A STULY OF CHROMOSOME NULDERS AND
SPLRUATOGLULSIS OF
PIROMYSCUS LEUCOPUS HOVLBORACKISIS,:

Ey 5

Marie Scott

As Be Trinity University, 1924,

'Submitéed,tp‘the Department of
Zoology and t,he"méuzty of the
Graﬁuatg Sehool of the University
of Kaneas in partial fulfillment of
the requiremeéis far.tha‘deg?ee of

mASTKR OF ARTS

Approved by' 7% 7§ 04:24AJ%

Head of the Beparunent.

‘//L/L/L’ 'M

Juneg 1929 : Instructcr in charge.




4

A Study of Chromosome Numbers and Spermatogenesis

of Peromyscus leucopus noveboracensis,

o ’ CONTENTS
. Page.
l. Introduction---—=e--- ————————————_— e o e 1
2. AcknowledgementS—-mececcmcc e —————————— — 2
3. Literature----------- _————— - 3
4, ,Observation on animals in captivity---=-—--ee-- 6
56 Methods.---Q————--~e----f--~4 ------------- —————12
‘B4 TrAPPING== = oo e e o e - 12
b.‘KTechhique--—a~—~--~-g~; -------- ————————— - 14
6. Discussion---emmmecmemm e e m e 18
a., General arrangement of germinal cells----- 18
b, Spermatogonifi~------—eemce e - 19
€. Primary spermatocytes----- ————————————— -2l
d. Secondary spermatocytes~e—me-- —memmmc————— 23
e. Spermatids--mememmecaccccaaa e ——————— 24
fo Mature spermatozofes==es—s-cesccccaaa. -2
7¢ SumMmAry=see--cccccacana L ————cmeaa= 26
8. Plates--------Q------—-a-----—-— .............. - 27

9. Bibliographye--emsecma-a-as ————— s ——— - 32



_INTRODUCTION

Veryilittle cytological ﬁork has been pubiished on
mamrals in comparison with that done on other forms. This
is not because cytologisﬁs héva,lacked an inierest in this

field, but it is due to the fact that only in recent years
‘has technique deveioped to the pbint where the conditions
in the higher vertebrates could be investigated. Besides
studies published on rodents, most of the Wﬁrk has been done
“on the pig, opossum,~armadilio, cat, cow; man, énd perhaps

a few,othefs. Among the rodents,,the guinea pig, white rat,
Norwegian rat, and house mouse have been favorites. No such
work has been done on any wild species of rodents common in
this vicinity. For this study of spermatogenesis, the small
white fcdted deer mouse, Pefomyscus leucopﬁs noveboracensis,
has been.chosen. A few having béen kept in cages in the
laboratory through the winter, it has been possible to ob-
serve many of their habits, an account of which has been in-
cluded in this papeb.' Therefore, the paper shows observa-

tions on (1) habits of the animals and (2) spermatogenesis.
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* LITERATURE

Among the first to count mammaiian chromosomes was
Flemming, who used human material for this purpose in 1882.1
Tafani and Hermann counied‘chromosomes of mice in 1889.° A
survey of the literature on chromosome=-counts for mammals
since these dates shows more work done on rodents than on
all the other mammals. Table IT is a summary of papers pub=~
lished on chromosomes of rodents since 1878.3

’Much of this work has been done on the guinea pig
andvnone of the workers agree as to the number, ,Thé counts%/
‘range from sixteen to sixty two diploid. Von Bard@?ben (teoz)
‘records sixteen, and Flemﬁing ('98) finds twenty-four somatic
chromosomes. Moore and‘Walker ('06) describe thirty-two.
Stevens ('1l) counts fifty six; Athias ('1l2) reports twent&—'
four to twenty-éight. Lamas ('13) finds only sixtcen; Har-
men and Root ('26) report thirty eight, and the most recent
count gives sixty two plusﬂoi minus two., This was done by
League (" 28}. ‘

Most of the disagreementyis/explained by "poor methods
of ‘technique.” Harmon and Root describe eight U shapéd chro-
mosomes, twenty-elght slightly bent rods, and two unequal in
size in the spermatogonia of the guinea pig. The latter are
judged to be the X and ¥ factors. The first diviéion is re-
ductionale

1. Arch, Mikr. Anat. Vol, 20. no. 1. 1882.
2. Arch. Mikr. Anate. Vol. 34, no., 1. 1889,

3. Taken from Harvey '28. I have supplemented all articles
listed for dates since 1918, for her tabulation extends only
to that date.
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League degcribeé.sizty-two plus or minus two in
the spermatogonia, and says “tbe primary'spermatocyte ﬁumbar
is anproxlmwtely tﬁirty-one. i She does not mention the Work ,
of Harnon uad Root 8 in counting the variou izes of chromo- o
aomeu, but olmply statcs that thoxr low numb r is doubtless :
due to noor flzation and to the counting of compount ecle-
mentv a8 single chromosqmes,

| Stevéns (*11) discusses the heterochomosomes of the

guinea pig, éaying that the guinea pilg shows no synapsis or
numerical division., He algo‘describes a rest period between
the two maturaﬁion divisions. -

Work done on the raibit does not show such wide var-
iations in thernu»bers of ctromésomes. Flemming (' 98) gives
twenty-four as the somatic number; Vor Winiwarter ('00 & '01)
finds forty-one to forty—three, Earrat'('07) reports twenty-
eight to thirty-six and Bachhwber ('16) can find only twenty-
twoe Hasui ('23) reports the largest ﬁumber, forty-cight,
but Painter ('25) finds only forty-four; The latter says that
the Eutheria may have come from.a common stem which at one
time had the same chromosome constitution and genetic com- -
plex., He suggests that forty-ezght is probably the prlmitive
Eutherian nurber and animals having this nunber have likely
retained more of the primitive characteristics.v Thé reason
he assigns for‘the rabbll possessing a smaller number is tlhat
eitherﬂit‘hasylost whole chromosome pairs, or scome chromo-
somes have undergone end to end fusion, or non-disjinction.

A larger number than forty-eight may be due to fragmentation
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according to this theory. |

Rets and mice bhave long been favorite animals for
studies of spermatogenesis'as Table II,éhows; This is doubt-
less due to the fact that they are so numerous and are So
easily raised in captivity. The couhts.of'the chromosomes
range from sixteen to forty-two for rats; and from iwelve
to forty for mice. Of these papers on the mduse, only three
discuss the’acceSSQPy chromoSbme. Yocun (’i?) deseribes tﬁe
*0 type in sebond division reductions Masui (f25)‘states |
that the ﬁouse has XY type of accessory chromosomes with‘the 
first division reductional. Painter ('26) finds forty chromo-
somes , but‘dﬁhefwise agrees with Masui. The only available -
report of chromosome count on 2 wild mouse, is that of hthias
(*12) on Bicrotus. |

Table III gives‘all the results on mammalian spermatq-
genesls in.whiﬁh‘the seﬁ chromosomes have been figured or des-
cribed up to 1923. Since that date, the number of vorkers iﬁ

this field has gre&tly'increased.
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Observations on Habits of Pecromyscus in Captivity.

Helson (;18) says of Pefomyscus, "théir eXceed1ng1y
Quick and graceful movements and their beauty'bf form and
color would make them generally attrédtive-ﬁere it not for
the prejudice égﬁinst aliftheif ﬁind resulting from the of=-
fengive'ways of the housé mduse,"’ They‘Show many color var-
iations in different parts of the country. Although onc of

the 1argest genera of mammals, Peromvscus is found only in:

the Americas, And the white footed deor mouge is found only

on this continent., Sumner ('26) captured Peromyscus from

various parts of the United States and compared color var=-.
iations. Those of the desert and beach country are much
1ighter-than the ones taken here. These are grayish brown
color above, with a broad band of darker brﬁwn*along the
spine. Under parts are pure white and this extends up on
ihe sideé a short way. Tﬁe feet are white and the tail is
white below and brown above,

As a rule, they are not very shy or nervous, but
neither are they bold. They soon become adjusted to their
surroundings. In oné night they will construct a comfort-
able nest of cotton inside their little tinrhouse and by
morning be apparentlyvhappy. o | N

They have many interesting habits. One is that of
drumming with their fore féet. I can give this no other in=-
terpretation than that it is a danger signalﬁ Seton ('20)
says that the males do all the drummiﬁg, but I have observed

manykfemales run to the top of their small house and drum
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for several seconds with one fore-foot. As a rule, a moﬁse
alﬁays déums;ﬁith the same foot; sometimes this is the‘lefb;
andléometimes £he‘right.‘ Once I took six females from their
‘{cages and put them in trapa on the table, preparatory to kil~
ling them. All six exhibited this habit. One would start
and then another and another until every one had drummed on
the sides of her trap. This procedure was usually fblloﬁed
by a pause after which it was repeated in ﬁhe same fashion.
I do not know the age at which they begin this, but I ob-
sefved one young male, three“weeks 0ld, drumming on the
sides of his trape. | | | ‘

- M.A. VWalton first recorded this drumming, but he
»said that these animals were dumb. Seton ('09), Nelson
(*18), I—Iiskey (*17) and others have mentioned their sing-
ing. One‘gvening I was working late in the 1aboratorj
alone,'wiiﬁ no»lighﬁ eﬁcept the sub-stage to my microscope,-
when I had the pleasure of hearing one sing. It was rather
prolonged and very musical, somewhat like the song of a |
canary, only softer. I did not discover whether it was a
male or female because I was afraid the song would cease if

I moved nearer the cages.

Seton (309) says PsggmyscusAis nocturnal, bunkel-
berger (‘26) reports that her specimens were not altogether
so. Johnston ('26) provided experiments to prove them noc-
turnal.v So far as I could tell, mine were noctﬁrnal and,
unless disturbed, would Pemain’inside their little houses

with the doorwéy well closed with cotton throughoﬁt the day.
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Yeivin oée cage I had a pair that appafently did,nbt appref
ciate their hduse and were outside all day. I kept them
from Noveuber uhtil May andLnot moré than twice did I ob-
serve them iﬁside the houée. A}nail,proﬁected from one cor-
ner of their cagé’near the‘floor, and they stayed around this
nail, often sitting on it for long periods of time. They |
were much more nervous than.any others, and no matter What
type of house I tempted them with, or where 1 placcd it in
the cage, they could not be induced to make a nest. Their
cage was beside a table on which a‘llght burned most of the
day and part of tﬁe night, and this may be one explanation
for their nervousness. Yet, another cage waé’néarer the
light, and at different times I héd faﬁr pairs in this cages
each made & nest énd seemed no more nervéus than mice in the
cages that were more secludéd and darker. |

The fighting instinct is very evident in Peroﬁyscus;

They fight standing on their hind feet, snapping at each
othér; or rolling over and over, and uttering shrill little
squeaks. As a ru}e; Peromyscus that'have been in captivity
for some time may be moved from cégefto cage without any dis-
turbance. But often if animals that have just been trapped
are placed in thevsame cage or put_iﬁ with mice that have
become accuétomed to captivity, a fight ensues. Dunkelber=
| ger'('zs)’says that at no time during her observation did a
male attack a female. But this occured in one instance with
my mice. A male and female, trapped in the sane vxcinity,

on the same day were placed in the same cage. Almost im-
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mediately he aitacked her and she fought in self-defenses
This contlﬁued until she was completely exhausted and of- .
fered no reslstance when I picked her up, but lay limp and
panting in my hand. I do not know whether ‘he would have
killed her, but sympathy forbade further experiment. SQme;'”
times a female will 1i§e‘in a cage with several males, or ﬁ
.a;male with several females. But in one instance I had oc%
casion to regret~3uoh an arrangement. A fEmale was placed
in the cage with three ma%esigbout eleven o'cloeck in the

o { o .
evening. Since the houﬁ wag 80 late, and there seemed no

tendency on the part of any to fight, I observed them for

only a few minutes. but the next marnlng I found evidence
of a gruesome scene. The littlie female wag in the éenter -
of the cage,withrher head half severed from her body, and
the three males were placidly occupying the héuse.

Peromyscus females take excellent care of their young.

If the nest is disturbed, the mother crouches over them and
endeavors to bite anything that comes near. :She is not eas=
ily frightened; but if she moves, she carries her entire fam-
ily with her; because the young remain attached to the mot-
her for the greatcr part of the first two weeks after birth.
If one is pulled away an& placed across the cage from her,
she may carry it back to the nest between her teeth, or roil
it over and over with her fore feet until it is in the place
where she wishes it to be. If she carries it between her
teeth, she may take hold of any part of it and drag it along;

but usually she catches it on the abdomen or back of the neck
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and carries it much as a cat does her kittens. On one oc-
casion, I continued disturbing a mother whose offspring were
very yéung and she buried them one at a time in a corner op-
posite the nest, beneath shavings that were scattered over
the floof of her cage.

The animals were paired and each pair placed in a
separate cage when brought in from the field. As it became
necessary to kill them, changes were often made and pairs
separated. One pair had becn undisturbed for about five
weeks but the female had not become pregnant, so I moved
another female in with them. The second female had been in
a cage vith two males for three months and showed no signs
of pregnancys. Imm@diately upon her introduction to the cage,
the male became very inquisitive, following her over the
cage smelling, sometimes the anterior and sometimes the |
posterior parts of her body. She seemed to resent this
and occasionally fought back, uttering shrill squeaks.. I
was endeavoring to keep very still only two fest from the
cage; and if I made the slightest movement, both mice would
assume a listening, cbserving att;tude for several minutes,
Then the male always ran to the top of the house and beat a
tatoo on thé tin roof with his right fore foot. This hap-
pened six times during the hour that I observed ﬁhem. The
>female‘would run from him and crouch down between the house
and the wire of the dage, where there was just room for her
slender body. At three different times, he stood on the

house and tried to 1ift her with his teeth; catching the
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skin on her neck between her shoﬁlders or 1n_the middle of
her back.i She was almost his size, but once he dragsed her
whole meight, placlng her beside himself on: the house. She
made herself limp, offering nelther resistance nor assis-
tance to his effort During all of this time, he had alsc
succeeded in Leoping the other female inszde the house. If
she so much.as stuck her head out, he would rush to the en--~
trance and snap at hcr or strike at her with his fcre feet
and then return immediately to the female that had:gugt come
into the caée. After élmo st an hour, he apparently tired
and vent into the house, nor would he come out agaln no mate
ter how much the visitor ran about outside. Not once did
she endeavor to enter the house, although it was just like
the;one that she had occupied for some time. They usually
use their 'houses as a refuge when T put my hand in the cage
to catch them, but she did not try to enter even then, Af-
ter removing her, I endea#ored to capture him, but he always
ran -straight to the house as soon as my hand was inside the

door of the cage.



, METHODS
1., Trapping.

The traps used in capiuring the animals were like
those first made by Burt ('27), aaﬁ illustrated in plate I.
" The top was cul from a medium sized tin can and this was
fastened to an ordinary mouse trap. A square of heavy hail
screen targe enough to cover the end of the can was then
fastgmed to the spring. When the trap is sprung, this wire

flies up and covers the open end of the can so that the

mouse is caught inside but not injured. Bits of cotton were

placed in each trap, part{ly to attract the mice, and partly
to provide a2 means for keeping them warm. . If they are per-
mitted to remain in on empty trap when thé Weather‘is cold,
they soon freseze to death. The bait was placed well back
in the can, in front of‘ﬁhe cotton. I tried several kinds
of bait; Miss Dunkelberger's mixture of peanut butter,
raising, and bacon; various kinds of grain; and finally a
mixture of oats, sunflower seeds and corn. I caught more
mice on the nights that I used the mixture of grains, but
this may have been due to other influences than the bait.
Most of the énimalsIWere’taken on dark nights, al-
theugh some were caught on mooﬁlight nights.‘.None were cap-

tured on stormy nights, but snow did not keep the mice from

12,

searching in the traps for food, Since I was interested in

collecting a series of embryos, much more trapping was done
than would have been necessary just for a study‘gf spermato~

genesis. I trapped through the months of October, November,
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_ February, and March. The following table gives & record of

mice caughlt each month.

Table I

Month | No. of] Males | Females | Total
o traps. .

Oct. | 57 6 3 9
Nov. 154 9 6 15
Feb. | 75 2 2 4
Mar, | 543 19 15 - 34
Total | 849 36 26 62

Traps were set in numbers ranging from & tb 40 per evening;.
the uswal number being 20 to 25. The above table represents
40 migﬁts trapping. The greatest number captured at one
time was seven.: Twenty traps were set and five males and

two females were caught. Two of the mice were in cne trap.
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2. Teéhnique. |

The followingstate@ent fr&m‘Baohhuber, although
made in 1916; is applicamé to stuaie's of this type today.
"pammalian Qpermatogenesis seems to offer greater difficul-
ties for stndy than any other forme Thils is due to the ime=
possibility of SGGuring,'bJ means Of ex’ ting regents and
methods, proper‘fixation. In neafly all preparations it
has been found that ghfématic structures have a tendency to
mass so that individual details are lost." He found this
true in his work withigge rabbit, rat, and guinea pig. I
also encountered many cells im various stages of SPGPmato;

genesis in which chramosomes were so massed that a count

was not possible. Tes tes from some twenty two ”crcnyscus
of differenﬁ'ages were taken for this paper. But through
various faults of technigue, espécially‘aﬁ first at.tempts,
only ten were prenarod wvell enou 1 to be of usee

- Painter ('22) recormended the modification of Bouins
as suggested by Allen ('16 & '19), and Flemnming's cold as
recomended by Héncev{'17),~as fixatives for mammalian chromo-
‘somes . Hormon and Root ('26) did not find Allenk modifica-
tion successful, and Masui ('23) obtained~unfavofable results
from Flemming's cold. My experience was that one was about
as good as the other. About half the'drawingsvin-this work
were made from tissues fixed in Flémming‘s and the other ‘
half made from thoée fixed in Allen's modification of Douin's.

This modification is made as follows: to one hundred

cubic centimeters of Bouin's, made up of seventy five parts
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of aqueous picric acid with fifiéen‘parts of formalin and ten
parts of glacial acetic acid, add one and one=half grams of
chromic acid and three grams of ureéa~ This solution was heat-
ed to thirty-eight degrees,éentigraée and tissues added. This
tenmperature was maintained from théto three hours to insure
penetfation, | ‘k

Flemming's strogg solutiﬁnjwas uade each time immed-
iately before using. To fif@eén‘parfs‘of chromic acid, one
per cent aquecus solution, ﬁere ad@ed: four parts of osmic
acid, 2 per cent agqueous solution; one pari glacial‘acetic‘
acid; and urezs This was’coaled Lo fifteen degrees centl-
grade and tissues kept_in it for twenty-four hours. After
fixing, tissues vere washed in running water twelve hours
and dehydrated gradually.

AlL animals‘wére kililed by decapitation and onc tes=-
tis removed immediately to,therfixing agents Lot more than
thirty seconds were rquired for the,operation. anté most of
the. time it took only ten SGconds¢ ’ipe tesiis was removed
and cut in g&if as it vas immérsed_iﬁ'a=ﬂmall vial three-.
Tourths fu;i of the fixative., By fapidiy'replacing the glass
cover an@vEEVing»the bottile a vigorous shake, the tubules are
forced out into the 1igquid in fueh less time than if they are
téased apart;vand penetration is better,

A1l tissucs used in this study were dehydrated and
cleared Ly the drop method. Powers had preﬁiousiy tried
this method as suggested by HcClung ('16); aﬁd in attenmpt-

ing to simplify the apparatus devised the following which

.
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proved most successful. A tark of cdmpressed alr as shown

ip Plate II (&) had a hollow tube (b) and hose (c¢) attached

to it in marmer illustrated. The glass pipette (d) at the

end of the hose was lmmersed in the liguid containing the

tissue. In this wey, 2 stream of air could be repgulated

through‘the 1iquiﬁ, keeping it theroughly mixed.l By using

the burette (e) having a straight stop cock (f), the drops

. could be timed and an accurate accaﬁnﬁ kept of ihe change

of fluids. A siphon (k) on the side of beakér (g) removed

excess of rluid into z waste jar (3) so that the concentra-

tion of the liquid which was being added rose constantly.
Vhen tissues had been cafried to seventy Tlve per

cent alcohol, part of euach vas stored in eighty per cent

alcohol and a small amount tied in a bag wade of lens paper,

with cach tissue numbered. In ﬁhis‘way, parts of several

testes may‘be bandled at the same times The scventy-Tive

per cent aleohol was replaced by a solution of half analine

and half seventy-five per cent alcohol. ™This was followed

in the same ranner by a solution half absolute alcohel and

Palf analine. Then pure analine was dropped in. This was

P@placed by oil of wintergr.en until alllaualine Was ree-

moved., After the tissue was in pure vintergreen oil it was |

run through afseriés of eight battles ceniaining graded amounts

of wintergreen oil and paraffin uptil it was in pure paraffin.

These botiles were warmed just encugh vo keep the paraffin

melted, and the tissues remained in each from five to eight

minutes. After this, it was embedded in pure paraf{in,

>
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Sections were cut from five to ten micra in thick-
ness; those about 7.5 were the best. Several stains were
tried, but Heidenheim's iron haematoxlyn.gave the best re=
sults. fhe triple stain of safranin, gentian violet, and
orange G, as used by Kingery ('17) did not bring out the
structures ol the chromosomes as clearly as the haematoxXlyne.
The same was true of Mallory's phcsphotungstic haematoxlyne

Smear preparations were also made. These were fixed
in Flemmingb gtrong at room temperature, and stained with

Heidenheim®s haematoxlyn.



18.

Discussion.
The present problem was undertaken with a view of
determining, if‘possible, the number of chromosomes in

Peromyscus leucopus noveboracensis, But such a problem could

not be completcd@ without involving the whole subject of sperm=
atogenesis. Therefore, the following discussion includes more

than chromosome numberss

A. Gener  5i 76 Germinal Cells.

Tbélstructure offPeromyscuéftespié is muchylike £hat 
describedeor other mammalian testes. There are very few
interstitiﬁl Cells, esyeeially‘in young testes; it differs
in this respéct from the pig as deseribed by VWodsedalek ('13).
The usual four types of célls,are present in adult tissue,.

"but in the teates of a mouse three Wéeksvold no mature spernm-
- atozoa and few spermatids were ?resent. In older tissues,
}some'ﬁubules seem to,have an abuhdancé of épermatogonia, prié
mary and secgndary spermatocytes, but few,spefmaﬁids or sperm-
atozoa. Other tubules are almost filled with the latter and
very few cells of earlier stages are present. Usually all
four types may be seen in one tubule. The spermatogonia are
near the peribhery of the tubule. They are different sizes
and show numerous mitotic figures. They divide and form pri-
mary spermatocytes. These later divide giving rise to secon-

dary spermatocytes. 1In Peromyscus,_this heterotypic division

is the true reduction division; the resulting cells contain-
. T .
ing the haploid number of chromosomes. Both primary and secon-
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dary spermatocytes vere abundant in almost all the tissuess
Tha reduction division is followed by homotypic division and
the secondary spermatocytes form spermatids. The latter are
found in clusters of five to eight, perhaps more, attached
to Sertoli cells. As they go through apermatid transformie
tion stages, these clusters come nearer the lumen of the
tubule, Finally they separste from the Sertolil cell com=
pletely and become mature spermatozoa with long tails extendw
ing into the open part of the tubule. In some cases, this
lumen was almost filled with mature sperm and cast off cyto=--

plasme

Be. Spermatogonia.

Spermatogonia lie along the wall of the'tubuie as‘a
rule, but sometimes they are crowdséd out of place and are
found farther inside the tubule. One and sometimes two nuc-
leoll are visible in the spermatogOnial resting stages. (Fig;
1) UWodsedaleK {'13) describes two such nucleoli in the sperm-
atogonia of-the‘pig, and traces them through developmental sta=-
ges until they become the X and Y chromosomes of the Spermato-k
cytes. Bachhuber ('16) also describes these nucleoli in the
germ cells of the rabbit and says, "they may be the X and ¥
chromosomes ," but he has not sufficient evidence to namefthemias
suche Jordan ('ll) can find no trace of them in spermatogonia
of the opossum. Hasul ('23) describes only one nucleoclus in this
stage, so he concludes that in the mouse, this is not the sex
chromosome because it "gradually disappears in the prophase.”

Allen ('18) finds no accessory chromosome in any of the sperme-
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atogonial divisions of the rat. Besides the nudieoli, there

are numerous chromatin granules scattered through the nuc-

leus of the spermatogonia of Peromyscus. At the close of

the resting stage, these collect along fine threads and form
va spireme of woolly appearance. This shortens and thickens
finally breaking up into chromosomes in the later prophase.
(Fig. 2 & 3). In tissue that has been well fixed and stained
these may be counted. Figures 2 to 11 and figure 24 show an
average count of thifty‘ Of these ten cells, 5 have 30, 1 A
nas 28, 1 has 29, 2 have 31, and 1 has 34 chromosomes. Fig-
urellz hasﬁzs chromosomes arranged in almost perfect pairs
but none have characteristiclsiie and shape of the X and Y
chromosomes Seen in figures 11 and 12, These are evidently
autosomes and the accessory chromosomes are missing from this
oné cell. This does not agree,with Painter's ('26) count for
.the house mouse. He finds 40 chromosomes in the spermato-
gonia and suggests that this may be a number common to all
rodents. According to his counts, all rodents should have
40 2. He discusses these differences in counts of germ cells
of the same animal and explains them mostiy on the basis of
poor technique. Wodsedalek ('13) finds 18 chromosomes as the
diploid number for thevpig, but Hance describes 40. The total
amount of chromatin in each case was about the same. Since I
~ found ftore cells showing 30, none having as many as. 40, and
somatic cells from ovary having 30 (Fig. 57), I feel justi;
fied in saying that the diploid number in Peromyscus is 30,

During spermatogonial metaphase, the chromosomes
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arrange themselves on ihe spindle. A polar view may be
counted, but,éide?views are more difficult. The differencesw
in numbers occuring in figures 5,6,7 & 8 may;be‘due tofthev~

| féctvthat;chrompscmesiwere;at‘different 1evels‘and it is pos-
‘sible ﬁb&édanﬁf£WO as one or, if they are bent, one may ap-
pear as two., The accessory chromosomes are usuallyZQiStinéig
guished bﬁ‘théir_éiée,:éhape,éﬁ§ a¢t1oﬁs; Most of thegtimé;;
theyiappéarjih the metaphase_és”may be:seen'bn figares:;olﬁ”{
and li;*;But if_theirfPoéitién is'such'that a true pélar.view
. of‘each is fevealed; they appear as‘in figure 12. The %= -
Cﬁromoscme is;larger'than Y énd:not so'round.;.Figubesklé and
15 are side views 6f a metaphase. A ccunt was not possible
because the chromosomes tend to form 2. mASS, or lie so close-
ly together that they cannot be distlnguished. Neither can
the accessory chromosomes be dlstinguished in th&s stage gg:g
cause they undergo mltotlc division the same as the auto—v_
somes. Each new cell receives both X and‘Y chromosomes. Fig-
ures 17 and 18 are side views of the anaphase._ A correct
count-cannot be made of ezther, but spindle fibers are evi-
dent in each,‘and the X and Y chrompsomes_may easily be dig;
‘tinguished at one pole in Figure 18. Figure 24 is one end
of a cell in late telophase showing 30 chromosomes. Immed-.
‘1atelv xollowing this stage, the cell completes its. division
and each daughter cell goes into a resting stage. Thus are
created the primary spermatocytes.

Ce Primary Spermatocytes.

Folldwing the brief resting stage, the cell grows in
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gize and the chromatin forms a loose spireme as sﬁowhrin
figure 19. The resting stage is held to be brief because
so few cells are scen in this condition. Ve know that the
spireme stage persists much longer because so many of them
are present. Gradually this;irregular spireme begins to
condense and collects at one pole of the cell,”forming syne-
ezesis. This is}ofteﬁ,called the boquet .stage. Figure 20
is an example of this feature. Duesbergﬂ(*CB) says that |
there is no synezesié in the rét. Allen ('18) in writing of
the same animal,; mentions a slight gaihering,of chromatin
threads at one pole of the cell. But he sajs’"no synezesis
nas been obscrved with any method of fixation." Jordan
(‘14) did not often find synezesis in the mouse buﬁ,Masui
(‘25) repdrts synezesis as;occuring'frequéntly in his mouse .
materials | | |

As these thfeadé form chromosomes, they pass almost
irmediately into the metaphase. The characteristic tetrads.
are fdrmed as in figures 25 to 35. ~Figures 25 and 31 show
cells having laﬁgeAtetraﬂs. As these divide, they are pre=-
ceded along the Spindle by the X and Y chromosomes as in’
figure 35. The ones near the poles .in figures 32 and 33
are likely,ﬁetréds instead .of accessory chromosomes,‘be-‘
cause they do not have the same size or shape as either the
X or the Y, TFigure 36 shows an early.anaphase with very
evident spindle fibers. A late anaphase is seen in figure
37, but all the chromosomes are not present on this Spindle.

Soon after this the cell divides and again the daughter cells
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present a briefiresting‘stagey

‘'D. Secondary Spermatocyteg.

4 The resting stagé of the seécondary sPefmatOGytes

&1@. z8 and 39) must be very brief because'frequently both
priﬁary and secondary spermatocytes ma& be seen dividingvin‘
the same field. .The large nucleolus is again . presents OSmal=
ler chrométin masses also exhibit their deep staining qualities.
Thgy,are‘very}dark and/remain4aboutlthe same.size,iﬁ:the eariy
prophase stage (fig;\40-41). - Since no $pireme Was«fpund_ina,'
any of the tissue for this Stage,vprobably none is formed.
Figures 42 to 46 exhibit dimorphism in the Seconaary spermato-
cytes, IHalf of them received the large X ¢hromosomé at re=-
duction division and the other half received the smaller Y.
Figure‘454has 16 cthmcsomés, one of which is the‘Xffrom~the?
pfimﬁry_spermatocyﬁé. The others regeived the larger X
chromosome, A count was ratgg?«difficultiin these stéges be-
cause the chromosqmeé were seen at different levels. Figure
42 was the easiest of all to count and there is no doubt aboﬁt
its containing 15‘chromo§omes., I judge‘thisfto'be the haplbid
nunber since 30 is the diﬁloid;

Few side views of metaphase were,found and in none
was 1t possible to find all the chromosomes spread apart so
that they could be counted.k»Figure 47 shows the spindle fib-
ers but all the chromosomes .are not present. F;gure 48 1s an
anaphase and figure 49.1is a.telophase.“No exact counts were
made of these stages. The sex chromosome cannot be distin-

gulshed because it acts in the same manner as the autosomes,:
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In telophase, they are always massed into a big lump of
chromatin.

L. Spermatids.

Pollowing this division, these chromatin maséed‘be-
come broken up intofirregularachromosomes;lbutxnofCOunt was .
possible. (Fige 50) But in most of the cells of this stage
the nebenkérn is prominent.~”The nebénkern is 2 cytopiasmic’
structure formed by the aggregation of mitochondria, or
chondricconts, and ultimately.drawn out to form the enve~
lope of the axial filamentriﬁ the flagellum". (Wilson '25)

No detailed study of spermatid transformation of Peromyscus

has been nade to date, but a few general observations were
madevin this study. The chromosomes break up completely

and for a shdrﬁ'while; chromatin granmiles may be observed

as in fig. 5l. The centrosome in this figure has divided. -
Part_of it remains in its present position, but the 1arger :
pert migrates around the nucleus of the cell to the opposite -
side. Here it Fforms the acrosome as shown in figures 52, 53,
& B4. These cells were still attached to the Sertoli cellc.
The nucleus during this time begins to elongate and the cyto-
plasm is drawn down into a tail filament. That which is not
used in the filament is sloughed off. For a long time the
spermatids may be‘0b3erved among these masses of cytoplasm,
with their tails streaming into the lumen of the tubule,

F, lature Spermatozoa.

The meture sperm-head stains dark slate blue and de=

colorization is very difficult. Figures 55 and 56 show the



general features of mature sperm of Peromyscuse. 'The head is

flat but becomes decidedly hooked with the darker staining
chromatin in the,hooksd regions Part of the centriole has
gone into the formation of the neck region. The middle piece
exhibits a granular spiral appearnce and with the flagellum

is very evident.
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- : Type of , ‘ B

Form . Chromo-" | sox chroJ Behavior of sex chroe| Author
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Homo sapiens g2s X0 lat.diveredic tion Guyer, 110

(Negro) ' ' o
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‘ o Patterson '10
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~ SUMMARY

1.v'The"uSualvfdur»types‘of cells are present in the tub-

ule° of Peromyscus testes. . .

286,

2. During spermatogonial . divisions the ' accessory chromo=- "« .

somea divide Just a8 the autosomes.

3. The dip]oia number of chromosomes is probably thirty.

4, The haploid ‘number 1s fifteen.

Be Sex chromcsomes are of the ZY type; the X chromosomes

being the larger.

Ge The hetérotypic @ivision is,reauctional and half £he
sec§ndary spermatocytes receive X chromosome and half
receive Y.

7. Second spermatocyte division is non-reductional.
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A1l drawin;s vere made with the aid of the éamera
lucida; using Spencer 1.5 mm. oil immersion objective on
a B. & L. microscope. A 20X compensating eye plece was
used for all the Pi;urss. All drawings have a magnifica-

tion of approximately 2,260 diameters.
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Fig.
Fig.
Fig.
Fig.
Figf
Pig.
Fig.

Explanation of Plates.

Plate 111,

1. Sperma@ogonium in resting stage showing nucleoclus
and chromatin messcs. Lacde from smear.

2 and 5.‘ Prophﬁse stages of spermatogonie, each shovw=-
'ing;so chronosomes.,

4, Late}prophase of spermatogonia showing 30 chromo-

gsories in almost pérfectly corresponGing pairs,

S5e Pro@hase of spermatmgcnia shoving 25 chI'croBoics.

6. Sane stagé &e fig. 5 with £9 chrcmosomnes,

7. Same except with 31 Cchroiosacuies,

8. Prophase having SQ,Chromosomes.

9, Same as flg. 8., showing &1 chroriosomes »

10, lietlaphase of spermatogqnia showing 30 bhromosomﬁs.
1l. and 12. Polar vieus of agctaphase suowing chromo=-
gsomes in pairs. The X and Y ave seen in the cen-
ter because they preccde the others to the poles.

All chromosomes are net »regent on these spindles,.






Fig.

Fig.

Fige.

Fig.

13.

14

16+

- Plate IV,

‘Polar view of spérmatogonial metaphase with 28
chromosoncs. The X and ¥ are missing. '
and ls.f Side views of metaphase. No oount.of
chromdsomés was possible, but spindle flberg are
p;ain in 14. PFige. 15 is an example of chromosomes
m;ssed tog&thero |

Side view of reduction division of primary sperm-
atocyte. Chromosomes X and ¥ are gseen preceding

the others on the spindie {ibers.

17 & 18, Side,view of late anaphase of spermatogonia.

19,

20,

.21,

22,

23,

24,

25

All chromosomes are not present, but X and ¥ are
evident in fig. 18.

Primary spermatocyte, prc synaptic or lcptotene
stage. |

Primary spermatocyteviu synezesis, boquel stage.
Primary spermatocyte, rost synaptic stage. Spircme
threads are thicker then in gynezesls and ﬁucleolus
is apgain visible.

Post synezesis shoving spireime breakleg up lato
CIPrOmOSOmES o

Prophase of primary sFerﬁatocyte showing odd shap-
ed chromosomes., |

One end of a late telophase in spermatogonia}show-
ing 30 chromocsomes. X and Y can not be definitely
distinguisled. |
% 26, Tetrads in primary spermatocytes. X and Y

vigible., (sce fig. 16).






Fige.

Fige.

Fig.

Fig.

| Fig.
Fig.
Fig.

Plate V,
27-28. Priméry spermatocytés showing tetrad formation.
F Fig. 28 drawn ;rom a smeare. ) |
29«30 Side view of primary spermatocyte metaphase.
31 ide 'view of chromosom@s divzdlng, one large

tetrad is visible.

.32-§5-o4-30. Reduction division of primary spermato-

cytés. In Fig. 35 the X and Y chromosomes are
: pfeceding all others to the poles.
56, Early anaphase of primary spermatocyte. Spindle
. -fibers show clearly.

37.  FEarly telophase of primary spermatocyte.

78939, Resting stage of secondary spermatocytes.

40-41. Early prophase of secondary spermatocytes. The
large nucleolus is still visible.






Plate VI.
Fig. 42, Polar view of sccondary npermatecjte shouing 15
chromosomes. This one received the large X chromo-
:lo}ul-P : - o
Fig. 43. late prophase of secondary Spevmatdoyte. i7"
t chromosomes appear, one of which has size anﬂ shape
characteristic of X,

Figs 44. Same stage as Fig 43-<but 16’ chromosomes are pres- .
L cnt, one of which 1s X. :

Fig.‘ésq This secondary spcrmatocyte Peceived the'Y chromo= ,
- some, 16 are present 1n this. cella : o

Fig. 46, Another cell showing 16 chromosomea one of thch is
Xe (Drawn from a smear.) ,

Figs 47 ketaphase of . secondary spermatocyte.
Fig. 48. Anaphase of secondary spermatocyta. ,
Fig. 49. Telophase, no count is possible in this stage.

" Fig. 50. Early spermatids with irregular and broken chromo-
somes. HNebenkern is visible. (From smear).

Fig. 51, ¢permatids aiowing division of centrosome.

Fige. 52, Spermatid showing beginning of the axial filament
: and acrosomes.

Fige 53, Side view of about the same stage as Fig. 52,

Fige b4, Dcveloning spermatozoan showing formation of axial
envelope.

Fige 55¢ A sparmatozoan'almost fully developed. Middle o
.+ . piece has beadad.apﬁearance. Sloughed off protoplasm
vigible. |

Fig. 58. S5ide view of mature spevmatozoan., Showing head,
middle plece and tulil,.

Fig. B7. Somatic cell from Peromyscus ovary showing 30
Chromosomes.,
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