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A STUDY TN OYTOGENETICS IN THE SHEER,

general Introductlon,

Little 1s known, even today about the biologichl
ﬁachanism of transmission of all the desirable
Leatures that interost breeders of domestic animnls.
The present high standard of quallty of these animals,
is largely the result of the Improvement in animal
breeding beguu by Rdbeft Bakewell in Englaﬁa in 1760
Bekewoll's theories that “iike begetn like™ md
"breed the best to the best™ have bheen the rules of
thumb from which husbandmen have worked to produce
the domestic animels of todays For centuries prior
to Bakewell's time, superstition and mystery hed
surrounded the ﬁ&maamiaﬁign of breeding and sex
determinations Aristeotle, welting on this subjeet
in sheep, sitated that "the lambe are white br black
acgording as the veins beneath the tongue of the ram
are white or black® and that "sex is debermined by
the notore of water drunk, or the dlrectlon in whieh
the wind is blowing during copulation™,  He suggested
facing sheep into the North wind during meting to
profduce maled, Even Damein, in 1868, whilé paying
tribute to the breade?m-@f domestic animals Lor the

quality/



quality thelr skill had produced, friled to offer any
solution to this Impesing riddle of inheritance,

At the same time ss Darwin wae expoundiﬁg hig
evolutionary postulaﬁ@a,ﬁthe basic experimente which
were bo form the foundation of modern genetlcs were
being carried out in en Augustinian monastry by the
monk Gregor Mendel (1865)., Mendel's work was to Lio
undiscovered for over thirty years till 1901, when
thres investigators, De Vrles in Holland, Correns in
Germony and Techermak in Austela found Mendel'as
papers and proclalmed thelr importances Mendel
showed that heredity materials consist of genes that"
segrogate at gamebogenesls, This faet, coupled
with the experiments and ohservations of Boverl
(1887=1902) and Hertwlg 1876, that heredity was
trensmlitted by the nuelel of the egg and sperm left
the final problem of solving the gssoclation of the
nuelear material the chromosome, (Waldeyer 1888) with
the genes, the hereditary trensmitters. A eytologliet,
WaBe Butbton in 1902-1905 offered proof of this
relationship in his work with the lubber Zrasshopp ers
Sutton further coﬁfirmed the suggestion of Montgomery
(4601), that members of a chromosome group have a
characteriatic/




characteristic size relationship, The execlting

step in the establishment of the role of chromosomes

was when MeLung (1902), acting on his own and
Montgomery's (1901) observation, suggested that the
accessory chromosome found in the insect specles
Orthoptera, was o sex determiner, but thaet the ovum
was B8h4ll the finel selector of sexe Gradually the
anta in sex determination have been uncovered by
others as well, including Wilson (1905 and 1906) and
Bridges (1913 and 1916) until we now know for our
hlgher enimels and man that the male is the result of
8 heteroganetic fertilisatlon and the female a
homogemetic fertilisations

The gene chromosome relatlonship, the determination
of sex by chreomosomes and finally observations by
Horgen (1911) and Sturtevant (1913), showing that the
X chromosome in Dresophlla not only contailned
espential Pactors for sex determination, bhut other
factors which were linked te this chromonmome and
further that these faclors are sxrranged in linear
series, have largely formed the hasis of modern
genetlcess

The study of geneties has grown into two somewhat
complementary but not always united subjects,

Classical/



CGlassical genetice as applied to mammalien and humen
breeding is a highly conceptual subject based on a
largely mathematicel system of deduction. Cytogenetics
on the other hsnd has heen the subject of the eytologist,
meking his crude but nevertheless palnsteking observa~
tions on the visible nucleoar elemenis, the chromosomes.
The division between these two subjects has been jJolned
on many occasions with studies on plants and insects,
wﬁich have a muech simpler chiomosome complex than
our farm anlmals and mans

The elasaical. exsmple of this is shown in the work
on the lavge sallvary glend chromosemes of various
Dipteran insectss These were Tlest reported by
Balbiani (1881), but their true structure was
initilally demonstrated by Heltz and Bauver (1933), who
gshowed them 4o be paired homologous chromosomes,
Painter (1933, 1934 end 1935), in applying the
salivary gland tecimigue to & ecytogenebicel analysia;
was oble to show banding of homologous regions
between the paired chromosomess The view was then
expreassed by Bridges (1934), that there was an
assoclation between the salivary gland chromosomes
and normal mitotic chromosomes as seen alt pPro=
metaphase,  The enormous amount of work which
followed/



followed these findings on Drosophila was carefully
recorded and snalysed by Bridges (1944) who was able
to correlate the banding (genetic loel) with
vhenotyplc expression over some 5,000 characters.
fhis then cen be taken as a model of ecytogenetics
made peasible by the freak situstion of the giant
chrromosomes in this insect,

Until recently the greabest barrier to mammelian
chromosome studies has been the difficulties involved
in making suitable morphological preparations, The
extent of this difficulty need barely he emphasised
when it i considered that it was not until 1956 when
Tiio and Leven reported the human ehromosone
complement as forty s8lx and not forty eight as had
been thought praviomﬂlya' In spite of this difficulty
and also the fact that the gene complex of mammsls is
far more complicated than a simple insect such as
Drosophila, a gtart has been made, and a very good
start to wnravel some of the mystery asscclating
phenotype with the chromesomal pattern, particularly
in man,

It would be unrealistic to clalm that the
inveatigation of cytogenetical problems in farm

animals/



animals could offer as immediate help to veterinary
prachice as the study of human cybogenetics has to
madicine, However the fact thet a start should be
made along similar lines on investigation as is being
done in human wmedicine is obvious for several réﬁsons.
Firvetly, there are so mony similarities between our
subjects and it is highly probable that veterinscy
studies could make sn agsistant eontribution-to
medical studles, as is séen in the grest interest
ghown by medical cytogeneticists in the hovine
freemartin for éxampl@. (Chno Trujillo, Steniua,
Christian, & Teplits, 19623 Goodfellow, Strong &
Stewort, 1965),. S@aanﬁly it would be wnwise for the
velberinary profession to ignore the development of

the skills of eytogénetics which could have a useful
place in the lovestigation of many aspects of
Infertility in pavbicular and developmental disorders
of our farm enimels (Bishop, 19643 Pskes and Griesemer,
1965 )

Many humen developmental diseases csn now bo
assoclated with chromosomal shbnormalities, and 1t is
to the great credit of the investigators of these

ghnormalitien/



abnormalities that concurrently a most systematic
methodology for investigatlion has been evolved in so
short a time. It is therefore pertinent to survey
briefly some of these diseases and retrace the
advances made in human chromosomal technique within
recent yearss Of all the chromosomal abnor&alities
unearthed in men those involving the sex chromosomes
have prabably been the most éxtansively studied and
hava ylelded some of the c¢learest information as to
the cause of abnormal phenotype. Probably thé main

reason behind the rapld development in this perticuler

4 fileld was the discovery of sex chromatin and the

recognitioh of 1ts significance, even beflfore chromosome
studles had begun,

The Role of Sex Chromatin,

Nineteen forty nine is usually quoted as the date
of discovery of sex chromatin by Barr and Bertrem
while working on the neurones of the cats These
workers showed that when stained sultably the nerve
cells of the cat showed a sexual dimorphism, A small
dark staining body was present in cell nuclel of the
female cat but not in the nuclel of the male cate This
body found in female cell nuclel only, was originally

referred/



referred to as the Barr body, but is now mbre
generally termed the sex chromatin o4 ¥e While Berr
and Bertram Cirst discovered sex chromatin in memmals
and subseguently did much to advance our present
information on it, the original discovery is due to
Smith (1944 snd 1945) who found the cells of the larvae
of the spruce~bud worm could be differentiated
sexually by a dark staining boady in the nucleus of
the female cellss Smith (1945), further suggested
that this method may be useful in mammales for studying
pex ratios before differential mortality could distort
* the primary sex ratio. |

Apart from cgonsiderations of the properties of
sex chromatin and its relationship to the X Chromosome
which will be discussed later in Section I of this
theais, the Tact that sex chromatin is present in
female cells and not male cells is one of.tha axionms
on vhich medical cytogeneticas restis.

Following its original discovery, the kunowledge
of sex chromatin has increased rapidlys Barr,
Bertram and Lindsay (1950) were able to show that a
sex difference occurred in human sympathetic ganzlion
cells and later Graham snd Bary (1952) showed thet the
sex/




sex dimorphlsm wes not confined to nerve cells alone
but was present in a high perceantage of cases in the
cells of many other tissues of the cat. The advance
in information of sex chromatin now developed very
guleckly and it can be sald that 1t became part of
medical cytogenetics when Moore, Graham and Barp

(1953 ) showed 1ts presence in femsle skin biopsies and
also that of an hermaephrodite. In 195L Moore and
Barr showed its prasenca'in many other cell types
examined in man, As a result of skin biopey
technique, Polani, Hunter and Lénnox (1954) and
Wilking, Grumbach and VanWyk (1954) were able to.
demonstrate that many patients with X0 Turner's
syndrome (gonadal agenesis) lacked sex chromotine

This added aonfirhatory evidence that sex chromatin
was linked with the X chromosomes  When Moore and
Barr (1955), and Marberger, Boccabella and Nelson
(1955), found that sex chromatin could be demonstrated
1n buccal mucosal cells, the path lay wide open for
extensive survey application to c¢linical sbnormalities
asgsoclated with cexs Several groups of workers
including Riis, Johneon and Mosbech (1956), Jockeon,
Shapiro, Uys and Hoffenbyrg (1956), Plunkett and Barr
(1956), Nelson (1956) Sbhvael, Gabrilore, Gaines and
Soffer/ | |
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soffer (1956), were then able to find thet sex
chromatin was present in the majority of patients
with Klinefelter's syndrome (primery micro-orchidism),
(KKY Chiromosome complement)s |

The comparatively simple finding of Davidson and
- Smith (4954) that a sex difference could be demonstrated
in polymorphonuclear leucocytes of peripheral blood
added yet another rellable dlsgnostlc precedure to
medical cytogenetice, When techniques became
availsable from 1959 onwards for the studying of human
chromosomes, a striking corrélation was revealed
between the sex chrometin picture and the nunber of
X chromosoines in the individual concerned, The
presence of sex chromatin is assoclated with 2 X
chromosomes as in the femalé and its absence with One X
chromosome ashin the male (Stewart 1960), This
correlation betweeh sex chromatin and the number of X
chromosomes has besn of untold value in checking the
chromosomal cemplement of patients in medical genetlcs,
Further, the rapld advence in sex chromosomal,
Inowledge in relation to bobth Klinefelter's and
Turner’s syndromes can be attributed to the fact that
by nuclenr sexing these aésea could be more easily

detected./
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detectbed, This latber fact is evident by the large
scale sweveys using nuclesr soxing, carried oul on
male patients of menbtal deficlency hospitals by
Perguscn=Smith, Lennox, Mack and Stewart (1957),
Feyrguson=Smith (1958 and 195939 Boxpry Shaver, Capy
and Plunkett, (1959) and MacLean, Mitchell, Harnden,
Willlams, J‘éc@bs, Buckton, Ballile, Court«Broun,
MeBride, Strong, Close and Jones (1962). In these
surveys approximately 1% of patients were found to
be chromatin positive cages of Klinefelter's syndrome,
which vwag higher than the incldence of two peﬁ
thousand found among the general population at blweth,
by Maecleon, Harnden, CourteBroun, Bond snd Mantle
(1964.),

Similarly, sueveys on female pabients of mental
hogpltels by Fraser, CGampbell, MacGillivray, Boyd and
Lennox (196@), Sandergon ad Stewart (1961), Johnston,
Fepguson~Smith, Handmeker, Jones and Jones (1961),
Moglean, Mitehell, Harnden, Willlams, Jacobs, Buckton,
Baikle, Cowrt=Brown, MeBride, Strong, Close and Jones,
(1962), Hamerton, Jaglello and Kirkmen (1962), Davies
(1963) and Ridler, Shapiro and MeKibben (1963), have
shown thalt the evidence of Turner'sz syndrome without

sex/
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sex chromatin was four per ten thousand and incidence
of the female XXX briple X syndrome was four per
thousand,

It ecan be sald therefore that when improved
methods of chromosome examination hecame aveilahle
hy the development of bone marrow ﬁechnique of Ford,
Jacobs and Lajthe (1958) and now universslly accepted
leucoeyte culture technique of Moorehead, Nowell,
Mellman, Battips and Hungerford (1960) the practical
application of nuclear sexing had shown clearly the
dlrection in which these more sophisticated teeﬁniques
eould be ubtilised most effectively.

Chromosone Studies in Nen, |

Within the space of a year, thiee important

dlseases Ain humen medicine were shown to be assoclated
with a ohromosomal sberrations In the first cose,
Lejeune, Gautler ana Turpin (1959) demonstrated a
epecific chromosomal ebnormulity in mongolism (Down'e
9yndr6me), in which ong of the small chromosome of the
aorocentric group, G or chromesome 21~22 according to
some suthors, is present in triplicate, (trisomy Gle
Much, infermatiqn has now been gathered as a conseguence
of this original finding and meny cases of primery non
disjunction, Down's syndrome or mongolism (Yunis 1965)
have/
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have been descrlbeds  Anotther type of mongoliem,
called translocetion mongolism was shown by Penrose,
1148 and Delhanty (1960) to have the normal number
of . chromosomes (u6),lbut an sbnormal chriomosome in .
the %6-12 chromosome group. This was interpreted
as being a 15/21 chromosome translocation in which |
the gbeatar vart of chromosome 21 had become attathed
to chromosome 45 The‘mangclnid patient had two
normal chromosomes 21 in addition, and so was in
gffect trisomlic Ffor chromosome 24. In some cases
siblings were affected and it was found that the
mother carried the sbnormal chromosome but hed 45
chromosomes and only one chromosome 21,

While mongeolism is an autosomal chromosome
aberration, the_ether two chromosome abnormalities
diaeoveréd at nearly the same time involved the sex
ChI OMOSoMes., Ford, Jones, Folani, de Almeida and
Brigge (1959b), aescribed a patient with Turner's
Byﬁdrame { Turner 1938), who also had forty five
chromoesoness The chromesome missing was an X and the
patient was chromatin negatives Klinefelter's syndrome
(Klinefelter, Reifenstein and Albright 1942) was the
third of these diseases to be found associated with a

chromosomal/



14

chromosomel abnormality by Jdacobs and Strong (1959),
who demongtrated forty seven chromosomes and an XXY
sex chromosome complements The finding of these
three mejor chromosome’ abnormalities in so short
time bas heen feollowed by innumsrable reporis of cases
of similar nature to these and in édditien many others
have heen added and are beling added continually to
an alieady formidshle licte From 8 purely
chromosomal viewpoint, these cases fall Into one of
two groups, those in which there ie an sberration of
one or more of the autosomes and those cases involving
the sex chromosemes, It is the latter group which
are given more particular study here, since sexual
abnormalities of the sheep form & large part of
this worke

Sex.thgmgggmﬁ Abnormelities in Man.

Turner's Syndromes

The work of Lindsten (41963) ond Ferguson-Smith,
Alexsnder Bowen, (Goodman, Keufmann, Jones end Heller
(1964) and Ferguson~Smith (41965) in particular have
shown the wide veriety of both phenotype end
chromosome”. patitern that can be expected in one
8yRAPOMeG, Thé original syndrome described by Turner

in/
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in posit~pubertsl fanalee was characterised by short
stature, infantelism, streak goneds and other
aaabciataﬂ congental mallformatlonss These features
are seen in the classlical chromosome' case deseribed
by Ford et al (1959b) assoclated with monoscmy of the
X chromosoms,  Ferguson-smith (1965), describes no
fewer than [fifteen keryotype cotegories from 307
reported cases of Turner's Syndrome. Within these
categorigs are excellent exemples of some of the
various types of chromosome! change reported to date
in human chromosome studles,  These include the XO
group (EMeupIoTAY the XX/X0 chromosome mosaic(@?buohy,
Lamy, Frezal and Ribier (1962a) in which two cell
iines con be domenstrated, an XO/XR/XXK mosaic series,
Caxrr, Morishime, Berr, Grumbach, Luers and Boschann
(1962), with three cell lines and a ring X chromosome
nosaic group in which one of the X chromosomes is
present in the form of a large ring (Lindsten and
’1&1113@6?, 1962)s Two groups of cases are present
showing the presence of an Isochromosome X
repregenting the transverse division of the X .
chramosome at the centromere instead of the normal
longitudinal divisions One of these is an

isochromosome X,/
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 isochromosome X, of the long arms (Lindsten,

Prancearo, Ikkos, Keijser Klinger and Luft (1963},
and the other isochrémoaome X of the short arms,
Anéthﬁr two groups of cases of Turner's Syndrome are
reported in which there is a chromomemal delebion of
elther meat of the long arm (Grouehy, Lamy, Frezal
and Ribier, 1961), or most of the shert arm of one of
the X chromosomes, (Jacobs, Harnden, Buckton, Goupte
Prown, King, MeBride, MacGregor and Maelean, 1961).

It has further heen found from studies on Turner's
Syndrome that the abnormal X chromosome ls the
inactivated chromosome and sex chromatin Fforming
(McLean 1962)s Tt is stlll pertly genetically active
however and by céﬁeful comparisons between the wide
varlety of phenbtypes amd'chromosomeﬁ patterns
presented in Turner's Syndrome, & distinet assoclation
can be drawn bebtween certain of the Turner stlgmete
and parts of the X chromosome, Thered is suggested
evidence (Ferguson~Smith, 1965) of areas éf homologous

locl between the X and ¥ chromosome in mane

Klinefelter's Syndrome

Of all the humen c¢hromosome: dlsenses, the
incident of Klinelelter's syndirome is the highast.
The/
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The incident 1s quoted as high as 3% of meles attending
an infertility clinic (Perguson~Smith et al., 1957)..
The most conatent clinicel feature is sterility
aagoci&ted wiﬁh prim&ry-mioromerchidism, Severe
shigmata a8 seen in Turner's Syndrome do not appear
to occur, but there would appear to be a higher
incidence among the mentally subnoﬁmél (Xaplan, 1961 ).
Tﬁe chromosome’ pattern can be represented by an KXY
karyotype, an XXY/XX mosaic pattern (Ford, Polani,
Bﬁigga and Blsnap:1959), or an XXXY {(Carr, Barv,
Plunkett, Grumbach, Morishima and Chu 1961), or even
XXXXY (Fraccaro, Kaijsern and kindsten 1960). The sex
chromatin pleture corresponds with the number of X

chromosomes, but one, present in each of these cases

- and as many as three sex chromatin bodies have been

seen in XXXXY cases. - The discovery of the chromosome..
pattern in XKlinefelter's Syndrome has added much to
the knowledge of the ¥ chromosome in mane The
evidence 1s very strongly in favour of the fact that
the ¥ chromosome is mele determining and responsible
for testiculsr formation (Ferguson=-Smith 1963). and
that the germ cell dysgenesis seen in Klinefelter's
syndrome la due to the genetic inbalance caused by

the additional X chromosomes,

Teioomy/



g 18

Trisomy X in Drosophlla es described by Bridges
(1921) produces what ls bermed a super femele Fly
which is usuelly non~viables In man however trisomy
X i compatible with life (Jacobs, Baikie, Courte
Brown, lictregor, Meleen and Harnden 1959), aild that
in many casaes only & mild phenotyéia ef'feot ﬁ&s
produced (Close 1963), as compared with the sutosomel
trisomieas &8 contrast o both Turner's and
Klinefelter's Syndromes in which all cases are
sberile, some cases of trisomy X are koown to have
normel ovarian function end bear children (Fraser,
Campbell, Maeéillivray, Boyd and Lemnnox, 19603 Stewart
and Sanderson, 1960),  As peinted oub, most cases
of triple X or trisomy X have been found by screening
tests carrlied out on patients of mental institutions,
As with Turner's Syndrome, and Klinefelter's Syndrome,
cases of mosalceism have also been reported (Day, Larson
and Wright 1963), end in other cases four or five.x
chiromosomes have been reported (Carr, Barr and
Plunkett 19613 Keseree and Wooley 1963).

The ¥ Chromosome: Abnormalities in Man,

The Y chromosome is the bearer of masculinizing

factors/



Factors in mans Bvidence from Klinefelter's syndrome
and more recensly o case of true hermaphrodltlsam
(Brogger and Aagenaes 1965), suggeet that 1t is
responslble for inducing btestlienlar differentiaition
in the primitive gonads Numerieal aberratione have
‘been reported in the ¥ chromosomes One case wlth
two ¥ chromosomes was fertile and phenotyplically
normal. (Sandberg, Koepfy Ishihava and Hauschka 1961 ),
and anobther had Klinefelter's Syndrome (Carr, Baprp
and Plunkett 1961)e  Structural sbnormalities aleo
occur in the Y chromosome end great poHly-morphism

in sime has been demonsbrated without any obvious
phenobypic effect (Jacobs 196L)e Theavre are however,
raported cases of giructural abnormalilies of the ¥
chromogsome with abnormal phenotype, such as the Y=Y
translocation reported by Yunis (1965) and a deletion
of the leng evm, (Vaburu, Patbton, Voorkess and

Gapdner 1961 )

Several cases have how bheen reported in which
hoth male and female ¢ell lines are present in one
or more tissues within the one individual (Gariler,
Wexmen and Giblebt 49623 dJosso, Grouchy, Auvert,

Nezmelof/



Nezelof, Jayle Moullec, Frezal, Lamy and de Casaubon
1965) and a variety of intersex phenotypes have been
pregented as a conseguencss, - No Mrther reference will
he made at this stage since a full discussion on the
aex chromosomes and hermaphroditism is found under

part L.  The use of chromosome studles jn the study
off Intersexuallity in man hes however added a fupther
diagnostic tool for determining the future treatment
of these casens +

Non-Digjunetion of the Sex Chreomosomes,

Although merpheloglcally abnormal chromasamas
h&ve heen reported on many oceasionsy in the majorlty
of cases of the discases descrlhed, the chromosome.
ghervation 18 one of numbers Iither hyperdiploldy
as in Klinefelter's Syndrome, triple X end éé%iﬁzéa
mongoliem, or hypodiploidy as in Turner's Syndrome,
Changes involving number are collectively termed
aneuploidys The orizin of asneuploldy is nob
diffieult'ﬁo postulate, and is best described by the
mechanlsm of non-disjunction (Bridges 191ﬁb)§ Hon,
dls~Jjunction implies an ebnormal ceell divislon in
which the newly divided chromosomes faill to go to the
opposite poles of the'eall spindle, bul remain attached
to one another and pass to the same pole, so that on

the/



21

the two newly formed cells one has one less
chromnosone and the other has an extra chromosome.
it is pogsible that non-digjunciion could occur atb
one of two places (PergusoneSmith, 1961; Leanox,
1960), either at the {irst cell divislion of the
sypote in a female cell and the result baeing
FEA and X0 cells, one of these could be eliminated
and trisomy X or Turner's Syndrome results On the
other hand, non-dlsjunctlon during gemetogenesis
offers a simple explanatlon of many of the numerical
chromosome”. aboormallitieog.

The resulbs of fertilisation of these nbnormal
gametes by normel gonetes 1s clearly summarised in

e L ’
It A {j; - :L ™



Figs Ze Disgremmatle Representatlon of
Meilosic NopsDisjunetion of the Sex Chromosomes

{ Afber FergusousSmith)e
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Chromosome Studlies on Abortuses and S4illiborn Infantse

The recent assoelation of chromeosome abnormality
with some cases of abortion in humens should ralse
conslderable Jntereat with veterinarisns, who are

showing 1n¢r¢aaing iﬁtevest_boﬁh-in embryonic death

 (Boyd 1965) end unexplasined causes of abortion and

apparently irpeducible level of infertility in livew
stock (ﬂi&hop 1964)e |

uahmid (1962), ahawad an qbnarmal karyotype in
one parent of £ gouple who had had two unsuccessiul

pregnanales due to abortions Clendenin and Benirschke

(1963), noted three ceses out of ten abortions studied

t0 have abnommal chromesome picetures.' Thiede and

‘Salm-(196u), repqvﬁed almost 60% abnormal karyotypes

among spontaneously aborted foetuses, including one

KO ka&yétype snd two cases of tetraploidy of the X
ohromosomc.-‘ The main erk in this field however
has been cnvri&d out by Carr (1961, 196J and 1965).

The last pqper by Carr emphasised the high incldence

of chromosome abnormalities in SQQntaneous abortlons

in mene It this study he showed that in an analysis

6f 200 guccessful cultures of tissues from previable
spontaneous ebortions 44 had chyomosome abnormalities.
These 4l cases included 11 specimens in which o sex
chromosome was missing, the chromosome snomoly being

the/
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the same as that found in subjects with Turner's
syndrome, 4 second group included specimens with
three instead. of 2 chromosome sets, resulting in a

chromosome count of 69 instead of the normal 46, this

lattenr anamﬁly being known as triploidys In the third

grqny of 22 cuases, culturad cells showed the presence
of oﬁavaxﬁna chromosome (trisomy)s Seven of tﬁese
hed an extra chromosome in group B, 8lx csses in
group D., Tive eases in group G, two_cames with en
axﬁra'exémantiresémbling members of group Cs, and
Finally two othera with an extra group B., chromosome.
' From this ﬁérk Carr emphasised tpat chromosomne
sbnormelities in dborted Poetusea are freguently.
‘ asaoéi&ted with atructural sbnormality of the foetus
“and that the average period of geataéi@n of such
foetuges was shorter than chromosomally normel

abortlionns

Jrith Autosomal,

ﬁb@ﬂ?%&iﬁ&wp

Apaprt from many cases of regular mongolism and
tranélaeaticn mongolism, other types of moangelold
cages are described invelving trisomy of other
chromesome groups (Edwerds, Harnden, Cameron,

Cross/
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crogse and Wolff, 19603 Hecht, Bryanty, Motulsky and
Giblatt, 1963h), and translocation of a member of the
group D éhromosomea (Jaedbsen, Dupont and Mikkelsen
19633 Hamerton, Glemmelll and Carber 1963).
Ylsochromosone formation has also been-r@porﬁea in
an. antogome of the D group in man (Thermen, rotau,

De Mors, Smith and Inhorn 1963)e  An example of
3hromgsam$ delotion in an autoﬁomé has now bheen
deseribed on several occasions in wan as seen in the
ferl du chat" syndrome, 1n which the shorl arm of a
B group chromosome ig missing (Lejeunc, Lafburcade,
Berger, Vialabie, Boeswlliwald, Seringe, and Turpin

- 4963; Patav, Thermon and Inhorn 1964).  Meny other
individual cases of phenotyplc abnormellity in man
assoclated with chromosome’ disease are listed by
Yunis (1965 )

Many workers in medical cytogenehice have
directed thelr atbention to the study of chromosome’
change associated with mallghancyes The finding of
the Philadelphla ¢hromosome and it sgssociation with
chronic myelogenous leukamia by Neowell and Hungevriford
(1960) has been responsible for directing much atboent-
ion to this flelds The Philadelphie chromosome sand

ite/
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itas association with chronic leukaemia has ﬁubaequentiy
been shown by many workers (Sendberg, Ishihawa,
Crosswhite and Hauschlke, 1962h; Tough, Gouft*ﬁﬁown,
Baikie, Buckton, Harnden, Jacobs end Williams 1962).

In acute levksemlisa and malignant tumours as well, a
varlety of chromosome changes have been reported
(Bandberg, Ishihara, Crosswhlte and Hauschke, 1962a),
and different cell lines are frequently observed

(Tube and Clavk 1963)e  Studies on theése changes

may lead to a bebher understanding on their significance
in mallignent disedses. The effect of lonizing
prodistions on the-Qhrﬁmésome pleture in man has
recelved a good deal of study, the interest belng not
only effect of atmospheric radiation but also in the
effect of radioactive drugs (Boyd 1965) and the

effect of exposure to X Ray therapy (Tough, Buckton,
Baikie aﬁa Court-Brown, 1960)

The application of cumrent cybogenetical
taechmigues in veterinary medicine iz at a very carly
8tages. The chromosome nurber of each of our:
domastic animals is koown (Gimenez Martin and
Fernandez, Lopsz Sacz 19623 and Pakes and Griesemer
1965), and culture technigues have been applled to
producing/
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producing kavyotypes and some preliminary studies in
the following species. Cat, (Chu, Thuline and Norby,
1964) , cattle, sheep and goat (Basrur and Gilman,
106yy Bilggers and MeFeely, 19633 McFee, Banner and
Murphree, 1965). Pig (Antonio and Torlone, 196L4).
Dog (Gustaveson, 19643 Fracecaro, Gustavsson,

Maj. Hnlten, Lindsten, Mannini and Tiepolo, 1964) and
horse (Benirschke, Brownhill and Beath, 19623 and
Prujillo, Stenius, Christian and Ohno, 1962).

Very few abnormalities associated with chromosome
ﬁleomorphism, particularly sex chromosone changés,
have heen discovéred in domestic enimals. As
mentioned previously, some work has been done on the
bovine freemartin, whieh will be discussed more
completely uader section Y (Goodfellow gk al., 1965,
Ohno gi; ale, 1963 and Xanagawa, Muromoto, Kawata
and Ishkawa, 1965).

An infertlile bull carryling a percentage of cells
with a sugpected additional autosome was reported
by Basrur, Gilman Coulbrough (1963), and a trans-
location bebtween two autosomes has been reported in a
subfertile boar (Henricson and Bachstrom, 1964),

Two/
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Two recent publicatieons, one by Nes (1966), reported
g case of tesitlcular pseudchermaphrodlitism In three
oulb of elght of the offspring of the NeR.Fe breed
of cattle. These had female external genitalia,
but o male XY karyotype from skin oultures. The
other wag the case off MeFeeley (1966) who showed
vhat in chromesome sindles of eight plg blastocysts,
sgven had bthe normal diplold chromosome nuwbery, while
the eighth had cells which were predominantly triploide
He reporied a further ease in a Yorkshirve gilf, in
which the chromosomes of one blastoceyst showed a
deletlion 1n one of tha-éhrom@som@a in group D in nine
out off eleven cells studieds  There are several reports
on chromosome sbtudies in infertile cats (Thuline and
| Norby (1964 )¢ Thuline and Norby (1963), rveported the
first cese of hermaphrodlitiem in a cet with both
male XY and {female XX cell lines, while Chu, Thuline
and Norby (196L) discuss a ceose of Lriplold=diploid
chimerisn in a bortolseshell cate Some of the cells
exomined dn this c¢ase had a 24-XXY complement likening
it to Klinefelter's Syndrome in man.  The classical
case of the horse-donkey hybrid, the mule, has bewn
extensively reporteds The mule ls a sterile hybrid
and/
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and chromesome studies have conflrmed 1% Lo have an
intermediate diplold chvemosome number, 63, the horse
(equua cabalus) 64 and the donkey 62 (equus aainuﬁ),
(T jilloy. Stenius, Christian and Ohno 19624

Gytag@neticél studies have been undertaken on
two neoplestie disemses of domestic animals, Bovine
lymphosarcona (Basrury; Gilmen and MceSherry, 196l
Hare, Moleely, Abi and Frierman 1964}, and Japanese
woﬁkeﬁs have reported that the Reryotypes of neoplastic
gells of doges with trensmissible venereal tumour
differ markedly from the normal dog karyotype,{Makino,
Sofunt and Tekayema, 962).

In 1964 very little roseach had Leen done on
elther sex chromatin oy the mitotic chromosomes of
the sheep and although several publicatlions havé
appeared during the period of this étudy* they are
very Limited in exbenis The main object of this thesils
was o examine the use of some current cytogenetical
technlgues including sex cheomating leucocyte
culture method and chromosome identlfication in the
sheep, and to apply these in an examination of some

gexually abnormal sheeps
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PART I.
SEX__CHROMATIN _IN _THE SHEEP.

in view of the proven value of sex chromatin
studies in medical genetics, a brief survey of the
properties of sex chromatin, its relationship to the
X chromosome and 1its position in the sheep and other
members of the same taxon ig important. |
General FProperties.

The sex chromatin body is small and well
deflned, staining intensely wlith nuclear dyes such
as eresyl echt violet (Moore and Barr, 1959),
thionin (¥linger and Iudwig, 1957) and haemotoxylin
(Barr, 1955) The fact that 1t is stained by the
Peulgen technigue following acid hydrolysis and
hag an affinity for methyl green rather than pyronin
(Iindsay and Barr, 1955) indicates that 1% composed
of chromosoﬁal materlal, namely D.N.l., Sex
chromatin can be seen lan llving cells also, by use
of phase microscopy (Miles, 1960),

Ine size of the chromatin body in men has been
estimated at between Gu7u = Le2 u (Moore and
Barr, 1954 and 1955) and is usually described as
having several different shapes depending on its

relationship/



relationshlp to the nucleur membrane, or its
position in the nucleus.

Sex chromatin has not been repar%ed in zygotes,
but it has been reporited in cells of a late cat
blastoeyst (14 days gestation) (Austin and Amorocso,
1957), and human trophoblasts at about the twelfth
day (Park, 1957). The behaviour of the sex
chromatin body is alsgo different in germ cells,
While 14 is normally present in the female somatic
cell, in the Bacyte both X chromosomes are
isopyenotic (negative heteropyonm&is), while in the
spermqé?%a the XY bivalent is heteropycnotic
(Ohrio and Mekino, 19613 Ohno, Makino, Kaplan and
Kinogita, 1961), "

Sex Chromatin and the X Chromosome.

Chromosome studies in man have shown that there
is a c¢lose association between the number of X
chromosomes found in patients and the number of sex
chromatin bodies seen in the nuclel of non-dividing
cells, As well as a number relationship there is
also a size relatlonship (Jacobs, Harnden, Court
Browm, Goldstein, Close, Mactregor, Maclean and
Strong, 1960). These authors reported finding

smaller/
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ﬁmaller than normal sex chromatin bodies in patients.
who also had deleted X chromosomes as seen in
karyotype preparations. Slmllarly larger than
normel X chromosomes have been found assoclated
with large sex chromatin bodles (Fraccaro, Ikkos,
Lindsten, Luft and Kailjser, 1960). |

The association between sex chromatin bodlies and
the X chromosome ls further strengthened by auto=
raﬂibgraphic work uging tritviated thynmidine, These
have demongtrated that the sex ehromatin body
corresponds to a late veplicating X chromosome
(Grumbach and Morishima, 19623 Morishima, Grumbach
and Taylor, 19623 Germen, 1962) and in patients with
three or more X chromosomes there arve two or more
late labelling X chromosomes (Griumbach, Morishima and
Taylow, 1962)s The abnormally large X chromosome
found in some patients is also late labelling
(Muldal, Gilbert, lajtha, lindsten, Rowley and
Fraccaro, 1963). |

These findings confirm the ldea filrst formulated
by Ohno, Keplen and Kinosita (1959), that the seﬁ
chromatin body is a single X chromosome and that 1t
is genetically inactive and superiluous as suggested

by Btewart (1960).
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Lyon (1961, 1962 and 1963), however, propoged
that while genes on the X chromosome are inactive
the inactivation occurs at random. She further
suggested that the declslon as to which X chromosome
ié to be Inactivated cccurs in early embryonic 11?@,
so that in some cells of the body the insctive X
shromrsome 1 from the male parent while in others
1t 18 from the female parent. Lyon's hypothesgis is
of great ilmportance snd while her first observations
wvere made on piebald female mice which were haterozy-
gous for sex~linked genes, it provides an explanation
for dosage compengation as &@seribed‘by Muller (1932).
A pood example of dosage compensation is shown 1n the
gene controlling glucose-6-phosphate dehydrogenase
in the red ecells of man., Glucosee~b-phosphate
debydrogenase oceurs in equal amownits in both men
and women (Marks, 1958), and yet the gene controlling
its produetion is located on the X chromosome, so that
obviously only one of the X chromosomes nust he fully
active in women. A further example of dosage
compensation was demonstrated in the X0 female mouse
which is both viable and fertile (Welshons and Russell
1959

By ecomparison with what 1s known of sex

chromatin/ -



ehromatin beheviour in man, information on the

sheep and related specles is gcarce.
Review of Iditerature on SBex Chrvomatin in the
Sheep and Related Animals,.(Arilodactyla),

Sex chromatin was first shown in nerve cells

of the female goat and deer, members of the clovenw
hoofed group of animals by Moore and Barr, (1953);
PFapther information of another member of the same
. group was produced when Moore, Graham and Barr
(1957) showed the nuelear sex of the bovine free-
martin as judged from nerve ecells, was the same as
thet of & female calf, while in the bull calf no sex
ehromatin body was seen. These anthors slso
suggested from thizs study that sex chromatin was
not affected by mole hormonal influence. These
findings of a sex difference in nerve tissue between
male and female cattle was in agreem@nﬁ with
Osuchowska and Siminslki (1957) who, while not beilng
eble to dlstinguish sex chromatin in female calf
liver cells were able to show a sex difference in
the oral epitheliuvm of male and female catile. They
reported 68.5% of epithelial cells with sn intensely
hetero pyanaﬁio grain in the nuclear membrang of
cows and in only 21% of eells of the bull.

This/ |
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This latter finding was contrary to the
observations of Struck (1961) who in a detailed
study of the sex chromatin of buceal smears of
several animals, concluded that in cattle, sheep and
goats, the nuclel of both sexes confain several
coarse chromatin granules, which showed no differences
hotween sexes. _

Lang and Hangel (1959) demonstrated sexusl
dimorphism in three tissues of eattle, They
desceribed a mildly chromotropic planocimvex mass
found predominantly in femsles as belng sex chromatin,
The tlssues studled were liver, pancraas and adrenal,
and the sex chromatin appearsd in 68%, 62% and 61%
of these female eells respectively aﬁﬁ less than
105 of male cells.

This difference, h@wever,,was only demonstrable
ﬁ@il@wing acid hydrolysis with 7N. HCL and sitaining
with thionin, Nineteen out of twenty wnidentifled
tissues were classified correctly according to sex.

Moller and NeimennwSorensen (1957) studied 106
preparations of bovine amniotle allantoldic fluld
and 28 whole mounta of embryonic membrane using
cresyl echt viclelt as a stalns On 65 fluid sampleA
preparations which were sultable for dlagnosis, seven
were incorrect bul on the tweniy-elght whole mount
preparations the sex was diagnosed ccrrectly in sach
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each case, A& dlstinetive chromocentre descrlbed
as sex chromatin, was seen in 524-68% of female
cells and only 8%&20% of male cells: These workers
conecluded that 1t 1s’unrea11$tia to tallk about
prenatal sex determination by this method bhecaune of
the inherent damage possible to the foetus butb
agreed with Fuchs and Riss (1956) that antenatal
gex determination if possible, might be of practical
value in cattle breeding and veterinary practice.
Bachs Serr and Danon (1956) showed that a correct
prenatal djagnosis of sex can be mede in human
amniotie cells. Two of these workers, Sachs and
Panon (1956), dewided that a prenatal sex diagnosis
could not be made in eattle and sheep by the
determination of the percentage of amnlotic £luild
cells with a chromocentre at the nuslear membrane.
This declslon was based of the examinatlon of
epdthellal tissue of male and female cattle
plecentae, and from 6 week, 8 week and 16 week old
male foetuses: and from a 12 week 0ld female footng.
The cells in these specimens had several chromo-
centres and no clear sex difference ag in humans,
Similer examinations in the sheep showed no difference
between the sexed,

Colombo/
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Colombo and Tosi (1958) in a study on bovine
foetal membrane cells concluded that 1t is not
possible to dlagnose the sex of the foetus from the
depoglit of amniotle or allantole flulds, because of
the searelty of cells, bub 1t is possible to determine
eytbologleal sex on the chorlonie menmbrane cells.
Using Feulgen stain with fast green counterstain
and eresyl violet, these authors elaimed in 32
gpecimens examined that they diagnosed sex correctly
in 28 cases.

Hoshino and Toryu (1958) were able to esgtablish
a clear sex difference in nerve cells taken from
varlous reglong of the nervous systems of cats, plgs,
goats, cattle and horses. This chromatin mass
oceurring in 80% of female cells was Feulgen positive
and no comparable mass in size or shape was seen in
the male nuclel. = The sex chromatin 1n nerve tissue
was not dlzided into three types as was done by
Moore and Barr (1953), adjacent to nucleolus,
adjacent to nuelear membrane and free in the
nucleoplasm. They were not able, however, to
distingulsh a sex difference in any other tissue in
eatbtle and only in the epithellal cells and smooth
musale cells of the dnodemim in the horse.

The/
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The findings in cattle of Hoshino and Toryu
(1958) were in agreement with Moore and Alyede
(1958), that bovine nerve cells shovw sex dimorphlsm
but sex chromatin was not feaagnisabla in other
Lissuesa These authors also concluded that
nevvopal nuclel of the plg are different in male
and female, but in other cells multiple chromatin
masses obscure any sSex difference. :This is again
confimmed by the findings of Hay and Moore (1961)
jn the pig,  Cantwell, Johnston and Zeller (1958),
who also worked on the plg, showed that it was
possible to debermine genetic sex of males and
female swine intersexes using the Feulgen staining
nethod, on nerve tlssue only., lNone-nerve tissue did
not reveal the distingulehing sex chromatin, due to
the presence of other coarse chromatin masses, »HLL
the intevsexes examined vere genetic fomales,
Non-nerve tissues examingd included liver, heart,
kiﬂnéy, thyroid, paneﬁéas and adrenal. |

Sehmidtke (1957) examined sguash preparablons
of grey matier brain cells from cattle, pip, sheep,
horse, hen, rat, mouse and golden hamsters. In the
cattle, sheep snd plgy thls author described anelel
of several types wlthin sexes, but clearly described
e/ |



a wex difference between mele and fomale, young and
old, for the three gspecies,

In the sheep, Schmidike (1957) commented on
the number of nueleoll seen in resting nueled,
partlicularly in young sheep. This number wag found
to vary from one to four and tended to dedrease with
natuel ty .

Although Sehmidtke (1957) showed that there 1s
a discernible sex dlfference in pnerve cells of the
ewe and the ram, his description of these was not as
clear as that of Moore and Barr (19%53) for the goat
and deew. Turther, ﬁinée only one area of nerve
tissue was examlned, it was considered that the
position of sex chrometin in the nerve tissue of
sheep should be re~examined.

In this study, no attempt was made to pursue
in the sheep the findings of Davidson and Smith
(195Y), of the accessory drumstick on a percentage
of polymorphonuelear blood cells of women. The
reason for this was that an extensive study by
Colbhy andlcolhaun (1963) showed that of the female
domestic animals studied, Including cow, goat,
sheep, pilg, horse and dog, the frequency of this
accessory nuclear lobule was lowest in the sheep.
An/
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An average of 7349.63 cells had to be counted to
obtain a single cell with an appendage, Such a
test was concluded by these aunthorsz to be of dubious
value ags a method of sex dlagnosis in the sheep.

‘mr IXNINATION O NERVE TISSUR TN, VHB SHEDE

e Nﬂmm

The object of this study on sex chromatin in
the sheep was to examine its position in both adult
and juvenile nerve tissue of both sexes. A further
gbudy was made on the multiple chromocentras
reported in amnion cells (Sachs and Danon, 1956) and
buceal aell# (8truck, 1961), to see if in fact a
sex dlfference did occur and.to what extent these
tisgsunes could be used as an adjunct 0 sex chromos
some studiess The animals used in these examinate
ions included four Scottish Blackfece sheep, two
ewes and two ramsj ' also three grey face lambs, one
male and two female.

The above animals were destroyed by
Intravenous injectlion of 15 m 1 pentobarbitone
( 3 gre per m l)ﬂ and nerve tissue form the following
reglons was collected within a few minutes of

destruction/

% Buthetal (May & Boker)
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destruction and fized 1n 10% formal saline.
(1) Cerebellun.
(2)  Bpinal cord from the reglon of the
senond cevvical vertebra.
(3} Spinal cowd from the region of the
gecond thoracle velebhra.
()  Spinal copd from the veglon of the
gecond lumbar vertehra.
(5) Spinal cord from the reglon of the
sacral vertebra.
Pization of tissues was for thirty=-six hours,
afber vhich they vere taken through the routlne
enbedding process. peady for sectioning.

This proecegs included the fellowing steps.

(L}  50% ethyl aleohol. 2 hours.
(2) 70% ethyl alceohol. 2 hours.
(3) 904 ethyl alecohol. 2 howrs.

(4)  Absolube alcohol(3 changes) esch 2 hours,
(5) Chlovofora (3 chonges) each 2 hourd.
(6) Bengmene.{Crystalisable G.,PHRe) 2 hours.
(73 Pervaffin Wax. .

(Filtered paralffin MePs HB4e56 5?98).

hours

wie

(8) TImbedded in parafiin wax.

Sectlons/



dectlons were then culb fyom sech area of nerve
Ltlasue atb 10/~ thickness on & hand opevated rotary
miorotomnes

Gut sectlons were stained with cresyl echt
violet (Coleman and Bell).

Ag a stain for sex chromabtln, cresyl echt
violet has proved very popular and its use is
described by a large number of workers ineluding
Grahom and Bary (1952}, Meore and Barr (1953) and
Elinger and an‘mﬁ.g {1957) .

It was found, however, thabt stailning sections
of male and female Bilssues mounted together, ag nsed
by Moorpe and Bapr (1953), was not practical as the
time required in crosyl echt violet was very short.
Sections so treabed in this study were invariably
too deeply stained in one or other of the sexes.
The sectlons of each sex were therefore stalned
seperately o glve better control on the degree of
s%aiﬁiﬂg; The following nedificablon of the
procedure recommended by Moore and Bapr (1955), for
gral mucosel cells was found saﬁisfaet&ry#

(1) Zylol.

(2)  bAbsolute aleohol.

(3) 7/

43
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{3} 70% ethyl alcohol.
(1) 50% ethyl aleochol.
(5) Distilled water, 2 washes.

(6} Cresyl echt violet (Colemn mnd Bell) 2%
: L = 2 minutes,

(7)  95% ethyl alcohel, L minutes,

(8) 95% ethyl alcohol, dip.

(9} Ahsolute ethyl alcohol, dlp.

(10) Adylol, 2 changes, 10 minutes each.

(11) lounted inm D.P«Xe

ALL mier@senpié examinations were made using
a Wild 420 microscope. Cells were studied closely,
uging a X100 oil lmmersion objective and X10
eye pleces. For each of the seven animals, as
many cells as possible were drawn from each of the
five different levels of nerve tissve, scoring a
maxinum of 2650 cells from cerebellum and 108 frém
spinal cord seetlions. It was not always possible
to record the same number of cells as in some spinal
gord sections, only very small auwabers of sultable
gells were prescent.

Scoring was done only on eells in which a clear
nuecleolus could be seoen. The verner positlion for
each cell drawn wvas recoprded énd sex chromatin body,

iLs



if present, was scored as being in one of three
places, vize. al the meleolus, free in the nucleo~
plasm or at the nuelear membrane,

The results of these gwmaminations are shouwn in
Table 1, which showsg the velative numbers and
percentages of cells showing sex chromatin in four
female anlmalss Flgse & to 6, with explanatlons
indiaat@ the nature of ¢alla and wvarious positlons
of the sex chromailn bhody as seored in the adult ewe
and ewe lambe Figs 7 and 8, show the nerve cells
of the pam and ram lamb In which no sex chromatin
body was seeh.

Risousslon of Resulis. _

Ag seen in Table 1L the average percentage of
cells in the eercbellum showlng sex chromatin, of
thiroe oves examined was 91.78% from 640 cells,.

This figure 1s in close agreement wlth the resulig

of Moore and Bary (1953) who veporited 9h.8% of cells

of the female goat and 92,0% of cells for the female
deer, as having sex chromatin. It is also similarp
to the 85.5% of cells reported as showlng sex
chromabin in the cerebral hemisgphere sections of the
sheep, (Schmlditke 1957)s  None of the 1,363 nerve

cells/

45
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cells examined in the ﬁhre&'male animals showed g
chromatln body comparable in size to the sex
chromatin body seen 1In QWos.

A gimllar resull wag obtained from the spilnal
cord cells of the four ewes, 85,13% of cells from
the four reglong studied, showing clear sex
chromaiin boddes in one of the three positions
recorded. This again was in close agreement with
the pesulis of Moore and Bapy (19%53) Ffor the pgoatb
and deers The p@r¢aﬂ$mg@$0f ¢ells for their study
were 9Le0% Ffor the goat and 82.0% for the deer.

Ag geen also from Table 1 there was no
gignlficant difference belween the evidence of sex
chromatin in lembs and in adult sheepe. A feature
recopded in lambs however, was the mulbiple
negleoll seen in nerve cells, both of the spinal
cord and cerebellum (Flge 6 Yo This was as
thserved by Schmldtke, but in no way alfected the
scoring of sex chromatin.

It can, therefore, be concluded that Purkinje
aells feom the cevebellum and veuntral horn cells of
the spinal cord are ideally sulted for scoring sex
chromatln bodles in the sheeps Turther, the

pereentage/
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Mige 2« Adudlt Femele Nerve Cell (Spinel Cord),
showing Sex Chromatin Body Pree in
Wuecleoplasm ( X 1000)

Wige 5Ge  Adult FPemale Werve Cell (Spinal Cord),
showing Sex Chromabtin Body at Peripheral

Position (¥ 1000),
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T"lge

Y

Adult Pemale Nerve Cell (Spinal Cord)
Showing Sex Chromatin Body in Contact
with Nueleohs (X 1000),
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Mgse Y, Fanale Norve Cell (Purkinje Celld (X 800)
Haw Chromatin Body in Contact with

Nucleokuss

Fige 6. Pemale Nexrve Cell (Purkinje Cell of ZLamb)
(X 800) Double Nucleous and Sex Chromatln

Body ot Peplphery of the Nucleuwss.






Fig.

Flge

7o

8

Adult Male Nerve Cell {(Spinal Cord)
No Sex Chromatin Bedy (X 1000).

Adult Male Herve Cell (Purkinje Cellj
No Sex Chromatin Body (X 1000).
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percentage of cells in these positions showlng sex
chromatin in the four ewes studied, is in close
agreement with those recorded in other members of
the order artiodactylas.

As has been discussed alresdy, 1t is extremely
difficult to dlifferentliate sex chromatin in other
than nerve cells nuelel of the cloven hoofed animals.
Lwo other tissuves which were likely to be of value for
the gtudy of sex chromatin ln bthe sheep however vore
congidered. Janlon tlssue In view of the possibility
of sntenatel sex determination and buccal cells
because of thelr superficial nature and possible use
ag an adjunet o chromosome studies.

THE BXAMINATION OF AVNION CELLS TOR SEX CHROMATIN

Toxr bthe investigation of amnlon cells two
methods were congldered, firstly the examination of
free amnlon cells from the amnlotle Ifluld, and
secondly eells of the annlo=chorione.

Eree fuplon Gells,

Preparatlons of free amnlon cells were made [rom
both male and female foetal fluids by several methods,
ineludings

(L)  Smearing the ceptrifuge deposit of 10 wml.

ol
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of amuiotic £luld, resuspended in calf
gerum on wo slides omeared with egg
albumen and subseqguently drled in alr.

(2) Pizging smears of the centrifuge deposit

in Papanicoloau's fixative.(see appendiz).

Slides prepaved in the above monner were stained
In Cregyl eeht violet by the same procedure as nerve
tlissue exceptv that the period in stvaln was increagsed
to five minutes.

Tha results were disappointing for tWo reasons.
Firstly, the small nuwnber of fixed cells sulteble
for viewlng, and secondly those cells suitable fop
study showed multiple nuclear chromocentres in both
male and female prepavatliong. The conclusion vwas
the same as that of Sachs and Denon (1956), nemely,
it ds not possible bo diffeventlate the sex of sheep

Toetuses by studyling cells from amnioble fluid.

fndatic Membranes.

A technigue was developed involving the careful
digsection of the embvyonlc membranes overlying the
amniotic gac and fosius, down 40 the last membrane.
Suitable preporvations from these were made and cells
were found showing a peripheral chromocentre in female

nembrancs.
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Figss 9 o 11 with descrlptions, show the detvails

of this technigue. olildes prepared by this method
ware carvefully ©ixed In Popanlcoloau's fixative in
Coplin jars. Figzation was for at least twenty-four
hours, but sectlons ln fixative for as leng as three
weeks wera equally satisfactory for staining and
nuelear observablon, The staining procedure
followed was the same for nerve Lissue, except that
five minutes was glven each gsection ln cresyl echt
violets  Followlng stalnlng, excess membrane vag
trimmed from the slide edge and the sechion mounted

ff.lfl I.) .3{9 ng

L6 was found I1n the sectlonsg prepared and
viewed under oll immersion at X000, that by
focussing up and doun, three different layers of
cells all showing a distinet muclear morphology were
presents The nuclei of the ilmnermost layer of
cells were round and invariably contained 2-3 pale
staining chromocentres of whiech on occasion, one
wag situated at the periphery. Galls of this layer
were the same in both sexed.

Adjacent to this layer was anobher layer of

galls with rounded nuclel, in which a distinet

peripharal s
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peripheral chromgcentre could be seen in female
preparatlons In a high proportion of cases, Flg. 13.
This vas not seen in male preparvations (Fige.la)d.
Both male and female nueclel contalned other smaller
non~specific chromatin partieles. The third layer
off cells seen had elongated nmucleis No distincetive
chromocentre could be geen in slides from elither Do)

hgs a difference wag ohgserved beolween sexes in
these preparations, 1t was declded to test prepavations
from a number of membranes, the identliity of which
was magked from the examiner to gee If this sex
difference was diagnostically reliable.

Oger o pericd of several days, fresh uberli were
collected From the Glasgow Slaughter House at
approximately 8 o.m. cach morning. These wvere
brought diyeeﬁly to the laboratory and preparabtlons
were made before 1 pane each afteirnoon, in order to
ensure a mininmun of decompositlone. Seventy-{ive
weerl were dissected and preparations made by the
method dagcerlbed above. These were identiflied fop
sex from the foetus, and the identity concealed by
plastic tape from the examiner. Measurenents of
welght and length (nose to teil %ip) were token on
mosh foetuses.

in/
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shows the uberine wall and chorlo-allantois
carefully dissected away exposing the thin
amalotic layer of cells lying divectly over

the ammiotic gaqe contailning the foetng.
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i Ew - 10,

ghows the amniobtic membrane eyxbended
and rendy for stabblag prior to

inserting the microscope slide.
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Tge 1le shows slide pushed firmly against
gmndon to Yatraebeh™ the membrane over

ite surface prior to cutting.
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Mge 12, Male Amnilon Cells (X 1000)
- No Peripherald Chromocentres.
in Nuelels

Pige 13« Famale Amaion Celly (X 1000)
| Dlatinet Peripheral Chromocentrves
in Nuelel of & Central Cells.

6.0
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In each slide examined, approximately one
hundred cells were scored elther as having or not
having the large peripheral chromocentire. In all
a total of 5,000 cells were exawined.

Observations were wade on the four clearest
cells nearest the cenitre of the wmicroscope {leld.
0L the sevenby-iive secbions prepared, Lifty were
uged in this exeminations Twenty-five were of
inferior guallty, due to incomplete dissection of
membrane Jayers during prepavation,

The results of the trlal can be gseen in Table 2,

Digseussion of Resullss

the above resulbs show that in sultable amnion
prepar&ﬁicﬁaﬁ gax dimorphlem between sexes can be
shown on one layer of amnio=chorion. Thig
obsepvatlion in the sheep 18 sinilayr Lo that of
Moller and NeimanneSovenson (1956} in the bovine
sanio-chorlon, exceept that Tthese authors did not
stress the slze of the peripheral chromocentre
degcribeds They alsio paoopded a chromecentre o
male cellss No chromocenitvre was seen in m&ie‘
preparations of the sheep comparable to that seen
in female prepavatlions. L6 can be asswmed,therefove,
that the chromocentre describad represents the sex

chrronatin/
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MICROSCOPIC SEX DIAGNOSIS FROM
(Brotbish Bleckface Bwe,

TABLE 2,
Observed  Lenglh Weight Incidence  Microvscopic
Sex, of of of Dingnosis,
Foetug Yoetus Fexdphoral
(4nm,) () Sex
Chronatin, —

1 e 5o 25 50 50 ?
2 9 5425 50 17 4
6 R 13 510. 49 T
7 o 1945 370 0 o
8 o 15 765 0 d
12 & 10,75 295 60 §
135 e 845 140 0 o
14 o7 12,5 - 0 4
17 9 2145 2155 52 ?
19 9 - - 5 ?
20 ¢ - - 47 g
24 o7 1245 - 0 o
22 o 11,5 850 0. o
2% e b 20 0 o
26 ? - - 55 7
a7 ? - - 45 %
20 i - - 52 p?
29 o - - 0 a/
30 g - - 15 ®
5 4 - - 0 o’
52 Py 42 - 0 o
33 o 12 - 0 o
3b ¢ 10 - 55 ¥
35 S 10e5 - & %
56 & es w0 0 o

S e



AMNION PREPARATIONS OF THE SHEEDR

Cheviot a nd Suffeli: Rams),

Observed Length Veight Incidence Microscopic

Sex, of of of Dizgnosis,

Foetus. Toetus Pexipheral ‘

(ins,) (g Sex
— Chrematin,
57 a5 8o 0 d
38 'S 1.5 30 0 Y
39 2 - - 51 ?
Lo e 15425 835 - ?
¥ ? 7.7 - 7 T
42 g 17.5 1310 0 4
45 b4 8,75 170 W 9
49 J 11,5 370 0 s
50 ? 10,75 295 o1, ?
51 g 14,5 850 0 e
52 % 21,5 2155 66 Q
50 ' 11.5 370 0 o
56 ? 14,5 - 60 2
57 4 - - 0 o
59 ? 13 510 42 2
61 P 15 750 0 4
63 g - - 0 e
6l oﬁ - - 0 "
66 2 13 510 55 ?
67 2 - - 64 ?
69 ¢ 1.5 355 0 4
72 4 I 20 0 o
73 b 15,25 835 49 Q
N ? 12.5 505 50 ?
i) 2 12,5 505 53 2
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chwomatin body, as scen in nerve cells of other
sheep, and as has been describad in somatic cells
of other specled. The smallesty female foetbus
exemined In thls study welghed 50 gms., bubt sex
chromatin is recorded at o much earlier gtage of
development than this, (Mustla and fmorosgi 1957 and
Park 1957« It is likely, therefore, that sex
differentiation by nuclear sexing would be possible
at least as soon as the foetal membranes have
developad,

The demongiration of a gsex difference as shoun
by the presence of sex chromatin in one tissue other
thon nerve tigssues in the sheep ralses the questlon
of whether other tissues within the body may show
this 1€ examined.

The Fxamination of Buccal Gel.

As weported by Struck (1961) the vesults of

nuclear sexing of buccal cells of the sheep vere
inconclusive, In view of the fact that sex
chromovin had been shoun in one other than neyve
desue, and also since the introducilon of a
ifferential nuelear sex stain by Guard (1959) it
waus decilded o rainvwstigate auclear gexing in

these/
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these cells,
Preparations were made by hard scraping of the bucesl
mucosa on the laside of the cheek, with a metal
spatula. Lt was necessary to dpaw blood in order o
galn sufficient cells with which to make suears. The
sneared slidgs vere then fixed reapildly ins
(a) Papanleoloau's fixstive for the slides
to be stained with cresyl echit violet.
(b) 95% ethyl alcohol for the slides to be
stained by the method of Guard (1999).
Fizatlion was usually {for a period of twenbty-four
hours, the slides belng stored in Coplin jars.
Gresyld Zeht Violet.

Slides stained by cresyl echt violet were put

through a similar routine to the amnion prepavations
except that the time required to obitain good stalning
of the nuelear chrowmocenires was fifteen minutes.
(BE=YG) , Guard (1959).

The routine followed for the use of this stain

- was desceribed by Guard's technique Nol.l, in which
ﬁh@ slides were stalned as follows:
(1) 0% accohol.
(2) Biebwlch Scarlet, 2 minutes (see appendli)
(3 7/
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{3) Rinse in 50% alcohol.

() Differentiote in Fast Green F.C.f, -
(see appendix) 1 « ) hours.

(5)  During the differentiation, the slides
vore viewed at hourly intervals to check
the green counterstaining.

Due to the speeial nature of this techuique a
brief explanabtion 1g pertinent. Ilebrich scarlet is
an emphoterle dye with basic groups, and in the
presence of phosphotungstic acld shows a strong affinity
for nuclear chromatine fn order to dlsplace it in
the differentiatling process, enotheor amphoteric dye
with stronger basic groups 18 needed, Thisg 1s fast
green FaC.Fey 1n the presence of phosphomolybdie acid.
Guard observed that In vaginal cells, this different-
tating process took geveral hours and that when the
entlire nucleus was green, the only structure that still
retained the Blebrich scarlet was the sex chromatin.
Guard further clalimed ﬁhat thls process of different=
lation could easily be controlled to affeet the red
stalning of the sex chromatin only.

Staining by CGuard's method falled to leave on
any occasion, any undlfferentiated red chromocentres
as Guard was able to demonstrate in vaginal cell

nuclel /
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micled ln women (representatlve of sex chromatin).
Instead, a simllar eoffect was obtalned o that with
eresyl echt violel stain, in that all the chromocentres
in the muceleld stained o dark green agalnst a pale

graen mueleoplasn and even paler cytoplasm when
present,  This technique was, therefore, of no value
in differentiating the multiple chromocentres of the
buccal cells of the sheap.

Regults and Disonssion.

A e

The procedure for microseoplic examination of
buceal smears was similar to that of nerve tiasuce.
cnears from two animals of each sex were involved and
each sultable cell nucleus wvas drawn and mejor chromo-
contres marked ag sccurately as possibles A speclal
note was made of any peripheral chromocentres.

Several factors limited the use of this test.
Flrstly, the number of sultable cells for counting in
all preparations even alter repeated efforts had been
made, was very low, due Lo the very high proportlon
of crenated and poorly staining cells. A comparilson
vas made with dog buceal mucosa, which like human,
preporations gave a high percentage of suitable cells
for examination. Afver many preparvatlons had boen
exomined, it was possible to count and draw only two

hundred/
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mndred and forty-two sulitably stained male cells and
four hundred and twenbty female cells which displayed

a satisfactorily recordable nuclear morphology. These
cells, in both sexes showed coarse chromatin granules
in. the nucleus, varying from two to ten in number and
showing no apparent difference botween sexes.

A peripheral chvomecentre was present in 11.5%
of male cells and 18% of female cells oxomined. In
humesn buceal smear preparstlons (err and Carr, 1962),
the percentage of Temale muelel showing peripheral.
sex chromatin may be as low aa 25%§ but this is
compensated by the fact that male cells show critical
absence of any nmass which could he misgstoken for sex
chromatine  The presence, therefore, of peripheral
chromatin In both sexes of buecal smeavs of the sheep
eliminated the possibllity of using the buceal tesgt
£for nuclear testing. Flgs. Iy and 15 show the nuclel
of buccal ecells of both sexes. Stalned sectlons,

He and B, of the buceal epilthelivun of the sheop
showed that in both sexes, these non specific chromoe-
centres were present in all levels of cells. The
poor staining of the nuclei in cells from buccal
sorapings in the sheep is probably as suggested by
Steuck (1961) due %o the highly keratinised nature

of /



of this tissue, It is emphasised, however, that

fallure to demonstrate sexnal dimorphism in buccal

cell nuclel does not mean that the sex chromatin is
absent, but rather that its differentiation is
masked by the presence of the other non~specific

chromocentres.
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Nucleus of Buceal Bpithelial
Gell of Ewe (X 1000) .
Multiple Chromocenires and

No Sex Differengo.

Nucleus of Bucoal Bpithelddl
Cell of Ram (X 1000),
Multiple Chromecentres and

No Sanr BLlarenco.
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PARD TX

THE_PREPARATION OF CHROMOSOME METAPHASES

By LETCOCYTE CULTURIN,

For the examination of the mitotic chromosomes
of man and other animals, i1t 1s essential that
preparations with bhoth adequate quaatity and
quallty 6f metaphase Tigures can be produceds
It is now possible to produce such preparatlons
'by a number of culture methods, including Tibro-
blost cultures of varlous tlepues such as lung,
(Pjio and Levaen, 1956), skin (Harnden, 1960) and
kidney (Antonlo and Tovlone 1964 ). The initial
work on human chromombmea was mainly carried oub
using the short term bone marrow culture tech~
nigques developed by Ford, Jacobs and Lajthe, (1958).

The disadvantages of these techniques, nemely

the time required for Pibroblast cultures and the
ineconvenience of collecting bone marrow materlial
have been overcome by the culturing of leucocytes
from peripheral blood. Fibroblast cultures are
now mainly used in medical cytogenetics to provide
additlonal information in, for example, the
dlagnosls of mosaiclsm and ecorrovoration of new or

wnexpectod/
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unexpected kRaryotypes, or the determination of
kapyotypes of ewbryos, bables and cadavers
(Harnden and Brunton, 1965),

Bone marvow yreparvations are'used mainly to
atudy the chromosomes of cases of leukacmin
(Sandberpg, Tshilkara, Crosswhite and Hauschke, 1962),.

The first method Tor making chromosome
prepa#aﬁions of leucocytes cultured Lrom pepri-~
pheral blood was described by Moorhead, Nowell,
'Mellman, Battips and Hungerford (1960). This
method combines Nowell's (19602 and 1960b) method
for the cultivation of peripheral blood leucocyhesr,
with the alr drying technlgue of Rothfels and
Siminoviteh (1958).  Since all other leucocyte
culbture technigues are hased on this method g brierl
- deseription is warrabteds The technique involves,.
firetly the separation of a hufly coal of Lleucocytes
fﬁcm a stberile hepaxiniaed gample of whole bloods
The Separation of this huffy coat is made possible |
by the use of slow centrifugation and a haemsogplutin-
ating agenb, bacto~pbytohaemagglutinin.

The coneentration of cells in the bulffy coatb

73

is determined and 1t is then diluted with a sultable

tlsgue culture medium to give a final concentration
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of cells Of 140 ==~ 1.2un06 POP ml: of mediume

Under the stimulus of phytohaemagglutinin,
Nowell (1960b), and following incubation at 379, the
leucocytes divide many times snd are harvested at
70 = 72 hours, Harvesting is assisted by arresting
the leucocytes In full metaphase, using the amitotic
agent, colchlcines

These arrested metaphases are then subjected
to hypotonic treatment, using one quarter strength
Hank's balanced salt solution, This swelle the
cell by osmoais and the exposed chromosomes are fixed
in one part acetlc aclid and three parts ethyl alcohol.
Fdllowing fixation of the chromosomes, a few drops
of the suspension, dropped on %o & wel cooled slide
and alr dried produce good mitotlc ohromosome
preparations which, following staining with acetic'

- orceln, are ready for viewing.

The main objection o using this method Tor
culture of leucocytes from sheep and cattle is the
diffienlty in obtaining & buliy coat separation.
This difficulty has been reported by several workers
including Ulbrich, Welnhold and Pfelffer (1963),
Biggers and McFeely (1963), and Basrur and Gllmen
(196L4), and is mainly attributed to the inelfective-
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ineffectivenees of the haemagglutlnating property
in phytohaemagglutinin on sheep and cattlae blood.
Rigas and Osgood (1955), claim that phytohaemaggluﬁinin
effectively agglutinates erybhrocyﬁes of man, horse,

pig, dog, cat, rabbit, chicken and frog but do not
mention sheep or cabiles Further, the red blood
gells of cattle and sheep sediment very slowly and
show little tendency to roulesux Lormatlon, Human
red calls on the othex hand, have some tendency to
.ﬁpontaneous agglutination, which 1ls greatly assisted
by the use of phytobaemagglutinin.

Methods have been descriﬁeﬁ for the separation
of the bufly coat layer in cattle and sheeps These
include, the use of longer and harder centrifugation
than prescribed by the human techniaue (Crossley and
Clarke 19623 Biggers and Mcleely 1965 and Ulbrich,
Weinhold and Pfeiffer 1963)s  There 1ls however
the possible danger that with hard centrifugation
the intrinsic properties of the whilte cells will
he domageds Other methods for leucocyte separstlon
include the use of substances which will couse a
slower sedimentation of the white cells and asslst

in the formation of a buffy coats Tor example,

the/
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the use of gum acacia (Spear 1948) albumen (Vallee,
Hughes and Gibson 1947; Nichols, Levan and

Lewrence 1962), Dextran, (Nichels and Leven 1961),
and Fleoll (3iggera and McFeely, 1963), These
separation technigues have practical'&iéaavantages,_
which are fivstly, th@ yield of whilte cells is
disappointingly small (McFealy, 196&, personal
eemmuniaation), Eg%%%%L additlional handling of the
blood semple increases the risk of eontaminatieno
Thirdly, a point which is lmportant in the hand?ing
of many samples is that such separating agents as
ficoll, fibriogen and bovine albumen are very costly..
(Albumen Sigma, L=t 30, per 50ml)e This malkaes
thelr roﬁtine use unattractives |

| To avercome the problem of buffy coat separation
Avekalke and Sparkes (1963), showed that by culturing
heperanized whole blood satisfactory chromosome
‘ppepafations could be obtained from very small ineculjf
of blood. These workers polnted out that this
technique eliminated thevapéeial separation technigue
for leucocytes and also minimised the loss of
Jeucocytes whére separation is difficult, Usually

a smaller number of slides was prepared by thls
method then in human works  Ten to fifteen mltotic

figures/
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Tigures per 100 leucocytes was common, but the
yield in the deer mouse was much lower, belng

one metaphasae per 100 leucocytes. Other authors,
namely Gropp (1963) and Cheudurs (196L), have
commented favourably on this whole blood technigue,
each adding his own vapriation.

The first description of a whole blood culture
method for catbtle and sheep was given by Basrur and
Gilman (1964t)s In this method {ml. of whole hlood
was incubated with 9 nl. of Hagle's medium with
call serum and Q.5 mle of phytohaemagglutinin,
Basruy (1965, personal communicsation), claimed 90%
culture success by this method and saild that she
used elther bovine or ovine serum in her medium but
stated, as did McFeely (1965, personal commumnlcatlon),
that bebter resulte were obtained using sheep serum
rather than celf serum in the culture of sheep
leucocytess This latter point was contrary to Ford
(1965, personal communication), who found calf serum
more satisfactory than sheep serum, when using TeCe
199, Tord's opinion was based on twelve successful
cultures out of seventeen, He also stated that,
using his method for the sheep, sulflclent metaphases
wére-accumulated after forty elght hours,

V4
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A further publlcation by McFee, Banner and
Murphiree, (1965) described a whole blood culture
mevhod for sheep leucocyles which was based on that
of Basrur and Gillman.

Initlel diflflculiies experienced by the
author in atitempting Lo seporabte bully coats from
sheep bloma'fmr leucocyte culture made him use, and
perfect, the whole blood technigue. VWork was
commenced in this leboratory before the publications -
of Baerur end Gilman (1964), or MeFee gb ale, (1965)
but commnicatlion with ﬁhﬂa@ workers and also with

Mcleely and Ford, helped to lmprove the culture

method used.

METHOD FOR MAKING CHROMOSOME PREPARATIONS OF
LEUCOCYTES CGULTURED FROM PERIPHERAL BLOOD OF
THE SHEEP.

1)e Culture Technigues

wMfteen to twentby ml; of venous blood was
collectad aseptlcally Trom the jupular vein into
universal containers to which 1 ml. of heparin
(see appondixz) had been added, core being teken to
@nau@@ sufficlent mixing, Following a routine
wilte eell count, 1 mle 0f whole blood wes mixed
With 840 mhe of TeCel99 {mee appendix), and 1 ml, of
nomologous sheep sevwn in 100 ml. speclolly ruocile
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sterile
clesned and medical flets. (see appendix)s.  The

homologous gerun was prepared by collecting a
aterile blood sample the night before culturing
was aﬁticipateﬂ; This was allowed to eleﬁ in an
incubator for thirty minutes and stored in a
refrigator at 4°C, overnilghte From 10 ml. of blood
eollected in this mamner sufflcient serum was
ueually obtained for four culture botiless

To the dloocd and enlture medium, O.4 ml, of
‘bacto~phytohaemagglutinin (see appendix) was added
and the whole mixture was then stored in a refrigerator
for several hours to synchronlze the growth of the
levcocytes, Gulturing was carried ouﬁ with the
culture flasks in an upright position in & water
jacketed incubator at 38° ¢, for seventy five
hours, .

2). Havvesting Technlgue,

Afber approximetely 72 hours of incubation,
0e15 mle oFf colecemid, (see appendix), was sdded to
each culture bottle, to glve a concentration of
0.%/3/'perml. On the eddition of coleemid, each
culture bottle was carefully shaken and replaced
in the incubator for a further 3 hours. At this
_time, the cultures were again carefully shaken to

eneure/
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ensure that all clumps of cells were well dispersed
and the contents twanmferred to 10 mls centrifuge
tdbeﬁ, FHach culture wan centrifuged for five
minutes at 500 RePels in a six inch bench aentrifﬁge
and the top 8 mls of supernatant fluid pipetted off
and discarded, The cell deposlt and remaining two
ml, of supernatent were then carefully mixed with

8 mls of a 1% sodilum citrate solutlon, warmed to
380 Cs by pipetting constantly with the tip of a
pasteur pipette to ensure thorough fractionabtion
of cell clumps. 'This process was repeated several
times to each culture during the first five minutes
of hypotonlic trestment. The hypotonic treatment
was continued for exactly twent& minutes in a water
bath at 38° 0.  After this centeifugation of each
sampla at 500 RPN, Tor five minutes was followed
hy-éaneful removal of the supernatant llguid withe
out disturbing the hutton of cells deposited at the
bottom of the tube. The butiton of cells containing
the chromosome metaphases was then fixed by adding
3 mle of a freshly prepared and cooled mixture of
one pard neetic aeld to three parts ethyl alcohol,
(Cernoy's fixative)s The button of cells was

then carefully broken up by repeated pipettlng,
again/
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sagaln using only the tip of the pipette. This
cell suspension was then nllowed to stand for
30~60 minutes in a refrigator %o ensure complete
Tixation of chromosome materlal. After this it
was again centrlfuged for two minutes at 500 R.P.l,,
the supernatent removed and the cells resuspended
in 1 ml. of fresh fixative, After fifteen minutes
this process was repeated, using 0.5 mls of fixative
to make the final cell suspension,
Chromosome preparations were made by dropping

2-3 drops of the cell suspension from eighteen
inches on to & moist, cooled and carefully cleaned
slide, (see appendix) held with a slope of 15° to
the benche The slide was then dried by warming
carefully over a Bunsen flame, cverheating'being
avolided, and!finally allowed to dry completely
on & warm plate at 370 Centrigrade. Prepared
aslides were then stalned using 2% acetic orcein,
(see appendix), by the following procedure,

(1) Acetic orcein stein .ees 1 hour.

(2) BO% Acetlc neid sesneve  Dipe

(3) 95 Bthyl alcohol esseee 1~2 minutes,

(i) 95% Bthyl alcohol essses 1~2 minutes

(5) Absolute ethyl alcohol . Dip

(6)/




Fig. 16;

Blagram of Culture Technique

- For the Sheep.
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HEPARINIBED DLOOD E‘I?EEH H(MGIOGCKIS BACTO - TISSUE CULIURE

65 m;i\ts,/ml / FHYTCHAWMAGGTUTININ MEDIA TC 499
1 ml Ol ml

N

4% Por 2 hours

,)80:?01'.‘?2110111‘5———-——

Colchicine ) Total dncubation
/ . J time 75 hours

| 38% for 3% hours ——
|
Centrifuge for 5 ming at 500 mn

-

Qiacaz‘& supernatent Cell depomit in 2 ml supematant

Resuspeond cells in
f/ 8 ml 1% sodiun citrate

ncubete at 58 C for 20 minutos

Centxv:i.:t‘_uge for 5 mins, at 500 rpm

Discard au}amatant Cell deposit
Suspend cells

/" 4n 3 ml Carmoy's
fixative

lf’o for 41 hour

Genﬁi':ifuge for 3 mins, at 500 xm
. - \

Discaxd supernatant Cell deposit resuspended
in 0,5 ml Carnoy's
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(6) Xylol, two changes, at least ten minuites each.
(7) MNounted with DsPeXs (pee appendix)es
Fige 16 demonstrates the culture mekhod

diagrammaticallye

DISCUSSION of OBSERVATIONS and MODIFICATIONS of
‘ CULTURE HMETHOD,.
Medlae Two méaia were used in these culture
s@ries,‘Tac,'199 and Waymouth's medium, (8¢e
a?pendix)g  ‘3oth medla su@yorted goed growth of
sheep leucocybes, provided other Ffacbors were
adeguatcs Beoth medla gave getilefactory results
when used in conjunction with serume  The majority
of cultures in thls series was However grown iﬁ
Te Ca 1990
Heperinisation of Bloods.

Experience showed that the quantity of
heparin used in'ﬁhe colleetion of bleood for culiture
wea lmnportants Initially human blood bobtlen
containing 100 uvnite of heparin (see appendix),
were useds  These were designed to collect a
10 mle somple of bloods  Cultures usimg blood
collected in this quantity of heparin lnvariebly

D

clotted 4o such an extent that 1t was very

d%?ﬁjﬁulh/
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difficult to bresk wp the very large clumps of cells,
A geples of culbures uging 10 ml. of blood collected
in these bottles, end 10 ml. of blood collected in
500 waits (& ml.) of heparin end 1,000 vaits (1 ml.)
of hepaili, SHOﬁed that this clumping was overvcone
in the hatter ocultures.

This problem wag not encownbtered. once a
minimum quantity of 500 units (4 ml.) of heparin
was vuged to 10 ml. of bleood émllectad.

Gongentration of leucocytes.

Cultures contaluing white cell concentrations
5 . . &

from 3.4 x 107 per mle. of culture medivm to 1.8 x 10
per mle of culture mediun grew under equal
conditiond,

Alao as good a yleld of metaphoses was
obtained from low cell concentrations as from high
geild, concentrabtlons.

The Addition of Herwm to, Medlim,

Growth was obtained in culiures using either
freshly prepared calf serum or freshly prepared
homologons sheep sSorum. Calf serum was decanted
from the freshly clotled blood of newwborn calves,
and insctivated by heating for thirty minutes in
a water bath at 569C, It was fouad, hovever,

thet/




that sheep serum collected and prepared as
described above, produced cultures in which the
yield of metaphases was higher. This wes in
agreemeht with Baspur (1964, personal communication)
and McFeely (1965, personal communication ), McFee
(1965, personal communication), stated that he had
not used homologous sheep serum,

Serum concentrations of LO%, 30, 20%, 10% and
0% were used in two trial culture series. At L0k
there was no growbth, at 30% growih was poor, while
equally good growth results were obtalned frbm
- concentrationa of 207 and 100e ‘The final choice
of 104 serum was made firstly, because 1t proved
adequate and secondly because the addition of more
required the collectlon of larger blood samples.
Occasionally growth was found in cultures to which
no serum was added,

Plasma collected by centrifugation and used
in place of serum resulted in poorer growth,.

Concentration of Phytohsemsgoiutinin,
Growth was obtained using as 1little as 0.2 mle

of phytohaemegglutinin (sce appendix), per 10 ml.
culture. In a trial using 0,2, 0«3, Okt and 0,5 mls
per 10 mls of culture in three series, each of two

cul tures,/
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cultures, the best result was obtalned by ueing
Oei=0e 5 mls This agrees wilth the findings of
Baocpur and Gilmen (1964), and Ford (personsal

comminication)e

Incubation Timos

Iin order to find the time at which the
highest number of metaphases was ylelded, ten
cultures were prepaved ap descrlbed, Llncubated
‘togeﬁher amﬁ harvested at Intervals of twenby four

houra over five days, two culbures being hacvestbed

each daye Bach culture was assessed by estimating

the degree of mitotic activity seen in prepared
slides It wes found that at 24 hours, very few
mitoses were present, but at 48 hours and 72 houes,
enough mitoses were present for scoriag rouline
karyotypes. At 96 hours end 120 hours, culbures
hecame eoxhausted and large numbers of clumped and
erenated cells were seons A few netaphases were
however, pressnbs

By varyling the hervesiting btime around 72
hours ovex a number ol cullures, 1t was Lound that
ﬁhé bhest mitobie yields were In enlitures allowed
to grow to approxinately 72 hours before adding
colohine.  Although metaphases werse present in

recordable/
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recordable numbers at U8 hours as described Dy
Ford (perscnal eommunicmtion), culburing for 72
houvs gave a higher number of scorable mitosen.

Amltohle Amente

By varying the gunantities of colcemid 1 was
chown that Oe.2 mle of & solubion of'100/uj per ml..
in a 10 mls cultuve gave good metaphuse arrest by
three bours without undue chromosome conbractions
Higher concentrations »educed the nunber of
acoreble mebaphases by inducing greater chromosome
contraction and chromatid seﬁaration.
Hypotonic Trantmentes

To produce chromosome sepavabtion two hypotonlic
golutlens, & one In ten Hank's Balanced Salt
Solution and 1% sodium cltrate scolution were used,
Bach produced éhe desired result bt o prefercnce
for sodium citrate developed beeause 1% improved
the gﬁaining of the chromosomesn, reoulting in
clearer photographlc enlaprgemento,. Sodium ¢itrate
was not unsed until a large part of the work was
completads It was found however, that in
preparations in which it had been used moyre
secondary constrictions were secn. A further
digcussion of this iv made under Pavt 3.

The/

87




88

The optimuwn time Lor hypotonic treabment was
found by varying the time of exposure from 10
minutes. to 30 minutes at intervels of five minutes

over two saries of culturess, Twenty five minutes

~of hypotonic treatment, lancluding spinning, was

Sound to give the best apread metaphases,

SUarye

| This cu1tuPe method and harvesting procedure
wag used on 110 culture series for sBhesp and six Top
cattle, ( a series being from L4~8 culture botiles).
Qf the last 25 sapieﬁ culfured, a satisfaclbory
growth was recorded on 22 occaglonss One of the
cultures which Telled was in a faulty ineubator which
unaccountably rose to 40°C, during one nighte Meny
variatieﬁs'ware made at the two stages, the culturing
sﬁage and the harvesting stage which form'twe guite
aiﬁtinaﬁ sides to obtalning good chromosome prew
parationse

Talse technique as daaaribeﬁ,vhas p@evéﬂ guite

Saﬁisfacta»y.faﬁ th&’axaminaﬁian of the mitotic
chrosiosomes of a number of sheep and agveral calbtle
on a basis similar %o that of man, Little explana~
tion however, can be offered for the variations in

vield of metaphases as seen from culture to culiure,
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PART TIT,
PHE _KARYOTYPE OF THE SHEEP,

Historienl Review.
In o broad sense, the term karyotyoe is used

to describe the chromosomal constitution of e cell,
either of an individual or of a species (Dorland's
Tllustrated Medical Dictionary)s In medical |
cytogeﬁetics, the term now emphasis two aspecis

of nuaiear gtructure, namely chromosome numbeﬁ and
chromosome morphology s Of the published information
on the karyotype of the sheep, very little is known
other then that the bulk of workers are ln sgreement
that the diploid chromosome number 1s 2ns5l. The Y
chromosome can be defined and latterly the X chromosome
has bheen suggested as being'the 1épgest of the
acrocentrie chromosome (McFee et _al., 1965), Further,
the karyotype Talls into two groups for the auto=
somes, 8ix large metacentric or sub-metacentric
chromosomes and U6 aeréaenbris chromosomes.

Whille neople have published work on the
Chromosomes of the ahgép, there is unothing approaching
the detail which is accorded the human ahromQSOme
complement, Wodsedalek (1922 end 4929), studying

apermatogonial/
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spermatogenial material gave the diploid chromosome .
number as thirty three for the male with an X0 sex
chromosome conplenment and thirty four for the
femple with an XX sex chromosomes complements The
some aunthor in 1929, studlied four breeds of sheep,
two horned, namely the Dorset and the Ramboulllet
and two unhorned, the Southdown and the Lincalnk

He claimed that the rem aid in feet heve a very
small Y chromosome but that In the two horned |
hreeds, 1t was larger than the polled breeds end
that it possesned o clearly notlcesble modiflcations
From this observation, he made the remarkable claim
that the varliation in the Y chromosome was assoclated
with the presence or sbsence of horns and that this
fact threw considerable iight on the subject of sBex
linked inheritence. The following yesr Shivago
(1930) studying the emnion cells, desceribed the
diplolid number of chromosomes cavneéﬁly at 54 and
the male as having an XY sex chromosome complement,
Krallinger (1931) studying spermatogonial tissue of
Merino sheep, whi}e giving the male gsex chromosomes
the XY designation, put the dlplold momplement at
50-60. A similar plature wes given by Bruce (1934
and 1935) ané agaln studying spermatogonial

metaphases/
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metaphases of Merino Sheeps

Butarin, (1933-34) and (1935), using an
Asilatlie specles of wild sheep, the Arkar, reported
on two oceasions chromosome numbers from
spermatogonial cells of B4~56 en thé first report
and 52-54 from the same étages in the fat rumped
sheeDs In his second report he recorded Golaa the
diplbia chromosome complex for the Arkar and the
fat rumped sheep cross and hybrid, between these.
Butarin, from these findings suggested that different
breeds of sheep mey have had different chromosone
nnmbers.

Novikov {1935) found the dipleid chromosome
number o be 60 in sp@rmaﬁagoniai cells of hybrid
Huropeen Mouflon (Ovis Musimon) end the domestic

sheep Ovis Aries, - DBoth Novikov and Butarin gave

“the male an XY sex chromosome complements

Pchakadne (1936) suggested the haploid cell
complement as 30, again working on spermatagonial -
tissue, Berry (1938) in a comparative study on
the chromosomes of the sheepsnd goat and its hybrids
uging amnlon cells, raporﬁed the diploid chromosome
number of the sheep as 54 and in 1941 confirmed thie
in smother study in the spermatogonial tissue of the
Rambouillet/
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Ranboulllet sheep, He also made comments on the
morphology of individual chromosomes, having exeamined
the chromosomal arrengement in 65 spermatogonial
cellss He classified the chromosomes into V's, long
rods, short rods, bent rods and a sphere, The V's
corresponded to the six large metacentric chromosomes,
The mphere was the description given to the amall
¥ chromosome and the X was concluded from the
exemination of sex bilvalents as ﬁeing one of the
medium sized acrocentric chromosomes.  The
photomlierograph arraengements of the chromosomes in
Keryotypes glven by Berry are remarkeble consldering
the tlissue he was uslng snd in fact closely approxie
mate present~day karyotypea of the sheep.

Ahmed (4940) using Leicester rams in a study
off the structure and behaviour of the chromosomes
of the sheep during mitosis and melosls, again
confirmed the diploid complement as 5u4. He |
d@ﬁ@rihed the X as Delng large and having a médian
centromere and the Y as smaller with a subterminal
centromere, He alea classifled the autosomes into
four groups in respect of position of the centromere,
four having submedian, fifteen subterminal and six
almost terminal centromeres, and one paiy had a

nesr/
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neay medlan centromere. Ahmed's findings in the
seX chromesomes were not in agrecmont with Berry

and in the light of present-day studies it is
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spparent that he incorrectly described the morphology

of both sex chromosomess

In 1943, a very cminent mammallsn chromosome

worker, Sajiro Makino, studying the relationship

of the chromosome complexes of the goat and the sheep,

- again confirmed the sheep number as 5l4.  He, like
Beryy, made some of the first pertinent comments on
the m@rphmlogy,of tha«ehvomaaomga* Three large
palers, he described as V shaped and atelometic and
twenty three pairs ag rod ghapad and telometics, He
apparently described the sex chromosomes eorrmctly{
The X 1is the largest of the telometic chromosomes
and the Y is @gailm mecmgnisahlé by ite minute size
compared with the reat.of the chromoémma complements
<Haiﬁg Jung tiamue‘for culture from two embryos,
Melender (1959), in discussing the mltotic chrom-
osomes of verlous cavicorn animels including the
bully the bison and the sheep agaln gave the Karakul
sheep the dioleoll auaber of 54 and described three
prire of lavge sutosomes with modially inserted

centromeres/
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conbromeres whlch collaborates Makino's descripbion.
He eould not Ldentily ﬁha'X'@h$Qmmﬁmm@, buh degeribed
the ¥ as belng very smell and having a medlen
GENLPOMer Gy Melander also discussed the gigonlficange
of the large autosomes i the sheep, de&aﬁibing them
88 @hylmganati@ally new, having arisen by BOmME kind
of fusion between chromosomes with & terminal centw
romers, according to Rsb@rﬁﬂmn’ﬂ lews He also made
an alitempt at drawing an idiogram from the eraminaiion
nf 118 chromosomes of two prams and recordsd freguency
of arm sizes of the chromosomes and concluded that
the chiromosome lengbh ranges from 8«1 micras

Two. Spendsh publicatlons by Glmenes Martin and
Lopez~Saez (1962) on the metaphase preparatlons of
the chromosomes of several animals again confirmed
the diploid number of the sheep as Bl They
Ldentifled the ¥ chromosome and suggested that the
A wan the largest of the scroceniyrice chrompsomen,
Wo karyotyplog was perlormed by these workers. Yol
a further worker, using bone marrow squash pres
paratione, namely Borland (1964}, confipmed the
diploid nuwiber at Bh In m@veﬁai breeds of sheep
including Merino, Cheviliet, Southdown, Border
ﬂei@éﬁt@r,‘mmmm@y Marsh, Dorset Horn and Ryelands

He/




He ldentifled the Y chromosome as being & small
“dot 1ike™ chromosome, the X, he suggeSted, was
one of the smaller acrocentrie chromosomes,
Borllend also llke previous workers, described six
large metacentric and forty elght acrocentric
chromosomes In the ewe, He made the £irst attempt
at & rudimentary idiograen suggesting on arm
meagurenents aloﬁé, that the ¢hromosomes fell into
four main groups A4, By C and D nuwbering:

Group Aw 1 = 3, large matacentrics,

Group Be 4 =11, Acrocentrice

Group Ce 12 =17, Acrocentrics

Group Ds 18 «26, Aorocentrics

Jex chromosomesy
The mout recent p&pér on the cehromosomes of the

sheep by McFee et 8l.s (1965) showed clearly the
advantages of following the humen workers in this
field, in that the chromeosome karyotypes prepared
by these workers using the blood culiure teahniquea
were well ashead of previous workers, The X
chromosome was falrly clearly ldentified as the
Jargest of the acrocentric chromosomes; the ¥
chromosome was described as probably submetacentrilce
Batellited chromopomes were not encountered and no

mention/
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menbtion was made of secondary constrictlonse
These workers olalmed to have counted the
chromosones in a hundred metaphases, but they did
not mention the number of photographic karyobypes
examined, and wpon which they drew such concluslons
as the X chromosgsome being 1 = 1:15 ﬁim@s longer
than the next palr o0 acrocentric cthmoﬁomas;

The following table 3 summarises the findings
of the mowphologlaal characteriaﬁiésuaf the

chromosomes of the ﬁheep to dote and the breeds of

sheep so far examined,
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Chromosome Counts, Karyobypes and Ifdiogpam
Congtructlon.

oy the study of the chromosomes of the sheep
to he of use In Ilnvestigatlion of vossible chromogomal
abnormallities, more basic information is required
both aboul chromosome number and the-morphological
charecteristics of individual chromosomes, IFor
this reason, fhe gteps followed in this study were
in accordance wlth current humen chromosome
methodologys  Thiree ospects were conslderd,
chyonmosome counts, karyotype morphology and
ldlogram cenatruct;on.

Chromosomne Gounh,.

The diploid chromosome number lg characteristic
for all sometlic cells of normal members of a glven
specles of_anim&ls.v The chromosome nunber of the
specles, however, has o be distinguished both from
the chromosome nunber of an individual, and frow
the chromosome count of a given cell,

A8 well as the hypqdiploid chromosome aumber
encountered in for example, XO Tarner's syndrome
and hyp@xdipi@idAchrmmmﬂome muniber of XXY
slinefelter's syndrome, other variatlons in
chromeosome counts do oceul, When the chromosomes

o/




of a nunber of metaphase preparatlions, made Lrom
cultured cells ave counted, there ls considerable
varietion from the aceepied diploid chromosome
nunber of the nowxmal individusd of the species
under exeminatiocns This ls largely due o
chromnogome Loas through breakage of celln during
prepapration,  Court-Brown, Jacobs and Doll (1960)
showed theb in human bHone marrow pireparations, the
chromosome count £rom a nuwber of such counted
mabaphases 1s negatlively skewed arvound the modal
number of Tortyssix, elghty five per cent of cells
showing.a count of forty six chrvomosomes and ftwelve
per centy Lless Hhan Tordy six chromosomess

in humgn metaphase proparations from leucocyte
culturen, the percenbage of modal cells is much
higher, belng ninety four per eent.{csurﬁwBrcwn,
Harnden, Jacobsy; MaclLean and Mantle 196L) while Boyd
(1965), fzom counts of over four thousand metaphuses
of one hundmeé pratients recorded 9455 of colls with
the modal nunber Loty aiXe

Varioun {actors have been shown to affect the
percentage of modal ceells in chromosome counts from
leucocyhe culturea, For example, cxposure to
radiatlon and radiomimetic drugs ceause an increased

proportion/
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proportion of non~modal e¢ells (Jacoba 1965)

Non=modal cells in chromosome counts from
leucocytes cultures have also been shown to be
associated with the aging of men (Jacohs, Court
Brown and Doll 1961), (Jacobs, Brunton, Court
Beown, 4196413 and Jacobs, Brunton, Court Brown, Doll
and Goldstein 4963)s In the last paper evidence
wae given alse suggesting e Aifference between men
and women, batﬁ in the manner in which the proportion
of non=modal (mneuploid) cells changed with ege and
alao as to the chromosomes affecteds In men, it was
the Y ohromosome and in women it was presumed to be
the X chromosomes

This last point becomes impmrtant when the
eriteoria for the establishment of sex chromosome
mosaleism are to be sabisfleds

In mome cases of phuman chromoscme abnormality,
variations in chromosome number have been found in
counts made from mebaphases of the same tissue,
Such varistions ave due to chromosome mosalcism, which
infera cell lines conteining divlold and hyperdiplcid
chromosome counts, a8 In XY/XXY Klinefelter's syndrome
{Sandberg 1961), or dipleoid and hypodiploid
chromosome ¢ounts as in XO/XY mosaicism (Jacobs,

Harnden,/
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Hornden, ABucktcn, Court Hrown, King, McBride,
MacGregor ond MeclLemn 1961 )s  Even mosales involving
three cell lines have been reporbed XE/XX&QXYY,
(MacLean ot als, 1962)

Therefore, with the cxamination of some sexuslly
abnormel sheepy in which mosalcliem was likely to be
enconntered as pert of thie study, it wes necessary
o find what was the variation from the modal nunh e
Of chPomosomss fr&m noyrmal sheaps
Hethods

All chromoscme counts wers ade using en M20
Wild mieroscopa. Blides were viawed under low
power X 10 using X 6 wide field eye picces. Vhen @
sl bable meﬁéphaae was seen, 16 wan studied under an
oll immersion lens at X 1000 Chyomnosomne metaphoses
which worée well spread and in whiah there were a
miniman of ovexlapping chreomosomes, wese countbed,
Onee a declsion had been wreached to count the
chromogomas in a metephase, the Tinal nunber was
reoorded irregpective of the vogults ALl metaphases
were counted twlee, three or four times wntil the
game bobtal was recorded on Wwo suceessive countsSe
Metaphases presenting ambigulties fer counting,

were tenltotively recorded untll & photographlic

karyolype/
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karyotype &ould he made and a8 final decision reached
on the chromosone nﬁmhev. " With the exception of
one sheep of unrecorded age, the twenty two animals,
thirteen male and nine Pfemale were all under two
vears Oof nge.

The resulits of counts on 1,832 metaphases frau
these sheep 1o shown in table [ and individual
animales with breed and sex in Tab;gg-ﬁ and G,

Discussion of Results.

_Using this system of counting, the percentage
of cells showing the modal number of. [Lifty Ffour
chromosomes £roim 1,832 counted cells of the sheep 18
87« llle Although aix cells with fifty five chromosomes
were included in the table, In fact, only one could
be clearly classifled as a lrue anguploid, fouy
others were technically doubiful even afber
photographlic karyotypling and one cell was in the -
vicinlty of andther metaphase from which iﬁ‘could
have acguired an additﬁonal chromosomnes  Some poly-
ploid cells could be counted and vsually contained
the tetraplodd chromosome numbér of one hundred and
eight, others thatlt were difflicult to count were
merely recorded as polyulold cells, To compare the
results of this method with comparative human counta,

cells/
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(XII"GJOSCMD COUND3 FROM 22 NORMAL DJE‘.’: and RAMS

(LEUCOCTLT cummna)
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mﬁm _ . FPolye
Iomber 50 5 52 53 5 55 56 plgd Total
thunber of .

5 4602 6 o 25 1832

Metaphnses 14 12 39 133
Counted

i

/r) of

lietaphoses 0.76 0,66 2,43 725 8744 0.32

Comnted

Q 1036

® Only cne cell a genwine ansuploid, One was

wdecided = nenr to another metaphose,

4 celln

were technically doubtful, could be artefact,
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cells containing less than Tifty three chromosomes
were deleted and the modal cells agailn expressed
as a peraentage of the total cells, which in this
cose was 1,714, and polyploid cells were not
inceluded. Table Te

By the comparlson of the results of Table 7
with the results of Boyd (1965), Table 8; it can be
seen that the modal count rises to 92:1% of celle
counted. Gonsldering the sheep hams eight more
ohromosomeslthan man, this would suggest that both
the method of recording anmd the quallty of metaphases
exanined was near comparable to human methods

However, for purpeses of consistency the counts
on abnormal anlmals were recorded down o cells with
Tifty chromosomes. The percentage of cells with
the modal numbey £ifty Cour wes taken as 87.445 for
eomparative purposes. Irom the reﬂ%%ﬁ? of this
work, it can further be seen, Tables/ and Table IS5
part L, that the chromosome number of 2 n = 54, is
confirmed for Tive additional breeds of sheepn,
including the Scottish Black Face, Scottish Black
Face x Border Lelcester (Grey Face), Clun Forest,
Welsh Mountaln and Soay. The latter sheep is df

interest as it is consldered to be one of the oldest

knowny/



known existing pure breed lineg, Addiblonal

confirmation to already reporied chromosome

nunbers for Cheviot, Border Lelcester and Suffolk

breads of sheen ls slso glvens
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PATHE B,

HUMAN CHROMOSCME COUNTS (BOYD 1965).

45 46 K7 TOTAT
| oS
Bone Nexvow 10k Oh% % 223 |
100 recent . .
atients 5 9’4&-. 5 0. 5 lf‘j "l'B
A1 patients 6 93 1 8022

LAVIE

SHROEOSONME COUNTDS = 22 NOWMAL, TWES and RANMS,

No. of Chromoscmes 53 5l 55 TOPAL,

No, of Metaphases 133 1602 6 1714

% of Metaphases 7.5 92,4 Osds. 100
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RARYOTYPE — MORPHOLOGY,

As pointed out, the term karyotype originally
ineluded the characteristlcs of the chromosomes of
o specles hoth numeriaaliy and nerpholeglcallys
Thie term is now used in medlealk cytogenetics to
describe the systemised sprray of chromosomes of a
cell, prepared either by drawing or by pholographny,
{Denver Report, 1960)s  Yhe Denver Report further
suggested that the term idlogram, which is some-~
times used in the some sense as the term karyotype,
be used solely to refer to the disgrammatic
representation of a karyotype. An iaiugram for any
given specles ls based on the measurenents of the
individusl chromosomes in several or many cells,
and is In fact an "average® Karyotypee

The reason Tor arvranging into karyotypes the
wmitotic chromesome breparationa used in cytogenetics
is for the purpose of chromosome ldentification.

Agailn, 88 an aid to chromosome identiflcation, the

Denver ideport (1960) and the Report of the London
gonference (1963) suggested that several salient
points he followed in karyotype preparation, These
include, the arrangement of chromosomes 1
descending oxrder of size, the allignment of the

centromeres,,/




centroneres, the point qf attachnent of the
chromogome to the spindle (Darlington, 1936) and
latterly the recognition of additional chromosome
markers such as secondary constrictlons. Thesé
will be discussed in deteil belows

The differencés in length between chromoéamea

18 one of the maln factors used iIn identifications

Apart from the innate varistion in length between

individual chromosomes in a glven kaéyotype, the
conception of relative difference in size depends
largely on the type of mitotic preparétion vigwed.
In improved leucocyte culture techniquesn, provided

early mitotic metaphases are selected for viewing

“in which the chromosomes are not unduly contracted,

chromosome length can be of value in ldentiflcation
(Ferguson=smith, 1964)s With high concentrations
and prolonged colchlcine treatment, the chromatid

erms of chromosomes become very contracted and

length differences are not so easily percelveds

A Turther most useful landmark Ffor the
identification of chromosomes is the centromere
position. The centromere divides chromosomes into
two partis, referred to as arms. On the suggestion
of White (j9h5), the poaition of the centromefe

designates/
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dasignates a chromosome 88 being aiﬁher metacentric
OF BCROeentiics TP the centromere divides the
chromosome arms equally, it is referred to as
metacentric.  If on the other hand, the centromere
is near the endy, and the long and short arms sre of very
unequel length, the chromosome is termed acrocentrice
lietacentric and scrocentric ave now accepted terme
inology in medical cytogenetlcs (Harnden, 1962).
Thess have largely replacged the older terms telocentrie
and atélocentric, the former denoting a chromosome |
with a terminal centromere and the latter non~terminale
The berm telocentric is still used to describe a
chromosome with a terminal ecentromere, but the
exlstence of such chromosomes is apparently doubtiful,
although several investigators have revorted specles
which contain telocentric chromosomes, Mabbsson, (1962)
and RBid, (1963)a |

Levan, Fredga and Sandberg (1965) do however
make the wpoint that the theoretlcal possibilities
of exlstence, do not affect morphological observation
end that e chromosome with no visible short srms
should be termed telocentric, A fourth term
sﬁbmetaéentric chromosome is freguently used to

describe/
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. describe one hoving ites centromere hetween the -
acrocentric and metacentric positions. Criticiem
has arisen of the accuracy of the terms metacentric
and acrocentric, by Leven et al., (1965) who suggest
gix different categories of chromosome identification
accordiﬁg to centromere péaition¢ -In the case of -
the sheep, and indeed other members of the aame
tazxon, nemely cattle and the goat, there is little
chance a8 will be seen, of ldentifying individual
chromosomes on centromere position alone, as is the
gase in man. A change_from accepted nomenclature
would therefér@ appear pointless,

Chromosomes withln a preparved karyotype are
usually ﬁumbéred‘in pairas or lettered in groups,
elther system belng aocceeptable, although the Denver
Report suggested nuibering human chromosomes. Patau
(1961 ) eriticised the use of numbers in identifying

p human chromosomes, He suggested that these chromosomes
could not be more clearly ;dentified than into seven
lettered groups, IFf length and centromere position
were the only snticipated means of ldentification,
pPatau's criticlsm may be valid. However, with the
possibility of using other morphologilcal featurea,

such as secondary constrictions (Ferpguson=-Smith

et al., 1962) and autoradiography: patters (Gilbert,

Muldedl,/
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Muldel, Lejtha and Rowley 1962) for identification
of chromosones the use of numbers in karyotyping
has sdvantages, This advantage begomes more obvious
with a kayyotype such as the sheep which under a group
lattering system ¢ould only be divided into two
groupas Geroup A, metacentrlc and Group B, aﬁro~
centric chromosomer, sex chromosomes excepbted,

In sueh & homogeneous kKeryotype, with this
large group of acrocentrlc chromosomes, & nunher
signifies a velative position in the series, while
reference to a member of group B., does not indicate
relative. position. A member of group B., could:
mean say chromosome in this group, the largest of
them béing several times larger than the smellest
members of the groups

Secondary Conatrloblons.

In contwast to the centromere, the primary
congtriction, other constricted r&gioné not
associated with spindle attachment do occur in
chromosones of several species, These have been
shown to be valﬁabla ag addltional chromosome |
merkers ln the Rhesus monkey (Rothfels and
Siminovibeh 1958) and by several workers in the
numen Fields  In the latter field, Ferguson-Smith
eb al., (1962) showed secondary constrictlions 5o

occur/
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gccur most frequently in all the acrocentric
chromosomes of the karyotype, In these, a
secondary constriction in the short érm separates a
terminal mess, the satellite, from the rest of the
chromosome arms These wmykérﬁ also showed that
aecondary ccnstriationa occur at speeifio sites on
other chromosomes although less frequently than the
Tormer, The regularity of these findings is in
close asadciatimn with Wald and Turner (196L), who
alsa showed that constrictions rarely occur on both
homologues In the same preparetlion,

The structural nature and functional significance
of secondary constrictions is still in doubt.
Darlington and La Cour (1941) suggested that they
are &réas of a chromosome in which there is a
reduced amount of nucleie acid (negatively
heterapyngtic)q _ Woodward and Swift (196&) however,
did not find reduced nuclelie acld in these areas
and suggested that the negative heteropyknosis éeén |
by Darlington and La Cour, was & local uncoiling
- effect due to thé cold treatment uséd in their
preparationd.  Autoradiographic studies of human
chromosome have shown that secondary constrictions
correspond to regions which are later replicating
(Schmid/ | |




(Schmid 1963 ).

Althaugh'the teprm. primapry cenﬁtrictioh is
used for the centromere, the natura of gﬁimary~and
secondary constrictions does not appear to hé
antlrely similapv, ﬁakselalﬁnd Moorehead (1962)
showed that these reglons ragsponded differently to
grperimental Tixabtives and Flame drying. They
muggeéted that secondary constrictions may be
heterochromatics |

A fuprther property of aagondéry constrictions
is that there is apparently‘no significant
variability in frequencies of homologues with or
wlthout conatricfiona betwesn individuals (Palmer |
and ¥underburk 1965)s  This is of considerable '
importence if they are to be valusble in chromosome
identifications |

Secondary conatrictions on the chrcmoscmés of
domestlc anlmals have been described only 1n the
cat, as occurring on Chromosome I, Group E.,'(Ghu,
Thaline and Norby 1964), 044 reference is made |
to single cases occurring in keryotypes of some
wild animals such as elk deer, (Nes, Amrud and
Tondevold 1965),

In the karvyotype of the sheep, in which the

tdentification/
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ldentificetion of individual sutosomes is
difficult, the possibility of Linding additional

markers such as secondary constrictlons has an

added lmportance, fuether, as suggested by
Palmer and Funderburk (1965), secondary constrict-
iong may assist in delimination of smaller chromosomsl

abarpaticns than can be shown by present techniguee,

CHROMOBOME _ ASSOGIATIONS and ABERRATIONS.

Two types of chromosomnal assocliations have
heen demonstrated in human mitotic chromosome
preparations = assoclation between the five
palrs of satellite acrocentric chromosomes, and
assoclations of the satellited chromosomes to sites
on non-gatellited chromosomes, where seeondéry
constrictions have been demonstrated (Ferguson=
Smith and Hondmaker, 1964, 1963).

The assoclatlion of the flve palrs of satellited
acrocentric chromosomes has beén shown by these
aunthoras to be.of a speclfic naﬁure, and concerned
with nucleolus Cformatione Oonfirmatory evidence
of this was given from terminal nueleoli seen 1n
chromosome hivalents of meldtic preparations,
which were interpreted as being the five pairs ol

satellited/
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gsatellited chromosomes (Ferguson-Smith 196L.),.

In men the hypothesis has been put‘fmrwara
that the association between aerocent#ic'chromoaomcs
and sites on other non=-satellited chromosomes,
where secondary constrietianﬂ'havevbéen demonstrated,
are near,ﬁo nnﬁieolarmorgaﬁiser regions (Ferguson~
Smith and Handmeker, 1963)s

Nucleolar-orgeniser regions are regiana‘neéﬁ
which nuceleoli ariae, and have~been shown in
saveral specica to bé assoclated with secondary
constrictions (Heitz, 1931 and. b, and McLintock
193.)e |

The association of chromosomes is not oﬁly
importaﬁt in helping chromogome 1d@ntifiaation;,buﬁ
alao because of their possible involvement in |
ehromosome aberration.

The main autosomal aberratlons in the
chromosomes of man have been found to be connected
wi th satellited chromosomes, Tor exsmple trisomy
of Chromosome 21~22'(Lejeune, Geutler and Turpin
1959)s  In the hamster, Hsu and Somers, (1961)
noted that chrometid breaks occurred ¢lose to
reglons where secondary constrictlons exlsted..

This added evidence o the ﬁuggastiqn of Ferguson—
Smith end Handmaker, (2963) that the deletilon of

Chromosome/
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Chromosome 21, to produce the Fhiladelphls
Chromosome (Nowell and Hungerford, 1960)
colncided with the secondary constriction on its

longarm,

EARYOTYPE _ PREPARATION,

Method.

The constpuction of aﬁ ldiogram and the
examination of karyotype are domplementary. It
1s not possaible fo conatruct a complete idlogram
without the examination of a number of karyotypes,
and the full significance of the karyotype does
not béoome apparent without the idiogram. in this
atgdy at least five photographic karyotypes were
made from each animel, but in cases of very good
preparations, more keryotypes were prepared. Iﬁ-
the abnormal‘animala:this was extended even further
to ensure that coverage was a8 complete as possible,
This included the preparation of karyotypes of sus-
pecged aneuploid cells (h&perdipl@id) in order to
aifferentiate additional chromosomes from
chrombsome frapgments,

An stated previously, suitahle metaphases for.
photographing were collected during routine counting
examination of slides. As fer as posslible only

metapheses/




metaphases in whilch the individuel chromosomes
were reascnably well separated were phoﬁographaa.
Overleappling of chromosomes obvlously redﬁead
vision Qf morphological-faaﬁuraé_and further
made enlargement more difflicults,

A1l photographs were taken under a Wild M20
microacbpe with photographic attachment and éamera.
For photography, the wide field eye pieces were
exchanged ZIfop cne'oréinary X 10 eye giece and X 10
photographic eye piece with focussing sight and
frame‘  A Balzer's gfeen filter was placed overv
“the built-in light source for bﬁotography to.
improve,chromdsome definitione A Leitz exposure
meter, interchangeable with one eye piece was
used to make the exposure readings All photographs.
were timed accordingly, and made on Ilford mi coom
Nege §anchrnmatie-film.

Developed f;&m was used to moke enlarpgements
- for karyetyye analysis, For this purpose a
*"gnome" Kodak eniarger was used and the enlarging
head was set at such 8 predetermined posltion as
to give a final photographic enlargement of three
and & half thousande Thig position was found by

photographing a calibrated atage micrometer and
then/
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then wsing this negetive in the enlarger to
find the position to give a magnification of three
and & half thousand. This was achleved by adjust-
ing the enlarger head so thait the distance measured
between the middle of two micrometer lines from
the negative scale 1000 microns was 3.5 cme.

hree or four prints were made of each
photographed metaphase at this enlarvgement on a
sultably graded printing papers This aspect of
the work requlired experience.,  Solt negatives
regulring harder paper to glive comparable contraét
with normal negative printed on normal paper,
These were developed in D 163 developer for a
period of one and halfl to two minutes and then
placed momentarily in a stop solution of 2% acetlic
acld, Fixation was for ten minutes to half an
- hour, Developer was freshly prepared from a stock
solutlion before each hatch of prints was made., The
developing process was completed by washing for
soveral hours in a tank with clrculating water.
Prints were finally glazed and sorted rcady for
karyotyping,.

With an ademco hot iron, ademco dry mount

poper was pressed on to the hack of esach photow

grophis/
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?%hotographie enlargenent of a‘metaphaée. Tach
iindividual chromosome was then carefully cut out,
iehecking that none were missed and none duplicated,
These were placed on sheets of white card measuriﬁg
10" by 42" with ruled lines at 1%“, 5™, 1%“aénd 13"

The chromosomes were then arranged by visusl
appraisal in paired homologues in descending order
of size with the centromere, as nearly as could be
judged, placed on the line. In the acrocentric
group of chromosomes it was usually very difficult
to determine a centromere 9ésitipn, even though
what ap@aared tb be small arme projected from the
terminal end, When these were visible they were
placed above the marking line,

Whet was tentatively considered to be the X
chromosome was placed at the beginning of the large
scrocentric series of chromosomes, The ¥ chromosome
in male preparetions fell into its obvious pésition
- at the end of the whole series,

Thus a routine karyotype consisted ofg~
Row 1. Three palrs of metacentric chromosomes
cand four palrs of acrocentric chromosomes
in a female or three pairs of metacentric
chromosomes and one X, and three pairs of

acrocentric/



acrocentric chromosomes in the males
Row 2.  Seven pairs of acrocentric chromosomes.
Row 3. Seven pairs of acrocentric chromoaomas.
Row lis  Six pairs of acrocentrie chromosomes in
fha female or six pairs of acrocentric
chramosbmea plus the ¥, in the male,
The prepared karvyotype was then mounted by heating
in a hot press, an uncut photograph of the metasphase
attached to it and the whole labelled and filed for
reference in ldiogram construction. In the course
of this étudy,.approximately three hundred and
twenty phptographic karyotypes were prepared frcm

twenty seven different sheeps

MORPHOLOGI CAL FRATURES OF THE SHEEP CHROMOSOMES,.

'The main morphologlcal findihgs of the .
exanmination of the sheep ghromosome are featured In
the series of photographs included in the following
Pagess Several points are demonstrateds . In Fige
17 & typicsl male karyotypé is shbwn with the small

| submetacentric Y chromosome clearly distinguishable
at the end ol the ahrambaome serica, Also shown is
the additional long arm length of the X chromosome

over the next largest pair of acrocentric chromosomes,

The/




The advantage of this distinction is less obvious
when more contracted metaphases are examined,
Metaphases which have had prolonged colehicine treatw
menty while 'still suitable for counting, do not
permit easy identifioétion<o£'the X chromosomes
(Fige 18). Apart from the extra length of the
long arms of the X chromoscmes it has gquite distinet
short arms, which are generally more apparent than
those off other ﬁeMbers of the aeroaehtric group of -
ChIOmosomes, Even in the more contracted chromosome
: preparétions, the size of the short arms of the X
chromosome often aesist in 1ts identification, This
latter femtuve‘ia shown clearly in Fige 19 |
While the identificatlon of the sex chromosomes
of the shaep,lparticularly thé Y chromosome was found
to be possible, autosomal ldentiflcation was shown
to be very difficult,  The pairing of the six 1arge
metacentric chromosomes cen usually be carried out
with reasonable visual accuracy but the palring of
the forty six acrocentric chromosomes is epproximate,
no degree of accuracy belng suggested on length

measurcments alone.
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- Fige 17 KARYOTYPE of the RAMe (X 3500)







Fige 18, KARYOTYPE of the BWE. (X 3500)

oo
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Pige 19« KARYOTYPE of the EWE. (X 3500)s

HNote: short arms on both X

chr anosomess
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THE _IDIOGRAM OF THE SHEEP,

It can be seen from the nature of the sheep's
karyotype that the ldentification of individual
chromosomes, particulérly the acrocentric group, is
extremely difficult’ so that ln ordeér to extend
present knowledge every recordable morphological
feﬁture becomes lmportant, The construction of an
idlogram purely on length measurements would do
1ittle to add to the present limited means of ldenti-
fleation, It 1s however easentlal that measurements
arc made and an idlogram constructed in order to
forn a foundation on which to add additional
morphological featuress In this study, the general
principles of idiogram construction followed were
those of the Denver Report (1960). The main difference
in the construction of 1diograsms of different specles
by different workers ls not the method pf measurement
followed so much ag the number of cells measureds In
this there is considerable veriatlion. Rothfels and
Siminovitch (1958) produced an excellent idlogrem
of the Rhesus monkey measuring the chromosomes of ten
cells, Tlve of each sex,  Likewise, Levan snd Hsu
(1959) produced on the same nuuber of cells a human

idiagram‘which agrees closely with other workers, No

advantage/
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advantage could be seen in measuring the chromosomesm
| of very large numbers of cells unless for speclal
reagong such as the comparisgon of cell strains (levan,
Hsu end Stich, 1962) or checking the sources of
chromosome measuwrement variation (Hsu and Zenzes,196Y).
MESHOD »

The method of construction largely followed was
that of Rothfels and Siminoviteh (1958) and in the
addition of saccmdary’e@matrﬁ%tions Ferguson-Smith
gl al. (1962) |

Care was taken to select metaphases that were
evedly spread and in which a minimum of chrcm@aeme
overlapping had occurred. No great stﬁesa was placed
on degree of chromosome contraction gsinece all measurew
ments were to be reduced Yo a relative assoclation.
Very long esrly metaphases: and very short metaphase
preperations were discarded, Yen suitable metaphases
for measurement were chosen, five male and five female,
from seven dlfferent animalg, three ewes and four rams.
In each cell measured a corresponding photographic
aryotype with assigned chromosome numbers was prepared.

Measvrements were nolie by tracing photographle
negatives held in a film carrier and projected on to
vhilte/
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whlte drawing paper pinned to a vall. Cars was taken
to ensure that the projestor was focussed on the

drawlng paper so that an lmaginary line drava through
the light sowrce film and lenses mel the paper at,909.
The projector was: placed at é measurced distance in front
of the screen gauged by using a projecited micrometer
scale, s0 that the chromosomes were enlarged to
approximately X 10,000,

In traecing the chromosomes, each chromaitld was
drawn gseparately. To avold ambigulity over centromere
position of the large metacentrle chromosomes, a crosg
vas placed vhere the centre of the nonwstalining centro-
mere was judged to bee The individual chromatid arms
werae then retraced from end to centromere for each
chromosone using a map marker. Measurements were
recorded to the nearast hall millimetirc. For each
karyotype traced, the following date was then finally
recorded (Table 9) forming the primary data from which
the final relative prelatlonships bebtween chromosomes
was calenlateds In the five male karyotypes, the ¥
ghromosome was not included in the toital chromosome
length, but instead the X ehromosome measurement vas
included twice, bringing the male and female measures

ments/
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measurements to a common level. It was realised

that this may lead to gome small error in X chromosome
measurement, since one very often appeared longer than
1t8 homologue.

The ¥ chromosome was finally wmeasured and
compared wlth the total chromosome lengbh, as estimated
by this proceinia.

From the primary date for sach chromosome the
lengths of both ehromatids were averaged (Table 10)
ineluding both arms for the six metacentric chromosomes.
Finally the measurements for the paired homologues for
ﬁagh;maﬁaphase vere averageds.  Thus, the mean data for
gach metaphase consigied of measurements of the hapleid
sat.of twenty-seven measurements. Three of the twentye
seven measurements were subdivided inbto two measure-
ments corrvedponding to the short and long srms of the
m@ﬁaéent*ic ShLOomosCnes No rearrangement of chromoOw
gomes was made in the karolype folloving messurements
as vas done by Rothfels and Siminoviteh (1958). With
only few exceptions among the small acrocentrlc
chromogones the measurenents were of a descending order.
It was further considered that the changing of pairs
did not affect the total chromosome length and the
differentiation of individual nmembers of the large

acrocanteric/s

‘ | | )
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acrocentric group of chromosomes obviously cennot be
concluded on Jongth meaguvement alone.

Tor each measuved metaphase the length of each
chromogome vas expressed as a percentapge perv thousand
papts: of the tobtal chromosome length. (Caleulated by
adding the data in the final column at Table 10).

oot - 200 R

Toval chromosome length

the resulis of these caleulabtions for ench of the
10 metaphases are shoun in Table 11, and the average
resulis used In idiogran construction in Table 12.

‘ Popr the three large motuacentric chromosomes and
the ¥ chromosome, the pesition of the centromere
velative to the total chromoscme lengih was determined
by comparison of the length of the long arm with the
latter using the following calculation.

long brm Meagurement x 1,000

Total Cheomosome Lengthe

the result being known as the cenbtromeric pogition.

This modification of the Deaver Repovlt centroe
merlc index made dlveol measurement for drawing the
ldiogran elmpler. See Table 13.

The final disgrostic parvamever, again for the
netecontrle whidhosones and the Y chromosome only,

was/
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TABLE_9.
BXAMPLE OF FRIARY DATA RECORDED FROM CHRCMOSCIN

HEASURTMENTS B ONE Wl (TR 48),

Iong Short = Tolal
Arm Axm Chronosome
Tength
1 1 6070 13'080 11 050
2 6,25 Le70 10,95
o 1 5.70 5.6 10,75
2 550 5,05 10,55
3 1 6,00 475 10,75
2 50 70 1{*050 1 0.20
y 1 575 5,65 10,50
2 5,85 L,80 10,65
1 510 4.55 .95
2 6,20 4,30 10,50
6 1 5430 5,85 11445
2 50 00 Ih )io 9- 4O
_— 8,60
£ o9 5.75
o 1 575
* 2 5,70
7 1 5450
2 5,55
2 5e25
9 1 5.00
2 4,80
1 4,70
10 465
2 4,90
1 ho20
12 9 130
13 1 430
s 2 e 4O
1 Lo 05

Total
Chromosonie

_ Jength
I o
64 38
7L
185 3
9 L 390
20 1 309
2y 300
2§ 3
CEES
2 ) 330
% 3 3030
% L 340
TS
B ) 30
20 3 e
N




Totnl

~ Chravosons

37

38

39

40
s

)

1S -

N e

DG =

W S P o

e o O oS oS D= ot e

I el

3e15
2,95
290
2.90
2,90
2,85

3¢ 00
280
2,80
2,80
2,70
275
€430
2&59
2,90
2,60

2,70
2,70

2 0'50

3.45 -

2240
2,50

2,50
240
2,60
2,25
2450
2,30

20'!4’0
Be35

Total
Chromoscme

47
48
L9
50
54

52

We N~ o= PN o=

DY >

2,30
2.20
2,25
2,20
2,50
2430
2,25
2430
2,20
2,15
2,20
2,30
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l%%Q‘FJ”- O.
FXAETS OF MEBAN PRIMARY. DATA OF TABLE 9, (F0E 18).

A 3 PN Y ) Pt

Mean Liength Memn Tength Mean Mean Lengt
of of Total of
e 05, AT, Short Amm, | Lengths  Homolopuos
4 675 b 'T5 : 114225 3215
o 3 5085 *'{-o 625 1 0.1{-75 1 0, 5
5 5,80 he725 10,525 *

5 5465 holi25 10,075 2
% Ban 50125 1,28 10N
7 | 5,675 |
X g 5725 Be7

9 5e525 | g
1 He 9 g
13 le 65 ;
6 ‘1 l;’; Ij‘. 2 B th l{"b
. 15 re 35
i 1 6 2*'. 05 l{-. 2
! ? ‘)—E-a Q?-S:' 3 w
8 48 575 5.8625
1 3,975 3. 8628
v '3?* 3.?:"50 3.8625
) 24 34355 2 )R
14 23 3.k
2l 3.975 3.1825
25 | 5,625 .
2 2 54225 3,625
27 De2H 3
3 28 31 )11
29 5 . 025 ped [24
'~ 2‘; 1 3:5 * 1 7 ¢
15 5 s O



l’g;mt;l Meagf Tengthes
. . Lengths Homologues
6 R OER s
RLA 2925
o % ggﬁ 2775
% B w6
2 oD 2,625
22 2 Dz BT
B 5 a3 25575
2 2 552 2,2575
S SO 2,2875
26. 2 2D 242125
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TABLE A%,
MEAN RELADIVE LINGTHS OF HCMOLOGUOS CHROMOSCMIS FROM
Chromosame 117 ¢ 18 9 33 o 18 o 35 @ J6 d
1 109,062  97.873 108,566 96,960 99,0 414,400
2 93,017 93,958 99,673 87.229 91,526 N,92
3 83,568 91,050 95.142 79.560 86,697 87.56
X 49,51 1,006 52,857 49,338 51,627 49,649
* 46,925 48,992 45,001 45,90h A4, 383  43.539
5 1,885 42,840 43,628 14.850 42,313 42,687
6 43.802 39,820 -38,080 40,295 4O LT HO,255
7 38,329  37.505 30,342 40,180  ¥.,279 38,552
8 35,927  Bh.Th2 _35_.825 36,405 56,334 35,877
9 34,352 3h.563 32,805 34.5T 34,725 A TR
10 3,990 30,76 32,637 33,770 33.575 29,796
14 32,561 31163 30,625 32,511 31,965 32,208
12 10k 30,985 30456 31,939 29,780 31,620
1% 29,628 28,419 27,351  31.480 29,550 29,18
1% 28,451 27481 26,003  3M.435 28,400 20,67k
15 27,95 27,626 26,420 23,076 28,400  27.36L
16 25,690 27,740 25,002 26,901 26,216 25,90k
17 25,000 26,062 24,331 26,901 25,6 26,585
18 25,789 24,832 23,660 26,558 25,871 26,512
19 22,639 25.601 23,32 24,726 2,951 21.8%
20 21,261 23,715 21.982 25,986 25,006 21,069
24 21,556 22,035 22,233 23,696 22,3507 21.89%
29 22,245 21,812 21,394  22,B%1 22,077 22,86k
a3 20,375 21,364 20,555 21,979 20,812 22,62
2k, 18,210 20,022 19,549 20,033 19.432 20,801
25 19,686 20,470 17.032 19386 19,202 17.513
26 16,930 19,798 16,360 18,888 18,397 17.628
v 10,702




10 RARYOTYPES BKPRISSED AS

TENCTH OF CHROMOSOME X 4000

" T Ce Lr

2602 & 26012 & mes & 2603 & mmw
103,088 . 99.273 100,956 99,08 102,526
95,659 . 87.057 90,296 88,0k N.858
THLAG2 80,919 . 85,396 78.981 &4 634
52420 | 48,020 $1.458 50,389 50, 605
ATen5 B3k . ML230 4728 RGN
55.TH3 U318 40,799 LTS 43,000
K2.257  h3.288 40,309 LOA4B 40,905
38,47 . 38,670 37.736  37.650 38,647
36,227 38,555 k.75 37.226 36,191
36,728 | 34630  33.815 35,810 337l
(33,306 | 33,707 32,100 35,669 32,731
32,307 | 32,321 32,835 31,847 32,056
300217 30,590 32,400 31,423 31,021
30,430 . 314467 30,752 30,715 29,910
29,382 29,551 30,507 - 30,49 . 29,052
27,963 29,089  R7.689 29,866 28,146
26,878  27.242 29,282 2R 26,860
26,210 28,050  26,42% 26,752 26,396
Do OBO 25,049 25,484 26,18k 25,298
23,422 22,856 25.97%h  2h3k5 23, Th3
2,703 b2 2D, 23779 23,437
21,705 25,202 22,480 22,505 22,355
20,701 . 2.817 24,38 23,779 22,055
20,868  M.385 20,706  21.2M 21,187
18457 24,701 18,625 20,382 19,72
19,4115 49,970 18,75 19.67% 19,075
18,197 19,067 18,5 19.816 18,356
11.008 12,006 12,252 8,492 10, 89%
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PABLE 12, |
CHROMOSCHE TENGTH X 1000

MEAW % TCL (HAFLOID) BXPRESSED A3

H "*J
W OR & MATE ond 5 FIMATE mzz,mmzlwsﬁfz,, | .
. LLEAN : % G BoOolg .
Chromosome 5 & 5 e 5 &+ 5 ¢

4 402,76 102,29 502,53

g 90,60 93,08 o8l

3 82,06 87,20 Bl 63

& ‘ 50,38 50,85 50,60

k. I, 98 : W NG 15,72

5 42,50 45410 43,00

6 14 o 54 40,50 40091

7 38415 3914 38,65

8 . 36, 5k 35485 36419

9 Bha 55 5he 20 37
10 52492 32455 32,75
11 K 1Y T M GTT 5205
12 31620 50,05 .02
13 - B30.54. 29,28 29¢ H
1% 28,59 2790 28,15
4 6 370’4«1 26.:5'3 25- 86
¥ 27.20 25459 26,40
18 2505 25430 25,40
19 | 23,65 235.85 25,75
20 2% 37 . 23060 23-‘&1.“
P A2, 30 22457 22,35
22 22,40 22,02 22,06
23 2,56 24,02 24,19
2 19,99 19.45 19.72
25 19.00 19445 19,08
26 18.‘51)- 18. o3 18;:’36

v 10,89 10,89
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was the arm ratio expressed as,

Length of Long Arm
- Length of Short Arm.,

the resulite of which are shown in Vable Yl. -

Before discussion of these results, it 1o
pertinent that other morphological features be
viewed so that the auggeéted idlogram can be
considered as wholes

THE ADDITION OF BECONDARY CONSTRICTIONS
20 THE IDIOGRAM

Three hundred and twenty photogrephic karyotypes
were prepared in order to estimate whether sufflcient
secondary constriutiwhﬁ were present in any one
chromosome, to help identilflcation. These included
the better metaphases viewed, No selection was
made for the presence ol secondary constrictions in
these Raryotypes. Photographlic karyotypes do not |
always show constrictlons to advantage but the'ﬁiaa
was in favour of a low estimate rather than a high
one, Further, except for the metacentric chromosomes
it was difficult to assign a constriection to a given
acrocentric chromosome wilthout kevyolyping.

Any euchromatic gap on either chromosomo
chromatid, or both, was accepted as a constriction.

I the chromatids showed non-alignment a constriction

was/
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was not recorded, Non~alignment of the chrométids
ab 8 @uchvomatic,gap wag baken as breskage unlesa
celear strands ol chromatin could bhe seen bridging the
S These crliterls for recognition of secondary
constrictions sre similar to those of Ferguson-Smith
et al., (1962), and Oppenhoim and Flshbein (1965).
A nunber of aécurata sketch lailésrams were

duplicated, from the average measurements recorded

in Table 12 The &rmé of each chromcsome on théﬁe.
were divided into three parts from the centromere

out as paracentrlc, middle and terminal thinrds, as a

- gulde to positioning. Each of the karyotypes was A
then_exéminea ané, a8 a constriction wae noted, its
relative position was carefully estimated and marked
on to ‘the sketch ldiograms  So that, for each

_ karyotype with a chromosome showing a constriction,

there was a corresponding sketch Miogram, Using this
method it was then a simple procedure to =ort out re-
eofde& data for each chromosome and alsq to measure the
posltion of each recorded constriction. The
measurement was talkken dlrectly with e mlillimeter
ruler from the centromere outwards.

The chromosome measurenents obtained from the
average of the ten karyotypes as show in Table 12

were/
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were then used to draw up the finel idiogrem using

a sultable scale; (Fig. 20)s Lines drawn ﬁovscale

and measured'from'the sketch ldlograms were then

-added to the “ghost” set of chromdacmeslto represent

the constrictions racorded, Finally, a number

placed beside each line Whidh represented a secondary

constriction indicated the number of constrictions

at this polnt on the three hundred and twenty

karyotypes examined, If the congtrictlion were

very clear in one chromatid and not clear in the

other this was Indicated by the bracketed figurec.
Bxamples of the more commonly occurring secondary.

constrictions are given in the following series of .

photographs Fige 21 - Fig. L2,

DISCUSSION OF THE SHEEP IDIOGRAM AND KARYOTYPE,

-

White showing that there are clearly messursble
differences between chromonome lengths in the sheep,
the idiogram also emphasiées the already obvious
fact of how close are these differvences, (Table I2
and ige 20). |

The acauracy of visual estimation of chromosome

length and positlon as shown in the karydtype,

proved to be low at positions below Chromosome 7

in/
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Fige 20 THE IDIGGRAM of the SHEEP,
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Fige 21,

Fig. 22,

Figs, 21, 24, Secondary Constrictions on |
Chromosome I at the middle/terminal position of
the Short Arms. (X 3500).
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Mige 23. Paracentric Secondery Constrictions on

Short Arme of Chromosome I. (X 3500)

Fige 2he Temminal Long Arin Secondaoyy Constriction

on Chromosome I« (X 3500).
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Pige 25.

Fig. 26.

Plgs. 25, 26, NMiddle Long Arm Secondary
Constrictions on Chromosome I. (X 3500),
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ige 27 Secondary Constrictlion.. Lond Arm
Chromosome I, (X 3500)

Fige 28, Secondary Constriction. Short Arm
Chromosome X. (X 3500)..







151

Fige 29« Paracentric/Middle Short Arm Secondary

Constriction on Chromosome 2. (X 3500).
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Flge 304 Terminal Short Ax'm Secondary
Constrictions on Both Homologues of Chromosome

2. (X 3500}

Mge 31« Terminal Short Arm Secondary
Constriction on Chromosome 2 also constriction
on one X Chromosome and Both Arms of Chromosome
7o (X 3500)
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Fig‘ 32 Secondary Constrictions. Long

Arm Chromosome 2, (X 3500).

flge 33s Secondary Constrictions, Long
Arm Chromosome 2., (X 3500).
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Tige 5lle Middle Long Arm Secondary Constriction
on Chromosome 3« (X 3500)
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Pige 35 Fige 36

Figo 37.
Typicel Secondary Constrictions on Various

Acrocentric Chromosomes (X 3500).







FPige 38.

Pige 39.
Two Clear Secondary Constrictlons on the One
Chromosome in Two Metaphases. (Acrocentric

Chromosome)e (X 3500).
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Fige e Fige ha.

Examples of Presumed Secondary Constrictions in the
Parscentric Position of Aerocentric Chromosomes
Typical of the "Rabbit's ear” effect (Hsu, Billen
and Levan, 1961)s (X 3500),
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in the ten karyotypes measured for the ldlogram.
Seventy four measurements were misplaced out of a
possible total of two hundred and seventy, (Table 11).
This lerge number of misplacedents by messurement
does not necessarily indicate ﬁhe futiliﬁy of .
karyotyping and numbaring'of thecs unidentifiable
chromosomes, as has been suggested by Patau (1961)
and Patau (1965).

However, although there were a large number of
misplacements, the maximum misplacement was two
chromosomel places in 2 cases and one place in 25
COBeH, Therefore there is probably no- gross
misplacement of chromosomes so that additlonal makers,
lees Becondary constrlictions, 1f shown regularly, are
bound to occur within the same reglon of the
karyotype. This has been the experieﬁce off workers
on other speciles, For example, Chromosomes 13 and
21 present simllay problems in man, as Ao the
acrocentrie chromosomes of sheep, but Ferguson-
smith et al., (1962) and Palmer and Funderburk
(1965), have shown a sedondary constriction on the
long arm of each- of these chromosomes in addition
to the satellites'on the short arms, A similar
example may be quoted of the “rabbit's ear)

 ¢hromosome/
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chromosome found 1n the mouse karyotype (Levan,
Hew and 8tick, (1962), and Chromosomes 9 and 10 of
the Rhesus monkey (Rothfels and Siminovitch,
1962)

The idiogrem meesurements verified the visual

lmpression gained from viewing karyotypes, that
the metacentrie chromosomes can usually be
identified by length in good preparations, This
was found to be most evident in differentiating
Chromosome I fvom the other two pairs., The
difference invlength was not always s0 obvious
between Chromosomes [I endlil, but centromere
position which is more central in Chromosome I1IIT
(Table 14) proved useful for identification, A
feature of the melacentrie chromosomes, particularly
Chromosome I, was the frequent dissimilarity in
‘&ength between homologoues, (Figse 17 and 26),
, This anomg;y ;s réported In other speq&es also
(Ford, 1§%29 énd may, on occasion, he:exaggerated
by the position of chromosomes Jn melarhase
preparations, bhelng Turther incressed during
chromosome preparation (Patou, 1965).

The average ratio found between the length of

the X chromosomes, from ldiogram measurements, and

- the#
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the next pair of acroceniric chromosomes was lel &
1.0a  This figure is lower then thai quoted by
Melfee gh 2Le,(1965) vho did noi state, however,
the number of chromosones measured. Yhe range of
this nwaitlo over ten measurém@nts yas Lelb - L to
1.0 =~ 1, 9his diffevence wes again analogous to
che lwpression galned by vlewlng & large mumber of
netaphases in this study. The consgistent length
difference and the usually more obvious short arms
seen on the X ehromosome made 1ts identification
possible in good mevaphases.

gecondary Gonstrhaotiond.

PFrom $0 homogeneous a kavyotype as that of the
sheep, ‘small points of difference beitween chromosomes
are of grealt importance for purposes of identlfication.
For this reason great care was taken to record all
demonstrable secondary consgtrictions. Qf the
gonatrictlions recorded there was some variation
both in position and morphology e In some cases they
appeaved as wnderstained areas, 'negative heteropylte
nosis*(White, 1954) with no great separation of
opposing ends of the chromatids (Figs. 21 and 22).

On other occagions they appeared as wide non~staining
areag of "euchromatin' (White, 1954). Sometimes

thin/
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thin strands of chrometid ends (Mlg. 28). This
variavlon 1s similar to their expression as roécorded
hy others (Rothfels and Simonovitch, 19683 Fergusons
Bmith ghe nle, 1962). | |

A total of one hundred and ninety~seven clear
constrletlons other than eentr%mereaﬁ vere recorded
from three hundred and twonty karyobypes. The
veagon for this comparveblvely small number of"
constrictions: nay be assocliabted with the fact that
the main part of this work was done using a dilute
Hanks Balonced Salt Solubion for hypobonic ﬁreatmen%.
Very few secondary consirletions were recorded during
thia period. Latterly when a change was made to
sediun eltrate solutlon there was an increase in the
number of congtrictlons seen and further their
demarcation was more distinet. Figs. 27, 28, & 32.

It can bhe geen that the majority of these
congirictions are found in autosomes l-k and the
X chromosome. Although the incldence of secondary
constricitions is low winen all the chromosones alone
are taken, 5.05% of the above chromosones show
secondary constrictions. This percentage, howevern,
is split bebween several positions on each of hhésa
chromo&ones, 8t which secondary constrictions may

GCCUL »




162

bLeecopting the fact that it is possible for
the same constriction to be seen ov@f a variable
position within each chromosome, depending on the
state of the metaphase at fixetlon, i1t was found that
the recorded constrictions on the three metacentric
chromogomes tended to ogeur regularly in the fellowing
Pasitiona.

Ghromogsome L.

On the short avm there were two aveas where
congbricuiong oceurrved, Ten were recorded neer the
middle~terminal reglon (9-12 mm.) and nine were
recorded at the paracentrle (2«3 mm.) region. On
the long avm,: on twanty~two occmsions, a counstriction
WA recé%ded*gaar the mid-arm region, O«1l. mm. range,‘
and a very ﬁisﬁiﬁcﬁ congtriction vas also recorded at
the terminal end of the long arm on four occasions.

Shromosone, 2

Two sites vhere regular constrictlons

occurred were on the short arm where there were
thirteen constrictions at the 1llel3 mms position and
on the long arm,<a midwarn eonstriction occurring

thirteen times at the 10-13 mme position. DbHgain as

in Chromesome 1, & ¢lear constrictlion was ghown at the
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terminal end of the long arm, but only on four
oceaglons,

Chromosone 3.

Nine very clear constrictions were seen at the
910 mmae stage in the mid long arm position. o
other congtvilctions were recorded on elther side of
thle regilion and may 1n fact have heen representative
of the same constrlcebion..

The occurrence of a number of recordable
eonstrictions of the gix large metacentric chromosomes:
would suggest that in the sheep these ave the pain

pueleolar oppaniser chromogsomes.
& _Chropagone.

There wore insufiiclient constrictions on any
given region of the long arms of the X chromosome o
form a patiern as in the melacentric chromosomess It
is possible, however, that the seven constrictions
recorded at the 6-8 mme position may indicate e region
where constrictions could be expected to ceceur, (Fig.20).

Chremosone. tue

Fifteen constrictions recorded on this
cheomosome appeared to fall into two pgsitions,
at the 0~9 mm. range near the midéié long arvm position

end /
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and at the 12«15 mm. Germinal position. Two
oxamples of what was assumed to be chromosome L=
showed these congtrictions oceurring concurrently.
(Figs. 38 and 39).

Qther Chromogsonass

The wvarious constrictions recorded on the rest

of the acvocentric group did not suggest any means

of differentiating this difficult splay of chromosones.
Two Lypes of constrietions were noted, those which
occuprved ag definite secondary constylciions on the
long ayms of the actecenirle chromosomes, Qefe

Figse 35 - 39, and those which showed a characteristic
constriction on the paracentric aresa of the chromogome,
similar o the "rabbit eavr' effect reporied by Hsu,
Billen and leven (1961). This latterconstriction was
recorded on wmore than twenty occasions (Figs. 40 - 42),
Whether this constriction is, as these authors suggest,
a combination of a secondery consiriction and
heteropyknotie area, or o secondary constrletion very
cloge Go a centromere, or in fact the centromere itself
could not be decideds The fact that this type of
consbtrictlon was seen at vavious stages of mebtaphase
and that Ghe short arms though very small never
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appeared separated, while the long arms were separate,
would suggest that Hsu, Billen and Ilevan (1961) were
corracts

The centromere position vwas never very clearly
seen, in alther metacentric or acrocentric chromosomes:
of the sheep, certalnly never with such distinetion as
thig coutriation.

CHROMOSOME _ ASSOCTATIONS

No feature comparable to the satelllites seen
1n human acrocentric chromofomes was reconded, but what
were loterpreted as asscciations between acrocentriae
chromosomes could be seen (Fige W-48)s Evidence was
also presented suggesting that assoclatlions may oceur
between acrocentric and metacentric chromogoOmes .

(Fig. 43 and W),

There were, hewever, in the material examlned
too fow examples uvpnn which to draw any eorrelatioh
between assoclations and secondary constrictions., The
presence of associations of acrocentric chromosomnes
with regions where gsecondary constricblons had been
recorded, partieularly in the large metacentric chromos
somes would have been useful conffirmation of the gltes

of these consteictions. The absence of visible

gatellitess
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Pilge L3 Metaéentric Chromosome with a Paracentric
Secandar& Constrliction and Assoclatlon of Smell
Acrocentric Chromosome, (X 3500),

Note:s In Figse. 43, 44 and L5, spreading of
Chromosomes 1s not complete, snd the dark staining
baclkground (¥ig. 43) suggests that some adhesive
material is still retalneds This mey have helped

these delicate apsociations to persist,
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l*‘ig.. L‘}-i-.

Pige U5

Piges Uy and L5, Assoclation of Acrocentric

Chromosomes as seen in Several Metaphases, (Heavy

arrowHs
Mige U5e Secondary Constrictions are present on
two Acrocentric Chromosomes (Light arrows),

(X 3500).
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F;‘ ge L6, Assoeiation of 2 Aerocentric

Chromosomes. (X 3500)a
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Fige LT

w :LB;,. )%30

Pige U7 and 48.  Assoclations of Groups of

Acrocentrice Chromosomess (X 3500),.
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satellltes and numbers of demonsitrable associlations
comparable to that found in man, does not preclude the
posglbility that associations occur ln sheep. As
pointed out by Ferguson-Smith and Handumaler (1963)
excessive hypotonic vreatmont appeared to reduce the
incidence of asgoclatlions, It ig suggested that the
satellive assoclations in the sheep may be of a more
complex and delicate naituve than In man, and may not
withstand current technical manipulations.

Lt must also be stressed that while the
chromosomg arrangements recorded in the following
photographs may suggest thet associations do eecur in
the sheep 1t was not pessible to demonstrate, excopt
in some of these few examples, any visible strands of
chromatin joining possible asgoclations,

GONGLUSTONS AND FUTURE OUTLOOK.

Using a medification of the humen leucccyte
culture technigue, the followlng conclusions were
vaached on the identification of indlvidual chromosomes
in the karyoiype of the sheep. In the ove, the kary-
obype can be divided into two mein groups of chromosomes

oix being metacentric and forty-eight acrocentrie while

the karyotype of the ram has six metaceniric and {orty-

seven acrocentilc chromosomes and one submetacentric

/ chromesone, /
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The ¥ chromosome, &s well as belng submotacentrie, is
the smallest in the karyotype and in most mebophases
hag the appearance of a four-leafed clover.

the X chromosome was found to be the largest
of the acwvocentric chromosomes, This wag shown by
1to greater length neasurements in both male and
fomole metaphases, by comparison with the next largest
poair of acrocentrlc cheromosones. It was also
recognlised by R Jarger short arms.

o Both kéryctype observations and idlogram
measurenents showved that the six lerge mebacenirle
chromosomnes could be differentiated on length measure=-
ments, particularly CGhromosome 1, vhich was nopre
obviously longer than Chromosomes 2 and 3.  The length
diffevence hetweon Chromosomes 2 and 3 was not always
so distinet, but differentlation was asslsted by the

more centrally placed centromere of Chyomosome 3Je

The separation of other chromogomes in the
kavyotype, on lengih alone is, hovever, not pesslble.
Although the number of secondary conateietions recorded
was small by compapison with human chrwomosome work,
sgufficient numbers were seen o indicate thelr pogslible

use in chromogome ldentification. This was perticule

arly so for chromosomes 1, 2, 3, X and 4, on which

thes
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the nubers of constrictions vecorded ot apecifiie
regions were sulficient bo suggest & pegnlar paltiorhe

The use of some of the various methods ho
acceninate these congtrictlons may be valuable in
inereasing the nunber of wecordable gacondary
conftrictlonse Sasaki and Malkino (1963), for oxemple,
ghowed vhat this could be achleved by uwsing s calciun~
free medivm for vissue culiure.: Bromodeoxyuridine
(BoUsDoR,), was used Ho similer effect by Hsu and
Somers (1961), and Kabach, Seksole and Mellman (1964},
while Palmer and Funderburk (1965) suggested theth the
concentration of Cmetotic accumulating agent may affect
the occurrence of secondary constrictions.

These avennes of investlgation, together with

auto-pradiographic studies using tritlated thymidine
(Sohmid 1963), may be valuable in future studles. In
the latter fleld, information on the pogsible late
labelling properiies of the A chromosomne in the sheep
would be an adventage, pardicunlarly in view of the
difficulities associated with differentlating sex
chromatin in tlssues of this snimal.

The dlfferentiation of the acvocentric chromom
somes wag net possible at this stage, elther by uwsiung
arm messurements or recording secondapry constrictions,

However, /
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Hovever, the fact that constrictlons do occur on these
chromogsomes, does offer a possible opendng for
investigatlon.

Beffore further work 1s contemplated on
chromosome assoclations in mitobic preparations a study
of meiotic preperations from spermatocyibo cells may be
valuable, Such a study would help enumerate the sltes
of nucleolus formatbtion and may help o indicate which
chronosomes bake part ln assoclations in mitovlce

pPrepavations.
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PART IV,
A CYTOCGENETICAL INVESTTIGATION OF SOME INTERSEX SHELD
sntroduotion,

Untll recently studles on intersexuality have

been based largely on morphological information. AHn
intersex 18 described as an individual with any form
of discrepancy of the sex structures of congenital
origin, resulting in a mixture of male and female
features. Usually when descxiblng such Intersexes,
the terms hermaphrodite or male psendo-hermaphrodlte
or female psevdo~hermaphirodite have heen used, the
choice of term belng decided by the gonadal. structure.
When both ovarian and testicular structures are
pregent an individual is called a true hermephrodite.
Ify on the other hand, only‘one type of gonad 1is
present tvogether with amblguous external genltalia
the subject is termed a pseudo~hermaphrodite. With
more recent informabtion provided by endoerinoclogists,
embryologists, geneticlsts and physiologists there 1s
a renewed interest in the mechanlisme causing inteprw
sexuality, not only in man but also in animals.
(Hofez and Jalnudeen, 1966).

It is beyond the scope of this study to conslder
all these aspects butb éome reference to the pary

played/
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played by recent cytogenetlical itechniques in the

study of intersexuality is relevant since both
chromosome and sex chronotan studies have furthered

the understanding of hermaphroditism, A8 well as
chromosome studles in man, several workers have carried
oult chromosomal investigationz of bovine intarsexesQ
(Ohao, Trujille, Stenius, Christian and Teplitz,

19625. Fgehhelmer, Herschler and Gllmore, 1963
Goedfellow gt al., 1965 Kanagave gf sle, 1965).

It 1g well known that the genetle sex of man and
wmemmals 1s determined at fertllization and depends.
on the sex determining genes present;, in the chromow
SOMRS « I? fertilimation results in & zygote of XY
eonstiﬁuﬁion, the resulting animal will be a mele.
Ify on the other hend, two X chromosomes are present
the anlmal will be female. JIn the elagsical case
of Drosophila, the ¥ chromosome mekes ne contribution
to saox debermination but is mewely responsible for
fertility (Bridges, 1916). In man, however, it is
strongly sex debtermining end in ils absence normal
male differentiation is not possible (Ferguson=-Smith,
1963).  In view of the high degree of differentiation
of the sex chromosomes seen 1n our farm animals, 1t
18 highly likely thet the ¥ chromosome has a similar

function/
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functionrto that in man. This fact seen in the
Light of foetal castration experiments of Jost (1947)
vonld guggest that in higher mammals, although the
genelic sex may be determined by the presence or
abgsence of the Y chromosame, the developuent of the
mal@.ggnitalia and sex characterlstics 1s under the
control of an ovganiser substance produced in the
differéntiatimg gonade  dJdost showed that if the
gnnaés of the male foestus were removed before the
male duct system had differentiated, the development

of these was in fact towards female genltalila,.

Mawmallan embryos initlally have gonads which
show no &vidence of becoming either testes or ovaries.
In their earliest form the gonads arise as ridge-llke
thickenings (gonadal ridges) on the ventro-meslial
face of the mesonephros. Histologlcally they consist
of 2 mesenchymal thickening covered by mesothellum.
The cells of the gonad differentiste vapldly from the
mesothelium at the same time becoming much lavger.
Some are counspicuously larper than others, these
being the primordial germ cells of the goned. %here
ig considerable evidence that these cells are notv
formed in silud, but are derived from migrating cells

from/
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£y om @he‘yclk sac entoderm (Witehi, 19u8). The
piroposed route of migration ig by way of the
splanchmic mesoderm, but Simon (1960) demonstrated
in birds that many of these migrating germ cells
enter the clreulating blood and howe on the gonadal
ridges. Jwo wouves of migraetlon are, therefore,
possible. If the goned is to develop into a testls
the cells of the germinal epithelivwm pgrow ianto thé
wlerlying mesenchyme forming cordelike masses which
oventually become the seminiferous tubules, In the
female, the germ cells grow into the mesenchyme and
gventnally form ovarian follicles. The growth of
the germ cells in the female, however, occurs in two
‘stages, the cedlls ln the second ingrowih f&%ming
what are known as the cords of’Pflager (Chapingl917).
The male sexuval duct system with the exceptlon
of the urethre but Inclunding epldidymis, ductus
deferens and seminal veslele 1ls derived from the
mosonephros.  The prostete gland develops from the
wrethral epltheliuns In the female, the oviducis,
uborus and vagina are derived from the Mullerian
duet system which arlses beslde, but separately from,
the mesonephric ducts, During gonadel different-
tation both tests and ovarles chaage their positions.

The/
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The ovaries, oviducets and uterus strvetch the
peritoneun into a mesentry-like structuwre which
ultinately acts as the supporting ligaments for the
organg, The testes on the other hand, slide close
to Bhe body wall beneath the peritoneum passing
through the Ingulnal canal inte the scrotal pouches,
The descent of the testes is largely facllitated by
the gubernaculum, a fold of peritoneum from the
cavdal end of the developlng gonad which becomes
fibrous and stretoches down theough the inguinal ving
%o the scrotal pouches, where it 1s ultimately attached.
In the bovine, this descent has usually taken place
by the 26 ems embryo stage (Idllie, 1917).

The exmternsl genitalia of.both sexes are derived
from the genltal tubercle, genital folds and genital
gwelllngs. In the male tho genital tuberéle
slongates forming the penls, the genltal folds fnwm
the prepuce, while the genital swellings fomrm the
Berotine In the female the genital tubercle
becomes: the clitoris and the genital folds and the
penital swellings become the vulval 1lips.

Man, Gattle and Sheep.

Very few cases have been recorded of true
herpephrodltism in cattle and there are no reported

casess
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cagens of Ttyue hermephroditism in sheep.,  Three
cagses were reported recently in Norwegion cattle by
Nes (1966}, but these would seem to he oxcepltional.
In theze cases testicular pﬁeuﬁowh@mmaphradiﬁisﬁ wags
obgerved in three offgpring out of elght from one
covws  ‘he hermaphrodites had well developed udders,
female external genlitelia, rudlmentary female and
male genital ducts and intracabdominal testes. The
karyétype In these cases vas A, the same as & normal
bull, a8 seen In skin cultures only. No sex
chromatin studles vere carried oulb.

However, in man there are a number of veported
cages of true hevmaphrodiitisme
Tave, Hormaphrodl bege

Of twenly-five cases of true hermaphrodltisun

studled by Grumbach and Barr (1958), ninetwen vere
gex chromatin positive and gix, sex chromaivin
negative. In 1959, the chromosomes of two human
chromatin positive true hermaphrodites were found
to be female XX, by Harnden and Armstrong; and
Hangerford, Domnelly, Nowell and Beck. Many such
coses have been descorlbed Including three true
bamaphroditbe siblings all of XX chromosome
constliution (Rosenberg, Clayton and Hsu, 1963).

This/d
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This latber case provided evidence in favour of the
development of testicular naterial in the absence of
the ¥ chromosone. In many of the cases of XX true
hernophroditism described in medicel literature the
numbers of mitoses examined were not largc. In
addition, insufflclent tlasues were exémiﬂed o
eliﬁinat@ the possibllity off mosaieisn eCurPing,
although this was apparently suspect in some of these
(Ferguson~Smith, Johnston and Welnberg, 1960).

The fivst case of true hermephroditism in man
with an ¥X/XY gex chromosome complement wag reported
by Gartler, Waxmen and Giblett (1962).  In this case
the existence of two cell lines was established by
exeminavion of tlssue from skin, gonads and cliﬁoris;
On the basis of the [findings in this case the authors
postulated that 1t had arisen by double fertvilisation
and fuslon of two egg nuclels A silmilar case was
reported by Josso, de Grouchy, duvert, Hezmelof, Jayle,
Moullec, Frezal, de Casavhon and Yemy (1963), in
vhich XXX chpomosome | mosalclsm was shown in skin
ond leucooyte culbures, . Serological studies on this
patient revealed a deuble haptoglobin phenotype,
suggesting that this mosajcism was due Lo double
fertilisation of the ovunm. An, intereating true

hermaphrodlte/
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hermaphrodite described by Brdgger and Aangenaes

(1965}, showed a female karyotype in btlissue. enlture

of bone marrow, skin, peripheral blood and both gonads.
A second culiture from one gonad, however, revealed a
male karyotype XY ag well as the female XX demonstealbe
ing how protracted may he the dlagnosis: of sex ehramd»
gome mosalcism. TFuprther, this case strengithened the
hypotheglis that the ¥ chromosome conteing genes which
gontrol, the development of tegstlceular structures in man.
o other types of mosaicism have been described in
association with true hermaphroditism in man, namely
an XX/XXY true heevmaphrodite (Tuvping, Le Jeune and
Breton, 1962) and an XX/KXY/XXXYY true hermaphrodite
(Fraccaro, Taylor, Bodian and Newns, 1962).

The Freemartin Gondition jin Caittla.

While hermaphroditism as a result of single
pregnrancies in cattle is uncommon, animals showing
'signs of intersexuality from dizypgous preghancles are
VOrYy COmMmMons Such animals are called freemarting.
The preecige derivation of the term freemartin is obsoure.
The word martin of Bnglish origin, and the Gaelic term
mart both have the baslc meaning of a cow, ox ow
speyed helifer, The teem free 19 probably derived
from the prefixes farvow op ferrvow, whilch are old

fashioned/
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fashlioned terms referring Lo a'barren cCou, OF One now
giving milk (Forbes, 1946), Whatever the original
meaning of the word, nowadays it is dhe odcdplted term
deseribing the sterile intersex animal,'which is born
go=twin to & bull, Many accounts of frecmertinism
have been recorded, one of the earllest Buglish
publications being that of Hunter (1779), who commented
algo on intersexes in other spocles. The incldence of
freemartinism in catile is high, approximately 87% of
the female twins of mlixed pregnancles belng sterile
(fillie, 1917). (This figure is variously described
by different authors, e,g. 91% by Gilmore (I949) and
92% by fApthur (1964).) FPreemartins usually have the
external genitalia of the female but the internal
veproductive organs present a wide variation betveen
male and female eharacﬁefisﬁiaﬁ. The general body
appearance is Intermediabe between male and female.

The bull twin is Invariably normal and fertile.
Freemartinism i8 not only confinad to twin pregnancies.
In any mixed multiple pregnanecicsg there is a risk of
freemartinism developing in one or more femsle

embhyos avern in the presence of a single male

(Wallace, 1960) 3 and avthor's personal experience).
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The Cirst explanation of the freemertin
condition was offered by Tandler & Keller (1911),
but Lillle (1916 and 1917), presented a long avnd
detalled explanation indapendently of these suthorg
and has been the acknowledged authority on this:
subject for a number of yeavse. He put forward the
view that the sterile Ilntersex horn co~twin to a male
was the vesult of the masculinisation effect of male
hormones carried to the early female twin embrye by
way of a plecental anastomnosls. Lillié baged his.
deductions on several factors, flrstly that heterow
gexual cattle twing ave dizygotic, as supporied by
sex ratios in catile, and secobdly that in all of the
cases he had observed thalt an anagtomosis invariably
occurred betuween placentac, Finally, fvrom the
obssrvations of Chapin (1917), wder Lillie's direciilon,
hissologlceal examinatlion of the developing gonads of
both male and female embryos showed that thé stage
of differentiation in the male calf gonad wasg reached
vhile the female aaif gonads were wbill in the
indlfferent stage.

The precocions differeatiation of the male gonad,
according to Chapin (1917), was asgociated with the.
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enlargement of inbterstitial cells. ohe gsuggeshed
that these cells were responsible for the secretion

SF

of male hormones which crossed the placenbal
anagtomosls and modified the sexunal developnent of
the Cemale twin, Chapln concluded that the high
degree of variavion of the reproductive system of the
freemartin was indleative of the variabllity of the
time at which the in stitilal secretlion of the male
embryo may rirst be ilntroduced into the circeulation
of the female embryce -

Gouvineing ag Lillie's theory of the cause of
freemaytinlsm may appear, an albternative theory has
been suggesteds  The basis of the alternative view
is Tounded on the evidence of establlished mosaiclsmg
Mogeicism of ved cells in the cirenlating blood of
twin adult cattle was first reported by Owen (1945),
vho concluded that this was due to the foetal Interw
change of embryonal cells ancestial to the
arythirocyied. Further evidence of the transier of
embryonal c¢ells came Feom homograft exchenge tesis
hetween dizygous cattle twing (Anderson, Billingham,
Lampkin and Medawe, 1951).  Bkin grafts between full
siblings other than twins failed to survive, while
Cgrafts between digygous twins were retalned. This
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evidence lead some workers to suggest that cells
other then eryithrocyle precursors may be exchanged

and established within sexually opposite twinsg.

The conclusion is that the freomartin conditlion may

not be caused by o humoral agent as suggested by

141%e (1917), but may be a function of sox chromoe
some mosodcelsm (Fechheimer, Herschler and Gilwmore,
1963), The first attempt to show this was made by
Obno, Trujlllo, Sternius, Christian and Teplitz (1962),.
These workers, using the leucocyte culbture iechrigue,
established the existence of blood cell chimaerism
between bull twlas and freemartin twins and then

examined the gonads of both sets of animalg for

evlidence of germ cell chimaerism, IThey Tound Gwlee as many

2A XX cells: ag 28 XY cells in the testes of one twin
bull, but no evidence of 24 XY cells 1n the {reemartin
gonadss  They wepre unable to ascertain uwhether

the 28 XY cells vere geem cellyg, TFour Japanese
workers Kanagawa, Muramito, Xavata and Ishikawe
(1965}, elaimed to have demonstrated bobh male and
female AX and XY eeoll Lines in lung and gonad culture

of one freemartin calf. This claim wag based on the

deponstration of 13 XY cells out of 969 cells counted

in vlssues other than from leucocyte culiures.

Otherd
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Other attempts to vindicate the theory of
chimaerism of germ cells 28 a cause of fresmartinism
have been made by Goodffellow, Strong and Stewert (1965).
They suggested from evidence of sex chromosome mosaice
ism and histologlical exeminetion of the gonad that
the freemarbin vas o Urue hermaphvodite caused by
vivilisation of the embryonic gonadal zidge by male
germ colls, These authors also claimed that the
differing phenotypes of the two Lreemarting examined
corrvesponded to the proportion of male cells ag seen
in the leucocyte preparations. Horve wecend evidence
for the germ cell theory hos been produced by Ohno and
Gropp (1965} . Feom the examination of alternate
gerial gectlions of 12 mu. freemartin embryos they

oncluded that the alkaline phogsphatase-positlve cells
found in the embryonic hlood vessels of these sections
vere primordial germ cells which had wandeved into the
blood stresm. These cells were c¢laimed Lo be in the
process of migration from the yelk sac vo the
developing gonodal vidges.

Muech of the current evidence for germ cell
chimaeprismas a cause of freemartinisr open to

criticisma. Wislocki .J939) observed thal in the
marmoset monkey btwin pregnancies ccewrred in 87. 5%

ofd
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of cases studled and that the female partner of
heterasexual twins is never sterile despite regulay
snastomosis bebween twin placentae.  ILater,
Benivshite, Anderson and Brownhill (1962) demonstrabed
bone marrow chlmmrlsm betveen hoterosexual twin
marmosets and probable germ cell chimerism in the mele
wins, which was analagons to the conditions Pound
laoter in the bull co~twin Lo a freemortin (Benirshke
and Brovmhill, 1963)., Slwmilaply, cases of p&rmaﬂent
blood chingerism have been reported in man (Dunsiord,
Bowley, Muichison, Thompson, Sangew and Race, 19533
and Choun, Lowlis and Bowmen, 1963) In the first of
these hman casesd the woman was normal and had glven
birth Lo one ¢hild go was clearly not a freemartine.

Mn explanation for sterlility not developlng iln man

and marmoset monkeys under analagous conditions to the
bovine has been proposed by Ryen, Benirvshke and Smlth
(1961},  Trom enzymic gtudles, they suggested that a

difference exlsts beltween bovine and primate placentae

in thele respective abillbies to aromatise androgens,

Thus, in cattle foetuses higher levels of androgens

may accunulate then in primate foetuses, resulbing

in the virilisation of the female co-twin to a male.
Pinally, the foetal sastratlion experiments of

Jost (19%7) on the mabbit would favour a humoral agent

rather than 8 cellular agent as the modifying off the

freemartin/
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freemartin reproduction systom. Jogt found that

(n

he disgection of the goneds of the Ffoetal rabbli at
a_cjiﬁieal stage of differentiation resulted in th@
genital duebs and external genitalie developing along
female lines irrespective of the penetic sex of the
embryo. Male differentlaiion ig, therefore, dependent
upon the production of an organiser substance by the
gonad at a crliical stage of development. CSuech an
infevence would tend to diseount migrating germ cells
from the yolk sac ag being the madiﬁiews of the female
gonad.

L3

Cytogenetical studies of the bovine freecmaritin
can at presentc be swmarlised as having denmonstrated
sex chyvomogome chiweirlsm in both co-twinsg. Germ cells
chimerism has been demonstirated in the gonads of male
calves but not freemartin calves other than in the
sapanese report of Kanagawa gh ale, (1965) which
wfortinetely is lacklng in detalls of methed. in
.viawlof the short culture Glme of ninety-glx hours,
some white cells may have suevived and produced the
gmall number of male cells recorded hy these workers.
Wnatever future cytogenetical studies may reveal
about the freemaritin condition a gomparison of some of

-~

vhe features of frecumartinism and true humen

hernaphrodi vl sm,
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hermnophrodlitism 1s necessary before the intersex

sheep used in this study are discussed.

Ghimsrism and Mosalalsm,

. The presence of mized male and female cell
lines in blocd cells only, as in the bowvine freemartin
and marmoset monkey, is referred to as blood cell
chimerlsme. However, when the mixed cell Llines are
found in more than one tissue, or in one tissue 6ther

] . Cell Mosaicism s Sal "y Svipe éted .
than blood cells, Uthisa—i o 5

i3

In the true hermephrodite, mosaleism has been
diagnesed on several occaslons: (Gartler gt al., 1962,
Joszo gh als, 1965).

In some cases, however, referved to as mosales,
mosaiclism hag been shown in one tissue only (Brogger

and Magenees, 1965)s Whlle 1t can be assumed that a

chimaera 1s an individual wlth two or more cell lines,

one of which hag been derived from a totally different

-

individual, a chromosome mosalce 18 an Individual whose

r

body contains two or nore different lines of cells

which have arisen wichin the seme individual. Ag

well as naturally occurring chimseras such as the
freamartin and marmoset, arvifliclal chimaerism can
be produced In laboratory animais and mon by trangs
planting haemopoletic tlssue (Woodruff, Fox, Buckton

and Jacobs, 1962). Tha/
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The diiference bebween natural and srbtificiel
chimaeras, would appear to bhe that the Fformer are
permanent and the latter temporary.

Mechanicem of Moselc Formablon,

While the mechanism of placentnl snastomosis

and fagﬁal transfer of DPlood eells between opponite

sexed twinsg ls the accepted caﬁse of Dlood eell
chilmaerism, the formation of mosaicism s more
complicoteds Two possible machanisms have heen
suggested (Baln and Scott 1965)s  These include either
an exceptional sequence of early mitotic errors In an
XY sygote op & dispermic conception. The Lirst mast
be cxtremely raﬁe lndeede. one human hermaphroditve
however hag beon repovited in which there wag probabhly
non~digjunction of an XY zypgove abt the Tiesy wmltotlc
division, followed by non-disjunction of the X0 cell
line, and non~viabllity of the ecell with no sex
chromosome (Forteza, Bpuillag Bageuna, Monmeneu,
Hallis and Zevagoza 1963)s  The second mechanism,
namely a dispermic conception hes been suggested on
aseverel occanions (Buain eand Scott 1965), Por such
a2 process to take place aelther two fertililized ova may
fuse or bthe egy nuclous and ite polar body may fuse
afber f@rﬁilizatian or a mature egpyg may under go

mitotie/
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mitotic divislon before fértilizatien. Bvidence for
fusion of fertilised ova has been offered by Tarkowski
(1961), who showed that & single mouse chimaera may |
‘develop from two eggs which fuse as late as the eight
cell stage, T™he evidence for dispermic conceptian
and fusion of two ova makes the diatinction‘between
chimaerism and mmsaieism even more difficult (Bain and
Seott 1965)3 since such an individual falls into the
definition of a chimamera, in that two cell lines ave
derived from different individual zygotes, In view
of such intricacies in definition, theé term blood cell
chimaers used in connection with the Freemartin
condition has even greater significance,
The Disgnosis of Chimerism and Mogalcism,

There are aeveral ways of recognising blood

cell chimeerism, These include differential red cell
grouping, as deseribed by Owen (1945) in cattle and
Duneford eb ales (1953) in man. It is pointed out
nowever, that this method of detecting chimaerism
requlres more evidence than that of the blood group
picture alone ané that such evidonce must be
correlated with evidence of twinning snd further
’evidénce of mixed cell populations in more than one
blood groups (Ammotations BeMede 1957« D 1467 )e

V4
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A second method for detection of chimaerism
hes been the use of experimental skin grafts. In.
these experlments tolerance of skin gralfts between
chimaeras is téken as.a menifestation of immane
tolerance and henee blood chimaerigme . This has been
adequately shown in cattle (Anderson gt 8lsy 1951),
and in. sheep (Slee 1963).

Ihe third snd slmplest method of detecting bloqﬁ
(lr‘l the case of The ?rcemq.“hn)

ce;m_ahimaerlsm 18) by sex chromosome ana;xsis of
neripheral blood leucocyte preparations or bone marrow

preparatlonse
The use of difflerential red cell grouping, skin

graft toierance and chromosome snalysls, as well as
caraiul 1n§estigatian of case hilstory and demonstration
of placental anastomoses, are all complementary methods
of studyigg chimaeriscm, The additional use of nuclear
sexing stéﬂies and fibroblast au"ures f othg ﬁiés 8,
hélps to establish 1f other cell l}nea are involvgg

and whether mosalclom eXists.

In this study on intersex sheep leucocyte

cultures, fibroblast cultures and sex chromatin studles
were used together with all the ancillary clinieal

data available to define the cause of intersbxuality,

Intersexuality/
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Intersexuality in The Sheep.

~There is no evidence that true hermaphrodites
occur in sheep and reports on the occurrence of free-
martinism are rare. Twinning rateé in moat British
breeds of sheep are high, figuras.of 130-200 laiibs born
per 100 ewes maoted are qulte common for well fed low-
iana sheep, such as the Dorset Horn breed (Frasev 1951 )s
Therefore if the freemérfin condition occurred in
sheep in a high percentage of mixed twin pregnancies
there would bhe a large number of infartile.ewea in
meny flocks, Lillle (1917), in his extensive study
on freemartinism was not able to present any evidence
that the condition did in fact occur in sheepe.

Refebence iz mede to the freemartin condition in
sheep in Lisle's Husbandry in 1722, but since no
details are given, little significance can be attached
to the quotations |

The first suthoritative report of a possible
frecmartin~like eondition in the sheep was presented
by Roberts and Greenwood (1928). By enatomical
comparison of the genitelia of a Southdown~ﬁelsh
Mountain crossbred lamb with a black Welsh calf
these authors suggested that this gheep intersex waa
precisely similar to the bovine freemartine They
aleo/
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also congldered that the latier was a genetic male.
In this case the gonads vwere descpibed as testis-like
bodles lying beneath the skin in the inguiaal reglion.
There was no vagine but an enlarged penile clitoris,
The case vag summarised ag being a “lanale lamd with
testisy,

The second reported case of a sheep Treemartin
was that of Hwen and Humnagon (1947) in a purebred
Ramboulllet ewe born co-~twin to a ram, This cose
apparently was iInitielly o typleal ewe but developed
full sized horne (normally found only in the male in
Merinos)s  The éxternal genitalia of thle sheep were
those off a normal ewe, oxcepbt that the clitorls was
described as being much enlarged and mis-shapem, The
mamma?y glands were similar to those of a yearling ewe,
One ﬁaatis~1ike gonad was situsied beneath the skin
immediately above the right manmary gland while the
other was in the nowmal position for an ovarys
Histological exoamination of the gonads showed that
they consisted of collections of tubules lined with
gimple epithellun, The bubules were separated hy a
gellular connective tissues No stﬁﬁcture resembling
epldidymis, seminal vesicle, prostats gland or uterus
was founds |

s/
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An Interesting case of freemartinism in the
cheep was diagnosed on the findings of erythrocyte
mosalcelam by Stormont, Welr and Lane (1955)- This
case, superficlally, was a normal female but was
deacribed as having the vagling of a freemartine. The
anatomienl description was nobt reocorded but it was
gtated that exeminatlon left ne doubt that it was a
true freemartin sheep,

Moore and Rewson (1958), while using skin
homogralt acceptance as a criterlon for the developw
ment of acguired folerance in sheep ohserved one palir
of bolerant twins out of five palirs cxamined, In
thie pair of twins one was a male and the other appeared
o be a fecemartin Judging by the shnormal appearance
of the vulva and clitoris and failure to show ocestrus,

The £ifth reported case of freecmartinism was
that of Slee (1963), whose disgnosls was based on
observed immmologlcal tolerence to skin grafts in
three pairs of lanibs of large litters (three to five
lambg)e  OF the pairs showing tolerance hetween
grafts, one palr included opposite sexed lambs.,  One
was nele and the dther showed external signs of |
freemartinlsm (gee Case No, I)e

Alexonder snd Willleme (1965), wewre the rfirst

investigators Lo show a freemaprtin sheep assoclalted

with/
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with o demonatrable placental anastomosis. in this
case three lambg were involved, a male, a female and
an, apparent freemartin, The anastomosis occurred
only between the placenta of the male lamb snd the
fraemaﬁtint .Anatcmicallj, the freenmartin lamb
resembled the desceription glven by Frascr~Roberits and
Greenwood (1928) with the external genitalia of a ewe,
except for an enlaprged elitorls, No posterior vagina
nor vterine horns were found present but two tosticlew
Llike gonads were found lying subcutaneously in the
Ingulnal region,

Chromogomald evidence of the freemartin condition
in sheep added another means of confirming the existence
of this condition (Gerneke 1965), In this report
two sheep with extreme Creemortin genibtalls, dgaln
similar to thos reported by Roberts and Greenwood
(1928) snd Alexender and Williams (1965) were described.

In one cage by using bone marrow chromosome
prepavations, mixed XY and XX mosalelsm was demonstrated,
in the other, all the cells were XX female. The
pomatic sel wes 6eﬂéf1bed as female from tissue cultures
of kidney end goned of the first case only. In view
off the Aifficulty in interpreblng nuclear sex from
buceal cells of the sheep and related animals no

aignificance/
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significance can be placed on this author's findings
on sex chromatin from this fissue in these snimalse

A summary of the above cases is included in
Table 23

From the above cases it can be seen thet no
cytogenetical study on a number of sexuelly sbnormal
sheep has been reported previously. Further, in
the preceding cases of freemartinism in sheep there

is very incomplete evidence that these were precisely
analogous to the bovine freemsrtin or whether they
were mixed foma of Interoexes, In this study a
wnigue opportunity arvcose to add to the knowledge of
this subject in tho sheep.

Numerous requests by the aubthor for intersex
sheep were larvgely wsuccessful, emphasising eilther
the probable rerity of such anlmals, or the difficulﬁj
of identifications Seven of the ten animals used in
this study were made available from the Animal Breeding

Research Organisation of Ndinburghs  The value of this

contribution descrves svecisl recopnitlion because in

cach coase a complete history was available, so that

the two lmportant aspects of histopy and phenotype

could be compared with the cylological findings on

the gex chromosomes from various tissues of these

e L e

Cpnlmala, -

The/
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The Bxaminotion of Intersex dheoep,

in viecw of the ultimete findings Trom the ten
intersex sheep axamined, they have been divided into
two groups for considerstions The details of each
sbage of inve&tigation.af the individual animels in
gach group are given tOgathar‘to give continulty of
discussion and assigt in comparisons
The following headings are usedie
As  Pemale Intersecxes,
Be lale Intersexcs.
Ay, Female INGeDSCXESs
T musf be enmphoasiaed that although the findihga

on this groun of sheop lead to a dispgnosis of fﬁeeﬁ
maptinism, they were dnitlally accepted for study as
unknowns.  S1x andmels were studied in this groups
i fiVa,m a detailéd comparison of anetomy and
hiséﬁlogy of the genitalla was undestaken together
with chromosome studies from four tlssues and sex
chromatin studies of‘newve tlesue, The last case
was not sbudied in such aetail, but is included

because of Lts interesting case history.

®#  Bibroblast cultures from Case Nos B dild not grow

satislactorily alithough teken for examinatlons




200

GASTE HTSTORTES AND DRSCRIPTION OF BXTERNAL GENITALIA
Gage Nogl, (Figs. 50 and 51).

This animel was born to a Welsh owe on L3N/61,

as one of quadruplebs, the other lewmbs balng two
male . snd ong femala. it was recorded at hirth o8 a
femaley It was used by Slee (1963) in skin grefi
experiments and was shown Lo have glkidn gralh
tolerance with one of it$tlétt®r mates. It was
concluded that 1t was 2 natural bloed Ghimerd and red
call mogailcism tests confivmed this. Two other
Jitter mates algo showed homograft skin tolerance.
Slee conciunded that this wes a freemorbin sheep.
Exbernally, it had the appearsnce of a male
animal with large horns and heavy foreguorters and
it showed gtrong male Lihido towards two ewes on
heabs In each case 1t procesded with the body
motionsg of copulaltion. It was very aggressive
tovards other male animals. In appearance the
oxternal genitalla were, haﬁmver, gindlar to those
of o ove except for an enlarged glans cliteris and
Bwo smali gonads vhich could be palvwated subcuians
eouély 4in the reglon of the external wxing.  Thewe

WAE DO SeroLum. Teats and mammary Ulssue were

presents
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present hut the vagina was wvery short and blind.
Case Noe 2. (Figs, 52 and 53) |

Case No.2 was a purebred Clun ewe born L8/A.L/61
co-tidn o a ram. 4% birth 1t welghed H.79 lbs.,
approximately hall the welght of its Litter mate of
10,50 1ba. AT twelve w%ks of age 1t was still very
smatl, belng 36 1lbg., compared with 78 lbs., for 1ts
Wi Bventually it grew to normal size for its
breed and although run with the ram during 1962 and
1963 it did not breed. EBxternally it resembled a
eve and wag qulte passive bownards other animals.
I8 extervnal genlielia resembled those of o ewe
except Tor an enlarged glang clitoris. Monmavy
tissue was present but no vagino. Gonads could nob
be palpated.

Gase Nog,qe (Fipse S and 55).

A Pale lamd born 11A./59, out of a Scottish
blackface ewe by a Welsh ram, it also was co-twln to

a raia Idke the previous cage it had the chance o

mate in 1960 and 1961 hut did not come to heat. If
was a typleally over-fat harren ewe ln appearance,
with fenéle éxternal genltella but a slightly enlarged
clitorle., The vagine in thls case was presenc in
part and o finger could be inseried for two and &

halr/
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half inches. Mommery tissve wes present and a
mllky socretion could be drawn from the teats.

Cose Ho. k. (Figs. 56 and 57).

This was & FP.ll. lamb from a Scottish blackface
eve by a Welsh ram, but not the seme sire as in the
previous case. It was born a triplet on 10/4./59,
and 1ts litber mates vere male and female. Jidke
Case No. 3, it failed to come on heat, though run
with a vam in 1960 and 1961,

ihe sppearance of Case NoJ wes similar to the
previous case except that the external genlitalia
could have pas&ad ore gasual examinatlon as those of
8 normal ewo. The glans slitoris was very small
while the vagina was lapger than Case No. 3 and the
ancerior end could not be palpated. Teatbs and
mommary tlesue were present hut no seeretion. There
was RO scerotum nor palpable gonads.

Case Mo, B (Figs, 58 and 59).

The pecord of this anlmal is incomplete. 1P
wags born io 1964, co-twin to a male, being a Chevlot-
Scotbtish Blockface cross.

Bxternally this abnimel resembled & ewe. The
external. genlitalia were normal and the glang clitoris
was not evident wuntil the wvulval lLips were parited.
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Gone o, Ge (Figs. 60 and 61)
This andmel, a purebred Cheviot ewe born
April, 1965, was admitted to the Depavtment of
Veterinary Reproducvion of Glasgow University as it
had failed tn breoed. It had won the ewe lanmb
champlonship for 1ig breed at the Boyal Northern
Show, Aberdeen in 1965. There was no record of its
having heen a twin, There wag evidence that 348
appeavence and external genltalia had changed as this
animal. pagsed the scrubtiny of stock Judges as a ewe
lamb of high gquality. However, when 1t was presented
for exemination to the author spproximotely elght
months later, it had developed a definite masculine
APPOATANCO This was depleted papticularly by the
heavy shouldey appearance and Ywesker™ hindouarters
similer to those of Case No.l. VWhile there was no
obvious glans clitoris, the external gendtalia did
have an uhusual appearance, This was shown by a
greatly enlarged vulval tip which protruded backwards
about 2 cms. and éausad the aniwal to urinate in an

uptrard direction,
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Fig. 50
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THE ANATOMY and HISTOLOGY of the GENITAL SYSTEMS
INTIRSEX  SHELP.

Since it Ls necessary Lo compare these
anatomlcal and hlstologleal resultis with those of
the bovine freemsriin a belef review of the anatony
and histol&gy'ana the terminology used to describe
thése is dmportante.
ology of the Bovine Freemartin

There is no exact eoﬁnterpart in elther testls -
o ovary for some of the cell fomaitlons fouwmd in the
frecmartlin gonad. MHost of the terms for describlng
reproductive glands and organs, however, are used in
the usual sense. The sex cowvds, which in the male
become the seminiferous tubules and in the female
the medullany cords and gseminiferous tubunles in the
freemartin., The choice of term depends largely on
the degree of organisation in the gonad (Chapin, 1917).
£L1 the material between seminiferous tubules, including
inberstlitial cells and connectlve tissve styroms 1is
roferred to as intergtitial material. The term
albuginea in the freepartin is used to deslignate the
tissunes lying just beneath the perltorevm and
surrounding the gex cords (geminiferous tubules) and

ineludes/
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includes both the tunica albuginea and the tunica
vasculosas

The transformation in the Creemartin gonad
presents a series of gradations between "near female®
and "near male" and the degree of transformetions of
other genitgl orgons - (Vas deferens, seminal vesicles,
uterus) is correlated approximately with this
(willier 1921 e

Sex Cords (Seminiferous Tubules),

In some freemartine, the sex cord region is

simply an unorganised homogeneous mass ol cells but
in others it comes to recsemble seminiferous tubules
(Chapin 1917)s Chapin steted that no second set of
sex cords (cords of Pfluger) develops in the free-
‘martin as in the normal femsle calf, but Bissonette
(1924.) sugpested that they may eppear and degenerates
Whatever happens they are never preaeﬁt in the adult
freemartin, hence the absgence of ovarian follicles,
The Rete, |
T™he rete is present in the Indifferent stege

of gonad development and in the early stages of
dlfferentiation. In the,maie it grows with the
testis, ln the female 1t diminishess in the free~-
martin the rete continues to grow to the point of

becoming/
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becoming even larger then in a male of corresponding
agee (Chapin 1917 and Willler 1921).
Interstitial Cells,

The'interatiﬁial cells increase in number as
the gonad 1s transformed in the male direction,
(Willier 1921). |

aid

Accordinb to Lillile’ (1917) and Willier (1921),
the epididymis is absent from goneds showing low
degrees of tﬁansformation but a Ltypiceal epididymis
often larger than the male equivalent is present in

highly transformed gonads._

Qther Structures.

The blood vessels connected with the genitalis
in the freemartin range from typlcally ovarian to
tééticulav. Mescnephric duets, Mullerian ducta and
seminal vesicles nll show a similar gradation in
development or recession depending on the degrec of
male transformation, The saccus vaginalis in the
freemartin is variable between the déep gtructure of

the male and the shallow structure of the famale,

The Anatomy of Intersex Sheepe
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Although chromosome studieg of all these animals

were atartcd before the pcst~mortem examinations

were/
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were made, for the sake of continulty the anatomical
descriptions of the genlitalla are given (lirst.
age o, 1e (Plge 62), |

Ho female externsl genltalis were present in
this animal except'for the rudimentery vosterior
vagina (urogenital passage) which narrowed =bruptly
and became-continuous with the urethral opening from
the blédderu The glans clitarié was a contorted
bundle of erectile tissue 1lylng between the ventral
part of the vulval lips, It had & galea glandis but
no urethral process as seen in a normal rams

Boﬁh gonaaé were testicular in appearance and
sltuated subcutaneously at the externsl Inguinal ring.
The right gonad wés approximately 2.5 cmg, X 145 cms.
and was-smeller then the left gonaed which was 3.5 cmse
X 2.5 cmse - The left epldidymis was very large aﬁd
greatly out of proportions All the contents of the
spermatic cord were present including a well developed
external cremaster muscle; spermatic artery and veln
and ductus deferens, The ductus deferens developed
into two ampullae, which however did not appear to
open into ithe nrogenital sinus,
Cose Ho, 24 (Fige 63)e

T™is case resembled Case Noe. 1. The gonads

were/
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were lying extre~abdominally beneath the mammary
gland.  They measured approximately 2 cms X 1 cm, and
were slmogst completely enveloped by a massive over-
growth of epididymis and plexus of blood vessels,
There was strong adheslon between the tuniea vaginalis,
gonads snd epldidymis, The epididymis was cystic
and some of the cysts contained 1-2 mle of flulde
The spermatic cord was identical with the previous
coBse, Seminal vesicles and smpullae were presentes
The glans clit&fis was smaller and had no gelea
glendis nor erectile tiﬁauea
Cose Noe Je (Figs. 6L & 65)s .

The gonads in this case weve very small,
measuring about 1 ome X =45 cmg, and were situated
at the brim of the pelvis in a relatively ovarian
ponition, In appearsnce thay reseMbied small tentes,
one (Fig, 65), having a very extensive plexus of
blood vessels covering it and the assocliated
epldldymis, Running ventrally from each glad wag
a well defined gubernaculum which was inserted into
the shallow saccus vaglnalis, Mesonephric ducts
ran from both gonads for 40-12 cms, and then
gradually faded out into cellular comnective tizsue.
There was no connection to the urogenital passages
No seminal vésicles nor prostate glaend were presents

The/



The clitoris wae an enlarged conicel mass of
fibrous tissue but dld not contain a bhody rvesenmbling
the deformed glans clitoris as seen in the previous
two 0&83&.; The urpgenital passege was vagine~like
end sbout 8 amgs in length.
case Nos b (Figs, 66 = 68),

!gha gonads in this casaxwere very smsll énﬁ
paor;&lﬂ&fined being ebout thélsize'qf & wﬁeat_grain.
They were aituated in ¢ position more sub~lumbar
than normal ovariess Each was auépandad by myarian.
ligament-like structures and & gubarnaculumfrén from
each gonad to the maccus vaginalis, | o

Running from each gonad was a duct which in
several places was dilated to form eystic bodies
contalning strawwgoloured fiuid. Posteriorly the
" Guecls joined to form a comnon bedy which wag not
continuous with the urogenitel sinus, No seminal
vesicles werevpresént. The glens élitoris wag very
small and no erectile tlssue was seen,

age No, Be (Fige 69)s

As in the previous case the goneds in this

animal were small but were more easily defined,

They were ovarian in position and suspension and a

very prominent gubernsculum was present on bkoth sldese

The/
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The dﬁcts running from each gonad had some
resemblance to uterdne horns particularly near their
Junetion., As In the previous case the uterine hody
did neot unite with the urogenital sinus which in

this cose was about 10 cme. long.

Gnge Nos 6y (Fige 70}

The éanédﬂ were in en ovarion position the left
lying further forward than the elght. Phey wWere
very simller in appesrence to those of Cese No. 3,
being small,_testicla like and mesasuring aboub 1.5 cms,
in diameter,  Duets ran from easch goned snd eech
dilated in one place into a small cystic body. The
duets did not unlée nor was there any. connectlon with
the urogenital ﬂings. Agaiﬁ, prominent gonadal
ligaments and bléoa'vassela werae present as well as
gubernacala on both sildea,
| The urogenital sinus ended abruptly ot thé -
opening of the ureﬁhra. Brbedded iIn a wminute alitonihe%
prepuce with a small preputial opening, was a well
formed glaus clltoriss  This was not visible until
the vulval 1lips were parbeds I% hod a well
doveloped galea glandles, a processus urathrae-and'a
tortuous body of eractile tissue about 5 cuse long
in the connective tissue on the floor of the
vestibule. No seminal vesicles nor bulbo-urethral

glands/
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glands were SOl

ol

Intervex Gonadn and Genitalios

Similar cclls were found In all gonads butb
their ovganisation and dlsitrlbution veried considerably.
There was a olose correlation hetween the histological
and anatamiaai Tindingte

' The gonads of Oase 1 presented uniformly
distrlbuted Bex cords * (seminiterous tubules)
consisting of a single layer of cells (Fig. 71)e - The
cells composing this layor generally had rounded
nuchkel sltuated nesr to the basement mewbranes
Cyﬁoplaﬁmie gtrands sﬁveam@ﬁ‘frmm the hasement
membrane tovards the lumen of the tubules producing
[:! pale syncybial mess, The cells resembled Serboli
callsy but the nuclel had a different shape duo
presumably to the uncrowdsd arrangements Wo aeils
resenbling gonosybes or spermatogonla could be seen,
Surrounding the sex cords was an interatitial mass
éempoﬁea of intereiitial cells and conneative tissue
gellse The’ganaﬂm'iﬂ Gase Noe 1 Pesenbled closcly
those of & crypborchld sheeDe

In Caose Hoe 2, the emeunt of intesbditial tiscue
was inereéaed'and the sex cords tended to be grouped
into/

*ihe term sex cord is preferred since no sperm
producing cells were prescinie




into clusters (Fige 72). Similer arrangements
of duets could be seen in the gonads of Cases 3 L
and 5. In the latter cases however, the amount of
interstitial tissua'increaaed and the sex cords in
SOMe ragions had no apparent lumen (Fig. 75)

An ares of.cells resembling a rete testils
could be seen in the gonads of Noes 1, 2, 5, 4 and
5 (Mge 76)e This ares was pushed to one side or
end of the general mixture of connective tissue cells,
The c¢olls lining the irregular dﬁuta of the rete
were low cplunmay of cuboidal. A thin tunica albuginea
covered gonads 1, 2, 3 and 5,

The epididymis in Cases 1, 2, 3 and 5 was lined
by typleally ciliated columnar cells (Wige 77)e

Sections of various ducts which resenbled
spermatic cords in Cases 1, 2 and 3, and sbortive uterd
in Cases L4 and 5, were examined. In Cases 4 and 2,
the himtological findings were as expected, namely
ductus ﬂéferens, large blood vessels, muscle and
connective tlssue., In c&aeé L4 eand 5, sections taken
of the cystic dllatations ahawéd in some areas a
resemblancé to unterine formation. The ihnermost

part of these sectlons resecmbled endometrium in

which the uterine glands were well developed ([Flgzs.80& 81).
In/
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In Guse 5 they contalined melanotlce plgment, in
both cases a thin layer was present analogous to
the myometrium of a normal uterus. The outer layer
was composed of comnective tiseue blood vessels and
peritoneal tissuees typicel of the serocus layer of
a nomwl uberuss

Histologleally, the seminal vesicles resembled
those of the castrated male sheep (Aitken 1955).
Tall columnar eplthelial cells with prominent nuclel
lined the convoluted tubuiea of these glandas, Treat=
ment of sections of this gland with Periodic Acld
Sehifr (P.A.S.), showed strong vosltive stelining of
the cell cytoplasm while prior treetment of sections
rith diastase followed by Pl 3. resulted in a poor
staining reaction. This would indicabte the presence

of intracellular glycogen (Fign. 78 & 79).
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I“i@}' 76n Case Noo 30
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Fige 78 Gane Noe I
SEMINAL VESIOLE, I snd B X 60

Fige 79 Case Noe U
SEMINAL VESICLE. PedeSe ¥ L4OO
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CHROMOSOME STUDIES FROM 3. COCY I GULMURES,

Ghrah&séme preparations were made from leucocyte
cultures of all the intersex cases descrlbed, In
cach case ﬁhs‘ohramosomea from at least two satis-
factory cultures were examined and more than was
actually necessary to eateblish chimaerism were
counted, The reason for this was to compare the
larger number of non-modal cells found in chromoadmeA
comunts of these enimals with those of the nomal
sheeDs It was thought that a third cell line may
have been present in some of these snimals,
Regults.

The results of chromosome counts from the six
ipterseox snimals is given in Table 15,

It is clear from the above tables that each
aheép was a bhlood chimnera, metapbases with both
KX and XY sex chromosome complements being present,
fFith the exceptlion of Case 5 the predominant cell
line was male but in some individual cultures there
was a reversal of this in successlive cultures o
female, This is evideht in Case 1 between the
firat and fourth cultures and in Case 3 hetween the
first and second cultures,

On only two cccasiong was the dipliold male set

of/
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PABLE 16,4

LEUCOGYTE CULTURES OF INTERSEX SHEEP Nose 1=6

IN