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. ,·· THE KARYOTYPE OF THE DOG (Canis familiaris) OBTAINED 

;,•· 
FROM CULTURES. OF PERI~HERAL BLOOD LYMPHOCYTES. 

'i. 

' .. 

INTRODUCTION 

The first observations on canine chromosomes appear to be those of 
-·. 

·Rath in 1894 (20). Using sectioned germinal tissue of a puppy of unspec~fied 

·- . sex, as well as leukocyte precursors, he determined the chromosome number to 
·: . 

'.be more than 32,.and perhaps as high as 6'4. In 1918, Malone (12) worked 

w-lth testicular tissue of eleven male mongrels and one purebred animal;.'he 

.• 

reported 21 chromosomes. ·using various tissues from a female fetus, he re

ported 22 chromosomes~· From these data, he believed the dog to have an XO/XX: 

·.sex chromosome complement. · Allocyclic behavior of the ·.X-chromosome was r.oted, 

and Malone thought the X was associated with the nucleolus in some way. In 

1925, Painter (18)' also used testicular cells; he described "· •• at least 
\ . 

50 chroniosomes 11 · in spermatogonial cells (p.396) •. · Ho,.rever, he placed the . 

upper·limit at close to 52. The sex elements were not.described, but from 

·.context it is safe to assume his belief in .an XX female, XY male, sex determ-. 

ining mechanism for the dog. He also believed the sex elements to.be assoc- · 

iated with the nucleolus. 

Hith the adve.nt of more satisfactory fixation technique.s' for mammal-· 

ian chromosomes in .1927 · (14), enumeration of dog chromosomes became more 

precise. Minouchi (15) used ~ectioned gerini.nal tissue of dogs of both sexes, . 

:ranging in age from a fetus to fully mature animals.· He found 78 chromoson;es 
!r] 

. ::~ ' 

in both sexes, and descri[?ed the- x.:..chromosome at metaphase as n ••• atelomi tic 

V-shaped ••• 11 and "••• lyip.g always at the periphery of the plate ••• " (p.257). 

The autosomes are desG:ribed as having terminal centromeres •. ~lhile. he founc1 

.two X-chromosomes in the female, and one in .the male, he was unable to identify 

;.•,. 

.. 



the Y-chromosoma. From observations of niei:otio prophase, liU.nouchi believed 

the Y-chromosoma might be a small rod-shaped element. Ahmad (1), in• 1941, 
' 

used Minouchi 1s techniques a~d confirmed his results. He could find.no 

morphological difference·s among chromosomes of three breeds, although he. 
' . 

found a difference 'in crJ.aswa distribution. Ahmed, as had some earlier 

investigators, also noted allocyclic behavior of the sex chromosomes;with 

respect to.movements at division and intensity of staining. He indicated 

that portions of the sex chromosomes exhibited retarded prophase condansa~ 

tion, and that terminal knobs were often visible at meiotic prophase. Like 

2. 

Minouchi, Ahmad 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 confirmed 78 as the 

chromosome number in both sexes of dogs, and identified both the X- and Y-

chromosomes by their behavior at meiotic prophase. He noted the frequent 

association of the X-chromosome with the nucleolus (11), and indicated the 

distinctive.V-shape of the X-chromosome. 

\ 
Due to the relatively small size of somatic mammalian cells and chromo-

, I 

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

ma..'1aged cells of germ~na:l tissue. With perfe~tion of techniques of tissue 

and cell culture early in the 1950's, somatic mammalian chromosomes could 

be visualized more satisfactorily. With special pretreatments, these chromo-

somes have been visualized with a clarity not obtained with older methods. 

Hsu and Pomerat (8), in 1953, used a cycle of cell culture- metaphase.arr-

est - hypotonic sv1elling - fixation to study canine chromosomes in metaphase 

cells from an embryonic lung culture. They confirmed the earlier findings of 

78 chromosomes in both sexes,·and described the autosomes as.being all aero-

c·entric. They described the X as a large submetacentric element, but did not 

describe theY. Awa, et al (3), used the same technique in 1959, and.con-

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

·, 
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might be subterminal, and they thought theY-chromosome was the 11 ••• small

est of rod-shaped bodies." (p.262)., Takayama and Hakino, in 1961 (26), used 

a tissue culture method to investigate the chromosomes of canine venereal 

tumors, and they confirmed the ideogram for the normal dog. 

Additional confirmation of the previously described normul dog karyo

type is found in the recent work of Reiter, et al (21), and of Moore:and 

' Lambert (16). Both authors.confirmed the general features of the dog karyo-

type by observations inade on cultured solid tissues from dogs of various ages, 
-·· 

sexes, and breeds. Both authors agreed that the Y-chromosome was probably 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 establishes 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 
\ 

questions. There appears to be no record of a canine karyotype being ob

tained by the elegant peripheral blood cult~e ~ethod of Moorehead, et al 

(17) •. The abundant hig~ quality 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 sho~m that in cultures of peripheral blood cells from 

normal animals, the dividing cells arise almost entirely from lymphocytic 

elements (9,19). Cultures of lymphocytes· obtained from peripheral blood 

might' produce not only a detailed karyotype,. but they might also be used for 

.in vitro studies of the kinetics of donor and recipient cell populations 
! . 

following homologous lymphoid tissue transplantation. The latter studies 

·would be 'made possible by utilizing the readily identifiable canine X 
I 
I' 

.. ·, 
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. the opposite sex. Permanent or transient· changes in the karyotypes of both . 

donor and recipient cells could r~ induced .by irradi~tibn, or by i~~uno~ 

logical selection acting at the cell level, .or both. These changes could be 

assessed J:!! vitro by examining karyotypes obtained from cultured lymphocytes: 
··, 

. In order to establish·a baseline for the studies indicated above, this 

paper will describe the normal canine karyotype obtained from cultures of 

peripheral blood lymphocytes •. Nethods for reliable canine lymphocyte-culture, 

and for routine canine chromosome preparation, will be presented. 
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5. 

l:liATERIALS AND r1ETHODS 

Preliminary experiments ~sing the methods of Moorehead, et al (17), 

yielded generally poor results. They served to demonstrate tho advisability 

of finding improved methods for canine leukocyte culture and for preparation 

of canine cells for karyotype analysis. Several methods of leukocyte cone-

entration, lymphocyte.separation, cell culture, cell pretreatment, fixation, 

and final slide preparation were tried. Details are not presented here. 

The following method is a synthesis of these experiments, ~nd it has been 

. found highly suited to canine lymphocyte culture and to preparation of slides. 

for chromosome analysis. It differs in certain important ways from methods 

now commonly used, primarily in the constitution of the cell culture medi~~ 

and in the manner of producing air-dried chromosome spreads. 
i 
' 

OBTAINING BLOOD SAMPLES 

Mongrel dogs of various types, and purebred beagles, were used in this· 

. study. The animals were of both sexes, and ranged in age from two months to 
\ 

five years. Prior to drawing blood, most animals were fasted for 24 hours 

or more in order to avoid lipemic blood samples. All animals were a\-take at . 

the time of blood sampling, or were lightly anesthetized with sodium thio

pental ( 11 Pentothal" Abbott) at a dose of 2..:..3 mg. per pound body \-might. The 

. cephalic, saphenous, or external jugular veins were the sites selected for 

venipuncture. Prior to blood sampling, these areas were closely shaved and 

then scrubbed with benzalkonium chloride 1':750 ( 11 Zephiran11 Winthrop). Entry 

into the vein was made with a sterile 18 g. disposable needle, and 10-20 cc. 

blood was withdrawn into a disposable plastic syringe containing 220 uni~s 
. . ;~~ . 

of sterile preservative~free heparin (Riker) in 0.5 cc. sterile physiolog~ 

ical·sa],ine. solution. The blood and heparin solutions were mixed by repe~ted 

inversion of the syringe • 
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6. 

LYMPHOCYTE SEPARATION 

In order to obtain a cell inoculum 1,1hich contained primarily lympho-

cytes, for reasons to be discussed, a procedure Yias used Yihich 1,1as 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 

. at a slight angle in a 37 deg. C. water bath. The red cells were allo~.ored to 

sediment by gravity for one hour or more, until several cc. of·red-cell free 

supernate could be seen. The supernatant white-cell rich plasma (usually· .. 

- . 
5-25% of the original volume) was aseptically_ transferrea to· a sterile 125 

co. flat-bottomed culture flask. To this was added t ... ro volumes of NCTC 109 

(:tlucrobiological Assoc.; Difco) at 37 deg. C., and approximately i g. :sterile 

' ·iron powder (reduced electrolytic grade, Matheson, Coleman, and Bell, steril

ized by ~xposure to UV. radiation). The flask and contents was placed in a 

37 deg. C .. shaker -..•ater bath, tightly capped to prevent C02 loss, a."1d agit

ated for 1i-2 hours with 100 i-inch strokes per minute. In order to remove 

·granulocytes which had phagocytized iron particles, the flask was removed 
\ 
\ 

from\the.water bath and placed on edge on a strong permanent magnet for five 

minutes. Afterward, the supernate was aseptically transferred to a sterile 

50 cc. culture tube. This was also placed ?n a strong magnet for five min-

utes, and the supernate was aseptically transferred to a sterile glass 

vessel at 37 deg. C~ .A sample was aseptically removed, and a routine cell 

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

ceritage of mononuclear cells present. 

CULTURE PREPARATION 

Standard 15 cc. glass culture tubes were seeded with a volume of 
. ~~~· 

cell suspension sufficient to provide 1x1 o7 cells, but only if the mono- . :;,. 

nuclear cells were about 80% or more of the total. If they were a _lower 

proportion of tha total, than 0.5x107 cells or fewer were·seeded. If the~ 

.. 
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volume of cell suspension required was greater than 3 co. (equivalent-to· 

1 co. of original plasma), the suspension was aseptically centrifuged at 

70 gravities. Sufficient supernate was then aseptically withdrawn, and 

· replaced with fresh prewarmed NCTC 1 09, to reduce the plasma concentration 

of the cell suspension to :15% or less of the total. The cells were then 

resuspended by gentle agitation. 

To the seeded culture tubes vras added 1.0 cc. fetal bovine serum 

(J!dcrobiological Assoc.), 3300 units Penicillin G· (Upjohn), 1. 7 mg. StreP.:: 

tomycin sulphate (Lilly), and 330 units Mycostatin (SquiobY~ The anti-

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

buffered Phytohemagglutinin-M_(Difco) was added. Finally, additional pre-

7. 

' . I 

warmed NCTC 109 was added to yield a final volume of 10-10.5 cc. For each ··I 

animal, several such cultures were prepared. ·The tubes \.Jere loosely capped, 

placed in a rack at an angle of about 45 deg., and incubated at 37-38 deg. 

C. in a 5% C02 atmosphere with a relative humidity in excess of 92%. At 

intervals of 48, 60, and 72 hours, small samples of the cell layers were 
I 

\ 
obtained by aspiration into a sterile Pasteur pipette. These samples were 

examined as ].acto-propionic-orcein squashes to determine the time of appear~ 

ance of the nearly synchronous first cell .divisions. 

CELL PRETREAT!vlENT AND FIXATION 

When the mitotic index in a sample was. seen to exceed about 0.5% 

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

grams vinblastine sulphate ( 11 Velban11 Lilly) was added to the culture to effect 

metaphase 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 ~·-'. 

low mitotic index. The cells were harvested by inversion mixing of the 

culture, decanting the suspension into h conical tipped 12 cc. centrifuge 

tuba, and centrifuging at 70 gra.vi'l:.ies 'tor five minutes. The supernate was 

·aspirated off and discarded. The cells were washed once iri physiological 
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saline, and suspended in warmed 0.8% sodi~il citrate dihydrate. in distilled 

water. The suspension was incubated at 37 deg. C. for 8-10 minutes, after 

which 0.2 cc. of fixative (50% acetic acid, 1% lactic acid, 1% HCl) was added. 

11ixing was accomplished by inversion; the suspension was centrifuged at 70 

gravities for five minutes, and the supernate was aspirated off and dis-

carded. ;Additional fixative was added dropwise, with mixing by gently blow-

ing through a Pasteur pipette, until a lightly hazy suspension was obtained. 

This was· allowed to stand undisturbed for 20 minutes or more. If further ·· 

manipulation of the cells was to be delayed for a day,or-more, the tube was 

tightly capped and placed in a refrigerator at about 10 de g. C.· Prior to 

.. · further steps, the tube was brought to room temperature and the fixative 

·,. 

' ' 

was replaced with a freshly made solution. 

SPECIAL CELL PRETREATJ'.fENTS 

Attempts were i:nade to enhance the appearance of "secondary constric-

tions 11 on the chromosomes obtained from some cultures. Selected cultures 

from the larger series of replicate attempts vTere exposed to the action of 
\ 

hyaluronidase (Cal. Biochem.) in concentrations up to 90 units/cc. for periods 

up to 6 hours immediately before cell harvesting, as suggested by Yerganian 

(27). Other cultures vtere washed free of medium, and suspended with the 

nvelban" ·in calcium and magnesiu.'n free normal saline or Tyrode 1 s solution 

for periods up to 6 hours. This is a modification of the method of Sasaki 

and Makino (25). Soma cultures, with and.,without these pretreatments, 

were fixed according to the method of Saksela and Moorehead (23) instead· 

of the method described above. 

CHROI-10SOME PREPARATIONS 

. Semi-permanent squash preparatio!ls were, made by centrifuging the 

fixed cells at 70 gravities for five minutes and aspirating off all i;he 

t '"i 
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supernatant fixative. The cells vrere then resuspended in a few drops of 

1% natural orcein made in a 1 :1 mixture of 50?b propionic acid and 50% 

9. 

lactic acid. This stain was best made up as a 2% stock solution which had 

been refluxed for several hours, cooled, and filtered. Prior to use, the 

2% solution was diluted with the mixture of acids to yield a 1% solution. 

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

·of the stained cell suspension was squashed by thmnb pressure on a ciean 

glass slide under a #1 coverslip, and the coverslip edges vJere sealed with 

paraffin. Such preparations could be made permanent using the method of 

Conger and Fairchild (4) by freezing over liquid nitrogen. Alternatively,_ 

the stain was occasionally:made in 50% acetic acid with 1% HCl; then the 

freezing was accomplished over 11dry ice". 

Air-dried preparations were made by placing several small drops of 

the original fL~ative cell suspension on a clean #1 coverslip heavily film-

ed with 5:1 methanol-acetic acid. The coverslip was then quickly but very 

carefully flooded with additional methanol-acetic acid; care was exerc.isod 
\ 

to maintain the aqueous drops in the center of the coverslip until flooding 

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

and it was rapidly dried under warm moving ~ir from a small electric hair 
·, 

dryer. Subsequent staining was by immersion in the 1% lacto-propionic 

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

by a rapid rinse in 100% ethanol, dehydration in two changes of 100% ethanol 

(2-5 minutes each)' 11 clearing11 in tv10 changes of toluene (2-5 minutes each)' 

and final mounting in 11 Permount 11 (Fisher). 

MICROSCOPY 

Observations on chromosome number and morphology were made using a 

j.) 

.~· ; 
?r.t/ 

Zeiss microscope fitted with an oil-irunersion·apochromatic objective 100x, 

_N.A.·1.)2. Visual work was pe~fo~mod uain5 16x compensating eyepieces; 



1 o. 

photographic work required 8x and 10x Kpl compensating eyepieces. Essential-

1y monochromatic light, contrasting strongly with the orcein stain, :was 

provided by passing high-intensity tungsten light (Koehler method) through 

a Bausch and Lomb second-order ip.terference filter with a 15 millimi,cron 
• i 

I 

'I 

half-width bandpass centered at 51 .. 7 millimicro:ils (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. 

PHOTOHICROGRAP1ri 

Photographs of chromosomes vrere made in an narthophotl' camera: (Silge 

and Kuhn) .on Kodak Panatomic-X //120 roll film, using only the center. 1/3 of 

the object field seen when using oil-irmnersion optics. Negatives were under

exposed about 25% (1/1.0 to 1/2 second), and overdeveloped about 25% in Kodak 

. 1'1icrodol-X. This resulted in an object field density on the negative of 

0.6 above film base, and chromosomes of density 0.1-0.2 above film base. 

The contrast obtained required printing on Kodak Kodabromide F-5 or Agfa 

Brovira 1:~ grade 6. Most print enlargements were 4-5 diameters to avoid 
I . 

excessive grain in the final print. 

MEASUREMENTS 

Individual chromosomes, usually enlarged 2760 or >3550 diameters, 

were cut from photographs ~~d mounted in order of decreasing length on 

heavy cardboard. Exact magnifications were determined by comparison with 

photographs made of a Zeiss stage micrometer. Measurements of chromosomes 

and arms for absolute size determinations were made on 3550x prints on #5 

paper, ·by "stepping off" length segments with a small bow calipers. Ratio.~ 
f 

~~-. 

:of arms within individual chromosomes, and whole lengths between chromosoJ.es, 

were obtained. Mean lengths, ratios, ranges, and standard deviations were 

, calculated. 

•· 
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EXAHINATION OF BONE lvfARROH 

An ancillary examination' of the bone marrO\v from a single mal~ 

mongrel was made. Marrow spicules were obtained from the dog's fern~. 

Three samples were examined: One of squashed material vJhich had be~n. hypo

tonically swollen and stain-fixed i~~ediately After biopsy; one of m~terial 

treated as above follO\·.ring 2-~- hours exposur~ to Velban in tissue culture; 

and one treated as above following 24 hour culture under conditions described 

previously.· Chromosome.counts were performed on semi-permanent.squashes; 

The distribution of lengths among 25 X-chromosomes was determined by:direct 

measurement with an ocular micrometer calibrated to 0.5 micron.. 200· cells 

were examined for X-chromosomes in excess of 5 microns • 
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12. 

RESULTS 

CULTURE METHODS 

Over 160 different cultures, in duplicate, were attempted using blood 

from nearly 40 different animals. The cultures were classified as failures, 

acceptable, or excellent, relative to hwnan cell reference cultures, on the 

basis of the maximum mitotic index observed in the interval from 48 to 84 

hours following culture start. Using Hastings I original method (7), 25 ... · 

cultures on 10 animals were assessed. J6% were failure§_(mitotic index 

below about 0.01%), 8% were excellent (mitotic index 1% or more), while the 

remainder were acceptable· (mitotic index betHeen 0.01% and 1%). Homologous. 

serum, especially fetal bovine serum, -vms added to the medium in 21 culture . 

attempts. 28% were failures; 19% were excellent. The improvement i-laS not 

statistically significant; however the mitotic index in the acceptable 
·' . 

cultures was generally much higher than in the earlier attempts. 

Following a series of 45 test cultures,·. it was found that approximate

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

about 2% to 10% being acceptable. For ease of.technical manipulation, sub-

sequent cultures were initiated with any concentration. of autologous plasma 

·. under about 10%. This limitation of autologous plasma in 48 cultures re-

duced the failures to 17%, and raised the excellent cultures to 46% of the 

total. The difference relative to cultures with more than 10% autologous 

plasma is highly .significant (P ~ 0.01 ). 1 In 21 additional cultures, all the 

preceding changes were made, and in addition.the medium was changed from 

TC 199 to NCTC 109. The closed tube with room air gas-phase system was 
:.(; 

·also ·changed to incubation in a wet 5% C02 atmosphere.· The proportion of,£~ 

excellent cultures was not significantly increased (1~8%), but the failures 

were reduced to less than 5%. The difference, relativeto tightly capped 

cultures in TO 199, is highly significant (P·~ 0.01). 

- .... 

!• · .. 
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EFFICIENCY OF LYH.PHOCYTE SEPARATION 

.. It was found that largo numbers of granulocytes in peripheral blood 

cultures yielded overly acid cultures which. o.ften failed to shm.J' dividing 

.cells in appreciable nU.mbers. Using the granulocyte removal method described, 

the absolute yields of lymphocytes from canine blood 'Here about the same as 

from human blood, generally 20-25% of those present in the original whole 

blood sample. Removal of granulocytes from canine blood was less efficient 

than from human blood.; Final culture-inocula ·Here generally above· 50% mono-

nuclear 9ells, sometimes as high as 85-100%. This \:corresponds to changing· 

the granulocyte :lymphocyte ratio from .3:1 to 1:6~ However, ·a considerable 

proportion of the inocula had mononuclear cell concentrations below the 50% 

' level, showing little or no lymphocyte enrichment. By contrast, the method 

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

to human blood. Of the several separation methods tried, the one described 

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

· lymphocyte purity with modest effort. 
\ 

CHROMOSOME COUNTS 

Temporary squash preparations on cells of .32 different animal~ were 

made as described. A summar·y of chromosome counts obtained from prepara-

tions varying considerably in quality is:given in Table 1 •. In most male 

cells, the Y-chromosome usually could be identified as the smallest chromo-

some; less 'frequently its metacentric.nature was also discernable. rhe 

spread_ of chromosome counts .is small, all counts being tightly clustered 

around the modal number of 78 in both sexes. One animal (#10) had a'part-

icularly high percentage of cells containing 80 chromosomes. Unfortunatei~, · 
:,;•.: 

it was unavailable for further study. 

Permanent preparations of cells from 29 animals were made using all 

the methods described. A few were made using the method of Rothfels:and 
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TABLE 1. Sill'!NARY OF CHROMOSOHE COUl'~TS P.ERFORHED ON SQUASH PREPA.."V.TIOHS. 

Chromosome number 
Sex 

DOG SEX TYPE 674 75 76 77 78 79 80 (\J 4n? elements 

1 M Purebred beagle 1 1 5 + XY 
2 M II II 1 6 + XY 
4 H Boxer 2 1 (\ Q. + X' I 
5 M II 6 + 1'Y 
6 F Labrador 1 1 2 24 XX 
7 11 II 5 + XY 
8 N German shepherd 9 + r••' XY 

9 M II .. I I r.t 4 
. ' + X:t 

10 F 11 Toy11 shepherd 2 15 3 .. --· ·xx 
11 M Scotch terrier 

I 

.. 
5 .. 1'Y 

' ----
I 13 M Airdale. 8 - + XY .. 

16 M Indeterminate l 1 7 XY 
17 M II 7 XY 
18 'l1 II ·1 3 XY 
19 M II 5' XY 
20 H II 9 + XY 
21 H If 1 12 + J:Y 
22 lvl II 1 .. 6 + X:Y. 
23 M II 4 J:Y 
24 M II 3 XY 
25 H II 4 32 ··. + XY 

' ~I 
27 F II 5 XX 
28 F II 6 XX 
29\ F II 1 4 XX 
30 •, F II 1 7 1 + XX 
31 F II 2 XX 
32 F II 5 XX 
33 p· II 5 XX 

Lymphatic irradiation and female marrow or spleen cell· transplants tl-10 
months to one year prior to lymphocyte culture: 

35 H Purebred beagle 6 
36 ·N II If 3 ; .. 

37 l1 Indeterminate ' 4 
24 M II 1 12 

Notes: 

1 ) Dogs 5, 24, and 27 commonly displayed one or more autosomes with 
' distinct short arms. 

2) Dog 10 displayed very prominent secondary constrictions on many 
of its X-chromosomes. 

If 

XY 
XY 
XY 
XY 

·~· 

I 
I 
I 

' 

I 
I 
I 
I 

·I 

I . I 
. I 

'-. 
'! 
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TABLE 2. SmlHARY OF CHRONOSOJ.vfE COUNTS PERFORHED ON AIH-DRIED PEHHANENT PREPAHATIONS • 
chromosome number no total- sex 

DOG SEX TYPE !': 70 71 72 73 74 75 76 77 78 79 80 ,vj~ count cells elements 
-. -

- 1 M Purebred beagle 3 
'- - 1 19 1 6 30 XY 

2 H u II 3 1 '• 1 17 8 30 XY 
3 :H Beagle 3 1 1 1 2 15 2 5 30 XY 
4 M Boxer 2 ' 1 12 1 4 20 XY 
5 N II 3 1 1 18 4 18 45 XY 
6 F Labrador 10 1 1 1 10 1 41 65 XX 
7 M II 4 

<,. 
' 29 1 6 40 XY 

8 M German shepherd 2 18 1 1 9 30 XY 
9 M II II 12 1 2 1 1 13 1 60 91 XY 

10 F IIToyn shepherd 4 2 1 1 .1 2 1 31 3 17 63 XX 
11 M Scotch terrier- 9 1 1 ' 1 1 3 28 4! .. XY 
12 F II II 2 1 1 1 1 19 1 2 28 . x .. x 
13 H Airdale 6. 1 1 1 14 7 30 XY 
14 F Cocker spaniel 6 1 1 1 2 13 1 .3. 28 XX 
15 M II II 3 1 1 2 18 2 27 XY 
19 N Indeterminate - 2 ·- 2 4 XY 
20 H II -- 4_ 1 1 8 1 19 3.3 AI. -· 21 M II 7 1 16 1 15 40 XY 
2.3 H II 3 1 1 5 46 56 XY 
25 .H II 2 16 1 4 23 XY 
26 H II 1 1 1 2 1 2 16 1 6 31 XY 
27 .F n- 5 1 1 23 ' 52 82 XX 
29 F II 8 1 1 1 6 \ 1 39 57 - XX --
30 F II 2 1 2 ' 8 13 XX 
32 F II 5 1 1 10 i 1 39 57 XX 
34 F - II 2 1 1 1 20 I 1 4 30 XX '-. -

Lymphatic irradiation and female marro-...r or spleen cell transplants t-...10 months to one year prior to culture: 
--

' I '36 - 11 Purebred beagle 8 1 1 40 '- not recorded XY 
37 H Indeterminate 19 1 1 6 ; ' 23 50 XY ', 

' 2/t H II 8 1 5 26 1 .. o. XY "·Y..:,;, 

~ 
-- - -

TOTAIB: - 1"6 8 9 ' 1.3 9 10 1 ~~ 12 424 2 5 18 /"-99+ 1117+ 
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Siminovi tch (22). The latter has become standard among those vTho use cell 

culture for chromosome studies, but it was found_largely unsuited to study 

of canine lymphocyte chromosomes. vfnile a few good preparations were ob-
.. 

tained with this method, most demonstrated shrunken cells and a high percent-

age of broken cells. Cells having enumerable chromosomes constituted only ·' 

about 40% of. all metaphase cells, as compared-to nearly 70%.using any of the 

methods described in the preceding section. A summary of, chromosome counts 
I 

obtained' from permanent air-dried preparations obtained with all methods is 

given in Table 2. -Counts are less tightly clustered around the modal number 

of 78 than are the counts obtained from squash preparations. The percentage 

of broken cells (less than 71 chromosomes) has about doubled. Again, dog 

#10 showed a surprising number of cells with 80 c:b...romosomes. 

Counts performed on both types of preparation showed a significant 

proportion of tetraploid cells. In the permanent preparations the frequency 

of tetraploid cells is about 1.5% of all metaphase cells. In. certain cultures 

the frequency of tetraploids approached 10% of all metaphase cells. 
\ 

Preliminary experiments of the sort described in the Introduction were 

carried out using animals which had been irradiated and homotransplanted with 

methods not described here. Successful cultures were obtained infrequently, 

but karyotypes obtained from them were normal. Consequently, chromosome 

counts performed on cells from these animals. are included in both Table 1 and 

Table 2 • 

THE CANINE KARYOTYPE 

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

phase cells. The chromosomes were cut out and aligned as described. Photo-
. tf . .t' 

r~-

graphs of a female and a male cell, with sets· of serially arranged chromos;f6tnes 

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

entirely represontat1vo of the quality of prepnratiori obtainable with the 

I 
' t 

. ! 
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methods outlined. No attempt was made to select cells shm.,ring the special 

' . 

chromoso'mal features to be described, and the cells displayed do not show 

them. '· · 

It can be seen that the number of chromosomes in both sexes is 78, of 

which 76 are acrocentric autosomes with an essentially continuous gradation 

of sizes. The first autosome pair (#1) is an exception, being noticeably 

longer than the others. It can be identified easily in every metaphase cell. 

The sex chromosomes of the female are tv!O large submetacentric chromosomes, 
--

while in the male they are one large submetacentric chr().~osome similar to 

those of the female, and a very small nearly metacentric element. The latter 

does not show clearly in Fig. 2, but its morphology is evident in Fig. 7 and 

Fig. 8. 

COHPARISON OF DOG VARIETIES 

The 37 animals examined included examples of eight identifiable 

breeds, of which one was purebred. All had the same modal c0xomosome number, 

and\all displayed similar karyotypes. No significant differences in respect 

to size or morphology were apparent among pairs of identifiable chromosomes 

obtained from any animal. No variety displayed uniquely different chromo-

somes. The varieties did not differ in possession of details of chromosome 

morphology described below. The possibility that varieties might differ in 

respect to the frequency with which these details are.displayed, is not 

excluded. 

11 GIANT 11 CHROHOSOMES 

Dog //10 had a low but consistent frequency of 80 chromosome cells in 
]~( 

all preparations examined. In addition, one of these cells, and a cell f~1g-

ment, had chromosomes which were approximately twice normal in length, witn 

normal arm widths. The. intact cell containing 80 "giant11 chromosomes is 

·shown in Fig. '3 at the same magnification as Figs. 1 and 2~. 
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CHIWMOSOME HORPHOLOGY AT HETAPHASE 

In both squashes and air-dried· preparations,, the X-chromosome Has 

sometimes seen to have a prominent achromatic zone in the long arm close to 

.the centrcmere. It was very rarely seen when the air-drying method of 

Roth:fels and .Siminovi tch was used, but appeared vii th a low frequency using 

the air-drying method described above. It was seen less often in male cells 

than female cells, and in most female cells it was seen usually on only one 

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

top row of Figure 3. . .----
The Y-chromosome was usually the smallest chromosome in cells from 

male dog~. In most good preparations it could be seen as a nearly meta-

centric element. Its morphology was especially evident at very late prophase 

or very early metaphase, when chromosome contraction was not pronounced. 

Photographs of the nearly metacentric Y-chromosome are giyen in the second 

row of Figure 8. 

Chromosome #1, the longest autosome, often shOi..red one or t1..ro achromatic 
\ 

zones. The chromosome. segment separating these zones often stained .more 

heavily than/the remainder of the chromosome. One achromatic zone was nearly 

terminal, while the .other was more nearly medially located. Photographs of 

.#1 chromosomes with one or the other acromatic zone, as vlell as both together, 

are shown in the third row of Figure 8. 

One or more of the longer autosomes occasionally displayed very short 

arms in addition to the usual long arms. 'It was believed that thisHas a 

constant feature of a particular autosome. An attempt to .identify this 

chromosome on the ba~is of a statistical analysis ·of length measurements is 

described in a later section. It has been provisionally labelled as auto-

some 11 a 11 ; photographs are given in the fourth row of Figure 8. 

In,certain exceptionally favorable mid-prophase cells, satellite 

.bodies were seen on a middle-sized chromosome. Careful search of a large 

' . ! 
. ! 

... 
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number of metaphase cells revealed a very small fraction which displayed a 

single chromosome pair having satellite bodies on the non-centric ... . ... ernunus 

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 

ro·w of Figure 8. The chromosome has been provisionally labelled 11 s 11 • 

Certain other autosomes, notably one about the size of the 11 s 11 auto-

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

vras incopstant to a m.~rked degree. Achromatic zones were also seen on auto-

somes other than #1, but with frequencies too low to pe~mit-their use as 

distinquishing features. 

ENHANCEMENT OF SECOI\TDARY CmTSTRICTIONS 

None of the special methods outlined. produced any improvement in 

clarity or frequency of appearance of the features described in the preced-

.ing section. The fixation method of Saksela and Moorehead might have 

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

reasons to be discussed. 
\ 

CiffiOMOSOf.ffiS PRIOR TO HETAPHASE 

The effects of most stathmokinetic agents, including 11Velban",, are 

such as to cause over-contraction of chromosomes. vri th prolonged exposure. 

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

ology, cells in mid-prophase and 1¥ prophase ,.,rere observed. The chromo

somes were most often severely~led, and homologies could not be deduced; 

·however, in some cells individuai 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. 

Occa.sione.lly in female cells,. one X-chromosome Has precociously condensed;.\· 
.. 

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

.it was sometimes precociously condensed. 
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Most autosomes had patterns of differential staining. Some had pro-

nounced terminal knobs; others had positively heteropyknotic regions medially 
. ' . 

located. Cells were found in which three or more autosomes had distinct sub-

'terminal c~ntromeres, hence autosomes other than 11 a 11 must have short arms. 

In an occasional preparation, the satellites on chromosomes were very clearly 

displayed,. as in the photograph :i.n Figure 5. 

TETRA PLOIDY 

From Tables 1 and 2 it is clear tnat a significant ~~centage;of cult ... 

ures contained tetraploid CE}lls. Actual counts of chromosome number, were not 

performed on most of these cells. Where they were performed, ~he chromosome 

number was seen to be 156 (L~n) with a sex chromosome complement exactly 

double that expected-on the basis of the animal's phenotypic sex. A.photo

graph of the 156 chromosomes in a tetraploid cell from a male dog is.shovm 
(,~ 

as Figure 4. Two X-chromosomes can be seen, and one Y-chromoscime. The other 

Y cannot be identified unequivocally. In cultures exposed to a mitotic poi-

son; the frequency of'tetraploid cells ranged from 0.1% to as.high as 10% of 
\ 

all cells in mitosis. Interestingly, binucleated cells were also frequent 

in cultures having an appreciable tetraploid metaphase incidence. The actual 

frequency of binucleated cells in any given culture was .not usually below 

0.1%, and often was higher. 

CHROMOSOME IvJEASUREMENTS 

Five animals which had yielded very good chromosome preparations i<ere 

selected for close analysis. Measurements of their chromosomes are summarized 

in Table 3. The X-chromosome is the longest of the complement, clo::iely fol

-lowed by autosome //1. )he smallest chromosome. is the Y-chromosome. Actual 

chromosome lengths ranged from 0. 7 microns to 4.3 microns_, with a mean for 

the longest (the X) of 3.1 microns. 

'> 

· The X-ehromosome was found to ha.ve an arm ratio (long arm/short arm) of 

.. 
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TABLE 3. SUMHARY OF CHRO.i-lOSOHE LENGTH MEASUREHENTS AND RATIOS. 
-

X y #1 "a" "s" 
He an length 3.1 microns 0.85 Inicrons 2.9 microns 2.3 microns 1.4 microns 

Mean ratio --- --- --- --- ---
---

Std • . deviation --- --- --- --- ---
Std. deviation 
(% mean ratios) --- --- --- --- ---

: 

Range 2.3 - 4.3 0.7 - 1.0 2.1 - 4.3 1.9 - 2.1.,. 1.2 - 1.7 
-microns microns microns microns microns 

Number of 
chromosomes 51 6 67 15 5 --

-Number of cells 36 6 36 10 4 
-~·-· - -

!lumber of dogs 4 2 4 3 2 
--

Length-as % of 
female naploid 
set (calculated (I) 5.6%. tV 1.6% rV 5.3% rV 3. 9% tV 2. 5% 
from 3 cells) 

: 

Notes: 1) 
\ 

The length of the Y-chromosome is approximately 29% that of the X. 

- 2) -The X-chromosome centromere index is approximately 0.43. 
\ 

~ #1 
x 

-- --
1.33 0.97 

±0.55 ±0.10 

IV41% "'10% 

1.1- 0.8-
1. 8 1.1 

39 39 

39 39 

4 I+ 

-- --

3) The 11 s"-chromosome satellite region measm·es approxima.tely 0.4-0.5 microns in length. 
,. 

.. 

"a" nsn 
-r -x 
- --

0.696 0.1,6 

±0.0/+5 --

"'1% --
0.63- 0.45-
0.76 0./+9 

15 5 

10 4 

3 2 

- . --

4) The ngic:.nt 11 X-chromosomes ranged in length from 6.1 to 6.4 microns, or about .. hd.ce nor-mal iength~-. 
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about 1 • .3, with a large standard deviation. The ratio of lengths of tHo 

chromosomes from within the same cell (X and #1) vras quite constant. 

In Table .J, in the column' headed "~11 , an attempt has ~en made to id-: 

entify a specific autosome, provisionally designated fla". In each of ten 

cells containing an obvious autosome with short arms additional to the long 

arms, a ratio of lengths bet'V!een the X and 111 was obtained, and also between. 

the autosome in question and the X. The low variability of the "afi:X ratio 

relative to the //1 :X ratio was taken as evidence that the same autosome· "a" 

was being measured in each cell. In the fourth row ofFigUre 8 are photo-

graphs of the pair of fla 11 autosomes from a single cell. 

A set of measurements similar to those above was obtained for the sat-

ellited chromosome designated 11 s 11 • 'The number of chromosomes measured was 

. too small to yield a meaningful standard deviation, but the total range was 

itself a small fraction of the mean. This provided evidence that the same 

chromosome was satellited ·in each cell. 

BOh"E · MA.RROH EXAMINATION 

Relative to questions raised during the course of the work described 

above, which 'Vlill be discussed, the bone .. marrow of a single male dog was 

examined. .Hith respect to the deleterious effects of rrvelban11 on chromosome 
i 

morphology, the cells of the bone marroW; proved more sensitive than cultured 

lymphocytes. vlhen 11Velban" vras applied to marrow cell suspensions in conc

entrations· lower than normal for lymphocytes, for periods of time shorter 

than used .for lymphocytes, metaphase chromo·somes appeared as fuzzy separated 
' 

chromatids. This effect was seen only rarely in lymphocytes cultured as 

. described. 24-hour marrow cultUre did not appreciable raise the marrow's 

. normal mitotic index,· nor did it aid in decreasing the cells 1 sensitivity,.i;.o 
~r.~ 

·. f1Velban 11 • 
., 

For these reasons, direct squash ·of bone marrm..r cells preyed most 

.. 

.. \.r 
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Of~5 cells whose chromosomes were·examined in detail, 22 displayed 

23. 

the normal male karyotype with 78 chromosomes. One cell had SO chromosomes; 

·the remainder had been fragmented by squashing, and had many fe\..rer ·than 78 

chromosomes'· 25 X-chromosomes measured 2.5 to 4.5 microns in length, with 

a mean of 3.2 microns. 200 X-chromosomes were checked for unusual length; 

none were over 5 microns. Those near this figure were in very early meta-

phase, and had a distinctive appearance different from that of the. 21 giant11 

chromosomes.descrieed previously. 
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DISCUSSION 

CULTURE PREPARATION AND METHOD 

Andersen (2) has found .that the dog has· a concentration.of granulo- ~ 

cyies in peripheral blood which is roughly twice that found in humans. There 

is no correspondingly large increase in the lymphocyte concentration. In 

canine peripheral blood cultures, tho presence of large numbers of granulo

cytes was 'correlated with high acidity as evidenced by changes of the pH 

indicator within the media. They also tended to form adherent sheets of ce+ls 
. ...--

on the walls of the culture vessel, trapping many of the other cells. This 

sheet of cells tended to form a clot-like mass during cell h~resting, and 

made subsequent slide preparation difficult. For these reasons, as well as 

to obtain a i1pure 11 cell type for culture, peripheral blood samples were 

treated to remove granulocytes as thoroughly as possible. The method describ-

ed, essentially that of Hastings, et al (7), proved to be the best for canine 

cells of several which were tried. Certain other methods gave a higher cell 

yield, ~ut.lymphocyte purity was more inconstant and yield lower than vrith 

Hastings' method. 

Numerous attempts to use the Phytohemagglutinin method of red cell 

removal were unsatisfactory. High concentrations of the material were nee-

essary for canine blood. The red cell separation was not as good, nor YTere 

the white cell rich plasma yields as high, as YThen the method was applied to 

human blood. There are numerous reports in the litera.ture of poor results 

with this method when it is applied to certain species other than man. 

To these species the dog must be added.· 

The addition. !. of fetal bovine serum 'to the medium did not produce .\'. 
·' 

a significant change in cell transform~tion when used in cultures containing. 

more than 15% autologous plasma. However, in cultures having less than 15% · 

autologous plasma, deletion of fetal bovine serum produced a typical adverse 

I' 

.. 
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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 grm.rth factors, fetal bovine serum was con-

sidered a_necessary component of canine lymphocyte culture media. 

Limitation of autologous plasma to less than 10% of the medium pro-

duced dramatic results. vfuen higher levels were used, there was frequently 

a much reduced cell transformation rate, and a lower mitotic index, than "'hen 

autologous plasma levels_ were kept belovr 10%. The reason.for this phenomenon 
, .. 

was not clear. However, inspection of centrifuged dog plasma showed it to be · 

more turbid than human blood, and especially so shortly after meals. Hicro-

. scopically, and with histochemical methods, large quantities of colloidal fats 

could be demonstrated in dog plasma. The colloid was often sufficiently 

concentrated in the plasma to impart a distinct turbidity to the final culture. 

medium. In turbid cultures standing undisturbed for one or more days, a laye~ 

of fats often accumulated at the liquid surface. When animals had been fasted 

for 24 hours or more, all these effects were greatly reduced, ru1d the cultures 
\ 

were found to tolerate higher concentrations of autologous plasma. It is 

believed therefore that .one of the substances in dog plasma which is inhibi-

tory to peripheral blood cultures is associated with colloidal fat. 

The use of a Co2 atmosphere provided more satisfactory pH control in 

the medium than was obtained with the conventional·closed tube system. Res-

idual· concentrations of granulocytes after the removal step were often rather 

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

tion of the medium pH to unacceptable levels. 

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

only with canirie cultures, but with human cultures as well. The effect i~.,' 
-~~'/ 

·probably related to the greater complexity and completeness of NCTC 109. '''it 

also contains a high concentrs.tion of Twee71 80. This may be advantageous in 

increasing the dispersion of the chylomicra which are present in quantity in 

i 
'' 

' 
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canine plasma.· 

CHROMOSQl.'iE PREPARATION 

To effe.ct metaphase arrest in mitotic cells, 11 Velbantt v/as used in place. 

of the more corr~on colchicine or Colcemid. It has been found effectual in 
,I , 

producing metaphase arrest \-Then the concentration is 1/100 or less of that 

necessary when colchicine. is used. Further, .it appears that t~e. over.-contrac~ 

tion produced in chromosomes by extended exposure to 11 Velban11 is less severe 

th~n 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 

1 :.3 acetic-metha.."lol were sho'i-m to shrink appreciably after a short time in the 

· fixative. · · Worse, they became quite 11 sticky 11 , 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 aqueous acid fluids, the sticki,.. 

ness was greatly reduced. The chromosome swelling often associated with 

fix~tion in acetic acid was reduced by the addition of HCl and lactic acid.· 

For squashes, the lactic acid proved advantageous because of its softening 

effect. 

In the chromosome spreading method Q.escribed, the stickiness caused 

by alcohols is used to advantage.. Cells carried onto the coverslip· in the 

· aqueous fixative adhere quickly and firmly to the glass upon flooding of the 

coverslip with the alcoholic fluid. Addi~ionally, although air-drying is 

possible when aqueous fixatives are used alone, the dilution and replacement· 

of the aqueous phase by an alcoholic phase permits rapid air-drying •. 

.The lack of apparent effect when using Saksela and Moorehead 1 s method 

for accentuation of secondary constrictiqns may be an artifact. Excessi vefr 
; ~;, 

loss of cells in their alcohol containing fixative, as well as cell clumping 

·,and consequent poor chromosome spreading and staining, could easily obscure 
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the infrequent appearance of secondary constrictions. The fixative described 

in this paper is similar to that of Saksela and Moorehead, in that both con-

. tain about 50% acetic .. acid as the principle component. The achromatic zones 

on certain chromosomes which are reported·in this paper may therefore be the 

same as might have been produced by Saksela and Moorehead 1 s fixative. 

Th"E CANINE KARYOTYPE 

The karyotypes of 37 dogs, including,eight .breeds, were compared. All 

sho'\-red the basic modal chromosome nwnber of 78, and all had similar· chromo-.-· 
some complements. With respect to the specifically identified chromosomes 

(X,Y ,/11, 11 a 11 ), no differences could be found among the eight breeds, or a:nong 

the mongrels. The satellited chromosome was considered to be rare for tech-

. nical reasons related to metaphase contraction ~~d inadequacies of the prep-

arative method. The constancy of the canine karyotype in the eight breeds 

examined is not surprising in view of the ease with which fertile dog hybrids 

are formed. It is possible that an unusual karyotype may be found in an 

uncqmmon breed, perhaps one of the very small or very large varieties. These 
\ 

animals are generally maintained by breeders and fanciers, and are isolated 

reproductively from other breeds through human intervention. Fixation of 

genetic, and possibly; chromosomal, differen.ces would be more probable in these 

isolated breeds than in the dog population at large. Investigation of this 

question is in progress. 

In this connection, the mongrel karyotypes obtained in this study are 
. . 

important •. Each mongrel is a hybrid resulting from the· union of at least 

two different breeds. The 22 mongrel karyotypes thus represent samples of 

the karyotypes of 44 dogs, none of which contributed anything unusuai to the 
' ·J 

hybrid karyotype. However, from the· animals' configurations, it was ;evidep~ 
,., ~t~· 1 

that breeds as Unusual as the Mexican Ha~less or the St. Bernard were not 

:represented. 

I. 
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CHROHOSONE MORPHOLOGY 

Excellent chromosome preparations and high resolution microscopy are 

requisite for routine .display of the morphology of the Y-c~~omosome of the 

dog. With an average overall length of 0.9 micron, each arm of the Y is 

less than 0.5 micron long. The vJidth of the arms is equal to or greater 

than 0.2 micron. Geometric considerations indicate·that even when the arms 

are maximally separated, the arm tips are separated by a distance close to 

the resolution limits of ordinary light microscopy. The preparation schedule 

described has yielded the necessary high quality on a routine basis. It is 

therefore certain that the assumptions of Reiter, et al, and of Moore and 

Lambert,·are correct with respoct to the metacentric nature of theY. 

The infrequently observed, but very prominent, achromatic zone on the 

canine X-chromosome has special interest in light of the old observations of 

Rath, Halone, Painter, and Makino •. Their association. of .the X-chrornosome with 

the nucleolus may have a basis in fact. Secondary constrictions are kno;.rn to 

be frequent sites for the nucleolar organizing region (1.3, p • .372). The prom-

\ 
inence of the achromatic zone on the X suggests this association. 

On the other ha."ld, the nucleolar organizer is often associated with 

the satellites present on some chromosomes.: The demonstration of a satellited 

chromosome within the autosomal complement of the dog.would imply the pres-

ence of a nucleolar organizer on that chromosome. The question of the loc-

ation of the nucleolar organizer could not be ans1-1e;red. In most prophase 

cells, the nucleolus could not be visualized, even with carmine or the 

various Romanovsky stains. 

The probable autosomal short arms remarked upon by A1-m, et al, and by 

Moore and Lambert, are real. This study indicates the possibility of using 

these features for identification of some. autosomes. Ho~trever, the attemp~ 
-.,~,~~. 

to characterize one such autosome. is subject to a number of counter-

arguments. Perhaps the most damaging arises from the.fact that the autosome 

... 
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in question is placed within the first 6-10 pairs after #1 on the basis of 

length. These first pairs are all much alike in length, and they may be 

identical. If this is true, then any one of tr1em could display short arms 

and .be indistinguishable from the ·autosome labelled 11 a 11 • It is thought that . 

the low variability in the length of the designated chromosome relative to 

an intracellular standard (the X) would indicate that only one specific 

. chromosome was being measured. If ·l:,,.;o or more different chromosomes were 

being confused and identified as the same, the variability in length relative 

to the standard should become fairly large •. From Table-J, it may be seen that. 

when "a", //1, and the X, are all measured in the same cell, the ratio of 

11 a 11 to X is less than· the ratio of #1 to X. The variability in the arm ratio 

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

cells, not all of \olhich \orere at the same mitotic stage. 

TETfu\PLOIDY 

'. 
In peripheral blood cultures, cell division is a stimulated process 

and \is therefore nearly synchronous at first division. 'I'he wave of first 

divisions is quite sharply peaked d.ii a period of a few hours. In canine 

lymphocyte cultures, the peak occurs 60-65 hours after stimulation, sometimes· 

as early as.; 48 hours after start. Tetraploids with tho metaphase separation 

of tvro chromatids are seen at this first .division. · Aberrant division in . 

vitro would require tHo division cycles to give this picture, and thus cannot 

account for' it. The. frequency of tetraploids is too high to be accoUnted for 

by the tiny fraction of cells: .in whole blood which might have been i!f mitosis · 

at the time· of sampling, before stimulation. Tetraploids must therefore 

arise in cani::J.e lymphocyte cultures without prior nuclear division. ·The 

natural frequency of tetraploids in these cultures, without a mitotic; pois;~h, 
l 

has ranged from 0.1~~ to about 1%. This corresponds closely to the observed 

frequency of binucleated cells, which is seldom much lower than about: 0.1%. 
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In their turn, binucleated cells in culture cannot be accounted fo~ by the 

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

blood of normal dogs, the natural frequency of binucleatcd lymphocytes is 

very low, about 0.001% or tess. 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 tetraploidy, 

especially in So.uashes of hypotonically S\Wllen cells 1 or in air-dried prep-

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

binucleated cells common in vivo, synchronous division of the two nuclei is 

the rule rather than the exception. This hypothesis that the tetraploids 

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 tvro groups of 

chromosomes, each about the diploid number. 

The process of cell fusion may find a useful application in investiga-

tions on the cellular i~~une response. If the hypothesis advanced above is 

cor~ect, binucleated cells should have the nuclear and cytoplasmic contents 

of two different cells. This author has successfully cultured cells from two 

different dogs simultaneously in the same mediUm. The tetraploids produced 

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

Such cells may prove to have unusual and informative immunological capabilities 

if there is such capabiiity at all. The binucleated cells in canine lymph-

ocyte cultures are sufficiently common to make such investigations feasible. 

80 CI-IRONOS011E CELLS ; " 

Several animals displayed cells with 80 chromosomes, especially dog' 

#10. Most such cells were ·indubitably intact; random acquisition of one o~ 
it~ 

more chromosomes through procedural error seems ruled out. This is also the 

case :f'or the osll with 11 giant11 chromosomes, as all those .chromo::~om.es wmro 
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oversize. It seems possible that some dogs may be mosaics, possessed of 

a cell line with an atypical karyotype as well as the normal cell line. 

11 GIANT11 Crffi.OHOSOMES 

The cell with "giant" chromosomes is particularly interesting. A few 

cell fragments seen by Hare (6) in 1964 also d:Lsplayed 11 gianV1 chromosomes. 

In the experiment described, and in that of Hare, a considerable proportion 

of granulocytes was present in the culture. The possibility that the unusual· 

cells might be representative of cells other than lymphocytes prompted a..'1 ·-
examination of canine bone marro1>1. .200 bone marrow cells were examined for 

"giant" chromosomes; none 1>10re found, and therefore their frequency must 

be below about 0.005 if they occur normally at all. 

There is reason to believe the cells· id.~h 11 giant 11 chromosomes obtained 

from only 1 of 37 dogs (.2 cells out of a total of almost .2000) are not a 

·normal finding. In The Sandoz Atlas of Hematology (pp • .20, 23, and Fig • .35C) 

(.24), giant chromosomes are described as occasional findings in pathological 

gian,t pronormoblasts from a case of human "hemolytic jaundice 11 • The text 

considers these oversize chromosomes to be rare, and to be found only in 

pathological conditions. This, and the rarity of the cells fn the dog, 

suggest the finding of 11 giantt1 chromosomes in canine peripheral blood cultures 

is a rare aberrant event, not t;{pical of any cell line or variety of dog •. 
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S Ul:-1i·1ARY 

1. An improved culture method satisfactory for the routine culture of 

· canine peripheral blood lymphocytes has been presented. 

2. ·A new method for producing high quality air-dried cf1.romosome prep-

arations has been described. 

.3~ Confirmation of the canine modal ·chrqmosome number of 78 has been 

obtained for eight identifiable breeds, one of which •ras purebred, 

and for nineteen mongrels. ·: 

4. Karyotypes are presented v!hich are typical of male-and female niongrel 

. dogs. These confirm the i.Jork of other authors. 

5. 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. //1 autosome has two such zones. 

A short autosome has satellite bodies at the terminus of the long arm. 

A longer autosome, or several, has distinct short arms. All these 

characters are seen vri th a lovJ frequency at metaphase. . The Y 
\ 
· .. chromosome is definitely nearly metacentric. 

6. Chromosome lengths and arm ratios are presented. Chromosomes range 

in length from 0.7 to 4 . .3 microns. The arm ratio of the X is 1~.3.3~ · 

7. The appearance of tetraploid cells in cultures of canine lymphocytes 

·is discussed. 

8. An unusual cell with 80 11 giantn chromosomes is presented and discussed. 

·• ·. 

t 
,. ! 
:I 

! 



REFERENCES 

1 •. Ahmed, I.A. Cytological Analysis of Chromosome Behavior in Thr.ee 

•· Breeds of Dogs. · Proc. Hoy. Soc. Edinburgh (B) £.1:107-118 (1941 ). 

'' ~- . 

· 2. Andersen, A.C •. : AEC Project No. 4, 6th Annual Progress Report, July, 

1957. Contract AT(11-1) Gen. 10. School of Veterinary Medicine, 

University of California at Davis, California~ 

3~ Awa, A., Sasaki, H., and Takayama, S. An in vitro Study of the' Scm-

atic Chromosomes in Several Mammals. Jap. Jour.-zoo"l. 12:257:-265 

(1959). 

4. Conger, A.D., and Fairchild, L.M. : A Quick-freeze Method for Making 

Smear Slides Permanent. Stain Technoi. 28:281-283 (1953). 

5. Dyer, A.F. : The Use of Lacto-Propionic Orcein in Rapid Squash Methods 

for Chromosome Preparations. Stain Technol. 2.§_:85-90 (1963).·. 

6 •. Hare, W.C.D. : Personal Cormnunication (1964). 

' 7. ' .. Hastings, J., Freedman, s., Rendon, 0., Cooper, H.L., and Hirschhorn,· 

\ K. : Culture of Human White Cells Using Differential Leukocyte 

Separation. Nature 192:1214-1215 (1961). 

8. Hsu, T.C., and Pomerat, C.M. : Mammalian Chr.omosomes In Vitro. II. 

A Method for Spreading the Chromosomes of Cells in Tissue Culture. 

J. He.red. 44:2.3-29 (1953). 

9. MacKinney, A.S. Jr., Stohlman, F. Jr., and Brecher, G. The Kinetics 

of Cell Proliferation in Cultures of Human Peripheral Blood. 

Blood .12: 3 4 9-3'58 ( 1962 ) • 

. 1 O. Makino, S. : A Review on the Chromosomes of Domestic Mammals. Jap. 

Jour. Zootech. Sci. 19:5-15 (In Japanese) (1949). 

33. 

. 11. : A Contribution. to the Study of the Chromosomes in Some :,,, 

·Asiatic Mammals. Cytologia l£:288-301 (1952). 



. · 

12. Malone, J.Y. : Spermatogenesis of the Dog. Trans. P~u. ~licro. Soc. 

. .TI: 97-11 0 ( 191 8 ) • 

13. Mazia, D~ :The Cell vol. III. Academic Press, New York. (1961). 

· 14. Minouchi, O. : On the Fixation of Chromosomes in Mammals and Some 

Other Animals. · Jap. Jour. Zool. 1=219-234 (1927). 

15. The Spermatogenesis of the Dog, 1-1ith Special Reference 

to Meiosis. Jap. Jour. Zool. 1:255-268 (1927). 

16. Hoore, 'l>l. Jr., and Lamoort, P.D. The Chromosomes of the Beagle Dog • 
.. -· 

J. Hered. 24:273-276 (1963). ·-
· 17. Moorehead, P .s., Nowell, P .C., MelL'Tlan, \.J .J., Bat tips, D .M., and 

Hungerford, D.A. : Chromosome Preparations of Leukocytes Cultured 

from Human Peripheral Blood. Exn. Cell Res. 20:613-616 (1960}. . -
18. Painter, T.S. : A Comparative Study of the C~~omosomes of Mammals. 

Am. Nat. 2_2:385~409 (1925). 

19. Rabinoi.ri tz, Y. .: Separation of Lymphocytes, Polymorphonuclear Leuko

\ .. 

'' . ' 
'' 

' 

cytes and Monocytes on Glass Col~~s, Includir.g Tissue Culture 

Observations. Blood 2J:811-828 (1964). 

20. Rath, 0. : Ueber die Konstanz der ChXomosomenzahl bei Tieren. Biol-

ogisches· Centralblatt Bd • .1Jt:449-471 (1894). 

21. Reiter, M.B., Gilmore, V.H., and Jones, T.C. : MB.I!1u, Chrom. Ne1-rs-

letter //12 (1963). 

22. Rothfels, K.H., and Siminovitch, L. :·An Air-drying Technique for 

Flattening Chromosomes in Mammalian Cells Gro1-m in vitro. Stain 

Technol. 21.=73-77 (1958). 

23. Saksela, E., and Moorehead; P.S. Enhancement of Secondary Constric-

tions and the Heterochromatic X in Human. Cells •. cytogenetics 1:225-
·:.( 

244 (1962). 

, · 24. Sandoz Atlas of HenmtoJ~, S;andoz, Ltc1., Easle (1952). 

34 • 
., 
! 



·~· 

' 6 

·.·.· J 

: :·. 

.25. Sasaki, M.S., and Hakino, S6 The Demonstration of Secondary Con-

strictions in Hu;11a.n Chl·ornosomes by :t-1eans of a_ Nevi Technique. 

Am. J. Hum. Gen • .12.=2~.-3.3 (1963) .. 

Takayama, S., and 1Y1a1dno, S. Cytological Studies of Tumors •. XXY..V. 

A Study of Chromosomes in Venereal Tumors of the Dog.; Zeit. f._ 

Krebsforschung ~:253-261 (1961). 

27 .. · .Yerganian, G. ncytogenetic Analysis 11 p. 479~ In: Methodology in 
. . ' . 

Mal111i1a.lian Genetics, 1.-J .J. Burdette, ed. Holden-Day, San Francisco ... 

(1963). 

. -· 
• i", 

. ' ~. 

i,' 

~·- / .· 

:\_;.· .•.; . 
. \ L.~ .~ .· .. ·~. : 

~--, 

'• 

. : .~ 

' . ,· 
·.:, 

.. . :,',, 

.· :: 
...,.; 

'.•:',' 

;: 

· .. ,, 

i', 

;.· ... _ : 

·.::.:·.: 
·., 

··I-

.··.·· 

-... 

... ,· 

. ~. 

'r 

·.:· 

''·!· . 

·,' 

:.: 

...... 

~· ' 
., 

·· ... · 

· .. ·· 
'·,·.; 

. ';' 

, .. ~ --

.,, 
'. '.·· r·._.; 

·,,·_ 

.: .. ·· 

~.: :. ' 
t".· 

p'. 

·.:.·.;· .. 

··· .. : 

-. 

',.' 

,.,,. 
·:.:' 

,-

,' 

' . ~ :' ' . . 

·' ._, 

.~:· .. 

.35. 

.,· 

·:._. =.: •. 

' . . ·~ . \ 

·I 
i 

I 
I 

·l 
! 

I 
! 
I 



~. . ~ ,• 

35n. 

ADDENDUH 

In mid-1964, Gustnvsson reported the karyotype of. the dog (1). A 

dextran sediment~tion procedure was used t·o obtain vlhite cell rich plasma. 

All the autologous plasma. was replaced by fetal calf seru.-n for culture of 

cells. Fixation was in a fixative similar to that reported above, and cells 

were examined as sq,uash preparations. The karyotype reported is essentially 

that obtained by other workers, and does not include the detail reported ~n 
' .. · 

this paper. It is the only·report of a canine karyotype obtained from peri~ ·-· 
phera~ blood which is known to this author. 

Gustavsson, · I. 
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FIGURE LEGENDS 

Karyotype of female dog #10 (indeter~inate type), with the meta-

phase cell from Hhich it ;,.ras derived. Air-dried; 2760".~:... 

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

from which it ,.,ras derived. L-P-orcein squash; 276CF.~:.. 

80 11 giant11 chromosomes in cell from female dog #10. The magnifi-

cation is the same as in Figs. 1 and 2. Air-dried;_ 2760'.~:... · 

-· Tetraploid metaphase from male dog #5. THo X-chromosoroes are 

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

(twice the diploid number) are visible. L-P-orcein squash; 276D-.~:.. 

Prophase from male dog 1!5. The arro1v indicates satellite bodies 

·on a medium-length chromosome; 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; 

3550x. 

Fig. $ :. Morphological detail of five distinctive canine chromosomes. At 

. the right of each ro\v of photographs is a diagrammatic interpret-

ation. In the diagrams, arrows indicate ~entromere position; light 

areas indicate achromatic zones. Detailed description in the 

text. From L-P-orcein squashes and from air-dried preparations; 

all about .3550".~:. • 
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Fig. 6. 
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This report was prepared as an account of Government 
sponsored w~rk. 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, m~thod, 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
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 ~rovides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 



' 
. . 

' 
0 
·~ . 




