist in all
positions,

| On the shoulder patch the only real difference
is that between the homozygous Dominant-N and all other
genotypes which is at the 1% level of significance. |
8imilarly on the neck position although here there is also m
a real difference at the 1% level between halo~hair abundance m
in the ﬁon;z.msa Rece ssive~N genotypes.

On the shoulder position there is only a real
difference, again significant at the 17 level between the
means of the Non«N and the Recessive-N and homozygous
Dominant-N mmuodkumm while on the withers position there
is a geparation of the genotypes into three groups on halo=-
hair abundance. The Non-N genotype has the Hmmm« abundance
of halo~hairs and the mean of the percentage in this genotype
differs at the 5% significance level from the means of all
other genotypes, There is no real difference between the
means wm the percentage of halo-~hairs present in the three
genotypes heterozygous Dominant-N, double smdmaomwwodm. or _
Regessive =N, these forming & group intermediate in hglo-hai r
abundance. The homozygous Dominant-N genotype's mean of
halo~hair percentage differs signifiecantly at the 1% level
from the mean of all other genotypes, being of a greater
order of magnitude,

On the side, back and britch positions the halo=-
hair abundance in the Non~N genotype differs significantly _
at the 1% level, in being much lower than that in the N-grade |
genotypes.,. Among the Negrade genotypes themselves in these
positions the only real difference in halo-hair abundance is
that between the heteroazygous Dominant-N and homozygous

Dominant-N on the back position, the heterozygous Dominant-N

mrenntyne nacepeairnmo Ffowey o lanehiad vooo
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before suggested there is probably less variation than
normal in the flock from which the samples were taken,
Common observation would suggest that there are more halo-
hairs in thesNon~N lambs where there is an appreciable
number of these fibres, on the back than on the side and
withers, However, significant differences at the 1% wc«cmw»n“
between positions in all other genotypes.

In the heterozygous Dominant-N genotype no
significant differences are seen in halo~hair abundance
between the shoulder pateh, neck, shoulder and withers
positions or between the side and back positions. However
the former group of positions possesses less halo-hairs 5
than the latter, the difference being at the 57 significance
level. Also the mean of the perecen tage of halo-hairs
present on the briteh is found to be significanmtly greater
than the mean of halo~hair percentage present on any other
region of the body.

In the double heteroazygote genotype the withers
and side positions form one group of lower haloehair abund-
ance than another group formed by the back and briteh
positions but no other real differences are seen.

In the Recessive-N genotype the mean of the
percentage of halo-hairs present on the shoulder pateh
position is significantly wojauvpn the 67 level, than that
found on any other position of the body studied., The means
of all the other positions however form a graded series,
in ascending order, neck, withers, shoulder, side and back, -
not divided into any groups but wmmuun the extremes signif-
icantly different from each other. Thus the back position
mean is significantly different, at the 5% level from that
on the neck and withers, but this procedure should be
adapted cautiously as stated eleewhere, (See Part III; also
Tukey 1949).

Yan 3 ‘B iinss et s e db s ol o o T ool o g L g b e
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back. In this serie gfhe back position mean is seen to be
significantly greater at the 5% level than the means of all
other positions but b-tween othepr ccmpﬁwosm.wrmwm are only
significant differences between the means at extremes of
the series such as between those of the britch, and those
of the shoulder and shoulder patech position,

Ce Changes in the differences between positions
between genotypes show that the greatest differences
be tween positions are found in the he terozygous Dominant-N
genotype and the least in the lNon-N and homozygous hoB»ﬁ@ﬁa-
N genotypes. All the Non-N sheep positions show a very low
abundance of halo-hairs and there is no real difference:.
between the means of halo-haip percentage in any position,

The Recessive-N, heterozygous Dominant-!l and
double heterozygote genotypes form a group, intermediate in
halo-hair abundance and no ﬂmmw difference between these
genotypes is seen in halo-hair abundance in any body
position. In the heterozygous Dominant-N Zenotype the
body positions are in three groups as regards halo-hair
abundance. Shoulder pateh, neck, shoulder and withers
positions form one group of low halo=hair mdssnmzom. side
and back positions another group of intermediate halo=hair
abundance while the britch possesses a significantly greater
abundance of thewe fibres than any other position. Uf the
four positiohs studied in the double heterozygote genotype
the withers and side positions form a group of gignificantly
lower=-halo-hair abundance than the back and britch positions.
In the Recessive-N genotype the shoulder pateh mean of
halo-hair percentage is significantly lower than that of all
other positions but the means of the latter form a graded
series with real differences existing between extremes of
this series.

The homozygous Dominant-N genotype possesses

the higheet halo~hair abundance of anv cenotvee studied. 1t
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fact is that here the back position possesses significantly
more hslo~hairs than all others positione including the
briteh. This however is in keeping with what is found in
regard to gradients over the body in fibre type array in
homozygous Dominant-N sheep. Tor the other positions a
graded series, with incereasing halo-hair- abundance, is |
found from the shoulder pateh to the britch. The differences |
between the positions found in the heterozygous Nominant-N,
Recessive-N and double hetervazygote genotypes seem to be
removed by the halo-hair abundance increasing on those body

regions where it is low.

Section I11. . _
COMPARISUNS BT 1AL FILRE S,
See Table 37 A & B

In all except the comparisons between genotypes
on the shoulder patch and comparisons between positions in
the homozygous Dominant-N genotype halo-hair' fibres were
too few in number to give m:w_ummw difference between the
means of percentages of fibres present. In the above-men- m
uwoamn cases, however, real differences do exist.

In the comparisons between genotypes on the
shoulder pateh it is seen that the homozygous Dominant-N
genotype possesses far more halo-hair's than are found in
any onwmﬁ genotype, the difference here being significant
at the 17 level. Indeed, halo-hair' fibres are hardly

present at all in any other genotype studied on this position.

»
|

In comparisons between positions in the

homozy ious Dominant-N genotype differences at the 55 level W
exist., On all positions except the shoulder and showlder
pateh very few of these fibres are found and even the
shoulder does not possess significantly more than other
body positions. However on the shoulder patch of this _
genotype the mean of the percentage of halo-hair' fibres is _
significantly greater than that of any other position.
Seation 31V . _
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the shoulder, neck and side positions and at the 1% level
on the back and britch positions. However, on closer
examination it is seen that in all cases it is the Non-N
genotype that possesses m»muww»omnﬂpz less super-sgickle A
fibres than any of the N-grade genotypes. The differences
here are of the same level of significance, as these found
between genotypes as a whole. No real differences are f ound
between any of the N-grade genotype.
B However in contrast :a. between positions within
genotype analysis snows that real differences occur between
positions in all the N-grade genotypes, but not in the Non-N,
Tiese differences are at the 5% level in the homoaygous
Dominant-N genotype and at the 1% level in the rest. In
the heterozygnus NDominant-N genotype the positions can be
arranged in ascending order of super-sickles A sbundance as
follows: shoulder patch, withers, neck, back, side, shoulder
and britch. Not much besides the fact that significant
differences in m:@mwum»owpm A abundance do occur between these
positions, can.be said, for there are no sharply defined
groups of poeitions. Features of interest, however, are the
low abundance of super-sickle As: on the withers and the
high abundance on the shoulder in comparison with the position
with regard to over-all hairiness as measured by the
medullometer. However the restul t may be explainable on
the grounds that there are le ss pre-curly tip fibres on the
withers position and a greater abundance on the shoulders
(See later.)

In the double heterozygote genotype the withers
position is low in the number of super-sickle A fibres
present and differs from the other three positions in this
factor at the 10 significance level. The side and back
positions form another group of intermediate super-sickle A
abundance while on the britch position the mean of the

percentage of super-sickle A fibres nresent is sionificantlyv
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a graded series in super-sickle A abundance occurs, with
overall significant differences between the means of the
percentages, but no sharply defined groups being present.
In the Recessive-N genotype the sgeries is in increasing
order of super-sickle A abundance: shoulder patch, withers,
neck, dﬁﬂw‘ ghoulder and side, while in the homozygous
woa»:mza-z genotype it is withers, shdulder pateh, back,
neck, Bide, shoulder and britch. Here again as in the
heterozygous Dominant-N genotype there is a low percentage

of super-sickle A fibres on the withers and a high percent-

age on the shoulder position.

There are real differences between the different
genotypes only in the means of the percentages of super-
pickle A' fibres on the shoulder patch and side regions.
These differences are at the 1l level in the case of the
shoulder patch position and at the 5 level on the side.
Closer inspection shows that on the shoulder patch the mean
of the percentage of these fibres is higher in the
homozygous Dominant-N genotype than in any other, this
difference being at the 5% level, The other three genotypes
form a series in increasing order of fibre abundance as
follows: Non=-N, heterozygous Dominent-N, Recessive-N., The
only real difference is between the means of the Non-N
and Recessive~-N genotypes., On the side position the geno-
types also form a series, in increasing oxder of abundance
of fibres as follows: None<N, heterozygous Dominant-I,
Recessive~N, double heterozygote and homozygous Dominant-N.
No sharply defined groups are found but differences at the
5% level do exist between genotypes.

The only real differences between pos.itions are
found in the heteroazygous Dominant-N genotype. Here again

only a series of meanas is formed with no sharnlyv defined
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these positions. The order of the series is different from
that found in halo-~hairs and super-sickle A fibres and the

change 1s probaubly due to these fibres being charac:ieristic

"of neither very "tough" nor yet very "weak" medullation.

@ i z

18)

See Table 40 & Graph 4)
A: ooabmﬁ»moam between genotypes in a“wwwwmsﬂ
positions show that real differences exist here on all
positions except the side and britch.

On the shoulder patch region differences at the
5% significance level exist between genotypes. The Non-N
genotype possesses less super-sickle B fibres on this
position than the N-grade genotypes and this @&ifference is
significant. None of the N-grade genotypes show any real
differences among themselves.

On the shoulder and neck positions, differences
at the 1% level of significance exist between genotypes.
On both positions there are no fibres of this type present
in the Non-N genotype and this is significantly less, at
the 57 level than the number present in any N-grade genotype.
On the shoulder the Recessive-N genotype also contains
singnificantly more super-sickle B fibres than are found in
the homozygous Dominant-N but no other real differences
exist in either position,

Un the withers and back positions the order of
genotypes in a scending order of abundance of this fibre type
is: Homozygous Dominant-N, Non=N, he terozygous Dominant-N,
Recessive~N and double hete rozygote. On the withers there
is a difference significant at the 57 level between the
percentages of these fibres present in the Non-N and
Heterozygous Domimant-N sheep. ALl the other genotypes in
this position and all mmaoﬂummm in the back form a graded
series, mﬁa between which real differences do exist, no

digtinect #rouns being found.
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Non-N and homozygous Dominant-N genotypes.
B: A between position within genotype analysis
shows that significant differences do exist between positions
in all genotypes except Recessive-N, In the Non-N genotype
the briteh position possesses a significantly greater
percentage of super-sickle B fibres than any other position,
but no real differences exist elsewhere. In the
heterozygous Dominant-N and double heterozygote genotypes the
position is the reverse to that found in the NoneN. The
britech position in both cases possesses the lowest abund-
ance of super-sickle E fibres. In the heterozygous
Dominent-N genotype there is just a graded series in
increasing order of fibre abundance: britch, back, withers,
side, shoulder patch, neck and shoulder between which
positions, differences at the 1% significance level do
exists In the double heterozygote ﬂwm.quﬂas mean of the
percentage of super-sickle B fibres present is significantly
lower than that on the withers, side and back positions but
be tween the latter no real differences exist. In the
homozygous Dominant-N genotype the abundance of super-sickle
B fibres forms a graded series in incgreasing order:
withers, back, britch, side, neck, shoul der and shoulder
patch. The shoulder patch shows a significantly greater
( at the 5% level) abundance of these fibres than any other
position. The other positions only form a graded series
between which only a doubtfully significant difference
between the extreme members exists.
Cs When the differences in the percentage of super-
sickle B fibres present between positions are studied
be tween genotypes the interaction is seen to be very complex
and interesting and emphasizes the position of these fibres
denoting intermediate medullation. In the Non-N genotype
these fibres denote "toughness" and & re found mahly on the

britech nogition. the most hairv recinn atudied in +tHie
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denote "weakness" as sesn in the 5m¢mdou%mocm Dominant=N,
double heterozygote and more especially in the homozygous
Dominant-N genotype. Here the wmmma_mdsunmsom of these
wwdumm is found on the most hairy parts of the fleecge, in
those positions studied, namely on the britch position and
the back and withers of homozyz us Dominant-N sheep.
In the heterozygous Dominant-N genotpe the greatest abundance
is found on the shoulder, neck and shoulder patch positions.
Unfortunately these positions in the double rmﬁmuommmowm
were not available for study. Ah interesting point is the
lack of maw real differences between positions with regard
to these fibres in the Recessive«N genotype, but this may
be partly due to the britch position not wm<wzw been

studied,

See Table 37 C.)

In all comparisons of fine super-sickle B fibres
except that between positions in the heterozygous Dominant-N
genotype too few of these fibres were present to give any
real differences. However in the above-mentioned case
real differences at the 57 seignificance level do exist
between positions, On cloSer examination it is seen that
the shoulder patch position contains appreciably more of
these fibres than any other position except the neck wherw
the mean of the percentage of finesuper-sickle B fibres is
intermediate between that on the shoulder patch and that on
other regions. The t test shows thata real difference exists
between the mean of the shoulder pateh position and the
means of all other positions mHnm@a ﬂsm neck. No other

significant differences exist.,

Section Vill:
- B3
(See Table 41 & Graph 5)
A: Comparisons between genotypes in different
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characteristic of the genotypes intermediate in hairiness.
w.m.n_dwm heterozygous Dominant«!ll, Recegsive-N and double
heterozygote. However on the most hairy position name ly
the britch, these fibres are characteristic of the least
hairy Non«N genotype.

On the shoulder patch, neck and shoulder
positions both the very weakly hairy Non-N genotype and the

vey strongly :wMﬁ% homozygous Dominant-N form one group
possessing very few of these fibres. The Recessive«N and
heterozygous Dominant-N genotypes form another group in all
three cases possessing a significantly greater number. On
the withers and side positions a series in increasing order
of sickle fibres abundance is found as follows:
Homozygous DomiganteN, Non-N, heterozygous Dominant-N,
Recessive-N, and double heterozygote. No sharply defined
groups are found here but between the mmsou%bmm_ummw
differences, at the 17 level Gn the withers and at the 5%
level on the side do exist. As in previous cases of this
nature the extmmes of the seriesow real differences upon
application of the t test, but these are obscured by
uﬂmuwmcupzm from adjacent genotypes.

On the britch position, however, the Non-N
genotype shows a significantly greater, at the 1% level,
percentage of sickle-fibres, than any other genotype. No
real differences however are found to exist between any =
grade genotype.

B Between positions within genotypes real
differences in sickle-fibre®m abundance are only found in

the heterozygous Dominant-N and double heterozygote geno=-
types, In the heterozygous Dominant-N genotype a series

is formed, in Huoﬂmmmpum_ounmu of sickle~fibrem abundance,
mw follows: ‘britech, side, back, withers, neck, shoulder
mwa ghoulder patch. Real differences at the 17 significancge

level exiet between these moegitiona hut na akhomwaly Ao dwmad
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difference is significant at the 1% level but no real
differences are found between any of the other positions.

In the Recesgsive«N genotype, as with the super-

gckle B fivres a uniformly high abundance of sickle~fibres

with no real differences between positions is found while
there is a low abundance of these fibres in both the Non-N

and homozygous Dominant-N genotypes.

Section JXi

See Table 42 & Graph 6)
On studying the means of the percentages of
these fibres present between positions within genotypes
and between genotypes within positions wﬁ,wm found that
they are characteristie of very weakly medullated genotypes
and positions; nemely the Non-«N genotype and the shoulder

pateh position in the heteroazygous DominanteN and Recessive-

N sheep. Statistical tests of significance give the

following results:

As Between genotypes within positions significant
differences are found to exist in all positions except the
shoulder patch. On these positions namely the neck,

shoulder, withers, side, back and britch positions, the _
Hon-N genotype is found to possess a significantly higher

(in all cases at the 1% proballity level) percentage mean

of fine sickle fibres than is found in N-grade genotypes.

No real differences are found within any of the Negrade
genotypes themselves, and nﬁmw all contain in all positions
except the shoulder patch, very few of these fibres.

Bs In the between position within genotype analysis
real differences between positions are womzn in only the

he terozygous Dominan t-N and Rece ssive-N genotypes. In both
these cases the mean of the shoulder patch position is
gignificantly higher than the mean of all other positions

at the 1% probability level. In the Recessive-N genotype

no real differences exist between anv of the other pnogitiona.
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difference between the extreme members of this series.
However as already stated this result must be accepted with
caution. ;

In the Non-N genotype ﬂwmﬂmAHm a undliform
high abundance of fine sickle-fibres and in the homozygous
Dominant-N and the positions studied in the double he terozyg-
ote genotype a low abundance is present throughout. There
is no real difference between positions in any of these
genotypes.

a3 :

See Table 43 & Graph 7)
As with the fine sickle-fibres, these fibres

are characteristic of the Non<N genotype but they are howewr

not found in any great quantity on the shoulder patch W

position in any genotype.

Between genotypes within positions significant

differences are found on all positions except the shoulder
patch. On the neeck, shoulder, withers, side and back
positions, the Non-N genotype has a high abundance of
checked curly-tip fibres and all the N -grade genotypes a
low abundance, this difference being slgnificant at the

1% level, On the britch a Bimilar position is found but
there are fewer checked curly-tip fibres in the NopeXN |

genotype and the difference here is only at the 5% probability

level, |

Between positions within @gnotypes real differenes
only exist in the Non-N genotype. In all the N-gnde _
genotypes studied abundance of these fibres is too low to
give any real differences in any comparison which eould be
made .

In the Non<N genotype however, a low abundance
of checked curly-tip fibres is found on the shoulder pa tch

end briteh regions and a high abundance on every other

position. The low abundance of cheoked curlvetins am +he



56
genotype. The reason for the reduced abundance of these
fibres on the britch was however due to this position
veing "tougher" than the other regions studied. A signif-
icant difference at the 1% level exists between these two
groups f positions but there are no real differences
within either of the groups.

Segtion Xl:

These fibres are found mainly on the N-grade,
more especially the homozygous Dominant-N, genotypes. The
only appreciable number found on wsm Non-N genot:.pe were
on the briteh but even on the shoulder patch position of
the heterozygous Dominant-N and mwommwwqmnz mm:mawwmm the ae
fibres smwm found.,

As In ooawmw»monm between genotypes within positions
significant differences are ﬂorbn to wxnmﬂ on all positions.
On the shoulder patch a real difference at the 5% signifi-
cance level exists between the mean of the percentage of
hairy -tip=-curly-tip fibres found in the homozygous Dominan t <N
genotype and those of all other genotypes. No real
differences are f cund within the latter however.

On the neck position the Non-N differs at the
5% level from the zamwmnm genotypes in possessing less of
this fibre type. Between the N-grade genotypes the means
form a graded series and between the members of this series
real differences at the 5% level exist. Between genotypes
on the neck, as on the shoulder, withers, side, back and
britch, significant differences at the 1% level exist.,

On the shoulder the homozygous Dominant-N
geno §pe possesses significantly more hairy-tip-curly-tips
than any other genotype, as on the shoulder pateh, but
there are also real differences here between a graded series

of means formed by the Non-N, heterozygous Dominant-N, and
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series with a real difference existing between the
heterozygous Dominant-N and Rece ssive=N genotypes and the
homozygous Dominant-N, On the side back and britch the
means in the Non-N genotype are poﬂmw than those of the
N~grade genotypes this difference being significant at the
5% level on the side and the 1% level on the back and
britch. No real difference between the means of the Negrade
genotypes in any of these positions is ‘seen,

B Between position within mmlodzﬁm analysis shows
that real differences occur between the means of the per=
centages of hairy-tip-curly-tip fibres, at the 1% signif-
icance level in the heterozygou® Dominant-N and double
heterozygote genotypes and at the 5% level in the homozygar 8
Dominsnt-N genotype. In the latter case the shoulder patch
position possesses significantly less of the fibre ty pe

than any other position but no other real differences are
found.

In the double heterozygote genotype the britch
possesses significantly more, (at the 5% level) hairy-tip-
curly-tip fibres than are found on the back, withers and
side, There are no real differences between these latter
mcm»ﬁmoum.woﬁmqwu. In the heterozygous DominanteN
genotype the means in the various positions form a graded
series as followss Shoul der patch, shoulder, negk, withers,
back, side and briteh in increasing order of abundance of
this fibre type. No groups of positions are found to be
separable but real differences at the 1% level do exist.

No real differences exist between positions in
the Non-N and Recessive=N genotype s.

EC: When the changes in the diffcrences between
positions between different genotypes are studied not much
information can be found. To begin with, as stated above,
real differences between positions only occur in three

N=grade genotvnes. In the NoneN canntune = 139 3 € el
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homo zygous Dominant-N genotype a uniformly high abundance
of these fibres is found on all positions except the should-
er patch while in the double heterozygote and heterozygous
Dominant~N genotype the abundance shows more variability
with a tendency for the britch to possess more fibres of
this type than other positions. The only thing this would
tend to show ie that these fibres demting fleece hairiness
have reached their full abundance in the homoazyg us
Dominant-N genotype on all positions except the shoulder
pateh, but have not done so in the less hairy genotypes.

- -
1.

These fibres were in most arrays present in
large numbers. A considerable error variance combined with
fairly wpmsxcupnoﬁa means in the N-grade genotypes meant
that few real differences were found here.

As Between genotypes within positions real differ-
ences exist on the shoulder patch, neck, withers and gide
pogitions.s On the shoulder patch and neck the non=i
genotype possesses a lower abundance of medullated curly-
tips fibres than is found on any N-grade genotype, this
diffcrence being significant in both cases at the 1% level.
No real differences are seen between any N-grade genofypes
in these positions.

On the withers a similer distribtution of
means to that om the shoul der pateh and neck is found
except that here the difference is at the 5% significance
level only.

On the side position the means form a series
in ascending order of fibre abundance, as follows; NoneN,
Rece ssive-N, heterozygous Dominant=N, double heterozygote
and homozygous Dominant-N, No groups of positions with
means distinet from the rest are found but statistical

analvysis shows that differances ot +ha 17 Tewrel Am  ood ol
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genotypes of intermediate "toughness" are distinct, Althougdh |
there is only one chance in twenty that this result is due

to random variation this possibidity cannot be "ignored,
together with the fact that here means at the extremes of

a graded seriesare being compared.

ATED
See Table 46)

As with medullated curly-tip fibresandas is
also found with non-medullated histerotrichs large error
variances occur here togethey with a fairly high and uniform
value of the means for these fibres. Consequently sta t-
istical analysis shows very few significant differences
be tween means,

Between genotypes within positions realkx
differences are only found on the shoulder pateh and side
positions, On both positions no genotypes are significantly
different from all other genotypes but a series is formed,
between whth in both cases differences at the 5% signifi-
cance level exist, Here the mucanmwam of these fibres is
Hoa in heterozygous Dominant«N and homozygous Dominant-N
genotypes in both cases and in the double heterozygote on
ﬁﬁm_mpgm while it is high in the Non~N genotype. On the
side heve as with medullated curly-tips a real difference
exists in abundance of fibres in the heterozygous Dominant=-
¥ and Recessive =N gemwtypes,

Between position within genotype comparisons
show that real differences at the 5% significance level
exist in the mozaw and Recessive-N genotypes. Here as in
comparisons8 between genotypes the means Just form a graded
series. In the Non-N genotype there is seen to be a low
abundance of these fibres on the briteh and back and a high
abundance on the neck and shoulder plch. In the Recessive~N

genotype there is a low abundance on the back and withers

and a high abaindance on the aheinldear mmd  cbomsd 3w o f o1
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positions in some genotypes. Thus it would seem, as is
expected, that these fibres denote lack of hairiness if
anything, but against thie there is a slightly higher

abundance in the Recessive=N genotype in some positions,

)

( See Tables pq & 48)

It should be borne in mind that the results for
this owmmm of fibre where they differ from the findings of
othere, should be treated with emtmme caution as not all
histerotrich fibres were present when the wool sample s
were collected. HFurthermore many histerotrich fibres
were very small and extreme care was needed so that none
should be lost ssmu sorting out fibres into arrays,

No real differences were found in any compari-
song between medullated tisterotrichs and between non-
medullated histerotrichs, the only deal difference found is
between positions on the homozygous Dominant-N genotype
where differences at the 1% significance level do exist.
Here a graded series is found with a low abundance of these
fibres on the britch and shoulder and a high abundance on
the shoulder patch. Thus Lere, histerotrich abundance does
not® run parallel to degree of "toughness" of the various
positions,

As most investigators have only studied total
histerotrich fibres, the total of the medullated and non-
medullated histerotrich fibres added together was gudied
to give the following resulte. (Table 49)

Between genotypes within positions the only real
difference is found on the shoulder position. Here the
means form a graded series, in increasing order of fibre
abundance:s homozygous Dominant-N, Recessive-N, lLeterozyg-
ous Dominant<N, Non-N. Between the means differences at

the 5% Hmmmw exist and further examination shows the

homosvenua Dominantell maan +tn AmifFoar admmt €3 ammd o Do
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and homozygous Dominant-N genotypes. In the former the
means again form a graded series with a low abundance of
histerotrichs on the shoulder and britch and a high
abundance on the withers and shoulder patch. In the
homo zygous Dominant-N genotype a similar position exists,
This is also similar to the position found in this genotype
when the non-medullated histerotrichs alone were studied,

Other investigators have found (Goot 1940,
Sutherland 1939) a high abundance of histerotrich fibres
in the more hairy arrays, especially in Plateau, Although
the study here is between different body regions and
different genotypes rather than between different arrays,
between genotypes on the shoulder the greatest abundance of
histerotriche is found in the least hairy genotype, and the
least abundance in the hairiest genotype. In the two
cases where real differences are f ound between positions
within genotypes the abundance of histerotrichs does not
seem to run parallel to the degree of "toughness" of arrays
on a position.

Thus it is found that there is very little
difference in histerotrich abundance between any genotype
or between any position within a genotype. The one signif-
icant difference between positions iritthin genotypes seems
to be directly contrary to the fini ings of Sutherland and
Goot while between positions as stated above, histerotrich
abundance does not parallel "toughness".

The reasons for this discrepancy may be as
follow s2
i The histerotrichs were not all present when the
-puepor were taken and the differences observed by Goot and
Sutherland were due to histerotrichs appearing for slonger
period of time in the more hairy arrays. This nuoomﬂ is
supported by the theory of Goot's (1240) that during the

development of the fleece the growth of rnisterotriche haga
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early February, those studied by Sutherland were taken in
October and November as were the samples studied in this
work and when not all histerotrichs were uuwmmﬁﬂ.
3. Variation in the number of histerotriches in
arraye vf varying "toughness" is obscured by error variance
within positions and genotypes. There my be a slight
effect of this kind but it would be unlikely to obscure the
variation in relative histerotrich number found by the two

authors quoted above.

Section &Vi

COMPARIS 4§ TV

See Table 50 & Graph

As Galpin (1934) has studied differences in the
abundance of pre-curly-tip fibres (Halo~hairs, super-sgickles,
gickles and fine sickles) in different regions of the body
it was thought that additional information on this point
could be provided by the present work.

Between genotypes within positions it is found
that on the shoulder pateh, shoulder and back positions,
the Non-N genotype possesses less pre-~curly-tip fibres than
are found in other genotypes this difference being signific-
ant at the 1% level, However too much importance should
not be attached to this difference as in the Non-N genotype
many bab¥ sickle fibres, shed before birth, (Dry 1935),
occurred so that the total here may be somewhat less due to
these being lost.

Between positions within genotypes, in the Non-N
geno type, the one studied by Galpin (1934 ), it was found
that there was a series in ascending order of pre-curly-tip
abundance as follows: Shoulder patch, withers, neck, back,

shoulder, side and britch with an over-all analysis giving

1% differences between positions, The shoulder patch differs,

at the 57 level from the means of all positions except the
withers, the w ithers mean differs from those of the side

and britch. No other real diffr-rences are found.
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Withers, neck, side, bvack, shoulder patch, shoulder and
britch. In both cases the withers position possesses
pignificantly fewer of these fibres than are wong on all
other positions except the neck. In the heterozygous
Dominan t=N wwsodwum the means of the withers and neck
positions differ significantly at the 1% probability level
from the means of all other positions. There are no real
differences within eit her of these two groups. In the
" homozygous Dominant=N genotype the means form a series
between which differences at the 1% level exist but no well
defined groups of means are seen.

In the double neterozygote genotype the withers
mean is significantly lower, at the 1% level, from those of
the side, back and britch. Between the latter no real
differences exist.

In the Recessive-N genotype the order of
positions in increasing order of means, is withers, mack,
shoulder patch, side, back and shoulder. Here differences
at the 17 level exist between positions but again no distinet
groups are found. The shoulder patech occupies a relatively
lower place in this series than in the other Ne-grade
genotypes but this muly not be significant.

In the Non-N genotype a low abundange of pre=-
curly-tip fibres is found in the shoulder position and a
high abundance on the side. In all N-grade genotypes the
outstanding factor is the low abundance of these fibres dn
the withers and neck, and the fact that the order of
positions arranged in increasing mean va.ue is very muawwmu
although the significance of this latter effect is in doubt,

Galpin (1934) in studying abundance of pre-
curly-tip fibres in the New Zealand Romney Wﬁocuma the
positions in order of diminishing counts as follows:

Poll A area

Ventral Nedk B area
Shoulder Point C area



Her theory to account for variation in the
abundance of pre-curly-tip fibres is that when fibres and
follicles appear earlier on the body region of the foetus
there are a greater proportion of pre~eurly~tip fibres in
the array. This is supported by a detailed exaimination
of the time of appearance of follicles on the féet us in
the New Zealand Rommey, (Galpin 1935.). Carter and Hardy
(1947) studying the Merino also found that from the poll
posteriorly to the sacrum development became less advanced.
Compared with the work of Galpin, broadly speaking, the
stage relations were the same and the regional variations
very similar,

| As the gradients in pre-curly-tip abundance
discovered here were not similar to those discovered by
Galpin it is suggested that the above theory shoul d be
avowocmwpw investigated. The low abundance of pre=curly-
tip fibres on the Non-N shoulder patch may be a false
effect due to shedding of baby sickles, but the main
diserepancy in compari®on with the results of Galpin is the
low abundance on the witherss Unfortunately the side of
the neck was not studied by Galpin, &0 no comparison is
possible here., However, Wildman (1932) in different
British breeds of sheep and Carter and Hardy (1947) in the
merino have found a:»a follicles development appears first
on the head and neeck. ewwnan it occurs in Netype
Romney s would seem té invalidate Galpin's theory, but as
stated above a full investigation is necessary. Another
anomalous fact, but whose significance is doubtful is the
high abundance of pre-curly-tips on the back and britch.
As stated by Galpin, the pre-curly-tip fibre gradients
do not parallel the fibre type array gradients over the
body and variations in "toughness" do not seem to have much,
if any, effect.
Seation XVl .
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and genotypes, the fibres intermediate in hairiness on
those positions mun genotypes intermediate in hairiness
while fibres showing little or no hairiness are found in
the least hairy positions and genotypes.

The distribution of the means of the percente
ages of fibres present in the halo-hair and hairy-tdpe-curly-
tip fibre types closely parallele the result obtained from
a comparison of the fibre type arrays (Chapter 4) and the
results of the medullome ter tests, These fibre types are,
together with super~sickle A wwwummwuwm hairiest fibres
seen in wsm pre-curly~tip and curly-tip fibre zroups.
Super-sickle A fibfes however seem to reach their full
abundance in the genotypes and positions intermediate in
smwu»nwmm after which no significant differences between
means are seen., This would seem to suggest that these
fibres are an indication of slightly less "toughness" than
halo~hairs and hairy-tip-curly~tips,

The position in the super-sickle A' fibres is
similar to that seen in the super-sickle As except that
here there are very few real differences seen between means
and & very even distribution of fibres is seen in the |
double heterozygote, Recessive-~N and homozygous Dominant-N
genotypes. The heterozygous Dominant-N genotype posse sses
greater differences between positions.

The super-sickle B fibres are characteristic
of genotypes and positions intermediate in hairiness and
as such in the Non-N genotype they denote strength being
found mainly on the britch. In the Ne-grade mmuoﬂwvmm\
execept the homozygous Dominant-N, there is a ﬂmzﬁmun% for
more of these fibres to be found on the shoulder patch and
fewer on the britch., In the homozygous DominanteN genotype
these fibres more strongly denote weakness, the greatest

number being found on the shoulder patch, and the least

mitmbBer A fThe widlhames mwmead e mls B I T e S e e g e
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except ﬂwwd practically none of these fibres are found in
the homozygous Dominant«N genotype. This may be taken as
indicating that these fibres are characteristic of greater
"weakness" of medullation. However their appearance in
this genotype would seem to suggest that the coat of these
animals is.still far from that characteristi¢ of the
primitive sheep such as the Mufflen.

Fine sickle~fibres and checked curly~tips are
the fibres only found in the =ﬁmwwmma= positions and geno=-
types the only anomaly here being that the "weakest®
position of the "weakest" genotype namely the Nom-N shoulder
pateh has no checked curly=-tips. This is because the
"weake st" array Plain has none of these fibres but they are
characteristi¢ of the tougher Valley array. This is due to
the fact that to separate the checked curly~tips from
those non-medullated through lack of basgie medulla producing
ability, some medullated curly~-tips must be present, When
these were abset, as in the Plain array all curly=-tip
fibres were called curly-tips, non-medullated. Apart from
this diserepancy these two fibre types are found mainly in
the Non-N genotype in all positions and on the ghoulder
patches of the heterozygous Dominant-N and Rece gsive N
sheeps They also ocecur on a me\%ﬂwﬂﬂm "weaker™ positions
in the heterozygous Dominant-N sheep.,

Medullated curly-tips and none-medullated
curly-tips ococur in abundance in all except a few arrays
and consequently there is not much real difference between
eilther positions or genotypes, Where real differences
do occur however, medullated curly=tips are found in
greater abundance on the more hairy positions and genotypes

and the non-medullated curly-tips on the less hairy.

Histerotrich abundance, both that of medullated
histerotrichs, non-medullated histerotrichs and the total

for this fibre oroun Showoed Tory 143 +4+71 m wewd o bd a2 dr
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more hairy arrays possess greater histerotrichs abundance,
are not supported although this conclusion is very tentative.

Atundance of total pre-curly~-tips was also
studied and the most outstanding feature here was the low
abundance of these fibres on the withers and neck positions
and on the Non-N shoulder patch, This is in contrast to
the findings of Galpin (1934) who discovered a fairly
high abundance of these fibres on the withers. Her theory
to account for differences in pre-curly-tip abundance in
different body positions is that Where fibres and follicles
appear early on the foetus a greater a bundance of pre -curly-
tips fibres will be found. No study was made, in the present
work, of the time of appearance of fibres or follicles in
the foetus but Ross (1945) has investigated this question
and found that in the N-type the time and order of
appearance of the follicles on the foetus is similar to
that in the Non-N Romney (Galpin 1935). However it is
suggested that the whole position should be investigated,
especially in relation to Galpin's theories.



CHAPTER VI

UNUSUAL ARRAYS @OQUND
Section I:

The array on the withers of 80/47.

This array was found on only one of the Recessive-
N withers studted and no significance is attached to its
eppearance. It is however, interesting as & curiosity.

80/47 WITHLRS ARRAY.
FIBRE. TYPES

HH.58A. 584558 8K. o9ty FTRT. kD, HTCT- 48T nofTumn, Non D,
-mﬂo@m = -&.u H.UO -A..W QA.U ONN H_-O@ umoOb H.MOHN Nmuum

The array contains & few halo-hairs, super-sickle As,
and super sickle Bs., The first apprecisble number of
fibres is contained in the sickle-fibre group,and thece
are followed by a few fine .  sickles, checked hairy-tip-
curly-tips, end checked cutly-tips. Medulleted curly-tips,
non-medullated curly-tips, end histerotrichs chmpletecthe
arrey. If thesé were all the fibre types present, the array
could be classed as & Velley although unusuel in that
checked hairy-tip-curly-tip fibres are present. However,
beside these fibres an appreciabke nhmber of hairy-tip=
curly-tips, not® checked, are also present. These could
perhaps be considered es the peak of the curly-tip series
and on inspectibn it wes found that three of the heiry-tip
curly-tip fibres found had fewer curls in the curly-tip
region than stme of the curly-tip fibres. However, there
are two other hairy-tip-curly-tip fibres which did not
belong 'in this category. These however, resembled the
sickle-fibres end mey be classed as sickles with a curly-
tip rether than a sickle end.

If the above reasoning is correct then the whole
arrey cen be regarded as a Velley bordering on Ravine with
anomalous hairy-tip-curly-tip fibres in parallel.

The ether slthrnative is to regard the array as
& true "All-In", with coﬁs ﬁmm characters of a strong Valley,
conteining fine sickle, checked hairy-tip-curly-tip and :

(68)
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ghecked curly-tip fibres and of a Saddle containing sickle .
and hairy-tip-curly-tip fibres.
The first alternative is more tenable in view of
the idea of =& mpuwwm head check acting on the array, and the
facts are not sufficient to contradiet it, but mare must be

‘exercised in drawing any conclusions on sfich limited data.

ARRAYS ON SHEEP 178/48

(See Table 7.)

Other arrays studied of considerable interest
are those on sheep 178/48 a border-line~N of grade VI halo=
hair abundance on the dmaw.md birthe This sheep had arrays
in all wmn% positions that were dwwwmﬁwmhcmﬁn the britch where
8 Baddle array was found.

However in all these maum%w the basal medullation
was very strong, and medullated histerotrichs occur throughout.
The greatest development of this extreme was seen in the side
array, a Valley with a precipice. Here the pre-precipice
fibres were all long and fairly thin, including one hairy-tip=
curly-tip fibre in the array. However, in contrast with the
normal finding, the postgprecipice fibrese were on eye grading
coarser and much more stoutly medullated than the pre-precipice
fibres although shorter. This medullation continued well into
the histerotrich fibres. Altbough a sherp precipice such as
above only occurred in the side and briteh arrays, all other
arrays in this sheep exhibited the same type of phenomenon,
namely a well checked array in the pre-curly~-tip and some of
the curly~tip fibres with fine sickles and checked curly-tips
in all positions except the briteh, wﬁm.&»dumw all being thin
and weakly medullated showing the effects of the check, follow=-
ed by stout fibres with strong medullation that contigued right
into the histerotrich fibres.

The degree of "toughness" as shown by the first

half of these arrays was generally only encountered in weakly
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basal medullation, What seems to have ococurred here is that
a strong head check is operating on strong basal medullation
showing that there are indded as Goot (1940) and Sutherland
(1939) have suggested, two independent forcexs at work
producing medullation in the fleece.

One other interesting sidelight in the above

is that here the smma_oSoow has been able to influence fibres

as far down the array as the precipice but no further.

Bection S

OTHER A

Cages of arrays showing the other extreme from
those of 178/48 were also studied. Sheep 300/48 (See Table
30) a very weakly medullated homozygous Dominant-N showed
the most m#aum%m form of a moderate or weak head check operat-
ing on a very reduced basal medullation. In the shoulder \
pateh of this sheep a moderately strong head cheek produced
a Ravine array but basal medullation was 80 weak that no
curly-tip fibres below the precipice were medulla ted and 8.5%
above the precipice were also non-medullated.

8ide and neck arrays in 300/48, classed as
Saddle and Plateau respectively, showed the same type of
effect for not more than about 3% in the former and 0.4%in
the latter of the posteprecipice curly tip fibres were
medullated. The side array of 305/48, bvack array of 9/44,
neck array of 55/48, neck array of 90/48, and side array of
343/48 slso show a similar phenomenon, so the effect is not
restricted to any one genotype. In the homozygous Dominan t-N
300/48 there seems to be little effect on basal medullation
produced by two doses of the dominant-gene so far as ecan be
measured with the rather inaccurate Ewwwon available, as there
is little difference between the basal medullation of this
sheep and the Non-N's studied. However, an effect is produced
by the N-genesg in num« there the head check is very much

weakeyr than in nonsN sheep producing mostly Plateau, but one



CHAPTER VII.

IHE HETEROZYGOUS DOMINANT-K SHEEP OF LESS THAN N-GRADE

BIRTHCOAT HALO-HAIR ABUNDANCE AND VARIATION IN THIS

GENOTYPE.

Dry (P.C.) hes found, see slso Chapter I, that
when SOEanmo:m Dominent-N rems are mated to ordinary Non-N
flock Romney ewes asbout I6% of the offspring possess birthcoat
halo-heir abundance less than N-grade. Most of these
lambs are classed Grede@ VI, V, IV, or III, for rmwonsmpw
abundance although occasionsl mwmaw II and probable grede I
lembs occur, but the evidence on this letter peint is not
conclusive. In this present work four of thecse lambs were
studied, one from each of the grades Vi, V, IV, III, for
birthcoat hale-~hair esbundaihce., Of these lambs I78/48 wss &
borderline-N of grade VI, I58/48 a low-N of grede\V,. I94/48
& low-N of mwwmm IV and 16/50 & low=N of grede III. Ehis
is not reelly sufficent materisl for a very thorough analysis
but it dbes give some indication of the erreys gnd medullation
to be found in borderline and Hoﬂl:.mﬁ

Sectipn Il
) mmmﬁm_um.

Fibre type array analyses (See tables I & 6, 7,

I8 & 19) show that the arrays here are weaker than those found
on N-grede hererozygous Dominant-N's, In lambs I78/48 and
194/48 errays on all positions except the britch are Valley.
In I6/50 Valley arrays sre found on the withers, shoulder
patch, shoulder, neck, and britch, but the bsck array 1s
Revine and the side 8addle. In I58/48 & ¥elley is found #n
the shoulder patch, Revine on the withers, shoulder and neck,
Saddle om the back and side, and Platesu on the britch.
This is slso considerably sesker than the arrays found in
N-grade heterozygous Dominant-N's except I04/48 and 6/48, two
sheep with a bipg reduction of helo-hair abundance on the
front of the body.

Besal medullation, except in I178/48, is slso wesak
in so fer &s it is possible to measure it &t present. This
is especially true in I94/48 and I6/50, the two lambs of

(71)



e
lowe st snuocuhum abundance, where in most positions many non-
medullated and few medullated curly-tip fibres were found.
Lamb 188/48 has stronger basal medullation but nothing unusual
like that found in 178/48, Thus dn fibre type array data it
would seem that, omitting the borderline~N grade lamb 178/48,
the low~N lambs possess arrays that are weak in every respect
in comparison with those of Negrade heterozygous Iominant-N's,
It is highly probable that the arrays found here would be
similar in all respects to those on the Non-N Rommneys of
higher halo~hair grades but none of these latter were studied
in the present work.

Medullometer tests also show (Table 54) that the
fleece, in the various positions studied, is less medullated
in the low<N's than in the Negrade lambs in this genotype,
except again that 104/48 possesses a fleece as weakly

‘annswpwaon as that of the lowe-N's. Within the low-N's
themselves those lambs of lowest halo-hair abundance namely .
194/48 and 16/50 also have the lowest medulla content of the

fleece.

GENOTY EE .

The birth-coat halo-hair abundance in this geno-
type has been found by Dry (PeCs) to show great variation.
The Non<N genotype has never been knewn to show greater than
Grade VI halo~hair abundance on the back position while every
homozygus Dominant«N so far s#udied has full Negrade halo-hair
abundance in all body regions, It is notable that in 300/48,
studied in this work, there is a full abundance of halo-hairs
in all body regions studied even although the arrays siow
other weaknesses.

In contrast in the heterozygous Dominant<N lambs
halo-hair abundance ranges from Grade III, (with a few grade
11 and possible grade 1) on the standard back position to
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istie of the Non-N genotype to that of the homozygous Dominant-
N,

For comparitive purposes heterozygous Dominant-N
lambs were phenotypically graded as follows:
A, No reduction in halo<hair abundance in any region.

B, A small reduction in the shoulder pateh region
only.

Ce A small reduction on the side of the neck and a
separate shoulder patech reduction. There may or
may not be a slight reduction on the side of the
body .

De Nox or a small reduction on the side of the body
but a big reduction on the side of the negk
continuous with the shoulder patch reduction.

B, A fair or big reduction both on the side of the
body and the side of the neck, the latter con-
tinuous with the shoulder pateh reduction,

Fo A falr or big reduction on both the side of the
body and the neck but a emall separate shoulder

patch reduction.

G. Heterozygous DominanteN lambs of less than Negrade
birthecoat halo-hair abundance.

Of the above about 1-2%f of heterozygous Dominant-
N lambs are in Class A, 107 in Class B, 487 in Class C,
4% in classes D, 27 in Class F, 19% in Class E, and 16% in
Chess G, PFromthis it can be seen that there are numkerous
sheep in very widely separated classes and the variability
is not just seen in an occasional sheep of a different
phenotype. As well as great variation between different
lambs great variation is also seen over the body in differ-
ent regions of the same lamb. (Photographs // to /S ). As
can be seen from the above classes some lambs have full
Ne-grade abundance of halo-hairs in all body regions or a
small reduction on the shoulder pateh region. Others have
reductions on the side of the neck and side of tke body,
these may be big or small (see Photographs s/2to /5), but
8till N-grade abundance in other body regions, Finally there
are the lambs classed as less than N-grade whieh have not
full abundance of halo-hai rs on the = tandard back but may
or may not possess this number elsewhere on the body.

Inereasing phenotypEic abundance of halo-hairs

however seems to be an orderly uu..,.onua. Ne-grade abundance
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abundance cauges an Ne-grade birtheoat to be produced on all
body regions except for reductions on the side of the body
and the side of the neck, this latter being continuous with
the shoulder patch reduction. The next step towards a full
Negrade birthecoat is the reduction of these areas of
reduced abundance and the separation of the shoulder p tch
area of redution from that of the neck and side, Finally |
these reduced areas are obliterated, the first to disappear
being that on the side, next that on the side of the neck,
and lastly that on the shoulder patd.

As is mentioned elsewhere fibre type array
analysis and medullometer tests show wSMm same pattern.
A8 18 pointed out the hairy positions here show much
difference between the Non-N and N-grade genotypes while
in the least hairy positions the heteroaygous Dominant=-N,
Recessive=-N, and double heterozygote genotypes are more
like the Non-N than the homozygous Dominant-N genotype. This
tendency shows an orderly progression from the hairy britch
position to the very reduced shoulder patch., Within the
heterozygous Dominant-N genotype itself the same tendency
is discernable. Fibre type array analysis shows that in
the low-N's, except for 16/80 where the position is unique,
the britch position shows the most marked variability and
the greatest differences from other body positions. With
increasing fleece medullation the side, back and britch
positions come to have more and more similar types of
arrays. 1In 48/48 the "toughest" heterozygous Dominan t-N
Btudied the withers, side, back and britch positions all
possess Plateaus grade mH while Baddle arrays are found on the |
weaker shoulder and shoulder pateh positions. In the hair-
iér sheep in this genotype in general it is the shoulder and |
neck and more especially the shoulder patch region where the
differences ocour. See Table I.

With the m aullamateor PasdAdimoe nnmmo s o o
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genotype the britch is sharply distinet showing greater
fleece medullation. In the N-grade genotypes of intermediate
toughness differences are found between both "tough" and
"weak" positions while in the homozygous Dominan t-N genotypes
fewer real differences are seen between positions, As the
less hairy positions have greatly increased medullation.
Unfortunately the variation between uounwwoau in individual
sheep in the heterozygous Dominant<N genotype as fleece
medullation increased was obseure as widely different
medullometer deflection results were obtained between
different samples wnol the same sheep, and these were not
orderly when different sheep were studied.

The Recessive-N and double heterozygote genotypes
also show much phenotypic variation. Unfortunately in both
these genotypes an insufficient number of sheep annr studied
to give much idea of the variation in fibre type arrays or
in total medullation as measured by the medullometer,

However on bithcoat halo-hair abundance both genotypes are
very similar and show slightly greater overall =bundance
than the heterozygous Dominant-N genotype. Thus in both
genotypes about one lamb in six has full halo~hair abundance
in all body regions including the shoulder patch, one in
five has a shoulder pateh reduction only, three out of

five have a shoulder patch and other reduction and odd
dorderline~<N's of grade VI halo-hal r abundance on the back

DCCUre.

Segtion 9:
DI1SCUSSION

The variation seen in the genotypes of inter-
mediate fleece hairiness, namely the heterozygous Dominant-N
Regesgsive~N and double heterozygote is interesting in view
of the result of Goldschmidt (1923) who when studying inter-

sexuality in the Gipsy MNoth, Lymantria disvay, found greater
phenotypie variation in the qosses that gave intersexes than
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effect is removed, giving a greater variation, This may
be due either to genetiec modifiers or phenotypie variation,
which factors are allowed to express themselves to the full
@8 no threshold value for wmwm&wam?qmwmaﬁ has to be
passed., The threshold m.&ﬁ_mo»._.mnqm- stability against pheno-
typie variation 5 pure males and females mm if the reaction
4¢Ho__m_ua is slightly altered.

A gimilar ﬂxﬁ&mﬁmﬂaﬁ in 3@3..& to the various
hair vu.onﬁewnm genotypes in the Rommey sheep as discussed
above would seem to fit & similar phenomenon.. In the Non-N
genotype lambs especially those from the better stud flocks
cofitinual phenotypie selection by farmers would tend to
reduce variation to a minimum whe ther thie reduction was
caused by selection of modifiers to produce = threshold
effect or whether it was due to lack of genetic variation.
Unfortunately in this present study no data was available
to help deeide this question.

However increasing dosage of Negenes does produce
at first genotypes showing great phenotypie variation. When
the hairy positions of the fleece are showing great medullate
ion mwn Negrade halo-hair abundange, and the less hairy
positions less medullation and lower halo-hair abundance, it
would appear that any slight varation, both phenotypic and
genotypic that affeets the reaction velocities which my
be involved in the production of a medullated fleece, can
produge great variation in final fleece medullation and
halo-hair abundance. wwoa the work of Dry (P.C.) it would
appear that some of the variation in the heteroaygous
Dominant-N genotype is genotypie as the low-N's breed in
such a manner as to suggest ﬁ:—ﬂ, this is the case.

. With a greater inecrease in the dosage of Negenes
it would appear highly probable that a threshold value is
passed when all the fleece shows full abundance of halo=hairs.

Bven al thouoch when thig ia the sage. +he madinllams 0w +o ab o
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N~gene dosage is present., Here this lagk of variation is
caused by the "weak" body positions increasing in hairiness
until a relatively evenly medullated fleece is produced.

iee. a threshold for fleece hairiness has been passed,



ZHE FRECIPICH AND RELATED PHUENOMENA

Galpin (unpublished paper) defines the
precipice as follows:
"Precipice is the term give to a sudden change
along the array from the coarse hairy=tipecurly-
tips to fihe curly~tip fibres without the
presence of intermediate fibres."
The phenomenon has also been discussed by
Goot {(1940) and Sutherland (1939) who have made measurements
of lenghs of fibres above and below the precipice. However,
in the present work arrays were only classed as possessing
a precipice if the dlscontinuity as described by Galpin
was visible to the eye. No measurements of fibre length
or medulla diameter were made so the arrays were only
described as showing a precipice if the discontinuity appear-
ed to be absolute by eye. ‘ |
The presence of a precipice was found in the
sheep and genotypes studied to be highly correlated with
the degree of "toughness" of the arrays, mwugc_mw as no

numerical measurement of "toughness" could be obtaire d no

statistical work could be done to give correlation coefficients.

Phenomena related to the occurence of a
precipice are the occurence of pre-precipice curly=-tip
fibres and post-precipice hairy-tip-curly-tip fibres. The
uﬂmnvamowvwom curly-tip or cudy-tips big as hairy-tip-curly-
tipe are only found in less medullated arrays as when these
-become "tough" all pre-precipice fibres in the curly-tip
group are hairyetip-curly-tips. The pos ition with regard to
posteprecipice haliry-tip-curly-tips fibres is more obscure.
They seem to occur, in so far as the limited data available
is correct, when the posteprecipice fibres are long and
strongly medullated and are found, but in no great abundance

throughout the N-grade genotypes.

RE SULTS.

f /e . MM s %y . e om ”~ -y
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in these sheep but the britech array of B 4 was classed as
a Saddle bordering on Ravine yet had no precipice., In both
the above arrays pre-prexeipice curly-tip fibres occur, these
being a sign of "weakness".

In all Negrade genotypes the precipice ocecurs
in many arrays being very characteristic of the Plateau
where it is found in three quarters of these arrays. It
oceurs in about one-third of the Saddles, one-fifth of the
Ravines and a bout one-twelfth of the Valleys.

When the different positions are studied it is
found that a predpice is most prevalent on thr briteh and
gide positions being present here in 70-80%7 of the cases,
The back, withers and neck regions show a preeipice in about
half of the N-type arrays studied while it is very nz_nu. less
common on the shoulder patch and shoulder., However as not
all positions were © tudied in all genotypes this result
may be somewhat biassed, A sounder result is obtainable by
studying the precipice phenomena within a genotype as
follows; |

In the heterozygous Dominant-N genotype (Tables
I1& 6 - 17) the precipice is formed mainly on the briteh and
side positions where it occurs in 70-807 of the cases. It
is aleo found on about 30-40% of the back, withers and neck
positions but very rarely on the shoulder and not on any of
the s houlder patches., When only those arrays in which a
preecipice occurs are studied it is seen that on the shoulder
only one array, in sheep 55/48, comes into this ecategory and
here there is a big percentage of pre-precipice curly-tip
fibree and few hairy-tip curly-tips this showing "weakness".

On the neck it ie found that all precipicemxarrays
here are of the weaker type, showing some and in some casges
many pre-precipice curly-tip fibres. Ha_go neck arrays of
48/48, 90/48, and 6/48, there are many preeprecipice ourly-

tin fihrea and verv fow hoirvetimen i rlvetina. it 4m 41 /40
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proportion of the pre-precipice fibres hairyetipecurly-tipe
supports the findings from fibre type array analysie in
Chapter 4 that the neck is slightly “"tougher" than the
shouldey, although this is the reverse of the position seen
when the areas showing halvo<hair reduction in the "tough"
heterozygous Dominant-li's were studied. This lends further
emphasis to the suggestion that the relation between the neck
and shoulder may vary in a study of halo~hair abusiance, fibre
type array and preeipice.

On the withers and back as few precipices oceur
as on the neck and on the withers all the preeipice arrays
possess pre-preeipice curly-tips, these being on sheep 35/48,
12/48, 65/48 and 41/48. On the back, however, although
arrays on sheep 90/48, and 48/48 popsess these fibres, none
are found in 65/48 and only a very low percentage in 35/48.
Thus the back w ould appear "tougher" than the withers, as
was found when :.F.o_ type arrays were compared, although the
differences here may be due to chance variation. On the side
a precipice is found much loua.nuonsouﬁq than on the back
-and withers but fibre type array analyees show that the s=ide
is not markedly “"tougher" than the backe. Consequently there
is here a definite indigcation that the occurrence of a prec-
ipice is not absolutely eorrelated with *toughnese®. Also
on the side a precipiee occurs in a very "weak" arrvay namely
the Valley in borderline-N 178/48, However as deseribed
eleewhere this sheep is a curiosity with some N-type fleege
characters.

All the other pide arrays with a preeipice are
either Plateau or Saddle, Preeipice arrays on the side are
similar to the back as regards "toughness" measured by the
presence or absence of pree-preeipice curly-tipe.,  In sheep
12/48, 65/48 and 41/48, and 78/48, none of these fibres are
found but in 178/48, 6/48, 16/60, 158/48 and 90/48 they are
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possess precipices. However here greater "toughness" is
indicated by the npon_uwna in most cases the preeprecipice
fibres are hairyetip-curly~tips except on 178/48 and 78/48
where pree-precipiegburly-tips occur. A few of these fibres
are also found in sheep 48/48,

In the Recessive«N genotype (Tables I & 20-24)
the bagk, withers and side and neck arrays all show a preg~
impiece in about S-mnﬁ of the cases but it is rare on the
shoulder and shoulder patche On the bagck, withers and neck
this is a geater abundanee than is seen in the he terozygou s
Dominant-N genotype, but this difference may be due to chance
variation.

In the only shoulder array with a precipice, that
on u.._u\.._o‘ pre=preecipice curlyetip fibres occur., Also in all
the withers and neck arrays thowing a precipice theese fibres
occur although they are not numerous in the withers of 351/48,
and 343/48 or on the neck of 351/48. Back arrays with a
preeipice show these fibres in sheep 355/48 and 343/48 but not
in 3561/48. The only britech array studied, that of 80/47
showed & precipice but no pre<precipice curly-tipse.

In the double heterozygote genotype (Tables I &
25-29) the back, withers, and eide and briteh positioms posse 88
arrays with a precipice in 50«75§ of the sases studied, On
the back, withers and side all precipice arrays were found to
possess pree~predpice curly-tip fibres, but all of the britch
array® in this category showed only hairy~tip-curly-tips above
the precipice, Hence there is a sharp distinction in "tough-
ness” between the briteh and other arrays when the classifice
ation is dn the presence or absence of the pre-precipice
curly-tips. Compared with the Recessive <N and he terozygous
Dominant-N genotypes it is seen that the back and side of the
doble heterozygotes would appear "weaker" in that no arrays
with only hairy-tip-curly-tip fibres above the precipice were

WO oW P Waisnwtsa Tia Wlacs adl Ak o e cB d 2 B i B mie.  aell
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shoulder patech arrayse where it ogours in about 607 of the
gases, It also ocours in about 607 of the shoul der arrays,
80% of the back and withers arrays and in all the side, n._.ﬁ
and britech arrays, However in view of the small numbers stud-
ied grno may be no real difference .dauleau these remlts.

mgnw%._n patch arrays possessing a precipige show
many pre-precipice curly~-tip fibres in sheep 300/48, a few |
in sheep 15/560 and 259/48 and nome in sheep 245/48. Shoulder
arraye with a precipice show a few of these fibres in unu_\..b
but none in sheep 15/60, 239/48 and 245/48. In the back and
withers arrays a precipice and preeprecipice curly-tips are
found in sheep 15/50 but there are no pe-precipice curly-tips
in sheep 263/48, 259/48, 14/50 and 248/48, 8Side, neck and
britch arrays studied all uo-!.-u,n precipice. The side and
neck arrays in sheep 15/50 and 300/48 possess pre-precipice

eurly~tips while those on sheep 239/48, 263/48, 14/50 and 24548

do not. The only briteh array with these fibres is that in
sheep 300/48. |

Thue it is seen that the main difference between
the homozy@ ue Dominant<N and the other mmaonwuon is that here
a far greater proportion of arrays on the shoulder pateh and
shoulder show a precipice, Also in this genotype the pre=-
eipice arrays on the "weaker! poeitions such as the withers,
shoulder and neck seem to be "tougher® in that fewer pp..n-e.._
with pre~precipice curlye-tip fibres are found.

Post precipice hairyetip-curly-tip fibres are also
found in four sheep in the homozygous DominanteN genotype.
They seem however to be more characterisiec of certain sheep
than certain positions. They occur in all positions in sheep
259/48 and on all positions except the side of 245/48. They
are also found on the back of 14/50 and the dack, side and
briteh of 265/48, However in no case are many of these fibres
E.o!::\”mhoaa the array they quickly pass into medullated
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double heterozygote genotype the britch array of 155/44; and
in the ..B«ono.&.au_: uolg.o.. N genotype the britch arrays
of 93/48, and 65/48, the side and neck and briteh of 13/48,
and the back and britch of 90/48.

Thus it would seem from the limited data avail~
able that the posteprecipice hairy-tipecurly-tip fibres do
increase in abundance in the more hairy positions and genoe
types and they would therefore denote "toughness" of any arrsy.

Masian.d: DISCUSSION,

From the dove it is seen that with inecreasing
dosage of N-genes from Hon-N to Nomozygous DominanteN along
with increasing fleece medullation a precipice appears in
fibre length, and often in diameter and medulla diameter as
well, in the curly-tip clase of fibres, In 178/48 the side
array, with a very strong "head" check and strong basal
medullation, the preeprecipice curly-tip fibres seem more
checked and thinner, bdut still longer than the post-precipice
ones. However in most arraye the reverse is the case.

At first the precipice, when it occurs in fairly
weak arrays, separates the curly-tipe into two classes, pre-
and poste-precipice fibres, However, with increasing medul late
ion all the pre-precipice fibres tend to begcome hairyetip-
curly-tips and thie is well seen when arrays in homozygous
Dominant<N sheep are compared with those in sheep of other
N-grade genotypes., Finally with increasing dosage of Negene
a few _vo_..ﬂ precipice fibres tend to become hairyetipe-curly-tips
but this effect is sporadic and not well marked,

Fraser, Ross and Wright (1.P.) have suggested that
the primary central folliclesof the skin produce the pre-curly-
tip fibres, the primary lateral follicles hairy-tipecurly-tips
and the secondary follmicles curly-tips and histerotrichs.
However with regard to the pre-curly-tip fibres both the finde
inge of Galpin (1934) and those in the _uu.o!_an work (Chapter
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(Galpin (1935) and Ross (1945) show that while the various
follicle types commence development at different ages of the
foetus in different parts of the body, this development is
essentially similar in all body regions. The differences in
the ratiom of primary to semndary follicles in different
positions at the same age, due to follicles commencing growth
in the foetus at different times of foetus age in different
regions, may partly or wholly explain the differences in the
percentages of pre-curly-tip fibres. Galpin's suggestion (1334)
that the time of appearance of the follicles on the foetus
determines the percentage of pre-curly-tip fibres would seem to
be worth further attention in the light of the new facts, but
as suggested elsewhere the position needs investigating.

The further suggestion by Fraser, Ross and Wright
(1.P,) that the primary lateral follicles produce hairy-tip-
curly-tips is, it is suggested, only true as a limiting case,
but instead it is suggested that, where a precipice occurs,
all pre-precipice fibres are produced in the uwwswnwrwoppnowmu
and post-precipice fibres in the secondary follicles and that
this is the real #ignificance of the precipice. Pre-precipice
curly-tip and hairy-tip-curly-tip fibres may be confined to
the primary lateral follicles, but the suggestion is that pre-
precipice curly-tips are produced in the primary and not the
secondary follicles. This might well explain the discrepancy
in the number of hairy=-tip-curly-tip fibres found by Fraser, Ross
and Wright. Support for this view is obtained from the fact .
that the precipice seems to occur at m:nmnnww constant distance
along the array. Also skin mmna»onm\wnhw later) that although
there are no apparent differences in the proportions of follicle
types with increasing dosage of N-gmes, it is seen that the
fibres in the primary follicles tend to become very much larger
and distinct from those in the secondary follicles. This shows
all gradientf/$E®F similar fibres in all follicles in the Nop <N

sheep to very different fibres in the primarv and secondarv
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A study of the birthcoat of the lamb of the
Scottish Blackface by Lockner (1931) mshows that here fibres,
called by Lockner, heterotype A, heterotype B and wool fibres
exist. Heterotrype A fibres are long, not shed and have
curly tips while heterotype B fibres, whith _appear wwuwn in
the dwﬂoﬁnom«~wmqm a sickle-shaped end and are shed after an
interval of about two monthy,K being replaced by kemps., Wool
fibres Lockner divides into Medium Wool and m»um.ﬁkaa but
states that it is not always easy to separate mwm two classes
compbtely. He also mentions that wool fibres, umh&@iwrbuaau
than the longer growing hairy fibres, have no influence dn the
external appearance of the coat, so it would appear probable
that a precipice occurs in length between the heterotype A
fibres and the Medium Wool.

Goot (1940) has suggested that the N-type birthecoat
is an example of an 'stavistic" reversion towards the coat of the
primitive sheep. Certainly it appears from Lockner's description
that Heterotype B fibres can bte said to homologous with halo-
hairs and/or super-sickle A5 and it is also poseible that
Heterotype A fibres are Woaowumcmw of pre-precipice curly-tips
and hairy-tip-curly-tips. The wool fibres found by Lockner
could also be homolpogous with post-precipice curly-tips and
histerotrichs. The fact that some of the post-precipice fibres
in N-type sheep are medullated is not a fact that contradicts
this hypothesis as some of Lockner's "wool" fibres are also
medullated, and they are coarser and more medullated than the
same fibres in the uuwmw Ovis Vignei and other sheep with more
primitive coats than the Blackface. The facts of shedding of
pre -curly-tips in N-type sheep also support the view that
Heterotype Bs are homologous with halo~hairs and super-sickle A
fibres.,

However in the Blackface, the curly tips of the
Heterotype A fibres are non-medullated and as, if the above

hympthesis is correct, the arrays on this sheep are approximately
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it should be stressed however, that the facts here are not
known.

Another anomalous fact is that in the Blackface the
wool fibres are shed annually in the Spring, whereas no such
phenomenon with regard to the post-precipice fibres in N-type
sheep is seen. Ilowever no explanation of this fact is given

as more. research would have to be done to determine its cause.



CHAPTER IX

FIERE TYPE ARRAYS.

Section 1: ANTRODUCTION.

In earlier work, as in this thesis, comparisons
between muupwu.om different "toughness", whether made between
different regions of the body of the same sheep, or between
sheep of a similar genotype (Galpin 1336), orbetween sheep of
different genotypes in the same position, have been empirical
observations, the overall data being of such a kind that
statistical analysis was not applicable. To find a mathematice-
al measurement of toughness as at present shown by Plateau,
Saddle, Ravine, Valley and Plain arrays is a matter for future
research,

Another attack on the problem has been made by Ross
and Wright who have compared fibre types individually between
the Recessive-N, heterozygous Dominant-N and homozygous
Dominant-N genotypes on the standard back position. (Ross,
Wright I.P.). Their results have shown that teal differences
do exist between genotypes in the percentages of some fibre
types present m:Uocmw their result 8 are complicated as they
have further divided their fibres into Kemps and those not shed.

In the present chapter the discriminant function
as developed by Fisher (1936) is applied to fibre type arrays
to see if a significant difference exists between genotypes
in the types of fibres present in an array., The function
was ordginally developed by Fisher as a means fof finding which
of all possible linear compounds of a set of measurements will
best discriminate between two different groups. In a fibre
type array the percentage of each fibre type present can be
taken as a measurement of that array which can be compared with
the percentage of the same fibre type present in another array.

(In this work as previously mentioned percentages were



88
discriminant fuction to fibre type array comparisons was made
by Mr. G. M. Wright of the Applied Mathematics Laboratory,
Wellington (Personal Communication) while throughout the work
Mr. Glenday, also of the Applied Mathematics Laboratory, has

been a source of constant help and advice.

Section 2:
THE DISCRIMINANT FUNCTION,

When multiple measurments can be made om a group
of data and the same measursments on another group the dis-
criminant function is the linear compound which best d iscrime
inates between the two groups.

To derive the discriminant function let us sSuppo se
that there are a,b <<«e-=s i, «<-=- k fibres found on 12y wee=a

J ===--n sheep in class A and 1,2 ==<-= P sheep in Cla 8s B.
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Xij : measurement for Classpaith fibre,
I gheep.

Yij : measurement for Class B ith fibye,
Jth gheep.

Where X's and ¥'s are Fages transformed to arc.sin
\%MM\ (Snedecor 1946 P, 449)., The first step in the calculation
is to derive the difference of the means between genotypes for
all fibre types present. These quantities are denoted ® dgs

dps ===== djs -==== d) where
dj : difference of the means for the iR fipre,

The next calculation is the sums of sqaares and the

sums of products within classes.
Qeilal
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fagfa V' SapXp oS Kyoe-cGaiky = dg.
(1) She¥a + Sppky <-=eeSpXgsccegdy, = dy,

e Gy A TS gy W D OE OB D e D A ap W e A D Dy DD R Am 4D D S5 B S S gp OB

SkaXq + Skpky  -----SggEp-----SpXx = dy.

Then solve for X's and the discriminant function iss

423 = Xgdy + Xpdy =ee-e- Huuu semee Xy,
Where Zg, 4y =-=~= Zx are the transformed percentages of
fibres for the sheep Zi.

In matriz notation the set of equations (1) ecan
be written

KX = 4 (2)
To solve for X we must find Kl the inverse of K and pre-
multiply (2 ) throughout, giving:

X =K-l 4 (The equations to give the X's).

The inversion of K(a symmetric Matrix) is here done

by Dwyer's method (1945) : e,ge:

Suppose K=| a); aj;o a33 aj4
822 az5 agy
835 aj4
244

Then inversion; A

all al2 ajz aj4
age2 a23 ax

a3d aj4

a44

bg2 bpoz by

G55 €56 ©57 o588
66 ©C67 ca8




Where inverse matrix:

C56 ¢©56 ¢©¢57 e58
€56 ¢©c66 ©67 cg8

e57 c¢67 77 o8

c58 ¢€g38 c78 a8 _

Calculations are:

byj="Vayy = 1142 - bgy2 ececp (3-1)42

by _ ajk - blkblk - b2jb2k - b3jb3k ---b(j-1)j b(j-1)k

bjJ

and
Cat = %Sn bite

Equations giving X are X = H..w d.

The method can be extended to cases of more than t wo classes of
sheep A and B, but the set of formulae (1) spplies only to the
two class ( A and B) case.

The discriminant function thus derived will only
give information as to whether statistically significant
differences exist between fibre types present on two classes of
sheep, in this case, two different genotypes., No! interpretation
can be given to these auwu.m_ﬂmuoan. €.g.: as to whether they
are differences in proportion of medullated fibres, toughness of
arrays, proportions of pre-curly=-tip curly-tip, or histerotrich

fibres, etec,

dection 3:
RESULTS.,

In this work, as calculating a discriminant function
between any two genotypes for one body position is a tedious
business, only comparisons be tween homozygous Dominant-N,
Recessive- N and he terozygous Dominant-N genotypes on the
shoulder patch position were made, but here statistically
significant differences were found between the means of the
arrays of the homozygous Dominant-N and the other two genotypes.,

ﬁﬂ.mum TANOLion BeDETA IR Lhe T o e e a A bl L
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As can be seen from the preceding section the
work is greatly increased By having more classes of fibres
and it proved impossible to work out a function in a reasonable
amount of time conmtaining more than nine fibre types.
Consequently all preeurly-tip and curly-tip fibres were put
into the classes halo-hair and super-sickle A, super-sickle A
and supe r-sickle B, sickle normal, fine pre-curly=-tip, curly -
tip checked, hairy=-tip-curly-tip, curly-tip big as hairy-tip-
curly-tip, cudy-tip medullated and curly-tip non-medullated.
Histerotrichs were ignored.

For the discriminant function cdgulated from fibre
type percentages in the Receusive~N and heterozygous Dominant-N
genotypes, only 8 fibre types were included, the curly-tips
big as hairy-tip-curly-tips were placed with medullated curly-
tips in the ene class. A8 even this proved to be very cumber-
some in the comparison between the Recessive-N and homozygous
Dominant-N genotype, only the fibre types Halo~hair and super=-
sickle A, sickle normal, fine pre-curly-tip and hairy-tip-curly-
tip were included in the diseriminen ¢ function and this gave
a difference between genotype means, statistically significant
at the 17 probability level.

The results are shown in tables 81, 52 and 53. One -
function (Table 51) separates the homozygous Dominant-N and
heterozygous Dominant-N genotypes at the 17 level, Between
the Recessive-N and homozygous Dominant <N genotype means (Table
53) as stated above, the function was only calculated for four
fibre types but these showed a real difference significant at
the 1% level.

Be tween the heterozygous Dominant-N and Recessive-N
genotypes (Table 82) a real difference between the means at t he
9% significance level is Just apparent. However the suggestion
that this difference is real should be accepted with caution as
& closer examination of the numerical values of the fibre type

arrays shows that one of these values €ar e Do cs o od e = o
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be interpreted with extreme caution.

No function was worked out to see if any real
difference existed between the fibre types present on the
shoulder patches of Wthe Non-N and N-grade genotypes ( see
before) but these are readily separable on other grounds. All
the Non-N genotype arrays only possess three fibre types, finme
sickles, non-medullated curly-tips and non-medullated histero-
triche, but all the N-grade Nouosec, arrays contain in addition,
some medulla ted fibres., Also differences are readily apparent
when the fibre type arrays are commred by simple observation,
(see Chapter 4) and when individual fibre types themselves are
compared. (Chapter 5).

Segtion 4:

DISCUSSION,

The u.a.nswam of this ana}ysis are vexy similar to
those of empirical comparisons made between fibre type arrays
and to those of comparisons made between individual fibre
types as far a s a limited application of the diseriminant
function to one position between genotypes will permit the
drawing of conclusions,

Empirical comparisons between fibre type arrays
showed that:
4t All Non-N shoulder patch arrays are Plain,

4l: Recessive~N and nheterozygous Dominant-N shoulder pa tch
arrays are on the average, about Ravine,

4dl:¥o st homozygous Dominant-N shoulder patch arrays are Plateau
Statistical comparisons between individual fibre
types show that real differences at the 1% significance level
exist between the means of the Non-N and N-grade genotypes in
medullated curly-tip fibres, Real differences at t his level
also occur between Non-N and homozygous Dominan t-N genotypes
in the abundance of halo<hair and siper-sickle A' fibres and
between the heterozygous Dominant-N and Recessive-N, and the
hogo zygous Dominant-N genotypes in abundance of halo<hairs and

sickle fibres. No real differences in any comparissn betwe en
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types present on the hete rozygous Dominant-N and Recessive-N
sheep and those on the homozygous Dominant-N sheep. Analyeis
of differences between individual fibre types amd empirical
comparisons of arrays has shownthe nature of these differen ces,

The position between the Recessive-N and he terozyg-
oug Dominant-N genotypes is obscure and no real differences m y
exist between the two genotypes in the fibre types present on
the shoulder pateh. No real diffemnces are found between
these two genotypes in individual fibre type comparisons on
the shoulder patch and no difference is seen in empirical
comparisons made between fibre type arrays, Any real differ-
ences that may exist would be a very slight one and would need
a greater number of anaxlyses to establish it, beyond reasonable
doubt, than have at present been carried out.






PART 111

HAIRINE 88 AS MEASURED BY THE MEDULLOMETER
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CHAPTER X,

INTRODUCTION .

A visual estimation of the degree of medullation
of a wool sample can be made by the benzol test introduced by
Elphick (1932). In this test a small sample of wool is
washed in petrol and then immersed in benzol in a flat d ish
over a black background. Non-medullated fibres become invisib-
le while medullated ones stand out white and chalky. MecMahon
collected the light so reflected from the me dulla on to the
cathode of a photo-electric cell and this gives an approximate ly
linear relation between the index so obtained and the percent-
age air space in the fibre calculated from specifiec gravity
determinations in benzol., (MclMahon 1937). By this method
therefore a measursment of the total medullsa percentage present
in a wool sample can be made.

The aim in this section was;

A: To study the medulla distributione over the body.

B: To stdy the medulla differences between the genotype s.

€: To study the relationship between medulla and fibre ty pe
array. : |



CHAPTER XI.

MATERIALS AND METHOD.
Section 1z

The wool samples used were those approximately
ten weeks old, on su_»nw fibre type arrays were ascertained
except for the following alterations. In the he terozygous
Dominant-N geno type maw.&.mwn.on samples from lamb 21/48 were
included in the analsis and samples from lambs 78/48 and 90/48
were omitted. The medullometer which had recently been over-
hauled and altered in the manner described by Ross (1950) was
used. As the degree of aflection produced by a certain amount
of medulla was not known, comparisons were made be tween degrees
of deflection produced by a standard weight of wool. The high
sensitivity range was used throughout the work,

The r outine method employed for medulla tests was
as follows;
As Wool samples were first washed in petrol and then
left to dry for 24 hours.
2:(a) The medullometer was turmed on and left to warm up
for a minimum of fifteen minutes.

(v) The tray was half filled with benszcl and tie glass
cover plate placed in position. Enough benzol was always added
to cover the glass plate.

(e) The machine was ad justed to zero.

(a) A test plate was placed on the lamenoid with which
the medulbme ter was standardised to give a reading of 50 on the
high sensitivity. This was always placed under the glass plate.

When this was completed the medullometer was ready
for carrying out tests on the wool sample s,
d:(a) A wool sample was taken of such a size that when tie
fibres were spread in the lamenoid as few crossed as possible,

(b) The glass cover plate was placed in position over
the wool fibres.
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1] The samples were placed in the humidity room for
24 hours and then weighed.,

ww..u_mwam were done on at least two samples from each
sheep and a 5% margin of error was tolerated. Agreement in
most cases was found to be good. However in some repeat
medulla tests done in May, about a month after the original
readings were taken, the repeats were all lower than the
originals, D.A. Ross (1950) found that in samples stored for
one year there had been a 147 inerease in percentage medullat-
ion and suggested as an explanation that the changes were due
fo changes in the machine. It is not knewn what caused the
above decrease in readingsbut in view of Ross's work it would
appear likely that the machine may have altered.

D.A. Ross states that on the high sensitivity
range the relationship between the amount of light incidence
on the cathode and deflection was found to be curvilinear,
However the deflection scale is a logarithmic one, and, using
silver coins of different sizes it was found that the relation~-
ship between the amount of light incidence on the eathode and
deflection reading on the secate was linear.

6: The degree of deflection produced by a certain
weight of wool wasm then calculated and the se figures were
then used for comparitive purposes,

Section 2:
STATISTICAL METHOD.

When untransformed numbers, corre sponding to diff-
erent degrees of deflection, were mmalysed it was found that
the standard deviation was poportional to the mean when the
latter was low but was independent when the means were high.
(See Table 65). As the situation was complicated in this fash-
ion a simple transformation could not be ‘appliedto all the
data, As a result all the between genotype anayses were made
on untransformed data as here the majority of means were high.

Statistical analysis between positions within genotypes were
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analysis was carried out on log. transformed data, the trans-
formation being the logarithm to the base 10 of the number.
(Snedecor 1946)

The results are shown in tables B4, 565, 56, and 57,
in which are included the means, the overall F values and
their significancesand d for the 5% and 1% level of significance
This last value is calculated from the following formula;

For the 5% level 4 = ?om‘; .m%

Por the 1% level d = t.01\ ot

Where t is the value of the 8§ t ratio at the 5% or 1% level of
probability for ny degrees of freedom, that is, the number of
degrees of freedom within classes.
ems = Error mean square
ko = The harmonic mean of the number of
measurements within classes.

d 18712 x the fiducial interval (Snedecor 1946), and
is the least figure the class means have to differ by for there
to be a sipnificant difference at the 5% or 17 level respective-
ly. It is derived from a definition of t (Snedecor 1946) and
instead of doing sach analysis separately and finding the t
valuex and its significance level, d gives the amount the means
have to differ by for t to be significant,

In the following chapter a double asterisk 7€ %
against the ¥ value indicates that this is significant differ-
ence at the 1% probability level. Similarly a single asterisk

%  denotes that significant differences exist at the 57 level



CHAPTER _XII

RESULTS.

Section 1

Tables 56 & 57)
Between genotype analyses gave F values which

were all found to be significant at the 1% level. Data was
obtainable from all the five genotypes: non-N, +/4, he terozyg-
ous Dominant-N, N/4-, RecewsSive-N, nr/nr, double heterozygote
N/+ enr/+, and homozygous Dominant-N N/N in only the back,
withers and side positions. A full set of comparisons between
all seven positions nocwa\wmwwﬁwn@ in the non-N, heterozygous
Dominant-N and homozygous Dominant-N genctypes. No shoulder
patch, shoulder or neck samples were available in the double
he terozygoks, and the one Recessive-N britch studied was not
included in the analysis as more data than this was nece ssgary

for statistical calculations.

A: Meaps in the shoulder vatch Region between genotypes:
+/+ K/+ nr/nr N/¥ F d
1
16.6 64 65 268 | 27.69"" 57 level = 65.48
| 'HH 3 me level = 89,09
I

N—MHNP

Data from the shoulder patch region showed that the me an of the
homozygous Dominant-N genotype differed at the 1% level of
gignificance from all other genotypes but that these remaining

genotypes did not differ significantly among themselves.

+/4 N/~ N/+nr/+ nr/nr H/N F d
20,25 183.5 203 205 364 9.83"% B% levelr
| ny= 4 107,18
I ‘N, = 26 1% levelr
Jeglks
+/+ nr/ar A N/N F a
I17.26 = 173 102 383 ' 13.8477 b5F levels 111.20]
| 'myj=3 1% levelsy 151,27
._ Vigw =— OO0
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However no real difference is observed between the means of
intermediate genotypes, heterozygous Dominant<N, double
he terozygote and Recessive=N in the withers sample s a2 nd
he terozygous Dominant-N and Recessive-N in those from the neck.
C: leaps on the shoulder position:
+/+ N/+ nr/nr N/N F d

18.26 204 250 3718 111.867%% 57level; 116470
| 8= S3ng=22 17level:158,63
_ :

On the shoulder position the Non-N genotype mean also differs
from those of all other genotypes at the 1% probability level,
but the homozymus Dominant-N genotype mean only differs from
all others at the 5% level., Again there is no real difference

between heterozygous Dominant-N and Recessive-N means,

PH veang on fthe side DECX _an ox 1 i _posit] e
Side:
+/+  WN/tenr/+ nr/nr B4  N/N T a
M = |
25,75 278 541 354 4741 11.42%* Bflevel=136.1
| my=4 17level-184.14
i ”NHMG
-
Backs
++ N4 §/+/arM nrx/mr N/N F d
38,6 340 547 373 477 | 12.86™" Bilevel : 119.82
Bj=4 17level ; 161.96
|
UM"N@
I
Britgh:
+4 N/+ NAaor/+ N/N by d
16 403 453 616 | 14,79 5% level : 123,70
uP'u P“ level : 168,36

_on the side, back and britch vom:wonm the Non-N genotype means
differ from those of all o ther genotypes at the 17 level.
However here the means of all other genotypee form a series of
increasing order of medullation and there is no real differenee
be tween the mean of any one genotype and the one next to it in
the series. On the side position the homozygous Dominant-N
genotype mean differs at the 17 significance level from that o
the double he terozygote, but not from that of the he terozygous

Tominegnt«E Aavr Boanaagaladaill ' B e Soe Eas i w0l o i e
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between any of the N-grade genotypes on the britch.

awﬁmyanwwum the mean of the untransformed numbers
being a measure of the medullation of the fleece samples, it
is seen that this mean increases in value, denoting increasing
medulla tion on all positions from low values in the Non-N
genotype to high values in the homozygous Dominant-N's. The
Non-l means differ significantly from those of the Ne-grade
genotypes in all positions except the shoulder patch, The
homo zygous Dominan t-N means differ 8 ignificantly from those
of all other genotypes (ingluding the N-grade genotypes) on tie
shoulder patch, withers, neck and shoulder positions. On the
glde and back positions the homozygaus Dominant-N means only
differ significantly from some of the lower of those of other
N-grade genotypes while in the britch position no real differ-
ences are observable between N-grade g enotypes. Over the whole
fleece there are seen to be significant differences in med-
ullation between the Non-N genotype, the heterozygous Dominant-N
double heterozygote and Recessive-N genotypes and the homo-
aygous Dominant-N genotype. However there are no observable
differences in the sheep Btudied béween the three intermediate
genotypes, namely heterozygous Dominant-N, Recessive-N and
doble heteroaygote.

CSONGLUSION.

In conelusion on the shoulder patch, ghoulder, nedk
and withers the five genoiypes are divisible into three groups:
4: The Non-N genotype with wool very little medullded.

&3 The heteroaygous Dominant-N, double heterozygote and Recess-
ive-N genotypes with wool intermediate in medullation and,

9: The homozygous Dominant-N genotype with wool strongly medul
lated. In the positions side, back and britch, with the body
positions possessing greater medullation (see next seetion)
there is less difference between the homozysus Dominant-N and

the three intermediate genotypes of Class 2. This phenomenon

wHBaRANE R 48 A1 Tmua avs e et danlh wiierd ol i DAL Teol Ll e s g e S
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types gave the following results:
The F test shows that in all of the five genotypes, differences
at the 17 significance level do emist between the means of the
various positions studied, .n values showed the individual
vom»upoum to differ significantly from each other in the

following way:

At THE NON-§ GENOTYPE.

Shoulder Patch Withers Shoulder Neck Side Back Britch

N 1426 1.208 1,225 1.229 1,389 1,546 2,000
d F Valuen:

5% leve «308

ls= 2% ¥
1% level = .419 i 0 A

ny=6; ng= 21y

As before explained the analysis was here carried
out on the log. transformed data, The britch mean in the Non-N
genotype differs from the mean of all other positions at the
1j; level of significance. Also the back mean differs Bignific-
antly from the means of all other position®s which are as small
as, or smaller than, that on the neck.

B: THE HETEROZYGOUS DOMINANT-N GENOTWE,

Shoulder Withers Neek Shoulder Side Back Britch
Pateh

64 183,5 192 204 354 340 403 h_

F 13,39
ny=63 ng =190,

e
17 level= 125,71

In the heterozygous Dominant-N genotype the should-
er patch mean differs from that of all other positions at the
5% level, The means of the withers, neck and shoulder positions
form one group, all of whose means differ at the 1% level from
those of a group consisting of the siie, back and briteh
positions, the latter showing the greater medullation. No real
medulla differences within each of the above two groups are
seen,

g: T'HE DOUBLE HETEROZYGOTE GENOTYEE,

Withers Side Back Britech P d
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available from the back, withers, side and britch positions.
However, this showe that the britch mean is just significantly
different at the 5% level, from those of all other positions.
Also the back and withers means differ at the 5% level. In
this genotype the withers and side show the least, the back
intermediate, and the britch the grratest medullation. This
is the only N-grade genotype where the britch mean differs
significantly from those of all other positions, but this is
probably a real difference as there is only one chance in
twenty that the result is fortuitous.

D: THE RECESSIVE-N GENOTYPE .

Shoulder Neck Withers Shoulder Side Back F Val uex.
Patch.

65 173 206 250 341 373 F 9,09 R
n, = 53 H—MP.I 23

d |

8% level : 106,
17 level : 144,81

In the Recessive-N genotype no britch sample was
available for study. Here the shoulder patch mean, the lowest
in the series, differs from the means of all other positions
at the 55 level. The means on the other positions form a series
neck, withers, shoulder, side and back in increasing order of
medullation. No sharply defined groups are found but the
highe st means differ significantly from the lowest. Thus the
withers and neck positions di ffer at the 5% level from the side
and back, Also the shoulder position from the back, but this
comparing of means at extremes of a graded series is a vu.omoa..
ure which should be adopted with caution. (Tukey 1943).

: THE HOMOZYGOUS DOMINANT-N GENOTYPE.

Shoulder Withers Shoulder Neck Side Back Britch
Patech,

268 364 378 383 474 477 516
F Value. d

¥ v.mm R 72 level = 1U1l,01

0 R 12 level = 135,55

HM“UO °
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between positions in this genotype, but no means show themselves
to be clearly different from all the others. The shoulder
patch mean differs at the 5% level from those on the shoukier,
neck, side, back and britch but not from the withers mean,
Similarly the britch mean differs at the 5% level from that of
any position lower in the scale than the neck, but not from nﬁm.
side and back positions.

QONCLUSIONS _

Thus in conclusion it is seen that in the Non-N
genotype the mean of the britch is much higher than the mean of
the other positions, this difference being significant at the
17 level., The back mean differs significantly from the means
of all other positions which are smaller than or as small as
that on the neck., With the heterozygous Dominant-l genotype
the meansg form three groups, the lowest containing the shoulder
patch von»w»ou. the next highest containing the naow._mwocpnmn.
and withers positions, and the final group consisting of the
gide, back and britch positions containing the highest means,
Differences between these groups are at the 5% level be tween
the first and second and at the 17 level between the second and
thirds In the Recessive-N and double heterozygote genotypes,
‘the means, in increasing series are s till arranged in the same
order but in the Jouble heterozygotes only the briteh position
and in the Recessive-N's only the shoulder patch are clearly
separable from the rest. In the homozygous Dominant-N genotype
the means form a graded eeries, not three sharply defined
groups, arranged, in the order of increasing medullation,
shoulder patch, withers, shoulder, neck, side, back and britch.
This is very similar to the order in other genotype s,

Section S5;
COMPARISONS OF DIFFERENCES IN POSITION B:TWEEN

GENOTYPES.

The following facts emerge when comparisons between

genotypes and compsrisons between positions within genotypes
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would have made a full analysis very difficult to carry out.
As a result the following is just an empirical observation,

4: The Non-N genotype differs signfigantly from the
N-grade genotypee in all positions, except that on the shoulder
patch it does not do so when compared with the heterozygous
Dominant-Ns and Recessive-Nss The means of all the medullome ter
determinations in all samples of the Non-N genotypes are low
except on the britch, as are the s oulder patch means of the
heterozygous Dominant-N and Recessive-N genoty pese.

The Non-N britech determination is higher than, and
differs significantly from the other Non-N positions wca\ww
also lower than and significantly different from briteh medulla
determinations in N-grade genotypes,

2 The heterozygus Dominant-N geno ty pe differs sign-
ificantly from the Non-N in all positions except the shoulder
pateh, being more medullated as is shown by the means of the
medullome ter readings, It also nunmuu_nwmnwwungnc from the
homo zygous Dominant-N genotype on the withers, neck, shoulder
and back positions, being less medullated.

In comparisons between positions it is seen that
fleece medulla tion in the ,_...Hgmu.u. shoulder and neck regions
has risen significantly eompared to the Non-N genotype, while
that of the side and back has risen still more. The britch
fleece medulla tion has risen significantly compared to that
present in the Non-N genotype, but not to the extent that a
real difference is still present between the briteh and back
and side positions.

28 The Recessive=-N and double he teroaygote _mmao_ﬁﬁumm_
do not differ significantly in any poeition in comparisons
with the sm”mwouwmosm Dominant-N, .Hs the position analysis it
is seen that there aum_ not three mwmu.vww_ defined groups as in
the heterozygous DominanteN genotype wut the shoulder patch,
neck, withers, shoulder, side, back and britch positions form

8 BEPTPIaE. WHharn T aaa® A s ke @ s W g g g et
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ly from those on all other positions also at the 5% level.
Thus there is here a suggestion that there is not the same
amount of variation between positions as found on the he terozyg-
ous uoanurnnsz genotype, but there were :ana fewer samples
and this may partly explain the results.
4: The homozygous Dominant=N genotype differs signific-
antly from all other gemtypes on the shoulder patch, withere,
neck and shoulder positions, but not on the 8ide, back or
bbitch, The means of the medullometer readings are however in
this genoty e higher than those of the intermediate genot ypes
indll cases and with sufficient numbers all these differenmces
might have become significant.,

Position analyeis shows that the positions shoulder
pateh, withers, shoulder, neck, side and back and britech form
a series of increasing medullation, the boundaries between the

/found in NA : .
three groups being obliterated by overlapping., That this oblit-
eration has been caused by all the positions becoming more
medullated is suggested by the fact that as with the heterozyg-
ous Dominant-N genotype there are no real differences be tween
the back, side and britch positions, but in addition the back
and side do not differ significantly from the shou der and ne &k
and differ from the withers only at the 5% level. As in te
he terozygous Dominant-N genotype there are no real differences
between the shoulder, neck, and withers positions, but in
addition the shoulder patch does not differ s ignificantly
from the withe rs. The hairiness in the siilt sheep at shearing
time has been studied by Dry (P.C.) and for comparative purposes
the results are shown in Chapter 17.

Section 4:
CONCLUSIONS,

In conclusion it is seen that the effect of increas =~
ing gene dosaze from O to 1 to 2 alleles of the Dominant-N gene
is to increase significantly the amount of medullation present

in the fleece. However the increase is not uniform over the
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increase in medullation of the fleece on the withers, neck and
shoulder positions also moccurs. _

With increase of the Dominant-N gene dosage from
l to 2 alleles the greatest increases in medullation of the
fleece occur on the less meH% parts of the body, namely in
the fleece covering the withers, shoulder, shoulder patch,
and neck positions as is shown by the differences here be!ween
the means of the medullometer readings for the two genotypes
all being significant, in all except one case at the 1% level.,
No real difference however is seen between sheep carrying 1 or
2 doses of the Dominant-N gene in the side and britech positions
while the difference on the back is at the 57 significance lewel
only.

The Recessive=N mm:a in a muumwm dose has not been
studied but in two doses it produces the same amount of haire
iness as is produced by the one dose of the Dominam t-N gaae .

As mentioned before there is a slight suggestion that in the
double heterozygote and Recessive-N genotypes the me dullation
is more evenly distributed over the bodyg although the range

of the means is similar. However this may be a purely fortuit-
ous result.

If the theory of gene dosage effects is a correct
interpretation of the facts one dose of the Domina t=N tegether
with one dose of the Recessive-N gene, asg present in double
heterozygotes, shou d& pro@uced more hairiness than either two
doses of the Recessive-N gene or one dose of the Dominant-N
but less than two doses of the latter. Unfortunately medulla
tests could only be made on the back, withers, side, and britch
position samples but these 40 not show any real difference in
medullation from that produced by the Recessive-N or heterozyg-
ous Dominant-N genotypes. The means are seen to differ some-
what from the two latter genotypes but none of the differences
are uumumw»omna. As with the Recessive-N genotype the position
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born in 1944 while those from other genotypes were from lambs
born in 1947, 1948 or 1950, It is conceivable that there may
be a seasonal effect on medullation.

23 Position effects couldsaccount for the failure to
produce more medullation than two doses of the Recessive-N
gene, but not for the failure to produce more medullation than
one dose of the Dominan t-N gene. To account for the latter it
would be necessary to postulate that the Recessive=-N gene in

a single dose has no effect in the presence of a single dose

of the Dominant-N gene. In view of the halo-hair distridbutions
in lambs of the two genotypes at birth and also the data relat-
ing to the growth of horns imn rams, (Dry P.C.,) thie is unlikely
S Insufficient numbers of medullometer readings have
been taken to establish the significance of any determinat ions
of medullation made between the genotypes. In view of Dry's
information in (2) above, this .suggested as the most likely

explaration.



CHAPTER X111

THE RELATIONSHIP BETWEKN HAIRINESS AS MEASURED BY THE FIBRE
ig

TYPE ARRAY METHOD AND BY THE MEDULLOMETER,
B e —

In gmneral the correspondence between hairiness as
measured by the fibre type array method and by the medullometer
is seen to be fairly close. In the following chapter wgmﬁu.\
as there is no numerical measurement of an mnnwu.,\ the following
observations are not supported by any statistical work.
Section J:

Comparisons between genotypes, using the two
me thods give very similar resul ts but discrepancies do occur.

On the shoulder patch region in medullometer tests
there is only a real difference between the mean of the homo-
zygous Dominant-N genotype and those of all other genotypes,
However fibre type array comparisons show that whereas Plain
arrays exist on this position in the Non-N genotype, Ravine
is the average arr ay in the heterozygous DominanteN and
Recessive-N genotypes and Plateau Grade P3 in the homozygous
Dominant-N.

On the withers, shoulder and neck regions a similar
result is obtained from the two measurements. Medullometer
readings siow that the Non-N genotype, the he terozygous Dominan ¢
N, Recessive-N and double heterozygote genotypes and the
homozygous Dominant-N genotype form three distinct groups in
ascending order of medullation. Fibre tyx® array analysis
shows the same three groups, Valley being the array found in
the Non-N genotype, Saddle the characterisitic array for the
he terozygous Dominant-N, moom mmuqmnm\ and double heterozygote
genotype on the withers, and w._._wnmmz in the homozygous Dominant-
N,

On the back and s de medullometer readings show the
Non-N genotype to possess significantly lese hairiness but thg
no sharply defined groups are found in a study of the N=-grade
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and Plateau arrays in the homozygous Dominant-N genotype.
However, here the difference between the N-grade genotypes may
not be real as there is some overlapping between arrays and the
resul t® should be accepted with caution.

Both measurements show that on the britch the Non-N
genotype is less "tough" or hairy than the N-grade ones but thes
is no real difference between any N-grade genotypes, Ravine
is about the average array for Non-N britch while Plateaus
are found here in Negrade genotypes.

Section 2:

Between positions within genotypes some more marked
differences in the results of the medullometer tests and those
of the fibre tyEpe array analyses-are seen.

In Non~N genotype Plain arrays are found in all
shoulder patches studied and Valley on all other regions except
the britch where the average array is about Ravine. Medullo-
meter tests show that the britch region is significantly more
hairy than other regions and also that the back is significantly
hairier than the shoulder patch, withers, s houldem and neck,

No real difference is seen between the oth:r positions,

In the heterozygous Dominant-N genotype medullo-
me ter tests show the shoulder patch to be the le ast hairy, the
withers, neck andshoulder positions intermediate in hairiness
and the side, back and britch the most hairy. Fibre n%n+ arrays
however are Ravine en the shoulder pateh and then grade up to
Plateau on the briteh, positions Peing arranged in aseending
order of "toughness" as follows; shoulder, neck, withers,
8ide, back and britch. In the Recessive-N and double he terozyg-
ote genotypes a fairly close correspondence between array
clagsification and medullometer wnhu»wonm is seen.,

However in the homozygous Dominant-N genotype the
means of the medullometer tests for positions show an increase
in medullation from the shoulder patch to the briteh in very

much the same order ags that for othery cenotvnem ovns nt +had
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gradients in fibre type arrays in homozygous Dominant-N sheep
has been fully dealt with in Chapter 4 but it is seen to be
restricted to fibre type array detail and does not appear in
the medullometer tests,

Segtion 3:

| In this section a few comparisons between the med-
ullome ter tests and fibre type array classification on individ-
ual sheep were made, However as the se measurements were sub-
Jeet to an unknewn amount of error vari ance nonebut the broade-
est coneclusions can be drawn,

In arrays found in 178/48 (Tadle 7) as already
mentionéd in Chpter 6, a very strong head check was found
combined with a strong base, Valley arrays being found on all
positions oumnuw the britch, yet medullated histerotrichs were
found in all positions. Medullometer tests, (Table 54) on
the samples from this sheep show, however, that although this
sheep is a borderline-N of grade VI halo-hair abundance besides
having a very strong head check, that readings are here higher
then those of a weak N-grade sheep 104/48. whose arrays ran ge
from Ravine on the shoulder path, shoulder and neck, through
Saddle on the withers, side and back up to Plateau on the
britch. However the readings for t his sheep are lower than
those for all other heterozygous Dominant-N'g of Ne-grade
birthcoat abundance of halo-hairs,

Conversely the homozygous Dominant-N sheep 300/48
a weak base is combined with a weak head check (Tables 1 & 30).
Here medullometer readings are much higher than are found in
178/48 although basal medullation would here appear to be much
less, Alsow with a few exceptions medullometer readings are
here higher than those found in most cases on corresponding
positions in the heterozygous Dominant-N sheep.

In most other cases individual qmu»m»»oa in the
single medullometer measurements is too great to allow any

concludions to be drawn. However the above would tend +a
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dig effect on medullometer readings and thi m\w._mno sugge sted
by the fact that in 300/48 where halo-hair abundance is well
sustained in all regions, (Table 30) although the arrays theme
selves are weak, medullometer readings are high, but in 178/48
both medullometer readings and halo-hair abundance are low.
Parther support to this suggestion is given by the fact that
halo<hair and hairy-tip-curly-t ip fibre percentages follow the
distributions of tatal medullation as measi red by the medull-
ome ter fairly closely. (See Tables 36,44 & 56)

Section 4:

In conclusion it is seen that there is a fairly
close correspondence between medullometer measirements and
the results of the fibre type array analysis., Where the two
metiode give different results, they are probably due to the
fact that fibre type array classification only depends on the
presence or absence of one or two fibre types., Other factors
affecting total medullation such as the basal medullati on,
abundance of fibre types other than those directly affecting
array classification, especially halo-hairs, degree of medullat-
ion of a medullated fibre etc., are ignored in the classificat-
ion of arrays but all would affect medullometev readings.
Total medullation as measured by the medullometer is probably
still the best test of overall med: llation of the fleece.
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PART 1V,

SKIN TOLLICLES IN THE N-TYPE SHEEP,

CH )

INTRODUCTION.

e e

The follicle development in the N-type foetus has
been studied by Ross (1945) on the poll, central and dorsal
neck, stomach, brisket, withers, britch, side and back. In
comparison with the position in the ordinary Non-N New Zealand
Romney as studied by Galpin (1935) and the studied of other
finer wooled sheep such as the Merino, (Carter 1943), no
di fference has been found in the age at which follicle initiat-
ion begins, nor in the fundamental group arrangement, However
Ross has found in the positions which she has studied that in
the N-type sheep there is a rapid rate of growth of follicles
after the 92 day stage of foetal development., Also the con-
stituents of the individual folliele bundle in N-type were
found to show great differences in size. The large primary
follicles particularly those of the central trio are in striking
contrast with the small secondary wﬁw%mmmqgﬁ extreme s of
vigour within the same bundle are marked when the follicxles
are compared with those of the finer breeds as illustrated Ly
Carter (1943).

This paper by Carter (1943) gives a detailed
description of the structure of the skin and folliclesystem
in the Merino sheep which, apart £rom minor details as pointed
out above, is very similar to that found in the New Zealand
Romney, both Non-N and N-type. He found that at birth the
follicle group possessed all the essential features of the
adult arrangement. This is as follows:

"The follicle group in the skin of the Merino
consists typically but not exclusively of a basiec group of
three primayry follicles and a variable number of secondary
follicles. The primary follicles represent an original trio

roup @ mposed of one central (primary X or ¥) and two lateral
primary x or y) follicles established during the primary

B [ T T L Tl Wl T THT, ) = o e o Iy L O e ey iy Ll
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(¢ ) A large bi-lobar or multi-lobar acinous
sebageous gland.

Of these structures the first two belong exclusively
primary follicle.

The gecondary follicles are composed of all those
follicles which are established after the completion of the tio

nosuowuuuspawot»owm?eﬁpawnﬁﬁﬂwamgmmmno:nmu.wmguo
w_uu.u neophase) in the pre-natal development of the follicle
population. The only accessory structure associated with a
secondary follicle is the pebaceous gland which is small and
generally unilobar. It may even be absent." (See Figure 2.)

In another section of his work, Carter states that
in development the first secondary follicles are formed on the
oppopite or ectal side of the bundle to the primaries which are
found on the ental side, and later secondary fdéllicles develop
between these and the primaries. The first secondary fodlicles
to develop are the largest and it is usually these which
poesess the sebaceous gland.

"A small proportion of primary follicles may never
have been grouped in "twhoe" but remain either as solitary
(Primary X or Y) follicles or as couplet groups (primary Xx or
Yy). TFor this reason it is not strictly accurate to express
the wrelation between primary and secondary follicles entirely
in termes of the "classical group”.

Burne (1949) has made a study of Romney and
leicester lamd skin sections from 1 month to ? months after
birth, and she has also found that here the main lines of
follicle population development are similar to those described
in the lMerino breed by Carter (1943). However she has al®
found that accessory structures (sweat glands and arrector
muscles) usually associated with primary folliecles only, may
occasionally be found in folltles situated on the ectal side
of the follkle bundle and apparently corresponding to large
secondary follicles., However where both a sweat gland and an
arrector muscle are present she has classed the follicle as a
primary suggesting that it may have become displaced in devel-
opment, but it would appear that a large secondary follicle
on the emtal side of the bundle can possess an arrector pili
muscle.

The aim of this part of the work was to gudy the
follicles, their contained fibres. and the ratio of onrimaries
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Fig.2., Diagram of the merimo follicle group showing
its relation to tue original trio group.

Primary (central trio) fibre.

Primary (lateral trio) fibre.

5 Secondary fibres numerieally in order of their

establishment.
Follicle anlage in which a fibre has not yet been
fspeformed.

Apsociated structures figured with primary follicles
are:

Duet of suddriferous Gland.

Lobes of the sebaceous Gland.

The mearrector pili.

Sebaceous glands associated with secondary fodlicles

have not been drawn. Fro
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Just a basis to provide material to work on in the future.
The ratio of primary to secondary follicles and follicle:
anlagen was studied in different regions, building on the work
of Fraser, Rose and Wright (I.P.) who studied the Non-N and
heterozygous Dominant-N genotypes on the standard back position.
.f.w fleece characters vary so greatly in different body regions
it was necessary to know if the ratio changed over the body as
well as in different genotypes; consequently skin samples from
the seven standard positions (Chapter 3) were studied. It
was hoped that the study !uc.pn provEide ﬂmwc:u 5::.. could be
used to build on in later studies of dosage effects on nw»n
follicles.
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MATERIALS AND METHOD
T R e e S W S Y

) The material consisted of whole skins collected
from lambs which died at birth, The two Recessive-N, the
homozygous Dominant-N and the heterozygous Dominante-N skins-
were from Dr, Dry's experimental Romney flock while the ﬂoaqu
skin was donated by Mr., H. Jackson of Te Akau, being from an
ordinary grade Romney flock. These skins were stored in formol
saline for two months when samples were removed from the seven
standard positions, back, withers, side, shoulder patch,
shoulder, neck and britch., The sampling was at times a puﬁnpo
inaccurate as only.the skin was a guide to the positions, but
in most cases this was fairly umﬂmnwuaoq. These sample s
rmnm first washed in running water for twenty-four hours; then
placed in 304 and 50% aleohol for a similar period of time and
finally stxmedin 707 alcohol.

It was found that, for sectioning purposes the
skin could be cut quite well if embedded in B.D.H. paraffin
wax, melting point 540.550¢, muodunon the microtome knife was
kept sharp., Sections were cut at 8¢ on a Cambridge rocker
across the surface of the skin this showing the arrangement
of the follicles.

Sections were stained with haemotoxylin and eosin

(Guyer 1956) but the haemotoxylin used was iodine ripened using
© the method of Cole (1943), With this method of staining with
haemo texylin the sections needed no mordanting. The method wss
- to remove the wax in xylol and take the sections down through
the alecohols to water. They were then s tained with iodine
ripened haemotoxylin for one hour rinsed in water and taken up
to 507 alcohol. Newmt the haemotoxylin stain was r emoved from
the eytoplasm dw 0.5% nitric acid in 507 alcohol. The remainde
of the method wagfimilar to that set out in Guyer.

The sections were studied under the low power of
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relevant secondary .folliclee seen were counted. Follicle
anlasgen in which the fibre was not yet formed were not numerous
but where present they were counted and their total a dded to
that of the secondary foblicles., moimqmu._on the dmnw_ and
shoulder patch positions the follicle anlagen were counted
separately and both the ratio of primary to secondary follicles
and the ratio of primary to secondary follicles and follicle
anlagen were calculated., However as these anlagen were 4n no
case numerous and the proportion present was never ,wanaa to vary
markedly a further study was not made.

In counting it was in most cases easy to disting-
uish the m.arrector pili and the sudoriferous gland ducts of
the primary follicles. Where a follicle with both these
moomnmmoq structures was present on the ectal side of the bundle
the follicle was Pu..mmmnn as 2 primary but where only an
arrector-pili muscele was present the follicle was clasgsed as
r secondary. This is in accordance with the results of Burns
(1949) who found follicles with these accesdory structures on
the estal side of a bundle and concluded that a ®econdary
follicle may possess an arrector muscle, but thought that a
follicle possessing u,ﬁnonpnmu.opn gland was a displaced prima y.
In the sample from the neck of heterozygous Dominant-N,Q, the
skin had somewhat decomposed and here the separation of foll-
icles was more difficult.

From a section approximately 4 a square c.m. in ara
.two areas were counted and this process was repeated on a
similar section cut from another sample from the same area.,
Approximately 400 follicles were thus counted from the one
sampling position.

When calculatings results mmmw_‘ﬁ back end withers:

J

positions, both the ratiods mwwuw« wnale 2 carter 1943 ) ¢ the

simple ratio of primary to secondary follicles as Bused by

Burns (1949) were calculated for comparative purpose s.



CHAPTER XVI

RESULTS,

The ratios of primary to secondary follicles and
follicle anlagen are shown in table 59 but the numbers studied
are too few to give much of an indication as to whether any
real differences occur between positions within genotypes or
between genotypes., An F test was carried out between positions
including data from all the lambs studied, genotype being
ignored, but no real differences were wosan to exist here.

Between genotypes in all cases except the Recessgive
N only one lamb was studied in each genotype so no information
as to whether any variability found was due to the genetic
constitution or was just nommal variation fsyng @ between

/
individual lambs could be obtained. However the results do

show that nwmwmuum a nigher proportion of secondary follicles
in the Non-N lamb: studied, an intermediate proportion in the
he terozygous DominanteN lamb and a low proportion in the homo-
zygous Dominant-N lamb and Recessive-N lambs, but whether these
resul®® are just a chance effect or not is not known.

Fraser, Ross and Wright (I.P.) have estimated the
vuuawn%\\mmooaanﬂw follicle ratio at birth just in front of the
standard back position in the heterozygous Dominant-N and Non-N
genotypes, They found that therewds no real Qwuwmumuao in the
ratio between genotypes and that the average ratio was 1 to 2.37
with variation from 1/1.8 to 1/8.8. As the results found in
this work in the heterozygous Dominant-N and Non-N genotypes
are w ithin these limits it is probable that any variation here
is due to chance, However in the Recessive=-N and homozygous
Dominant-N genotypes the ratio is outside these limits wou:m
1/1,13 in the former and 1/1.35 in the latter on the standard
back position, but in view of the limited number of skin

sections studied no definite conelusions can be drawn.
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119

All things taken into account it is uno,u that no
outstanding differences are f ound to exist in the ratio of
primary to secondary follicles present, but a real clarificat-
ion of the position must await the study of larger numbers, The
is in keeping with the findings of Fraser, Ross amd Wright
mentioned above.

However when comparisons are made with the results
of studies of fine wool sheep such as the Merino (Carter and
Hardy 1947), it is found that there is a greater proportion of
secondary follicles and follicle anlagen in the Merino _womnc.u
Just before birth than in the Non-N and Netype Romneys studied
at birth. Thus it would appear that in the finer wooled sheep
and breeds there may be a greater proportion of secondary
follicles and secondary follicle an lagen at birth,

No information could be gained from the present
work on the proportion of primary central to primary lateral
follicles as at birth these are not distinguishable.

As found by Ross (1945) it is seen in the sections
studied that in the N-grade genotypes the fibres in the primary
follicles are very much greater in %.hamnmu and more stoutly
medullated than those in the secondary follicles, In contrast
fibres in all follicles in the Non-N genotype are very similar
both in dismeter, and medullation if present. (See Photographs

| to %. «) 1t is interesting xm in view of this fact, that
Spottel and Tanzer (1983) have found that in primitive sheep
such as the Mufflon the fibres in the primary follicles are
very much greater in diameter than those in the secondary
follicles, while in fine-wooled shke ep such as the Merino all
follicles contain fibres of a very similar m»psonmu.. (Pho tograms
7 to § ). The significance of this in relation to the
precipice has been e xplained earlier, Chapter 8, However this
fact is also interesting in view of the suggestion of Goot's
(1940) that the N-type birthcoat is similar to that of the

primitive sheen.
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birth, but are very much lower than the wnmmmhw ratio for
the Merino., From this it can be seen that in the Merino foetus
a much higher proportion of secondary folliclem anlagen are
present than in the Romneys at birth. As previously stated
(Chapter 15) very few of the secondary follicle anlagen found
to be present in the Rommey material studied here, but the
reasons for these differences are not known.

In conclusion it is seen that the ogly outstanding
feature of the N-type Romney skin sections studiedis the larger
size of the fibres in the primary llicles. The numbers stud-
ied were too few to clarify the position with regard to the
ratio of primary to secondary follicles present or any other
features.

In the material taken in the present work, the trio
structure had become distorted as is mentioned by Carter (1943)
in the post natal characters of the Merino follicle group.
Instead of distinet trio groups being present, the primary
follicles all tended to be arranged in a row with their
accessory structures on one side next to the connective tissue
strands Qr major anmdmncwww\nnn the secondary follicles on the
opppsite side. (See Photographs | to b ). Primary follicles
on the ectal side of the bundles and s econdary follicles with

m.arrector pili were also found to be present. (Photographs m\

&D&vc






PART V.

GENERAL DISCUSSION AND SUMMARY .
fTasTess oSseeSadau 5056 SSeweFsS

TE 1

DISCUSSION,

In this study of gene dosage effects in the N-type
sheep it is seen that there i an orderly change in certain
fleece characters with increasing gene dosage. The Non-N
genotype shows all the characterisitics of non-medi llated
fleeces. The arrays except in the britech position are all
weak, fibre typem analysis showing that non-medulla ted fibres
are characteristic of this genotype and medullometer tests
show that little overall medullation is present.

The lowest dosage of N-genes obtainable is one dose
of the Recessive. This genotype, namely nr/+, or Carrier, was
not smtudied in this present work as the fleece was very little
different from that of the Non-N genotype. However, from data
supplied by Dry ( P.C.) it has been found that a significantly
greater proportion of lambs in this genotype are of Grades
III and II and less are of Grade I halo-hair abundance on the
standard back position than in the Non-N gmmotype. Also here
Dry has found that a quarter or more of the carrier rams when
raised to maturity have horns, mostly quite small.

Another indication that this genotype is more
capable of producing a/medullated fleece than the Non-N is the
fact that whereas an N-grade birthcoat is never produced by the
Non-N genotype, Carrier lambs occasionally show this feamture.
Here it has been shown by breeding experiments that these sheep
were not homosygous BRecessive-N's and Dry (P.C.) mas suggested
that a dominigene, an oligogene acts on the single dose of the
Recessive-N gene to produce an N-grade birthcoat. In this
connection classification of the fleeces at shearing time into
2z grades by Dry (see later) also shows that there is here a

egreater degree of hairinegs found on some Carrier gheen then ia
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and total medullation as measured by the medullometer all show
mean values much higher than those for the Non-N genotype .

Also the mean values for the percentages of non-medullated fib-
res is lower in this genotype than in the Non-N., However it
should also be emphasised that this first increase in
hairiness occurs most markedly in the more hairy regions of the
" fleece and very little difference is seen between this gen otype
and the Non-N in the shoulder pateh position. Another feaxtme
of this genotype is the extreme var iability encountered in it
in all measurements made, Halo-hair abundance varies from
Grade III on the standard back position similar to Grade III on
the Non-N genotype, with a few Grade 1II end probable Grade I
lambs to a full N-grade abundance of halo-hairs in all parts
of the body as is characteristic of the homozygous Dominant-N
genotype. About 16% of the heterozygous Dominant-N lambs are
less than N-grade and an estimated 1 in 70 show no reduction
anywhere on the body. Dry has found that at least some of this
variability in the heterozygous Dominant-N genotype has a gene t-
ic basis. (P.C.)

¢ This variation is also shown in fibre type arrays.
awmma vary from Valley in most positions of the body in lambs
16/50 and 178/48 up to Saddle and Plateau arrays in 48/48, In
the ne dullometer tests too, the standard deviation and hence
the variance is greatest in this genotype.

Gradients over the body are similar to those in the
Non-N genotype but they are:much more pronounced. As hairiness
increases within this genotype the hairy body positions fi rst
become very medullated and this gross hairiness gradually spreads
- over the body to the "weaker" positions as aonswwwa»oﬂ »uonmaau.
Fibre types characteristic of this genotype are,

especially in the pre-curly-tip class those of intermediate
medullation; e.g. super-sickle B and sickle-fibres. Horns

are here present in the rams but not in the ewes except that

about 1 r»am in 10 failed o o Ponum hovna while abattt 1 awes 4w 10
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readings show no marked differences between these genotypes.
However Dry (P.C.) has found that there is a slightly greater
average halo-hair abundance in the Recessive-N's and double
heterozygotes than in the heteroazygous Dominant-N's. The only
sheep found on the borderline between N-grade and Non-N in the
two former genotypes are of grade VI halo-hair abundance.on %
the back while about 1 lamb in 6 has no reduction of halo-hair
abundance on any region of the body. The horns posit ion varies
in the uao.mauouu.uam. the Recessive-N ewes showing poorer
ability to grow horns than those in the heterozygous Dominant-N
genotype, while the double w_&amnomwmonn ewes show greater
mw::w to produce horns than the heterozygous Dominant-N's,
Another item of interest is the suggestion that the Recessive-N's
and double heterozygotes show less variation betweeh body
positions in fibre type array detail than is found in the
he tervzygous Dominant-N's,

Ano ther big increase in fleece medullation is “Walup\
two ‘doees of the Dominant-N gene are present in the genotype. .
He re there is a full N-grade abundance of halo-hairs on all
body regions in all lambs studied and both ewes and rams grow
hogns, Fibre type array analyses in this genotype do however
show variation but there is a great increase in "toughness"
compared with other genotypes studied. The greatest increase
in "toughness", percentage of medulla ted fibres, or in hairiness
as measured by the medullometer is however in the "weaker"
body positions. ¢
Nearly all arrays in all positions are Plateau
the exceptions being in sheep 300/48. Gradients over the body
are also different on fibre type array classification. In
comparison with other genotypes, the britch position shows
itself to be "weaker" in three of the six cases studied than the
back and withers. Also the side tends to be comparatively

weaker than in other genotypes.
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ence again being most noticeable in the "weaker" body positions.
However here the britch position is found to possess the great-
est degree of medullation in the flaece and no differences in
the order of positions in increasing hairiness when compared
with other genotypes, are seen,

In the follicles the only readily observable effect
of increasing N-gene dosage is the increase in the rela tive
size of fibres in the primary follicd es.

Dry (P.C.) has classified the adult fleeces of
sheep of various genotypes for hairiness at shearing time in
the following way:

8. Zz ¢ fleece grossly hairy and hairiness well main-
tained at the front of the body.

k. Z, s+ fleece still very hairy but some weaknesses
at the front of the body.

8. mp t fleece less hairy.

4. 4" ; fleece hairy by ordinary flock rommey standards
but poorly hairy by N-type standards.

£ ordinary flock romney fleece.

In finding the average Z grade in the following, Dry
(PeCs), has ignored all 2= and less hairy fleeges and given 24
fleeces the value of 3, 2, fleeces the value of 2 and the Z
fleeces the value of 1, In alle xcept the double heterozygote
genotype the fleeces were from ewes of mixed a ges born later
than 1946 but in this genotype some ewes of greater age were
present., However the average Z grades for the various genotypes
are set out in table 58, In the Carrier genotype it is seen
that the aferage 2 grade is 0,05,,this being due to the pre sence
of a few 23 fleeces. In the other genotypes the average Z grade
in the Recessive-N and heterozygous Dominant-N genotypes is
le31 and 1,12 respedtively while the homozygous Dominant-N
manoﬁwa it is 2419, Borderline and Low l's in the heterozygous
Dominant-N genotype average 0.28 while in the double heterozyg-
ote genotype, omitting tihme ewes born in 1944, whiech had less
hairy fleeces due to age, the average Z grade is 1.31. This
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that the homozygous Dominant-N genotype contained significantly
more sheep with fleeces graded Zg and %4z and less sheep with
fleeces graded Zys 2" and non-hairy than in the heterozygous
Dominant-N and Recessive~N genotype s. For the analysis the
‘data was combined into the two groups as outlined above.
Similarly the Recessive<N and heterozygous Dominant-N genotypes
conatin significantly more sheep with fleeces graded 419 Zg or
Zz and less sheep with fleeces graied 2= or Non-hairy than
the Carrier, nr/+, genotype. All differences are at thel%®
significance level., (See Table 58).

1t is seen that Goldschmidt's theory of geme dosag
(see introduction) provides a sktuitable theoretical basis on
which to explain the above results of different N-gene dosage
in Romney sheep. A similar theory to that proposed by Mohr
(1932) for the facts discovered about the vestigial wing
gene could explain many of the discoveries in the N-type sheep
as follows:

In the Non-N genotype the genotype ies below a
certain threshold necessary to produce an N-grade birtheoat
on the standard back position. Variation does exist hereas
the birthcoats snow Grades I to VI of halo-hair a bundance on
the back, but the majority of lambs were grades I, II and III,

the average for all that were studied rnuum grade 1,66, Horns
are seldom produced in either sex.

Fibre type arrays and medullometer tests in the
limited material studied in this work, also & ow very little
variation except on the britch, Bxcept for this position the
fibre type arrays are all Valley or Plain and the means of the
medullome ter measurements areall low. mo:uqmn.ou the britch
there is considerable variability both in the arrays and in the
medullometer readings, the averages in both cases showing
greater "toughness" than elsewhere, Follicles are seen in the

few skin sections studied to show no great differences in the
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follicles had a much greater diameter than those in the
secondary follicles.

In the Recessive-N heterozygotes or Carriers them
is just one very weak gene tending to produce horns and fleece
medullation., On the average its only known effect on fleece
medullation is S0 slightly increase the abunbnece of birtheoat
halo-hairs, However in the Carrier rams this gene causes go.
threshold value of some substance or substances necessary for
the production of horns to be passed in about a quarter of the
cases., This variaghiity is probably due to both genetic and
environmental factors but has not been studied. Also in a
few cases Dry (P.C.) has suggested that a dominigene acts in
concert with the single Recessive-N gene to camse the threshol
value for the production of a substance or substances, necessary
for the production of an N-type birthcoat, to be passed, This
may also be considered as the greatest possible reaction of a
single Recessive-N gene shown when it is placed in a genotype
mo st favoumble to its activity.

The next increase in Negene dosage is seen in the
heterozygous Dominant-N genotype. Here all the fleece
characteristics as stated above show great variability, but in
all except about 16% of the cases the threshold value suggested
above as being nemessary for the production of an Negrade
birtheoat on the standard back position, is passed. However
in only about 1 lamb in 70 born in this genotype is the geno-
type sufficient to cause the production of a full abundance
of halo-hairs in all body regions. Similarly nwﬁ. fibre type
array analyses show all ranges from that characteristic of non-
medullated genot ypes to that of weak homozy@®us Dominant-N's,
A d milar situation is found in regard to medullometer tests
and percentages of the fibre types present, Horns, with odd
exceptions are produced in the rams but not in the ewes,

Thus in this genotype it would appear that the
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acting on the single Dominant-N gene is able to express itself.,
That this is the normal situation when 2 genotyoe producing
a phenotype intermediate between two extremes is bred is
suggested by Goldschmidt's (1923) work on Lymaptria disvar.
Here the full male or female type is phenotypically stable and
itds suggested that this stability is due to a threshold value
having to be passed to produce intersexuality. However when
& cross pro#ucing intersexes is made great variability is seen
in the resulting progeny, as all variability, both genetic
and environmental comes to expression.

In the heterozygous Dominant-N genotype a similar
situation is found except that here the variability is such
that the threshold value characteristic of both the Non-N and
homozygous Dominant-N genotypes can be passed. The horns
position rbamqau seems more stable and one interesting point
is that horn production although thought to be a pleiotropic
effect of the znmauownm found by Dry ( P.C.) within this geno-
type to be independent of fleece medullation. Whether this
i due to different genes, acting on a common precursor
produced by #he N-genes, to produce horns in one case and fleece
medullation in the other is not known.

In the Recessive<-N and double he terozygote genotypes
a slightly higher level of ability to produce a substance or
nsumauumom necessary for the production of a hairy fleece is
found, as about 1 in 6 lambs born in these mm:mnwuoa pass the
thre shold value necessary for the production of a full birth-
coat abundance of halo-hairs in all body regions, and only a
few borderline H's of grade VI halo-hair alundance on the back
are seen. However fibre type array analyses and medullome ter
tests show no real differences between these two genotype s,
and the heterozygous Dominant-N, With simple gene dosage it
woulld be expected that the heteroz gous Dominant-N, Recessive=N
and double heterozygote genotypes should, in that order, be

able t0 proéuce increasingly medullated fleemes. !awewer
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and this latter genotype in turn shows less ability than the
double heterozygote genotype. These differences would suggest
that the productions of homs and me dulla tion of the fleece are
not simple pleiotropic effects of the same gene but the position
needs imvestigating, It is also suggested that there is less
variability in the Recessive-N and double heterozygote genotypes
but unless this i@ due to the lack of lambs with a very weakly
medullated fleece no theoretical aaup.mnmﬂon can be advanced.
However the effect is not marked and in view of the small
numbers may not be real,

Finally in the homozy® us Dominant-N genotyne it
is found that horns are grown in both sexes and a full abundance
of birthecoat halo-hairs is produced. Here N=-gene dosage is
sufficient to pass the threshold necessary for the proéuction
of both the above characters in all cases studied. However
fibre type array analyses show that in not all cases is there
fully a medullated fleesce as possible produced in all regions
of the bodys. Also here gradients do not follow those seen
in other genotypes g0 sume new factor or factors may be operat-
inge Medullometer tests, while also showing "weaknesses" in
various body positions do ngt show that gradients are differen
from those in other genotypes, Whether it would be possible
with still higher Ne-gene dosage to produce a more medullated
fleece or whether the total possible fleece medullation in the
New Zealand Romney hae been produced in the homozygm us Dominan $-
N genotype is a subject for future research.

The other effect of increasing N-gene dosage is that
the fibres in the primary follicles increase greatly in diameter
relative to those in the secondary follicles, It has been
waggested previously that this causes the precipice to appear
in "tough" arrays, a feature also characteristic of a rrays on
sheep carrying a high dosage of N-genes.

The physiological and embryological effects of the

N-genes have not been studied. It is most probzble in view &






CHAPTERXVIIL

Y AND CONCLUSIONS,

A study of gene dosage effects in N-type sheep
has been made using the fibre type array method and the med-
ullometer method developed by Elphick and lMcMahon. As the
position was complicated by gradients occuring in the fibre
type arrays and total fleece medullatdem over the body, the
study on each sheep wasmade in the seven positionses back,
withers, @ide, shoulder, shoulder patch, neck and britch, this

being to see what gradients were present and how these changed
with increasing N-gene dosage.

Fibre type arrays show that tlere is an increase in
"toughness™ with increasing dosage of N-genes, Threshold effect
prevent this from being a straight linear mu.umumoa.mua. there
being greater variation in genotypes of intermediate "toughness?
With weak medulla producing genotypes the w..ﬁ.ud inerease in
medullation is seen in the more strongly medullated parts of
the fleece, namely, the britch, back and side, but with
increasing N-gene dosage this increases in "toughness" spreads
to positions showing "weaker" arraye finally producing a
fairly uniformly "tough" fleece,

Fibre type array gradients studied by Gal pin (1936)
were, in all genotypes except the homozygous Dominant-N, in
most cases similar to her findings. There was a posterior
anterior gradient in toughness, tougher arrays being found on
the briteh, back and side, andfeaker ones on the withers,
negck and shoulder, in that order., It was in addition, found
that the shoulder patch was the "weakest" positions studied.
However the order of increasing "toughness" of positions espeec~
ially those where similar types of arrays were found was seen
to be somewhat variable. In one outstanding case, 16/60, a
he terozygous Dominant-N lamb of Grade I1Il halo-hal ra abundance,

the baeck and side positions were found to be "tougher" than the
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Gradients were not so marked in the woBoB,mo:n. Dominant-N
sheep as here the fleece tended to be unfarmly "tougher", but .
where they occurred they seemed to differ from those of other
genotypes, in that the Witeh was less tough than the back and
withers positions and the side wasmlatively weaker.

A discriminant function, to uu,upnmﬂa genotypes on
the different types of fi bres present, has been worked outt
separate all genotypes except the Non-N on the shoulder pateh
position, Howewer this gave wyery similar results to those
obtainred by other methods in that the homozygous DominanteN
genotypes was found to diffey significantly from the Recesgive<N
and heterozygous Dominant-N genotypes, but the latter two are
only barely significantly different at the 5% level. The Non-N
is separable from the Negrade genotypes on this position as
here, in all cases studied, arrays only conxtdn fine sicklee
fibres and non-medullated curly-tips and histerotrichs, while
all N=-grade genotypesx arrays studied contain at least a few
medullated fibres. The mathematical caleculations were too
laborious to permit the widespread use of this method in the
limited time available.

A statistical analysis of the percentages of fibre
types present in different genotypes has been made, With
genotypes showing little hairiness, non-medullated fibres, €.ge
fine sickles and checked curly-idps are mainly present this
being especially notigeable in the pre-curly-tip fibre group:
Increasing N-gene dosage causes those fibres chowing inte rmedi-
ate medullation, namely super-sickle B and sickle-fibres, to
be present ing the heterozygous Dominante-N, maorwmuqanm and
double heterozygote genotypes, Finally in the homozyg@ us Domine
ant-N genotype the majority of fibres are those showing .Spo
greatest degree of me dullation found, namely halo-hairs, swper-
sickle 4As: and hairye-tip-curly-tips,

The Negenes did not however appear to greatly affet
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"toughness" of arrays., However in view of the fact thatall
histerotrich fibres were not present at the time of sampling
this result cannot be regarded as final. The percentage of
pre-curly-tip fibres also did not differ markedly £x be tween
genotypes within positione, However between positions it was
found that there was a lower percentage of these fibres on the
withers and neck. These findgings are somewhat contradictory
to those of Galpin (1934) ws explained elsewhere but the
reason for this is not known. Data relating to the precipice
is also analysed. It is found that with increasing N-gene
dosage and "toughness" of arrays a precipice occurs in the
curly=-tip fibres. It would appearthat this is due to the
increasing difference in size between fibres produced in the
primary and the secondary follicles, As N-gene dosage increases
further, the pre-precipice curly-tips become hairyetip-curly-
tips,

Measurements with the medullome ter show a similar
type of increase in total fleece medullation to the increase
of "toubness" as found by the fibre typ array method. In very
weakly medullated sheep and genotypes the first inecrease in
fleece medullation is in the hairy body positions and later
increases in hairiness with increasing N-gene dosage follow in
the "weaker" positions., Comparisons between positions also
show similar differences to those observed by fibre type array
measurements in that the order of positions in most cases, in
mmamnn»nm order of medullation, is shoul der patch, withers,
shoulder, neck, side, back and britche The only unusual
feature is the relative "weakness" of the withers position.
However the order of positions in increasing order of fleece
hairiness in the homozygous Dominzn t-N genotype is similar to
that in the other genotypes. Here the fibre type array method
(see above) gives a different result from that obtained by
medullome ter measurements.

Sections have been cut of both N-type and Non-N
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genotypes in the ratio of primary to secondary follicles at
birth, .

It is seen that the theory of gene dosage, as put
forward by Goldsehmidt (1938) provides a suitable theoretical
basis for the facts so far discovered about gene dosage effects
in N-type sheep.

Related to dosage effects, were, in this study
several items of significance with regard to the architecture
of the fleece.

The borderline-N lrwb 178/48 would, with the strong
head check and strong basal medullation seem here, suggest that
there are two distinect forcers acting to produee fleece wm»nu_.u..
ess8, Further evidence to support this is obtained n.uoa the
homozygous Dominant-N lamb 300/48, where it would appear that
a weak head check acts on a weak base, It is probable that
both an increase in basal medullation and a decrease in the
mwver of the head check occur with increasing hairiness, but
owing to the lack of a suitable measirement of "hase" this
cannot be ascertained for certain,

In the study of the neck and shoulder regions it is
seen that while Dry (P.C.,) has found that there »‘.__nw generally
a reduction of halo-hair sbundance on the neck before a reduct-
ion igkeen on the shoulder, yet shoulder arrays are generally
the "weaker". This suggests that the fibre type array and halo-
hair abundance are not absolutely correlated. This difference
may be due to the "dampdng" of halo-hairs to super-sickles on
the neck, seen in lambe in the genotypes of intermediate
hairiness, Whereas this damping may well affect the a bundance
of halo~hairs present, it may not affect the "t ughness" of the
fibre type array. Also in the N-type birthcoats Dry (P.C.)
has found that the halo-hairs fesm tufts and curls these forming
the units of patterns over the surface of the fleece. In the
less hairy N-grade genotypes, especially where damping occurs,
the tufts at the front end of the body and on the neak resion
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have been studied here, it would seem that, if changes are
similar to those found in the genotypes studied in the present
work, any further increase in fibre type array "toughness"
or medullometer hairiness in November samples, would only be
likely to occur in the "weaker" body positions. Also it mmy be
noted that in adult sheep it is often seen that there is an
area of wool 1ound the. poll, even although the rest of the fleee
is markedly hairy. In a study of higher dosages it would
probably be well wrorth while to study the poll.

As the trend in basal medullation as seen in the
samples studied is not well known it would be unwise to prediat
the effect on it of higher gene dosage. However, Dry (P.C.)
has found that in very hairy adult sheep the hairiness in
the proximal or butt end of the staple is well sustained down
to the skin in the "weaker" body positions. Although this
is a rather different effect from the sense in which"basal
medullation" has been used in this thesis, a study of this
feature might well be useful in higher N-gene dosages.

Other features that should be watched for in a stuly
of higher gene dosages are the situation with regard to fibre
types denoting slight "weakness" on the less hairy positions
and data relating to the preecipice.

With regard to fibre types, in the weaker positions
of the homozygous Dominant-N genotype super-sickle A' and
super-sidle B fibres are frequently found while occasional
sickles and fine sickles are also present. In genotypes of
higher N-gene dosage, these may not be found. Pree-precipice
curiy-tips, sometines present on some positions in homozygous
Dominant-N sheep, may also be lacking with higher Negene dosage,
while post-precipice hairye-tip-curly-tips may become more numer-
ousi

The uwonuauam is found, in the homozygous Dominant-
N genotype, to be present much more frequently than in lambs of

lower N=gene dogage. This is esnecially true on "weaker" bhodv
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effects different to any seen in the sheep so far studied.

This however is a matter for future research.
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158/48 Valdey Valley border-Valley border- Ravine Saddle Saddle Plateau P 3

L ing on Ravine ing on Ravine

im(194/48 Valley N I, PRl 5 T, Valley Valley  Ravine
Truncated. '

*eIvI



'S

SHEEP
42/44

88/44

T 9/44
129/44

155/44
353/48

80/47

332/48

$51/48
343/48

(300f48

A 15/50

2

CLASSIFICATION  QFPREs NATAL CHECKS. Table I a.
BoODY POSITIONS
SHOULDER PATCH SHOULDER NECK WITHERS SIDE BACK BRITCH.
Wleak Ravine Saddle Ravine Platesu Border Batween
e D e P2& P 5.
Saddle Saddle Saddle Plateau Border Between
o fi s PI1&YP 2
_ Saddle Saddle :
1 v sl Saddle saddle  Saddle  Plateau P 1.
_ Saddle Saddle Seddle Plateau P 1,
Valley Border Be- ‘Border Be-~ Saddle Saddle Saddle
tween Ravine . tween Rav- . SO
& Valley ine & Valley
Ravine Saddle Valley or
‘ All-In Saddle Saddle Plateau P 1.
Saddle Saddle Seddle Saddle Border  Saddle
¢ between
Plateau &
Saddle
Valley Saddle Saddle Plateau P 3. Flateau P38 Veak
; Plateau
: ' P.1l.
Ravine Plateau ¥ 3, Saddle Plateau P 3. FPlatesu P3 Platean
P 1.
Ravine ¥lateali P 3. lieak
Flateau F3 Plateau P 1. Strong Plateau P 1 Plateau P
gaddle S = 4
Platesu P 3, Border be-~ Plateau P3 Plateau Border Plateau Flateau F 5. >
tween Plate=u between ¥l & P2 FPlateau Border be- =
P 2 & Flateau P3 tween P2 & .
P 3, P 8.



SHERP
14/50

245/48
239/48

263/48

SHOULDER FATCH
Fletesu P 3
Border between
F2& P S
Fletean F 3

FPlateau P 3

SHWIDER
Flateeu P 3

Flatesu P 3

Flateam F 1

Flatesu F 2

NECK JITHERS
Fleteau F3 Ploteeu P 2

Flateau FP3 Platesu P 1
Flatesu Pl Flateeu F 1

Plteau P2 Pletesm P 1

SIoE BACK BRITCH.

f;l;tcﬂ Frtesu Pl Flatesu Strong P 3

Platesu P2 Platesm  FPleteam P 1

Pl
Pleateau P2 glgtem Plotesu P 2
Plateeu P2 f?l;teau Flateen P 1




TABIE 2. B 4 */+.+/+ GENOTYPE.

Fost Pre
Tine Fine . CT HICT Ppce Ppce CT CT Hi Hi
HH® 8SA SSA' SSB SsSB 8K SK Chkd Chkd HICT HICT cT Med Non-Med Med Non-lied Precipice.

.48 . 72,85 26.97  No
6.57  9.53 34.32 20,34 20.24  No
6.61 13.98 4.30 40.25 34.87  No
4.44 213,71 26.81 25.00  30.04 Wo
8.42 7.58 31.58 18,32 34.11 ﬁq
8.19 6.67 24.85 34.10 26.67 No
.68  9.55 .23 45,45 16.82 27.27 Wo

SO T



Teble 3 B 5. +/+.+/+ GENOTYPE

Fine Fine CT  HICT §§§: g;ge CT CT Hi Hi

HH' SSA SSA' SSB SSB SK  SK Chkd Ohkd. HICT HICT OCT Med Non-Med Med Non-Med Precipice.
1.89 77.13 " 20,98 No |

4.08 13.27 5.56 61.48 15.82 No

e23 2,52 15.60 3.21 55.96 22,48 No

o282 44 1.96 6.32 5.23 49.02 36.82 No

1.10 44 4,19 B.96 9.91 55.73 24.67 No

«20 60 1.40 5.81 <40 19.64 43,09 29.08 No
1.49 1.49 3.71 5.20 . 50 13.86 12.13 53.228 .25 8.17  Yes Slight

‘YvI



TABIE 4. B 6.  +/+.+/+ GENOTYPE.
HH | HH' | SSA | SSA' | SSB | Fine | Sk |Fine. | OT |HTCT ||HICT |Post |Pre P@ Med| OT i Hi Precipice
SSB SK Chkd Chkd Ppce Ppce Non Led | Med Non Med
_HTCT eT
.48 4.60 |10.64 9.61 | 30.02 34.62 | No
3,08 5.51 6.15 | 56.92 28.31 | No
5.18 | 6.74 8.03 | 44.04 36,01 | No
2.55 68.11 29.34 | No
3.85 | 9.52 54,65 31.97 | No
2.66 | 6.3C 63.92 27.12 | No
sxszf A1 Loy [yues 10.22 5.11 |19.63 | 28.43 31.49 |Yes,Slight

*G¥I



[} ) . 'S . ® =

TABLE 5 B.I  +/4.4/+ GENOTYFE,

Fine Fine CT HICT Postgce Prepce CT CT Hi Hi
HH HH'_ SSA SSA' S3B S3B SKE SK Chkd Chkd HICT HIC CT MNed Non-Med Med Non-Med Precipice.

46 88.19 31.35 No

2,04 9.04 49,85 39.07 No

2,75 6.78 46.82 43.64 No

2,08 9.11 B4.32 24,48 No

5.05 I4.11 3. 54.74 22,32 No

«20 1,37 9.BP ‘ 44 .8 22,11 22,50 No

80 7% .25 .25 .50 5,03 1.01 51.3 21,11 1.01 19.10 No

09?1




16/50 N/+ GENOTYFE TABLE 6

Fine Fine CT HICT Postpee Prepece CT CT HI Hi
| HH' SSA SSA' SSB SSB SK SK Chkd Chkd HICT HICT CT Med Non-Med Med Non-Med Precipice.
2,37 3.66 3.45 12.82 46.12 31.68 No
«40 .40 1.61 3.02 6.64 5.03 62.78 20,12 . No
«19 1.30 - 2.60 89.02 26.90 . No
23 .23 2.09 5.10 .93 7.66 58.24 25.52 . No
.22 2,82 3.25 . 14.54 8.03 45.77 25.38 Yes
.43 1.30 . 4.56 .43 .22 10.63 53.80 28.63 No
> 2.05 .30 1.68 74 .18 1.30 6.33 13.78 51.40 20.67 No

AR



178/48 N/+ GENOTYFPE  TABLE 7 _
Fine Fine CT HTST pogt Fre ¢t CT Hi Hi

[H HH' SSA SSA' SSB SSB SK SK Chkd HTCT Chkd Pce Pece CT Med Non-Med Med Non-Med Frscipilce.
7.49 5.35 HICT 37.97 16,282 = .36 32.62 No
1.37 6.39 .68 2,05 67.88 4.11 1 .83 13.70 No
79 L16 4.40 «47 1.89 61.01 1.26 4.56 25.47 No
«61 1.02 1.63 5.30 44.40 «81 19.14 27.09 No
20 2.44 2.03 «41 1.83 .20 14.86 46.95 «20 12,80 18,09 Yes
52 1,04 .87 3.8 .52 .87 .17 53.30 .87 17.74 20.17 Mo
67 3.47 .20 41 o4l 7.96 5.5]1 56.94 4.69 1.43 15.31 Yes Slight

.WI



.85

1.57
1.14
2.46
3.13

HH' SSA

37

26
«85
1.57
1.99

SSA' SSB

-45

.28
2.22
1.89

.52
2.85

.89

.57

104/48 N/+ GENOTYFE TABLE 8

Fine

Fine O  HICT

SSB SK SK Chkd Chkd HICT

l.44

3.94
2.77 1.48
44 1,11 .22
.79
1.99 .28 8.26
1.79 .22

20.17

J

Yost FPre CT CT

Pce pee Med None
HICT CT Med

72.96
1.1177.26
17.5658.67
38,48 234 .55
47.86 .21
30.43%9.82
4.5540,.91

Hi- Hi

lled Non
Med

21440
14.42
20,67
23.56
10.54
22.37
28.69

Precipice.

No
No
No
No
No
No

Yas.

‘evT



HH HH' SSA

22 2.02
2.67

.68 2.05
5.51 2.57
| 7.18 1l.24
2,29 7.55

SSA*

1.57
1.23
«34
37
50
;23

6/48 GENOTYFE N/+ TABLE 9.

Fine
SSB gsB

2.51 1.04
3.14
1.23
1.54
.37
.50

SK

3.55
.67
1.03
2.05
74

Fine CT HTCT

SK  Cnkd- Chkd  HICT
1.46

.45 .45
1.23
.34 1.54
13.97
11.91
14.65

Fost

ppce
HICT

Pre CcT cT
PPCe® jed Non

Hi

CT Med DMed

32.15 25.05
31.61 35.87
11.08 21.97 29.16
33,50 25,98
4.4]1 11,03 33.46
31.76 25.08
24.49 21.05

.62

H1

Non
Med

34.23

23,99

29,77
31.97
27,57
21,34
29.75

Precipice.

No

No
Yes
No
Yes
No

Yes

‘o8t



HHE HH' SSA
21 W21

2.71 1.94
.83

2,20 1.32 1.76

2.41 3450
S5.52 1.15
4.24

3.06

SSA' SSB

2.74
.78 1.36
.21 2,07
.44
.22
.69 .69

12/48 N/+ GENOTYFE

Fine

SSB  SK

.21 6.54 .21
.78
2,07
.22

.23

Fine CT
SK Chkd Chkd

@ABLE 10
; Fost Fre CT
HTCT ppee ppece Med
HTCT CT
6.54 38.40
16.09 43.41
8.06 7.64 .41 45.66
9.69 2.2 3.30 45.81
14.88 7.88 39.17
15.40 46.90
11.53 14.82 37.65

CT Hi
Non  lMed
Med

.07 .63
4Qae .58
1le24 S.51
4.85 1,98
2.84 3.06
2,30 .92
2.35 2,12

Hi

Non
Med.

35. 83
28.10
28?31
28.41
26,04
26.21
24,24

Precipice.

No |

No

Yes Very slight
Yes Very slight
Yes

No

Wes Big

‘ICT



41/48 N/+ GENOTYFE TABLE 11

Fine Fine GT  HTCT Post Pre OT CT |Hi- Hi

HH HH' SSA SSA' SSB SSB SK ~ SK Chkd Chkd HICT ppee ppee Med Non- Med Nom Frecipice.
HICT CT Med C Med
6.15 5.85 .62 ... .62 6.15 7470 40.92 31,69 lo
2,05 1.28 3,07 2.56 | 5.63 49488 28.39 5.88 No
56 .75 2.44 75 13.51 .56 37.52 38.84 5.07 Yes
| .79 2,36 16.75 3.66 28.27 36.68 11.52 Yes
.46 .22 2.23 .67 .22 15.37 34.30 20.62 8.91 Yes
be74 . 1,18 1.42 .24 o731 : 13.27 41.71 26454 10.19 ‘No
068 4.59 12,11 38.20 24422 14.20 Nes

s



{H

HH!

SSA

1.91
8.14
3,39
1.39
747
375
4,15

SSA' SSB

.19

.88 1.42
«85 2,050
«20 1.00
.18 2.19

1.36
o235 446

93/48 N/+ GENOTYPE

fine
38B SK

!5? 4. ?8 2010

1.086
«42

Fine CT

SK

<51

TABIE 12

Post

Chkd Chkd HICT  ppece

» 96

HICT
076

13.98
13.01
10.76
17.12
14.48
18.43 3,00

Pre

CT

ppce Mad

cT

' -18

37.67

57417

53.18

57-97

47 .36
51.96
47,00

CT Hi

Non Med
Med

30,46 1.15

2.48 2,12
4467 5425
737 179
«91 4,37
1.87 3.24
46 3.00

Hi
. Non  Frecipice,
Med

29,06 No

12.74 No
17.82 No
‘17.13 No
19.67 Yes
‘2061 No
16.59 Yes Big

*eGT



HH HH' SSA SsA!

1.01 «31 51

6.08 7.14 3.80

2,11 3417 .53
«48 1.45

4.86 1,08 1.9€ 1,08

7.80 Se4l .49
6.05 6.63

SSB
2.02
«26
«88
24
54

78/48 N/+ GENOTY'E @ABLE 13

Fine Fine CT  HICT
SSB SK SK Chkd Chkd HICT
25 2,27 51 .76
1.32 .26 3,17
2.46 3.35
.24 9.40
5.41
11.71
25,94

Post

ppee
HICT

Pre CT CT Hi
ppree lMed Non Med
cT

Med
13.1§ 50.25
2.12 47.62
10.04 58.27
4,82 36.14
12,79 31.71
34.15 13.17 49

4,61 8.65 32,86 .58

Hi

on
Med

: 88.?9
. 28,31
19.19
. 47.23
- 40.54

28.78
14.99

Pracipice.‘

No
No
No
No
Yes
No

Yes

‘yar



TABLE 14 N/+ GENOTYFE 65/48.
HH HH' S8A SSA! SSB Fine SK Fine CT HTCT HTCT | Post Pre CT Med 5 1 L Hi Hi Precipice
SSB SK Chlzd | Chkd Ppce | Ppce Non lMed | Med [Non Med
ol ] | HICT | CT
I
2.23 1.82 1.21 .40 12,96 43.38] 3.44 9.4$ 27.13 YES S1ight
1.31 1.09| .28 .66 .22 12.45 3.28 | 39.30| 8.52| 2.18 30.?4 YES
2.52 l.44 .72 13.69| - 45.95 16.9+ 18.94 YES
«86 1.29 4.09 3.44 47.10 15.0* 88.1J RO
.50 3.15| .17 [1.18 1.16 <99 59.11 .83 7.44 25,.50| NO
1.67 | .21 | 2,50 21 11.67 49.58| 1.46 5.34 24,38 RO
4,76 «95 16.19| 5.52 42,10 11.43 16.05 YE© Big

‘gcr



TABIS 35/48 N/e GENOTYPFE.
HH HH' SSA | SSA!T S3B Fine SK Fine cT HTCT HTCT Post Pre CcT Med cr . i Hi Precipice
SSB SK  |Chkd | Chkd Ppce | Ppee Non led | Med |[Non Med
- HTCT ) ET L

B.77 5.20 |.64 | .21 11,94 | .21 [17.91 |28.65 36.46 [YES

.87 1.21 |35 [1.04 52 8.13 2.25 |20.76 | 2.11 43.77 |YBS Big
4.95 1.16 .17 13.53 .17 [18.15 |18.48 | .38(43.07 |ves

.16 | <16 1.61 | 48 |4.66| .32 13.02 | 29.10 50.48 [NO

.64 4.29 [1.27 [1.91 .16 1.91 7.63 | 4.29 |37.38 40.54 [YES

.16 2.76 | 85 1.30 8.28 81 | 2.44 |42.69 40.91 [YES

‘901



TABIE 16 90/48 N/« GENOTYFE.
HH HH! SSA SSA! S3B Tine SK fine ! CT HTCT HATCT Post Pre CT Med GT A Hi Hi Precipice
SSB SK Chkd | Chid Ppce | Ppce Non lied | Med [Non Med
- HTCT B (31

6.55|1.26 .91 19.27| 23 | 1.36 | 14.51 | 31.75 24.26 Y3
74|3.72| 74 <50 8.68 12.40| 46.15 27.04 {0
3.63 .20 1.41 |1.41 +40 18.95 2.42 | 17.74| 31.45 22.38 [vES
.17 .17 | 5.60 1.08| .69 6.86 25.38 | $2.59 20.50 Fo
4.92| .70 |1.87 1.17 2.81 16.16 | 46.37 25.99 Lo
.15 2.47 2.16 1.23 1.39 11.42 .31| 48.46 32.41 ¥ES
5.78 4.20 | .88 | .18 20.84 19.26 | 30.30 | .35 18.22 No

*LSI



TABIE 17 48/48 1N/+ GENOTYFE.

HH HH' SSA SEAl S59B Fine SK Hine CT HTCT HTCT Post Pre (1 Med CT . Hi Hi Precipice
S5B SK Chkd | Chkd Ppce | Ppce Non Med | Med |Non Med
HTCT G

3.7 2.62 .87 13.0? 2.03 16.57 | 28.78 32.27 | YES
1.99 .28 .66 s.% 4 .19 41.50 44,37 | MO
2.5 3.10 58 14.6% 22.92 | 6.42 | 2.88 27.43 | Mo
.21 5.75| 021 4.08 .85 7.46 | 37.74 43,71 | wo
a.sir .04 .2¢| 71 .94 1.68 29.65 | 28.94 34.35 | WO
1.5* .48 24 .94 7.89| 22.97 | 31.10 34.69 | Yis

.91 17. .30| 27.05 | 20.97 25.58 | ¥&s

7.9?

.ggI



TABLE 18 158/48 N/+ GENOTYPE.

HH HH' SSA | SSA!T SSB | Fine SK Fine CT ETCT |HTCT |Post Pre CCT Med e -, Hi. Hi. Precipice
SSB SK Chkd Chkd Ppce Ppce Non led | Med |Non Med
- HTCT CT
.37 «56 «37 |4.48 7.09 1.87 39.55 | 25.00 20,71 |NO
1.12 7.16| 1.79 1.57 52,57 | 19.46 16.33 |NO
+41 +81 | 2.85 (2.85 3.05 4,89 7.94 (31,77 | 85.66 20,37 |YBS
73 24 2,92 7.06|4.14| .24 24 28.22 | 39.90 16.30 [NO
-84 4.40 1.05 21 42 32.49 | 34.80 25.79 |[NO
2.64 « 44 (3.30 .88 1.32 p6.08 53.48 | 20.70 .44 | 20.48 |YES Big

. SQI



TABIE 19 194/48 N/+ GENUTYIE,
! SSA | SSA! SSB | Fi SK '] CT HICT |[HTCT |Post | Pre Ct) Med G~ . Hi Hi Precipice
= = e : S;%e 1 j éﬁe Chkd | Chkd Ppce | Ppce ' Non lied | Med |Non Med

HTCT CT

o 19 «19 «19 [1.50 «56 2.82 | 8.63 |3.76 '0_5? 27.64 28,55 51&m NO

«16 032 | L322 L16 «32 | 2,89 (6.10 «16 51,386 58.20 NO

2.40 | .57 [1.84 | 1.41(1.27 | .14 | %8 32.11 &5.90 pe.o7 o

22 7.56 (7.56 «43 ,45.1& $9.09 rfo

49 | 74 [B.94 |4.93 2.22 40.89 p8.08 18.72 NO

J.32 l.54 |2.86 | .22 P.42 «88 F.64 38,33 F2.91 £6.87 qo

i

* 091



TABILE 20 353/48 nar/nr GENOTYIE.

o 3 SA' | S 3 i HICT |4TCT |Post | P CF Med| CT .| Hi Hi Precipice
HH | HH' | SSA | SSA' | SSB gg%e = bé;e Cg]r[cl‘d Chkd i P;ie P;ie Non Yed | Med |Non Med
HICT | CT
13.05 76| .38 4.19 11.83 8.95 | 5.14 | 23.24/16.00 | .19|36.76 [¥BS Siight
«18 «18 .36 3.58 3.76_ 7.33 | 20,39|18:,25 45,97 [YES Slight
1.14 2.66 «76| 2.68 2.85 2.28 9.30 2.85 |46.87 28.65 [ES
2.16 2.88 |2.16 | 2.16 7.69 (64.18 18.75 ho
«27 | .40|3.61 5.48| .13 | .27 13 10.58 |61.45 19.68 MO
«40 «80 5.38| 20 « 20 9.36 1.00(63,.55 19.12 WES Slight

*I91



TABIE 21 nr/nr GENOTYFE 332/48.
HH | HH' | SSA | SSA' | SSB | Fine | SK |iine eT HTCT |HTCT |Post | Pre C Med e .| Hi i .Precipice
SSB SK Chkd | Chkd Ppce | Ppce Non lied | Med |[Non Med
HICT CT

4,97 8.24 |1.73 | 4.10 1.300 20,09 41,90 7.78 «22 (14,68 | NO
«96 | +24 | .48 | .96 »96 2.17 16.63 39.28| 8.67 | 1.69|27.95 |NO
3.94 3.78 (1.26 | 1.47 21 20.59 35.08(19.12 15.55 | Y8BS
3.01 5.82 5.62 31,35 (16.67 37.56 | NO
2.49 4.98 (1,36 | 3.39 .90 11.54 30 .77 (28.73 15.8¢ | NO
39 | .19 | 2,33 3.70 11.09 40,03 |13.42 «19 (19.65 | NO

‘291



TABLE 22 80/47 ar/ar GENOTYFE,
HH HE! SSA S3A! S5SB Fine SK Hine (@i HTCT HTCT Post Pre OF Med CT : Hi Hi Precipice

SSB SK Chkd Chka Ppce Ppce Non lied | Med |Non Med

HTCT CT ’
1.68 1,48 | 37| .37 3.33 4.81 32,90 |21.81 33.27 |NO
.87 .85 43 1.30 | .43 28 43| 1.09 38.04 [17.17 39.35 | WO
2.08 83 | .63 .83 1.46 1.28 31.67 |23.33 37.29 | NO
2.52 2.18 1.38 | 19 |4.07 | .39 «19 36.05 |29.26 20.84 | NO
1.58 69 | 17| .69 3.1% 52 33.51 |290.34 30.58 | NO
4.67 1.72 14.50| 9.34 24.82(17.69 | .25 | 27.03 | Y&

*¢or



TABLE 23 351/48 n¥/ny GENOTYIE,
HH HH' SSA | SSA'. | SS8B | Fine | SK [Fine cT HTCT |HICT |Post | Pre CT Med cTr .| Hi Hi Precipice
SSB SK Chkd | Chkd Ppce | Ppece Non lMed | Med |Non Med
' HTCT CT

£.26 2,17 B2 . 15-25 290.57 124,35 17.17 | YES

2.89 «87 +87 18,85 «58 | 24.68 [24.39 33.19 | YES Slighh
3.62 5.43 « 20| .60 16.980 _,40 4.43 51.81 17.10 | YES

.“7 3 .‘7 2.83 2.59 1.‘2 2056 .71 .71 2.83 5¢66 53-77 %.18 NO
5.+26 3.95 | 1.10/ 2,19 .88 8.11 8 .11 (47.15 23,25 | NO

1.90 3.04 .76 .:.?? 12.33 -38 120 14 48.58 20030 Y—I:E;

*yor



TABILE 24 343/88 nr/nr/ GENOTYIE.
HH | HH' | SSA | ssA' | sSB | ¥ine | sk |fine | cr |HroT [HTCT |Post |[Pre |[CTMeda| oCT .| Hi Hi  .|Precipice
SS5B SK Chkd | Chkd Ppce | Ppce Non lied | Med |Non Med
HICT | CT

3.7 2.01 14.06 +87 | 26,79 22,32 30,368 (YES Slight
1.71 1.07 «64 13.92| «21 | 23,77 22.91 +64(35.12 [YES Slight
1.09 5.24 87 13.32| 3.06 1.53| 50.00 24.89 [YES

«25 28 | 178 «98|2,70|1.23 T.62| 52.83 32,43 Mo
2.59 3.11| .17 | 1.38 7«94 2.59 | 10,71|47.52 24,168 [¥BS Slight
1,53 1.34 | .38 | 1.54 +57 11.66 <76 | 17.78|34.80 29.83 [YES Slight

*G91



e HH?

1+48

4-70

SSA

1-48
*99

1+91

547

42/44 H/+/nx/s QENOTYIE.

Fine Fine CT HTCT
SSA' SSB SSB  SK SK Chkd. Chkd. HTCT
56 74 *19 37 37 9+08
066 148 e 33 +16 315
106 1+27 1-91 3,40
.25 .25 14'36-

Taxmx‘gg.
PosgpceP ce CT GT HI HI
HTICT € MED NON-MED MED NON-MED Precipice.
370 31+67 86+15 8°-89 33°33 Yes Sligh®
1118 4276 1+97 8-22 28-62 Yes Slight
5-94 56°05 42 679 20+81 Yes Slight

56-19 149 $-22 16:09 No

‘991



HH HH& SSA

2012
1'ﬁ5

2°15

2-86

2«12
s
149

6-09

SSA' SSB
58 96

36 71

*435 1+06

88/44 n/+/nr/+ CENOTYPE. TABLE 26.

 Fine
SSB

eT HT HI

Bine CT HICT Postpce BrepceCT
SK SK Chkd Chkd HTCT HICT CT MED NON-MED MED NON-M®=D
+56 423 30.05 20,00 3 50,00
2*14 S3+92 33:33 26+56 *18 31-19
1+26 ' 2+13 3085 28+30 32434
12577 11,98 24,95 41 .65

Precipice.
No

No

No

Yes

‘e99l



o/44  N/+/nxr/+ GENOTYPE. TABLE 27.

Fine Fine CT HTICT Postpce Prepce CT CT HI HI
HH HH' §HA SSA' SSB SSB  SK SK Chkd Chkd HTCT HTCT CT MED NON-MED MED NON-MED Precipice.
4+87 - 2.12 Le27 3 1.69 14.83 2.97 2,12 44.70 25+42 Yes

1-73 <25 =25 * 99 10-12 370 20-25 37-04 2568 Yes

° Q991



5-58

2+50

1-36

512

5-81

Fine
SSA' 33B SSB

129/44

N/+/nxr/+ -‘

GENOTYPYE.

Bine CT HICT
SK SK Chkd Chkd

1-88

3-31

1-09

I ABLE

Postpce Prepce CT

HTICT HTCT

9-79
7-78

815

13- 28

CT

D42
7-98

9+61

24-79
23°35

1783

5651

28,

CT
MED NON-MED

12-08

17-32

24-50

13-

2

&

"I
MED

*63

1-40

HI

NON-MED Precipice.

37-29
36°38

3147

2419

Yes Big

* Lot



155/44 B/+/nr/s GENOTYPE.  TABLE 29.

2 ' Fine Fine CT HICT PostpcePrepce CT CT Hi Hi
HH HH' SSA SSA! SSB SSB  SK SK Chkd Chkd HICT HICT CT Med Non-Med Med NoneMed Precipice.
j«53 353 1-86 <56 9-46 39«52 2+41 1039 28-76 o
577 58 38 1-54 1-35 €-35 48-08 3-85 10-00 27-12 No
64 226 62 1-64 2046 , 4+52 43-35 7-19 4+93 3le42 No
=038 2*77 12+54 6+68 41+86 2+61 3°75 3°78 Yen Dbig.



TABLE 30 300/48 N/N~ GENOTYEE.
HH HH' SSA SSA! SoB Fine SK Hine CT HTCT faTCT Post Pre CT Med CT Hi Hi. Precipice
SSB SK Chkd | Chkd Ppce | Ppce Non led | Med [Non Med
HTCT CT

5«36 2.49 B0.50 24,90 [20.50 26.26 1O

.13 137 16.41 , 26,37 |27.93 24,80 IO

Ba61 3426 | .17 |86 .34 .52 15.21| 3.09 [84.85 7,49 S
5.54 g

5.52 1.51 | .50 $,51 | 1.51 552 «50 1.01 P rel'pee 30,658 Y53 SIight
46, 23

2.91 3.27 1.09 1.64 2,73 13.82 [56.55 18,00 10

2,61 1.74 | .70 $.13 «17 2.43 11,13 .35 p3.29 B4.35 YES Slight

* Q9T



TABLE 15/50 N/N GENOTYFE.
HH HH! S04 SSAT SSB Fine SK Fine cT HTCT HTCT Post Pre | CT Med aT . Hi Hi Precipice
SSB SK Chkd Chkd Ppce Ppce Non lied | Med Non Med
. HTCT CT

k.43 1.27 | 95| .16 N4.87 1.27 p8.16 (22,63 26.27 YES

1.?3 .58 ‘14 ’,]_2.27 3.17 27.27 24.&12 50.01 '_;‘; Eig
2.28 1.67 | 1.98|1.863 14,31 1.67 P6.83 |[16.89 22,53 YES

2,13 1.14(2.24 0.53 43 7.21 |31.58 35.14 YES Slight
2440 .88 | 2.99| .18 1).42 B80.93 |30.40 120,74 YES

2.69 2,87 | 2.51| .36 16.68 34.47 |24.96 15.26 Y83 Slight

* 691



IABLE 32 14/50 N/N GENOTYIE.
HH HH' SSA SSA! SSB Fine SK Hine CT HTCT HTCT Post Pre CT Med T s Hi Hi Precipice
SSB SK Chkd | Chkd Ppce | Ppce Non lied | Med |Non Med
HTCT CT

4045 .4.? 15:53 094 4...&&4.8 5.39 3.51 20-14 Yﬁ'}'l
3,29 78 [l.94 | 19.77 54.07 | 1.55 |[1.74 | 16.86 |¥ES
2,55 2,97 [1.70 20,17 56.05 | .21 |4.88 | 11.46 |¥ES
1.52] .19 .47 |2.47 10,27 30.23 |25.57 29.28 |NO
130 1.73 1.30 [3.90 18,81 43.29 19.05 10.82 |®O
2,05 .68 [1.60 | .68 15,98 53,20 | 4.79 |1.37 | 10.63 |Y23 Big
F*35 2.18 F'ﬁé 44 18,08 49.24 [11.33 10.02 |¥23 Big

*OUT



TABLE 245/48 N/N GENOTYFE.

HH HH' SSA | SBA! S5SB | Fine | SK  |Fine | CT HTCT |HICT |Post | TPre CT Med CT .| Hi Hi Precipice
SSB SK Chkd | Chkd Ppce | Ppce Non led | Med |Non Med
HTCT CT

6.28 .20 | 2,43 16.,19| .61 40,28 |8,70 +81(24.49 (YES S1ight
4.41) .23 15.9% «46 41,07 |9.08 1.359| 29,47 |YES S1ight
2.2 4.11| .47 }S.IQI 30.56 |8.17 2.37|29.91 |YES

1.281 .28 o0 | 489 | 413 8.16| .26 30,87 15.21 «64|40.,04 (YB3 Hlif".ht
2093 4015 «1d s40 14.11 013 47-00 5.30 1.07 26.90 YES

3.2ﬂ 4.95 16.56] 1.51 54 .67 43 1.51|17.20 |YES Big

"ILT



TABLE 34 239/48 N/N GENOTYIE.
HH HH' SS4A | SBA! SSB | Fine | SK Hine cT HTCT |HTCT | Post | Pre CE Med er" I Hi Hi Precipice
SSB SK Chkd | Chkd Ppce | Ppce Non lied | Med |Non Med
HTCT CT

5«.59 2045 11? 17066 .35 4t,,15 10.‘19 1?'13 m

3.30 44 14.76| .44 45,81 7.49 1.54 26,21 [YES

5.14 2.54 .23 20-09 .4" 4&5.56 5.74 1&54 17;99 Y:T.L-J
2.03|1.18] 5.61 | .68 | .45  9.45/1.18 | .28 | 41.53(17.83 23,95 [vES

4.84| 2.53 19.88| .48 57.80| 5.07 «46 | 9.22 [YES

S 94 1.62 17.13| 8.5 45.14 « 59 5.09 16,44 [¥8S Slight
4,688 4,65 14.65| .98 54.42]| B.23 3.26 |14 .88 ES Big

‘241



TABLE 35

263/48

N/N GENOTYVE,

HH HH' SSA | S3A! SSB | Fine SK fine cT HTCT HTCT Post Pre CT Med G Hi Hi Precipice
SSB SK Chkd Chkd Ppce Ppce Non led | Med Non Med
HTCT cT
8.41 15,89 .70 46.73 | 10,98 17.289 ([YE3
4 .50 14.41 33,93 [ 86.13 <l.62 |YES
.70 7eS1| .23 12,79| o238 |47.44 [16.05 14,65 (YuS
2.71 1.67] .21 18,16 40,71 |17.33 18.21 [YES
4.0ﬂ 4.61 15.16| 3.45 8% «SE 4,41 10.75 53 Big

A



ANALYSIS OF HALO-HAIRS,

:;t‘:xB!}i 36
GENOTYPES
v N/+ o/ fow e ny/nr N/N 7 Values D
R A W 2.37
0 2.53 - 1.70 8.31 20.36 5{0 Lo s
=, & Do a2 1,6 level 3.22
0 4.20 5.62 5.65 10.51 9.90"* 5 level = 3,33
' n, =4 - -0,=37 1% level 4.50
o 2.13 - 5.17 9.67 14.76%" 5% level =  §,21
L= g THTag  [15 level 4,36
4,93 5% level $.07
(¢} 3.69 - €.15 8.72 n=3 n,-2% 14 level 6.87
5.31“' 5/70 level = 4‘72
€
° 8-57 6.99 80‘5 10-5‘ 1'}.1:‘ 4 1’12=% 1{‘5 level 5.37
' 7.52** 5% level 5.04
0 8.66 10.% 11.65 .15.80 n1= n2= E.? 1; level 6.81
a.aéh 155 level 4.19
2.77 12.19 12,81 - 11.43 n=3 n,=22 |1/ level = D469
1.00 10.14"* 8.79** 4.41*" 6.52**
n= 6 0,21 |n,=6 Mp= 77 | 01°5 ng=1d | By=5 Mp=23 ny~6 ng=35
5% level = o 5% level = $,39|5% level = Bal 5% level =4459 |5% level.= 2,07
1% level = = 1% level =. 4449 |19 level = 443 1% level =883 |1% level = 2,78
#%  Indicates F v@lue significant &t the IZ probébility level .
.

Indicates F value significant at the 5% probability level.

‘LT



ZABLE 97 A 196

ANALYSIS OF HALO-HAIR' FIBRES.

Benotvoes
#/+ N/o N/#.nr/4 nr/nr N/N F Value d
She Pt. 8 0,41 - Q 3,45 6o S4kx U.....M H 208
nu“_-uu 5anw P“m s 2475
TABLE 37 B,
HALO-HAIR' FIBRES.
\’. mgﬁ- m.w. Hw. W S. ww. Br. F Value d
N
Genotypee: 3448 1,58 6@ 0446 0 0,43 0 2.67™ 5% ;: 2.24
ﬂPuO P“.m -
ng:dd
Between Positions N/+ Genotype,
Sh.Pt, Nk, Sh. W. 8. Bk. Br. F Value d
N/ 1.64 0,77 0,30 0,23 @ @ ©  2.89% 6% : 1.00

ﬂmu 77




TABIE 38 ANALYSIS OF SUPER-SICKLE A FIBRES.
GENOTYPES

+/+ N/+ W/ + 1/ + my'n r N/N . P Values D
0 2.38 - .98 3.49 .78 5% level = =
n1=3_ n2= 22 1/ lewel = e
0 .95 4.04 4.46 5.33 2.09, 55 level =
F n,=4 1N,= 287 [j level = =
% lewel = _
o 4,75 " 5.01 7.32. 5.15% 148 e 4.54
n,=3 . 53,= 83 [ilevel =
0 8.38 L 9.18 ] 8.81 ‘)-:‘}?K 5}?; level = 5901
- ‘-*. r'% le = -.5 3
0 7.80 9.17 10.51 7.7 il i dec
n, = 4 n2:g.6 1% level = =
0 6.28 8.73 .80 6.24 5.64%* 5% level = 5,65
n,=4 1B, 27 17 level = 4.93
0.58%* 55 level = 4,09
0.92 9412 12.14 - 11,19 =g N, gg |1 level = 5.58
- 8.87** 9.86%* 6.57%% 3.27*
n,= n,= nl-a na. 77 ny= 3 n2-14 n1-5 ng=2d nl= 6 n3.35
5% level = = 5% level = Ge66 |5% level = B«88|57 level 088 |57 level.= 4,48
1% level = = 1% level =. 486 [1% level = 4.55]1% level =H5.287 [1% level = =

* 981



TABIE 39 SUPER-SICKIE A' FIBRES.
GENOTYPES
,,/+ N/+ N/+&/+ /e N/N F Values D
L P :
0 0.54 - 314 6.38 11.34 5% Level = 2,78
“ ' n,=3 =228 |17 1cve1 = 3475
0 1.90 2.11 1.61 1.69 A g Lol =y
h . 1’11= 4 n2= 27 1/0 level = -
2,27 5k lewel = =
”. ¥ - 1.68 3.50
© <«50 : n=8 n,=23 |17 level = =
. 2.18 5’/; level = -
0 4.31 - 3.74 4.55 n,=3 n,=83 |15 level = T
S.4x* 5% level = 8«01
0 2439 4.12 3.71 520 n,=4 n,~26 1% level = =
il + 33 Z2.50 5% level = =
0 3.60 1.73 292 . n=4 1,27 [1% level = =
4.41 1.55 5% level = -
0.586 1.67 1.36 - ' n=8 1n,=282 |1/ level = =
= 3.97;‘:& 1.68 045 y 1.84
n= = n,= = n,=6 ng=?77 n,=3 nz-n n1-5 na-zs ny=6 ng=35
5% level = = 5% level = 1491 |5% level = = [55 level = =  |5% level.= =
1% level .= = 1% level =.2e54 |1% level = = [1% level = = [1% level = =

"L



TABLE 40

SUFPER=-SICKLE B FIBRES,

GENOTYPES

B4 N/+ N/+ /5 + nr/nr N/N P Values D
® 6.17 - 8.81 7.94 4.51% 56 Level = 4487
: - n,=3  n,=288 |47 level = =
11,07** 5% level = 2,00
0.87 3.8? 5.08 4055 4] n1= 4 1’12=3’, 1’-,3 level = 8.70
0 6.61 6,06 3.70 6.89"* o legel = 3486
- il . n=3 n,=228 47 level = 4442
Q.10 * 5/% level = .38 .
0 6.68 - 8,71 4.03 n,=8 1,728 |1/ level = 4,59
£.62 5% level = A
1.81 56 8.73 _ .28 343 1'11: 4 n2=m 1{% level = ==
4,33 556 level =3 489
1.63 v 3.72 6.1‘ 509‘ 0.38 n‘i= 4 n2: 2‘? -1;'; level =4.68
< 57 1 =
4.96 1.81 .78 - 2.09 Sl S S
n1: 3 ‘[]_2:22' 1[;3-18:V81 = -
5.08%* 4.87** 19.26** 1.71 4.04%*
n,= 6 nzzn nlﬁﬁ na.,?l; nl"a n2~14 n1-5 n2-23 nl-(': n2-35
5% level =2+34 5% level =2431 |5% level =1,80 [5% level =  |5% level.= 3,81
% level =817 [1% level =3,16 |[1% level =2,50 1% level = = 1% level = 5,128

* QLT



IABIE 41

CENOTYPES

*/+ N/+ N/+ 18/ + nhr N/N F Values D
| ' 13.57** % Level = 4,69
¢ 9.28 - 10.01 | 0 n,=3 n, =28 [1; level = 6,37
6 50&'& 5_,2 level = 3 48
0095 4.% . : 3 g
7.66 S.19 - n,= 4 n2= 27 |14 level = 4,67
| 8.36%* 5% levcl = 3 80
0.69 4.9{}' - 8.69 0039 n‘T: 3 'n2:23 1;3 level = 5'16
B.43** o lovel, = 3,98
0 6.39 - 6.64 0 n=g nDy=pg |15 level = g =g
.o 3.12° Th el 2 4 an
0.95 5094 '?.56 5.86 0056 n1: 4 n2=25 1_;‘5 level = -
2.26 56 level = _
1.?5 3.54 5.75 4.'4 (4] 1’11: a 1'12: 29 1?; level = %
7
_ 5.68%* op level = g.98
727 0,72 4] - 0 n,=g N,= go |1ilevel = 5,34
2448 6.24%* 21.51** 1.837 -
n,= @ Ny,= 2 1’.11=-'5 no=77 H1-3 n3'14 n1=5 Np=23 -
5% level = o 5% level = g g7 |5% level = 2,25 5% level = o |5% level.=
1% level .= e 1% level =. 4,08 1% level = 3.13 1% level = 2 1% level =

' 6LT



ITABIE 423

FINE SICKLE FIBRES.

GENOTYPES

/+ N/+ N/+ 20+ By®@r N/N F Values D

Celd 6.07 - 5.9 1.80 1.45 53’5 level = =

n, = n=28 |47 level = =
13.56*" 5% level = 2.75
9.65 1.58 0.66 075 0 n= 4 n,=27 |17 level = 3.72
) 6. 61" 5%k level = »_4¢9

10,75 1,04 - 0.51 O ) <
n1= > 1'12: 23 1,6 level = 2.97
o 15, 75%* 5,% level = 2,30
11.51 2.68 = 1.13 0 n n,= 23 1/ level = 4,60
123,67%* 5% level = 1,44
%oV 0.56 ° 0 0 n=4a n=28 [/ level = 1,94
27 ,27% 5% level = 2,54
10.64 1.00 0.70‘ 4 0 n,= g ny=pp |15 level = 2,43
o 8.64%* 154 level = 3,03
6.71 V.21 0 - 0 n,=3 N,=88 |1/ level = 4,12

2.09 6.14%% - 8. 33%* -
n=g n,=31 [1"8 Bg=77 ny=+ No=- ny=5 npe23 |m= - Ny= -
5% level = _ 5% level = 2,29 |5 level =. 5% level = 2,48 5% level. =
1% level .= = 1% level = B.04 |[1% level == 1% level = 3,832/1% level =

‘081



TABIE 43 CHECKED CUTLY-TIF FIBRES,
GENOTYPES
W+ N/+ N /+ 0/ + n®/nr N/N ¢ Values D
L :0 l i l -
4] 3.48 - 5.32 o 1 13 5'] eve

ny = 3 1'12:22 1,0 level -
' 18.24%* % level = 4404

16.87 2,20 0 0u54 0 s w1 ERESTCS
1= 4 ToT 27 |16 level = 5,86
8.7 o 15 o b4 ,82%* 5% level = 3,18
1 L 1 1.‘-0 - 0. 1 - n1=5 e n2:23 1{; ]_eve]_ . 4.31

anll® 5% level a
: 31.20% .11
18,70 2,17 - 060 0 . ,
v 1'11=' 3 2R3k 1/ level 5.58
_ 50.39"* 7 level = 3,68
16.15 0.65 O 0 O I'l1 :4 n2: 36 1/':'0 levol 3.58
16.29 0.45 0 o ° 140.28%* 5% level = 1457
i ; n=4 n,=27 [1% level = 2,11
.'f

4,74 0.55 0 ~ 0 980" T

n1: 3 n2= g2 1;5'16':?61 -

15.5?** ,'73 il 1.15 —
n1=6 n2= 21 nl-ﬁ nzh?? n1- - Dg= - nluﬁ nglas Ny= - ng= -
5% level = g @0 5% level = o 5% level = . 5k level = m 5% level.= m
1% level = g gy [17% level = 1% level = 1% level = o 1% level =

‘18T



(‘!'3 JP.‘BI‘E ! !

HATRY-TIP-CU RLY-TIP FIBRES,

GENOTYPES

?/ + N/ -+ N/ +;i]j/'f+ m/hr N/N P Values D —
4.65* 5:7’; level = 7-53
0 S5.86 " 5.85 13,76 n1: 5' n2: 22 1}; level = = ‘
i 8.,54%* 5% level = 7+64
o 1860 14.19 i 08 n,=4 n,= 27 |17 level 40.32
6.01** 5% lewel =10,14
0 0 - 12.82 22,38 .
Hat ) =8 n,= 283 |1} level =13,76
?.55‘“ 5% level = 8.75
0 8,68 - 11.47 21.04 n,=g 0,723 1/ level =11.87
: . 5.52'* 5,% level = 9.98
0 18,54 11.52 17.84 21,10 n-4 ns 26 1% level =18.41
9.20“ 5,"; level = ?.75
.91 16.96 17.6‘ 20.81 2'4‘62 n1=4 . 'n2= 27 1}; leVel =10.“
15.31*‘ 5}5 level = 6.40
5-68 24.36 32.“ B 24.85 n1=3 n2= 22 1;5‘18@81 = B.?O
1.53 7.68°¢ 9.20%* 1.93 2,80*
n=6 0,21 ny=6 n,a77 ny=3 n,=14 By=5 Ng=23 ny=6 N,u35
5% level = o |55 level = g 43 5% level = 4.61 56 level = @ |5% level.= §.44
1% level = . [1% level =.g g3 1% level = g a0 1% level = _  [1% level ==

‘Zer



TABLE 45

GENCTYPES

HMEDULLATED CUHLY-TIP FIBRES,

€/+ N/+ N/ifp/+  nmAar N/N P Values D
: _‘).45_*‘ 5:“‘5 level = 14.51
2 .‘f‘; - 9- g PB.\‘-}S  Ergimagy ! e ‘
0 6446 . 19.98 i n.=3% -ny= 28 117 1evel = 1945
z go* 5% level = 18.63
- = o L
1.‘.69 31..31 07,.‘95 53.,63 38. ..4. I'l1= 1‘12= f-’? 1{3 Tikpal = oL
ookE 7 level =14.88
5,58 31.30 ¥, 28,97 37,08 i e '
- . . Lo . n1 =-3- 1'12— 28 1,0 level =2Ge12
2.78 5% level = s
13.31 31061 -_ &2_0.5({ 38022 n1”:.a. nzﬂa_ 1;: level = -
4.“$¢ 5;‘5 level =12.44
Hz_b..oﬁ 35.16 39.61 23.21 hO.Gl n=g = 28 |17 1evel -16.82
87 5% level = -
31.05 54.54 52.08 S4.41 58.71 n,=g 0,=gg. |14 level = o
1.06 155 level = =
37.15 31.41 36 .58 - |46 .80 n1=3 I12= 22 1;‘3'18&"01 2
8.95%* «99 «50 2.056 1.12
n=6 n,21 Ny=6 ng=77 B,=3 np=14 Ny=5 ny =23 ny=6 ng=35
5% level =14,88 [5% level = = 5% level = 56 level = 5% level.= =
1% level =80el8 17 level =. = 1% level = = 1% level = = 1% level ==

‘eer



TABIE 46 NONe~ MEDULLATED CURLY-TIP FIBRES,

GENOTYPES

i/q. N/+ N/.{.M.g. Wm N/N F Values D
4.,77* 5% level = 319,59

57.78 29,18 - 42.78 Blall n=g 0,=28 li71evel =
, . 3% % 1 1= e

44.19 26.19 22,59 25,02 22,18 i e SR
=4 =87 |16 level = =
1.95 556 lewel =

® 2 - - 3 - 22.0 ”
46.0 28.31 750 ° n=%. 10,-28 [17level = =
1.36 ' 5h level =
42,76 28,78 - 40,72 27.81 n=38 n,=23 1% level = =
_ 3.40" 54 level = 17.84

40.73 19.58 20.27 37.7¢ 17,49 n,= 4 N,=28 [1% level = =
. xg level = =

34.51 22,34 22,88 25,08 20.69 2o 0k
n1= 4 1'12— 27 |15 level = s
1.09 155 level = w
32,66 21425 16.91 - 18,58 n=g . 0y~ 28 |1/ level = w

S.77*% «62 <21 3.54" 1.14
n,=g n2=' 21 Ny=0 No=77 n1-5 nz-li ny= 5 n2-85 nllwﬁ n2-35
5% level = 12.5&5% level = == 5% level == 5}% level = 12415 5% level. ==
1% level = .= [1% level =. .= [1% level ==  [1% level = =  [1% level ==

‘ver



BEDULLATED ISTERUTRICH FIBRES. TABLE 47

/e N/+.nx/+ nr/nr N/N F Values a
7.29 8,22 2.41  3.58 -86 =
ny, = 4; ny,= 27, 1% = =
0445 899 0 5.72 1.77 B - w
, . nl- 4; ng = 26. 1% = =
7.64 8.64 1.04 2,66 R :;‘2 : -

ny=d ng= 27

‘68T

ha..-._—_-r_ - - .‘-



TABLE 48

GENOTYPES

&/+ N/+ N/+1w/+ oy e N/N F Values D

= <91 5% level

31.35 54.98 - 3“3.24 ; 53.85 e 5
n1_ S 1‘12: 28 {10 level

1.55 7
33,10 32,78 33.04 36.99 29,79 ' e
1'11= 4 1’12 27 1/:) level
| 1.19 5% lewel
e .55 " .38 WEar® nL=a B,= 283 5 level
2,04 5;:5 level
32,38 27.96 - 27 « 46 23.11 n=g N~ axl|1} level
<77 5% level
32.65 38.87 52.50 29.51 2?.44 ﬂ1= 4 n2: 26 1;% level
1.44 5% level
32.02 29,69 33478 304620 27 64 n=4 n=29 |15 level
€ 01 30 62 22 ?6 1.75 -5;; level
27.04 28 - g - n,=g 0, ‘ggl|1/l level

«82 2,17 +»45 L33 6.41**
6= @ n= 27| nye6 Mg=7? |ny=B ng=l4 | n,=5 ng=28 | ny=G ny=23
5% level = = = |5% level = & 5% level =wm 5% level = = |5 level.=4 B3
15_;.; level £ = 1:,-;; level =. e 1% level —es 1;% level = o 1',-‘/3 level 5,81

* 981



N/+

TOTAL HISTEROTRICH FIBRES.

GENOTYPES

€/+ N/+ . m/mr N/N F Values D

. S 8% 38,24 391 1.56 5% level s

. 9le36 7-8 _____ e - i n,= 3 n,= 82 1,5 level -

2,00 5% level fu

33.10 36.07 35 .35 37.28 30,31 n= g %= g9 |1/ level -

2.61 5% lewel =

34431 33,30 - 29.14 28,63 n= § n,= 2813 level =
3.6 a‘ 5;: level '6. 20

DR IE 30.47 - 27«46 %on n’1= 3 n2-_— 23 :‘,'I.;j level o

_ ' 1.22 5% level = =

32.65 33.84 3‘4-39 29.51 28066 n1: 4 n2: 36 ﬁ}% level i

i 2,60 5% level = o

32,02 52,84 36.17 30466 28,33, it e S i £

: 2+76 15 level = o

27 .28 30,46 324,08 - 23,37 n,= g n2=' '2#1,‘-’3'16#61 -

77 2.60" 1.64 2453 7.04%*
R L | B S n =5 n =6 N =
g gy e BT | RS Rt | MO Rl | My RS
5% level = < 5% level = 3,98|5% level = . |56 level = . |5% level.= g4,
V% tever s T 1% Tevelmar a L 1% %:e_vel R 1% level = - 1% level = 5.4
|

*LBT



TABLE 50

GENOTYPES

T0TAL PRE-CURLY-TIF FIBRES.

£/4 /e N/idw/s  mwjor N/ P Yaluss D
16.08%* 5% level = BedS
A n n»l: ﬁs I‘12= 22 '1_,:3 level = 4.65
‘ 1.15 5% level =
9.97 11.43 13.41 12.&0 11,88 1'11: 4 n2= 37 1/0 level _ o
1.36 556 level = -
10.85 12,61 it 14,42 14,02 = M i
1= 8 TS BJ N5 level = -
5.56‘* 5% level = 3.36
11.51 15.& - 18.73 16.43 n1—_- 3. n2= m 1{; level = 4.56
' 1.05 5% level = =
14.22 15,69 16.27 16,89 15,73 n=gq 70, 2§ $Z level = b o
4.28** 55 lovel = g 09
11.% 16.33 16.60 17096 15.% n1: " n2: m 1; level = 4.17
1.23 15% level = =
15.44 17.20 17.81 - 17.79 n= g 1= 8814 level = =
4.72%¢ 8.42%* 7.18%* c4as** 6.05%*
n= g n,= py| By=6 Mg=77 n,=3 ng=l4 n, =5 ngm23 ny=6 ngy=35.
5% level =15 @3 ﬁ% level = £.18 5% level = 2,73/5% level = 2_92|5% level.= 2,285
1% level .= 5..1&9‘,_-’:1_;.’% level = 2.89 1% level = 3.80 1% level = 3,06 1% level = 3.01

* 88T



TABLE 51 189,
DISCRIMINANT FUNCTION BETWEEN N/N, N/+, & »/+ SHEAP.
Fibre Type Arrays (lransformed %ages Of Tibreg types.)
SHOULDER PATCH POSITION.
HH SSA'T SK PreCT HTCT CTBig €T CT SMALL CT
SHEEP +35SA+SSB Nml Fine agHTCT ChkdMéd MEDCE NON-MED
——— T
u5/LE .5 943 41.5 = = 213 - - - L6sT 309
23GMUB A2, T 138 = - $8:% . 3.4 e L 2902
3004148 15.6 12,0 = 156 . Le9 121.8 - - - 54. 8
FNIE0 - Bl ALY =5 e 22:1 108 B 389  35.4
Am\wo .“OOW .,:._..U = -, qum r.oﬂ - b W‘—.A r.r..u
263/1,8 - 233 = = 9¢ 3 - -~ }0.2 - 3962
904U8 2.8 13.4 6.9 567 18.2 2245 - - 27.6  L2,8
r.m\:m A mor. W!m amt u - NOO - - Muom - Wuom
BA/UB 640 2843 27.5 846 29.8 - - 32,0 - -
115/48 = 1943 14e7 Leb6 6.6 - - 43,0 - 34e 8
o/L8 & 12938 de 2 = - - 4Lk - 3841
104/48 SO R S T 1 TR - - - -~ 7665 N/+
WD\WO - T w. W 1 mct. - Ll r.or. umc l\ e r.mo r
35/L8 Be2 44l 17.9 7,3 - - - 30.7 -1 50 00
12/U8. 5.7 %2.5 18.5 U8B 1845 - - 50.4 - 9260
65/48 (o0 BT 500 - 144 e - 66,0 - -
93/48 10,8 3.0 15.2 11s3 640 - 6e7 LT3 - 32,8
194/L8 3.4 - - 20,6 3.4 =1 2056 1. 8 - 59 4
‘_Wm\:m_ - W.m .._M.O AI\.W s - AD...,_ mm-N o m;.t.
m ._ -~ - - r.. lN b it g ot by 1 mm- m
B 6 - - - 10,9 - - - - - 78+ 9
B 5 - - - 8¢9 - - - - - 80.9
B L R e - - - - 846
Nauuémrrrmm +xmu.omoq -X.,5¢1201 +xr4.uumq |Hm.mmAr uHm.muum
=X 3468 +Xge 4724 +Xo¥e 0000 +x, A0, 0000
7 8 9 10
WHERE : ,
Xy= arce.sin % of HH+SSA Fibres.
X,= " " BEBA'+SSB "
Huu " " SK Normal "
umr.“ " L Fine Pre C¥ "
Hm' 1w " mﬂ-q.H- "
X, = w. ' " OT Big as HTCT Fibres.
= " "  CT 6hkd. Fibres.
uﬂm“ L1 " O_H. ZQQ "
umn " i Small Med CT Fibres.
en, " " ] 1]
Haol Non Med @T .

The scores Biven to the 23 sheep used by this function are:

2145/18
239/L8
300/L48
14/50
15/50
263/L8

N/N

D

87
105
79
83
79
83

86 0
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Tab
Eibre Type Arrayg : (Transformed %ages of Fibre types) Shoulder
FINE CT Pateh Position.
HH & SSA SSA' & SSB SK Nml. PRE LT CHKD HCTC CT CTNON

S MED MED.
H
E 6/48 = 11,24 13,44 11,24 - - 44,37 38.12
E 104/48 - 3.63 - 13,06 - - -  76.44
P 48/48 18,72 3.63 15,34 - - 7.04 23,42 53.79
90/48 2,56 13,44 7.04 5,74 - 18.15 36.87 42.88
B/+ 35/48 4.44 10,47 17.85 7.87 = =  30.86 49,98
12/48 4,80 11.97 18.65 4,80 - 18,63 50.71 22.06
65/48 7,04 8.72 15,56 - - 14.30 65,65 -
93/48 10.47 3.14 15.12 11.24 6,80 6.02 47,29 32,77
158/48 - 3.14 11.97 17.461406 - 26,21 51.35
16/50 - - 10,78 15.44 1508 - 25.55 55.30
332/48 - 12.66 17.76 - - 17.46 45,11 31.11
nr \gUOU\Pm - @a#mm H.O -Qm Uo#@ @-#Q - HQ-@@ QNQQM
551/48 6,55 15,68 T 7.92 10.31 792 11,24 16.11 58.63

Discriminant Function:

21 + X 1.5274 % Xp 4.2787 + X3 0.2735+X4 1,5255 - X, 0,3928
+ Xg 1.0511 - X 0,1262 + Xg 0,1992.

‘Where:
X; ¢ HH & SSA xg @+ HTCT
Nm ¢+ SSA', SSB Nm : CT Chkd.
X3 : Sk Normal Xy 3 CT Med
X; : Fine Pre Ct. X3 ¢ CT Non Med.
Totals for sheeps
N/*_ _Sheep nr/nr Sheep
§/48 : 69 332/48 : 53
104/48 : 48 353/48 ; 76 77
48/48 ; 53 351/48 : 106
90/48 : 68 343/48 : 74
78/48 : 75 :
35/48 : 72 58
12/48 : 61 m
65/48 ;: & : 19
93/48 : 54 t : 2.16*
158/48 : 62 n: 13
16/50 : 42



N/N SHEEP

FINE TOTAL .
SHEEP HH 4 S8A SK Nml., PRE CT HICT After D.F.appled
. Nos. coded byaddin
245/48 12,66 - “ 2230 13444 - (100,
265/48 12,39 - - 9,28 135.5 |
300/48. 15.56 - 15,56 . 4,80 126,7 [ 1322

Pm\wo PO ® ﬁ.ﬂ - - NNO g Hmmt S

nr/nr SHEEP

FINE

SHEEP HH +388A SK Nmli., PRE CT HTCT
332/48 - 17,76 - 17.46 26,6
uwu\»m - 10,78 9.46 ~ 45,4 / 49,3
551/48 6465 288 . 10,31 11.24 74,8 ) -
545/48 5463 11.54 10,47 - 51.0

mu mwoo

$ 3 9,39

ng: 8

Discriminant Function:

Where;

PSR HH +33SA
45 38k Normal
X, :Fine Pre
wm“meoa.



DEFLECTION PRODUCED PER GRAM OF WOOL IN
DIFFERENT GENOTYPES, pmmamﬁ%qﬁem.

A + /+ GENOTYPE
S
B BT,
B B6: s 9 9 15
B BB, 19 L@ 21 18
R s 44 30 16
B. N/+ GENOTYPE
Posgitions.
s Sh.Pt, W. Sh.
H
E 158/48 36 131 80
E 194/48 6 23 %8
P (Included only
16/50 18 43 20
178/48 26 94 105
104/48 20 33 - 80
6/48 (L 177 190
12/48 41 183 234
41/48 154 351 308
93/48 92 253 283
21/48 68 304 212
35/48 33 185. 206
65/48 78 142 308
48/48 100 263 328
o35 N/¢ «nr /4
? Pogitions.
@h.Pt. W. Sh,
m o
H 129/44 - 288 -
E 88/44 - 154 -
E  42/44 - 123, . . a
P 155/44 - 341 s
9/44 - 181 -
D. nr/nr GENOTYPE
EE- L]
Sh.Pt. W. Sh.
8 351/48 65 239 241
H 332/48 126 263 375
E 353/48 24 118 102
B 343/48 44 221 262
P 80/47 - 193 269
E. N/N GENOTYPE
Posgitions.
3 Sh.Pt. W. Nk,
H 300/48 a3 334.. 294
E 15/860 294 322 323
E 14/50 321 541 425
P 245/48 199 343 357
263/48 215 2585 407

TABLE 54

Bk, Br.
20 67
20 42 258
22 29 73
41 635 86
Nk. S, Bk, Br.
63 147 222 290
19 56 63 109
in Chapter on Low-XN's.)
18 198 125 220
106 156 221 254
21 140 146 298
235 387 384 457
122 313 306 353
©319 537 504 606
257 403 362 494
243 3712 444 364
198 362 368 420
282 518 412 4835
308 510 469 484
Nk. 8. Bk. Br.
B 381 329 408
s 219 267 440
- 194 311 450
- 349 440 515
- = 390 -
Nk. 8. Bl . Brs
183 303 472 -
316 484 412 -
60 289 278 -
168 385 3175 -
139 273 330 497
m...u.a Se mw._ WH.?
265 398 462 458
335 452 40 6 456
437 591 625 621
561 372 387 475
343 473 448 470

193,



195,
- RBLATION OF STANDARD IEVIATION TO MBEAN IN
MEDULLOMETER TESTS,

Jable 55.
Standard Genotype
Means, Deviation. n Poeition.
i ]
16,5 2,08 4 /% She Pt.
17.26 5775 2 +/+ Feeck
18,5 ; 9.11 4 +/+ Shoulder
20,28 16,52 4 .#\.r. Withers
26,76 10,20 4 +/+ Side
38.6 18.66 4 ..K... Back
116 79,79 4 o/« Pritch
64 .0 , 41.80 il e & Sh. Pt.
191.8 108,72 il .\.—I. Neck
204 106.73 11 - N/+ Shou lder
183,56 101.2 11 N/+ Withers
364 141,.2 1l N/+ Side
340 127.2 il N/+ Bagk
403 116.79 il /+ Britech
64 «8 43,14 4 - nr/nr She Pt,
175.2 92,87 5 g\g Neek
249,8 927.62 5 nr/nr Shoulder
204.8 53,456 5 nr/ny Withers
340.8 23,78 5 nr/nr Side
M3 74,49 5. nr/nr Badk
203.4 87.68 1) Q.-.o \._. Withers
278.26 83.48 & +.,ar/+ Side
347 .4 67.04 5] +.ar/+ Back
453.256 44,90 4. N/+.nx/+ Brit ch
268 3 79.18 é N/X Sh. Pt.
385 72,39 6 N/N Neeok
377 .67 96,66 é N/N Shoul der
364 97,00 6 "\K Withers
474 86,69 6 /N Side
477 88,59 6 N/N Back
516 79.98 - 8 - N/N Britch




H H WY O w

B = o H

SHOULDER
PATCH

WITHERS

NECK

SHOULDER

SIDE

BACK

BRITCH

F VALUES

GENOTYPRES
Numbers means used for sall between genotype analy

+/+ N/+ B/ +. nw/+ nr/nr N/N
1645 6L 65 268
20. 25 183.5 30% 205 364
1725 192 - 173 383
B e e
_ g 4 xw_ \
18.5 2017 £ R 250 378
= s s il .I|I,..1|"Jr:h ...:ﬁ. '3 : .
25475 354 278 31 L7
3845 340 347 373 L77
116 403 L53 S 516
L,83w% 13, 30m O 16% G 09w Se 89
uanm umﬂmé Saum um"ﬂo uauu bmmat n,=5 ny=23 n, =6 bmuw
5%kevel = 5% Level 5% Level 5% Level 5% LEVEL
1%Level = 4% Level 1% Level 1% Level 1% Level
65.59 = 123, 71 = 14733 = 14481 = 135,






(Hogge=ts axowcanﬁ@wwm sheep being ewes of 2 to 6 yrs.

of Ege.)
N/N N/& N/eVI Nflow-N N/+ Total nr/nr nr/s+
N-grade V1 & Low-N N/&
4z 20 8 0 0 0 8 2 0
hm 24 65 0 0 0 65 11 Q0
NH 10 57 5 2 7 64 6 2
43 0 39 2 i 9 48 6 9
N o © Bl 9 3 1 29
Totals 54 169 12 15 25 194 ma. 40
av.a
Grade 2,19 1.25 0.28 . 1.12 1,31 0,08

N/+.nr/+ Genotype. Taking highest Z grade recorded for:a
fleece for each ewe, Some were born before 1946 and are getting
old and less hairy.

Average Z2 : 1l.81.

(B bvorn in 1944, 1,22; 2 2~ excluded)
Average 2 : le.31.

Ef 1944 ewes included average Z : l.19
Sheep born later than 1945
Average Z : 2.33
Ewes of 1945
(Average Z : 0.9

For Chi Square Tegt.
N/N compared with N4 and nr/nr.

Deta placed in two groups.

Group A.: No. of fleeces graded Nm or Nm.
Group B,: No, " o " 2], 2. br NH
®/N Group A ; 44 :

Group B : 10

Be tween N/+ and /N
K/4 Group A 3 73 Chi Square : 32.6
Group B :121
Between nr/nr and N/N
nr/nr Group A : 13 Chi Square : 8.49
Group B : 13

nr/# compared with nr/nr and N/u.
Data placed in two groups:

Group A : No. of fleeces graded 23, 43 or Zy.
Group B ; No. " " a Z=, or NH,

nr/+ Group A : 2
Group B : 38
Bet ween nr/¢ and N/+
HMN chi square : 58.98

n/+ Group A
Group B

Be tween nr/+ and nr/nr

nr/nr Croun A 19 AR R o LR

i



TABLE 59.

SHEEP POSITION

He.
v.
8. A
x ShePt .
nxr/nr  She
Geno~ ke
4.‘. NH-.
He.
¥
8.
N @nﬁud e
nr/nr Sh,
Geno~ Nk,
type. Br.
B,
Ve
' S.
"] - ShePt.
H\.&. : She
Geno+ Nk,
type Br.
Bk,
¥.
P 8,
N/N ShePt .
Geno =~ She
ﬁuﬁmuﬂ Tk
Br,
Bk,
Ve
J.H.J, B8,
/% Sh.Pt
Geno-x Sh,
type. Nk,

FOLLICLE FOPULATION COUNTS,
P/s Ratio Garters
. | : -
ine.Sec.Foll. Exec.%ec, .WW.I-.T
Anlage., Foll.
Anlage.
i to 1.13 1 to 0,92 2,13
1 tole ) 2,20
1 to 1.85 ; NQGB,
1 to 2,00 1 to 1,66 3,00
1 to 1A74 2.74
1 to 1.58 2.58
1 to 1.68 2.65
1 to 1412 1l to 04,86 " 2.12
1l to 1,56 2.56
1 to 1.59 2,59
1l to 2.18 1 to 1.93 3.18
1 to 1.86 2,86
1l to 2,29 3.29
it 1,98 298
1l to 2.233 1 to 183 3,23
1 to 2.98 ’ 3,98
1 to 2,07 5,07
1to 3.06 1 to 2.7 4.04
1 %o 2.79 T 3479
1l to 2,14 Se.l4
1 %t 2.20 3420
1t 1,30 1 to 1.12 2,35
1l %o 2.25 5423
1 to 1.%1 2,71
1 %o 2.2 1 to 1,89 3.21
1 to 2,34 ] 3054
1 to w.@” 5,82
1l to 1.73 2,75
1l to 3.48 . 1 to 3,12 4,48
1l to u.‘ﬂ. 4,45
1l to 5,64 00@#
1 to 5.02 1l to 4,61 6.02
1 %0 3,80 4480
1 to 4.14 S.14
1l to 4.13 B.13

Ratios
X |

1.92

1,86

2,93

2483

9,78

2.12

2.89

4.,12

S.61

200,
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Fhotograoh 1I.
Jection of a Non=N Skin
from the Back Position
showing fibres of a
gsimilar diameter in both
Primary (a) and Seconde
ary (b) follicles.

FPhotograph8,
dection of an ny/nr skin
showing a similar relation
between fibres and
follicles nas that found in
the N/+ skin.
Frimary follicle (a)
Secondary follicle (b)

Photograph 2.
Seetion of an N/4 skin
from the Back Fosition
showing fibres of. a
greater diameter in the
Primary follicles (a)
than are present in the
Secondary follicles (b).

FPhotograph 4.
Jection of an N/N akin,
gshowing a similar relntion
between fibres and folliel-
es =5 that found in the N/+
skin but with the differ-
ence in the diesmeter of the
fibres growing in the
Frimary follicles (a) and
the Secondary follieles (b)
even more pronsunced,



Fhotograph S5, Photograph 6,

Showing a primary follicle Secondary follicle with emn
on the ectal side of a arrector musecle., No sweat
bundle. giand duct is present.
(a) Folliele (b) Seecondary folliele.
(e) Sudoriferous Gland Duet (d) Arreetor pili Musele,

(d) Arrector Pili Musca.

Photograph 7.
Section of skin of a Mufflon showing
fibres in the primary follieles of much
greater diameter than those in the second-
ary folllcles.
gr.= secondary Houw»owm wwme

Lh.= primary
s.dr=Sudoriferous Gland duct.
t.dr=Sebeceous Gland. T rom

m. = arractor musele, Spwttal & T¥nzer.
. (1923)



£

Fhotograph B,
Section of a gkin or a
Merino snowing ribpres in
gl]l rfollicles very similar
in dismeter.

g.dy « Judoriferous Gland buct.
S P8ttel & T#hzer.

(1028)

From
e —



Fhotograph 9. Shoulder Fatch Region of the skin of an N/N lamb showing
a full abundance of Halo-hairs throughout.



Fhotograph 10,

Shoulder Fateh Region of tne skin of an N/+
lamb saowing a reduced sbundance Of Halo-nairs

"in this region.

*gre



Fnotograph 1ll. Skin of Lamb of Grade VI Halo-l
the back. DNote absence of |
of the body and high sbundance on

=)

alr abundance on
airm on the front
: &

& I3  Rg—
:"ie |9 1’_‘] nCl“\.Q



Fhotograph 12.

Skin of a Lamb of l-grade

with a low abandance of

th

Note big drop in abundance

reduction extending
pateh reduction.

Halo-heair sbundsnce on the back, bu

oy
a8

e fibres kin the fyont of the bod:

just behing the withers position m

along the side, continuous with the shonul
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