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THE CHROMOSOMES OF THE COTTON RAT 

(SIGHQDOH HISPID 113 TRXIAOT3) WITH 

CRITICAL NOTES ON SOI® PHASES OF 

CYTOLOGICAL TECHNIQUE. 

Introduction 

la tho study of mammalian chromosomes, the greater part of 

the work has been concerned with the primates, the rodents, and 

the marsupials* Of these, the rodents are perhaps better known 

than any of the others* 

The primary purpose of the writer in undertaking this study 

was the desire to master or at least obtain a knowledge of the 

technique used by our best cytologists, and to apply this tech¬ 

nique to tlie study of a rodent from a group which had not before 

been examined* 

The Chromosomes of the Kangaroo Rat 

In surveying the field it was discovered that most of tho 

families of Rodontia ted been examined with the exception of the 

Heierorayidae* Among the sand dunes and arid stretches of South¬ 

western Kansas there lives a member of this family, Bioodoavo 

ordii ricterdsoni* commonly called the Richardson Kangaroo Rat* 

The kangaroo rats as a whole have been the subject of may inter¬ 

esting anatomic and taxonomic papers but they ted never been 

studied from the standpoint of cytology* While studying at the 
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University of Kansas I obtained a number of kangaroo rats and 

attempted to breed them for a complete cytological study# Suffice 

it to say that my investigations into the chromosomes of this crea¬ 

ture had to bo abandoned, for 1 found evidence of an exceedingly 

high number of chromosomes,somewhere in the eighties (see plate 

1, a and b); it therefore presented a problem much too complicated 

for an initial venture into this difficult field, even had adequate 

microscope equipment and an abundance of material been available# 

Survey of work already done,and problems. 

Considering the vast number of species and varieties of 

rodents in the world, the study of their chromosomes is still in 

its infancy for, of the hundreds of rodents, there are chromosome 

maps for only some 12 species# Thus our present knowledge is 

hardly sufficient to enable one to predict the value of such an 

undertaking as the survey of the chromosome numbers of the members 

of a family or order* Neither have we yet reached the point of 

being able to conduct parallel cytological and genetics! studies 

of mammals, a work with which much has been done in the field of 

plant genetics and cytology, particularly with Oenothera, and Datura# 

So far as mammals are concerned, the work of Painter (’27) is uni¬ 

que in that a cytological examination of Gates* v-0 mice showed a 

visible absence of a part of a chromosome# This was the first time 

that a cytologist has been able to locate a definite gene in a 

definite chromosome in any species of Vertebrate.# 
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Before such progress had been made a move from Kansas to 

South Texas made it still more difficult to obtain materials and 

it seemed advisable to work on a locally conmon wild rodent* I 

therefore decided to study tho East Texas cotton rat, 3igmodon 

hiaoidua toxianus, a member of the family Cricetidao* 

In reading tho literature tho following problems in regard 

to the cytology of the cotton rat presented themselves$ 

1* A critical study of Gytological technique to determine 

the possibilities of improving as a fixative* 

2* A determination of tits number and morphology of tho 

chromosomes of the cotton rat* 

(a) from tho spermatogonial dolls. 

(b) during 1st and 2nd maturation division 

(c) from the somatic cells of the female. 

3* A determination of the nature of tho sox complex. 

General Methods 

Tissue;.; was examined from animals which had been in captivity 

for some time and from animals killed soon after trapping, but no 

observable difference was noted* Some 14 cotton rats were used 

4 
in this study along ’with a number of kangaroo rats, white rats and 

white mice® Tho white rats and mice used served as a check on 

methods. 

Tho details of technique which were finally decided upon as 

giving best results are to be found in an appendix to thin paper, 

to which references are made in tho text. 



4 

Ac knowledgmsnts 

%o background for this study was obtained at the University 

of Kansas where a study of mammalian cytology was begun in 1928 

under Dr* W* J* 3aisngartnors and later* during his absence, con¬ 

tinued tmder Dr* H* II* Lane* The writer wishes to acknowledge his 

appreciation for the help and encouragement of these two sen* I 

wish also to thank Miss Marie Scott who assisted with easy of the 

details of technique and without whoso willing assistance the early 

work would have been much delayed* 

In taking up the study again at the Sice Institute, the writer 

is indebted to Dr* Asa C» Chandler for the laboratory facilities 

and encouragement offered during this investigation} to Dr* T* S* 

Painter of the University of Texas for suggestions during the pro¬ 

gress of the work} to Dr* C* E* EcClung for technical advice} to 

Mr* J. I* Davies, who from time to time made many helpful suggest¬ 

ions in technique} and to Mr* Homer T* MattMs for furnishing a 

plentiful supply of cotton rats* 
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PAHS Is A critical discussion of cose Phases 

of Cytological tochniqua- 
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A critical discussion of soma phases of 

aytologieal technique* 

Int ro elution 

The problem offered by technique alone is tho bote noire 

of moat of those who would do creditable work in cytology* As 

noted by IcGlung, (*l8) progress in microscopic anatomy is largely 

dependent upon tho refinement of present methods and the invention 

of new ones. Rigid attention to all of the details of procedure is 

absolutely required in cytologies! investigation, and this may 

rightfully be demanded of each worker as a prerequisite to the 

acceptance of his results* 

Recent developments 

With the development in the Zoological laboratory of the 

University of Pennsylvania (1916**19) of the modification of 3ouinfo 

fixing fluid which resulted in tho formula known as many of 

the difficulties involved in the technique were banished* Developing 

this method further, Painter was enabled to survey the general 

1* After experimenting with various combinations of substances 

in use for fixation, Allen found that his mixture labelled in 

the plan of his experiment gave the best results* This mixture con¬ 

sisted essentially of Bouin’s fixing fluid to which 1*5?> chromic 

acid and 2jC urea ted been added* For convenience ,jand for want 

of a better nas9,this method is referred to either as B^, or as 

Allen*s modification of Bouin* 
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f ield of mammalian cytology with rcforonce to the chromosomes* 

Painter (*25) came to the conclusion that 48 chromosomes is the 

typical number for tho JSutheria, and that when a number in some 

species differed from this the condition was due either to end-to- 

cnd fusion or fragmentation. Tho interest aroused by Painter, and 

others inspired by him. opened up a new field of study for the cytol- 

©gist who, in the words of Painter, must be in the future a '’super¬ 

technician” • 

Previous work 

Tho following tabulation (table I), servos as a general 

review of the literature on the subject of rodent chromosomes since 

1889, giving the important facts brought out, the names of the ob¬ 

servers, and references to their papers# 

As will be soon from table I, the study of rodent chromosomes 

dates back almost half a century, the first published work being that 

of Tafani, (*89) who studied the house mouse* In view of the devel¬ 

opments since this work of Tafani the study of rodent chromosomes 

might be divided into two eras? the pre-B^ era, a period of some 

27 years during which time workers used Flemming, Bouia, Garnoy, 

etc# as fixing agentsf and the era (since 1918) which was brought 

about by the use of modifications which improved the actions of the 

fixing agents# This improvement,together with increased technical 

skill, narks tho work of this period as superior to that of pre¬ 

vious years* 



Chromosome Numbers of Rodents 

Species Diploid 
Number 

1st 
Cyte 

2nc 
Cyte 

Tid Remarks Observer 

Cavla » 

'Meerschweinchen' 16 3pg. 8* Von Bardeleben, '92 

'Meerschweinchen' Prob. 24 
Son. Flemming, *98 

'Guinea-Pig' 32 Spg. 16 S' 
(Bom in l) 16<? Moore & Walker, '06 

'Guinea-Pig' 56 3pgi 28 S XY to Poles Stevens, 'll 
in 1st 

Cavia poroollus 
’ 

24-28? 24?$ Athias, *12 

'Cobaye' 16 Som. 8$ 8o <3$ Lams, '13 

Guinea Pig 62 2 31 XY Probably jCeadM.-Mas-La S3. 

Cav ia cobaya 38 19 19 - “ * XY Separates atHarmon and Root, 
1 st* Ms t • 1926 
Dlvision 

Ellomys ^uercLnus 16$ 16 (10- Athias, '09 
16)$ Athias, '12 

Laous 
'Kanlnchen' 24 Som. Flemming '98 

Lapin 41-43 0 oglO-12; | Van Winiwarter *00 
36-46 som from Von Winiwarter '01 

mostly 42 Honove 
'Rabbit' 28-36 3ng . 14-18 XY to Poles Barrat, '07 

in 1st. 
'Rabbit' 22 Spg. 126VH) 11 XY Sometimes 

Double in IstBachhuber, '16 
'Rabbit' 48 24 XY Type Masul '23 

^Rabbljj 44 Spg. 
44 Somatic 22 XY Type Sex 

Complex. painter '26 

Micro tus incertus 28-34? 28-34$ Athias '12 

MLcrotus Pennsylvanici is 42 2 20 XY type Beach '28 

Mus decumans 
'Rat' 32 Spg. 16 (f Moore '05 

'Ratte' 12 {8-li 5) Lenhassek '98 

'Wanderratte* 16? Spg. 8 £ 8 (8-1 6) von Bbner, '9 9von Bbner, '99 

von Bbner '02 

'Rat' 20-30 Spt J. Ca 12' Regaud, *09 

Mus decumans var. 
'Albinos' 24 Som. 12 12<?Prob, Duesberg '08 

Prob. Prob. 
'Welssr Ratte* 16$ 16$ Sobotta v. Burk- 

(10-20)( 8-16) hard, '10 
'Mus aecumans albinos ' more than 

24 Spg. 16 16 J'-s van Hoof, ’ll 
Mus Musculus 

Var. Blanche etnoire'. 20? (el) 20 $ 20 o Tafani, '89 

'Maus' 16 Hermann '89 
'Grau maus' 24 oog 6 groups Roll, '93 

of 4 
Maus, weissa, grau 30 + cl 16 $ Earlier ac- Sobotta '07 

und Canz t 10-1 )) 16?$ counts cor- 
rected in '07 

'Souris blanche' 

'Mau s' 

Mus musoulus 

Mus Musoulus = souri3 
blanche 

'Mus musoulus, var. 
alba 

White mouse’ 

12 (Spg) 

24 Gpg. 

Mouse. whito. black, 
& hybrid white & 
Black 

'White mouse' 
'house Mouse’ 

'white mouse’ 

’house mouse 

weissen maus 

(V-0) Mice 

12 

Reference 

12 J' S^hotB 

double Single cells8 

12 o 12 o 

Mus waanori albolo 

mal eveo Mice 
Mice 

12 $> 

( 12-15)12!?. 

n 8^ 

12 $ 12$(-24 
(12-24 ) uniu 
due to 
precoc¬ 
ious di¬ 
vision 

20 % 20 $ 

12-24$ 12-30$ 
20 # 20 

12 * 

12 $ 

20 < 

40 20 

40 20 

24$ 12? ? 

40 20 

40 20 

40 20 

Lukianow, ’98 

Moore & Arnold "'Of 

Kaerlach *06 

Lams et Doorme, 'C 
Mellsslnos, '07 

Kirkham,'Q7 

Long,'08 

19 fcoTx to polo in 
2nd 

XY type 

XY Type 

20 

Mus norvegicus albinus 40 (paoh 
ytone 
threads 
of oo¬ 
cyte ) 

Mus norvegicus albinus 37 3pg. 19^ 

20 

18-19^ 

Kingeny '14 
Yocum, '19 

Masut '23 

Cox '26 

Prankenberger '26 

Small Element) Painter '27 
present not 
found in normal 
mice In Diaken- 
isis & 1st Mat. 
act as mate to 

Ghr. 
XY Chrs. 

Vorh. Anat. Gesel, 
'92, p. 202. 

Anat. Anz, 14, p. 171 

Liverpool Univ. Pep. 
'06, p. 1. 

Biol. Bull., 21, p. 155 

Arch. Ft. Inst. Bacter. 
Cam. Post. Lis bonne, 
3. p. 267. 

Arch. Biol. 28, p. 229 

Journ. Morph. 46 (1) 
131-141 

Biological Bulletin, 
51, page 78-79 

Anat. Anz., 34, p. 1. 
Arch. R. inst. Bacter. 

Gam. Pest. Lisbonne, 
3, p. 287. 

Anat. Anz., 14, p. 171 

Arch. Biol., 16, p. 685 
Arch. Biol. 17, p. 33. 

Proc. Roy.' Soc. London, 
79B, p. 372 

Biol. Bui., 30 p. 294 
Jour. Gol. of Agricul¬ 

ture. Imperial Univ. 
of Tokyo, Vol. 8 #2 

Jr. Morph. & Phys. 43 
(1): 1-43 

Arch. >. Inst. Bacter. 
Car . Pest. Lisbonne 
3, p. 287. 

U. of Kansas (communi¬ 
cation ). 

Proc. Roy. Soc. London, 
77 B, p. 563 

Arch. Mlkr. Amt., 
57, p. 215 

Sit z. Ber. d. K. Akad. 
Wlssen, Wien, 108 (3) 
p. 429 

Kolliker's Geweblehre 
des Menschen III 

Arch. d'Anat. Micros. , 
II, p. 291 

Arch. Zell, f., 1, 
p. 433. 

Anat. Hefte, 42, 
p. 433 

La Cellule, 27, p. 289 

Attl H. Accad. Lineal. 
Rendiconte, Ser. 4, 
Vol. 5, p. 119. 

Arch. Mlkr. Anat 34, p. 5t 
Verh. Anat. Taesel, 

Gottingen, '93, p. 122 
Anat. Hefte, 35, p. 493 

Arch. Sc. Biol. St. 
Petersburg, 6, p. 285. 

proc. Roy. Soc. London, 
72 B, p. 563 

Uber die Blldung der 
Glchlungskorper Bel 
Mus musoulus, 7/los 
baden 

Arch. Biol. 23, p. 259 
Arch. Mlkr. Anat, 70, 

p. 577 
Biol. Bull., 12, 

p. 259 

Science, 27, p. 443 

Biol. Bull., 27, p. 240 
Univ. Calif, pub. 16, 

p. 371 
jour. Agriculture, Im¬ 

perial Univ. of Tokyo 
Vol. 8 #2 

Jr. Morph. & Phys. 43 
( 1): 45-53 

Bio. Generalls. 2, 
(1)2) p. 21-62 

Genetics 12 (4). 379-39 

Mlnouchi, Osamo, I 

XY No abnor- painter '28 
mallty 

' Varlous fixa- Krallinger, ’28 
tlon pro¬ 
duces unlike 
Pictures 

Prat & Long ’17 

X to pole in Allen, ’18 
37 Som I Mat. 

flbino Rat 42 21 XY T I. Kekos '26 Sc ience 64 (1657 ) 336 
White Hat 42 21 X Y Type Pincus '27 Jour# Morph. & physio- 

logy Vol. 44. 
Eattus norvegicus 21 Krallinger, '28 Zool. ingelger Suppl. 

Band 3, 329-331 
wlstar Rats 

Rattus norvegicus 42 21 Crossed have Swezy, '28 Jr. Ep. Zool. 51(2) 
62 31 both 21-31 135-161 
wild st rain haploid 

Albino Eat 42 21 21 X Y Chr. Mlnouchi, Osoma '28 Japanese jour. zool. 
(Tokyo) 1(6) 235-254 

Black Rat 40 20 X Y Pincus '27 Jour. Morph. & Phys. 
Vol. 44. 

Oypodymus Richardsonl 40 40 Tetrads in Powers ’28 U. of Kansas (Not 
1st Mat. Published ) 

4 with X Y 
Kangaroo Tat from 80 ± 4 40 x 2 X Y Cross *29 U. of Texas - Doctors 

Ar Lzona Thesis 
Peroymiscus Leucopus 40 20 X Y Scott '28 S.M.U. Texas, un- 

novebaracens is pubIt shed 
Peroymiscus ^oucopus 48 24 undetermined Cross '29 U. of Texas Doctors 

Leucopus Thesis 
Perognathus 3p. ? 54 27 X Y AtelomtticCross '29 U. of Texas - Doctors 

Attachernonts Thesis 
iigmoaon nispldus 42 X Y povrars '39 Rice Institute 

Masters Thesis 

Japanese Jour. zool. 
(Tokyo) 1(6) 268-273 

Am. Nat. 621 284-286 

Zool. Anzelger Suppl. 
band 3 (329-331) 

Jr. Morph# 29, p# 441 

Jour. Morph. 31, p. 133 

Those Chromosome lumbers Underscored in Red are 
thought to be most reliable. 

This table was compiled from Recent literature 
and from Mrs. Ethel Brown Harvey's paper on 
Chromosome numbers of Metagoa - 1920. 
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The work done on tho souse and the rat my be taken as an 

illustration of the work done in these eras* Table 2 gives a com¬ 

parison of the reliability of results obtained with ant without the 

use of Bj£ as a fixative, m fathered from the literature of the 

past forty-one years* Successful confirmation with improved tech¬ 

nique is accepted as a Justifiable criterion of reliable work* 

ot Uioxk Ao«tft on xv\0os»e t>v\A V&Y u-nW\ ~Vo fixation 

AnivwfcV Hornet otliWs 
YepoVTfcil. 

i€ CYfck e> rx. 
^t'xiXiow tvsfrfikiV 

Otniyv^imt 
ConCUmeA Viitiliew &W" obseirii £!£•!%& 

C^Voo ae. 23 ~r^ 2o 4> 3 
R&Y 33. 6 5 3. 7 4> 

Tot*\ 35 17 25 6 10 7 

^he improvement in results brought about by the modification 

of technique is rather striking, and indicates the primary import¬ 

ance of proper fixation* 

Despite the picture as revealed in 'Cable 2, Gsmic acid fixation 

still has virtuosi although its action is not so consistent as one 

would hope* Bence, (*18), Maaui, (*23) and Von Winiwarter and 

%uma, (*26) are among those who have achieved remarkable success 

with various modifications of the Gsmic acid technique* la text 

figure A, the results of the use of Gsmic Acid by Banco (*18) and 

Von Winiwarter and Ogam (*26) are compared with the Blt, technique 

in the hands of Painter, (*23)« 
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Text figMi°s ft. f ixitioiv witkOsiuic ftcid. 
1 CUomoiomtS (M&n , 98>«W/A5 6/5- 

twosome* oF- ?*d , HAnce/l'l 0,0« 
3 C^ronvoSo^tc, of C’Svx, Von \J»^iw»rV«v««iilOpwlv%a>'j^ 

I believe that in view of the success of various persons with 

diff rant techni pies it is well for a beginner to experiment with a 

fixative in order to gain a first hand knowledge of its range of 

usefulness• 

Experiments with 3^ 

The genoral problem of fixation has boon fairly well covered 

in the papers of fiance ((’19), Allen (*20), and fainter (24-)• 

However,|# the light of the failure of several workers, e*g*, Root 

and Harmon (’24), and Wodsedales (*24)? to obtain good res ults with 

the use of B^, and in view of some of my own failures in develop¬ 

ing a satisfactory technique, it was thought advisable to experiment 

with the various proportions of formalin, picric acid, and glacial 

acetic acid used in to see if another combination would give 

better results* The technique are outlined in the appendix was 

followed in all parts with the exception of the mixture used for 

fixation. dVolve different c omb illations of the reagents used in 

%5 woro tried as fixatives 
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ri’ho impression gained from the study of the tissue fixed in 

these various combinations suggested the general conclusion that the 

exact proportions of reagents used in the fixative, while important, 

are not so vital as the physical preparation of the material so that 

each cell may be killed and at the sane time preserved without under¬ 

going changes# failure with a fixative properly balanced so as not 

to cause shrinkage or swelling of the tissue would sees to be due 

to poor penetration* It would seem that soma combinations of re¬ 

agents used as fixatives, when acting upon some tissues effect only 

a partial penetration, causing the cell to die without immediate 

fixation, therefore not preserving the nuclear structure in detail 

until after the nucleases,which act upon the nucloo-protoins im¬ 

mediately after death, have begun thoir hydrolysis# This gives the 

appearance of ’’fluidity” to the chromatin so often soon in material 

which has boon poorly fixed# 

Causes of faulty fixation 

In general faulty fixation is duo to one or more of the 

following factors* (l) delayed preservation of the tissue; (2) 

intervening stroma which separate;: the cells from the action of the 

fixative; (4) improper tenporature: when a slowly penetrating fix¬ 

ative is used, such as strong Flemming, a low temperature (4° C*) 

seems to give boat fixation, while with 3,^ a temperature of 37° C 

is best and a temperature higher than this causes shrinkage} (5) 

the power of selective adsorption which enables elements of the 

tissue to combine with constituents in the fixative so that an im- 

penetnTmble surface is presented beyond which fixation is poor if 

it occurs at all* 



PART II. The Chromoooaou of the Cottoa rat. 
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The Chromosomes of the Cotton Rat 

Introduction 

This study has boon core or less superficial, being directed 

primarily at the number and morphology of toe chromosomes and the 

nature of the sex complex* So far as has been observed the cytology 

of the Cotton Rat . differs in no way from that known of maisa&ls in 

general* Thus to avoid repetition of observations already made, 

this paper gives only a brief account of the observations of in¬ 

terest mado in the course of this investigation.. Material from the 

testes, ovaries and uteri of some fourteen cotton rats, prepared 

by the technique outlined in the appendix, form the basis of this 

study* 

Description 

Diploid chromosome number 

Excellent spermtogonial divisions were found, and a largo 

number of counts were made* %e chromosomes have a tendency to 

condense into rods which are short and rather thick, but occasionally 

a cell is encountered in which these are elongated as shown in 

text figure B (1 and 4)* These latter cells are used for drawings 

and for the study of the morphology of the chromosomes* As can be 

seen from Plate II (figures 6a, 8a, 9s), the number of the chromosomes 

appears to be forty-two. 
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An effort was made to obtain somatic tissue which would giro 

the diploid chromosomes of the female to serve as a cheek on the 

observations recorded from the male* Sines no embryonic tissue 

was available at ,tha time this study was made^ various organs fro® 

the female were examined in hopes of finding suitable somatic cells 

in process of division* The tissue found moat suitable was that 

Of the uterus* During the Oestrus cycle* after the casting off of 

the epithelium of the uterine mucosa there follows a period of 

mpid growth by which a large number of cells are produced in a short 

time* Since these epithelial cells are on the inner surface of the 

uterus their fixation is excellent* With considerable search 

plates of equations! divisions are to be found (fig* ?&)» The 

somatic cells from the female show the diploid number of chromosomes 

to be forty-two* 

Typos of Colls observed other than normal germ cells • 

As the study of the testicular tissue progressed several types of 

cells were noticed aside fro® those which appeared to be normal germ and 

sertoli cells* 

First* in about half of the rats examined* there were noticed cells 

(text figure C) which after staining appeared opaque* The disting¬ 

uishing feature of these cells seems to be the manner In which their 

cytoplasm retains the stain which in normal colls disappears in the 

course of destaining* These cells seldom show visible nuclear dif¬ 

ferentiation either because there is none or because the cytoplasm 

has taken the stain so deeply that the nuclear structures cannot be 
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observed. Whan present they are found in all parte of the tubule, 

o explanation could be found concerning the nature of these cells* 

f they were consistently found in a rather definite location with 

respect to the tubule they might be interpretable. 

Text figure C. Photomicrograph of Cotton Bat tiftji x 1000 

A, Cells of unknown nature* They are found in the 

tissue of some animals and seem to be absent in 

others, Are these cells in the process of dis¬ 

solution or are they transforming spermatids? 

3* Resting dells showing Heterochromosome 

C, Beginning of diffuse stage 

0* Developin’: spermatozoa. 
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la many ways tliss© cells seom to fit into the description of 

the spans forma tion as given by Wilson (*25,p» 3^9)y however, the 

process of spcnaioteloosis for mammals merits ro-investigation for 

in the case of the guinea-pig Buosborg (*08} gives a description 

of the oarlier stages of sperm formation r; which Barman and Boot 

(*24) , were unable to confirm* For the present these cells are of 

uncertain nature and future study may show them to be developing 

sperm or cells which have died and are in the process of dissolution* 

Another type of cell observed while making spematogonial 

counts were dividing cells which had an unusually high number of 

chromosomes (Text figure B, figs* 2 and 3), and showed a groat many 

short, thick rods* Counts of the chromosomes of these cells range 

all the way from forty-eight to seventy-two# This deviation from 

the normal number of chromosomes is thought to be due to fragmentation, 

or better called, "precocious splitting"* 

Morphology of the Chromosomes 

In lining up the chromosomes in the approximate order of their 

sise and shape (figs* 6b, ?b, 8b, 9b), it is found that there is a 

oeriation, graduated in size of paired, i*e*, horaologps,chromosomes * 

After a serial alignment of the chromosomes of a cell is made, there 

is noticed one large element and one rather small element which are 

unpaired* These are labelled "X" and "Y" in all figures* This 

constancy of the unpaired condition, together with the even number of 

chromosomes^is taken as evidence for the presence of a sex chromosome 

of the X-Y type in the cotton rat* 
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'ft* 

A**:- 

<&$& 
6 

Text figure D* The chromosomes have been separated, in 

drawing sotthat Underlying elements would not be ob¬ 

scured* Drawn from testis of the Cotton rat, x 3&00. 

Fig* 1 and 4* Equatorial views of normal chromosomes showing 

42 chromesones. 

Figs* 2 and 3» Cells showing an abnormal number of chromo¬ 

somes, Fig* 2 showing 59 elements and Fig* 3 shewing 

60 elements* 

Figs* 5 and 6* Showing precocious division of the elements 

of the Primary spermatocytic cells* A couplet indicates 

the possible pairs of chromosomes which have split* 

4 
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Growth Period 

%rly in the growth period a large heierochronosomo io ob¬ 

served* This element appears first as a simple irregular mss of 

chromatin and later* as the cell emerges from the protobraeh, i«e*, 

resting stage, this element say he found divided into two parts (Pl.Qt, 

'fig. 16, 17, 18), which are connected by a fine thread of chromatin* 

Gathers (*22), has described in detail the behavior of those two 

elements during the growth period for vertebrates in general* A 

complete account of this so-called, "chromatin-nucleolus", is also 

given for the opossum by Painter (*24)» 

First spermatocyte division 

With the microscopic equipment at hand the study of the mor¬ 

phology of the haploid chromosomes was very difficult* A number of 

spindle dissections were attempted, two of which are figured 

(figs. 10a and 11a) on plat© II* A aerial alignment of the elements 

(fig* 10b and 11b) was attempted, however a comparison of this nature 

is of little value unless the elements of five or six colls can be 

given* Each tetrad has a sore or less characteristic shape,and 

specific individual complexes may be recognized in cells from tissues 

of various cotton rats* 

One element noticed always divided early (fig* 20), &fter 

division which is always unequal, i*e*, resulting in a large and a 

smaller mass of chromatin, the)'parts separate with the exception of 

a fine connecting thread* It is probable that this is the sex complex* 
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The number of haploid chromosomes found ms between 18 and 

21, but this pari of tho work ujust bo carefully chackod before 

■ranch can be said of it* 

The number of elements found in a normal polar group is 21* 

The changes taking place between the completion of tho primary 

spermatocyte division and the beginning of the second spermato¬ 

cyte division have not been studied* Occasionally there ware noted 

cases of splitting of the chromosomes of the polar groups in the 

telophases of the primary spermatocytes (text figure D, 5 and 6}* 

This precocious splitting was not observed in the secondary sperm- 

atooytic division* 

Secondary Spermatocyte Division 

in general cells showing the secondary spermatocyte division 

are rare and are found only after long search* From the number of 

dividing cells found per field and the scarcity of such groups of 

cellsa it would seem that the period is of very short duration* Tho 

chromosome count from the secondary spermatocyte division is twenty- 

one* The cells in this stage are easily recognised because of their 

small size, reduced amount of chromatin, and their position usually 

near the inner portion Of the tubule* 

Discussion and Summary 

The germ cells and somatic cells of the Cotton rat have been 

studied to discover the number and morphology of the chromosomes* 

From the equatorial plates of the dividing eell3 of the teatis and 

the uterus a count of forty-two chromosomes has been determined® 
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Upon studying the serial alignment of these elements there was 

found to bo a gradation in the size of tue chromosomes much like 

that found in the rat, Pincua (’27) and the mouse, Cox (*26)* 

A study of the first and seeond maturation divisions indicated 

that the probable haploid chromosome number is 21• 

flae even number of chromosomes* and tho presence of a pair of 

elements, which in the sale, fail to match,indicates that the cotton 

rat possesses an X-Y type of sex complex* The "X" chromosome is 

one of the largo* elements in the cell and the nT' is one of the 

smaller* In the heterotypic division the "X" and "Y” are found to¬ 

gether (figs* 10a, 11a), but separate to opposite poles (fig* 20), 

so that half of the sperm should carry the "Xw (fig* 19), and 

half the *‘Y" chromosome (fig* 2l)# 



PAIS? Ill; Appendix* Giving details of Cytalogical 

technique used for investigation of 

manaalian chromosonos* 
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Appendix 

Methods of technique Adopted in this dork 

Introduction 

Hie contents of this appendix are not original* *119y have 

been gathered together from the literature, by word of advice, and 

learned by trial and error* They form a portion of the common 

knowledge which grows upon one working with cytological technique* 

However,in view of the fact that it has taken several years to 

learn what now seems absurdly simple, it was thought not amiss to 

give the procedure in reasonable detail in hope that it might be 

X 
of aid to anyone, just beginning work in cytology * 

Mastery of technique needed 

It is best first to master the technique on some common 

Rodent, say the white rat* In this way one my become accustom, to 

the motions etc* which must be made during the technique* Thus 

unforeseen needs for equipment and materials will arise and ma%-j 

be met by the time one has reached that degree of skill which makes 

the study of rare or valuable material justifiable* 

1* It is taken for granted that the reader has some knowledge 

of histological technique, for the writer has only given phases of 

the technique in detail where cytological methods differ from 

those in coisaon use for the preparation of animal tissues for 

Histology* 
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Careful preparation for the work of carrying out the steps 

involved aids greatly in saving time and avoiding mistakes* It 

is well to have on hand instruments, warm Petri dishes (37° C), 

numbered vials with corks to fit,and lastly a record sheet for 

keeping notes on all tissue fixed with the detail of procedure* 

If the animal is given a aerial number and each bit of tissue 

used placed in a numbered vial, and later transferred to a bag 

bearing the proper number or symbol, much time is saved in referring 

to steps taken and in searching for weak points in technique* 

It is desirable to have one or more assistants to aid with the 

operating so that one‘s entire attention may be devoted to the do- 

tails of the fixation* 

ilhen one’s technique becomes consistently good it is then 

well to prepare a series of glides from opossum material* Since 

this marsupial has only twenty-two chromosomes it presents a source 

of material which is excellent for beginning study* Having at 

hand a good set of opossum slides to which one can refer, the inter¬ 

pretation of some of the figures found in the cells of mammals 

having a difficult chromosome complex is simplified* 

Modus operand! 

After experimenting with various methods of technique the 

writer came to the conclusion that a tried and relatively 

simple technique, yielded better results than any other method 

known today* Other techniques, while giving favorable results, 
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can not be said to excel those obtainable with Bas used 

by Painter. 

To-make the procedure easy to grasp ahd simple to follow, 

the major phases have been included in the following outline 

which may^conveniently pinned to the wall in the laboratory for 

reference until the whole process becomes second nature. 

Value of Complete Records 

In the use of the record sheet, it is always important to 

record, among other things, the source of the animal, its con¬ 

dition of health, etc. While there is BOant evidence to believe 

th&t the abnormal conditions of captivity have any effect on the 

germ cells, there is no evidence to the contrary. What this effect 

is and its extensiveness remain problems for further investigation. 

Methods of Killing 

In killing small rodents the method used is debatable, either 

from a humane standpoint or from the standpoint of obtaining good 

material. The methods in popular use ares (l) decapitation, by 

means of a pair of bone forceps; (2) killing by means of a blow on 

the head; and (3) severing the spinal column by means of bone forceps. 

The main object in killing is to render the animal insensible to 

the pain caused by removal of the testes, while at the same time 

not introducing into the blood stream any substance such as 

chloroform, ether, etc. which might alter the germ cells. McClung 
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C *3.8) states that in working on the effects of killing grass¬ 

hoppers, chloroform, decapitation and cyanide tended to cause 

clumping of chromosomes, while a drop of xylol place on a grass¬ 

hopper and used as a means of killing the insect gave cells with 

well separated chromosome figures. This effect of killing is an 

interesting study and merits further investigation* 

Decapitation of small animals seems to bo the best and most 

painless method of killing small rodents for the purposes of 

cytology. • 

Teasing of tissue 

After decapitation, a gonad is removed from the scrotal sac 

or body cavity and tho tunica surrounding the testis slit and a 

portion of the tubules which are forced out are cut off with a 

pair of scissors and either placed in a Betri dish of warm fixative 

and quickly teased apart,or in a vial of tho fixative which is 

corked quickly and shaken vigorously in order to cause the tubules 

to separate* dither method results in the rapid penetration of 

the tissue by the fixative, a step of primary importance,for if 

this separation of tubules is not trirough the tissue is likely to 

be poorly fixed and any subsequent treatment is a waste of time. 

Some testes,like those of the horse,are so constructed that the 

tubules can only be separated by teasing. 

Tvhen the connective tissue of the testis is quite resistant 

to teasing in a dish of the fixative, the tissue may be frayed by 

teasing a bit of it on a piece of cardboard and then placing the 



resulting strands of testis in the fixative# The cells tnemoelves 

live for some time after removal from the body of the animal* Care 

in seeing that the testis is thoroughly teased apart seems of more 

importance than the speed with which tissue is transferod from the 

body cavity to the fixative* 

Mixing of the fixative 

The fixative is that as given by Painter f24* 

A* Saturated aqueous solution of picric 

acid) C«P* «***.**»••*•«*• **75 c*c* 

Formalin &erks Blue Isabel) 40J*» •••••*• 25 c.c. 

Glacial acetic acid -«•«*•*••*••* 10 c*c* 

B* Chromic acid crystals C«P*5 & Bry *•**»■* 1*5 gmo« 

Urea crystals, C* P# >•»••••••>•• 2*0 gms* 

The flask containing solution A* is placed in a water bath and 

warmed to 35° C* just before using* The chromic acid is added 

first and dissolved before the urea is added* Since the addition 

of the chromic acid raises the temperature about 2 degrees,eare 

must be taken not to have the final mixture over 37° C* Excessive 

heat causes shrinkage, which is to be avoided* 

Since tlie chromic acid used in the mixture is a powerful 

oxidizing agent the fixative usually becomes a dark green color in 

about 3 hours* In order to complete fixation before this change 

comes about it is desirable to mix the fixative within a few Mnutes 

before uBing. 
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Bagging tissue 

After fixation for about 90-120 minutes at 37° C* the tissue 

is removed, from the rial of fixative and tied in a small bag of 

cheese cloth by moans of a fine copper wire, in such a manner that 

a slight pull will remove the wire and release the comers of the 

bag so that the tissue is easily accessible* A tag bearing the 

series number and any other information necessary is attached to 

the free end of the wire used to fasten the bag*. The tissue need 

not be removed from the bag until ready for embedding* This 

method of handling tissue is of great aid when a number of various 

tissuesj fixed with different agents, are to be washed, dehydrated 

and embedded, all at the same time* 

If squares of cheese cloth, tags,and lengths of wire (3M) 

are at hand the "bagging” may be completed in loss than a minute* 

The tissue is now ready to be washed* 

lashing 

Washing is accomplished by hanging the bags, by means of their 

wires, over the mouth of a 500 e#e* or liter cylinder filled with 

alcohol at about 30° C. (see outline for technique)* The picric 

acid Ms a tendency to dittose out of the tissue and settle to the 

bottom of the cylinder* This washing is continued for about 2 hours, 

the alcohol being changed as often as it becomes yellow, depending 

on the amount of tissue being washed* 
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Dehydration and Clearing 

Subsequent dehydration and clearing are carried on henceforth 

by a vary careful process which insures the most gradual change 

from one fluid to another, thus reducing any shrinkage which might 

be caused by the too violent action of the dehydrating or clearing 

agent* At first glance the whole schorns might seem to be a great 

deal of needless attention to detail? however it is this extreme 

care in detail which makes all the difference between excellent 

end indifferent results* 

The Mixing devise 

%e diagram in the outline of technique illustrates the con¬ 

struction of an agitator useful for the gradual changing of tissue 

from one fluid to another* 

A tank of compressed air* A, or any other source of compressed 

air furnishes the energy needed to mix the liquids thoroughly* 

The flow of air is regulated by means of a needle valve on the tank 

so that no more airs than is needed to mix the fluids thoroughly, 

is allowed to escape* ,4 drying tower B, filled with calcium chloride, 

is necessary to remove all traces of moisture from the gas used* 

fixing of the various fluids is carried out in the vessel 0# The 

bags of tissue are suspended by means of their wires from the sides 

of the mixing chamber* %o fluid into which the tissue is being 

changed is allowed to enter the mixing chamber by means of a 

capillary siphon from the reservoir, D* All excess liquid is 

carried off into the waste jar S, by means of the waste outlet 

on the mixing chamber. 
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Various sizes of nixing vessels and reservoirs are needed so 

that a combination suitable for the work at hand nay be used* The 

siphons should be made in quantity and roughly calibrated in drops 

per minute* Usually the most convenient capillary siphon is one 

giving from 9 - 12 drops per minute for a nixing vessel holding 

from 35-40 c*c* 

Whan using the agitator on a humid day it is well to have 

covers of cardboard or glass to fit over the mixing vessel and 

reservoir so that the alcohol U3ed in dehydration will not absorb 

moisture from the air by moans of its exposed surface* 

Cleaning, infiltrating and Embedding 

After the tissue is brought into 8G/> alcohol as indicated 

in the outline ■p.t is cleared by the drop method, using aniline 

oil* Aniline oil as found commercially is usually of dark color 

and contains considerable water* By distilling with zinc dust, 

3 to 5 gma* por 500 a*c* of aniline oil, and collecting tint 

fraction coming off at 18&° C», a pure clear fluid results* This 

is stored in an amber bottle until used* As a medium for infil¬ 

tration with paraffin the tissue is brought into wiatergreen oil* 

The "methyl salicylate of Merck" is vary satisfactory for this 

purpose* The process of embedding is accomplished by the gradual 

infiltration of paraffin as the tissue is moved from one vial to 

another in the infiltration series as given in the outline for 

technique* 
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>>hen the tissue is ready for embedding, the wire holding 

the corners of the choose cloth bag is removed and the tloans is 

embedded in small paper boxes upon which are written the serial 

number^ etc*, useful in later identification* The block containing 

tissue is then cooled quickly* The tissue say now either be stored 

away or sectioned and mounted on slides, by means of Moyers egg 

albumen, preparatory to staining* 

Staining Slides 

Of equal importance with the chemical process of fixation and 

the physical process of dehydration and embedding, is that of 

staining iha preparation* The best results in staining are ob¬ 

tained by the use of iron haematoxylin* This stain is superior 

because, when properly used^it leaves tho chromosomes and tetrads 

a very deep purple or black and all of the surrounding cells 

colorless, or nearly so* 

For mordanting a fresh solution of 3% Ferric alum is made 

from selected crystals of the salt* After the paraffin is removed 

from the tissue and the slides are brought into water they are 

transfei’ed to the mordant for about 12 hrs* After this period of 

treatment with iron alum, the slides are washed in about 5 changes 

of distilled water to remove all Of the excess iron alum, which if 

not removed will have a deterring effect upon the subsequent 

staining action* 

After washing, the slides are placed in a aqueous solution 

of certified Haematoxylin* This is best made up and allowed to 
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ripen 3 or 4 days before use* So long as the stain is a deep 

cherry to a mahogany color it is suitable for staining,but when it 

turns a gray black or a precipitate feras^then it is best to dis- 

4 

card it* 

The slides are allowed to remain in the stain for about 18 hrs* 

after which they are washed in distilled water and then destainod 

one at a time. 

Destaining 

Destaining is accomplished in a 2% solution of Pe-alua and 

controlled under the microscope* This is a very important step 

and cannot be rushed or done "an masse"• Slides are suitable for 

study only if the structures being investigated are clearly shown? 

and with this staining method? the destaining must be carefully 

controlled if good results are to bo hoped for. 

The only criterion useful in destaining is? as Fainter suggests? 

to dostain until the "tetrads are 'transparent", that is? all of the 

stain is removed from the tissue with the exception of that in the 

tetrads? dividing figures and sperm heads* Inspection under a low 

power will show the colls of the tissue to be almost colorless with 

the exception of those mentioned above* 

Final washing 

After destaining the iron alias must be removed from the tissue 

before mounting or else it will cause the stain to fade* Sashing 

/ 
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first in distilled water and then for about 20 minutes in running 

tap water is sufficient* , The slides are then, carefully dehy¬ 

drated, cleared in Xylol, and mounted in neutral balsam* After 

drying for about 48 hrs« at not over 53° C» the slides are ready to 

be cleared* labelled,and stored away until opportunity for their 

study presents itself® 
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EXPLANATION OP PLATES 

All figures, with the exception of those 

on Plate L, which are of Kangaroo Rat} are 

taken from Cotton Rat material which was 

fixed in 815 and stained with iron haematoxylin. 

Drawings were made with the aid of a camera 

luoida. For the finished drawings, the paper 

was shifted slightly so that all of the 

chromosomes might be shown in greatest detail 

with regard to size and shape. 



PLATE la 

Figures from the testis of the kangaroo rat# 

x 5000 diameters. 

Pig#l ♦ 3ide view of first spermatocyte 
I 

division. 

Pig#2. A sex complex taken from the first 

maturation division# 

Pigs. 5&-*k and 4a-b. Polar views of first 

spermatocyte division giving J8-44 elements 

making the diploid number of chromosomes 

for the kangaroo rat near 82± 2# 



PLATS la 

KANGAROO RAT CHROMOSOMES. 



(Vtavv\rv\a.\w)n Spev*v\*.’lo(^eM©5>j«^KAmuyoo Rat. 

ftai.p e>.ft.?cv^vs. 
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PLATS lb 

KANGAROO RAT OHROMO 



PLATE lb 

Photograph of tubule of kangaroo 

rat testis x460. This shows a 

few dividing cel’l’s• 'TPJUgure A is 

a drawing of one of 'the o'er - cell** 

xJ^OO showing the large number of 

chromosomes as they appear on the 

equatorial plate. Only the larger 

chromosomes show, the small ones 

being obscured by the larger. 





PLATS II 

CHROMOSOMES OF THE COTTON RAT 



PLATS II 

CHROMOSOMES OP THE COTTON RAT. 

Fig.5. Prophase nucleus of spermatogonia 

showing 42 chromosomes) one of which is the 

Y-chromosome. 

Figs. 6a.,8a.,9a.j Spermatogonial plates 

showing 42 chromosomes. 

Fig. ?a. A plate of somatic chromosomes 

from an epithelial cell of the uterus of a 

female cotton rat. ' 

Figs. 6b.,7b.,8b.,and 9b. A serial alignment 

of the chromosomes of figures 6a.,7a.,8a., and 9a. 

Figs. 10a and 11a. Tetrad dissection from cells 

the primary spermato cyti e division. 

Fig. 10b and lib. An alignment of the tetrads 

according to their general shape. Note the x-y 

element. 

Figs. 12 and 1J. Polar views of elements of the 

primary spermatocyte showing 21 chromosomes. 

Figs. 14 and 15. Equatorial plates of secondary 

spermatocyte division showing 21 chromosomes. 
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PLATS III 

THE SEX-OHR0MO3OIISS OF THE 

OOTTON RAT. 



PLATE III 

THE SEX CHROMOSOMES OP THE 

COTTON RAT . 

PigS*l6»17» and 18. Cells in various 
stages of the growth period up to dl&klneeis, 

showing the nature of the heterochromosome. 

Pig. 19. A side view of a second maturation 

division showing the probable x-chromosome 

going to the poles. 

Pig. 20. A partial figure from a primary 

spermatocyte division showing the probable 

X-Y chromosomes as they separate to go to their 

respective poles. 

Pig. 21. A side view of a seconf maturation 

division showing the probable separation of the 

Y-chromosome. 
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Chromosomes tk*. CotUfU. 
PK»U»p Q.f\. Powev'S* 
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PLATE IV. 

PHOTOMICROGRAPHS OP OOTTON RAT 

TESTIS . 

A COMPARISON OP OSMIO AOID 

AND Bis TECHNIQUES. 

/ 
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PLATE V 

PHOTOMICROGRAPHS SHOWING THE NATURE OF 

THE AREAS IN WHICH DIVIDING CELLS ARE 

FOUND 
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PLATS VI 

PHOTOMICROGRAPHS OF PRIMART 

SPERMATOGONIAL DIVISIONS. 
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PLATE VII 

PHOTOMICROGRAPHS OP THE PIRST 

SPERMATOCYTE DIVISION. 
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PLATS VIII 

PHOTOMICROGRAPHS OB EARLY GROWTH STAGE. 

AND 

SECOND MATURATION DIVISION. 

If 
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