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General introduction,

Tho Hetype streine of the Homney mm
breed of sheep Aiffer from normal in Uhe occurrence
of edther the § ir‘!,‘htm penoes. Theso ponos are
indopendent genotically, bLeing noneallolic and
differing in their dominunce relations, The N gome
is o pertiel dominant end the ny gene e an almost
complete rocessive, Thelyr offects include & nuvber
of asposts of the structure of the flecce, the
oocurrence of brown pigmont &in the tips of birthcoat
fivros and the formation of lwrns, The (wo genes
ere vomarkeably simiiar in their effects, difforonces
where thoey exist being yuantitetive rether then
qualitative,

The mein problem reised by those pones
45 the menifold nature of thely effects, Ihis cen
be due Lo either a 'true' or ‘spurioust plelotvopy
of the initisl gone sction, as hes beon omphasised
by Oruneberg ( 1043), The obtwious. approsch to the
provlem is the retrograde enslyels of easch of the
effocts, Uto detormine 1if these can bo traced to
some indtielly unitery effect, which due to the
comploxities of development resulte in a complex
end omdt { Craneberg 1047)

The ponotic and developmental enalysic of
the il and gr gonos has been the main subject of




ressareh by De.P.W.Dey and his etudonts for the lost
twonty yesrs, During Shis period considerable date
bveon collected, whieh 18 svailable meinly in
form of thones for the M.80., and V,Agr.Se,
degress or es undigested lsboratory notes, Only &
mite frection of these rosults bave been publisied
| thevefore the firet problom of the asuther on jeline
ing De,Dry wos to ocondonse, assimilate, ond odib
thia data,

As this work progressed and & cohorent schomp
became apperent, 4t wes obvious that further date
would bo necegssary, to provide connecting Mnlke, end
to examine tenetative hypothoses »igorously. At this
tage the author was Jodnod by VeeG,.M,Wright, 6 methe
motiolsn, and Mies J.M.Novs, o histologlat, Mthoug:
author wag fortunste Ln belng aliowed Ly Dr.Dry
0 integrate the work of this team, the setusl results
ot bo sepurated with any precision as the response
Ability of one or other of the members of the team,
inoe our attitude wes not deterndned Ly the necoscity
> wpite a theais, and the work prooceeded therefore
more or loss enonymouslye The vesulte in an overe
splified sentence wero to show that the effectes of
he 3 and nr genes diffored betweon the different sm+
pf follielos whieh oocur in sheop skine




At this point ths suthor left New Zeslend
and tho wemaindor of the work wes completed et the
Institute of Animal Cenetics, NHdinbuvrgh, This
consioted of & theoretical study of the shapes of
virthooat fibres, leading to the conclusion thet the
actusl rate ot which a folllele forms its fitwe is
deternined by the intensity of the competition of
| sdjecent follicles for fibtwe substrete, the compote
ition boing in terms of the efficiencies of follleld
This hypothesis whon applied to the various effects
of the i end nr genes on the structure of fitres,
allows these to be expleined as due to an injtied
effect on the efficiencica of folilcles,  Thie
explenstion of one section of tho Netype differences |
weg then expended, ond the totel phenotype explained
in terms of tho genee heving en initially unitery |
ond tiseue specific effvet on the kevetinisetion
function of the epidermis, |
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This work {s presonted in the form of thwe
seveoral separate pepers , written for publication
by the suthor, eince the rewuriting as o more [
orthodox thesis would heve boen & formidable tesk,
end would have resulted in over-statemont of the |
suthor's position, |




2, Uepregstion menotics. (P.W,Dry and 4,8,Freser)

The term 'Hetype' designotes u phenotype
mnumwmweturummmq
monogenic substitutions, Theose sheep whioh wore
dlscovered in the fommoy Mapsh btreed differ very
warikedly from normel 4n & mmbor of charecters,
hosned lnstesd of polled, end having & 'esrpet!
pother than & Ylongwool! type of fleece, This series
of papors Lo concorned with the desoription of the
ovigine of the stooks, thoir perticulsr chersctersi
the genetics of the differences from normel, snd
the developmentsl anslysis of the syndrome which is
collostively called le-type. The present paper whicl
is primarily intended as an intwoduction to the rest
of the series, detailes the origine &nd the segrege
stion analyalis of the several lebtypo stocks,

=

One strain originnted from & single rem,

This rem hed lerge horne axd a very cosrse fleecce,
both points which peparated him qualitetively from
normal Homnoye. uhon erossed to normel Rormey
owes thie ram gave & progeny which segregated in en
approximate 131 watio for the li-type of fleece,
Crosges bhetween hde letype offapring gave @ J:1 ratio
of li=typornon-ii«typo, sugresting very strongly that
the oripginel rem was hotoroRygous for & gene (N)

ta,



which is dominant to its normal ellele (+“). A |
lepge number of sheep have been bred which carried th.l
i gone, @nd es will be shown below the sccumalated |
evidence is in very close agresment with the dominent
single factor hypothesis, This stock of Netype
sheep is called the 'Nielsen’ stoek, eince the original
ram wes dometed by Mr.P.A.Kielsen, a neighbouring
Rommey kersh stud breeder.

A second stock of Netype sheop ( the Hessey
é-mm originated from the Messey College flock of
stud Rommeys. This elso differes from normal by &
dominend gene, which crosses hsve shown to be alleliec
with the H gene, in the present sfalysis the data
from the lielsen and Messey stocks have been pooled
in order to aimplify the discussion, ‘The senior
author intends to present the separate lilelsen and

pessey data in a later paper, 4in which meny of the |
points reised in this paper will be treated in wu4
detail, |

|
A third stock of lietype sheep ( ths recessi

stock) originated from a ram which although Netype |
itself, gave no Nebype progeny when crossed to norma

|
"nommy owes . when erossed to his deughters, howeve ‘.

‘m geve a progeny which segregated in a 1:1 ratio, The
intercross of his sons and deaughters gave a 1:3 ratio,
‘These results indicate and the later results confirm

|
l
| |




ripthooat, Yery high freguency of hsloehsirs mmmdw
Beown tipped fibres, lLorge DS netehos sestiered over the I&mm“ﬂum#
Metheont in sony lenbl. the neck in & fou laube,.

Taivinesse very ‘heiry' floece of csrpet Lysc. geir slmost sboent in flesce of
. . longwool tyDR.

Crisping. Lo obwious crimps oP locks. , woll dofined crieps in deflulle
\ steplos,

W. , Mmyafmmﬂu remp fibres very e,

orns, mmwwmwsm yory small horas occuriin & few
: norns occur in meny fersles. sales; fomsles are polled,

Table 1. mmmmmmmmmmw
nWaﬂW




that the oriiinal ram was homozygous for @& gene (nr)
whieh 48 recossive to ite normal sllele ( + ) The
ancestry of this ram cannot be defined régorously,
since at thot time the matings were mede en bloe in
the peddocks, and 4t 1s possible thet a rem from an
ad joining paddock may have trespassed, Later matings
%czm that yesr have &ll be mede in mating pens under
gtriect supervision,

The Netype syndrome,
The § and nr genes affect a number of

charsctors: the main ones are listed in table 1, with
a8 rough description of the differences which oecur
between Netype and noneli«type sheep in these characte
‘This table gives an idea of the complex effect of
these penes, The segregetion anslysis hes boen
primarily on & single charactor, the haloeholr frege
uencys discussion of thw complexity of the mtatmp&"
effect 4s postponed to the later papers of this uﬂoI.
The haloe-hair grade 48 an estimete of the frequency
of haloe-hairs which occur in the birtheoat, Halo-hairs
are long, coarse fibres which projeect sbove the rest
of the coat gilving 1t & fuzsy outline { see plates
III snd IV )e The haleoehair frequency is estimated
ihy oye jufigement within & few daye of birth, Since
this grading hes been done only by the senior suthor
any error will be & personal ome, which dus to long
experience 1s likely to be small, The whole range




0F hmlo-hair Lfregquencios has beovn divided into soven

-

A0ehiulire of

war ( see

prades from pgrade I 4n whieh no b

e & . il on YT A, w3 B ke . - P———
3 S0 arado VII in which the coat 1o & dense

% Lo ars " B ~ %  anmant iy B o
haloelniyr grado of normal R

wiva @ &
hown & §

- s b - -
grade I SO gre

b | £ 3 - .‘-_:,:\.t P Yoz 24 ..-‘ - ."E j ;‘—‘ ’ .-“

kS Gt SARGELL A W ERTOY

Y.
e m):'hgtA‘v\i.;f’ ha

found which 434 not carry

o proade VIR lonibhse

ey Harsh
! 'he “‘c*’w" diies of
brieket, and !u#il} have ne o

Jﬁkf with
ne of the
'—. + &
rney Barsih lanmb with 6 back

-~ o - 1 ’ « " o QU R ‘ Y oy g & =
trenditions have abtrand hieloehalre.



The haloehsir frequency is not ususlly

ant over the moin body region. Normally 1%
serenges in & pootovoeanterior greadient which often
s marked dfscontinuity ( see plate IIX ) The
m.mm—maotmmxmn-mm

Sghest froguency, end the primsry greding of en
1s therefore made eolely on this region, In

The work on Netype sheep originated from
early work of the um-mmwtumun#
o heloehnir grede in normel Rowmneys. The renge of

nd pevents whese healoehair grede wes known were meted
sher &n verious combinetions as shown in table 3,
matings gave &ho progeniss also shown in the
wileh demonstrate that the grede is fedrly
trongly inherdted, but also thet no simple Mendelisn

These measuresente of tiw heritability of the
halo-inir grade lod to sn attompt to seleot & sitock
ith high heloehair grades, A0 & basis for this stook
nedghbouring foreers were requested to look out for
with & high frequency of haloehairs, One farmer
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My iilolsen, donsted & ram Jemd whioh hied s very i
froquencey of haloehairs, higher then hed boon previocuse
«ly noted in the breed, This vem as stated above
the originel enimel of the Wielsen 'dondnant'! Netype
stook.

The originel 'iielsen' ram was croesed to &
nusber of normal Romney ewes, but 4t was not realised
wntil tho second yesr that this vem's progeny were
chowing & 1:1 segregation for high haloehsir frequency,
When this was noted crosces were mude to teat the
hypothesis thet the segregstion in these progeny wa
due to the ram boing hetoresygous for o domdnent ma
gone, Those orosses guve theo expeoted 1:1 and 3:l
ratios, It scemeod rocsonable to conolude that the
originel rem was heterosygous for s dominent majov
@ene ( W pe The segrogations of this gone 4in oute
erosses end interorosses ere shown in table 4, They
are independent of sex, Aldthough the indtiel sepere
aetion iz into seven grades, the exerdnation is
facilitatod by grouping. Orades VI and VI are grouped
08 Nebtypoe, 'GMl I,X1,I1I, and IV sre grouped os
nonelietype, Orede V fo rejected ae intermedicte,
The deta were snalysed by the combined estimation
method.

- The agreement of expectoed with sctusl retioa
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Pable 8, Pedigres of four succesolive let rons
which: wore testorosced to0 normal Homney
ewon, ehowing the continued segpegation
of ‘Blll 2ON0 o




cannot be taken ss proof of the exietenos of the N
gene, since the phenotypie desoriptions sve lisble
to subjoctive errors, snd since &n srbitrery division
nas boen made of the ronge, One veasonable proof
48 the segragation continmuing eftor repested backe
orossing, Dsta are avellsble of thres linear desconde
ants of the originel mam, Hech ia the progeny of the
|uvnn of sn Hetyps vam to normal Nomnoy ewes, This 48
shown in table B,

4 second quostion which can e rulecd iv of
the effoct of selsction for hsloeheir grede on the

sogrogation, This msmmummme
afthrﬁ/;\- or the +/+ pspents,  In Sable 4 the
sogrogation 48 given for erosses in which the N/+
parent wos grade VII or VI end the +/+ porent wee
grode 1,I11,11IX, or IV. These vesults csn be sepsrated
uhmotmworem-#ﬂm. aliowing

comperdsons of the ssgregations from -+/+ papents of
difforent grades from I«IV, This soparation Ls

shown in table 6, There in no ovidence of selection
for haloehsir prade in the +/4+ perent having any effect
on the segrogation.

The next step was the isoletion of /N rems,
iam from the intereross of grede VII snimels wewre
tostecrossed to 10«16 normel eves,  Those rems

which gave only high grade progeny were taken s8 N/MN.
At & leter stage 4% wes possible to oxpsnd the stocks

end, for this purpose, 61l cvailable vems, both H/N




perente wore

ey Geades wirvt | v | WA T +D *T| o>
u/s mvA (IV) b @ 11 U483
WA = v/ (IIT) @ - B 1.14
w4 wf/v (1) 58 o 31 73
N/t m YH(X) 69 8 % o256
Total 186 2 124 o144
A

peviation 14| 1 oBay7

HOtoromenolty | 24008 | 8  JTe.d
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Tablo G, Test oross date of bthe N gene, separated in
hmt the heh grede of the +/+
a

VIL w» VI,

grode
Selection of the grade of the +/+ parent
has no effect on the uwglu‘,..

VI Vi |V v | x3T | I 1
478 76 |17 9 3 | 8 | 1
00617 | 18,78 8487 | 1B | 2487 | 0467 08¢

Table 7, Prequency distridution of helosheir
. Sﬁmp;yutumwmmm
norsal Rornoy ewes.
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1 W

Wﬁsﬁw vizvi v zvmrazz| »®
vi 13 - 20 1,404
vI 88 | 8 | 38 2,468 |
vi 68 |- 1,000
v 2 X 4 ——

v R T R TR e
prx o ”T?I 28 | 4.848
Total 7% ; & ;' o8 3,004
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and H/+ » were cpossed to lorge mumbers of normsl owas,
Those erocses verified the distinetion of homosygote
aend hetevosygote, bubt bthey alve showed That the
ange of tho i goune was not complete) the range of
exnprossion in heterosygotos overlaps with that of
8ls In teble 7 are given the frequencies of
grades in the progeny of ths eross of tested houos
to noronl ewes 1.0, of Lo oxprescion of heterosyeo

This wide vange of expression of the N gene
in hotorvosygotos wae not expocted. Therefore ss wmany
of the noneietype progoeny were tostecrossed os wes
practicel, These animals are W+ by pedigree, and
thoy should give & 1:1 ratio &n the Pestecrogsses,
sctual results are given in table 8, Suell but sl
ficant doviations ooour from the exzpested 1:l ratio,

g0 results can be teken to show that the initial
animals weve ¥/+ genotypleeally, although the I gone
had not exprossed itself pheonotyploally. The d-mupm
dn the testeprogeny of those rems are probebly due to
moddfiers oarried by the »ems, which 4nhddit the
' slon of Sho H gond,.

A furthor test of Lhe exlstente of the ¥
esn be mede Ly compering the expression of N/+
1s in the segrogntions, with that of 1/ animels
rived fyrom the oross of N/ vame with +/+ ewes,
e test 4¢ shown in flgwe 1, in which the percontege
froguency distritutions eve shown of the +/+ type( see




table 2), of the W'+ type( see table 7), ond of the

ny of the ovoss ¥/ by +/+ + The agreement is
vy oloses

— e ond

Werri it X N/+
o s

FREQUENCY

- di Vi v v i I T

rure 1, Prequency diastrimtions of halo<hniyr gredes

0 i+ ,-7l+ ¢ Gnd 4n the gation from the crose
+ o The latter distributions should

gqual ths sum of the othoy tuwo,

The sbove evidonce talen ae & whole f8 strong

As stated above She 'vecosaive' atook .

ginated from an NHetype rem which gave only mn-saty*
ny uhm_a cronged to normel ewes, VYhen crossed to |
s doughters ho geve & 111 segregstion, Tho eross ni
i

|

| | | |



ovoss VIIVI| V [IvIIXII: %
ny/ne = oe/ 159 3 137 024
ne/+ = nv/+ 10 i 30 1.208
Deviation oB7 | oSwsb
ble P Segregation of the n» e, eanalysed -
F. ’m«mu«.n mﬁagu‘!a
tablo 4,
Progeny
Om I 1 T = :

VII VI V| IV XX 31X I
ne/nr x no/ne | 48 5-; ¢« o - -
mo/arx +/+ | 8 8 3 s}w]*u a

ble 10, ﬂnﬂ peasion of the nr gone 4n the ny/nw
F. y ""/ﬂ"?g”t ¥




his sons and deughters gave & 1:3 ratio. Thies fndicated
that the originsl vem wes howosygous for & gene ( ne)
widoh de receasive o 1to normal sllele, Severel

genorations of treeding hsve given resulte in egrove
went with this aypothesie snd showed the nr gene to be
indepondont of sex, The total results ere gilven in
teble 9, grouped as in table 4 for the sepregation
of the i gene, The dete have boen tested by the

conmbined estimation method whieh shows tham to be in
agreoment with the recessive single fector hypothwsis.

Hebypo anfmale of the recessive atoock when
bred together give only Netype progeny ( seo table 10 ).
Then Netype animale of thie stook ape outowossed to
normel owes thoy should give only low greds progenys
fiowever in such orosses & fow of the normal owes dvop
ieh groado lambe { see table 103, These shervent
high prede aufmels constitute the most &4fficult
g problom of the genetios of thw Netype stooks,
y cannot be expleined by seme of tlw nomal hommey
& bedng +/nr as 48 possiblo, DLecsuse some of thoop
borrant high grede snimals when croseed to normal

ys heve given segrognting progenies, which eennob
oxplasined on this hypothosis.

I% is necessary to dotormdne whother the U
and nr gones are allelic, This hes boon done by




Crose vizvi | v |zvzizsza X0
W'i- uﬂ/‘l‘ :
toup/ny 20 P 7 J040
o kl‘q‘ﬁoﬂ)
W*x Vimﬂ» 76 2 9 G2
- '(ﬂ#‘uﬁmk

Table 11, Test of alleldsm of I and ni* gones.




intererossing und beckorossing E/+ o +/nr animels,
These animals were bred by erossing E/N end N/+ ewes
to mv/nr rems, All the progeny must, therefore, earry
-wwam. and the high grede progeny con be token
e carrying the N geno, The mn of the ecrosses
are given zﬁ table 1ls The msults are in mmhﬂ
ugrecment with the two genes Lelng completely indepe
Jendent 1.0, located on sepsralte Chrordeomes,

seversl purely gonetic problems still remsis
to bo solved, Seloction for heloehsir gvede has no
|egfest on the N/+ segregution Af mede in the +/+
perent, but 1t hes an effect 4¢ made in the 1/+
parent, Hither & subegonotype oxists whieh offocte
only the expression of Giw ¥ geno having no effect
on that of the 4+ geno, OF 6 Subegenotype oxisobe
which ean b selocted move essily 4n i/+ than 4n +/+ .
 Distinpguiehdng between these slternatives presents a
diffiouls probiem,

The ¥ snd np genes ere rdndes, both conde
4tioning the same complex phonotypic differences, Yhis
4o not surprising since in nics several groups of
mindc genos ave imown which condiidon very oimgler
eomplox &iflerences, iowever, thoye 4o et losst a
sibdlity that the ny gene origiueted from the i
, 8nd 16 48 poseitle that the two gencs are
lsted oybtologleslly. 7The junior euthor hms investe




fgated thde possibllity, wut the amall ¢iee of siwep
shremosomes and the difficulties of mammalien eytology
4 not allow any definite answere to bo found.
ypeered normal but & smell trenslocstion would not he
on noted, Such o small tvensloostion, 1f 4t were
able when homosygous, would explein ssmy of the
saploxitiens of l-type genetics: the woneslleliem, the

co velations, the miuie effects, ond the abere
snt enimals whieh heve ocoured, iowever, until

letype sheep arose in the Hew Zealund
¥y Heryeh breed, They differ from this breed in
ving horns end & Yoarpet? Lype of fleece instesd
£ veing polled with & 'longwool! type of flooce.

The Netype/nonelietype difiference L8 condite
foned by the substitution of the § or nr genes fo r
their normel alleles, The H gene is eautosomal, partis
dominant, ond the expression in neterosypotes mruin
48h that of the normml btrecd. The nr gone 18 autoe
1, completely recessive, and nonesllelie with

o N pene.

e are greteful to Dr«J.d.0ang for assist
r: preparation of the manuscript.




 letype shoep differ from noneletype in o
ausbey of charecters of the flecce which ape inherited
ap & undt, bYofng coused Ly one or other of two MONOe
gonle substitutfons ( Dry end Praser, pert 2). Grunce
verg {1043) has emphesised $hat eomplex phenotyple
efiocts of single genos can he explained as secondary
to the indtiaily unit sotion of the gone in develope
ment. It i3 , thovefore, nocesssry to exenmine the
follisles of the m gineo the ¥ and n» gones may
produse their effects by &n asbion on the follicloes
witeh 18 primary to the effects on the flecce,

Several workers ( ses Carter A043) have
ehown that the adult follfele population is made up
of diffevent kinda which ape arranged &n & definite
pattorn end formed in & definibte sequence, and tide
nas Doen Shown £0 b6 GONSLENS OVer & lerge mmber of
taweds, The present study of folilele development in
Yebype slwep 1o besed on the deseripiion of this
soguenee of folifcle formetion, and ettentlion hss
beon concentrated on the tirws of forration and fYege
uencies of the @irforent follicies, their relative

positions within & f6lliele group, and tlw mwr
of soceasory structures,

jatorisl,
The foetuses used werw mtuum-o:
e tented /Y ram to a randem somple of New ZTealond




somnoy Mavsh ewes { +/+ ). Those foetuses &ro thoroe
for /+ « 37 footusea wore evailable, covering the
poriod from 40 dage gostation %o towm, Atiention was
soncentroted on the nide reglon since Carter {1943)

in hie studies on the Merino bewoed lixdted his deseripe

tion to this position.

The sequence of developswnt of & lfollicle
feom the differentistion of the snlagon to the prode
uction of 5 Mbre follows the same eourse in Nebype
ag in other breeds ( Duerdon and Ritchie 1924, Carter
1943)

he dovelopment of the folliels populsation
hag ween woll deseribed by several worlers, pertic
capter ( 1043) 4n the Vewino, Thie is best reviewed
in refersnse to the completed follilele group. fush @
groap is x‘tu".ma in ﬁmﬂn e

|

Maure 2, Camere lusids drawing of section soross

rly
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a 1 Hetype folllclo groupe mmuntmmg‘
follicles ere tod sovoss the top of the group. Th
nw;:‘or the P, end the might Pj folllelss are iede
ulla L4

contral folllsles ( Po ) svound whleh the completed
groups s ultimetely organdisad, After & lapse of
about & wesk two farther primary folifcles, the primepy
laterals ( Py ), erv formed close to and on eppoaite
sidow of tlw contral follicles, 4After a furthor lapep

£oll% los commenoor ., These axe formed Lo one elde of

the trio of primary follicles, and thelr fovmation
wontinues until severcl wecks after birth,

il4clo anBdgon on the poll snd feee reglons &s e&yly
g 30«40 days, oand that folllicles wore eatablished a

otype doos not ALfler from oithoy tle Nommey or the

The firat fMilicles to appear are the primemy

two to thrwe weeks, the formation of secondary

The first point of comparison bLotwoen Nty e
other breeds 40 the ape at whdch the firet follicive
o Cavter (1043) found the first appourence of

e body by 86«60 daya, calpin ( 1038) found
the Resmoy thal fol'leles apposred firet on the pol
poek at 49 deye, and all over tho body at 50 days,

gince in Netype Sfootuses folijcleos were fHund
the poll snd neck at 49 deyw, mmmrmmf
59 days,




Peimary contrel 24 21 26 18 23 21 16 17 14 18 1,000

Prinsry latorsl 43 48 46 50 33 357 32 52 28 30 1.807

Tadble 12, Retie of pri centrsl (P primary lotersl follicles
$n shin oF /%4 fostuses, () / n) :




4 SOCODnE POANG OnN WHEACOR NeTyRU U0uLA Qliier
from other broods is in the formation of the trio of
primery folliclog, Certor(1043) noted that solltery
and oouplet groups vore ohrechopfised by lerger fibres
then Grio groupes This cuggests thet the ¥ end op
gonoe might couwe Sthelir offeote on tiw flosve by an
offeet on the formation of the trio group 1,0, H-bype
might sontoin o bigh frequency of solitary and couple
groups,  Tho petlo of the PgiPy follleles found
ton postetrio stegos 48 1.,00041.807 ( tatle 12) whie
differs only elightly from the ratio of 1:2 whloa de
expascted 41f 21l the groupe of primapy folliicles ave
trise, The trio group is the fundawental group Ain
Helypo, 3¢ in noneletype.

The primsry shd secosdery folilcles have beon
noted in all provieus studles to differ in the ocoure
ponce of sscesory structures, The P folifcles pos
an aprector plll muscle, s sudoriferous gland, end en
sobsceous glend, The 5 follioles possess only 6o
eous giende snd may lovk oben those. The sere At
onoces ave boeon noted in Nebypo.

A signifiennt difforence Yetween Netype end the

vorine ocoura in the dismebters of the Primery snd
Secondary fitros, 1In Netypa(figure E) the diasster o
the primary fiteos Ls mich gresbor then thet ofthe
peconddry fibves, whorsas Certer (1943) shows for




Genotype

Primary soeondary
+/+ 25 a8
18 66
48 e
32 61
a2 79
47 20
49 86
54 89
38 78
Total 3828 747
N/t 41 159
64 00
83 134
40 95
76 196
pt 123
40 120
48 e
as 170
86 129
Total 084 1306
Overnll Sotel 906 2143

Table 13, PFroquencies of P end & folllecles in the
gicdn of +/+ snd /N lambe et birth,




Morine Shet prissry sod scoondery fibres hawe the
gone goell dismeter, The sams d4ffoprense oscurs
vetwoen the Swo types of flaeeons the Retype {loece
contedne very thiek aml vory thin fbvees, wheress
tho teyine flevce contsine only thin fbewes, Tide
cocurrence of o shamocteriastie feture of the Netype
flcooe ot suoh sn esrly éenbryonic aps shows that the
B and npy penes have 6 detootable ealffect az soon a9
firat Cibvwes apre formed, ond therefore thet the ao
of these genes probably df7eots the follicle anlegen

A third pofnt on whieh Netype could differ
from other btyeede 40 &n the retio of m‘mw.
A number of counts of P16 follicles wore msde fven
ammmumumammmxum
region { calpin 10G5) foon nonelietype § +/+ ) unid
Nebyps Romnoye within @ day or two of bixthe 7The
complete counts are given &n tadle 13, The retlo
of P15 folifoles doos not ALffor between letype and
noneletype , bodng LiS3,0) 4 +/+ , and 118,30 4n
Wt e This of courss does not esclude whe ccouwrrence
of differences in the forsation of folldoles &feer
birth, Howeveor, 0 lHetype o nouelletype diffore
encos con be seon quite clesrly 6t Lirth end, thovve
fore, the offects of the N and nr gones on Lhe
mummww--mwmmmm
of & follioles fowmed uftor mm.’

In Netype shesp the fores fHMmed by the



prismry follfcles differ markedly in eize from those
formed Ly Wiw cocomiary folidcles. This suggeuts
Phat 4n NWelyps S0 might be possible to olsusify 4
in terus of the folllcies widoh forwed them, A ¢
ification of birticout fibmes has been Jormulated by
Dry (1084}, Thie clasgificetion usy be related %o
differencos botwoon the Gypoes of folilolen, f.¢.
Yypes of Jolilclos way form only certain types of
fibres. The following Giscussion exendnes this posae
1uilaty.

o clacsifiostion of birthoost Pilees e
based on the ahepe of the tip curl and the occcurrence
of rodulls, The different Sypes ere haloelnirs,
superesicikies snd slokles which 811 hew & sickles
shaped Cip ourl, end heiryecurlyetips end platinecur)
tips wideh have & reguleriy ocurled tip, end nde
which have an indefinitoly shaped tip, 7The latter
L9 initisted efter birth and, therefore, doss nol
concern us hepe, Gcome Sibwes heve medullation occufe
ing 4o Sheir tips. Those ere the haloehsirs, supere
sloklen, siokles, end halryecuriyetdpss Desceiptions
of fibwes ape given in groat detall by Drp(lSte) and
coot(1940) and 4n section & bolow,

In novmel Romney lembs the trtheoat conteine
only suparesiokies, sickles mnd plainecurlyeti s, In
Hetyps lambs the superesiokies and sleBlos heve besn
repluced by heloehsirs, and some of the plainecurly-tiips




by hairyecurlyetips. Toe spalyefis of thase diffe
would be fecilitabed by Hhw identifiontion the Sype o
folidele forsed by eash type of Mllicle, :

fndall ( personsl cosuniestion) found from
atsseotion of trthoost skin serples thet sebecoous
M,mmmmugmmmm
WOTe nm:.um with folllcles nhlm foyvad mmm
mmwm end bmm. and emwu-m».
Thie umw mn mm from mmry pxumw-u
in baving & mrmrqtmhwytﬂ l\wﬁ
befove uﬂh. T msﬁr!.w or rmawm?«&&w wm
found 0 o mm& vy mmw.n wndel mma

structures, 16 oen 16 mm M Mt mm LR

the Mn. m-w.nm mﬁ um m
fm by m Muﬁdnc mm e Mﬂw 4 ps

ave usuelly wwmmn mm. ww
only nonelietype wma 4n m«n mmwzmm
810 YOG, mnm hie mtﬂ;u m- 0o mmm of
tho type ermmhmmmmu fioress

Shose results of rodallte are mmﬂ H
comperisons of the tipe Gf TAbves from fostel matoria)
with Shose of birtheost fitwes, At sbous 116 degs
tno primsey 26llfeles hove forved fibres which have
ploresd tus ssing the socondary Solifcles nave just
cor enoud mm tMr fAbyes at this stagos WNL
Lore u'tm m«c nw mmmwcwm
daye ave WM with those of birthoest fiwres, 4%




should bo posaidle to determine the types of fibves
formed by primery follicles, semples of sidn were
evailable from 113 and 119 day foetuses, ond exomine
ations wove sade in these of fibres forrwd by the
prinary follfoles 1.0, 0f fibwres which hed plerced tho
slkin, Uost of thom were medullated 1,0, thoy wewe
of the haloshelir, suporesicitle or hoiryecurlyetip types.
A fow wore nonemodulleted and had very small curled
tipe 1ike those of plain curly tipe, Theoredore 4t
soenmg that primary folliclos ere ocapable of forming
all of the birthooat fibre types except unumuemj.
This agreos with the dedustion from Rudelil's rosultse,

Ae an spproximation 4t Lo poastulated 1)
thet primary follilecles ocun form fibres of ell types
oxocept historotrichs, £) thet secondary follicles
wideh initiete thelr fitwes before birth form fibres
of the plainecuriyetip types, 3)thet secondery follie
which initiate Shelr fidres alfter Mirth form fidres o
the bisterotrich type, Purtheor Preser{ unpublished)
heas mageosted that the curly.tips foreed by primary
follicles are olithor of the halryecurly-tip or cheo
curly-tip typen. The next paper of this sories will
give rosults wideh extond thie postuluted relstion of
type of folilole to type of fibre, and will denonstrete
tho use of this relationship in the analysis of the
offocts of the 8 and nr gones on the birtheoat,

Discuseton.

The seguencs of dovelopment of the foliele




population 4n Hetype sheop hae not doen found to
dasffer in eny obvious aspocta from thet given for the
nonelietype Romney by Galpin(less) or the Nerino(C
1943) s Tho Netype flocce Ls cimilar o thet of ¢
wool? breods, osuch a9 the Scottish Mountedn hlack
brecds, and 4t diffors gualitetively fvem the derde
inotre ?longwoolt! type of floece of the Rommey, and
thetouporfine' fleoce of tho Herino, uinoce no dovels
opmontel diffevences were found betweon thove Popresente
atives of the three main typee of fleece, we cono
that the timing of development of the folliele populs
don s not & mojor couse of veriation of fiocees Lype
end that an esplanation nust be sought from othor
aspocts of fibre and follimle development,

5 ;‘.,-‘..‘,".«"‘J.AJA.LA; UL eE o
The sathor fo indobited to Dy,P ,hry for bis
advice snd sseistoance, and o DRJ, I, Sang fop ouu::r

of the manuscript. 4ho Lo grateful to Nr.b.A.Reynol
for advice on histologieal teohniques.
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4, Development of the fibee population ( A.8,Freser,
Y TSR aET o, i, i right)
The Hetype syndrome, which includes the m&-
ation of horns, consists primarily of differences 4n
the character of the floece. The numbor of haloehaire
4in the birthoost 48 incroageds complex chanpges oceur
in the frequencies of the different types of fitres |
which comprise the birthooat; patohes of trown flibwre
are froguent in the birthooats; the hairiness ( medulle
etion) and length of tiw meture fleece are very utﬂu.y
incroased as 18 the shediing of fibres as kenps, The
noneletyps floece 4o oven and separates into well
defined staples; that of letype fe vory uneven and
made up of untidy locks, with no definition into ob Ge
Finally tho sise of erimps which 4s very oven 1nm:I:.
typo, 4o vory uneven 4in Nelypo.

Tho first po:rible cause of these effects 4
that the penes affect the development of the folliele
population, &ince this population develops normally
{Ross, section 3 above), the Helypo offoct nust b
rosult of differences in fibre development, In fuct,
the effects on fibre dovelopment are extensive and
complicuted and 1t 45 therefore necessary to sttempt
to organize the data under some relatively system |
of elaceification, Rosa' work( section 3 above) lumhu
& besie for such & claseifiestion, ehowing that the
various types of folllicles which comprise the folliele

population form different typos of fibres. Thorefore,




on attenpt wee mede to cleseify fibees Lintermas of Yle
| follfcles which formed thom, G&Such o clessificetion
must bring togethor 1) Dryts (1034) classification of
fivre types,2) fMre growth retes, 3) incldence of
ghodding, 4) the occourrence of Lrown pigment, and
ghould provide & btesis for separating the birthooat
into groups of fibres each formed by & different type
of folijele, sandi hence o & coumperison of the degree
to whieh fivres formed by different follicles are
affocted Ly the N and nr gones.

The development of the felliele population
up to biwrth hes bLeen desoribed by Hoss ( section 3)
and 4t is necossary to eonphasioe only that from birth
[two types of follleles ean bo dlstinguished histeloge
doallys Mu!hgtn and seconderdes(i). Uwo types
of primevies, centrels(P,) ond leterals(P,), osn be
distinguishod up to about five weoke before bLirth, The
mﬁnu population et bMirth consists, therefore, of
thyvee types of folllcles ( Pgy Py ond &) |

The frequencies of P and 8 folllieles have
been shown by Ross{seetion & sbove) ¢o be unaffected
by the ¥ genej she detommined thoir froguencies in
geversl i/+ and ¥/+ enimels end found no ALf ¥
the rablo of Pio being 148,39 in the former and 112.8
in the letter ( table 13), Hor estimate of the P:&

rotio wes made from newborn lamba, end thds ege, birth,




nee boon teken ap the stendard age for the comparison
of fibre end follicle frequencios. The overall retio
1,018,337 48 Saken g the ratio common o both NHetype
and notelletype lambsoe

Ross{seoction3d) alge found from embuinations
of several I/+ footuses that the ratio of r',,w‘ folle
fcleos was 1,011,607 L.0, there 1s Do marked aeunumr
of primary lateral folilcles in Netyoe ( tabdle 128),
Thie uuol.-m tolkon oy the stenderd for the
Remney Lawsh breed, ond 1t allows the complote metio
to be given for the follicle populstion et birth,
Thie 4+ ?‘(1.0} ' Py (3.9) 1 8 (G87), or in porcente

oges, 10487 ( Pg), 1044 (Py), B 70445 (8).

The uso of these dats for compaprison with
fiure type frequencies entailes & ponsible error in
that folliclos may have beon counted which have not
yet formed & fibre long enough to be included in @
fivre sample, No ostimate of the error cen be mado
tut the follicle counts were made specifically of
folldoles whleh conteined a definite fibwe, end this
will minimise any such Grror,

Dry (1034) hes given thes besie doseription
end classification of birthooat fitwes, using se
eritoris tho shape of the tip curl, ond Phe oecurrenpe
of medulle in the tips., s claceification oan be




lmu to seven typee:four whilch bave solckle sheped
tipa, two whioh have vegularly curled tipe end one
wideh has on indefinitelpeheped tip.

e type which bas en indefinitely shaped
tip 1o called the histerotrich (Hd)., These start
growing just before or after bArth eand constitute
‘numerieelly the mein Sype of fitre. Sinee enly tho
pecondayy folliclos corsence the formetion of their
fivres just before or after birth, 6ll Ml fitres ere
formed only Ly the late secondary follicles. ot
vory mach sttention hne been given %o the i group, !

types of fibres which all eppony befors bireh, It
on theso types that the prosent amsiysis 4o besed and
they may bo formed by Py, Pyp Or early § follloles,

The two types of fibres with regularly
curled tips ere goparated on the bAsle of the ocourre
ence of wedalls in the pewrt of the fibre formed be
virthe Foth types are ocalled curiyetips, the one
which lecks medulia is called the plainecurlyetip{FCT

It naet be emphusised that 4u Dryts ciessifieation
modullation of the vopion of the fiure formed before
tirth 4o considored; lastor purts cre not considered
in the primapy system at all, aithough e ssoondary
syston hng been formuleted &n wideh esch of the prime
ayy typeer cro divided intec further clhsses Lesed on
modullation of the pardsy fermwd postenatelly. Thie

t

of the desoriptions heving been pestricted to the enJv

the ono with wmedulls 29 called the heiryecurlyetip(ioe).






secondary Mﬂuﬁm 3s not considered hure,

The four typee of fibres with siokie shapod
ourls sre aleo separeted on the ocourmence of
s but the seperation ie vore sudbtle. Those
toly modullated from tip to the poprt of the fitwe
forved 'afver wWrth are cslled halo-hairs(ii), In the
t type & bresk in the medullation occurs ot the pard
£ the fitwe formed at the tiww of birth ( e Wirth
point)e This type 4s celied the suporesickle AM(SSA').

next btype, called the superesickle B type (88B),
 bresk 40 the medulls st the neck of the tip curl,
rinelly, the sickle type(Sk) 1 medullsted enly in
t4p curl or sven not at all,

suemerieing, this claseification Lo made

ohape into three groups: siokle, curly end inde
subdivision is made of the Sndefinite group., The
group are separeted into twe typos on tiw
presence or absence of medulls end the slokle group
are subedivided into four types essentially on the
prosonce or absonoe of breaks in the modullaticn, The
classification 4s given in tabftler form &n tadle M,

The subsequent anslysis is eusior to foliow
4f & gumvary is given of the results odbtained, m-ﬁ
ehow that the various follfclen differ in the Sypes of
fibres which they ven foma, Mt thet no differences t
!
|
|




oasns betwsdsi Belyse $nd nensiistyps A7 thess E1FTes |
ave considored sololy in thwmw of the shape of the tip
surl, Primery contral follleles cen form fibres uht#
o siekle shaped tip curl. These fibres mey e of nﬂ
8, SSAY, B3B or 8k types, deponding on genotype.
reimapyy loteral follicles can fova fibros with e re
faa*l.y curicd tip which mey be HOT oF POT aguin depd
on genotype. Berly and lete secondardies form vogy
1y curled or indefinitely tipped fibres respectively
and no obvious differences ore apparent between gonoe
typese This relstionship of type of folllele to siwpe
of fibre 4a illustrated ln- figare 3 for & typicel
follicle groupe

| SICKLE TIP
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by 8 3. Nelationsidp of the shape of fibwres H the
different types of cles which comprige & follicle
aroups

The pelationsbhip of fibro to folllole wes
found firgt from o comparison of the Mm of
follieles with those of the different types of fibres,

Thoso comparisons are given LOlow. :




Waw&%*mawmmm POT R
WE |35 899 1,30 ©.15 0,00 | 10,2 10,6 53,8 16.4 | 70.2
W+ | 65 | 7408 1440 1418 0,60 | 10,2 | 15,7 (59,7 18,4 | T3
as/or | 17 'o.ao"—a;it m 0e20 | 1148 2340 (48,2 1644 | 6446
Total [16 |7.89 1-31. G.il 0438 Flﬁ;ﬂ {15.9) ﬁﬂ.ﬁ 15,4 | (72.7)

nxpected vsluos from folllcla(10.2)  |(19.4) (¥0.4)
frequenoy counts

Table 18, . froquency

mn&:mﬂnc

mmmm sorrected to
neave occur:red at 2




Type. Percentage of histerctrichs 4
74 18,1 1.7 12,8 16,8 12,8 15,7 14,6 16,0

,
5+ 288 10,8 18,8 18,0 16,8 80,3 18,7

Table 15, Pereentege frequency of histevotrichs in senples talwn et birth,




‘pose (1048) dusing a study of kemp succession
40 Netype sheep, ocollocted & lavge amount of dste on
the froquencies of different types of birthooat nmq.

Those data were obtained from letype enimels of the
W, /v , ond nw/ny types, mmxmuuml

wae grade VI or VIi. Tho samplos used were taken
the stendard baok sempling vegion (Celpin 1958), et
various ages during tho hogeet year, stmm' oo
of sampling veried, the frequency distribution of filre
typos mast be corrected for variation in age, ihis
variation feo only of the histerotrieh frequency since
@1l other typees of nmi comrence tholr growth before
birti. Therefore 4f the frequoney of listevotriche
prosent at birth Ls Lnown, mmuummmlu
for variation in histerotrich frequoney to the
»d age of bivth, Thies data will, after this correc
don, bo compareble with that of folilfele type f
The frequencies of histevotrichs prosent in samplos
from the skins of N/N end 3/ lambe whieh died ot »
sre given in table 10, 1

The overall aversge froquensy of u-mﬂLb

18447 at uirth, Using this es a covrection mL
t:utuumnmmmmmmmm“
ot birth. The averege fibre typs frequency dlstribe
bione for esch gonotype, and overall genotypes are
von in table 16,




TThe freoquenclies of the different types of
fibros prosont at birth csn be compared with the fHireg
uencies of the differont typoe of follicles present at this
agee The most obvious point 4s thet the sum v
of sickle fibres (Il &HEA® 58B  bk) S vomsrkebly
constont botweon the different clagses of materiel, and
elmost identieal with the frequoney of P, folilcles,
Similerly the frequency of HCT Mbree 48 very olose
to that of Py folljeles, sugrosting that thi» type
of fitwre 49 formed Ly the Py foliloles. This welatd
ahip of fiwme to type of folllcle 48 an extension .l’#

Rosns' (1080) suggestion thet P follicles can form hot
sickle and ocurly-tip fibwes, whoress & follicles cen
form ourly-tip ‘M histeorotrion fibres,

The close sgroomont botween sctual on
of fibres and those expected from folilele type - 8,
sugpests that any errors in the latter ere emmll, A
pogeible souree of error has boen mentionod above,

nemoly, tho counting of & foillicles as foruing & fiby

eh ayre not yot doveleoped enough to do se, Thie

erroy would appesr to bo unimportant, ,

A elight disovepency ocours in the B/+ type
between the sotual froguoney of HOT fbres, and that
tod 4F all th P: folldclies form 0T fibree., The
. frogueney o 10,47, 4n ¢the 1/+ type the
tuel froquonoy S0 18,77  This can b explained 4f




the 2, foliicles can form doth huirye ani plainecusdy
tipss ho effvct of the § end mp gonos belng GO couse
Py follfelos to progressively change from forcdag
plaine to foredng holryecurlyetipey thie chenge bLedng
proporsionsl $0 the Gosege of those gones, ood
prosunably not complete &n the 1/ Sypes Py follleles
ore copteinly cepsble of forsdng plelnecurlystipe

neosuse in noneletype Nomneys, helpyecurly-tips apo
wm,mummmr;mmunmu

m Wﬁuﬂﬂc

amm“mmﬂmvm
gon be made fvom some dobe of Goot (1040) who determined
| tho fbwe type frequencics Of nONeletyps Norneyse Io
| ghose 831 of the sickle group fibves are eftier
oicklos or ofolkles, the mnjordty being siokles, ond
m:armaumcmmuwmmmm
mmmumcmmmm "a
ammmmmmmu
grich froquency with sge %o hir date, wo find that |
mmctmmammum‘
i0 13,08, -uoaummmwwmuwm
WMQM“”o“t M

: mmmurmmuumuuw
umnmm:-mmummm
of fivwea to Sypos of folllcles, These dopond on the
primapy follicles forming tuelr flbres febor then

sooondary folliolee, in lHelypo.




Goot(1940) noted &n a ssuple from an a.m-+
lamdb that thoe fregueney distribtution of fibwe
weg distinotly bimodal, e found that this bimodall
wag related to the fibre type dlstribution since ei
group and T fibres occurred only in the longost .
If, as has been indicated above, sicitde group fibre
and FOT fibres are formod only by P folllcles, then At
follows fyom Coot's obsorvations, that the longest
group of fibres ave also formed Ly P folllicles, ond
the shortest group by 8 fellicles, This hypothesis
feo oxonined below,

The fibre lengith distrivbutions of HNebype
virthooots exe, 88 found by Goob(1960), bimodel but
only during tho firet fow woolks after birth. At a
lotor etope a Gldrd mode beocomos appewent, This 4o
not of interest in the present analysis sinee it does
not appesr until efter bisth and the fibres of it eve
thorefore formed Ly late secondary follleles, The
threo longth groups around these modes are ocslled the
Ash and C groups vespectively, where the A group is the
longest and the C group ¢ the shortest, momé
| fivres will be disoussed in the last section of this |
thesis, Tho presont problem $s whether differences
cccur bwtweon the A and B groupe in the follicles |
which form them,







If goot's results were goneeally correct r
21l Hetype material, 4t follows that the sum frequenpy
of A group fibres should egqual thet of the P folllclep,
end thet the A grouy fibwos should only be of the
pickle group and HOT types eince, as shown above, the
fivwe type frequencies indicate that theve types of
fivres ave fomsed only by primsry follioles, |

A masber of messurereonts were made of the
fibvre length distridutions in ssmples from newborn
lanmbs of the N/N Sype. Those are given in tadle 17,

A The separetion into A and B> w.‘mm@
qualitatively obvious, introduses an error in the ,
‘soparation of the overlap veglon, Io Figovous -uuTt.
fcal method e avelilable for the solution of this
problem, therefore thie region wes divided proporti
atoly between the two groups, The sctusl A/D fatdo
and Shat oxpocted from folllcle type wetios (2/8), are
ehown in table 17, The discrepancy may be due to
i)the loss of very smell fibres from the sample, £) the
inclusion of 5 folllcles in the »/8 setio which have
not yot formed fibree long enough to be included in &
fitwe semple, 3) orrors in the division of the overlap
vogion botween tho two length groupss  Gdnce the five
two sources of error are cumlative, end in the |
divection of the dlsorepancy, 4t con be asswmd that
A group fidbres are formwd only by P follioles. Tiw
pecond error has been montioned previously in the




eguathon of fibwe type eénd folildele type frequencicd,
;'s;'!m agoureey of that equation sugrests that thie emﬁ'
48 neglipible, while the present csse Sndfcated that St
I‘ms be laprge. lio answer 18 availsble to this problemg

The rolstionship of A group fibteree o the
P folifelos can be tosted Ly deotormining the compleote
fibee length and fibre type fregquency distrilutions,
Those should show that all tho elckle group and HOT
fibroe are in the A gproup length renge, Severel |
‘suoh enalysos were vede, They ave in complote egrece
lmw 81l the A group fibees are of the sickle group
and HOT types, 811 the B group fibres ave of thw POT
‘end 4 types, One such compound frequency distribution
ltu shown 4n fgure 4.
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Pipure 4. Compound fibre lengthefibre type froquency
-d&amwaim of W/'N semples




Srouth retes«

The rate of inoresse in length of A group
fivres can be found from the rogression of thelir mean
length on sge, This regrecsion when extrepolsted to
interseot with the bage lime, will give en ostimate of
the age at which the formation of the A group filwes
com-ence, which should be of the omder of 100110
days foetal age Af these fibres como from the primayy
folliicles, '

The fibvre longth distributions of samples
from li/H lambs of varying cpos were determined, and
then plotted against age, os in Mguve 8, The averdge
longths of A eand B group fibree wore found from -
orgtion of the midepoint of the venges, and the "
oa ghown in figuve 6, Tho complete data are %oo
unwieldy to be given in @etall, 00 only the estimate
ottmm,hnﬁbonﬁmanmm_ﬁ
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Pigure B, Pibre length distvitutions of semples from |
-m uuh; illustrating the bimodality and the average ]
longthe of the A and B longth m. {




LENGTH IN

of the ago at \vh.l.oh Gy kerp ml.otu their growth.

‘qmation this is not 1ikely to lesd to ony serious |

CMS.

Regression lines wore fitted to the averages
of the A and B groups; these are shown in figure G,
The use of linear regressions assuses that the rate
of increase in length is constant over the period
gtudled ( 0«80 days after Lirth). 48 & fiMmt @ -

error, It will be noted that & nunmber of mosns are
given st birth. These apre not clearly shown in the
fipure,

FIBRES INITIATED BY T COMPLETION OF GROWTH
| OF G, KEMP

PRIMARY FOLLICLES

e]
1

|
|
. |
!
|
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Fi mnuotmhmmotamn
ﬂmt{. the formoy shown by the solid regrossi

1ine tter by the m ro ”lan 1ino.
| A e pegresnion has bosn extrapolated afber corres

ion ( see text) to intersect with the tese line, gi
on eatimnte of the age et which the A mode fibres @
initiated, The length of Gy kemp m een interpo
into the A wode rogre ni.anlin-

The extrapoletion of the A group umut?n
1ine to inteovseot with the bege line cennot be mede
without first covrocting for differences in the rate
of growth of fitwees before and after birth, Huch 8




since Parker, Norris ot ol, ( Deriker 18932) have
that crimp sizes can be used as estimates of varistio
in growth rate along & fibre., The ratio of pree to
postenatal crimp sise 48 1,088.,3. 1In figure 6 the
extrapolation of the A group regression line has Yoen
wede on the besis of this ratio of proe to poste nats
growth ratos, The ege at which this extrapolation
intorsects with the base line 45 «40 daye ( upm“-
1y 100 days foetal age)es Rose (10406) states that
primapry fibres are initicted a4t asbout PELL106 dsys ruﬁu
age whioh agrees well with the age of fnitiation of A
group fibres found from extrapolation,  Although
this extrapolstion csnnot by itselfl be teken to heve
eny general validity, Saldng these various length
onalyses together 4t 4 reasonable to postulate that
primery follicles form the A group fibres, secondary
folifclvs form the B group fibres,

Yemp succession.

Dry (1954,1940) has shown thet tie ahedd
£ fivres as komps 49 related to the type of fibvwe,
heep with a bdirthecat contalining & high frequency of
lo-heirs and hafiryecurlyetips, meany fibres are shed
) kemp, commeneing about two months after birth with
he shediing of virtheoat fibres which are ealled Oy
Pe In sheep in which the birtheoat contuined few
no haloe-haire, shedding ss kemps ie rare, Marthop




Type. HeR BSA' 8SB 8k  HOT  POT

WE 98 98 00,0 = 18,5 0ad
WE 99,7 ©9.5 B0.8 42,8 13,7 0.4
nr/nr 99,0 08,1 804 e 0.6 0,0

Teble 18, Perconts Mﬂi with whioh the
y difte types of Dlbres s shed as




&mnm thet 0y komps are rarely of the ik, pla
curlyetips or Hi types, being predominently of the
Hii, superesickle, or HOT types. This 4ic demonstre
by the deta shown in table 18. |

The relationship of shedding to fibre type
showe thet this 42 restricted to the types of ﬂl;n'a
formod by primery follicles.: This ecen be checked by
interpolating the &verage length of Oy kemp in the A
- |group regression line, If shedding occurs mainly or
only from primary folliicles then this intorpolatieon
should give an ostimate of the tims of shedding which
|agreens with that found from the examination of lambu,
The Iatter 1g steted by Dry ( unpublished) to occur
et about Dell weeks.  The value found from interpole
ation is about 6 woeks, The diserepanoy can Lo npth-_
ed by ths latter doing an ostimete of the time of
cossation of growth, whereas the forrer i1s en estimete
of the time of shedding, which would be expeoted to
occuyr & wesk or muur; Interpolation in the B
group vegression line would give en estimate of 1214
wooks whieh is obviously incorrect, The interpolation
nnumuumummmm-rnmuig.
teing vestrioted to the A group fibree and therefore
the primsry follicles,

Srown wabe bl oA s
In Nebype lamba petehes of the Mrtheost have
brown tipe, This ddesapears & month or two after




birth due to the shedding of the brown fibres or to
the bresksge of their tips, A nuber of samples he
boan omomined fyom theee brown pstohes, end the
pigment hes been found to oseur only in the medulla
perts of tho fibres, It also cccurs only in the re
of the fibres which were formed before birth.: &ince
brown occurs only in the wedullated psrds of fibwres
formod vefore birth, and since only primery fibres
are of the types which are modullaeted in their proe
natélly fommed reglons, it foliowe bhat the brown
plgment oocurs only in the fbwwe fommed by primery
folliclen, :

The different types of folllcles differ 4in
four chareacters of the fibdres which they form, These
characters ars the birthaoat type, the growth rate,
the shedding as keotps end the osvurrence of brown
plgment, The birthwost lype is based on two soparate
chavractors; the shaps of the tip curl end the oe
of medulls 4n the portfon of the fibre formed Lefores
birth, The simplost procedure 1s to consider such 14
those characters soparatoly.

The tip curl may be sickleesheped,
gularly curled or indefinitoly shaped, Pitres of
11 three types occur in the birthooats of both Netype

nonelietype, ond in both are formed by the ssme bLype




of folijele. Sickie shaped fibres ere forswd Ly Py
follieles, regularly curled fibwes are formed by Py
follilcles and casliy & follicles and indefinitely
shaped fibwes eve formed by lote 5 follisles. It
be consludod that the subetitution of the N sud nr
affocts the sise of the tipe curle but not thadr shapa.

The sise of orimpe diffors between Hebype
und nonelietype; this differenve helng very maried in
the tip curls of the birthcoat fibwes, The sickle
ghaped fibres in lietype ere predominently holoehsire
which have & very lerge tip ourl, Ain noneietype
ave sloklo«tips which have e very smil Wip eurl,
S4mdlariy, 4n Hetype thw ’1 follicles form halry-curly
tipe which have & very lapge tip curl, Ain nonelietype
thoy form ploinecurlyetips which have & very emall tip
eurls, 7he secondary follicle: form fibres with
dirferent sizes of orimpe in li-type snd nonelietype,
these differences are small compured to those widch
oceur in the primery fibres. - The subsiltution of thw
§ end nr genes csuses the prisary follicles to fomm
fivros with mmoh lapger crimps than normal, but 4%
doos not cuuss any correspondingly obtwvious charges in
the sizes of the crimps of svoondapy fibwes, Gluce
Basrker, doreis el al { see Horker 1938} have shown that
varistions in orinp sise sye due to the varlatione of
fitme growih pates, these difforences in sizes of
erimps can be teken as secondery to the diffemnces of
Erowth rates whieh have bLoen shown to be caused by the
il‘i and nr gened.




The ocourrence of modullation eimilsriy
difters botween foliicles, The substitution of the
% snd ny gones cause the primary follicles to form
more medulleted types of fidbres, bub doss not cause
any corvesponding chengd in ke socondery fibwes.
This spplies sisllerly for the shedding es kemps and
the oococurrence of brown tips. These characters oacuﬁ
only in the primery fibves of le-type birtheoats, bud
not in eny of the fibres of noneletype birthoosts.

In Hetype the fibre length frequensy
ddseritation fe trivedel, ond sech of the modes ie

|¥he & group by primary folllelss, b B group by eerl
secondapy follilcles snd the ¢ group by lste M;
' |foliteles. In noneletype the length édetribution is
8 bimodsl( this will be demonstrated in the lsst
sootion below), snd the longeet group is made uwp of
fibres mwwmnmmumn
folidcliens 46 ia, thwrelove, o cowposite of the A -aq
B geoups of the Netype length distwibution, In Hebypo
the primery ( A group ) fibres grow fuster tisa the
eorly secondery ( P group ) fMbress this vosulte in
a separation of the LeB group of the nonelstype lengbh
dlstrivution inte the A and B groupe of the Netype
atribtuion, The substitution of the ¥ ond nr genes
t:uu the primepy fibres to form tholir fibres fester
than the early secondseries; dats ore not eveileble
‘on the effects of theose gonos on the rates of growth

mede up of fibros formed by & different type of folllale:



of oarly and late sesondary fibres; observeation
sugpoats thet eny difierences ave smell, The Dart
enalysis of the effecte ol these gemes on the ifleosce
mast consider differences between fibres formed by U
sovondary folilcies, This enalyesis whioh will w
presented in the lsist seetion below, 42 fecilitsted
by the abtove finding thet the tip of a fibre can be
used 30 dotermine e type of follicle whnioh formed
’.“llh |

3 ACTION OF N
.‘ 1(_f-AND nr GENES EFFECTS ON FIBRES

Shedding, brown pigment, medyllation |
rare In both types. Differences In

growth rote and curl slze are
small. |

-}
\
J (
| 2 "a_“ Curls large, shedding frequent, brown
| ol tips, medullated ., growth faster
| F - . tnan garl y secondarles.
3 |
‘ Ti = /
g PRIMARY CENTRAL FOLLICLES Sickle tip
= 5 RS A Curls small dding—b ps very
I—' — N «.no medullation,growth same
} ™\ o corly se aries
‘ I Curls large, shedding frequel
tips, medullated, growth faster th
| early secon ies.
| -
I PRIMARY LATERAL FOLLICLES Curly tip
‘ |_. — — — — —_— — — — —_— Curls small. shedding—brown tips very
\ rare, no medullation, growth same
\u_-_-aﬂv -uon:e_rlu.__. V. 1
e
I Shedding plgment
EARLY SECONDARY FOLLICLES Curly tip ;‘;; ": L -"?:' s
L e e S e s R g sraas
— - —
, I
. I

LATE SECONDARY FOLLICLES Indetinite tip

— — — — — — — — m—

- —

e 3
TAgems Yo 3o mstelitin of the stisete 08 e b oke

: - ‘ P & cles
The gene sotiom is teikun to ocour similerly 48 the X
devol ntal tevacks of esch type of follicle,

The Netype fleece dlffers Lron nonelietype

in length, medullistion, sise of crimps, ococcurrence “J
ohodding, end brown plgpent, These effocts of thw
I ond nry gones have heen shown to b restricted to thT

fivrea formed Ly primoyy folifclog.
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8o fomp sugeossion. ( A.8.Freser, J.H,R088, G0 right)

in normal Romney Marsh sheop slmost ell of
the follicles form their fibres without periodie
shedding, A fow follicles shed thelr Mibres 28
monthe eftor birth, but these varely conthme
shedding thoir fibres in the meture flevce, In Nebype
straing of this breed the situstion is radieally
difrforent, A proportion of the primery follicles
ghed thoir fibres periodically turoughout the lide
torm, and consequently the fleece contains a high
proportion of shed fibwres,

The periodic shedding of fibros is rere in
the 'finve-wonl! broeds, bub 4C Lo & constant foo
of the tearpotewool! bhreeds, which thw Hetypo etrae
rosenble clogsely., The shed fibros of Ycarpetewool?
broods are called 'hempe'e Miller (10357) has glven
a very complete doseription of kemps of the Scotiieb
Mountain breod and since shed fibres whieh cecur in
Netype flocces follow this deseription elosely, they
com aulso b0 ealled "kompst,

Keup successions
Dry ( 1934) hes shown, Ly use of protect
staplos, that 1t 49 possible to study tho suscession
of wempe formed through @ pordod. It iz nocessary
to roview his work so that bhis terminology mey be
introduced, His mothod of protecting and tying




staplos vetaine the kemps in the region of the staple
formod ot the time of thelyr sheddings This shows
thet kemps occur together et different holghts of the
'nupu 1.8, successive ponoretions of kemps are shed
synchronously within o roglon, 7he restriction of
shedding to definite periods sllows successive
gonorations of kemps to be distinguished resdily
and Dry ot al, ( Dry 1940 ) heve made extonsive studies
of the freguoncics with whioch successive generetions
of komps oceur, &

The firet kemp generation ( the 0y or
birthooat kemp) ere shod ot Gbout Be3 months after
birth, Subsequent geverotions &ére shed st abvout o
S48 month intervael,

The 0, kemps ape, apart from hsving been
ehwd, normsl birtheoat ga.w. and, therofore, can
clossified into birtheoat typea, DPry ( 1034) has
shown that the oeourrence of shedding diffors bLetwe
these, some types being shed almost invariably, othevs
papoly being shed, This relationship of shedding
to birthoost typee demonetrates thet the potentileld
for shodding %o high in primery folllcles and low in
socondary follicleo( previous section),

The seporation of & typlosl sample whieh
has been protected from mbmnc. and thed to
prevent the shdftling of kempe, 48 illustrated in
figure B. This fioure clso illustrates the uunr




ship of shedding to type of folifele, The ssxple Le
from an Netype semple, heonce the large nunber of shed
fibros, ]

ma.ﬁmoram- from & protected staple
wiioh the verious rations of kemp heve bHeen

toined et tholw u&w of shedding ma (4]
not completed thelr growth ot the 2 f’lmlm

!
{ In this peper will be given data of the
ueneios ogal. G, end G5 bompe in the flocces
£ vapious of the Nebypoe straine, These will be
lyeed vo show 1) the diffevences tetwoon the letype
traine, 2) the differences betweon the central and




laterel types of primery folilclos, and 3) the diffore
onces betwesn fibve Lypos. |

Fibwe type end kemp frequoneies have been
determined in thmes of the svaileanle genotypos ( /1,
w4+ , end ny/ny). Only snimels with & haloeheir
sbundance of VI or VII were used, selected witbout
roforence to penolype. The sampling of the u/{- t::r

is, thorefore, neither represcntative nor rendom, o
o8 shownm in the introductory paper to m sordea,
poroximstely 107 of the N/+ type have a haloehair
of less than Vi in some of this meterial the
lassification of domdnante @s /W or /v eould not
baged on pedigree @.g. the progony of the cross
W /v « In such ceses the olassificetion wue
on the deseripticns of the birthooat which, due
tae incomplete dominence of the i gone, ellows on
lmoet complote phenotypic identification ( this is
'Mumnungmxnmwemamm). Tho
sults for podigree end claseified materisl were
lyesed seporately so that thore were five groupe:
pedigroe, 1/1 claseified, M/+ podigres, i/+ clesse
fled, nv/nv,

fundles of fibres were tled e fow weoks
frer birth, ond covered to protect the tips of the
bres from wenthoring ( Dry 1954). &5y preventing




moverent of the wool the cover evidently couses the
koupa o bo held in situ abt thw level ot which they
wore shed, so thut socondary kempe can e classifted
8o Opg, Gg, 04 with 1ittle wisk of error,

Samples were taken from hogeete before
shesring, all fibro types were counted, ihne and
nonesiwd nﬁunlr, and iumam L9} mﬁtnug-n of
the Sotal number of fibres escluding hieterotrichs,
This panged from 200«000 por semple., The 03 count
S the sum: of sll the shed birticost fitwes, fome
eut hoiry fibees et the base of the staple may be
misgtaken for d,, komps and this expleins camsos whore
mOTe % than oe kempe wore recorded,

As most of the percentuges wore ensll, the

20 of FOT endl 1id, The anglos are dlstriduted more
1ly than the orude percontegos, and the teste of
Agnificance sre more sensitive, It wes not thought
gaary to use welghted engles ( neele 1089) in
pite of the ovcurrence of many Zeros,

The average percentage of fibre types as
aloulated vis the snpguler trensformstion are consiste
ntly less than, and close to, the direct mesng the

‘nuotmm.mmmmmomumm
then to the moen of tho originel fibre type




o | % | & |»
edigree 10,78 | 407 | 3.0 | 9
Classified | 16463 | 9.5 | 6,78 | 24
ovevall 26,38 | 8,08 Bz | 33
ny/ny | ABLBE | 4l00 I Leld | a7
‘} 1

| ' {
Pedigres | 12488 | 4u0 | 2480 | 36
W+i0laseified | 14,38 | B.78 | 3.83 | 20
Overall 13,16 | 4.84 | B8 | 08

: . L !
varience ratio it.ee“ - Be2e®° J 8.51°° 100

Teble 190, Femp frequonciss stated ez porcestages of

histerotrioh Tibwres,

Prow




Shed as Gy kemp Not shed as Gy kemp

HHE  Ssa' S3B Sk HCT ®0T | HH  SsA' S8B Sk HCT 2T H

K/N)Classified | 9.93 0s66 0,01 w= bl 0,01 | 0,04 0Outd - - 1748 6421 T2.42

Total 10:35 0,55 0.01 - 4Ot 0,01 | 0,02 0409 .01 - 17.86 6#-21 55;#5 "s 33

e E—— e . ——— R ——

nr/ar 1037 0u31 0,76 0,06 2,43 = 0,01 0,01 0s13 0,01 2527 5765 7459 | 17

[
1

Pedigree | 7.36 1.07 073  Outh 1036 OuOh | 0,02 Oofd 0o2% 0,22  10.86 7526 67,18
B/+iClassified | 8:33 O0o71  0a37 003 303 0,02 | 003 0ot 0,03 0,02 %03 6815 61,90

Total | 769 Ou%h  0u39 0,09 1.8 0,03 %é.ezf 0ut4 e.w 012 11e31 7450 650

____,,,,L__i__.,_.___,,_.*» e ——————

Variance ratio | 9.96™ 2,2, 18.0™ 4,52 ,,26% 4,88 } - 121 3,25% 7.4 q5,4%= g g% g

e e by e e e e e g i

Table 20, Frequency distributions of birthooat fibwe types stated separately for those shed or not shed
as Gy kemp,



froguency distritution which is heavily shewed, It
will bo noted thet the froquency of ¢y komps found
direotly { table 10) is grecter than the frequeney
found from the sumcetion of the Andividunl frequencies
with whioh different typee of fibres arg shed se G,
{ table RO)s This 48 due to the use of tho snguler
transformation,

Observations on the occurrence of hmtn
the mature fleeces of+/+ and +/nr ehow thet in
these types tho kemp frequency ie qualitatively aLfse
ont from that in Nebtype onimels, High kemp freq
thus parallele the Mnm relotions of high heloe
heir abundenee, bveing dominent in the § stoek, end
rocoseive in the nr stook. The freguenciss of Og0
» 80d Gy kemps eve given in table 10 for all five
lagees of material, ond in figure @ for the NN,
+ , and nyy/nr totals, These cannot be compered
uentitatively with the kemp frequencies in the + /¢
nd +/nr types esince no guentitative date ave aveile
ble for those two tma,

A farther sindlority between haloehsir
bundence end kemp frequeney occurs betwoon /N and
/¥ o Figuve 9 shows that the kemp frequency le
proster 4n /N than in K/+ 4n all three keup gonoreti

Et:u paprallels the heloeheir sbhondance whioh Lo wui-

L



in ¥/¥ then 40 W4 »

| KEMP GEMERATION

Figure 9, Proquoncies of Gy, Gp ond 0, kempe in N/N
+ ond m/nr sheep. q
The closo eimilerity of the dominance
reletions of kemp frequency and hsloehoir sbundsnee
show that these chersoters sre both affected by the
¥ and nr genes conjointly, Thie mothod of desoribing
the plelotrdpy of the B and nr genes will be used in
leter papers for othor chhwracteors of the letype
syndroms, Sheep are oo unwieldy se genotic materia
to ellow the wore substantiel proof of pleiotropy uuj

complete linkage,

In the precoding peaper the shedding of
fivres has beon demonstrated to occur only in primery
follicles, Although two types of primory follicles
occur, contrel and loterals, no atterpt wsa mede to
|




detormine whether these differ in their frequency of
shedding, Such & comperison oan be msde for the Gy
kempe Af these ero clasgsified into birthooat Lypos,
einve Py folllcles form only Hil, SSAY, 545 snd Bk
typos, and Py folljoles form only HOT and PCT ULypes,
Intable 80 are glven the fidbre type frequencies stated
soparately for fibres shed or not slwd as Gy These
dete allow estimates €o bo found of the proportions
of P‘ and P1 folidclos which shed thalir fibres.

The total frequency of shad snd noneshed
ﬁm:ndtmm.wn g5 and Sk types ocan be taken
es on ostimetet of the frequency of P, follloles,
The frequency with which those types Wuﬁx
coan afmilarly be teken as en ostimete of the freguenc
of Py, follicles which shed thwoir fibrea, In table

1l arc given the estimated proportione mum
Je

In the W0 and ny/ar types the frequency of
HCT oan be takeh 20 estimates of the Mutﬁoy of Y
folijcles, eince in thesy types all of the fibwres
formed by this type of folllcle ave HOTe  In the
¥/+ type some of the Py follfcles form HUT, others
form PCT, Therofore the HOT freguency 4o tide type
does not give sn estimnte of the Py frequency, A
oo

tely 207 of Py folilcles form PUT fibres,
tho i/« type 20/71 must ve sdded to the HOT
noy in order to estimate the Py frequency,




~ ( Pedsgres 0,08 0438
8/54 Clsesificd C.92 0 #80
Overalil D82 Oedid
or/ay : .08 0,08
Fedigroo 03 0,07
W Classified 0,07 5.8
oversll ‘ 0,08 0410

Table 81, PFroportions of central and ilsteral
wimory fAbros shod as konps,




The frequency of HOT ehed e O, kemp can be teken in
all typee es on estimeto of tie frequency of Py tbxulh-

givon in toble 21 for compepison with those found for
the P, follicless

It 4o obwi-ous that the two types of primapy
follicles differ markedly 4n the Dfrequency with which
they shed thoir fibwes, P, folllcles shed 0.91 to
0408 of their fitres wheress the Py folllcles shed
only 0,08 %0 0,80 of thelr fibres, This difference
vetwoon the P, and P, follicles Lo correlsted with the
diffovences betwocn the types of fibwos which they
forme, P folliclos form sickle group fibves which
more medullatod and longer thon the HOT and PCT £
formed by the P, folllecles. This correlotion :
between the chavectoristies of fibres end the frequenay
of shedding will be smplified &n tho noxt sections

The ratios given in teble 21 do not uruﬁ
betwesn /¥ ond N/+ for the P, folliclss, btut thoy
ere coneistently greater for the »y folifcles in the
N/N type. This oan be explained by the N gene heving
roschod & limit 4n ite effoot on the shedding of P,
fibros bubt net in ite offvct on the Py folilcles. In
other words, the gone i complotely dominent in ite
effoct on the shodding of Py fibres, tut only
1y dominent 4n 4ts effeot on the shedding of Py flbres,

which shod their fibwes, The estimeted proportions dre
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olugses of meterials 1t can be concluded from those

figures that the proportion of fibres of a apecifie
typo which are ahod 4o a charectoristie of tho type o
fitre, oloce differences between the olagres of mabe 1
are small compared with the d&tmmmelwt
of fibres, It is unfortunate that no dsdta ere

able from nonelietype material of the proportionste
shedding of fibwe types, oince such dats would allow
2 more rigovous oxssination, being bvesed on & wider
agfferonce in floese type then the present comparison,

In the proceding scotion the comperison o
Po with P, folileles showed Ghet those differ in thel
froguoney of shiedding, and 1% wes obeerved that thie
diffevence fa correlated with diffesonces in the
charaoteristion of the fibres formed by the two types
of folijeleas Po fitres cre longey snd more medulls
then Py fibtees, The sawe correlation of incresse
frequency of shedding with increase in leagth snd
medullation een be seen in the HH,85AY, 98B end Sk
sories of fibwes 1.0, in the fibres formed by P, follloles,
o proportioncte shediing of these types eun be seen
from table ¥2 %o deorease from i to Sks The length
and medullstion olso decrosse from iUl %o Sk f.0. the




the freqguency of shedding fa correlated with langth
ond medulletion within P, folilelos e woll ag betweon
Pg end Py folilcles, In the preceding peper the
some ocorrelstion has beon shown to occour betweon P and
5 folliclos, It ean bo taken a8 & genoral rule that
the shedding of fibres is developmentelly corroloted
with the incidence of medullistion and the length growih
rotes,

Ddscussion.
In the procoding peaper & Aifferonce hae

beon shown to ocour between P and & follicles in the
offecte of the ¥ and nr gones on the growth ratea,
modulletion, shedding, crinp sise ond brown plpuonte
ation of their fibwos, These effecte sre very rmried
in the P folllcles, neglipgible in the 8 follicles, I
the precont puper the anelyois heas beon carvied & ste
further 4n that a differense has beon deronstroted to
cur betwesn the two types of primery folilcles in thp
fioct of the N and nr gonos on tlw shedding of their
flbren, This frequency 19 0,04 in Py folllclen, 0,12
in Py follicloe.

The oecurrence of differonces botweon Py

Py in the other cheracters: growth rete, orimp sise

brown plgmentation have not yet been studied quen
patively., However, & vory large number of semples
ve beon studied gualitatively, and these observe

oate thst in Netype She P, folilcles form fitwos




which tve longer, move modulieted cnd have lepger orimpe
then those fibwes formed by Py folllcles. On tho
beals of these observations, and the above snalysls
of komp frequoncies, it 4is ressonable to poatulate
that the charecters which differ quallitetively bvotween
P and & folileles, differ quantitatively between Py
and Py foiliecles,

Thdo ond the preceding paper have elerd
the snalyeais of the Hetype flceoe to the point wheve
1t 10 poosible to define the vesidusl problome,
are 1) muﬂnumuwwmau“
growth rete, modullation, shedding, orimp eise snd
brown plgment, 2) the besle of the differences
botwesn g, Py ond 5 follicles in tiw effecte wideh
the ¥ and nr gones have on thedr fibres, These will
be coneldered in the later sections below, '
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The suthors wish to espress their» gratitude
to Dr. . Nry for his assietance and sriticlem and to
Drot. i, Sang for eriticism of the menusoript. WD,
Roberte gsve veluable technicel sgefstence in the
proparation of the figures.
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The i and nr gones, which cause the Hetype
of flocoe, also csuse The ococumrence of horne in mood
mslos and & proportion of tie femnlioa, “his 4o
ftilustrated 4in Mpoure I which shows & nunboy of lebym
pamsj noNeli-type pamng hove never boon noted Co have

oven & small fraction of this oxprecajion of horne,

aik

Flpure Te Accogroup of letypo roma showing the very
larpe horng, D ond Ceee skine of letype lonbe showing
the cccurrencs of & sioulder pateh &n thoe ono btut not

Ben I - oy o aeada wd ki — ‘ -
2 G OBIPe Vese PO JA8I0D with four horne. see LOINH
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The ovidenee for horns being caused by the
¥ end nr genee will be prosented Lelow and considored
in reforence to the ocourrense of horne in other breeds
of sheop, The aifferent types of horne whieh eve
broad charasterteties hove often beon studied genetics
elly in crosces Letweon the verious breeds., This
problen has received speeiel sttention becsuse of the
differences in the horn eoxprension between soxes wi
in a bread, There are thvree mein types of expreas
of horne: both soxes horned, males having laprpoer
than fomalefsesseDoract Morn types omelo sex horned,
fomales Anfroguontly having smull horns OF 0USr@cssee
pepino types both sexes horniess{polled), males
infroquently Snvta; small horas oF Curt..s.sFolled
typo. The Homney Vereh breod 48 of the latter typo,

Although the numerical deta 18 zeanty the
ponetic differsnces which couse theso differonces of
onpression of horns ean Lo accepbed se sutosoral and
monogenic, Werwmick and Dunkle ( 1059) postulate that
throo pones condition tlw thwoo horn types, and that
thoge are on allelic series. IMarthor they state that
it 48 mowve probable thet the differences betwoon sexes
within a breed are not specifically due to the ‘hornm?
genes, but rether to the occurrence of phyesiclogliosl
difrerences botwoon soxes which differontly modify
the effects of the "horn' genoss JIbeen ( 1044) on
the other hand postulotes & teiple loous hypothwels
involving complicsted epistatio relationanips ond




spocific cotions of the Yhorn' genos on the SeXe
modification of horn expression, /8 yot the necessury
crosses to tuet whothey the triple allele thoory 4o
an overesinplification hove not been medo,

The letypo streine of the Nommey Maysh breed,
nmmzmummmuwmummm-oru
difroronces botwesn breeds, do prosent sn exemple
of the sexemodificetion of horn expression within e
breod, The occurrence within one breed of streine
with all theeo types of horn exprossion mako the Net
streine useful, porticularly since the ¥ end n» QI
which couse these differences in horn exprescion, cen
for the most part be traced genoticslly from thoir
offects on the {lecce, | |

In the prsent paper the fivet section
dotolle the fdentificetion of the verious genotypos,
the sooond seotion doteile the Lorn ozprossion of mro
difforent genolypos,

SO & AUEILGEIIE LIa Wi s
The identification of the verious gonotypes
can b mede falrly rigorously fron the haloehair
sbundance at the middle of the beek, which is loww
&n +/+ end +t/or, end bigh in all the other
penotypes ( see the introductory section bolow).
Howover sinee both /N end /4 snimele have a dgh
neloehtlyr grade, this chepccter cannot be used to
sopmpato thoms It 42 not possible te progeny test

LD g BT




fermlos 4n sheep and therefore 4t would not scom posaible
to 4dentify the W/N type, eomeopt in progeny tested
fomalos, Hmmrtnbmmunmmunm
to be able to Ldentify /N ewes phenotyploslly with
8 vory seall chonce of ervor, This identification
uBMcnu)mmmwmaaiMmbummu:I

in fesmles of tho 'domdnant' atock, and b) She oco
ronee of diflevreonces bobtwoon the /4 end B/ lombe
in the extont to wifch they are covered with a grade
VI or VII heloehsir ebundonceg Ghe primery heloehais
grade is ostissted only from the sdddle of the beok
without veforence to the rest of the body, The use
of Shose charcoteors will be discussed in gonercl terms
bolews the senfer suthor will precent the numericel
proofe 4n a later peper which covers the gemetical
anslyets of those genes in greater dotail than hes
been glven 4n the present seriocas,

If the occurrence of horne 48 recessive in
¥ atoek fermlee then cevtain comvilepies folliow,
8) In crosses whero I/5 progeny are oxpooted, the
proportion of horned ewes should ecgrec with the
expeocted proportion of /N, This %8 s0,
b)mmnmuutm'wmuamm'umy
in W/ ewes, Iese than 107 of i/t ewes hove defini
horns .
©) iIn the ovoss of hormed ewee with - /+ oy ny/nr
none or vory few of the progeny should bo Hebype, le
than 10 of the herned ewes whioch have been tested in




this way have proved thomselves to be H/+v
. Theso vosulte agree with the rocessivity o
horns in the H stock ewes, oxecopt that thie 4o not
mhu; some /Y- ovos hove horns. It 4o ressons
to eosume that 0,90 « 0,08 of horned ewes are 1/N.
In oxder to Lincrouse the rigour of identifipe
stdon of 1/l on exeminetion wes made of the birrtheos
of tho mmormomiorma'mm by tested
n/n POnd o Only & neglipgidle proportion of these
progony ope expected to be N/+ snd therofore their
oxprescion den be talen o9 on ostirmmte of the expression
of the /N type.
puring the routine desoription of lambe
1t hed been noted thet & considerable varietion ur:

roed bvetween grede VII lambs in the ezmtent to whieh ¢
high frequency of halo=hairs eoxtended over the body.
Thie differonce in tcoverage' had also beon noted to
vary betwoon types, but 1% wes not until the sbove
sample of I/N lembe wss obteined that 4t wes pecliised
that /N and N/v diffored mapkedly: all or tho

ma jority of /N lambs have & completeo coverege,

all or thw mojority of N/+ lsmbs have at leest -:I'
rogion of low hnloshedr grede $.,0, their coverage 3@
incomplete.

The leat stoge of incomplete coverage ocours
2t the side of the neck and the shoulder pateh, This
latter reglon ls extremoly fmportant since epproximetely
0,95 of /¥ lembe have no shoulder patol wheress 0,906el.00




of 1/ Jlambe have at least & shoulder pateh of low
neloehodr grode. mnw:ahuwummh
shoulder pateh regions: ono of complete coverage, the
other of low haloehalr grado,

The diffevence bLotwesn I/ and H/+ 4n
goverage can theorefore be simplified in torme of the
prosence or absenss of o shoulder potoh, where

of & shoulder pateh inclindes all degrees of ineomple
coverage, In o semple of H/+ lembe only 1 in 300
nod no shoulder pateh ot all, &nd only 18 had & very
smoll shoulder peteh, Therofore allowing & certain
degroe of misolassification, 057 of the N/+ Sype can
be sedd to have incomplote coverage. Tiw progeny
from 1/8 by horned ewes, N/ by W/ emd W+ by B4
incliude & proportion of lambs with complete coversgej
this proportion in ecach cose agrees well wibth the
expected proportion of /M. It is vesgonsble to
mMomﬁ"ﬂﬂ-MMMn'miw@
ave 1/N, | !
Thie unalyslis pesches 1ts oyeiiec econclusion
in the use of the shoulder poteh oriteria to identify
/6 anfeels, o Sthat tholr horn expreseion ocan be
compared with thet of other Lypes.

Sxpression of hovne 1, Neasupsuonb,
Hossurements of horne have been mede os
£ the routine of sheep description in the letype

se are made in tevme of lumpsehorus which have nob




brokon Sthrough Che shing scume-borns whioh have brolen

through the ekin but whdch eyre less than an fnch long)

horne are poassured in fnchoes from the bose

horngefull

to the tip aclong the uppory side of the horn. The
classification of horns into lumps, scure or M1l

orns s Llluwstreted 4n flpgare IX for a group of 14
&

monthes 0l owds,

Figpare IXs forne of 14 ponth 0dd owess JeB, full horne,

e, sours. £, small sours on top of layge lumps, Pelurpe,
The frequoncies of anfmals heving lumpe, scurs

or horne and the approximate Metes of growth of horne

o found from the floek records, Oinece in many
engos theao are LDragmentery due to castration eoto,, the

ratos of growth of horne bhave bLeen determined only fov

the esrly growth period,



2¢ Expreoguion of horns in th pLOWs Crpen.
The expreenion of horma in the various
genotypes ¢ best detalled sopurately.

Desat/t o Several hundved lambs from normal
Romney Mewsh flocks heve been exemined when they vere
soveral weoke old. S8 of the rem lembs had some
small tvece of horn growth, usuelly lumps, Ho troces
of horn growth were found in the owe lambe, Small
horns are known to occur ocessionally in older yems,
bt by the stendards of the breed type they eve
undeesirable and 4% would talee time and taet to obtain
sgourate daga, NMany mature owes have beon exandned
ond no tyaces of horn growth were noted, bub fn 80
brooding owes from nonestud flocks, f£ive head small
sours,

Bess +/0P, 43} rem lambs ave polled et birth but
seurs havo boen noted 4n epproxisetiy 407 of the rem
lombe oxemined ot B0«60 days cfter birth ( 82 hed

or seurs out of 60 emardned), Occsafonelly faiy

horns moy develop from those sours, lorne vemoved
fron edult reme are shown in flgure I, lorns have
noted whieh are 11 inches long, 4As &n +/+ the owes
ere ususlly poiled but in 50 exmmined & hed emall so

sse NB/0P, 4 high frequency of veme have small

et birth which develop inteo largs Lorne at meaturity.
w@ jority of mm have at least a tmace .l‘tm?
h by o fow wooks after birth,s Clesn phlled




mxsmnmmmmmumummi
mnmmummﬂummmmn
mm-mm m-mwofmm
aummlmm;manMMhplmw
montho After birthe OFf tue oxisting ewes nusbering
89, amlwmlMom.

Deee W/+ As 4in the last type the majority of rem
lombs hove lumps ot birth end these develop inte large
horne ot meturity, A fow rams have nothing lerger
than scure., We have no mwoord of & ram resching the
sge of ¢ monthe withput growing at least sours,

jlorns very considerably in sise and &
corrolation appesrs %o hold botween the sge 8t which
horne appesr and the matuve oise of horne, The efiecy
of castration &s voriablee growth mey cosse entirely
or proceed ot & slower rate.

~ The majority of ewes &re clesn polled
but & fairly high proportion develop lumps oF sours
{ 18e887) end & number develop defindte horne ( 5«107),

Beseli/He In general the horn expression is greater
than 4n ¥/t « All pame have large lunps or seurs &b
birth snd those develop inte horas &% & faster rate
then 4n I/ + » mm-uwxmumhm
they dovelop lumps soon aftor birth snd, a8 in Doreet
torn females, horns sve formed from theve after @

fow months, Two owes which on tirtheoat and

are thought to be /N have st the age of one yesr




only lerge lumpe from which scuwe protvude, It da
concluded thnt 9710 of 1/N ewes have definito horng,

Pese Hi/+ o +/mp, In gonersal the hovn oxpression is
intormediate between that of I/+ and N/u, All owoo
are polled ot tdrth tut many develop horme latar, In
25 owos exendnod, © were polled, © hed lumpe, & hed
sours, end 4 were horned, In some owes 4«0 Linch horns
have boan noted ut they ewe usually smsllor,

1" - - : - 1 A Y 3 (
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There 4¢ & hint thet horm growth 44 affected
by modifying chareetora, One 5/t vem which had
seurs ot maturity sived thvee Ii/+ sons, One of the
growe good horne durding the first eix months ( ¢ fnclws)
tat these were thon brolens Another son had 8 inoh
norne of four monthe when the usuel sise of horne in
the /1 type e 6 inclwe or more, The third son
had mowre than scurs, mmtmmmmmﬁp
son, ond at four monthes this ram which was I/+ hed
only £ ineh horns, Those breoding results are not
conclunive but we have Lere an indioation that snnm.m
modd fging factore affct the size of horms, oven to
tho extent of determing whother horns or scurs ore
| formed,

8 I { L T3 ¥ & N3] V vl
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w0 lombe hove boon noted 4n the ¥ stock
which had four horns, 7The oxtpe palir of horng wore
located botween and behind tho muin pair{ see figure I).
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The above Mﬂwm‘ﬂmmam of
hovns 4n She verious genotypes cen be extended by
finding eotimates of the rates of grovth of hornse
following Glsoussion of horn growth rates fa restric
to the meles of the I/N, i/ end ny/mr types, and to
fomaloa of the /N Pype, since only in these types 19
the ponetrance of hornu complote,

The evailsblo dats upon horn growth ean L
oxopined 1) between individuals, 2) betwesn semos end
gomotypes within the Remnoy breed, and 3) betueon
broods, In figuve 10 eve shown the growth rates of
norne for soveral snimals An esch of tho verious :
of material, This slpwe that the rete of ineresse L
length over tho poried 0-140 duys is constent, since
no consistent deviations occur from linearity,

Sinse horn growth rates esn be talon as
Mnoar within en snimel 4t S probeble that no sord
error will be fntroduced from the use of linoer regrodle
fon: for the cemparisens botwoen genotypes. In 1 i
ere chown the scatter diepgrams of mesourements of
mudo upon 14 ondmale esch of tho verious typesy somo
of those will have beoen mossured Ze) tlnos,othorsde-b
timen, ond thepefove tho ovopall regressions will
v velghted differontly for cach anirel, The overell
rogroneions eve 6lso shown in the ceme figure,
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fipuve 11, Overall regression dioprenm snd seatier
diagrems ;r horn mmﬁ-"mu of 14 animale of esch o
Lypone

The overall rogrocaiene shown sbove differ
aignl fleantly btut the besio of this difference noeds

elosoy oxomination, A1l the §/6 animele have very

similer growth retes of horns, 7The i/+ enimels on the
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othor hand have & wide wvange of growth rates, and a
uwmmmwmnnmnuamuﬂc 0
for the 4/N types It would eppesy that the diffe
botween those two types %o that &n /i all enimels
aye forming theiy horne et the maximum possible rate
whovess in 1/+ only @ proportion of the onimals reagh
this maxirmym, This does not invalidate tlw cone
that the rate of growth of horns ia fuster in /N
in /+ o

It 48 of interest o compare the horn
expression of lstype with that of & normally horned
trocd, Messuroments wore therofore mede by the junior
author and Vp.l,loemade on the Scottieh Mountaln moa*
which 4e complotoly horned in both sexes, ond the
fomales grow lerge horme at maturity. The retes of
growth of horne of severel B'faco rame aye shobn in
figure 10 odove, As for letype tiwre are no coneictont
devistions fron lincerity, In flgure 12 ere shown
scattor diagrems end regrescion 1lines of horn mee
mente for the N'fece breod and for the /N type, @
tho latter type 48 tho only Netype strein in whioch ¢
ponctrange of horns 4s complete in bLoth soxes,

in the nBfeco broed very lttle difference
occurs botween mele and female in the rate of horn
growth, the differonco boing mainly in the age at
whieh horn growth commences, whereas in Netype the
femelo horn growth not only sterts lator it alse is of
e lower vate., Netweon Lreeds the Pfuce dofinitly




NN A i Y Y, s S 1
HALE FEMALE
TI*E s
Penetrance Expressivity | Penctrance Expressivity
+f/+ Z=b0. Very small lumps O=5io Very small lumps
or scurs. or seurs.
+/nr 39 Small scwrs and 0% -—
horns.
nr/nr 1005 Medium horns 285 Small scurs.
Z L = 40 + .m‘)
W+ 100% Large horns 324 Small scurs and
L =455 + +044{(4) horns.
N+ o« ¢/mr 100% Large horns. % um horns and
sours.
K /N 100% Very large horns 90-100% Medium horns and
SCUIS.
i L= om") - 21
Blackface 1005 Very large horns | 1005 Medium horns
L = 1,02 + -07‘.-(‘) L= omtl) - 253

Tsble 23, Summary of the expressions of horns in the various types of

sheep studieds The period of messurement
~—the first 6=12 months after births
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The expression of horna veries both in the
porcentage of enimols which ere hormed end in the el
of horns which occur 1.0 4t varies both ih penct
end oxpressivity. These terme are not used in the
procise meaning dofined by TimofeefeRossorvelky ( 1054)
msummmmmumwmmmu

of ponetrense, but scanty se 46 12, 4t doos &liow
tho conclusion thet penetrance and exprensivity are

of ponetrance and oxprossivity givenm in Gable 23,
The penetrences have beon found from the date glven

of length of horne on sge where these sre available.

{(1038), The prosent data do not ellow precise ntuf s
closely corselated, This can be seen from the estimates

above, and the exprossivities are given ae the vlg!'odunm




I, Ple gmga ef octs of the U and nr genes on homh

and fleece.

' The existence of the N end nr genes is
recognised from their offects on the flsece; the
primary diegnostic charecter being the marked 1.mu¥
which they cuuse of the haloehair abundence of the
bvirtheoat, The two genes Aiffor markedly with eaeh
other in their dominance relations to normal for this
chapacter., The N gene is dominent but only pertislly
so, sinee the halo-heir abundence of N/N is greater
then that of /v« The nr gene is recessive and
almost completely so since the +/nr type has only @
8lipghtly greater atundence than normal, These gones
occur in three strains of Rommey Marsh sheep: two
garry the ¥ gene, one carries the nr gene, Sirce
these streins have different origine, the simulteneous
ocourrence of horns in all three supgposts that the
horns are an aspect of the action of the N end ny gonos,
This suggestion could be checked by continmuslly oute
orossing the genes to the normal breed for severel
genevotions to see if the two charseters become gepare
ated, btut in shoep one generation takes two years |
and so the buckerossing method is obviously impracticable.
Over the few generations of outerosses whiech have beo
made, horns and high helowhelr abundance remained nxleﬂ.
Since somplete linkage cennot be rigorously tested,
anothey method must be used, This involves the




demonstration that the dominence relations of horns
parallels that of halo«hsir abundence 1,8, that the
occurrence of horn: s dominent in the N stock, ruur-
ive in the MWy stock,

The comparison of N/+ with /N end of +/nr
with nr/nr show that the dominance of horne is the
same o8 that of haloe~heir abundance, It is Nm\:}h
to state from the above evidenge that the occurrence
of horns is dominent in the one stoeck, recessive in the
other, This 48 a very strong argument that the
substitution of the ¥ or nr genes ceuses both the
ocourrence of horns end the changee in the fleece,

phis can be carried & stage further by conside
ering differences between N/N and N/t o The growth
rates of horne given in figure 1l and the general
observations mede in the N stock, show that the /N
males have the greater growth rate., Similerly more
N/N fomales have horns then in X/+ , ond these ere
lsrger, This pertial dominance of horns in the N
stoek parallels that found for halo-heir sbundance
end is a further ergument for these two factors ha

the same genetie casusality,

11, Sex modiffcation of howns,

In the letype straine of the Rommey Marsh
the occurrence of horns has been shown to be caused
by the substitution of the } or nr genes for their




respeoctive normal alleles, The effects of these gones
on the flecce are not sex-modified showing the action
of these genes to be constant betweon sexes,

In &ll of the genotypes which have been
considered the expression of horns was greater in
males then in femeles, ranging from the /N type in
which the penetrance is complete in both sexes but the
giso of horns 1e greater in meles, to the +/4 type
in which the penotrence of horns is very low, and only
in males, It is unreasonaeble to postulate thet the
differences between sexes in the effects of these
genes on horms sre due to the genes having & lesser
setion in one sex than in the other, and very reasons
able to postulate thet the differences are due to the
gox difference modifying in some way the effect, but
not the sotion of the gene.

The mechanism of this modification ean be
found 4n the endoerine diffevence between soxes.
Since ovariectomy has no spperent effect on horn forme
atfion {( Hershell 191R8), the femele sex hormones, the
estrogons, can be excluded as msjor determinante of
the rate of horn formetion., On the other hand the
castration of males csuses the cessation of horn growth
in Merinos end the sssumption of the fomele rete of
horn growth in Dorset Horn males, Therefore the ul#
sex hormones, the androgens, are umsjor determinants

of the rete of horn formation and it is reasonsble to




postulate that the difference betwoen sexes in the

pate of formation of horns is duo to the differences
4n level of androgen production, The adrenals are
¥nown to produce androgens { Winterasteiner 1941§ lnﬂ‘
| the differences between the female types and the male
esstrate type on the onme hand and the complote male

etmmuupuzm“mwmmuwxor'
endrogen formation by the edrenals alone in the former
oase, ond the higher rate of androgen formation by
the testes and adpenals in the latter, Since the

E
|
|
{
|
|

level of endrogen formation by any sex almost certeinly

does not differ markedly bLetween breeds, the role of

the

endrogens in horn growth is that of partial determinete

don, It is postulated that the andregens do not
detormine the rate of horn fomation, but only modify
the 'potential’ rete of horn formation which is
dotermined by the ! horn ' games.
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hcep ( 4.8, Fragor)

maerden (1987) discovered thad the tipe
of somo fibwes in the birthooets of Nerino lambs were
shaped 1die sioklos, Il later (1008) found thet such
fitres oscurred generelly in domostic Lreeds of sheep
These observations were extended by Dry ( 1085,1054
and 1040) into o full clossificotion of birthoost f1
into types, lie based this classification on tho
shope of the tip curl, but sleo included other cheragte
ors.

vibres d40fur dn the age at which they were
initiatod, ond these differences in the sgo of inibe
4otion are prolated to differonces in chape, The
comperison of the types of fibrea present ot birth
with those in semplee takon several weolkts afber birth
shown that fibres formed bofore birth heve & ﬁw
definitely shaped tip, whoress the flbree inltlsted
aftor birth heve no definite shape to thelr tip. In
| saagtson to this Aifrerence in the shape of the Whp
curl, diffevences oocur in the gonoral patterm of
erimps along & fibtre, Fidroes which ave infitlated
vofore bArth have etip reglon of amull erimps followod
by o reglon of lspge orimps. Those fibres initicted
amrMMManmupnm. The
chengo in sise of crimps along & fibre occurs ot o
brth, These differences sllow fibres to be di
on the besis of thoir shape inte two croups; one of




fivrse indtisted before birth, the other of fibtres
initioted after birth,

The division of ibres on the basis of mxr
morphology into groups has been extended by Praser,
ness ond Wright( section 4 sbove), Who have shown
thet the different types of folileles whioh eccur in
shoep oach form o roctricted runge of types of fibres,
Since the sequence of development of the folliocle
population 48 knmown, Gthis eguation of type of fibre
to type of folilcle allows tiw sequonce of dvelopment
of the difforent types of filwes to bo desoribed.

The basis of the eguation of types of Il
to types of foliiecles is the classlflcation of these
into types, The clessification of folilclos hme beon
dotsiled shove { Noss, eprendix I ) end thovefove

' will not be sonsidered upalin here, e nuananntﬁn

of fivres hos been briefly described cbeve ( Fraser,
| noss and Welght, seotion 4) end 4t is necomsary to
go over this egein sinee the present analysis of the
ghopos of fitwes 1s besed on the ogustion of diffevent
types of follicles to diffevent Gypes os fibres,

i complete follicle group consists of
8 trio of pricery folllcles end soveral socondsary

folldcles oro mm bvoside osch contral primery fol.
fele, btut this is Lofrequent {( see Ross, section 3

follioles, Occesionslly loeos than two leteral Mql




avove)e Thie L8 1lluetveted in figuwe 13 for @
| folldele group frem o semple of skin from a Scobttish |
rountain Nlschkface lambe. '

AR. Pl ‘H

\\ !

SE.

[
| Pipure 13, Polilcle group of Seottish Nountaln ne fonod
' fyom » semplo token & fow days after birth, showing
the diffevrent typoe of lijcles whiech comprise & l
Emp. flegehacaons txlnm. AR, PLe apvector plli muscle,
‘e sudoriforous gland, ‘

; The relation of the @ifferent types of fibvres
ito the different types of follicles will be d&smodl‘
| bolow in torms of the classificetion of fibres, The
!ﬂma arve first soparated into two groups on the |
*‘mcmm of & tip region of definite ocurls. *mmni
} fivres which do not have sush & voglon are termed
‘bisterotrichs, These are initisted just before, but

| mowe usually after birth,  Since the fibres of primmry



follfeles ove initiated well bvefore bArth, Ghe histe
evotrichs are formed by secondary (8) follileles.

The rerdening group of fibwes, those with
definite tip curls, osn be seporated into two furthey
groups on the shape of the tip curls, which may be
ploxleeshuped or vegulorly curled, In most semples
the dlstinotion is feirly clear and intermodictes ore
vope,  In cosrse wool breods the high degreo of
modullation ie correloted with an absonce of defini
of the orimps, In such shoep tho distinctlion botwe
talcile? and tourly? tipped fibrec 48 based on (1)
diffevences in length, (4i) differencos in the dogrep
of modullstion, (111)difforences &n the shape of the
extroms tip of tho tip curl, which io stralght in
falokle? fibreu, e difficulty of olsassificebion
soours only in shoop with & very high degreo of
medullations

The fitres with vegulerly curled tips 6pe
formed by both Py end § follleles, whereas the forme
ation of sickle tip Pibres is restrieted to the Py
folljolon, OBinee the Py folifolos sre the firet to
initiatet thedr fibwes, tihds mosms thet the sickle
tipped fibwes are initisted before tho othows,

The formation of regularly curled fibres
by beth rl-m 4 folilolesn, muises the problem of
goparating this group into those formod by esch type
of folllcle, Ireser, Hoss ond Wright ( uo@m 4




above) heve shown that 4n very heavily nedullsted

flocces, the curlyetip fibwea oan be uplnm into
two groupe on the basis of the ocourronce of redulls
in the portion of the fibre formed bofore birth, IFf
the fivre is medullated in this portion of the fibwe
it 48 formed by @ ’l folljclon, whopeas 4if 1t s not

This separation ie mc only 42 the incidence of
wedulla $s high enough to occur in all Py folilcles.

An investigation 18 in progress to determdne
4f o sepuration of the curly tipped group esn be off
od on the basis of some othoy charcster than proeni
medulliotion, Onoe which appeays to be of use is thoe
mamber of orimps in thw premstal portion, Thie de
grooter ( 2e3 move orimpe) &n Py fibwee, than in the
first & fibypen, The officiency of this sepuration
and 4te ronge of epplicetion have not been determined
it appeors to be most officient in vory fine u“Wlt
The diffevence in number of erimpe bLetween P) end &
fibros is oxpected from the work of Darier, lorris ob
el, { seoe pavker 1038). They have deronstrated that
erimp rumber Lo indepondent of fibwe length, end they
the erimp numboer ie en cstimete of the time over whieh
the fibro hos been growAng. Sdnce tho time taken to
for: o singlo orimp S8 D8 deys { liorris and ven Rens
burg 1030 ) end since the Py folilecles com:enco

thodr flbres acpproximately two weeke bofore the firet

modullated 4n this portion 4t 4s formed by cn 8 follidle.



8 foilicles, 4t is expocted that the Py fibres nhnlp
have Se3 more crimps than the eerliest & fibwres.

It seeme voagonoblo to sepurate the curly
tipped fibres into two groups: primsry curly tips
forved by ?’_ follfcles, and secondary curly tips formed
by & fellleclos, The oritoris of tids sopapation ove
(1) the ocsurrence of medulis in the tip reglon, (11)
the oscurrence ~f Se3 more orimps in the pre-natal
vegion, Figuvres 14,106,160, ond 17 1llusprate the
clessification of fibres in samples from lombe having
aiffevent degrecs of coarscnoss,
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then npnm into the different groups formed by :&n
of m 2 of folilolos, i n rbant feture 10

qualii ve difference hetween ry and socomdary
curly pl.
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Pigure 15 Aa m- figure 14, bub for a sld loay
fine -wio d{ntmttm utﬁu
and -mwunnl mlbh, it 18 not so clear
in the provious samplo,

PRIMARY




| ot .
g

TIP REGION

NO |
TIP REGION
(HISTEROTRICHS)

i 2 FOLLICLES

|
SECONDARY

PRIMARY ‘
CURLY-TIP ,

CURLY-TIP

B/ \B

-t. FOLLICLES S, FOLLICLES

eontaining an approcicble fraction of helo-hairs,
The separstion fnto primepy and secondery curly ti
slthough olosy 48 not bused on the orimp nunber bu
on the ocourrente of medulise the rothod off drawing
does not show madullation,

|

| repure 16, As for figure 14, bub for & coorse sample




COMPLETE i

% SAMPLE
‘ ~ ¥t
SR
! ( 0 & g 0,
> s /)ﬂ{(;
1
i |
4
| " DEFINITE NO P
TIP REGION TiIP REGION
\ i’ (HISTEROTRICHS) |
y FE
(cj‘i }O". l’ﬂ"tl} 1
E y L ! S, FOLLICLES |
( \
SICICL‘E -TIP |
| CURLY-TIP ‘
5 | |
X et
| \
R FOLLICLES PRIMARY. SECaRTARY : |
4 CURLY-TIP CURLY-TIP | (
|
i I
g : | |
9?’ | !
# FOLLICLES s, FoLLiCLes | |
G |
|
|

Figure 17, As for figure 14, but for & very coorse |
8 e, The distinction bvetween primepy and uoa:a#y
B

ourly tipe 19 bvased on the occurrence of medulle
is very vigorous. ‘



The eguation of the siokle tip, primary
curly tip, socondary curly tip end hieterotrich Lypes
of fibres to the Poe P‘ s 5y ond 8y follicles allowe
e somplo of fibres to be studlied 4n terms of thdér
sequonce of initistion, Exeninetlion of Dryte ( 1063
analyeis of the 'preenadal cheok' phenomenon in light
of this work ehows that he sssumsd this relation of
shape of fibres to thelr age of initiation,

Several roblens erise from the egquation
of cortain types of fibwes to cortelin typss of follicles,
(1) what ave the couses of the diffvrences in shape
vetwoon fibresy (8) Whet ore the csuses of the
|aifrevences botwoen follleles in the shapos of the
fibvres whioh they form ¢t (8) liow doos the developmont
of thw folliole group affect the shapes of fibrest
The present eim s an exardnstion of these problems,

Heterdel snd mothods.

The 3llustrations of Miros given in thioe
pepor weve token from t4rtheost samples mede availe
by DF.P.u,Dry end FP.Silson of New Zealend and Boght
Exporimentol farm, Sdinburghe I om indebted to
for this materiel,

Pibres sye initielly separated on bisck
volvet into the groups dofined above., Representati ve
fibros of ench proup &ve plsced on lantern slides whddh




avre projected through & standard projector ot & shorte
oned foous, The projocted fires vre then drawn
without reference to dismeter, In the figures of
complete samples, the sequence fvom left to right
is (1) sickleetip, (41) primery curlyetip, (111)
socondary curlyetip, and (iv) histerotriche, This
corresponds to the sequence of initietiong those %o
the loft being initiated firet, those to the right
being initianted lest, laoch figure 1o s fer as is
possible representative of the varistion occurrent in
tho partioulayr sample.

In figave 18 are shown & number of sickle
tipped fibres selected from a number of scmplea cut ab
about the seme 8g0,

(1) Sdckle tips. A sequence of sickle tips sre shown
in figure 18, This demonstrates thet thoy consiet
of thawee wel! defined reglons: the sickle shaped tip
curly the tip region of emall reguler orimpe; @

rogion of large regular orimps. The first two regd

are formed before birth, the last region is M:E
birth,




iy

Leure 18 A selection of sickle tipped fitres from
:‘m:r,ez‘ birtheoat ecmples.

Singe the aickls $ip snd the region of
regular owrimps are formed before bMirth, 4t 4s
ticeble to determine the rete at whdch they are
sinew this would necessitste the slaughter of

tuses, Horker, Norris ot al., ( soe parker 1032)
ve shown that 4t 4s e recefnable assumption to
soume that esch ordwp of &« fibre wes formed in the
ame porlod of Gime, This was baged on two lines of
nee, (i) no correlation occurs between length
-oumber of erimps in fMll flesce samples where all
fabros have beon formed over the same peried of time,
(41) &n a series of som les taken ot wmonthly umﬂ
ele Crom the semd animal, the averege number of
formod por month woe constent, Therefore the
of crinps ecun be taken ss independant of fibre
h retes, oand differences 4n the eises of erimps
otnuuuauumun of differences in the ete
a% widch the fbre wea fomwd, Sinmdloply Aiffovences
in the shapes of ordimps can be teken e duw to
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differences in the rates at which 'mn of the erimp
In_n formad, Thie 4 epplicablo to the shape of the
‘sfckle tip of P, fibwes, widch cen be explsined by
intoraction of a constent reto of flibwre curveture wi
‘a progronsively deoressing rate of increuge of Mire
length, Thie 4s fllustveted in figure 19,

iy ¥
)
o

|
TOTAL FIBRE

LENGTH

|

- - —/ : J
CRIMP PERIOD

f inoresss 4in length, showing how a decressing
vate of inoresse in lengtf, interecting with & const
rate af fibre curvature resulte in & eickle shaped
}ﬂm‘

1 N ,
mg.n 19, lNelationship of the shaps of crimpe to tmlm
rage o




This use of the differenses hotwosn erimpe
as estimates of differences in the mte of inocresse
of fibre longth can b extended to ther rogions of the
slckle tip fibwes,  The shaps of the crimps, after
the fivet, 4s regular, snd therefore, 4t can be deduced
that the pate of inoresse of fibre longth does not
vory during the formstion of & erimp after the formation
of the firet orimp, The longth of the sickle erimp
1s greater Qm that of & single orimp of the next
rogion, Therefore, the rate of increase of fiire
longbh Lo deoreased after the formalion of the first,
siokle, orimp, Simdlarly, the portion of the fitre
formod after birth has reghlar orimpe which are lerge
thon those of the preceding portion, Tho rate of
inovesse of fibre longth over this peried is theeyefo
conotent und grester than thet of the preceding po

“he ehangee in the rate of incrosge of
which have been deduced, from the shape of orimps,
occur during the formetion of eickis tipped fibves
filustrated in figure 20 (1dne 1), These changes &
(1) from » fast, progressively decressing »ste to &
slow constant rate, and (11) from & slow constant l'tJl
to a fast conetant rate, These cheanges ocour after
the forsation of the sickle %ip, ond birth, respoote
ively. '

(€) Curlyetips, The sequences of fihwros shown in
figures 21 and 22 inolude both primery and secondary




curly tips, and 4% can b9 scen that both of these
conzint of two vegiones & tip reglon of small regulap
erimps and & vegion of larger rogulayr orimps, 7The
chunge in sizme of erimps occurs &t birth,

The diviefion of the ocurly tips into twe
regions, one of smell, the other of large orimps,
showa thet these two reglons are formed ot different
ratess The vegularity of the ehape of the orimpe
shows that esch vegion L formed at & constent rate,
Thie 48 Lllnetyated in figure 20 ( lnes 2,5,4, end 8),
The changes which occur in the rete of inoresase of
length of curly tip fibres differ eigificently from
~ those of sickle tipped fibres in the absence of an
initiel phase of fest growth ot a chenging rete,

|

(3) ndeterotricha, This type of filwe is 1lluetrated
to the right of figures 21 and 228, It differs from
the other types in the abrense of o tip region of well
defined orimpe 1.0, 4n the ebsenve of any differenticte
iom into reglons of different sised erimps,

The shepe of thoso filres con be sttrivuted
to (1) their initiation &t o poriod when growth is
wigorous and erimping therefore illedefined, (18) to
their formation ot o constont reto which does not show

quelitative changes, This 4s Lllustyated in
gure 20 ( ldnos 6,7, and 8).




{4) Relation of fibre growth retes to the folliele
groups In figure 20 the putterns of growth retoes '
which have been dedused for the ALfforent types of
fibvres csre fliustrated in reference to t;m soquence QF
initiation of fibres by « follicle group.

TOTAL
FIBRE |
LENGTH

’;

==l 0 o
i:i'sssSSS;

AGE IN CRIMP PERIODS

| B St =

10

Filguare 20, Relationship of the shape of ¢ along
the difforent types of fibres to the ruates of reusd
of length, for each of the flbres formed by on
BVOYNEe tbmno aroup.

Phie total puttern of fibre growth rates |

1
shows that three nain ohanges oecur during the formation
of fibres by a folliele group.  These sre (i) the |
change from & fast, progressively decressing rate,
This change occurs after the formetion of the first |
erimp of the P' fivee, and tefore the injtiation of
any other flbros, (i1) on ineresse which ocours &b

|




birth, sfdecting sll flbres., (411) s gredient of
decreoase of growth vrate which iz besic to the firet
two chenges ( the later & folifole initiates 1te fibtye,
the slowsr it forms it,)

The correlation of the growth metes of
fivres to the sequence of developmont of the folliele
group eppesre Lo Lo the Lesie couse of the difference
in shape, both slong eénd betwoon fMbres, and will be
discusged in the next section in which & hypotiweie
to ezplein this correlation is formulated,

One of the changes whioch ococour during the
formation of & fibre group 42 defined by the general
relation between the sge of initiation of o fibre and
%8 rete of formation, This was teken in figure 80
to decresso with age L1.,0, the lateor s folllcle forms
its fivre, Uhe slower it forme that Miwe, This
corresponds to & coarse type of floece, but it does
not hold for fine Gypes of flecoes where this besie
relotion of growph rate to ago of initiation $& mome
complexe Dry (1958) hes studied this problem, end
has exprassed 4t in termy of the *pre.natal chookt
hypothesis,

(6) %ho pree.natal oheock, Dry ( 1933 et seq,) studied
the veriation of fitres within somples on the basis o
an assumed reletion of the shape of fibres to their
age of initiation 4.0, he fret arrenged Mives §



& gsoguenes whilch he sssumed was unslogous to the oge

varied sccording to a continuoue sequence, placing
sfckle Sipped filwes first, the regulsrly ourled £
noxt and the histevetrichs last, fisving formed suo
o sequonce he then studied the melative length and
coarsencss alng the sequence, Oveanting the validity
of his initisl assumption, thde method allows the

to thedr age of initietion, Sinee Fraser, Ross and
Wright { section ”: above) have shown that specific
types of fivres formed by specific types of folloles,
it fol ows that Dry's Lnitlal sssumption is vorrect,
nanely thet the shape of a fibre L0 an index of ite
age of initiation,

Dy (1038) ocompared the sequences of fibres
{( which Iw oalls fibre type arrays) Lfrom sheep with
different types of fleecce, and found that the rels
of length to sge of initistion veried socording to
type, In course birthoosts a Laiviy simple relution

rm there 18 o gradual decresee as the esge of initie
incvessas, Tils 4is the ponerael rule for mammalien
tuu. in figare 21 sre shown & nubey of flbres
11 from the seme sample froma ecoarse birtheont, The
fivres on the left were initicted first, those on the
right were initiated leat, It 18 obvious from this

of initistion soguenue aincoe the shape of the tip curls

lonpthe and coapsencss of fibres to Yo coupared nktqn

'mm. in which the first fibres are the longeet rzm



soquence that the first fibres ere the longest, the
fivrea thw slovriest. In fligure 82 18 showun & @eq
from a sonple from & fine bMrthcoat in which Doy
e more complex relution betwesn length and ege of
initlation, The firet fitwes to bo initlated ere noY
the longest but they are longer than the last fitwes,
In o sequonce of fibees from & fine fleece, moving
from the firet to the last to be inftdeted, tholength
growtls rate s Mret low, than inoresses to & maximum,
then decrespes Lo & minlwum in the lest fibwres,

Plgure 21, Sequense of Mbres from & ooorse birt
showing that ths firet fibees to be inltiated, those
on the left, are the longest,

W e

|

Tigure 28, As for f1 2} but for 2 sumple from &
fine birthoost, o ng how the firet fibres to be
initianted, those on the lefS, avre not the longoat. .

It mast be emphesised that in both «qmmo\
the arpangement wes made without reforence to lengbthy
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vodang mede on the shape of the tip curl primarily, c&
on the pumber of orimps secondsrily. ‘

Ome can find & complote sequence Lotween ©
two extremes in which the varisble $s tho length of ¢
firet initisted fibres velative to that of the later
initdoted fllwres, With inerecse in the fineness of Ghe
|ooat, there is o deceeose in the lengbh of the firet
initiated fibres relative Lo those of leter fibwes,

fivre growth rate to age of initiation, 1In & seque
of fibre type aryays from that shown in fguve 21 to
that shown 4n flgure 28, hepostulates thet the e
of an undefined chapactor, the pre-natel check, inc e

folljoles form their fibres, This concept 4 4llus
sted disgremetically &in figure 83, lach ocurve roprosents
nmornwmmtauwnwm’uu-
%o thedr oge of inftistion. The whole fendly of
Mtummrmmumm:mhnm
type of flosvo,

The conoept of the pro-nstel cheok!
will be coneiderved in & mope explicit temmdnology in
tha seotion bhelow,




| PRE - NATAL
CHECK

LENGTH OF ?

FIBRE
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_
AGE OF INITIATION
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Figure 23, A hypothetical sprsngemernt of gseveral
segnences of 1 in terms of thelr ages of initia
sach line reprosenting s different soguence, nng;
'fmma;:wamtm ( 3ne 1) toanuum

un. L

Conclusions, Pollieloe 4iffer in the shapes of
the fibwes vhich they form and theso shepos ope due
to differences in the mmtes st whdeh the fivres were
formed, Follicles therefore difiey in the v-mu.anq
‘of the vete at whioh they form thole fitwes, eand Shase
veriations intercoting with & constant orimping mocihe
enien, ocouss the differences 4in the shape of fibres,

I These varistions in fibre growth
]rat" are related to the seqguence of developwnt of t+
foliicle group, @ thevefore & primepry problem fs the
explenstion of thiles relation, An attempt will be +¢o
below to foremlate such an explenstion by considewing
the follicle group in terms of the competition of

follicles for » livdted smount of MbMe substrate,




aamn { 1047) nas mamm that &
specified region of skin fs capoble of forming only .
2 limited emount of fibwre. Thie limdtetion 18 defined
by the aves (A) of the veglon end the feed level (V).
The relation of aree to welght of fibre (W) ean bo

atated se,

W Wb

: ‘where ¥ 48 o coefficient defined

t’rm the feed level ne,
k. 8(F),
*whore £{F) tends to

e lndt (X) when the feed level 4s suffi m htm-
K is & counstont bebweon slwep Ln Calpine ne

This can be stated in terms of & hypothetiocel
fibvre substrete, Tho anount of fibre substrate avelle
eble So & unit of ekin 48 independent of the folllcle
density, ond L8 o constant independent of feed level
when that iz sulficlently highe Consequently, the
mount of filre substrete avellabdle to & folllele ds
teradned (1) by thw foed lovel, and (44) by the

lifele density,

As & slmplificetion 4t w1l be sssumed that
he feed level s sulfiolently high for k to have p
fte lindt value, X, Verdations of fitre growth
' fndividunl follifcles will therefore be entirely due
verdietion in the nelighbtouring folliele density.
so8 two questions, (i) iz there any limit to the vdéte
t whioh echesp follicles cen form thelr fibres, 1.0.
he smount of fitve subdtrate that they can use, ond




(34) do adjrcent follicles obisin equel or different
| proportions of the sveilable fibre aubstrste.

There does not soem o be any phyelo 3
14m4t 0o the rate ot which follicles cen form their
fibres, since some breeds form fibres which eye up &
five tiwos longer then thet found in other hwoods,

In answor to the second guestion, fol idlos
ohwiously obtain difrferent frections of the aveilable
fivre substrete asince sdjecent follloles ofton form
their fires ot merkedly different rates. This
that folifeles aiffer in some fuotor whdch defines
proporéion of fibwe subotrate which thoy obtain,
faotor will be glven the neme * offfofeoncy' ond Pepe
resented by the symbol (e)s The efficiency of a
foliiole 4s coneidered se o besle property whioh dote
ormines tho volstive rate of growth of Lts fibre, The
sotual rate of growth L1s decdddd Ly the fuod leweld,
folifcle donelity, and effiofencies all intersoting.

'fh! rate ab which & follicle forme its
fivre f¢ related to the sgoe of initistion of thet
follicle, The e of a folilcle is therofore aleo
related to the age of initiation of the folllcle,

The pelative growth retes of fibres
give some idea of the propertiecs of follicle efficloncios,
These sppear from qualitetive experience to (1) be
tnvepient with ege , ond (14) to be independent of
levol, Those pointe will have to be exemined ﬁmu voly.




The concept of efficlencies cen be so atated
ghat sn exproosion cen be derived which relates the
woight of fivre foreed by an individusl folllcle to
the weight of fitre formed by the veglion, The
oxprosnion given below defines this portition of the
svalleblo fibre subsiance.

_ e _ e
bt 3o iﬂ"' = gl
whiere Wwy 48 tho welght of
Sibes Teiwsd 57 Bs Soievitd INL1EA1e ety offteloney
fa o !l 8 the total welpht of fibwe formed
h; @ 49 the sum of the effiecliencies
mua in the roglon,

This expreossion gives the rete at whieh
e apooifico folifele forme fte fibre 4f both Ze and
4 ape consBent, Since both of these vary during the
development of the follicle population 1t should be
possible by definition of Jo snd A as @ function
of time, to caleulate wy; #s & function of time,
Sdince the prosent epprooch is primerily qualitative
the rather clumey mothod of grephic snslyeis hes been
used, In figure 285 values of 20 = f£(t) end
A = f£(5) ovo shiown, end from these the rete at whieh
s specific folllcle forms $86 FALre, L.0s Wy = wheh
Thie hes boen done for soveral folilcles and tholr
patteomms of fibre growth pates are shown in figure




Por this constrmaction 41t 18 necossary to
dofine Zo = f(6) ond A= £(t)s The latter

be obteined from direet date since none are avalle
for both the proe and postenctel periode, Singe
only & quelitative detorminetion is reguived, use
ean be mede of the dato of inoresse of body weight:
body woight being related to body eres by simple
regrossions. In figure 24 the date of Winter end
Pouffol ( 1087) and Poster ( 1086) on the Shropshire
breed ere edded to give the relution of body size to
age. DBody srea is closely related to body weight
end cen be steted within recsonable limite es the 8/3
power of wvelght, The dets shown in figure 24
therefore dofine a function relating bedy sise to
which cen bo used as an approximation of the relati
of hedy ares to ege, Tho ostimate of A = f(t)
given in figure 26 12 Galken from these wight datag
the madn point being that spes inoresses at & much
faster pate eftor birth, |

The exprescion 20 = £(&) 40 the result
of the intersction of two separsate oxpressions,
(e) = £(T) end (n) = £{t), whore n Lo the folllcle
nunber,  The Sime ot vhdoh o folllele i initisted
is given the symbol (V) to difioventiste 1% from age
whioh ¢ pglven the eymbol (). it 48 thevelore
nocegsary for the definition of thw rete of increcse
of the sum of efficiencien, to define bLoth the rate




of inereese of the follicle numbor and the velation
between the age of initistion of o folliele and 1%e
ofticiency, since

2e = Mo, + a.'.'l‘ l'ls.a I

whore :ﬁ-“ the mamber of foliijcles
initieted ot an sge T, wien efficiency 4o doter
inod se .1' and ote h’ fige Nygeess

Al — sl S S TN e

| : |

WT,

|
Pipure 24, Fody welight plotted sgeinst sge for the
mmﬁ Mox‘. B? show how tma.vata of incroucse
becompe groater after birth,

As o simplification, the following disousel

is veatricted to & single follijcle group. The nnjn
of incresse of folllecle number esn be defined with
sufficient precision for tho present enslysia from tip
dets of Wildman (1932), celpin (10U5), Certer {1943),
Corter and Hapdy (1049) end noss( sectiond above).

4




The reletion Ze = £(T) veries with
type, ond oo will be shown btolow, provides a pre
stotoment of Dry's 'Yproenatel cheek's In the prest
constmwotion, © lincur negetive roletion ia used
which aporoximates to that which would hold for a
coerpe type of flooce, | |

cdven (n) = £(t) end (e} = £(T) then
S0 = £(t) os6n be found from the sequentiel sddition
1llustrated below.

{2 .)'l = me}

ﬁz.).a':: nye; + ngeéy
(Zo)eg = 1y + o0, + 9o

m.,

This completes the informmtion neeessery
for the ealouletion of w = £(6), which 1z done by
golving the expresuion,

w =§3A

for o sories of tires, and
sequentielly adiing these valuwes, giving the rate o
inerease of the total w@bght of fibre formed by &
specific folifecle, Thie hos been done from the
velues of Je = f(t) end A =f(t) ehown in
figure 26, The ealculated fibre growth ratos ave
shown &n figure 26, |




‘ BI;ETH
AGE \

|
|
|
|
| Mpare 85, The values of (o) = £(%), 4= £(t)
0 = £{t) disenssed in the toxt ayre shown, with em
i volue for e =f(t) found from the interaction of |
the functions of (o) and (n)e AeB i the ¥elation |
. of effichency to oge of injtietion ( € =
Deil 40 the value taken for A = f(t)s Jef L8 the ‘
muumarmmznuﬁom- it are shown
the rete of incresse of Jele number (n)e The |
sipesag lino, Oeii, 410 the value of 20 = £(8), 1.0,
the rate of reage of the total efficiency of the
whole follicle group.

PSR N |

TOTAL
FIBRE
WEIGHT ;L

|
|
|

I —

i B R S S 5

AGE
Plgure 26, HRste of growth of fitres chloulsted as |
| atated 4in the text from the date expressed An fipure 26,

- pein points eare thw decresse of the rate of growth of
! fg: Pn‘n& whon the Pl follicles commenee thelr flilwes, and



the incresse in the rete of formation of all fitwes
wiich oocurs just after birth,

Sanoe Galpin ( personal comsunicstion) hes
gshown thet the meesuremant of fibre growth rate as
length, welight or diemetor cen by simple trensformations
give oquol estimates 1,0, they sll meesuve the oomo
bagie factor, 1t follows thate the yates shown in
figure 26 slthough stated ss fibre weight, coh be
directly compared with the »etes of fibre growth gi
as length in fipgavre 20, The comparison of these
patterns of fibre growth retes show them to bo elmos
completely identicel. Sinee these were derived
independont promises, theliy identity gives very
etrong support to tho validity of thelr derivation,

One differonco romains which ean be removed
by 8 simple modiffication of the efficiency concept.
This difference 4is the progressively decressing rate
of increase of length of the fivet crimp of the Py
fivre, A more logicsl statement of efficiencies is
that the folliecle comcences its formation of fibtee
at a low efficiency whioh then increnscs until 4t
roeschos the 1imdt for the folileles, It is thie
effictency whioh has beon used avove, defined by
function (o) = £(T). This change in the conee
of efficiencies is illustreted in figures 87 and 26
which are otherwise identical to figures £5 end £6
but steted for the Py fibwe only. The vete of
of fibre by the Py follfels which hes been caleuls




from this now definition of efficiencios, shows a
definite curvilineur decrocse st tiw time when the
’1 folliclos are commoncing the formation of their
fibres, A very slipght resdofinfition tlus removes
the diserepency between tho pattern of fitwe growth
vatos derived from the shape of fbres, end that |
caloulated from the efficiency concept.

|
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Figure 27, Uxtension of the mnmnngo
baged on the follieles reaching their limit effichkenc
muy over & short time period, Thies appecrs F
a8 & slope of the steps ett.mumot <]
vmzeh ere vortical in the provious construction,
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Pigure 28, Orowth vete of the P, fibre colouleted
| the model shown in w 27, z!xmutug tho
decroane of growth ¢ Oindler to that the
shepe of the siockle tip in fgure 10,

It 48 unot surposted that this constitutos
o proof of the convept of efficliencies, but thhe
agrooment fully demonstretes the applicsblissy of this
approsch $0 the problems of wool biologye

| 2% 10 stated above that the velstion (o) = £(?),
gives an exset statement of the 'preenstal choeolk!,
In figuve 20 are shown & number of values of this
| function which ossontiolly Aiffer in the offlciencies
of the first formed folilclos, They form a yolated
sequence in which the seconddl curve is the soew as
that ueed 4in t?u conatruction shown in fligure 80,




If the other curves are substituted for this curve
enslogous constructions, then the resultent growth
rate petterns are found to form & series which corre
ponds to the series from which Dry deduced the
enee of the * preenatel check ', The ' preenstel

| eheck ¥ on this hypothesis cpposrs &3 & foetor which
| Gotermines the velus of the funstion relsting (e)

| (T)e  In the next paper the effects of the N and
gones on the fleece will be enalysed in terme of their
prinepy action being to couse tho substitution of
different values of the (o) = £(T) SHanotion,

' EFFICIENCY

! ] /

| AGE OF INITIATION

PMenre £0, Curves of various officiency functione
ch will result 4n © patterns of fibre g I

rates, from that nopmil %o & fine fleece { bob

iine) to that normal for & coarse fleoece ( top 1ime),.

conelnstons,

The initial bvesis for the present analysis




wag tho gocurrenne of differences &n shopy botweon
fibvves, This led to the derivation, on the basie
of vescapches by nmany workers in several flelds of
wool biology, of en expression which integrates the
maln deternminents of fibro growth retes. These ere,

- the welation (k) = ﬂm. |

the rates of incresee of skin aves 4L — £(L).

the rate of incroase of folifole nusber n =£{(t).
a the velution of thw effficiency of & folitele

ite sge of initiation (e0) = f£(7).

(li the feod lovel (V).

The sxpression devived in the preceding
section conteine & pertition tewa e3/>e. This i

based on & now concept of fibre development, thet o
effioiencics of follfclon, The primayy quostions
which arise from this work are (1) what methode are
ovailable to mossure follicle offfciencien, and (41)
what are the phyeicel bases of those efffclencies,

The messuvement of efficiencies procente
e vory complicsted problem which could be possibly
solved by the use of dysebending methods, Lssentially
@ dye bvend is applied to & staple &t or very nesy
“skin level, After o period the sta;le $s either cub
of” at skin lovel or s second dye band L8 applied,
| The purte of the fMires between dye bande, or betweon
the cub base of the staple and the dye bend will ail
nave been formed over the same purdod end therefore
the metes of formation %m:n':‘ fbotad eeLghy
relutive guantitiesy




of fibre formed by ¢ elingle folllele, mwu‘m
total weight of fitwe formed by the reglon, finoe
wy/¥ Lo veleted to o,/ T @, this methed glves an
estinmote of the partition coefficlient , bubt 4¢ does
not ellow an estimate of the absolute velue of the
efficiency of o follicle, This oen only bo détermined
from mossurenment of the physical basie of efriclency
which may be indiecatod from some work of Calpin ( pe
onal communication), Oho has showm that the rate
whioh & folliocle forms fts fMlwve 4s related to the
depth to whieh 4t extends into the skin, The Qepth
of u folilele will be closely relatod to 4t avea( o{)
It 42 possible to consider the efficiency of a mﬂu
s8 4ts spea, oince Lf the tobtal available amount of
fibtve substrate is detormined &n some way by the
intorefolliculasr tisous, then the amount obteined by
& folilcle will be correlated with the ayes of that
folliele, ond defined by the Sotal ratio of its ares
to the total mrea of all the folileles in the compote

ttlon reglon $.0. it will bo defined feom _;_‘_'_
oA
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I om indebted to Dr. P.W,Dry snd my fellow
studente, Miss J,. N, Ross and Nv.0,M,Wright, for voth
practical assistence and vigorous discusafon during
the first phase of my introduotion to wool blolony.
The sasistence of Dp, Palmer and her sssocietes

enables me to proeeed with this enslysis, since 1t 4




vased to & great extent on Lhelr work which was
ddsenmsed very freely with me, I am gratefl to
P, 0, Enlght end 1p.J Jvmotveng for techniosl sssiste
snee, The second eection of the work wes completed
| a% the Institute of Animal Conetics, whilst the

suthor held a maintensnoe grent from the Agriculturel
Toscareh Counell,




8. lHenifold of’echs of the & ood np genes ( 4.8.Frespr)

The firet paper of this series detsiled the
evidence showing thet the i and nr genea aye the nain
gonotic determinante of the differences between the
Hetypo and noneletyps straine of thw ilomney Mareh
bresd of shwep, Thiwe sbrains of ldetyps shoep exist
of wodoh two cerry the § gone,the other carries the
goene, A8 far ag they can be Sraged the twe ‘dominent?
stocks are independent, Tiwy ¢re calliod the 'Niels
and "Wassoey' stooks wespoctiveldlye Yhe papventepgs of
the initinl ‘recesasive' rem canuot be treced rigoure
ously, ond ho may be descended from the "lassey' 8
In the following eénslysie soveral comparisons will be
made eof the effecte of the N and nr gones, - Theee &
baged on the ‘Hieisen' end "recessive’ stocks, eince
these have completely independent origins wieress the
Mageoy? and "rocescive’ stooks nay be roleted, If
both the N end the nr gones similerly differ from the
normel bteeed in some charsctor, 4t 1s unlikely that |
this churacter is determined indepondently of the N
and nr genos 1.0 4t 48 unlikely that the two indepe
endently ovdipinnted stools should differ from normal}
by gonos other then tho ¥ end ny penes, I this
cheracter should be dominent in the ¥ steck, and
recencive in the nr stock, then 4t Ls elmosp certein
that the cherseter L an effeet of the I end nr gunes
1.0, the sotions of these gonees are sindlarly pleloe




troplc, This metiod of deseribing the ofMets of
‘these genes i@ unorthodox end obviously not rigorous,
In sheep the orthodox methode of penetics often cannot
be appiled, esines ¥elatiwely siugls suporiments
would extend over the life term of » worker,

Alshough the Hetypo flocks dAiffer fyom the|
normel breed in & numdber of charscters, the originel
1dentifiestion snd penctic emlysle was besed seloly
on the single cheaprscter, of the abundence of hal 8
in the birtheoat, whioh 8 very high in Netype,lonmbe,
vory low in nongletype lambe, 48 the work progros
end the sise of the floocks incwwased, it Lecmms GpPpPere
ent that these genos had effecte other than that on the
haloehair sbundance. The velotionshdp of thwse
gocondary charactors to the haloshair sbundence wes
vory close betweon stocks, ond gonstically in oute
‘erosses the chareclers rovBdnod iinked, end 1t becunp
obvious thet ot some time & study would bo necossary
to determine the wocheniem off these manifold effecte.
Therefore Dry ( unpublished) extended the flock recorie
ing system to include ell charecters in which Hetype
@1fforod from nonelletype, 7Theee records have provide
od the core of dsta for the present enslysls.

The vordour chayacters which aye affooted
by the N and nr gened are (1) haloehair abundence,
(2) fivre type constitution of the Wrthwoat, (3) the




medullation, sige of crimps, end length of the flooce,
(4) the frequoncy of shedding of flbree as kenps,
{5) the osecwyones of broun pPigment in the tips of
nivthoost Sibees, (8) the occurrence of hormee In
precoding pepers of tids series fho Laloebair utn.nl-
ance, Uhe frequoney of shodding ae kemps, end the
occurveonse of horng have beon shown (1) to ocour in
the Metype tut not in the non«lietype floocks, (2) to *
tdominont' in She ¥ stoocks, ‘recoseive’ in the ny
stock, ond (3) to remein '"iinked' with the high he
heir abundence in several conseeutive outerosses, ihi
ean be taken es veesonuble proof thet these charscte
are sspecte of the sction of the ¥ end nr genes, It
ronaine to consider the chayuctors of the full fleccey
medullation, size of crimps, end length, ond of the
troun fibres of the birtheoet, It Le alsgo nocessery
to expend the analysis of tho fibre type constitution
of the birtheoat,

48 Crunoberg (1036) hes emphesiced, the
mend fold ef‘pats of genes are slmost cortainly dus to
the dmws. complication oi’ indtislly unisary
sotions 1,04 ach gono hae & unitary primery sction
which may weact with the normel sequenes of develope
mont to eouse ~ nuaber br apparently separate offects,
The complex sffeots of the ¥ and ny gones a&re conside |
| eped below in terms of Sheir having an inttlel effect
whleh 48 primapry to all the offects listed adove,




PUO0OBE OO0 LAGGCa.
(a) Pitwe types of the birtheoat,

- The incresse of helo-hadir ablndence caused by
tho ¥ and nr gonoe 48 only the wost visible eoffect
of tiwese gonos on the birtheoat, and cen be MMar
an sapect of the more complex chanpgos of the constite
ution of the i:lrtmeout. This has beon shown by Dry
{1934) who found that tho increuge of haloeshalr freQe
woney 4¢ en cspeet of complex changes of all the nm'Ll
of the birthooat, §He did not consider the follicle
population in hie analysies of the fibre types of the
pirtheont, ond 4t will therefore Lo necessery toextend
his work, eince Praser, loss end Wright ( section 4
.above) nheve shown thet the défferent types of folllel
which comprise the follifcle population, difrer in ‘:
types of fibres which they cen form,

Dry end his coeworkers have over the last
twenty yours built up @ very dotailed desoription of
the differentistion and growth of the flocce, This
based on tho clussificetion of birthcost fibros into
types, forsmlated by Dry (1034)., This claseificati
is made primarily from tho charscters of those parts of
fibres which ave formed Vofore birth, All of the fibwes
do not etart ng before birth, ond those whiech
initiated after birth are grouved as & single type, ¢
historotrichs, which show lidtle variotion, all of

them being fine without & definite shapo to their tip




The fibres which com-enoe prowing before birth all hap
dofinite shapos to tholr tip curls, end the shape of
the tip curl 49 ono of the major criterie of Dry'e
clasaification, Somo fibres heve o sickle sheped tlp
eurl, othors hove & megulerly curled tip, On the
vasis of the shape of tho tip curl it is therefore
poscible to separate the birthcost semple into thvee
groups of fibres: tho sickle group, the curlyetip
group, ond the histerotrich group. The first two
groupe ocre further upnnm. into types on the bajlis
of medulletion,

The siockle group includes five rain types
These ave (1) tho haloehsirs (lei) whlch are complete
medullated, (2) She superesickle A' type (SSAY) which
sro completely medullated spayrt from & ‘rock usaally
only @ miliimotre or two long which occurs at the birth
point, (3) the super sicikle B type (55B5) which have a
broak ot the neck of tho tip ourl as well ss at the
vireth point, (4) coerse sickle tips (8k,) which are
medullated only in the eleokle tip, (B) fine sickle
tips (Skg) which ave completoly fine. Tho lest two
types are uswelly grouped togothor ae sickle tips,
which msy or may not be medullsted in the tip curl,
| ut epe otherwise fine in the pre-nstal portions nnnr-
fibre. Tho classiffcation 4s based only on those
of the fibwe formed befove birth end sll of these a::I:‘
mey be redullaeted in thw paris formed after birth,




(Suthorland, 1040, hes considerably extonded the fibve
type claseification on the besis of the ocourronce
of wodulla in ﬁu_mmul portions of flbres),This
oxtonsion 48 not used in tho present analysio. The

soporation of tho sickle group inte types is ulm..re

in flgure 50,

These five types of sickle fivres ave Ly
definition disorete morphologieal units, Mt Galpin
(1036) has omphasiged thet they ere eotually renges o
8 gontinuous seguence from the compleotely medullated
haloshairs to the complotoly fine sickleetipss A
simileay sequence is found 4in the curdy-tip group
renging from the complotely medullated types to thw
eomplotely fino types. This renge is divided imte
two Sypes: tho hairy curlyetips (HOT) end the plein
curlyetips (FCT)s The formor are medullated, the
latter are not,

The plain curlyetips can be divided into
6 further pair of types. Dy {1054) noted that in
fine birthooats where all tho curlyetipe wovre of the

' 3

plain type, an obviouns nmmmumm&
beals of the sise and mumber of orimps in the preenatal

portion, Some curlye.tips wore fine and hed o large
nunbey of very small erimpe, o termed these the
chooked curlyetips., The remainder of the curlyetipe
differed qualitatively from these in that thoy were

coarger ond hed a smaller numboy of mach larger orimps.

|
r




He tersed these the peak ourly-tips. The separetion
of the ourlyetip group into haliryecurlyetips, peak
ourly-tipe and checked curlyetips L fliustreted in
figure 30,
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Figure 30, Clessificetion of fibres on the basis of the
shape of the tip, end the occurrences of medulla, The
relative tmumoue of modullsted and fine n

have boen oxegreyated, Compere this diegrama
ropposontation with the drowings of actual ntwu
given in figures 1417, 2122 and 31,

This claspificetion defines nine distinet typeo
of fibrea, TJaving shown how Dyy separated & ssmple
into different types of fibwmes, Ghe next step 1o to
 show She relstionship hw found between haloehalr abune
| dance, coarsencse and fitre type constitution in the |
tirthoosts of Romney Marsh lemba,
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Tho heloehair abundsnce ig en oye Jjudpeme
of the frequency of halo-hnirs, It iv closely »e.

to tho coarseness of the bMirtheost, This is expec
ginoe the greater pert of the medulletion ( co 2)
cocurs in the haloehairs, Similerly the heloeheir
stundance 48 rolsted to the £ibre type constitution,
in birtheoets with a high abundence, the sickle
fiveos erve predominently of the haloehaiy type,
tho curlyetip group sre predominently of the holrye
ond poakeourly-tip types, In birthooats with a low
atandsnoe the eickle group fibres avre predominantly
eloklew-tipe, coarso or mmmmtmmwsm
chockode and poakecurlye-tip typesy The roletion of
fibre type conatitution to Enloelniyr sbundance will
bo considered in folyr detail eince their unde

45 necesgary for the appreciation of the Netype ena .

If & mumber of birtiwost sampies are |
selectod o vepresent the renge from high to low helde
neir adundence, and thoso semples are seperated |
the differont fibme type groups, unnmnan::};
some types of fibres oscur frequently only 4in :
from ono pert of the yange of abundenee, 7This has
studied in detall Ly Coot (1040) and e glwe tie
essonse of his wesults in a table veleting fibwe twf
constitution to coanrsoncas ( Goot, 1941), Table 24

bolow 4o o modification of this to cuphesise the npr




laoement of one type of fibtwre by another with change
of holowhair shundonce,

| These chenges of fibwe Lype constitution
will be resdily understoo®, 1f considered in terms
of the follisle population, The constitution of the
follicle populstion is not affected by the N gene,
end prosumebly, it 1s aleo not affected by the nr gene
( Ross, -asotion 3 above), The separetion of the
felilele populstion into differvent types of folilcles
underifes the sspapstion of the birtheost inte diffor.
ent groups of fibres, sinee Yraser, Hoss end Wright
(seotion 4 above) have shown that esoh type of follicle
foyme only & few of ths possible types of fibres,
Thove fove the veriation in occurronce of certeln type
of fibvres con be explained by a certein type of folle
fole forming one type of fitwe in & cosvee birthooat
and spnobheyr type in & fine birthoontyl.e, one type
4s replisced by thw other, Consider the changes lw
4n table 24 from this aspocts The sickls group of
fibres consiets almost ontirely of Mmloeheirs in the
coarse birtheoats, As the cosysencss of the mmp
deerense the frequency of holoehaive aleo dooresacs,
these belng replaced by lous medullated types L.¢.
superesicldos snd sickles, until &in fine birtiwosta
the sickle group consiots entirely of ummm.
Corrolatod with those chenges in the makeeup of the
gfclkle group sre entlogous changes in the structure
of the curlyetip aroupe In coerse hlrihcoste the




frequency of hairy curlyetips Lo high, end these are
|very hesvily medulletoed. As tho coarseness decroased
these ave voplaced, first by less heavily medullisted
neiryecurlyetips and then by fine curlyetips, which
ave roplaced by checked curlystipe. The two substite
utions which heve boon studied in deteil, of sickloe
tips for leloeheirs snd of ohocked curlyetipe for
noirgecurly=tips, ere fully explicable if the formetion
of each pair 4e wvestricted to & nuﬁolm tm of folle
1610 1.0, 4f haloshedre and sickles ave formed by one
type of folilcle, and helryeswrlyetips snd checked
curlyetips eve formed by another type of follicle.
f#hds has been shown to bo brue by Preser, Ross ond
wright ( seotion 4 ebove), The classification of
follloles hos beon considoved in detall by Ross( section
|3 above) snd will not, thorefore, be considered here,

Theee mein types of folileles dmmm+
the folilcle population, iime muin Gypes of fibres
comprise the fibre populstion, Preser, Ross and

ght{seotiond) following fudell { unpublished) and
Ross (section 3) have shown the reletionshlp betwoen
these two typos of populations, The primery contrel
folifcles form only eickle group fibres, ond ere the
m foliicles which form thoas types. The secondary
folileleon form only plain curlyetips oand historotvichs,
deponding on whether their fibeo is indtisted before




or after birth, The primsry loteral follicles form
only heiry curlyetips or checited curlyetips end in the
Hetyps ©0 nonelietypo rangy ere tho only folllcles to
form these typos.

7he chenges of fibde type conatlitution shown
in teble 84 can now be reedily undevstood, The e
of fitwe Gype to follicle Bype s shown at the bottom
of the table, Ao the haloeheir sbundence decresse,
the primery contyal folifcles form fibres of the osiclkloe
t4p instesd of the haloehair type, and the primery
lateral follicles change from tho formmbion of halirye
curly-tips to the formation of checked curlye-tips.
The secomdary follliclea form the same Gypes of fibres
regardleoss of the haloehalr abundence, namely, poalke
curly-tips and histerotricha, Changes do ocour 4n G“
fivwes formed by csecondary follicles, bLut these sre
not messurabls by the Tibre type method, Verious
approsiszate observations sugpest that the sise of
erimps of peoskecurlyetip fibres is grester in samples
from low abundanee snimels, Also the diamedor of
histerotriche sppesers to be larger in anisels of low
stundeance,

nefore proceding to the snalysis of these
changes, their uxmnwm ie mecessary, In figure
31 sre shown & mumber of filre type seguences telen
from the etandard beck samples of lambe whose bivthooats




ronged from & veory high to & very low halo-hidr
ebundance, all of the Romney Lawsh breed, oither
Netype or noneletype, The samples were tuken about
four wooks after birth, 7The genotype is oshown bLoside
eaoh ssmple, It should be emphssised thet sampling
occurred over a faolrly wide age range, and therefore
some of the diffevences in lengbh between samples woy
be due to differences in the ege of samplingy thw
rolative diffevences of length between types of fibresy
ors the most importent in this comparison,
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Pigure 31, Number of fibre sequensss separated into
sickle, primary and secandayy curlyetipe and histeroe
trichs, GSeoch sonple 18 from & lamb of different beloe
haiy sbundence.

The relationship of fibre type constite




fon to haloshair abundance Lflinetrated in figure 351
a conmtent feature both in lietype and noneli-Lype.
refore the foliowing discussion of She mechanlsm

rlying this relationship holds eguelly for both.

The changes of fibre type constitution are
Pnﬂs considored separstoly between fibres formed by t
pane typo of folliele, In Fg fibres there is no

4n the shape of the tip ecurl which is siekle shaped in
ell types, followed Ly & reglon of ssmller erimps,
followed by & reglon, that formed after birth, of largp
ro ulay crimps, The changes which do occur in Pg
fibres with incrosse of halo«halr abundance are (1)
ineresse in length, (2) inorease 4in size of all wmnl.
{3) increase in the occurrence of medulle, Similarly
Bu shenge occurs in the overall shape of the ?1 fivres
they all hsve & tip region of emell reguler orimps,
and & yegion, that formed after bivth, of lerge regulap
erimps, The changes which cocur in these flbres \uth‘
inerease of haloehair abundonge are the same es in the
P fibres, The Aifferences betweon the fibres formod |
by these two typee of follicles is due to the Aiffeorenve
in shepe 1.6, P, fibres have & sickle sheped tip eurl,
whoreas the P, fibres heve s regulsrly curled tip.
Thio 4o on & qualitative basis since the increase in
longth eto, caused by the ¥ and ny genes, is , nlohm#x
com:on %o both types of folileles, greater in the P,
fivres, This poind will be discussed below,




Tho secondery folilelos as sbated stove fors
umm-mmo:mmwumnu
the haloehaly atundence of the somple from widoh Shey
were Galken, lowever Shey do show déifferences in the
orimp sise end length, wideh sre unsxpoctediy in the
opposite direction to those whieh oocur in Py snd ¥y
fitven, A the haloehedr etundanee incrececs the
length end ovinp eise of & fibres deorouescs, inetosd
of ineressing, 68 in Ghe P fwes, This Le'e very
| gmpertant polnt se will Lo sesn fyom the discuscion
of the 'pre-nstel obeok! end tcompotitiont hypotinses
of rivee grouth determinstion, Thls point ia not
woll indjcnted in the sseples shown in figuse 31
the ssuples werd doliberotoly tulion st rendoum. Pese
from the grede I eomple To the gredo VII ssmple 10
mmlmmtmcﬁswulunrmmmﬁ
tips 42 at fMyet lopger than that of the peimary
curly $ips, end lotor the seme 88 the primery curlyeiips
end fisully,in the coarse ssmples, smeller than the
erimpe of tho primary curlyetipa.

Pha ohangenr of erimp size can be takon ag
sorallarios of tuo changes &n the longth growth rates
pines Tarker» ot al.(sce Pariker L0B2) have shown Thhet
the erimp nusber iz independent of the length growth
rate, sod thorefore She erimp size is direetly corve
oloted with the length growth rate, This corvelstion




1s not complete ( Leng 1947) tut 1t s sufficient to
allow explanstion of the chenges in erimp size a8 due
to the ehanges &n length growth yetes. It oan be
argued that medullation fo similerly & divect corolle
ary of fast prowth rates, end therefore thet the
fibroe type system measures primerily shenges of fitre
growth vates, This point will b considered further
bolows

The snalysis of the fibre hw sequencen shown
in figure 51 should therefore bo mede in tewms of the
fivre growth rates, and it would be desirablo to
compere tho longths of Py,P,,8, and 5, fidres in umn-
conts of verying haloehair abundancos., This howevey
would involve & very large amount of messuring of fibres
all taken at the same 6ge, m:nmmcmm-:r
otit. 'Mnn such samples are not aveilasble, the
following diepgran must bo taken &s hypothetical, oven
though 1t 1o based on meny snalyses of birthooats of
flomney lssbe, It shows the averege longth of Pe,
PysSy 6nd S, fibres from samples ot four difforent
levels of haloehoir abundance, In this diagram four
1inee, lel,iel,5e3,4el, ore shown joining the estims
everage lengtbs of fibres from the four types of reuId
ieles, Teek 24m0 represonte & difforent level of
halo-hair abhundance, with lel the highost, ded the
lowente |




LENGTH OF FIBRE

TYPE OF FOLLICLE

Pigure 38, Relationship of the length of fibwes to

thelir age of mumm for o uma of types of mm-

cont, from: lel, very fine, vory COarse,

ihnfu the desresse Ln lmgt.h of Gx. firet fibres

gﬁrgm compensatory increase in length of the xul
8o

Thie Glagrem ehows Ghat Letveon the ssuples,
the lengths of the P fibres decresse from high to low
sbundoence cemples, snd that there ir &n inerease of thw
longthe of the & fibreej the latter is much smmliler
then the forwer, Dry (1084) has concentveted on tho
forney aspoct, nemoly, the changos &n length of the
P fibres, without giving deteiled atiention to the
changes whioh occur &n the & fibMee, e descrides the
decroasse in length of the P fibres as due to » factor
the 'pro-pstel cheok® whioch 4s mmm to eot at OJ
saprly enough stage to affect only the P fibres., The




finer & birthooat, the greater iz the intensity end
extont of the preenstel check, where intensiby
messures the drop in growth retes and extent measures
the preportion of fibres affected, This coneept has
been useful tut 4t suffers from the absence of ideas
on the physical basis of the cheok, and more mm.uq
it dose not include an explenstion of the shanges
which occur in the 8 fibres. Sinee these changee
are in the opposite direction %o those which ocour
in the P fibros, 4 S¢ obvious that the'chwek!
hypothosis requires drastic revisions Such & vevision
has been fowmmlated by Freser{ section 7 sbove) end
thio will be considered in the next port below,

The efificioncy concept of fibre growth
{ Praser, seetlon ¥ sbowe) i besed on the mourum
of competition between odjscent fellleles oy any
fitre eubstvate whleh L3 avallable, This compoti
48 postulesed to be in temms of vhe 'efflciencise?
follicles wiere offfiefency 4 & quality widch dete
the proportion of the fibre substrate which the
fcle shall receoive, Tiw effioiency concept was
derived from the analyels of the shape of fitwes, in
which the aim was to oxplain why some follicles form
fibros with siolkle shaped tipe, wheress other fhlliclee
fors fibwes with regularly curled tipa., This study




showsd that 4f fol foles have fixed efficiencies thon
the difference betwoen folliicles whieh form fibree
with sickle sheped tips from those which form fibves
with vegulerly curied tips, oen be explained es duo
to differences in the intensity of competétion which
|oecur during the formation of the Jolllcle group. In
the comrse of this study 4t weas found thet the iol‘-ﬂ.ﬁ
fency' voncept provides & very adequete stetement of
the Yproenstal ohook?, This point was not trested
in detedl sinece 4% wes obvious thet such treatuent
would be more usefully placed in the present paper,

The efficioncy (0) of & folijecle iz & quantity
which is deternined during the formation of the folle
fcle, Oneo a folllole is fully deterined it ie
orod %o have a fined effiedency. This means that
deve lopmontal soguence detersinss the efficienciecs of
follilcles, ond s will be seen later, the !preenatel
chook' is en aspect of this sequence.

The aymbols used below have bosn dofined
proviowsly ( Ppmeor, asotlion 7 above) end Sherefore
will not bo discussed Nurther M.

Although the efflcieney of & folilels s &
fixed gusntity, differonces of efficiency occur hetwoen
folifcles, end these differences aret the basis of the
difreyences 4in the retes at wihdoh fibres are fomed,
nfficiencles ore cor-oletod with the age of differonte




fation of the follioliecs, Ths function which relates
lefficiency to age of differentiation veries betwesn
shosp but the poszible veluss of suvh varistion are
1uitod sinoe only certsin valuss will desoride the
variations of growth rate patteyns whiech do ccour,
These a1l belong %o the sinple family of curves which
are shown 4n figuve 33, Dach curve resresonts the
valus for one typs of flacce,

EFFICIENCY

_./

I AGE OF INITIATION

Meare 25, Curves relating tiw ellelency of mnnJ.
to thoir spgas of Anitistion., ieeh curve represents
one Lypo of flessce , ;

A einmilarity existe, as oxpected, botween
these ourves of efffofency Go ags of dAifreventiation,
snd thoso of longth %o age of diferentiation siven inr
fMgare 38, Certain diffeorencos are howover obvious,
in Tigurs 52 the ourves oross over cagh other, whe
in fMlgure 33 the efficlency/sge of dAfferentiation
surves do uot cross ovey cach other, 4 sinple aprithe
retrie examination shows how the compotition concept
glves an explanation of how the simple curves of




efficioney to age of differentiction 0suse the move
complex curves of length Lo age of dSfreventiation,
Por simplicity consider thet folllcles sye fnitiated
at only four periods, end that one type of folllele
is initiated et eneh perfod, Different mmbers of
easeh type of folijcle are formed in the ratio of
1:210:6 for the FNomney brued ( Rosme, part 5 above).
Conaider the final efficiecncy equatione whe: two
d4fforent efficioncy to age curves ave exardneds the
fivet whon the efficiencies are 10,0,8,5 respectively
for the Pg,Pye8, and 8y folileless the second when
the efficloncies are R333438, respectivelys If the
wolght of sveilable fibwe substrete is invariant, thep
the proportion which a folidelo obtaine will be #
wheve Se is 74 for the first curve, and 44 for the
second curve, The values of ¢/86 for easch type of
follicle are 0,136, 0.108, 0,007, 0,040 for the
firet curve end 0,046, 0,008, 0,000, 0,048 for tle
second curve, This comporison of the offects of the
two curves on the retes at which the follieles form
their fibres shows that even though the efficliencies
of 5y and 6, follloles are lowow ( Deesd 8nd Seeed
respoctively) they form tholr fibres a4t & fMheter rmte
(0406740404000 and 0,0804400,046 rospectively)s In
othey words the growth rete o ege of diflerentiation
curves oross over, This 4s illustrated in figare 54,
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This application of the efficieney conce
expleains how the ‘proenstel chock' deceeases the growlh
rates of the firet fiuvres and inersases the growth
of the leat flbres. Sows mechsnlen determdnes which
one of the fasily of curves shown 4n figare 33 should




oocur, and 1t fol ous a§ a fixed corollary (hat ¢
simple curves of effficlency esult in tho more
curves of lengbh, The afffciency comvept doss not
invalidate the pree-nstal cheek' concept, it si-ply
phirasos 1t in wore sxsot terminology, and yemoves
some of the ambiguities, The total schore of dovele
opment 2 fllustrated in fipure 385,
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~ The above long and complicated unelysis of
fitre development in shwep hes shown how the Laloe
haly sbundance &8 & featuwre of the fiuwe Lype consbi
Mau.mmntmumuomumm
ation, orimpy sjze and length growth yetos of ﬂbm.
apd how the growth rebes of fibres cen be snslysed
in terms of the efficisncies of follicles. It 15 now
posaible to sonsidor the ¢ffects of the ¥ end ny genes
on the lalo-hair abundance, since the sbove sualysis
has provided 2 poesaibdle explemstions
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The U and nr genos aye detected by the
4noreaso of haloehalir chundance whioh occcurs when they
are subshituted for their rospoctive noymal slloles,
Tids inorense varies from & very smll fnoressge in the

+/nr type to & very lergs inerecse 4n the N/F types
Host of the animule cerrying the ¥ gene have & very
ndgh hajloehair abundence, @s also do the am/nr type.
It Bes been shown ebove that thie inoreuse of the
nelo=holr frequency i only the most obvious aapoct
of & large nusber of chengss in the constitution of
the birthcont, ond 4t can be talen a8 & dopondent
coro . lary of these changes.

"he ehenges of fibvwe type constitution
are oo plstely correlated with the haloebslr avundance,

The ¥ gene iz for the fibve type constitution, as 4t
iz for the halo-hair abundance, o pardfal dominant,
whieh is incompletely penstz@nt in the hetevesygoto.
The nr gene is correspondingly & complete recessives
It would be over corupulous to demonetrate this point
whieh has been shown by Dry ot al., frowm hundreds of
snalysee of birthooat samples Mo the le-type flocks,
Comparisonsz of the fibre typyr frequency diestributions
for 8/¥, N/+ and nn/nr { Preser,foss and Wright,
sectiond above) with those for +/+ ( Goot 1940)
fliuatrates the type of date which was found ( see
table 24).




The chsnges whleh $hose genes ceuse in the £ibwe type
constitution cen, as hes beon shown shove, be telen
68 dependent copolisrioen of changes 4n (1) length
growth pates, (2) the sise of orimps, (I) tho peeure
enoe of wedulintlon, Barker ob ol ( ses bavker 10452)
have shown thal vepistions in orimp also san be talken
@8 seoondsry to changes 4n the longbh growbth mate, I:i
it follows that the offects off tho orimp eises of
‘fAbres by the ¥ and nr genes ean b expleined as due
to an inltisl offwet on the lengsh growth metes, It
will be erpgued below that the Securrense of modulls
|48 slno ddvectly dependent on changes of fibre growdth
| patos. Therefore 1t will be taken that fibre prowth
rates are uniteny dJdetermdnante of {8) orimp sise,
{b) modullation, (6) fiuve type constitution, (d) halde
heir abundance,

The effects of the § and nr mm on fibre
growth wetes ave mest obvious in the P foliicles, sindo
thoy safise these follicles to form thely Mves ot a
markedly faster vabe, Yt has been ahown sbove thet
those chomges in the firvet fbros will, 42 the ‘fﬂuiﬂuy
concept is comwst, result in compensatory clwnges in
the later fidres, Thiz depends (8) on the gonos
having no effeat on the constitution of the folliemls
population, and {(b) on thelr having no effest on the
lovel of fives produstion, The fowmer Lsg heon
Anvestigated by Rose ( section J ebove) who showed tuk
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the gones 4o not affect the timdng of the development
of the feliiele population, or the rutics of the

| ag £ tovent types of follicles. The sbsence of en
efrect on tho lovel of total fitwe production is
ovident from the exnmination of the flecce wedghts
(unseoured) of owes of the Netype Clocks, These ere
given 4n tahle 36, No cénefztent differences oceur

| vetween the verfous genotypess

£

The $ndependence of floces welght and Dirs
cont type cen he soen Crom tiw compuricon of the flo
' wolghts given &n teble 26, These are 2ll of W'+
anizels, snd the two groups if‘ey in the penetrence of
the offoct of the N gono on tho birthooat. One group
sonsletn of owes whose bArtheosts were of preds VII,
the othor of ewes whose Mirtheoats wore of ;redes rnge
ing from VielIle

, It foliows from this evidence that, if
efficioncy theorr iz correct, tho ¥ and nr penes mm
enuse a dooreoaze of the growth rotes of later fibres,
Thie ean bo Gtostsd by sompaving the lengthe of P, al
and aa fivres, oither in semples of the ssme age, o
as »ecposeions of langth on age, in Hetype end noneie
bypoe Thids comparison will be dotsilsd fn $he nexd
segtion,




L LIIANE apowhh Cates.

Goot (1040) found Ghet the fibré longth
dsetrivubion of o birthecat esample from an Hetype
lamb was aletinetly bimodal. Preser, Ross and Wl
{ soction 4 above ) extended this obeervetion in |
study of fibwe length dfstributfons in §/N lembe,
finding timt the length dlstribution wes distinetly
trimodel; the third mode wes not observed by Coot,
gince his samplo was taken too soon after MWMrth,. The
trimodality wes found to be sespocisted with the divise
fon of tho follicle population into primavics, first
wave socondaries, and second wave seconds:-ies, iach
type of follicle forms its fibres at & difforvent rate
and therefore as the Mm.mm:mufr
fitres separate inte & trimodal lengbth distribution,
The primardoes which start firet do so ot the fMstest
pate, end the primary {ibroe are thoprafors the longost
group. Those ave callsd the A group fibres, The
£iret end second waves of secondary follicles form thpir
fitres &t progressively slower retes, and those furm
the shorter lenghh groups called the B abd Cy groups |
respectively, “hw separation of the length diatrile
utlon inte three dlstinet modal groups is en olwious
feature of Netyre birtheoats, The & group fibres,
eince they grow ai e much faster rabe than the 5 eoid
€y mrouse, form the very defindte outer cost, The B
and Cy proupe do not differ se markedly, snd they
forn the fnner cont, The Urimedelity of o typiesd




Ketype fibtro longth dlatribvution is shown fn fguoe
B0

NON-N-TYPE

W, E

FREQUENCY

Mgure 36, m fibvre hunglh frequency distrimtions
from thoee h somplow of Helype and noneliet

lsmhe, showing the trimedelity of the formom the
uwuay of tho lntier,

The fibro lengbh dlstribution of tho IONele
type birthoont differs redieally from that of the
fietype Birtheoat, It e distinotly Wmodal, The
cayse of this difference betwon Helypo and
esn bo found in the differsnces of the reate of growth
of tho primery fitwes with that of the secondary
These are sufliciently different in Netype Lo csuse
# sepavation of the P and 8, flbwes inte two grooups,
the A and B groups. In noneiietype they sre nearly the
some and thds resulte in the P end 6y fbres merging




forming & COmMPOUite group, oalied the Aed groups
in MhMm'm noneiietype the shortest lengbh group
te colled the O mroup, einee in both it Ls ferved by |
the second wave secondary follicles. 7o aveld ewn

fon in the following discussion, She C gromp i o8l
0y in Netype, and Cp in noneli=types 4 typleal fibre
longbh dletribution of & nonell-type birtheoat is showp
in figure 36.

Two problems ocow in the comparison of
the prowth pate pstterns of NHetype and nonelietype
birthooata. mmwmmmmmﬂ
jelee fors thedr fidres fagtor 4n H-type than in nNoNe
Yetiype, ond secondaly, to investigate the expsctati
from the competition theory that the growth rates of
the 'ﬂz fitwer 48 precter in nonelistype than in et
The folleowing enalysis of Fitwe growlh vetes is in
ed to cover thewso aspocls.

The snalysis of fibwe lengbh growth va
fg vory laborious, =inse it Lnvolves the TeCouUPene)
of sbout & mndred fibres por semple Lo even LpproXe
trotoly defino the meon lengbhe of eseh of tho lenghh
groupee The wotheds of weasuring flbwes have been
discuseed previously ( Freser, Rosy end Gright, sectipn
4 #bove )} end it suffices to state Lhel ervers of
messurenent slthough low are uot negligible, and that
the loss of short fibres ie fnevitsble ginos the semples




Proguency dietributions of fibre length in 5/ lasbs, standard sk region (0.5 em.

Table 28.
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Pedigrea 11,58 0,32 0.01 =
/N Classified 9,95 0,66 0,01 =
Total 10,35 0.55-0,01 =

nr/nr 10,37 8431 0,76 0.06

Pedigree  7.36 1.07 0,75 0.14
N/ Classified 8,33 0,71 0.37 0,03
Total 7.69 0.94 0.39 0,09

Variance ratio 9.96°°

2,95 = - 0,04 0,08 - 18,79 64,22 57,89
4.4& 0;01 0;04 B.n - -y - 1?‘.8 54‘21 72.42
‘.01 0.01 0.02 0.09 0‘01 - 1‘7.85 “‘21 68.45

2443 - 0,01 0.0k 0,13 0.6125.27 57.65 71.59
1.36 0,04 0,02 0.11 0424 0,2210.86 75,26 67,18

3403 0,02 0,05 0,11 0,03 0,0214.03 68,15 61.90
1.86 0,03 0,02 0,11 0.14 0.1211,91 71.50 65.36
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Table 31,

:
| QF
fé

240 -
386 -
B+85 -
ﬂ.ﬂl i
1,78 -
2.8 .
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Geil ©edB
8476 3.88
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8476 2,78
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776 @
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«78 56
1,206 87

« 78 68
1,76 60
1,78 61
1.6 63
1,76 64

H 64
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240 89
1478 s
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2l 75
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and generi} conclusipns.
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Trends &r future wo

L The abova series ofzpapers haﬁp detailed
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regression oquations for the inoresse
otm_-mmu-m& g |
groups with age,

A 8 JO792(X) ¢ 8,06
B 8 ,087(X) «TR6
Oy 5 JO888(X) .. 4006

+

Awie OOTB(X) & 2,127
Gy 3 #0480(X) - 1.404

Comparison of the Ql‘ and C, rogressiona,

Segauarpal 42 | mesn square
Totel | 6.1488 |a2
within sote| 4,65782 |41 | 0,11a7
1.5674 3 ' 2.8874

Teat of differencos betweon &djusted means,
' P2 4,08(2 ,001)

Sum of |4,3063 40 03077
i ia.wm 1T 1 | 0.,278
Test of differences between Megression coofriecionts,
F 3 2,02 (P vetween ,1 and,2)
Table 33, legression equations, and their comperison,

for the sverapgns of ¢ length groups. For
SIRatIn See SIEt. .




wore taken Lnitislly Zor roullae fibpre Uype analyecs
in whish the shord fAbros ore not isportant, It

follows that oo Pigovous sn analysis of the fellowing
dage 1o not Juetified,

in tablos £7.30 aprs glvon the complote
fivre length distributions from which the mean longths
of the A§ B, AeB, O, and Op longth groups wore founds
The moan lengthe are given in tablos 31 and 38, Due
to the leboriocusncga of reasuring soveral thousends
of flbres, the wegronsions, particulasly those ofthe
| €y end €, groups ere based on only @ few points, Tiw
work wos continued until the suthor was convinced of
the validity of the difforences wideh wore found betwpen
the rogressions, #ince the muber of coaparisone
neenasnyry o domonsteate the significance of these
diffevenses statieticslly was well abowe the nunter
which the suther ocould meke, In figuves 37, 58, and
39 ero given the scatter disgreme ond vegressions of
mesn group lengbh on age for nmonelietyps ( figare 57),
for Vetype { Mlgure 38) ond conjointly ( fawe 39),

The comperisen of the vates of growth
of the cl snd C, groupe hos been tested statistically
and the snalyels 46 given in talle 38, Tho rogression
equations forr all groupe smw given in the seme table,
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the simllerity of the rates of growih of tle feb and
Cg proups, which results in a veyry even flasea,

Tigure 5%7. Crowth mete pattern of noneNetype showing

: 1do 120 o
AGE IN DAYS = AFTER BIRTH

2

Mpive 08, A8 for figuwre 37, bubt for an leb

showing She differentos in {;rwth rate mthg’ Gm

H&E Cqy groupe, which results in @& very uneven
goee, divided into Lin-e» end outer coats,
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o 2‘0 4‘0 6‘0 80 t(;o |2I0 Idro
AGE IN DAYS  AFTER  BIRTH

m%mam r:h;::.;:?uﬁma only, of the
noLn of the and showing
the differences mm‘n liwb (thhga m and
nonelietype (thin lines), The uejor differences are
the incresse of the rate of of i fibres above
that of A«PB fibres, and the decresse in the rate of
grouth of Cy fibres bolow thet of ¢, fibros, The tlL

mosns ere aliow Mtﬂh‘l“’mtﬁdmﬁ
open cirelos, nonelebype with closed eircles,

The ostimation of the mean length of a
longth group 88 & quoationable accumacy, and the
main non-lietype date are from lacbs of Hr.Ruthven
Buchanans stud flock whieh 48 located & fow rmiles M
the Netype flook, Therefore in figuwe 40 are shown
the fibwe length dietributions of I/N amd +/% s
both fvom the Nebype floeks, and thorefore of n:j




adly similer brecding, -end meinteined under eirdler
foeding conditions., Tiwee demonstrate & difference
tetween the Cy end Gy longth groups.

i 63 days

67 days

FIBRES

OF

NUMBER

R 71-72 days

FIBRE LENGTH FN CMS,

Pipure 40, Ptuld mmnmy dutnmuou of fitre |
longth from ssmples taken from letype snd nonelietypo
lombs ab the same age, illustrating the difference
‘4n modal -tmtnm. and tho slight d&tfem
botwoen the Gy tan &yumu the og fitres

oxpected, ua longey in eee m.

it ia obvious that further comparisons will




have to bo made, but the best material for such
comporisons 18 not sveilsble, namely, segregsting
progonies from H/+ rems, ond further, 4f samples
ere talon at later agos thanm She samples used 4in thde
study, then the detection of differences betwesn the
Cy ond Oy groups would be mch essiers

The sbhove patierns of flowe growth rates in
Netype and nonelietype domonstrate conclusively that
the primery fibres ore growdng fastor in Nebtype, and
not so conclusively that the growth of the later
secondary fidwes ( the S, fibres) is at & slower rate
in Hetypo than in noneletypo. This agrecmont with the
expectation from the eofficlency concept sugrests that
the I and nr goneos have & primary offect on the
rochanien which determines which eofficiency curve
ehould occur, The whole complox of the effects of
thoso gones on the birtheoat can bo aseribved to thie
initial offoct on efficioncios causing & variation
in the prowth rete pattern whieh 4s seen as an inorespe
in the rate of growth of the primery fibres and @
dooyongo in the rete of growth of the secondary fidtwes,
this causing changes in the typos of fitweo formed Ly
the differont types of Tollicles, since it causes
changes of nm;p sige and medullation, The ohangee
of the fibre types include an incrouso &n the frequoney
of heloe-hioirg, which 4o seon 68 & change in the haloe

naiy abundance.




Thds seguence of changes 49 iliustreted in
figure 41 which shows @ section of the pedigree of
causes of the menifold offects of the N end ny gonosd.
This will b integrated with elmiler pedigrees bvelow
for other effocts of those gones,
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Pigare 41, Pedigree of oouses of the effects of the

B and nr genos on the birtheoat, showing how those
bo vesolved to being due to initisl offects on

ean
the fivre growth rates, which esn e leined ae
causod by ohanges of efficioney a&!m.

| one point of thls pedigree of csuses hos
not boen discuesed in detell 1.0, tho mechsniem of
the velation of modullistion to fibtre growth rotes,
A wool fibro consiste of denoddy packed spindle
shaped colls snd hap no exis of air specod colls,
A bagr fibre on the other hond consists of en outer
oyliinder of the seme dense spindle cells, whiech i




| oalied tli cortex snd surrounds & central tube of
distorted iy spsced oells, whieh S celled the medulle,
A feirly olose correletion holds between the diemoter
ori nm'm the ocourronce of medulla, Very fine
eibros slways leck medulls, whereas very thick fibves
ave alwaye modulleted, The diaweter of & fibres is
closely corvelated with the length growth rate umnk.
personal comuniostion) and 4t follows thet the
ocecurrence of medulls ic correlsted with the length
growth vetesp the foster & fibwe grows, the more 1likely
48 the occurrence of medulla, This correlation con
ve seen (1) developmentally, betweon fitres of the
pame sample (Freser, Ross and Wright ,section 4 above),
(2) envirenmentally, between parts of the somo fi
grown 6t diffovent levels of fesding ( Waters, 1938)
gince fibros grow fuster and are more medullated wi
tnevesse of fwed lewel, and (3) gonetieslly, the inerpase
of medullation ceused by the ¥ end nr gones ie close
corrolated with the increcses of fibre growth ratus,

The wide rangs of conditions under which
wedullation and growth rate ere correlated sugpost
that one ie @& developmentel corollary of the other,
or that both are yoluted aspects of some factor so
far undesoribed, The affsate of the ! and nr gones
suggeat that the ocour once of medulla s depondent
on the fibre growing fester than ¢ ceptein threshold
rate, oinco these genee cause detecteble chenges of




the growth rates of unmedullsted fibres, 1I6 is

dif tenlt - perceive eny method for showing thet the

folilele dhenges fyom the fommation of modulle to the
formation of cortex simply Lecause 1lts rate etw
ies decreased, Illowever this 10 & Fecsonsbls hypothe
end will be accepted for the purpese of this enalyed

The pedigres of causes shown in figure
41 relates the offecte of the N end nr genes on the
birthoont to nn initlal effect on folilele erficiencd
mmnpc;ntummtmwwumn.t
in the fMull flesece, and 1% is necossery to examdne
these in tewme of thelv eimdlarly being coused by
ohanges in the follicle officlencion,

The urhotl of the § and nr. gonee aye
not vostricjed to tho charscters of the virtheoats
soveral changes occuring 4in the fall fleece, These
are pufficient to couse the Netype flecce to rosemble
that of tcarpet! iweods such as the Heottish Vountein
Nlsckfuce rether than that of the parent Romey byoed
which 49 of tho *longwool! Uypea.

i Yoarpet'! type of flecco differs
from the 'longwool! type in (&) its soparation into
en outer coat of long hairy fibwroe ond an innor coat

Ba



{e) 4ta lsck of orimp, (d) ite lack of definite nh::r,

(@) the cocurrence of short, very halry fibwes, cal
kompe, whieh have boen shed from tholr follicles. |
marmummmmmnmmw
extonsions of changes in the birthooat, which have
beon mossured by the fibwe type teclmique, The gonoe
cauce the primspy fibres to grow at a very maeh

i{norenged rate, end the secondary fibwes to grow ot
8 slower rete, Thie hoterogeneity of growth retes
resulte in some fibtres being very long( the outer )
end others veing very short ( the inner coet), Siadle
1y tho genos ceuse the primery fibwes Yo bLe heevily
meduliated, ond the secondery fitwes to be flner,

This results in tho outor coat being very heiry, and
the inner cout being fine, Murther the erimping of
the primary fibreoe ie inoreascd in sise, and Alstorted
by the oscurrence of medullam, whoreas Shat of the

secondary fibwes Lo dooreused, This notorogonelty
of erimp eige regults in a look of staple orinp, ond
thovefore in o lsck of staples, ainoy the steples

to o lerge extent the interlocking of similerly ”3-«
fibwes, Thie lesves only one chepacter of the fuld
mmmhmtuumpsdu-mmu%
of charegtors already ddscussed for the birtheoat,
nomaly, the shedding of fibres oo LOBRY,




In longwool floeees most of the nm-yu+
continuously. Only & fow filvoe ape shwd ae & noreel
sequence of mum. Thies shedding of fitros s
kompe 48 highest for the birthovst fibwes cnd decrenses
in frequoney with sge (Dry 1054,1040). In studles of
the stodding of fitwes, tho mein methode have been
(8) to count kempe in adult fleeses Muuw
of thelr time of shedding, end (b) to collect speciel
somples which sllow the kemps to bo counted sopsrately
ssconding to their time of shedding. This s dome by
tying bundies of fllres togetuer, end thon covering
¢he region with cenvas to protect the fitres from
wonthoring, 7'4s vetaine the kempe in the portion of
the staple formed st the Sime of their shedding. Dy
ob 61, have used this mothod extonsively to deseribe
komp ouccesion in bobh Nebyps Gnd noneletype NOMHOYO
{ seo Ross,ivight, and reser, soction 6 above).
They found that es a firet epproximstion the shedding
of fibees cocure gsynehwronously within & vegion, ond
at appsvently constent blologlesl ages, The fivet
fitres to be amuwasammm-m
birthe Those sre oallod the °l. 1OrIPs o m about
Sed monthe the fibwes which were formod Ly folllcles
which shed thoir fibres as a1 kempes may thonmeclives Lo
shed, 7These are called tho Gy kemps, This sltornetion
of shedding coours throughout the 1ife term of the
animal, ond 4z called the Lenp succession,




- The initisl studios of hemp suesesion
made by Pry used noneletype lumbs, renging from JeVi
in haloehair grede, His studies were nede primerily
from the fibwe Sype spprocchs Tho Gy kemps wore
desoribed in torme of their tips ss Pibre types end
the frequeney of 04 lemps was compsred between ml.?
of dif'orent fibwe typo constitutions, It was found
that certain types of fitwres were shwd frequently as
Gy houps, wheress other Sypes of fibres were shed
varely or not b alls The types of fidwres which
ehed frequently were of the medulleted and fest grove
ing typesthnloehairs, superesickles snd heliry ocurlye
These oocur most frequently in enimeles with & high
haloehair abtundence end 4% fol iows that animels with
high halo-hair gredes showed a high Crequency of
shedding, The resulte have been interpreted by Frssew,
Ross and Wright ( seoction 4) end Rose, Wright end
Proger | section §) in teorme of thw relationship of
fivre types to folldecle typos oo showing thet shodd
where it occurs i¢ frequent in primery folilcles, vo
rare in secondery folllcles,

| Ross, @Wright and Prager ( seotion 5)
in & study of homp suocossion in Hetype animale of
grede VI snd VII haloehnir abundenve, found that the
froqueney of shedding wea far groater than that whioh
hoed bosn noted in noneletype, bub that the relatione
ehip of fitwe type to Orequeney of chedding was tho
samo, The frequency of shedding wes alse found to




pupallel the dominence relations of heloehsir abundenge,
veing pertislly dominent &n the ¥ etoek, completely
rocossive in the nr stoek, 7The demonstration of the
restriotion of shedding to the primsyy follicles by
Pragor,Rone and Wright ( seotion 4 above) wis extended
by showing thet the primayy eentrel follicles differ
from the primapy latorsl folijeles in the frequoncy
with which they shed thelr fidres: P, fiwres are utn?
spproximotely 6 times eg frequently sa Py fivres,

The leterel fibres are alwaye slighlly less medulls
end have smaller orimps thon the centrel fibres, &nd
1t oan bo conoluded thevefore, thet the central fibves
grou faster than the loteral fMires, in Netype.
the frequency of shodding 10 groater in tiw ecentral
follicles,it follows that ohedding Lo correlated with
fivre growth retes, being grester in the faster
fivrea, m‘ ssme conporison can bLe mede between the
primery snd the secondary fibwes, In Hetype, tho P
fivwes aro formed ot the grestest rate and they ave
froquently shed, whoreas the & fibres ere formad at
a2 slow rate, and they ere only rerely shed, if ot all,
Finally, comparing difforont types of fibres formod

by the seame typo of follieles the aickle group of

| favre typos verdes from the fast growing holowhaire

to the slow growing sickle.tips, and both are formed
by the P, folileles. 7Tho halosheirs ere almost alvays
shed, whoreas the siokle«tips eve very rerely shed,




This corselation of shedding ami filve
growth rates was noted by Dry (1004) who expressed
4t in terms of the hypothesis that folllcles ahed
thelr fitwes because their growth has been too vi .
This can be re-steted ss follioles having & mt:r‘
for forming their fibres whieh is contimuslly being
used end vemowed, If & fibre is formed too fest, theh
this potenmtial is used fester then &t ¢sn be reneved,
end the fMbwe 4s shed when the follliclets potential
becomos %oo low for 4% to maintain the growth of its
fbra, | |

This hypothesis cannot be eccepted without
rosorvation, since evidence has been found, showing
that & mechaniam, called the ‘erisie? by Dry(1940),
couses @ marked deoresse in the vigour of all fibres,
oven those which ere not shed, This erisis ocours
over o short poricd et the time of the G, shedding.
It 18 seon 82 & thinning of the primery fibres which
sre not shed, In coareo Netype enimals, bhoso fitwep
ore usually medulisted bofore and after the eoricis
lovel, which iz sbout & centimetre long, This thinmning
ean often be seoon as & band run:ing seross the ebe
¢ 19 most merked in the thicleat noneshed filres (Diy,
Ross and Praser, unpudiished),

It therefore appears that two distinet
systems determine whother shedding iz to coour: the




vigour of fibre growth, and tiw depression of growth
caused by the orisis mochanism, It cen bo postulated
that the erisis operates by reducing the rete at which
a folliiele receives growth potentiel; this reduction
operating for a short period. If follleles have not
‘boen forming their fitwe vigorously, thoy will have
& high residusl potentisl, ond the decrwase ceuged
the erieis mochanism will not affect them, whoress 4
they have Wwen forming thelr flbre abt e st rate,
will bave ondy & small »esidusl pobtentiel, end eny
doerense of this, suoh as is postulated to he csused
by the orisie mechnien; will result in the folifcle
tomporarily consing formetion of ite fibre ustil it
has sequired sufrficient potentials 7This postudibe
elso explaine how those fitwes which are not stwd, b
which are formed at o fhet vate, show & tilandng at
the tims of sheddings B

in better terms, tho erisis wechuniem oen
bo intorproted as affecting the pepilie of the folilcle,
end thus osusing changes in the rete of growth, or
continuance of growth of tho fMbre, However it 48
obvicue that the problem of the shedding of fibwes
1 not be oxpleined by tiw present methods, These
vo shown however thet sny futuve work on shedding
411 need to inelude studies of the vigour of follfcles,
nd the besis of the orisis mochaniem, probably




invelving quantitative histologleal studlies of the
stmucture of the papilia, In the present context
it seems vessonnble to comclude that the inovease in
froquency of shedding ctused by the ¥ amd mr genes
9 duwo to the ingrouse which the gomes csuse in the |
vate of formation of the primeyy fibwes, and not dus
to ony effect on the crisis mochanism, which would
then appear to be & constant festure of Loth letype
ond nonedetype, which is expresced only in the presonoe
of fewt growing fibres, This is speeulative tut
roagontbles

o0 X6 can be soen from the sbhove discussion
of the effects of the N and nr gones oun tlw edult
fleeoe, that these can bo vegarded o extensiove ~f |
offocts slroady described and analysed in the Lirthe
cost, or fo the case of the shedding of fibres, talken
an due to tho inereased mates of fibre growth, M
tho proceding enalysis hes shown %o be & cewollsyy
of offects on the efficlencies of foliicles, Two
furthey offects of the N end ar genes must be conside
ered tefore discussing the possible buses of the
officiencies of folilcles, These are the oocourrence
of trown pigeent in the tips of bdrthoost fibwes, sl
the varistion over Yhe body of all the charactors so
far discussed,
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The mojority of nonels-type lambs have &
virthoost conteining only & soatiering of haloeheirs,
end these 1f thoy do ocour, are rostricted to the
middle of the back end the »ump, rarely occurring on
the front of the body and the neolt, In the feow
Rowney lembs which have halohairs on tho baok of the
nock, o fow of t(hwse haloehairs may have peddish
brown tips. Huoh bpown flbwes sre rare, and ere sll
of the haloehsir type.

letype Rommey lambe are thiockly couted
with haloehairs, end @ large mumber have patehos of
brown Clbres, 'mumunammmmL
The trewn ocours very noticesbly in the perts of the
fivres formed before bivbh, end is abeont from the
parts of the fMuwes fommed afiey Wirth. ztumo%
10 the wmodullabed purbe of the Libres. |

The oscurrence of the patehas of Lwown
fivres foliows & dAlscontinuous gredient of exproseion,
The mejority of lambe whieh show sny brown, do 50
only on the baok of the nock, ond the expression verio
from & fow fibres to a thick bwown collsyr helf arcund
the necl, Some In additdon to the neek pateh have
patehes of brown ot the Poot of the tail, A few have
|a large pateh en the neslk, patehes et the root of the
tall, and patchos scattared around the body, In
mummnmmmwmmtmmmuuqt




the eera sve very often bwown, Since tids 4s common
in nonelietype a8 well 0§ Netype Romnoys no wmm.m.w
wnfortunately, hoae been given o it, Gl

The Wolsh Hountein breed of sheep shows o
very similar type of brown pigeent whieh appesrs to
be identicel with that found in the Netype streine,
wmmaumummummmmmﬁ
restrioted to the medullsted t4pe of the Mrthoost
fivres, ond 1s similarly located over tho body, elthough
the latter differs slightly in the Welsh breed where
brown balls ave comwon, Whoress trown 6b the Poot of
the tell &s repro, In both Nebype and the Welsh brood
the predominent location 4s ot the buck of tho neolk,
It coh bo taken that the bLrown of lietype 48 enalogous
with that of tho Welsh breed spert from elight aifie
onces of ppttern, The oboservations on the Welsh II-I
wvore made on two floocks, one in Herionoth, thw other
at Bangor, end over GO0 lembs wore oxerinod,

The ooeurrencs of brown bas beon deseribed
in the Netype flook recorda aw smell, medium or lavge
patoh, ete., sod in order to conveniently cospare the
exproscion in tho dA4fTevent ¥ mad nr genotypes, it
s necossary to transform theee descriptions onto &
quantitstive scale. A four unlt seals s ueed, whore
Dwnobrown, lesmall pateh, Bemspdium pateh, Jelarge
pateh, Two grades are glven essh lamb, ono for thw
noolk, the othay for the rest of the main trunk reglong




3 2 - 3 0 ) 2 1 Y
8/ | B 10 4 13 2 g - 28
(16.8) ‘f‘”"g! tfiﬁarir (40,7) (_65._2)_ _ ea.e_)__ - (87.8)
o/ | 3 25 1 6 - 5 2 o7
: (2.7) (24.8) (_‘.6}(55._51 {i{} u.g; {95.3)
B | B 86 & 128 S .3 s |
| (Se5)  (18.8) (18.3) (62.6) (03) (048) (346) (98.5)
+/ar - i 3 89 |- - g e
; (0.8} {248) (06.8) (0.8) {99.28)
Proguoncy of brown fibres on back of the neek




In table 34 ave given the froquency distributions of
these grodes soparately for tie noeok and tiew vest of
tho main tranks

It sen be seen fvom this table that ¢
expression of brown 4o high in the /N, W/r end nw
types, snd low in the +/nr type, end thet the expros
fon 10 grester &n the H/H then in the N/ types In
othor words the empwossion of brown perellsls the
dominance wolations of the I and nr gones, This
whon considered 4in terms of the rarity of brown in
nornel Rommeys, confirms the postulste that the

ogcurrence of brown s an sspect of the offects of the

I and oy ponoes.

lisving shown thet the bwown patchos
ape en offeot of the gones 1t 1s necascary to de
{a) tho dovelopmental velctionsidp of the formetion
of brown pigment to the incresse of fitre growth rete
{b) the rosnon for the westriction of brown te the i
of the first formed fibwes, ond (¢) the relationship
of the formation of bLrewn patches in the Welsh broed
to the formation of the patehos in the Normoy breed,
The latter guestions sre beyond the socope of the
present anslysis sinoe they obvimmsly requize fuvther
study along different lines to the prosont approuoh.

Sinoe many of the lietype animels lack T
brown osltogethor,it follows that the formation of

o



trows plgont 45 not & Pfixed corollary of inewecsed |
fidwe growth retos, Tartusr 4n LOth Uho Yelsh smd
mmsmmmnmmmw
the degres of expresasion of brown Lo efevted Ly gonep
extre Lo the owes wideh deterdne Hw conrgenvas of |
the nedulisted parts of the filmes sugpeete & possitle
meobenden veleting the cecurrones of brown to the

gbruoture of the enabs, It i postulated thet & sube
genotype existe both Sn Hetype and Ln noneletype wheh
conditions the cocurrente of Wwown plgsent, but thet
il aplorent cannot be fommed &n tho obeense of

vodul istdon end Lhevefove the 'hrown? SuberPnOtype

produses an ofiwet enly in the anfmale whleh heve

medullnted fibees $,04 A0 bes o masimel effect $a the
vory hesvily sedullated filews of the Nelypd lambs,
end & vory low effect in thw unemedulicted fibres of
the noneletype lanbe, Ou thde buele tlw beown putobse
oan be conafdeved sa o depondent corollsry of the
omtu,<msuuupmumm

Howt of the detelled studies of filve
dovelopment Mave, bOth 40 lebype snd in mOneletypo,
poen restrioted to ome senpling reglon, weuslly thet
tormed the standerd bhok »ecdon ( sse celpin 1058).
This Pestriction 18 neconssry sinoe wost chareoters
very from reglon to vesion. 7Thals verdstion da moet




obvious for the halosheie sbundsnce: lembe frequently
oceur which have o uﬂ- high abundance around the
map and beek, and a vory low sbundence on the

shouldors, The varAtion is releted to the dosage
of the W end nr genes. Inorosse of gone dosage COUSOE
both sn ineresse of the proportion of animels which
uwnmmeww{tuManmnr,
section 2 above) and an increase in the extent to
Whieh these lazbs ave covered with high frequencies
of haloebairs, Thls ladter effoct is for convenience
callod the feoverege’s It has boon disoussed and
u:uuumwmmm‘(muqonm).ﬂ

The helo~-helyr abundance varies from n
complete leck of hnloehnirs %o o density et which no
further differences are detectudlo from eye grading,
This 1indt deneity 43 tormed tho grede VIZ ahunduangoe
Complete abeonce of hslo«hnirs 1o tormed the grade I
abtundancd, The range of densities detwesn those
oxtremss hns beon divided into five sections which,
with praciise, can be dotermined with o Wdgh vropoate
adilsty. Animale whose amundunee Lo of these i.ntor-
modiate grades ( IZeVI) almpet alweye have Shis only
eround the stenderd back position extending to the
wEp, Tho animels whoeo abwnlence $8 grede VIX

a8t the back very in their coversge from restrietion
o the beok position, So complote coverags of the
body. The renge from complete covorsge to restricted




coverage can be Givided into 2ix sections, YThese ave
fllustreted in figuve 42, On this bosis the Leloe
halr abundsnes of sn enimal cen be descridbed by one
of twolve grades, renging fwon grade 1 whdeh have no
hslo-huivrs, o grede 12 whieh have a complote oam@
611 over the body of high bhaloehair denslty,

COMPLETE COVERAGE

12

COMPLETE ABSENCE

ﬂamn 428, orading systom of haloehsir abundance

4 'n soven grede aystem bamed on the &n
mg!,w. th mu'- five grede sohere based on
coversge, Orade leabsence of haloeheirs, gradestele
inerense in deneity of haloehairs, ususlly pestricted
%o sround the hnck grodes Bel2efocresse of coversge
of the body with b % muua of haloe-hnire, In
the diagram Ghe widle vegions lsok heloeheirs, the
dotm regions hove below limdb densitios of haloehod ’

and the rogions have limit densities of haladaga.
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Pable 36, Frequencice of grodes of soversge of the
body with high haloehslr abundence. 7 &re
given in Lrackete.

b el ) L o

Table 35, Frequencies of lembs with different grades of
"goverage" in flooks of Welsh mountain sheep, and
in flocks of New Zealand Romney Marsh sheepe su..i
both these distributions show no marked discon-
tinuities, it can be taken that the grading scheme
introduces no major errors of scaling.




This schome of prading helowhairy abundenee
fs © modification of the scheme formileted by De,.r,v,
Drys to malm 1t anslogous with tho schome formulated
by Professor R,0.,%hdtes  The originel New Lealend
nohome involved dividing 'th- range from restrictoed
to complote coverage into ton grades, Tiw NHetype
dote have boen trsnsformod by sumation of eertein
clagoces to conform with tho oix greade echome proposed
above, - The neccesity for & comson pgrading sehomo
s obvious, The possibility of such gruding -6
introducing scaling errors i obvious, tut this
systom hos boen used for nonelistype shoep whose grede
ranged from led ( Dpy and Pragser, section £ above),
and for Velsh vountein sheop whose gredes renged from
4«12, In both cases & smoobh curve wee found ( ta
855) showing that the greding schome does not introd
eny «ajor disorepancioes,

The frequency distributions of covers:e aﬂ
compared ( table 38) for the verious genotypes of the
l and nr genes, 7The le0 gredes have boon sunmed
singe they hove been given ag sopapese pgrades previously
{ Pry and Preser, section 2 above), Theso date
demonatrate eloarly the pertial dominance of the §
W, singe thwe coverspge $s greater in the 1I/¥ than
in the 1/t type. Sdsdlarly the compurison of the
W+ o 4/+ end #/+ o +/ar types, shows thet the




two penos intersct, aince the latter type has the
groater coveragde.

The veristion of coverage over the body
follows on antoroepostorior gredient which ie -nm&r
modified by deviations around the shoulders This
gredient 4s eertainly on sspect of the offects of the
% apd ny genes, but 41t would be unreasonable to
conelude that the veriction is specifically due to
the eotion of those genes, and movre likoly that it
due o constent Aifferences between regions in the
lovel of pone Bction necessery to produce & visible
rosction 1.0, theve 418 o mochaniem following @

It 10 interosting to note that the effecte of the U
gene on haloe-halr abundence are almost complotely

domdnont whon scored on the back region, and almood
complotely rocoesive whon scored on the neok region,.

lany studies heve beon mede of the veglonel
variation of various fleese charscters in normal
Romneys : fibtwe typo conetitution ( Gelpin 1936,
seot 1040), degwee of total medullstion of the adult
floece { see Goot 1045), fbro fneness and folllole
density ( see Bildman 1087), Ifibve diameter ond
orimp aise { Reimors end Swart 1080), staple length
( PDusrdon end Palmer 1058), folllele developmont and




I
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tﬁ” { Carter and lardy 1048), These 01l follow
h tho sem: anteroepostorior and dorsoeventral
gradients, This corrolstion of gradients of exprossion
Lor fivre diemeter, longth, orinmp sise, and medullation
1s o further demonstration that these charactors are
ell developmentally related, An explanation can be
found in the veriation of folilecle density whioh folliowe
exsotly opposite mrodients, boing highest in the
frontal reglons and lowest in the back reglons,
Faldman { 1937 ) heas sugpeated that the lower exprossion
of oll these fibwe characters 4o due to the greater
1nonmwummmm.
redustion §n the growth per folllole., 7This in torms
of the efficiency terminology mesns that the offtoiencies
o8 follicles may be the same all over the body, ut
hat the proastor follicle density 4n the frontal perts
)08 tho amount of fibwe substrate avelleble per
folliele. Vory little data 1o availeble on tho
gional veriation of folifele density in Netype, tub

sther types of flesece, PMurther studies sre obvienmely
jessary on gradionts of oxprescion of folliele and
bre characters, mt fop the present purpose 4t i
onable to assume that the variation &in exprestion
pf the offects of tho gones over thw body Ls not dwe
0 any specific action of those genes, but to somo
agtor,provably the fol icle density, which exhibite




o constont regionel veriation both in letype snd in
nonelletypee The cccurvence of brown tipped fibres
foliows & diseomtinuous gredient which is very differe
ent to that shown in other charcctors, but tho eemo
spgament holds, thet this 4 due to some independent
grodiont mochaniem, wrather thoan to & specific eetion
of the gonos. A support for thls can be found in o
alight 41f erences in nnm' expression of brown
botweoen the Hetype and tho Welsh breods, '

o

on _She irthoost snd £10000s

In figare 41 a pedigree of csuses has boon
given ehowing how the afiecte of the genes on haloe
hedr abundsnce end fibre type constitution esn be
taken &8 secondary to offects on erimp elsoe, modulle
_ntun and fibere lengbh growth retes. The latter has
boen shown to be the ceuse of the differences of orimp
size, and probably to be the cause of the effects
on medullstion, The effects on fibwe length, which
ero in opposite divections in ocarly and lete follleles,
have been shown to b due o the gonee affecting theo
funetion roleting the efficlencies of folileles to
thelir age of initiation, The sections following thip
snalysis of the the birthecoat have shown that the
effects of the genos on tho mature flecee, exoopt tha
on shedding, ¢en be taken se simple extensions of ¢




- offects on the Mrtheoat, The effect on the shedding
of fibres, slthough probably csused by the effvot on
fitro growth vates, s not o simplo extension, einod
ghedding can be conoluded to bo due to the intorsction
of fest growth with the 'crisis' mochanism, Ilowover
it is probeble that the inoresse in shedding 1s &
direct corollary of the incresse of fitwre growth rates
‘l.n.tbmunwotﬁotmtbﬂom
 In the sections on trown pigment and regiomsl variation,
 mochaniems heve boen suggested which pelate these to
 the fast growth of fitwee, Brown pigment occurs
‘only in medullated fitwes, end it o uggosted Bhet
although the formation of modulla doos not ceuse the
foration of brown plgment, 1t does sllow tho exprosse
ESmotgmomobMImmmmm. |
‘mumxnmmummuumum;
‘veglonal vaplation of folllole deneity csusing verlatd
‘of the amount of fitwe substrete cvailable o esch Liselo,
Thds Lntegration of the offvcts of the N and nr gones
‘4e 11lustrated 4n figure 43, Due to the meny
‘difficulties of shoop as exporimentel materisl, &
{mummnozwmumm
‘hypothetical, In ehoop, one must bo satified with
finding & vessonsblo hypothesis, rather than wilh
eliminating all possible hypotheses,



onge of fleece to “inner~
and “outer” coat type .
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 Plgure 45, of ceuses, as in figure 41 m‘f
umumz the offects of the genes on the

\mn fleoce, mdmcm“emozmm

| !hmlmmopuplm.m
mn&mcrmm AMm-ymumf
mmmmmm-mmmhm
‘and ere ususlly much shortors This contrusts very |
mevkedly with the Hetype flocke in which &1l She males
‘have horns, usuelly very lorge, ond meny of the |
fomeles have horns several inches long, Dry end
Prasor ( -oction ¢ above) have shown that horns in the
Netype flocks can reesonebly bo tekon sa due to the
‘ection of the N and nr genes, laving shown that the
!omuummumm-n
mmmummunomtmm-cw
two problems premein to beo solveds; the developmental |

[
v
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bogses of the efficiencies of folllcles, and the
relationship of these to tlhw effeets on horne.

The comparison of tho expreseion of horne
in the verious gonotypes has shown that tho substitu -
of tho H and ny gones couses an Lnorease both in the
pefietrunce ond the expressivity of horms, where
penotrance 48 the powvoentege of animals which have
howne, ond expressivity is the sise of the howne
which thoy have, The correlstion of the penetrance
end tho esproc-ivity of horns sugpests that the aotion
of those genes 4s not to cause en initiation of the
difrerentietion of hovns, but wether Lo csuse an
incresge in the rate of development of an already
cccupront sequence of horn differentistion, This
peint osncot bo verdfied without date of thw eoarly
phagos of horn differentiation and thelir compprison
botwecn letypo and noNelietypo.

21though meny workers bave exsminod the
devolopment of horns, thw sequence and interede
of the various perts of horne eennot be mmzmxnz:
dofined,  Humepous workers hove reported thet the
hone core of horms originstes from s sopsrate oselfe
festion centre, whieh leter fuses with the frontal
mumummmmmntmwmr
( Dove 19386, Duret 1006, Merehi 1907, Romuwra 1986)
The latter suthors, from the use of transplentation
mothods come to the conclusion thet bhe kepetogonous




tissup dotermines tho formetion of tho os cormu which
develops into tho horn spiie, Dove (1086) found

" an inhewent potentiality for ossifficetion existing
poriostewn, which when trensplented froe in thedr
enbryonie condition to a foreign region, aif

into bone, This differentiation of comnoctive tisoup
ond deovsal tissue into bono ( oo corma) does nob
reguire o sbtimlus from the mm apidernie”

Dove found that the horn core anlege liee
in the connective and dewmsl tissue, 6nd ho domonste
poted by trensplantetion thet thde enlage could induce
the frontal bomes of the simll looated under 4t o be
modified into hovn base, Tho horn core snlegs leter
fuses with tho hown base to form the horm bome. e
mmmmmmuuummmm
koratin shosth tiseuss sre both fully determined et
birth, end thet it wae impossidle by operetive
mothods to redireot the 4ifrferentiation of either
tissues, The ow cormu when trensplonted does mot
indues the formetion of o horn shesth by the epldersds
1lying sbove tho grofted oo corou, and vice versa,
After birth the osoifying tlssuss do not interect
determninatively with the keretinleing tissues, Ue
statos however " there mey Yo & pre-nstal intersc
put that * until thovro is genetic ovideonce to pequire
o different interpretetion phe development of horne




in ell ite diverss menifostations cen be atiributed
to the prosence of & singlo gonetic fuetor controlif
the production of one leeding character » tho os o
by which 81l thw remeining purts eve »roduced ae
:.mmnorw. |

ﬁmmﬁmm-tnﬁt.mtn _
uﬂuermumummxmutu
simll, Uo has not shiwn thet tmummmuth
formation of the hoim shosth or vico verss, since
guch divection ccours, 3L ot all, before Livbh,
Thovefore thyee possibilities exist. (1) the os
cormu $6 an induction centre whdoh before birth
irvoversibly dotermdnes the formation of the horn
shoath, end whioh after birth, veversibly
tho formation of the horn bese, (8) the keretin e
is an 4induction centre which irreversibly determines
the formation of the os cornu bDefore birth, which
4n ites turn determines the formetion of the horn base,
{3) nfoth the keratin sheath and the oe cormu are
irreversitly determined before birth by some wnde
tisme, The fMiret slternative places the
site of horns in the deormds, 7Theo second alternative
pleces tlwinduotion site in the epldermie, The
prosent deta does not allow decision between those
alternatives, lowover the lest eltemative L8 not
sofentifienlly useful in that 4t doos not Andicate
any mothods of enalyeis, and therefors sttention Lo




. pompentroted on the firet two alternatives, It will
be shown below that the tiseue apociflcity concept
of gene action { Crunebvorg 1043) indicetes fyom the
offect of the i and nr gones on folliule mm
- that the epidermel induotion of the Aifleroctistion
of horns Lo the most likely,

The analpeis of the effects on fibros
showed that these can Lo rossonably argned o b
corollaries of an initisl effect of tho genes on tho
officionoios of folliclea, The efficiency of a
folifele 4s the velue which that follfele hes 4n
compstition with other follicles for fibre substrete,
oalpin { personal comrmunjcation) in studice of the
“relations botweon the dimensions of & folilele, end -
the vete at which 1t forms ite fitwe, has shown thaf
the fllwre growth rate 4e closely cormelated with the
depth to whioh the folllele extends into the skdn,
This suggeste that the efficiency of & folllele s
a funation of 4its sise, eitier becsuse of the area
sveilable for absorting fibwe substrete, or bessuse
of greater ocapillsry connechion, If this 48 go ¢
mmmuthonmwmmﬂmwmrzrt
can bo resclved as due to an initisl setion on the




mochanden determining the depth to which follicles
grow into the skin, This mechanien can huve ono of |
three possible offects, (1) & genorslised effoct on
the folliele ss & whole, determining the *0ielda' of
both the dermel end the opidermal constitusnis,

(2) o specialised effoct on the dermel pars, which
then esuses dirvotive changes &n the epldermel part,
(3) o specialised effect on the opiderml pert whieh
thon couses dirsctive changes in the dermsl parte,.
The ﬂmﬂdﬂnqﬁnmnwm Mkely in view of
the hoterogesneity of componont tiseuss of folliecles,
but 4t cennot be discesded vs a possibility. lowever
attention i» move usefully concontreted on the latier
altornatives, since one of these appears o be mOre
probable, Before considoring those a short rosume
| of the dewolopmant of folifcles will clerify the
doouea,

The folliecle commonces dovelopments se
o downwerd directed growth of ¢ fow eolls of the
malphigien layer of the epldesrds, This growth continues
until 4% forms @ rod of colls projecting into the
Gormis., The first pign of e dermal interactien ovo
when @ mnmxummrmuuermum;z
folliole plug, bhecome orgenised into 8 compsot bell
of dormal tisrue, which &z the pro-papills of the
folliele, T folilels plug growe sround the papllls




untdl 46 neardy onoloses 4%, snd then both grow
word farthor dnto the dermis, ©he comploted fol
conoints of @ long tube of epidormel celis with e
ewollen buse which partially enclosca tue dermel
papllla, The surface of the popdllis fecfag Lut> the
folilele 4e covered with o sheot of epidermal cells,
and the fibwe is formed by division of these opidormal
golls, The fibwe s thevefore totally derived from
eridermal celle,

The wovrk of Weng (1944) hes clearly indjc
atod the funotion of tho pepilis in feether follicles,
Peathers in different reglons of the fowl grow at
difforent rates, ond e trensplented both folliele
papilia which hsd been denuded of the epidermal
covering, snd phdoes of noutral tisswe ( feather
| pulp eto.) into folllclos of a different reglon,
The resulte of the transplente weore deduced from the
charactors of the feathors grown by the operatod
folifcles, The results of those transplents ohowed
thmt they ave soon covered with & slwet of epldermal
colle,widenh form & feathor only whoro & pupille has
boann transplicnted, The rato of growth of the fea
eorresponded to thet of thw host not thw donor region,
Thds shows that the pupilla has no directive funct
on the vate at which the epidemuls grows & feather,
| but that 4t is necessary op on activator of undefined
foathoy growth,




Ixtrapoleting these rosults of expe
on feather growth, 4t iz suggested that in the
of fibres the epidermis determines the rete of growth
of th fibre, ond the papilla dotormdnes tiw mmﬂrn
and maintenance of this growth. Since the i and nr
gonos affect primarily the vetos st which fitwes re
formed, 4% foliows from tile enclogy, thet the
primayy dra“ otﬁthun genee is on the epidermal
pathor than tho demmel constituent of the folllele,
it has been concluded shove that ‘b!-
primapy effect of the genes leading to the formation
of horns may be epidermally, or dormally located.
4nee 1t ia probeble that the primary offect on fitwes
ds opidermally locsted, 4t foliows from the concept
tho tissuo specificity of pene action ( Cruncberg
) that the epidermel Snduction of horns 1o the
iikely. One cannot exclude the possibility that
he offecte on fibres and horne ere dermal in location,
sgpoct of the lebype problem will require MM&L
tudy 4f o solution 4s to be found,

The cogplete podigree of causes of the
wtype effocts 4o shown n figure 44 4in terms of the
nes having an foitial ection on the vetes of growth
f the ports of the opidormie concorned 4n the kers
sed outgrowths of the horne and fibwres,
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Figure 44, Complets pedigree of couses of the N end
ne s offoots on horns end fleece, on the postulate
that they have a primery sciion on the keratinisati
sequence of tho epldomsie, which in the horn posdt
opidermis vosulte in the tion of homne, and in
otiwr opidermis results in the fommtlon of fibres,




! The sbove serics of papers have detailed
|genetie and developmental dets on the d4ffer-ness
botween the Helypoe and noneletype streines of sheep,

Prom this information several hypotheses have been

formulated with the intention of providing & colerent
pohene of explanation, which sould b0 used asz & bosis
for rigorous disproof snslyses snd experimente,

m segregation data, ecollected over s
vory long poried by ./, u0.Dry, ehow conclusively
thet the mein genetic delerminants of the Netypo/none
Hetype diffovence, ore the N end ny goncs, iowever
some abnormel segregstions indicste that two other
gones, D and Dy, affect tho dominanes velations of the
¥ end ny genees the D gene affecting the dominence of
the offeocts of the N gene on the birtheost, and the
e gene affecting the recossiveness of the nr gene on
both the birthooat and the horma. It would be of
interest to heve s compleote deseription of the genes
afrecting the Netype syndvome,

Orosgas of letype Homney sheep onto thw
dneolh breod heve shown an intensificstion of the
yodrono, whereas cproasses onbto the Soublkiown bysed

shown & diminuition of the syndrome, This aapoct
f the goneties of the N geono is of marked interest




eince ite lavestigstion mey lead to am explenation
of the factors, genetie snd dovelopeental, whieh
determine the dirfervnces hetween the longweol flecoe
of thae ILincoln and Romnay hrecds, ond the Down shors
wool flecce of the Southdown M.

Some sspuete of the integration of the
Hetype syndrome wquire further study: the erisis
mechonisr of shedding, the correlation of the uwv#nu
of wodullstion with ineressed fidre growth retes,
Ghe formation of browm pigment, Wt the developmental
aneliysis of the Nebype syndrome hee shown thet a
rossonable argument con bo made for all the effects
on the flecce being consequences of on initiel efrect
on the growth rates of fibres, 7This initial ofrect
on fibre growth rates Lo fteelf complicated Ly the
@onea causing an ineresge in the growth rates of the
firet fibves, and a decresso of the growth rates of
the last fibres,  The complexity of the effects on
fibvre growth retes cuh bo resolved by conaldering
that the infitial agbion of the gones is on the offtciencies
of folileles, and thet the gonoe osuse & mapked
inorease of the effieclencies of the fivet follicles,
end my 8 small inereuge of the efficiencies of the
last ':onuua. The result of these disproportionete
dnorossos 48 that the last foliloles, although they
have slightly inoreased officlencics, actually obiain
less £ibve subatrate L.0. elthough the genes have




the same type of primery sotion on all follloles,
merkod diffevence in the degree of this action t
soarly and late folifcles resulte in the lest folllelk
showing & small change in tho opposite direction to
the large change whfoh occurs fa the fMret folilecles,

The ofrficloncy concopt hos been derived Lrom
the foromlsetion of & number of postuletes, ocansh of
which is dorived from sosnly ovidense, It As nocosspyy
to exsnuine these rigovously: the correletion of w:’
size with Pre growth vates, the varlstion of fibwe
growih retes with folllecls deneity, Glw relationship
of fibre growth rutes wheon measured es weight, length
or diemeterys The variation of fibwe growth prates
with changes of folliocle density ean bo compared
esperimntally, by moans of single fol fole -tm:phha
between reglons of the same animal whioh d4ffer in

14cle denaity,

The Netypa/noneietyps diflevence within
@ breed, parellels very siuiler difforences botween
broods, end 4% 1a Interveting to epeculate that, for
differonces of flooce type, ULreods differ only in
68 aimple gonotle and dovelopmontal eystems as do bhe
Helypo/noneletype strefns, The investigation of
this penetbRlisy requires croeassy to bo made bebtween
Yearpot® bLreads auch es the Welsh vounbain breed,
and *longwool! treeds sush so the Lincoln, Homney,
and Wenslepialey Ghose crosses to be carried Lo en

\



|7, with firat generation backcrosses. In theve
progeny sxsminetions can be mode for segrogations
asing the seoring system of haloehsir abgndsncs umim
abhove, If such segregntions sre found, then iV i
neoeerary S0 tost them for seversl gonerelions Ly
baeckarognes So the ‘roecesciva' type. This should teut
tho occurronge of & slimplo gonotie determination of
fizsce type Aifforoncoa botwoen bireeds, The semd

- meterial from these crosses can be used o determine
the oxtont of develommntal correlatons of other
fleece charesters with heloehsir sbundance, end then
o developmental snalyeis cen be msde on the lince of
{the Netype work, bo determine the besio mechanism
lof differencen of {10000 Gypo.

In conclusion, the Uetypo work hug shown
how analyses of fibre dovelopment 4in sheep cannot beo
made on the hasis of ¢ fow animels, using one or two

total fiure growth, Cerbor ot al,( seo Ceartver and
2endy{1949) for ths Mulilcle population, and Fraser
al { see sections 4 end & above) for reletive Jibre
PRI PG .




Hew sealand,

Be 1203 120,

[anover, S, 30

Tlow Zealand,

heferences citodie
HeligBbationery OFffl00, :

G.B. I.no Ml-ﬂwot Am.,

s.\'ﬂ mm '] 'blﬂh "'.

Fa&“@ﬂﬂ@ﬁﬁlow-

Bariker 8.0, (1038) wool Yuality.

Carter ii.B, and 15,i,lerdy (1948)

Dove W.P, ( 1038) J.1ix.7101,00154
Dry P, (1054) B,.8.7,Agr. 463
swvences (1040) N,5.7,.50,Techs 283
Durst J.U, ( 1008) Publiohed with

calpin MM, (1036) JehgPeB0e BE1344
wuusesssse {(1036) Hmp.J JEpligre 143116,
smeseeneee  (1047) J.Agreses STIETO,
Goot 114(1040) Thoslo for M, AgPr.Sce,

wesscee{ 1041) lature 1403000,
m(lﬂﬁ) HeBad D0, To0hy 7148

Grunoberg ile (1008) FroosRoy.sot.

wessssecese (1043} J,00n, 4531e21,
Kompa e (L080) J.J0D500,V0L 80, j:::,
Lang W.R, (1047) Cordon Inet.Tock. oD
Mepohd 2. (1007) Jerub.d.2lersucht,

folrers :.'1. lul J4CeBunpt (1089)

Suthwrland De(1040) Thosls for M, Agm.50.

Wang e (1944) Physiol.conl, 303 »
Wators Re(1938) Hesoey College Publ.d,
Wilokens e (10086) arundsuge der

mturpuhuhm der isustiore. £ Aufi.leipsip,

Wildman L,B.{1937) nature 130:2686



