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T}{E KARVOTYPL OF THE DOG (Cants farnlllerls) OBTATI\ED .

- FROM CULTURHS OF PERIPHERAL BLOOD LYMPHOCYTES

* INTRODUCTION

. Thezfirst observations on canine chromosomes appear'to be those of
‘Rath in 1894 (20). Using Sectioned'germinal tissue of a puppy of unspedified

' sex; as well as leukocyte precursors, he determined the’chromosomeAnumber to 7"

*_‘be more than 32, and perhaps as hlgh as 64. Ih‘1918 Malone (12) worked

"fffvwith testxcular tlasuc of eleven male mongrels and one purebreu animal; he .

. reported 21 chromosomes. ‘Using various tissues from a female fetus, he re-
>dt&;ported 22 chromosomes, - From these data, he.believed the dog to“have aanO/Xxg.si.
~.8eX chremQSOmevcomplement. "AllocyclicAbehavior of the~X—chromosoﬁe was roted, =
B and'Malone thoﬁght the X was associated with the nucleolus in some way. In
L 1925, Painter (18) also used testlcular cells, he descrlbed '.;. at least
50 orromosomes" in spormetogonlal cells (p. 396) However, he placed the .
_.upperlllmlt at close to 52. IThe sex elements were not described, but from R
.‘:context it is safe to assume his belief in an XX female;.Xl male, sex determ— . . . ;
1n1ng mechanlsm for the dog. He also believed the sex.elemente to‘oe assoc;;
‘ j iated w1th the nucleolus. | . | R |
"; W1th the edvent of more satlsfactory fixation tecﬁnlques for mammal—
2 ian chromosomes in 1927 (14), enumeratlon of dog chromosomes became more
-fprec1se., Minouchi (15) used sectloned gcrmlnal tissue of dogs of both sexes,.::‘
?=v;ranglng in age from a fetus to fully mature animals,’ He found 78 chromosomes;wlz

o
o

~ in both sexes, and described the-X—chromosome at metaphase as ".;.'atelomi%ic R

‘:ﬂ V—shaped.;." and - "... lylng always at the perlphery of the plate... (p.257),

fThe autosomes are deocribed &8s having term;nal centromeres. ,Whmle_he foﬁnd

/A:two X-chromosomes in the female, and one 1n,the nale, he was uheblevto identify
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the Y-chro&osome. :From observations of meiotic proph;se, Minouchi bélievedv
the Y-chromosoms might be a small rod-shaped element, Ahmed (1), inf194§,
:uSed Minouchi's techniques and confirmed his results. He couid'find:no
morphological diffgrences among chromosomes ofithree breedé, althougb he:'
found a difference in chiasna distribution;l Ahzed, as had some earlier
investigators, also noted allocyclic'behaviof of the sex cbromosomesgwith   >
- respect to movements at aivision and intensity of stainihg._ He indicated
that portions of the sex chromosomes exhibitea‘retarded prophase condensa=

prophase. Like

-

- tion, and that terminal knobs were often visible at meictic

' Minouchi, Ahmed identified the Y-chromosome only by its association with the

X during meiotic prophase. In the same decade, Makino (10,11) used sectioned' -

material'in a broad survey of Eutherian orders. He cbpfirmed 78 as ﬁhe
chromosome number in both sexes of dogs, and identified'both the X~ and Y- -
chromosomes by their behavior at meiotic prdphase.‘ He,ndted the frequent
association of the X~chromosome with the.nucleolus (ﬁ1), and indicated the

distinctive. V-shape of the X-chromosome,

3

\

 somes, early workers relied heavily on observation of the larger, more easily

managed cells of germinal tissue. With perfection of techniques of tissue
~and cell culture early in the 1950's, somatic mammalian chromoéomes could

be visualized more satisfactorily. With_spéciai pretreatments, these chromo-
somes have been visualized with a clarity nol obtained with older methods.
Hsﬁ and Pomeratl (85, in 1953, used a cycle of cell culture - metaphase arr-

.. est -~ hypotonic swelling - fixation £o study canine chromqsomes in metaphase
cells from an émbryonic lung culture. They confirmed thé earlier findings of
©- 78 chromosomes in both sexes,  and déscribed the autosomes asibeing all acro;
centric. Théy described the X as a large submetacentric element;.but did not
describe the Y, Awa, et ai (3), used the same techﬁique ih'i959, and con-

firmed the results of Hsu and Pomerat. They believed some of the autosomes

Due to the relatively small size of somatic memmalian cells and chromo- Pi
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;'.gg vitro studies of the kinetics of donor and recipient'celllpopulatipns 'Fﬁ

‘
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- might be subterminal, and they thought the Y-chromosome was the "...small-
est of rod-shaped bodies.!" (p.262). Takayama and Makino, in 1961 (26),' used
" & tissue culture method to Investigate the chromosomes of canine venéreal

tumors,land they confirmed the ideogram fér the normal dog.

Additional confirmation of the previously described normal dog karyo-
type is foﬁnd in the recent work of Reiter, et al (21), and of Moore and
Lambert. (16). Both authors confirmed the genéral features of the dog karyo-

type by observations made on cultured solid tissues from dogs of various ages,

o séxes, and breeds. Both authors agreed that the Y-chrofiosome was prqbably a

very small meta- or submetacentric element. Moore and Lambert implied that

. some autosomes might possess short arms and possibly secondary constrictions

as well.

All modern work firmly esteblishes the general characteristics of the

canine karyotype, but leaves certain details in doubt. The morphology of the-

. Y~chromosome, the reality of autosomal short arms, and the presence of sec-

ondary constrictions or satellites on some chromosomes,'are all unsettled
quesfions. There appears to be no record of a canine karyotype being ob-

tained by the elegént peripheral blood cultﬁr@ method of Moorehead, et al

.‘(17).‘ The abundant- high qualiﬁy metaphase_figures obtained with this tech- -

nique might permit a more detailed characterization of the canine karyotype

than has been possible so far. .

It has been'shbwn that in cultures of peripheral blood cells from

- normal animals, the dividing cells arise aimost entirely from lymphocytic'

| elements (9,19)..-Cultures oflljmphocytes'obtained from peripheral blobd

mightxprdduCe not ohly a detailed karyotype, but they might also be used for

Ty

‘followiné homologous lymphoid tissue transplantation. The latter studies

'would'be'made possible by utilizinglﬁhe'readily identifiable cénine X ;

i .
o
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- chromosomes as "markers" for donor cells of onevsex'and reoipientmcells~oflf

'mfthe opposite séx. Permanent or transxent chaﬁgeu in the karyotypes of botn

'f_donor and rec1plent cells coald be 1nduced by 1rrad1atlon, “or by 1mmuno--ff::

{?loglcal selectlon actlng at the cell level, or both These changes could befg

aiasseused in v1tro by examlnlng karyotypeo obtalned from cultured lymonocytes,‘ ;'

In order to eSuabllsh a basellne for the studles 1nd1cated above, thls Y

“;paper w111 descrlbe the normal canine karyotype obtulned from cultures of .f

i;vperipheral blood lymphocytes.. Methods ?or reliable canine lymphocyte culture,l3ﬁ;f

-

“and for routine canine chromosome preparation, will,be'presented.‘j
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MATERIALS AND METHODS

Prellmlnafy experiments using the methods of Moorehead, et al (17),
'_‘yielded genorally poor results. They served to demonstrate the advisability ;
‘of finding.improved methods for canine leukocyte culture and for preparation
of canine cellé for karyotype analysis. Several methods of ieukocyte conc— ‘
égfration, lymphocyte separation, cell cglture, cell pretreatment, fixation, .
} and final slide preparation were tried. Details are not pfesentéd here;:
The following method is a synthesis of these experimentii and it nas Eeén
”“;féund highly suited to canine lymphocyte cul@gre and fﬁ preparation of slides:
 ,for chroh&some analysis, It differs in certéiﬁ important ways from methods
_ now commonly used,-primarily in the constitution of the éeil.éulture medium

" “and in the manner of producing air-dried chromosome spreads. -

-

OBTAINING BLOOD SAMPLES

" Mongrel dogs of vgrious types, and purebred beagiés,:were used in thié«
' ‘stﬁdy.. The animéls were of both sexes, and ranged in‘age from‘twb months to
five years, Prlor to drawing blood, most animals were fasted for 24 hours
‘ qr-more'in order to avoid lipemic blood samples. All anlmals were awake at
t.; the.time of blood sampling, of were lightly anesthetized with‘sodium thio-
‘:.pental (“Pentothalﬁ Abbott).at a dose of 243 mg. per poﬁnd-body weight..-The
. cephalic, saphenous, or exﬁerhal jugular vginé were ﬁhe sites.selécted for
"venipuncture.' Prior to blood sampling, these areas were closely shaved and "

'then scrubbed w1th benzalkonlum chloride 1 750 ("Zephlran" W1nthrop) Entry

" into the vein was made with a sterlle 18 g. dlsposable needle, and 10—20 cc.v;"”

'"'blood was withdrawn into a dlsposable plastic syrlnge contalnlng 220 units
}'{
)h,\

"'vlcal~sa11ne solutlon,v The blood and heparln solutlons were . mlxed by repe&ted

inverulon of the syrlnge.
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LYMPHOCYTE SEPARATION

In order to obtain a cell inoculum which contained primarily lympho-
cytes, for reasons to be discussed, a procedure was used which was essential-

ly_that of Hastings, et al (7). . Heparinized blood was aseptically transferred

*

~ to a sterile 30 cc. glass culture tube, which was tightly capped and placed

LA

 at a slight angle in a 37 deg. C. water bath.. The red cells were allowed to
sediment_by gravity for oﬁe hour or more,'untii several cc., of red-cell free '
superﬂate could be seen, The supernatant white-cell rich plasma (usually
5-25% of:tﬁe original volume) was aseptically trensferred igfalsterile‘f25 S
| cc., flat;bottomed culture flask, To this was added two volumes 6f NCTC 109
: (Miprobiolbgi;al Assoc.; Difco) at 37 deg. C., and approximately %vg.isﬂerile.
iron powder (reduced electrolytic grade,'Matheson; Coleman; and Bell,-stefil-
" ized by'éxposure to ﬁV.radiation).” The flask and contents was;pléced.in a
 37 deg. Q.:shakef water bath, tightiy cappéd to prevenﬁ CO» loss, and agit- .
;vaied forv1%»2 hours with 100 4-inch strokes per minute, In order to remove
' ﬂ('granuloc&tes‘wﬁich had phagocytized iron particles; the flésk was reﬁoved
froé;the,water bath and placed oﬁ edge on & strong permgnent magnet for five
':minuﬁes, Afterwérd, the supefnaﬁe waé aseptically transferred'to a steriie
56 cc;lépltﬁre tube. This was also placed on a stfoﬁg magnét-for five min- -
-uﬁgs, aﬁd the supernéte was aseptically transferred to'd sterile glass
veésel at 37 deg. Q; A sample'wés aseptically removed; and a routiﬁe cell o

. count was performed in a hemocytometer. An estimate was made of the pef-

centage of mononuclear cells present, : B B S e

' CULTURE PREPARATION

. I
’ Lz . »

Standard 15 cc. glass culture_tubes Were seeded with a volume of :?
" cell suspension sufficienf to provide 1x107 cells, but only if the mono-vié
" nuclear cells were about 80% or more of ihe total, If fhey were a lower

proportion of the total, then 0.5%x107 cells or feower were soeded. If the



volume.of‘céll suspension required was greater than 3 cc.r(equivaleni'to-

1 ce, of oriéiﬁal'plasma), the suépension was asepticallyvcentrifugea at
:70 gfavities.v Sufficient supernate was then aseptically withdrawn, and
- replaced with fresh prewarmed NCTC 109, to reduce the plasma éoncent?ation
of the ceil suspension to 15% or less of the total. The cells were £hen
’resuspended by gentle agitation. | I

To the seeded culture tubes was added 1.0 cc. fetal‘boViné sefum"

(Microbiological Assoc.), 3300 units Penicillin G~(Upjohn), 1.7 nmg. Strepi‘“.

tomycin sulphate (Lilly), and 330 units Mycostatin (Squibb). The anti-

" biotics were added as a solution in 0.1 cc.injectable water. 0.2 ce. of

‘v‘buffered Phytohemagglutinin-M (Difco) was added. Finally, additional pre-
‘:'warmed NCTC 109 was added to yield a finél volume of 10-10,5 cc. TFor each
vanimal; several such cultures were prepared; The tubes were loosely capped,
B placed in a rack at an angle of about 45 éeg., and incubated at 37-38 deg;
C. in a 5% COy atmosphere with a relative humidity in excess of 92%. Al
intervals of 48, 60, and 72 hours, small samples of the Qell iayers were
; -ébta\xined by aspirafion into a sterile Pasteur pipe_tte.' These samples were
examined as lacto-propionic~orcein squashes to determine the time of appear-

© ance of the nearly synchronous first cell divisions,

* CELL PRETREATMENT AND FIXATION

- When the mitotic index in a semple was seen to exceed about 0.5%

v'(usually at 55-65 hours), 0.15 cc. aqueous solution containing 75 millimicro-

f' gramé-vinb1astine'sulphate ("Velban" Lilly) wes added to the culture to effect

metapbasé arrest. Incubation was continued for two hours if the sample
mitotic index had been high, or for‘up to six hours if the sample'showed'gfi
© o low mifé}ié index. The cells were ﬁarvested by in&ersion nixing of the
.culture,ldecanting.the su#pcnéion into_%_conicai tipped 12 cc. cenﬁrifuge
tube, and centrifuging at 70 gravities~for five minutes. The supernéﬁe was

‘aspirated offrand discdrdéd. The cells were washed once in physiological
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saline, and suspended in warmed O. 8p sodium citrate. alnoarate in dlstllled
- water. .The suspenSioh,was incubated at 37 deg. C. for 8-10 minutes, éfter
"which 0.2 cc. of fixative (50% acetic acid, 1% lactic agid; 1% HC1) was added.
Mixing wos accomplished by inversion; the suspension was centrifuged at 70
graﬁitieé for five minutes, and the supernate was aspirated offoand dis-
carded. .Additional fixative was added dropwise, with mixing by gently blow-
ing through'a Pasteur pipette, until a lightly hazy Suéoension was obﬁained.
This was allowed to stand undisturbed fofIQO minutes or moré. If fu*ther -
manlpulatlon of - the cells was to be delayed for a day.or~ more, the tube was
. tightly capped and placed in avrefrigerator at about 10 deg. C.- Prior to
further stepé, the.fube was brought to room temperature and the fixative

" was replaced with a freshly made solution.

B fL‘SPECTAL CLLL PRETREATMENTS

Attempts were made to enhance the appearance of "secondary constric-
tions" on the chromosomes obtained from some cultures. Selected cultures

frog the largor series of replicate attempts were exposed to the sction of

hyalﬁronidase (Cal. Biochem.) in concentrations up to 90 units /cc. for pe;lods

up to 6 hours immedlately before cell harvestlng, as guggesued oy Yergaqlan
,_(27) Other cultures were washed free of medlum, and sucpended with the
"Welban" in caloium and magnesium freo normal saline or Tyrode‘s soluﬁion.‘
for périods up to 6 hours. This.is a modification of.the method of‘Sasakit“v
and Mekino (25). Some cultures, with and'Q thout these pretreatmcnts,

were fixed accordlng to the method of Saksela and Noorehead (23) instead

,‘°* the me thod described above.

CHROMOSOME PREPARATIONS

: Seml-permanent squash preparatlons were made by centr1fug1ng the

. flxed cells at 70 grav1tlcs for five mlnutes and asplratlng off all the

S
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'supernatant fixative. The cells were then resuspended in a few drops of

1% natural orcein made in a 1:1 mixture of‘SO%'propionic acid and 50%
iactic acid. This stain was best made up as a 2% stotk solution which had
been refiuxed for several hours, cooled, and filtered., “Prior to use, the
2% solupion was diluted with the mixture of acids to yield a 1%vsolution,

The stain is a modification of that recommended by Dyer (5). A small drop

 of the stained cell suspension was squashed by thumb pressure on a clean
dv glass sllde under a #1 coverslip, and the coverslip edges were sealed w1th‘

B g'paraffln. Such preparations could be made permanent usifig the method of
ld‘Conger and Fairchild (4) by freezing over liquid nitrogen. Aluernatlvely,;"~ 

‘the stain was occasionally made in 50% acetic acld with 1% HCL; then the

freezing was accomplished over "dry ice".

Air-dried preparatlons were made by placlng several small drops of

- the orlglnal flxatlve cell suspension on a clean JT coversllp heavily film-

ed thh.5.1 methanol—acetlc ac1d. The coversllp was then qulckly but very

carefully flooded with additional methanol—acetlc acid; care was exerelsed

A
A

. to maintain the aqueous drops in the center of the coverslip until flooding _j‘.

was complete, The coverslip was drained by touching an edge to fllter paper,

- and ;t was rapldly dried under warm moving air from a small electrlc halr

' 'dryer. Subsequent staining was by immersion in the 1% 1ac»o-proplonlc

orcein described above. Staining was for periods of 2-6 hours, followed

by a rapid rinse in 100% ethenol,'dehydretion in two changes of 100% ethanol

- (2~5 minutes each), "clearing" in two changes of toluens (2-5 minutes each),

."and final mounting in "Permount® (Fisher).

" MICROSCOPY

a0t
o

Observatlons on chromoscme number and morphology were: made using a

Zelss microocope fitted with an oil-immersion- apochromatlc obJectlve 100x,

,N Av1e32, Vieual work was performed using 16x compensating eyepleces;
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photoéfaphic work required 8xvand 10x Kpl compensating eyepie;es. Esseﬁtial—
1y monochrghatic light, contrasting strongly with the orcein Staiﬁ;iwas
* provided by passing high-intensity tungsﬁen light (Koehler method) ghroughr

a Bausch and Lomb second—order interference filter with & 15 millimicron

 half-width bandpass centered at 547 millimicrofs (green). The entire optical

system was frequently checked by observation of selected .test diatoms to

ensure maintainence of a resolution of 0,25 micron or better.

PHOTOMICROGRAPHY

-

Photographs of chromosomes were made in an "Orfhophot" camefai(Silge ,

_and Xuhn) on Kodak Panatomic-X_}?ZO roll film, using only the center:1/3’of

the object field seen when using oil-immersion opltics. Negatives were under- .

exposed about 25% (1/10 to 1/2 second), and overdeveloped about 25% in Kodak

t_i-Microdol—X, This‘resulted in an object field density on the negative of
': Qyé-above-film baée,'and chromosomes of density 0,1-0.2 ébove film base.
The cqntrast:obtained required printinglon Kedak Kodabromide F—S or Agfa
:Broxirg 1, grede 6. Most griht'enlargements were 4-5 diametgrs to avoid

excessive grain in the final print.

" MEASUREMENTS

Individugl chfomosomes, usually eniarged 2760 or'53550 diameters;
were cut from photographs and‘mountéd in order of decreasing length on
- heavy cardboard. Exact magnifications were defermined by comparison with -
photographs made of a Zeiss stage micrometer. .Measufements of chromosomes_
. and arms for absolute size determinati&ns were ﬁade on 3550x prints on #5.

-paper,'by "stepping off" length segments with & small bow calipers; Ratios

&

- of arms within individual chromosomes, and whole lengths between chromosones,
 were obtained. Mean lengths, ratios, ranges, and standard deviations were -

; caleculated,
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EXAMINATION OF BONE MARROW - I SR A

An ancillary examination’of the bone marrow from é single male -

mongrel was made. Marrow spicules were obitained from the dog's femur.

Three samples were examined: One of squashed material which had beéhthypo-

tonically swollen and stain-fixed immediately &fter biopsy; one of material
treated as above following 2% hours exposure to Velban in tissue culture;

and one treated as above following 24 hour culfure under conditions ae5cribed

" previously., Chromosome.counts were performed on semi-permanent.squashes.

The distribution of lengths among 25 X~chromosomes was déte;mined by direct
measurement with an ocular micrometer calibfated to 0.5 micron.. ZOO:cells

were examined for X-chromosomes in excess of 5 microns.

a0 T d
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' RESULTS

' l‘alsO'changéd to incubation in a wet 5% CO atmoéphére.' The proportion of i/

' CULTURE METHODS

.Over 160 different cultures, in duplicate,‘were attemptea using blood -
f}om.nearly AC different énimals. The culﬁures were élassified as failﬁres, :
acceptable, or excellent; relétive to human cell reference cultures, on the. .
basié of the maximum mitotic index observed in the interval from 48 to 84

hours following culture start. Using Hastings! original method (7), 25 .. i

f cultu;es on'10 animalé were assessed. 36% weré faiiure§,(mitotic index
. below abdut.0.0T%), 8%vwereiexcellent (mitotic index 1% or‘more), while the
:Tf remainder were aééepfable'(ﬁitotic index between 0.01% and 1%). Homologoﬁs‘>-
'serum, especially fetal bovine serum, was added to the medium in 21 culturér‘~i
. 'vattempts.' 28% were failures; 19% were excellent, The improvement was not
: statisticélly significant; hoﬁever‘the mitotic index in the acceptable'

‘ cultures was generally much higher than in the earlier attempts.

, Following a series of 45 test cultﬁrés,uit was found that approximateéf“

1y 6% autologous plasma in the culture medium was optimal, with values from

about 2% to 10% being acceptable. For eas§ of technical manipulatioﬁ, sub~-

" sequent cultures“were initiated with any concentration of autologous plasma
b ﬁhder apout 10%. This liﬁitétion of autologous plasma in 48chltures re-
: ducéd the failures to-17%, and réised the excellent cultures to 46% of the
. total; The‘difference relative to culturés with more than 10% autologous

fplasma is‘highly,significant (P £ 0.01). fIn 21 additional cultures, all the .

N preceding chénges were made, and in addition.the mediumﬁwas»changed from N

'-1>;_TC 199 to NCTC 109. The closed tube with room air gas-phase'system was

excellent cultures was not significantly increased (48%), but the failures

were reduced to less than 5%. The difference, relative.to tightly cépped

o, eultures in TC 199, is highly significant (Pfg 0.01).
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 EFFICIENCY OF LYMPHOCYTE SEPARATION

It was found that large nﬁmbers of granulocytes in peripharal blood
cultures yielded overlyvacid cultures which often failed to show dividing
cells in appreciablé numbers, Using the géanulocjte'removal me thod described,
vthe absolﬁte yields of lyﬁphdcytes from canine blood were about the same as
from human blood, generélly 20-25% of those»present in the original wholg
.blooa sample., Remévai ofvgranuiocytes from canine blood was lessveffici;nt

- than from human blood. Final culture~ihocula were generally aboyelso% mono-

nuclear cells, sometimes as high as 85-100%. This ucorféqunds to changihg'
the granulocyte : lymphOCyté ratio from 3:1 to 1:6., However, a considerable
bropoftion of the inocuia‘had mononuciear éell conqentrations_beiow the 50%

. level, showing little of no lympnocyte enrichment. By contrast, thé method

¢

' described almost always resulted in 85—100% mononuclear cells when applied

©+. to human blood. Of the severel separation methods tried, the one described -

~ was the only one which reliably produced & significant cell yield and good

" lymphocyte purity with modest effort.

CHROMOSOME COUNTS

- Tempbrary sQuash.preparaﬁions on célls_of 32.aifferent anima1§ were

“  made és:deécribed. .A summary of chromosdmé counts obtained from prépara-
tions varylng 00ﬁ81derab1y in quallty is. glven in Table 1. 'In most ﬁale S
cells, the Y-chromosome usually cou*d be 1dent1f1ed as the smellest cnromo-'.
some; less frequently its metacentric nature was also discernable. ?he
spregd of chrémosome counts .is small, all céunts being tightly clustéred |
 around the modal number of 78 in both sexes. One animalv(#10) hed a part— f
. iculafly'high percenﬁage of célis containing 80 chromosomeo.‘ Unfortunatel?,*
”_'it was unavailable for further study. | v

Permanent preparatlons of cells from 29 anlmals were made u51ng all

| the methods described. A few were made using the method of Rothfels:and



SUMMARY OF CHROMOSOME COUKTS PERFORMED ON SQUASH PREPARATIONS.
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Lymphatic irradiation and female marrow or spleen
months to one year prior to lymphocyte culture:

cell iiransplants two

35 . M | Purebred beagle 6 XY
36 M u g 3 b
37 M | Indeterminate A XY
24 M n 1 12 Y

- TABLE 1.
Chromosome number :
_ : Sex
DOG SEX TYPE £7, 75 76 77 78 79 80 w~4n? | elements

1 M | Purebred beagle 1 15 + Xy
2 M " n 1 6 + XY
L M | Boxer 2 18 + XY
5 M LU ' 6 + XY
6 T | Labrador 1 1 2 24 ho's
7 M L o 5 + XY
8 M | German shepherd 9 o+ P A
9 M "o YL A e + PO
10 F | "Toy" shepherd 2 15 3 - XX
11- M | Scotch terrier 5 o XY
13 M | Airdale . 8 S+ XY
16 M | Indete rmlnate 1 7 Xy
17 M " . ' 7 XY
18 M n 1 3 b
19 M " -5 XY
20 M n _ -9 + XY
21 M u 1 12 + Iy
22 M. u 1 . 6 + XY
23 M W oL XY
24 M n ’ .3 XY
25 M " 4 .32 + XY
27 F u .5 X
28 F n 6 X
29, F n 1 A , X
30. F M 1 7 1T -+ XX
31 F n 2 I x
32 F n 5 X
33 - F " 5 XX

- Notes:

1) Dogs 5, 24, and 27 corrm_zohly displajred-one or more autosbmes with
distinet short arms. »

~of 1ts X~chromcsomes, .

: 2) Dog 10 displayed very prominent secondgry constr:.ctn.ons on many

- na et o

1%



TABLE 2. SUMMARY OF CHROMOSOME COUNTS PERFORMED ON AIR~DRIED. PERMANENT PREPARATIONS,

v T ‘ - chromosome number no total sex
DOG  SEX TYPE £70 M T2 T3 U 75 76 77 78 79 80 |~/n| count| cells| elements
1 M | Purebred beagle 3. 19 ' _ 1 6 30 XY
2 M . u 3 1. 1 i 17 8 30 XY
3 M| Beagle 3 Tt 1T 1 2 15 o 2 5 -1 30 Xy
4 M| Boxer o2 S I ' 2. 1 ~ 4 20 XY
5 M i s 3 o a 1 ) -1 18 2 18 45 XY
6 F | Labrador : 10 1 1T - 10 A 1 41 65 | XX
7 M " : L R S 29 1 6 FAO N R § 4
8 M | German shepherd| 2 ’ . 18 1 1 9 30 XY
9 Mt w . u 12 1 2 1 1 13 1 60 91 XY
10~ F | "Toy" shepherd 4 2 1 1 i 2 1 31 -3 17 63 . XX
11 M | Scoteh terrier. 9 1 1 1 01 3 . 28 Lt XY
12 - F . w . 2 1 1 1 1 19 1 2 28 . XX
13 M | Airdale 6.1 - 1 1 14 7 30 XY
14 F | Cocker spaniel 6 . 1 1 1 2 13 ' g1 3. 28 XX
15 .M u n 3 . 1T 1 2 18 2 27 XY
19 M | Indeterminate : ' ) 2 2 A XY
20 - - n ‘ VAN - 1 -1 8 1 : 19 33 XY
21 M " 7 - 1 . 16 1 15 40 XY
23 . M " 301 e " 1 5 ' L6 56 . XY
25 . M n 2 e 16 1 A 23 XY
26 M n 1 -1 1 2 1 2 16 1 6 31 XY
27 ' F " 5. " 1 1 23 52 82 | XX
- 29 F " 8 1. ‘j 1 1 6 B 1 39 57 X
30 P n 2 T a0 S : 2 : : 8 13 XX
~ 32 F " 5 - 1 1 2 <10 4 1 39 57 XX
34, F " 2 1 : - 1 1 .20 \:-, 1 4 30 XX
Lymphatic irradiation and female marrow or spleen cell transplants two months to one year prior to culture:
‘36 M | Purebred beagle 8 ' 1 1 40 N not fécorded Xy
37 M | Indeterminate 19 1 1 . : .6 S 23 50 XY
24 M no g : S S 5 - 26 40. XY
TOTAILS: " 146 8 9 -13. . 9 10 14 12 424 2 5 18 A99+ {1117+ E;

e e et e e ap vtato— o AN
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Siminovitch (22). The latter has become standard_aﬁong_those who use pgll:
culture for chromosome studies, but it was found largely unsuited to étudy

of canine lymphocyté chromosomes, While a few good preparations wefe:ob—
 tained with this method, most demonétrated shrunken. cells and a high ﬁerceﬁt—
.age of brokeh cells. Ceils having énﬁmefable chromosomes cdnsfituted.only. |
about AO% of all metaphase cells, as compared- to nqarlf 7O%Iusing ahy‘of the
‘nethods aescribed.in fhe preceding section; .A_summéry of;chromosdme ﬁounts

obtained' from permanent alr-dried preparations obtained with all_methods is..

—

given in Table 2. Counts are less tightly élustered around the modal number
" of 78 than are the counts obtained from squash ﬁreparations. The percentage
of broken Eells (less'ﬁhan 71 éhromo;omes) has about doubled. Again, dog
- #10 éhowed a surprising number of cells with 80'chromo$omeé.

Counts performea on both types of preparafioﬁ showed a Significant
.proportion of tetraploid cells. In the permanent preparations the freguency
.of tetraploid cells is about 1.5% of all metaphase cells. In certain cultures
thé‘frequenéy of tetrapléids approached 10% of all metaphase cells,

\ Preliminary experiments of the sort described in the Introduction were
carriéd_out using animals which hed been irradiated and homotransplanted with
methodé not deseribed here. Successful cultures were obtainedvinffequently,
‘but karyotypes obtained from them were normal. Consequently, chromosome
cougts perfo:med on cells from these animals,afe included in both Table 1 and

- Table 2.

" THE CANINE KARYOTYPE -

Using the methods outlined, photographs were made of well-spread meta-

i phase cells. The chromosomes were cut out and aligned as described. Photo-

graphs of a female and a male cell, with sets of serially arranged chromoagkes.

" from each cell, are reproduced as Figures 1 and 2, respectively. These are

- entirely reprasentative of the quality of preparation obtainable with the
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methods §utlined. No atfémpt was made to select célls showving the sp@cial
chromosomal features to be described, and the celis.diéplayed do not show
M.] themn, . | |

| .it'can_be seen that’the number of chromosomes in both sexes 15778, of
‘which.7é are acrocentric autosomes with an essentially éontinuous'gradation
of siées. The first autosome pair (#1) is an exception, being noticeably
'xxlonger than the others., It can be identifiéd easily in every metaphasevcell.
The sex chromosomes of the female are two large submetacentric chromosomeé,i
while in the male they are one large spbmetacentric chrEﬁoé;;e similar to
those of the female, and a very small nearly metacentfic element. The latter
”doés nét show clearl& iA Fig. 2, but its morphology is evident invFig. 7 and |

' fig. 8.

~ COMPARISON OF DOG VARIETIES

The 37 animals examined included examples of eight identifiéble
breéds, of which one was purebred. All had the seme modal chromosome number, |
and\allidisplayed similar karyotypés; No significant differences in reépect
to_Size or morphology-were apparent among pairs of identifiable chromosomes
obtained from ény anim;l. No variety‘displayed\uniqueiy different’chromo~
somes. ;The varieties aid not differ in possession of details of chromosome
morphology described below.' The poséibilityvthat varieties might differ in
‘respect to the frequency with which these details are displayed, is not.

excluded.

MGTANT" CHROMOSOMES = . - . S

Dog #10 had a iow but consistént frquencyﬂof 80 chromosomé'cells in
. a1l preparations exémined."ln addition, one of thesé cells;-and é cell f%?é—:
' ment,‘had chrgmoéomes which were approximatély'twice‘normal in length,'witﬁ '
 n6rma1 arm wid?hs. The intact cell cohtainiﬁé 80 "giant" chromosomes ié ‘

‘shown in Fig. 3 at the: same magnification as Figs. 1 and 2..
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1

CHROMOSOME MORPHOLOGY AT METAPHASE

In both squashes and airedried’preparationé,;the X-chromosome was
.éometimes seen to have.g prominent achromaticlzone iﬁ the long arm closehto '
- the centremere. It was Qery rarely seen when the air-drying method of :
"Roihfels.and,Siminovitch was QSed, but appeared with a low frequency uéing
the airfdfying method described above. It was seen less often in.male éeils
than female cells, and ih most female cells it was éeéh usually.op on1y,one

chromosome, Three X-chromosomes with the achromatic zone are shown in the

-

. top row of Figure 8. - E SR

The Y-chromosome was usually the smallest chromosome in cells from

’;:1: male dbg;. In most good preparations it could be seen as a nearly meta-

centric element. Its morphology was especially evident at very late prophasé o

- or very early metaphase, when chromosome contraction was not pronounced.
Photographs of the nearly metacentric Y-chromosome are given in the second -~

row of Figure 8.

Chromosome #1, the longest autosome, often showed one or two achromatic

- 'zbnés. The chromosome segment separating these zones oiteh stalned more
heaviiy than’fhe remainder'of the 6hromosomef One achromaﬁic éoﬁe Qas nearly
" terminal, whiletthe,other was more nearly medially located; 'Photographs of
#1 chromosoﬁes with‘oné.or the other acromatic zone, as well as both together,
are shown in the thifd row-of‘Figure g.
One or more of the longer gutosﬁmes Qccasionally aispiayedlvefy sh§:tﬁ

‘arms in addition to the usual loné arms. ‘It was believed that this was a
'» constaﬁt feafuré of a'particular autosome, An attemﬁt'tolidentify this
chromosome on the basis of a statistical analysis'of iéngth'measﬁrements is
f.‘describéd in a later secﬁion. It-hasxbeen-provisionéliy laBelled as auto- 3

isqﬁe nah; photographs are'given invfhe fourth rowvof figure 8. ' .. . ﬁg _
: Infcertain.exqeptionally favorable.mid—brophése cells, satellite |

" bodies were seen on a middle-~sized chromosome. Careful search of a large
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'\ ENHANCEMENT OF SECONDARY CONSTRICTIONS

19.

number of metaphase cells revealed a very small fraction which displayed a
single chromosome pair having satellite bodies on the non-centric terminus

of the chromosome arm. An unusually clear demonstration of these satellite

'  bodies at metaphase is the photograph given as Figure 6, and as the last

row of TFigure 8. The chromosome has been provisionally labelled "s".

Certain other autosomes, notably one about the size of the "s' auto-

some, also displayed short arms additional to the long arms. ' This feature

was inconstant to a marked degree. Achromatic zones were also seen on auto-
somes other than #1, but with frequencies tqo low to permit” their use as

distinquishing features,

- None of the special methods outlined. produced any improvement‘in

';‘clarity or frequency of appearance of the features descfibed in the preced- |

ing section., The fixation method of Saksela and Moorehead might-havé'

produced an effect. ' If produced, the effect was generally obscured for

reaions to be discussed.

" CHRCOMOSOMES PRIOR TO METAPHASE

The effects of most stathmokinetic»ggents, including ¥Velban™, are

" such as to cause over-contraction of chromosomes with prolonged exposure. -

In‘an attempt to visualize more clearly internel details of chromosome morph-

ology, cells in mid-prophase aii/igjé/prophase were observed. The chromo-

somes were most often severely-fangled, and homologies could not be deduced; .
. - however, in some cells individual chromosomes could be identified.
- The X-chromosome was sometimes seen to have terminal knobs and extend~.

', ed negatively heteropyknotic regions on either side of the centromere. .

Occasionally in female cells, one X-chromosome was precociously condensedﬁk

- The Y-chromosome of males often displayed its nearly medial centromere, and

At was sometimes precoclously condensed.
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Mbét‘agtosomes had‘patterns‘of differential stéining,-'Some.had pro-
: ﬂpunced terminal knobs;'ofhers had positively heteropyknotic fegiqns ﬁedially
 "1§cated._ Cells were found in which three or more autosomes had distinct subfl
“iterminal centromeres, hence aﬁtosomes other than "a must havé shor£ arhs.
vIn an occaéional preparation, the satelliies on chromosomes were very clearly P

displayed,fas in the photograph in Figure 5.

TRTRAPLOTDY | o o
Fro@ fablés 1 and 2 it is clear that a signifigént pgfcentagéfofuéultw l“

ureévcontained tetraploid cells. Actual couhﬁs.of chfﬁg;some @umberlwere not
.:péfformed on most of these éelis. Where tﬁey were performed; the chfomosome

numbe? was éeen to be 156 (An)-with a sex chromosome cémplement exactly :
double that expécted'on the basis of the animal's phenotypic sek.v Aiphotb—
','graph of the 156 chromosones %F a tetréploid pell fronm a male dog is%shown

as Figﬁre Lo  Two X—chromoséme;'can be seen, and one Y-chromosome. The othéf
Y cannot be identified.unéquivocally. In cultures exposed tova.mitoﬁic poi-~
.soﬁ& the frequency of'feﬁraploid cells ranged from 0.1% to as high as 10% of .
all cells in mitosis. Interestingly, binucleated cells were also fréquent

in cuiﬁures having an appreciable tetraploid metephase incidence. The actual 

frequency of binucleated cells in any given culture waélnot usually below

0.1%, and often was higher.

- CHROMOSOME MEASUREMENTS = '

Tive animalslwhich had yielde&‘very good chrbmésb&e breparations'were A
selected for close analysis., Measurements df their chromosomeé.aré summerized . 3
ih Table_B. The X-thomésomé is the longest'éf the complement, clos;ly fql— f. 
 r-lowéd by autosome #1. fThe.smallest‘chromosoméiis the Y—chromosome; Actual

_~Achromosom§ lengths ;ahged from 0.7 micrbns to 4.3 microné, with a meén for’
~ the longésﬁ (the X) of 3.1 microns. |

i

"’ Phe X-chromosome was found to have an arm ratio (long arm/short arm) of
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TABLE 3, SUMMARY OF CHROMOSOME LENGTH MEASUREMENTS AND RATIOS. »

S

from 3 cells)

~ 2,5%

) . - - XA ’,1'11 ngn ngit
} _ ) X . . Y . #‘1 . fign ngtt | _X% —~ X -5
#Mean length 3.1 microns O0.85 microns 2.9 microns 2.3 microns 1.4 microns —— —— —_— -
Yean ratio - e e — — 1.33 0,97 0,696 0.46
Std. -deviation — e e - ——— $0.55 £0,10 0,045 - -~
Std. deviation : A -
(£ mean ratios) —— L e : — — —— ~iAE S N10E N —
Range 2.3 - 4.3 0.7 -1.0 2.1 =423 1.9 =244 1.2 = 1.7 1.1- 0.8~ 0,63~  0.45~
microns microns microns ‘microns microns 1.8 1.1 0.76 .49
fumber of ’ 7 : - _ X o
chromosomss 51T N 67 15 5 39 39 15 5
Mugber of cells| 36 - .6 36 10 4 39 39 10 4
Humber of dogs 4 24 3 2 4 A 3 2
| Length-as % of _ _ _ _ :
| female haploid L s : s -
set (calculated A/S.é%- . w~1.6% » ~ 5,3% v 3,9% — — _— —_

Notes: 1) The

'-2)-'The
- 3) The
L) The

length bf,the Y—chromoéome is approximately 29% that of the X.

\

4

X-chromosome centromere index is approximately 0.43.

Ugh_chromosome satellite region measures approximetely 0.4-0.5 microns in length,

Ngiznt! X-chromosomes ranged in length from 6.1 to 6.4 microns, or about twice normal length.

‘Lz
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about 1.3, wiﬁh a large standard deviation..'The ratio of lengths of two ‘
.chrOmosoméé froﬁ within the séme cell (X and #1) was quite constant.

Ianable 3, in the column headed ﬂﬁﬁ,-an éttempt has been meade to id~
. entify a specific autosome, provisionally désignated "at,  In each of ten
cells containing an obvious autosome with short armsbéddition&l to thg long }
arms, a ratio of lengths between the X and #1 was obtained, and also betﬁeen,
“the autosomé ih question and the X. The low veriability of thev"a":x ratio -
»reiative to the #1:X ratio wés taken as eviaence that the same autqsome-"a"

- was being measured in each cell. In the fourth row oquigﬁ}é & are photo-

graphs of the pair of "a" autosomes from a single cell,

A set of measurements similsr to those above was obtained for the sat—

. ellited chromosome designated "s", "~The number of chromosomes‘measured was
~too small to yleld a meaningful standard deviation, but the:tdtal-range was
"itself a small fraction of the mean. This provided evidence:that'the same

chromosome was satellited in each cell.

BONT.' MARROW EXAMINATION
Relative to qﬁestions raised during fhe‘éourSe of the work describéd

above; which will be discussed, the boneJﬁarrow of‘a'éingié male dog was
-examined. <With respecﬁ_to the deieterious'effects'of "Velban" on_cﬁrpmosome
ﬁorphology; the cells of the bone marroq-proveé more sensitive than cultured
1ymphocyteé. Whéﬁ "Velban" was applied to marrow cell suspensionsvin éonc-
entratiqns’iower than normél for lymphocytes, for beribds of time'shorter
than qsed.}or'lymphocytes,_metaéhase chfomdsomes appeared as fﬁzzy %eparated
- chrématidsf This effect was.seen onlylra:ely in iymphoéytes cultﬁréd as

.describedf 24~hour marrow culture did ﬁot appreciable railse the'mafrow's

:normal mitotic.index,'nor did it aid in decreasing‘the cells! sensiﬁiviﬁygﬁo
"A“Velbén". For these reasdns, direct'sqdashipfvbone marrow cells pré&ed m&ét

: sgtisfaatory.



ithe remalndcr had been fragmented by soudsblng, and had many fewer than 78

‘,Ichromosomes d65crloed prev1ously

Of 25 cells whose chromosomes were examlnea in detall 22 dlopluyed

- the normal male karyOpre w1th 78 chromosomeo._ One cell nad go chromoaores'o

““-chromosomes. 25 X-chromosomeo moasured 2. 5 to 4. 5 mlcrons in 1enguh with
I a mean of 3.2 microns. 200 X—chromosomes were checked for unusual'length;
‘none ‘were over‘5 microns, Those near this flgure were in very early meua-'

(: phase, and had a dlstlnctlve appearancc dlfferenu from . uhat of tne "glant"

23, -
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" DISCUSSION

CULTURE PREPARATION AND METHOD

Andersen (2) has found that the dog ﬁae”a conceaﬁfaﬁion-of granulo-
cytes‘in peripheral blood which is roughly twice that found in humans. There
‘is no correspondingly large increase in the lymphocyte ooncentration. In
- cahine peripheral blood culturee, the presence of large numbers of granulo—

cytes was correlated with high a01d1ty as ev1denced by changes of the pq

s 1nd1cator w1th1n the media. They also tended to form adherent sheets oP cells

on_the walls of the culture vessel, trapping many of the other cells. This
vujsheet of cells tended to form a clot—like mass during oell harvesting, and -

' made subsequent sllde preparatlon difficult. TFor these reasons,‘as well as
to obtain -a "pure" cell type for culture, perlpheral blood samples were
'treated to remove granulocytes as thoroughly as p0051ble. The method describ-. .
‘ed essentlally that of Hastlngo, et al (7), proved to be. the best for ‘canine
'vcells of several whlch were tried. Certain other methods gave a higher cell :
yield, out‘lymphocyfe purity was more inconstant and yield.lower than with

) Hastings"method. |

7 Numefoue attempts to use the Phytohemagglatinin method of red cell
removal Were’onsatisfactory. High concentratlons of the material were nec-
essary for canine‘blood. The red cell'separaﬁion'wae nof as good, nor were

the white cell rich plasma yields as hlgh, as when the method was applleo to 5.
~ human blood . There are numerous reports in the llterature of poor results

with thisvmethod when it is applied to certain speciesvother than man.

To these spe01es the dog must e added |

. '_. The additiom. . of Ffetal bov1ne serum to the mcdlom dld not oroouce Q

va sighificant change in cell translormatlon when used in cultures eonualnlng:
more than 15% autologous plaoma. However, ln cultures aaving less than 15% .

) autologous plasma, deletion of fetal bovine serum produced a typical adverse
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effect., There was a high cell death rate, a low rate of cell transformation,

and a delayed and much reduced mitotic peak. . For this reason, and because of

" its content of fetuin and other growth factors, fetal bovine serum was con-

sidered a necessary componeni of canine lymphocyte culture .media.
Limitation of autologous plasma to less than 10% of the medium pro-

duCed‘drematic results. When higher levels were used, there was frequentlf

. a much reoucea cell tranoformatlon ratc, and a lower mitotic index than when

autologous plasma levels were kept below 10%. The reason.for this phenomenon'

wa.s not clear. However, 1napectlon of centrlfugeu dog plasma showed it to e

.mcre.turbid than human blood, and especially so shortly after meals. Micro-
' recopicaily,'and‘with histochemical methods, large quantities of'colloidal fats
| :could.be deuonstrated in dog plasma., The celloid was often sufficiently
: concentrated in the plasma to impart a distinct turbidity to the final culturej
medium. In turbid cultures standing undisturbed for one or more days, a layer
of fats often accumulated at the ligquiad surface. ‘When animels had been fasted
'l: for 24 hours « or more, all these effects were greatly reduced, and the cultures
twere found to tolerate higher concentrations of autologous plaema;u. t is
- 'believed:therefore that,one of the eubstances in dog plasma which.is inhibi- ;

u‘ tory to peripheral blood cultures is associated with colloldal fat.

The use of a- CO, atmosphere provided more setlefectory pH control in

the medium than was obtained with the conventional‘closed tube,system. 'Resf°

" .idual concentrations of granulocytes after the removal step were often rather

- high in canine cultures. In tightly capped. tubes they caused a rapid reduc-

tlon of the medium pH to unacceptable 1evels.'

Medium NCTC 109 gave better results than the convent10nal TC 199, not -

only w1th canine cultures, but with human cultures as well. The effect lSy

1

'iprobably related to the greater complex1ty ‘and completeness of NCTC 109. \it ‘
- also contains a hlgn concentration of Twecn 80 This may be advantageous in -

: increasmng the dlsper51on of the chylomlcra whlch are present in quantlty in
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canine plasma.-

CHROMOSONME PREPARATION

To effect metaphase arrest in mitotic cells, "Velban" was used in place

of the more common colchicine or Colcemid. It\haelbeen found effectuel in .

producing metaphase arrest when the concentration is 1/100 or less of that

necessary when colchicine:is used. Further;lit appears that the over-contrac—

tion produced in chromoscmes by extended exposure to "Velban" is less severe

-
-

than the effect produced by colchicine, -

It was found that any fixative containing appreciable concentrations - -
of alcohols was unsuitable for canine lymphocytes. Cells exposed to the usual_f

.:.j;ﬁ acetic~methanol were shown to shrink appreciably after a short time in the -

"fixativeof'worse, they becams quite "sticky", and would adhere to each other

and even to the walls of siliconized containers. The consequent loss of cells -

*

-‘was'excessive. When the cells were fixed in agueous acid fluids, the sticki~

ness was greatly reduced. The‘chromosome swelliné often associated with
.flx tlon in acetlc ac1d was reduced by the addltlon of HC1 and lactic ac1d
'For squashes, the 1act1c acld proved advantageous because of its softening
deffect
In the chromosome spreading method descrlbed, the sclcklness caused
by alcohols is usedlto advantage.. Cells carried onto the coverslip in the_
‘aqueous'fixative_adhere quickly gnd'fdrmly tolﬁhe glass upon flooding Qf the
- coverslip with the alcoholiclfluid.' Addi@ionaliy,'alﬁhcugh'air-dfying:is
"d possible when aqueous fixatives are used_alone,vthe_dilution and replacementi
of the aqceous pha°e'by an alcoholic phasé permitsvraoid air~drying;
. The lack of apparent effect when us1ng Saksela and Mooreheaa s method:

for accentuatlon of secondary constrlculono may be an artlfact Exce551v%;

§

" loss of cells in their alcohol contalnlng flxative, as well as cell clumping

and conseqﬁent'poor chromosome spreading‘ahd étaining,'could eaeily obscure

i

B
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xthe infrequent eppeerance of secondary constrictions. The fixative descrihed;
ih this pdper is similer te that of Saksela and Moorehead, in that both con-

| ,fain about 50% acetie,aeid es the principle component. The achromatic zones -
~on certain chromosemes which are reported in this paper may therefore te the f

seme as might have been produced by Saksela and Moorehead's fixative.

- THE CANINE KARYOTYPE

The karyotypes of‘37 dogs,,inclﬁding;eight,breeds,‘were compared. All
showed the basic modal chromosome nﬁmber of 78, and ail hed/similaf'ehreho—
SOme complements. With respect to the specifically ideHQifiedbchromosbmes_
:(X,Y,#1, "alt), no differences could be found among the eight Ereede; or among
~the mongrele. The satellited chromoscme was considered to be_rere for tech~
.nicalvreasohs.relatedVto metaphase contraction and inadequacies of the prep-
arative meihod. The constancy ef the canine karyotype‘in the eight breede
exaﬁined‘is not surprising in view of the ease w"th which fertlle dog hyorlds
are formed It is’ p0531ble that an unusual karyotfpe may be found 1n an
unceymon breed, perhaps one of the very small or very large varieties. ‘These
';animels ere‘generally maintained by breeders and fanciers, and'are isolaied
reproductively from other breeds‘through human'intervention. _FiXatien of
. genetic, and possibly,chromosomel, différenees woula be more prcbable in these
iselated breeds than in the‘dog populatieﬁ at large. Investigation of this
‘question ieein‘progfees. - | |

| In ﬁhis connection, the mongfel karyot&pes obtained in this'study are.
:important Each mongrel is a hybrid reuultlng from the union of at ieast
'tw0»different breeds. The 22 mongrel karyotypes thus represant sampleo of
the karyotypes of /44 dogs, none of which contributed anything»unusual to the

hybrid karyotype. However, from the  animals’ conflguratlons, it was evmdeﬁt

v‘i«v M
e

that breeds as unusual as the Mexican Fa%less or the St. Bernard were not

represented.



- CHROMOSOME MORPHOLOGY

E%cellent'chromosome preparations and high resolﬁtion microscopy ére
reéuisité for routine.display'of the,mofphology of the Y~-chromosome of the
‘dog. With an average overall length of 0.9 micron,.each arm of the.Y is”
iess thanvO.S micron long. The width of the arms is equal to or greater
than O.2_micion. Geometricvconsiderations indicate;that even when the arms
are maximaily separated, the afm tips are'séparated by a distance_close{to
“the rgsolutién iimits 6f ordinary light microscopy. The pfeparationvschedule
described has yieldédlthe necessary high quality on a réﬁtiﬁé basi;. It is.
_ therefore.certain that the aésumptions of Reiter, et gl, and of Moore and
Lambert,zare correct withvrespoct to the metacentric nature of the Y;

The infrequently qbservea, buf very prominent, échfomatic,zoné oh the

canine X~-chromosome has specisl interest in light of the o0ld observations of

Rath, Malone, Painter, and Makino. . Their association of the X~chromosome with

the nucleolus may have a bésis in fact. Secondary éonstrictioné are known to
be frequent sites for the_nucleoiar_organizing region (13, p.372). . Thé prom-
‘ ineéce of the achromatic zone on the X suggests this agsociation.
~On the other‘hgnd5 the nucleolar organizer is often associated with
" the satellites présent on some chromosémes{ The demonstration of a satellited
chromosome within the autosomal complement of the dogIWduld:imply_theApres—
ence of a nucleolar organizer on thal chromosome.,fThe question of the loc~
‘ation.df the nucléoiar organizer could not be anSwered; In most prophase
cells, the nucleoius could not be visualized, é?en with éérmine or the
vérious Romanovsky_étains. | | |

The probable autosomal short arms remdrked ubon By Awa; et al, and by
 Moore and Lambert, are real. This study indicates the bossibility of using
_these'featufes for identification of some. autosomes. However, the aﬁtémp%
to characterize one such autosome is subject to a.numbef of counter—

" arguments. Perheps the most damaging arises from-the'fact~that the autosome



29. '.

:in'question is:placedeithin the firsi 6~10 nairs after #1 on the basisiof
"length. These'first pairs are all much aiike in length, and they mayAbe
" identical. If this is trve, then any one of them could display short arms

| and be'indlstlngumshable from the autosome labelled a¥, TIt-is thought that .
the 1ew veriability in the length of the designated chromosone reiative to .
en intracellular standerd (the X) would indicate that only one: specific
/chromosome was being measured. If two or more different chromosomes were

-belng confused and identified as the same, the variability in length relatlve

to the standard should become fairly large. From Table™3, 1t may be seen tnat.

when "aU,.#1, and the X, are all measured in the same cell, the ratio of

"a" to X is less than' the ratio of #1 to X. The variability in.the»afm ratio .

- of the X is not a suitable standard, as the comparison. has been made between

cells, not all of which were at the same mitotic stage.

TETRAPLOIDY -

| In peripheral'nlood cnltures,:ceii division is a stimuiated nrocess
and=@s therefore nearly synchronous et first division.' The-wave vafirst
: divis%ons is quite sharply peaked i a'pefiéd of a few houfs. In canine
1ymphocyte cultures, the peak occurs 60— 65 hours after 5u1mulatlon, sometlmes
as early as.48 hours after start. ietrap101ds w1th the metaphase sepa“aulon
ef fwo chromatids afe seen at this first division. " Aberrant d1v131on in |,
Yvitro would:require'two divisiqn cycles to giVe‘this éicture, and thns cannot
Aaccount'for’it. The?frequency ef tetraplodds is too high te be.accodnted:for.
’by‘the tin&?fraction of cellsnin whele nlood which might have been in mitosis
atvthe time’of sampiing;‘befqre stimulation. Tetfaploids.must-therefore
arise in canine lynphocyte cultures without‘prior nuclear division. fThe
.natural frequency of tetrap101ds in these cultures, without a mxtotlc p019§h,

has ranged from 0.1% to about 1%. ThlS correoponds c;osely to the observed

"frequency of binucleated cells, which is seldom much lower than about 0.1%.



"In their turn, binucleated cells in culture cannot be accounted for by the

small numbers which exist in normal peripheral blood. In the periphefal

blood of‘normal dogs, the natural frequency of binucleated lymphocytes is

" wvery low, about 0,001% or l%ss. The binucleated cells seen in these cultures

must therefore have arisen in vitro prior to the first wave of divisions.

It may be that the binucleated cells arise by cell fusion. Synchronous

division .of the two nuclei would yield an appearance of true teiraploidy,

- especially in squashes of hypotonically swollen cells, or in air-dried prep-

arations. Mazia (13, pp.388-390) has stated that in certain species with

‘blnuclcated cells common in vivo, bynchronous division of the two nuclei is

‘the rule rather than the exception., This hyp0uh031s that the tetrgp101ds

are. a product of binucleated cells created by fusion of two cells finds added

support'in the finding of a single late prophase cell with two groups of

h“omouomes, each about the olplozd number.,

The process of cell fusion may flnd a useful appllcatlon in 1nveutlca-

~ tions on the cellular immune response., If the hypothesis advanced above is
\ ‘
“correct, binucleated cells should have the nuclear and cytoplasmic contents
- of two different cells., This author has successfully cﬁltured cells from two

different dogs simultaneously in .the same medium. The tetraploids producod

should include some with the conténts of two genetically dissimilar cells.

‘A_Such cells may prove to have unusual and informative 1mmunologlcdl capaolllules
if there is suoh capablllty at all. The blnucleated cells in canine lympn—

ocyte cultures are sufficiently common to make such 1nvest1gatlons feasible.

80 CHROMOSOME CELLS.

#10. - Most such cells were lndubltably 1ntacU, randow acqu¢51tlon of one or

Several animals displayed cells with 80 chromoéomes,'especialiy dog’f"E

1{;&
more chromosomes through procedural error seems ruled out. Tnls is also the .

 case for,the cell with "glant® chromosomes,_as all those chromosomes wore
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oversize. It seems possible that some dogs may be mosaics, possessed of

a cell line with an atypical karyoiype as well as the normal cell liné.

 MGIANT" CHROMOSOMES

| The cell with "gilant" chromosomes is pértiéularly interesting;' A few
cell fraéments seen by Hare (6) in 1964 also displayed "giant! chromosomes,

In the e#periment descfibed, and in that of Hafe, a considerable propoftion |
of granulocytes was present iﬁ the culture. The possibility’that'the uﬁusual'
cells might be representative\of cells other than-lymphgfytes promptedvén
examination of canine bone marrow, 200 bone marrow cells were eXamined for
"giant! chromosomes; none were found, and therefore their‘frequency mugt

be below about 0,005 if they occur normaliy atéall;.

There is reason to believe the cells-with "gilant" chromosomes obtalned

from only ﬁ of 37 dogs (ZHcells out of a total of almost 2000) are not a

'normal.finding.‘ In The Sandoz Atlas of Hematology (pp. 20; 23, and Eig. 35C)
(24), giant chromosoﬁes are described as oécasional findings in paﬁhological
giant pronormoblasts from a case of human ﬁhemolytic jaundice". The text

' considefs these oversize chroﬁosomes.to be ‘rare, and to be found only in

pathoiogical conditions. This, and the rarity of the cells in the dog,

_suggest ﬁhe finding of “giant”‘chrombsomes‘in canine peripheral blood cultures

is & rare aberrant event, not typical of any cell line or variety of dog;‘

53 -
e
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" An improved culture method satisfactory for the routine cultﬁre of

" canine peripherai blood lymphocytes has been presented.

SUMMARY

‘

~ A new-method for producing high gquality air-dried chromosome prep-

arations has been described.

Confirmation of the canine modal chromosome number of 78 has been

~
obtained for eighlt identifiable breeds, one of which was purebred,
and for nineteen mongrels. o U

Karyotypes are presented which are typical of male and female mongrel -

. dogs. These confirm the work of other. authors.

Details of chromosome morphology have been presented for five diff-

erent chromosomes., The X has a prominent achromatic zone, or sec-—

ondary constriction, on its long arm. # aﬁtosome_haé two ‘such zones,
A short autosome has satellite bodies at the terminus of the lohg arm,
A longer autosome, or several, has distinct short arms. - All these

characters are seen with a low frequency at metaphase., .The ¥

. chromosome 1s definitely nearly metacentric.

Chromosome lengths and.arm ratios are presented. Chromosomes range

' :in length from 0,7 to 4.3 microns, The arm retio of the X is 1.33,

7.

The appearénce of tetraploid cells in'cultures of éanine lymphocytes

~»1s discussed.

An unusual cell with 80 "giant" chromosomes is presented and discussed.

\1'
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. ADDEHDUM

In m1d—1964, Gustavsoon reported tne kuryOuype of the aog (1) A-
-'aextran sedlmentatlon proceduro vas used to obtaln white cell rich p’aama.n
All the auuologous plasma was renlaced‘b& fetal calf serum for culture of
‘jcells.” Fixation was in a leaulvev51mllar to that reported above, and qells,

were examined as squash preparations.. The ‘karyotype reported is essentially

-~ that obtaiﬁed by other workers, and does not include the détail_reportedv;n =

“this paper. iIt is the only report of a canine karyotyp%;pbtained from perie-;

pheral blood which is known to this author.
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. Gustévsgbn,'I. : The Chromosomes of the Dog. Hereditas §1£ﬁ87;189l(1964>.7 .
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FIGURE LEGENDS

Karyotype of female dog #10 (indeterminate type), with the meta-

phase ‘cell from which it was derived. - Air-dried; 2760x.

Karyotype of male dog #5 (Boxer type), with the metaphasé cell

from which it was derived., L-P-orcein squashj; 2760x.
80 "giant" chromosomes in cell from female dog #10. The magnifi- .
cation is the same as in Figs. 1 and 2. Air—dried;i2760x."“w

Tetraploid metaphase from male dog #5. Two X-chromosomes are

circled; the arrow points to one Y-chromosome. 156 chromosomes

(twice the diploid number) are visible. L-P-orcein squash; 2760x.,

| Prophase from male dog #5.. The arrow indicates satellite bodies
‘on a medium-length chromosomes L-P-orcein squash; 3550x.

Part of metaphase cell from female dog #34. The circle indicates

satellite bodies, Air-dried; approx. 4000x.

Metaphase cell from male dog #25. The Y-chromosome is circled,

and appears as the only small metacentric element.. Air-dried;

o 3550x.
‘Morphological detail of five distinctive canihe chromosomes., At

“the fight of each row of photographs is a disgrammatic interpret-

ation., In the diagrams, arrows indicate centromere position; light

areas indicate achromatic zones. Detailed description in the
. text. From L~P~orcein squashes and from air-dried preparations;

" all about 3550x.
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o This report was prepared as an account of Government
sponsored work. . Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or

' implied, with respect to the accuracy, completeness,
‘or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,

: or for damages resulting from the use of any infor-

N mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
‘Commission" includes any employee or contractor of the Com-
‘mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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