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PREFACE,

It is only recently that the mammalian egg has been used as
gn experimental material, Pincus and his collaborators laid the
foundation of much of the mociern work; later experimenters have
been Beatty, Chang, Fischberg, HBggqviat & Bane, Thibault, among
others, The principal object of the following thesis has been
to study the development of haploid and heteroploid miammalian eggs.
The stimulus for experiment was given primarily by the work of
Beatty and of Fischberg, The rationale for experimmﬁ comes
largely froW the study of haploid and heteroploid amphibian ‘

- development by'Dalcq, Fankhauser, the Hertwigs, ete,, and from the
‘effeets of colchicine on mammalian davelopmt reported by Pijn‘gz;s
& Waddiﬁgtot{ and by H&gggvia;c, & Bane, The t_‘élloy;l.ng experiments
extend the reaﬁlts ‘of‘ many .,previ.o‘us workers; vf‘ut.u’_x"_,e d}evaloémenta

may be of application to animal breeding and genetiecs,
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natural meting, In assessing the effecté of these agents on the
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CHAPTER I

NATURAL MATING, ARTIFICIAL = INSEMINATION, AND
PRE-IMPLANTATION DEVELOPMENT IN THE HOUSE,

In experiments described in subsequent chapters of this
thesis, sperm and eggs qf the mouge Mug masculus are treated by
various agents, Some of these agents are ad&ed directly to tﬁe
spermatozoa in vitro, and the mixture artificiﬁlly inseminated
into oestrous females, Other agents are injected into the

uterus of oestrous females which are then paired with a male for

gametes and on embryonie deve;opment, a'comparison with control
normal mating and development is necéss&ry, The purpose of this
¢hapter is to glve the results obtained under normal coﬂditioas.
Three controlé are needed; For ezperiments imvolving
injections into the uterus prior to natural mating, thé necessary
contfol‘willibe natural mating itself, For those a&periméntsvin
which spera is artif&eially ingeminated after treatment in vitro,
the neeessary control will be the artificial inseminatioa of
untreated sperm, The experimental 1njections into the uterus
were of solutions of various chemicals in O,75% godium chloride
soiutioni | The injectioﬁ of the séme-volume of 0,75% saline,
1,0, 0.1 ml., dnto each uterine horm, followsd by natural mating,
will be the third control, Details of thg'third'control will
not be given in this chapter, instead they will pe given with

their related experimental details,
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! Certain terms which arevpsed throughout the thesis must be

|defined, An ovum is ovulated at oestrous, After fertilisation,
'the'ovum»com@enpeg.cleavagg‘gnq is then an embryo, After the
first cleavage, the embryo is & group of cells, the morula; and
at 3% days gestation the morula commences to differcntiate into
a b&astocys%.v . The early.biasbocyst is atill approximately the
same -size as an ovumj the term 'egg'! ie used to cover a;i:s§§ées
of growth from the ovulated ovum to the early blastocyst, Eggs
can therefore be fertillised or unfertilised ova,;morulag,_af
biastocysts. a blasfoqyst is ﬁsnaliy eonsi&egad fo possess 16
cells or more, ‘ - '

| l?he followiqg analysis thersfore deseribes the aorQAL )
dev'elbpment of the mov;lse- egg and_ihe‘fgrt.ﬂity,of the inaeminated
females after naturalﬁﬁatingg:or after the agtifiéial insemination|
of untreated spérm;v For ease oflpresentatipp_the,analyaig hgs.‘l
been divided iﬁtoﬁthree‘maﬁér parts, Pirst, the femglgs“ang
énalysed for their fertility, The numbers of eggs per female,
an&;thaupercen£age of‘thé eggs which are embryos, are calewlated |
from results obtained at 3} daye gestation, . Secondly, the 3%
dﬁyuembryoszare analysed in three waysj their morphological
stage of development aé Judged by examination alivglﬂaﬁd thelir "‘
number of nuclei end chromosome complement ag observed in equash
preparations, Thirdlyy cytological .obs:emtiQnS--ﬁ?¢ made on ‘,
1ive and gectioned material of the stages of fertilisatiom,
pronuclens development, and the first eleavége, and of the

degeneration of unfertilised epggs, Before giving the results,

the techniques of artificial ingemination, egg recovery and
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lsquashing at 3% days gestation, and the examination alive or the
sectioning of egge at fertilisation or the first cleavage will be
degcribed,

A‘Ai 1ae ti ofthemous
o :

[

The ar'bificml insemﬂ.natien technique ms based on the work
lof” Long ana Klark (1911), Herton (1939) and Snell, Humel and
:Abelmaxm (1941.). |
| eestrous femalea were seleoted by the vaginal smear techniquef
using the pipette method (snen, 1941). ‘t'ihen ‘the oestroua smear
contained a bigh groport.ion of exsithelmi colls, leakage from the
cervix was leas'b, and the probabil).ty of mating was greatest
When paired oVemight wi.th a male, about 0% of 'bhe selected
fema.lee mated, as 3udged by the preaence ox a vaginal plug. |

f Spem wefa st.ri}pped fr;m the excised vasa deferentia oi;
rmature males by gentle massage wi‘bh forceps. They emergeﬁ ag a l
white r&bbon into the 0 '75% sodium chlorme ;01utinn used as
diluent. ' This diluent (Long and Mark 1911) gave better fertility
t.han others tested‘ Bemg a simple saline, it was 1ess 1ikely
than complex &ments to interact chemically futh 'bhe varmus
agents ac!ded to treat the spem. It 18 slightly hypotonic for
mammalian tissues, but this had the aﬁvantage of compensating for
the evaporation attendant on some- treatments.
o ﬁoat of the spermatozoa .‘m the spem z-ibbon eauid be
dislx.wérsed into the di.luent by gentle s‘birring. ﬁsually, the épern
suspeusion Was inseminated at once into oestrmzs females.. | Biﬂg

gone of t-he experimental procedures demanded treatment of the spers

for up to an hour before ingemination could be performed, In
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controls for this type of experiment, imsemination of untreated

cperm was delayed for the same perilod,

i

and the tail raised, Anaesthetic was not required, A
!
speculun was inserted into the vagina, and the cervix illuminated

Females to be inseminated were held in a pad of cotton wool,

\%zith a head mirror, The sperm suspension wes held 4in s hypodermic
!yring’e bearing a blunted needlej the needle point was inserted
hrough the cervical opening first into the left and then into the

|

into each horn, After lnsemination, females were paired with

ight horn of the uterus, 0,1 ml, of suspension was injected

asectonized males for mating, The equipment was simllar to that
escribed by Snell, Hummel and Abelmann (1944).
A vaginal plug may not be hecessary for fertilisation;

erton { 1933') indicated that fertiliﬁgﬁon ocourred in mlmated
females, But, as many of the ax,;nérf,msntal ‘resulta were obtained

t 3% days gestation or latery; the sexual ¢yele induced by
mating was necessary for embryomi¢ development,
For vasectomy, the scrotal sacs were drawn through small
jncisions lateral to the area between the péuia and the amus, The

scrotal sac was opened, and the ves deferens gentiy exposged,

ligatured, and sectioned about 1 cm, from the cauda, The orgass

Iere replaced, and the body wall sewn, From two weeks after the

|

test their capacity for mating without inducing pregmancy, Al}

peration until their death, the males were paired with females to

the males gave a vaginal plugs; no litters were ever observed,
Inseminations were carried out about two hours after dark,
touus females were checked for the presence of a mgm plug twq
urs after injection} all of them were tested om the following
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morning, - Only femalesg with a vaginal plug were examined for
'embrygs, In the first series of inseminations, each guspension
contained the sperm of a single male in approximately 0,5 ml,
galine, It soon became evident, however, that larger samples
were required for the experimentel work, The sperm of several
males was therefore mixed in one suspemsion of 1,25 ml,, sperm
being added until the density was comsidered satisfactory,
Usually, the number of males contributing to one sample was
between four and seven, The sperm was examined under the

microagcope for density end activity before and after the .

inseminations,

At 3% days deﬁelopment;, the embryos are free in the uterine
lumen, After removal of the entire aterus from the female, the
enbryos éere washed from‘ the lumen by a .gentlé current of Pannet
COmpto'n saline, ‘ AY this age, ‘the great majority of the
unfertilised eggs ¢an also be 4coliected from the uterus, The
embryos were examined morphologically for their stage of
differentiation, then fixed in sceto~carmine for three hours, ’_
They .were made iato squésh preparations ax,;d stailned with basic
fuchsin according to the method of Beatty and Pischberg (1951),

The number of muclei and chromosomes were counted in the
squashed embryos, .Ghro&osomie' counts were made .u,ndar oil imrzersion
lenses (= 1140), A second opinion (R, A, Beatiy) was taken on
every non-diploid ni.ﬁo.ais seen,i and it was included only if both
opinions agreed, Counts were made with an epproximate error
of 5%, less accurate estizmatos being only provisiomal, This
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|
g mothod of clagsification. probably gave a lower valwe to the

i pumber of heteroploid embryos than actually occurred,

Live examinat.ion of the egga vag z;tade; with tﬁe pmée—eﬁnﬁa.at“
mleroscope according to the method of Austin and 8miles (1914.8)
They were ob‘bained by rmncturing the fallopian mba Sn 0, 85%
Baline. After transfer to a slide, a cover-alip with vaselined
edges was inVerted over them. Geutle preesure on the cover sltp
slightl.y compressed the egge and iuproved obsemtion. Only egga‘
fyrom femalea ki.lled 15 honrs after mating were examinadl by thia |
mbthod, " e

‘I’ha whole fauopian tube of the uouse 13 of a convenlenﬁ
aize t.o handle i‘or fixing, seeticning, and sta:l.ning procedures,
Fama.les Were killed bet%en two and forty-wo houra after mating;
dependi.ng on t‘qe z'equ!tred stage of developmen‘b nf their eggs,; and
~bcth fallopian tubea sere removed g Q The tubea were f’ﬁ.xed
4ovem:l.ght in Bou:in, dehydrated m 79% aleohol for several houra |
and in 95% alcohol fo:;' e;ae hour, and clea.red :ln terpiaeol, b‘r*ax, |

M.P, sz. 4 was used for embedding. | Seetions of the whole ‘tubs
were- cut. at 10 }L. stained by Dela.f’leld*s haeﬂatoxylin, and mouatedj
in balsam, The eggs could be clearly seen iu the lumen of the
fallopian mbe Orientation of the egg vas not possible by this
| method, |

"i‘he vli.ve .e-ggs ﬁeré' eizntamlne.d. for the g;résenée ofl aﬁéence ioAf A&
8perxa~tau, and for their prenuclear eon‘tent Sectioned egga ,

were, examined for the fa.f.e of the second meiotic aﬁindle, tbe
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| sperm~head, the pronuclei, and for the morphology of the blastomere
nuclei in the two~celled stage,

RESULTS,
Analysis of the fertility of the females and of embryonie
development was made at 3f days gestation, Details of the results

after ar’c,ificialst_nswinatian and after natural mating ars given

in Table 1

47 femalea vere: artificially insemiaated, 33 or 70.2% of
‘these possessed embryos at 3% days gesbation. Of 33. females |
natm‘ally mated, 2’7 or 87‘1% had embryos. Fischberg and Beatty
(1952) . emined 99 famales 3 days after natu.ral maungs 83 or 83',3"’,5 ‘
of these had emhryos. . 4
The fean nnmber of eggs (fertuised and xmfertiliaed) per
female was analysed :i.n two ways: ovar all i’emales, aad within
females wit.h at laaat one emm*yo. After artiﬂ.cial :lnsemmatian;
both values were 8,4 per female, af’cer natural mating the value
was 8, 8 over all females, and 9,0 within femalea wi‘ch embryoe.
The similarity of the tlro figares euggested that. the degeneratioa
and loss of unfartllised eggs wag not exeessive | The percen‘oage
of the total number of eggs which were exnbryos was therefore used
as one of the estimates of fertility; - bat dde to the degetieration
of some unfertiﬁseé>;§gg5 the ‘percentage will be aomewha_t over-:.
estimated,  After artificial iﬁae;i;i%gation; 46,28, and after
aétu_‘ral mating 77,7 of the totel eggs were ea‘ibrycﬁ. . Analyeds
within fegnaiea_‘ﬂth embryos gave 65,5% after artifiolal
{insemination aad 87..6% after natural mating,
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Beven artificially inseminated females verc allowed to go to

:full term, Five had litters, the mean litter sise being 6,0,

The sex ratio was 19 females to 11 males,

'
!
|
i
!
!
]
|
t
I
!

Enbryoe were examined alive for their atage of differsntiation-;
and as. squashes for their number of nnclei and chramosame
gomplement,. - At 3& days, the embryos are difi‘erentiating from
advanced morulae S.nto blastocysts. ‘}!he percentage of ’bhe total
embryos which were blastocysta was 51 8% a.fter artificial
MSemination. and 63.2% after natm'al mati.ng.

The fean mmber of nuclei per. embryo was 41.2 +* 15* '7 af'tar
artificial msamination, and: 4046 % -t 13 6 after namral mting,
| The raage m ‘the former was betﬁfeen 1 and 80, anﬂ between 12 a.nd :

'72 in the lattex', Eost of the embryes posseased hetwean m e.nd
- €0 rmelei (F‘ig, 8). ;t. ¢ they were in or nesr their si.xth cleavage.
.Increaae in the nuaber of mxclei is geometric (4, 4. 8, 16, etc{,)
| land &s the product. of auccaasive cleavagee, The tiae interval
between cleavages declines Blightly w:lth snccessive eleavagee,
the following tab}.e is mdified from Beatty (unpublished} who
eambined the results of aeveral Workerat- SRR

Ts.me in hours Mean ti.m in hours ‘ D’ﬁ’férenca

Event after. mat;ng “after mating ::‘bet&eén ‘meang
Sperm entry - - 7% | " 17 .
sty cleavags 2B - AuF o
R R 5 "

‘Qrcllg clqavégev e 80 o D 5@ : 10 -
4thy cleavage - 60"6" o AR B
Sth, cleavage .60 s - 3*
6th :élé;ﬁva.ge‘ . p80° <80 =¥

Whl.u Lt & rmartrn? o rirvrnenanes e 2am 2403 angs o0 b £ dren e
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Increase .in the cleavage number will therefore be approximately

L arithmetical, ~Conversion of the number of nuclei to the cleavage

number is obtained from the formula
vhere x 18 the nutiber of cleavages, and

log 2 H 48 the mimber of nucled.
After both artificial insemination and natural matifnp, the dleavag
| number of the enbryos vas 5,4 The respsctive ranges were botween| -
3.4 and 6,3, ‘a‘:sa betweehr 3,6 and 6,2,
_ The diploid chromsome mber of §g§ M is O (llat.they,
1949), - The mafority of the squaghed embryos either had no
| mitoses or their chromosomes could not be counted with aceuracy,
After artificial insemination, 56 embryos were certainly diploid,
| 25 could not be definitely clasaified but were probably diploid, |
| and two. were triploid, 'In other experiﬁebta‘uhiak‘&rﬁﬂiéiaif |
MBemiaation,ls enbryos were azplem{;: these have ot been
included in Tablé 1, "After maturel mating, 54 oggs were diplold
_'(Fig, 9), 15 probably diploid, and one vas tetraploid FiSchb‘erg
and Beatty (1952) obtained 222 diploids and one triploid in thedr

natured, asting contrels,

" Pertilised oggs came mostly from naturel matingag unfertil-
iged éégé were obtained by mating females to ﬁasect‘o;aised'vhalea,-,
Pemales were killed between 2 and 42 hours after mating for the
atudy; norml devél'.épﬁent- will be deé&ibed' firsti..tiie
degeneration of unfertiliced eggs second,

' gix females were E¥lled betwsen 2 and 5 hours after natural
| mating; one of thes had not ovulated 3 hours after mating, Two




' these had been art.ificially imsemine.ted, ‘the other two being

, had not ovulated, the ot.her posseased eggs a.ll oi' whi«:;h were
» other three were msual. ‘i‘he latter resembled the i‘erti,lisad
_ inetead of extrmiing a sma.u wcond polar body,, the eggs had

. d.ivided 3.nto two eqml halves and resembled t&'o-ceued eggs.

-One half of the egg posseesed two normal promxclez aml waa

the second melosis (Pigs, 3 and 4), The gecond female had three

- pronneleus vas male or fema.le.

prommlei each, five wi.th awelling s;serm-heada m t.he v&tellus;

and six others \myanetrated After natural matiag; one female

pranncl;eat.e; Seven oi‘ these egga had two nomal pmmc&eﬁ, the

'presumably the fertilised half of the egg, 'bhe ot.her ha.lf had
-only one pmnucleus and wag presumably the second polar bedy

. (Fig_g 6)3; 'fhe female which gave theae eggs wag an inbred A-,-

”11.

were killed 2 hours after mating, One of them had eight eggs;

each was pehetrated by sperm anéd was at ansphage or telophase of

eggs ont' of 15 1‘)enetm’(.’evd,r others liav:lng sp'ém, in "t;he perivitelline
space, 'I’he three othor females were killed betweenr 4% and §
hours after mating, and all possessed pronucleate eggs. 26 of
the eggs had two normial pronucled and first and second polar .
quies*‘(lsv’ig.; 5)4 one e'gg had éﬁly one pronucleus and .2 normal

second polar body, - I could not be decided whether the single
Feur femlee were killed six hours af‘ber ma*bing.- . Pwo of

natural matings. After artificial :l.naemiaation, one-. female had

no eggs penetrated by sperm; the ot.her had £1Ve egge with two

'ﬁ.mmediate cleavage' eges desoribed by Braden and Aust.in (1‘954);

strain animaly
Three females, one artifieially &nseminated, the othera
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normally mated, were killed 12 hours after matings The

artificially inseminated female possessed no penetrated eggs,
One female had one reeeg#ly,penet?gtea egg and geveral unhpenetrate
The third female had two pronucleate egge and two with a sperm~
head:sinkingAinto the vitellus, Penetration of the sgge by sperm
could Be_therefo:g delayed for twelve hours efter mat;gg,_i 0f the
13 sperm heads seen pepetrating into the vitellnajtlzlweré
entering sideways (Fig, 3) end the other was probably entering
head-£irst, o

Two: females killed 18 hours after mating (one artificially
inseminated, the other naturally mated) gave 12 promucleate sggs,
Two fEmales, one killed 20 hours, the other 2A houre. after normal
mating, vielded six and nine eggs respectively, Tha farmer L
fenmale péésééééa Bﬁé.egg-iﬁ thé iwéecélieé'sﬁagei»another:qne £n :
gyngamy,; and four others ﬁitﬁ two prcnuolei each, xh@f;attér_

femals had ﬁiﬁe aggs with tWO pronuciez«and two egge undergoing

-eyngamy, These mice illustrate the variation between eggs in

tha time cf the first cleavage.‘

Two nice were. killed 36. hours after narmal mating, Between

-them, they yielded 23 twc—celle& eggs.

‘To summariae, of the eggs seen in the pronuclear stagesy 65

had two pronaule;;Aone had a single pronucleus; end three were

Pimmediate cleavage” eggs, Immediate cleavage tay have. been. due

to the inbred mother; these eggs might have developed as normal

_diﬁloids‘dgspite the loss of a large second polar body, AlL of
"the 24 two»celled eggs obaerved-were normal; ne sub-nuclei,were:

| seen 4n the&r blastomeres (Fig, 7).

Unfertilised eggs were studied by killing females between 6

[
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and 42 Hours after mating with a vasectomised male, Altogether,
70 eggs were examined, - In every case, the chromosomes were
etill together in a metaphage-like group on ‘the spi;z_iﬁié; Soén
after mating; ‘the spindle and the cmmsaﬁes ﬁere’éieat' and
distinct and were Xocated at the periphery of the egg (Pig, 1),
The first polar body-often contained a -met;pha‘se (Fig, 1)4
Between 36 and 42 ‘hours ‘after mating; degenerative changes began
| to appear in the spindle andthe ‘chromosomes} -the formér getiing
nore ﬂl-‘-defined and indistincty ﬁhé Iattez‘"' 1o"si.ng‘ their cutlide
e.nd mergiag together or :nov‘l.ng slightly along the spindla (Fig, 2) ;
'The unf'ertil’lsed egg of the souge thersefore retains 1’t.s
organisation for at least 42 hours after matmg. and probably for
langer perieds (Cbarltong 1917), o
Seven femles were kmed 3% days at’ter m&ting to 4 vaseem
iaed male; Their mi‘ertiueed eggs often give &he eppearasice of
p‘ossess&ng‘ cela—l;~l:&.l;e- incluaicma, ‘ -ﬁoat'of the‘unfertil;,vs.ed, eggs, |
d.tsintegrated rapidly when fixed 1a &cato—carmineg “Fo o

ohromosomes or nnclei ‘were eeax; in squashes of the remining eggs. '

 pIscuss

The primary ob;ect of thie chapter e to inveetigata the
fert.inty of nafm-ally ue.ted or artificlally &uaeminated females, |
the devalopmem of their embryoa st 3% days gestation; dnd the
early even'bs of fertﬁ.lisation and cleavage for compariaon wit.h
the experimental resu}.ts given later‘ o o '

Aa m&ght be exgected, the fertility of fema.les af‘aex- _' ,
artificial msemination was lower than a.i‘ter natural mating.
one reepeet, however, the artificial msemmation technique bs,d a
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'unique advantage over mormal mating; tbis was dus to the mixing
:of the sperm -of several males in a single sperm suspension for
lel.r\‘d.fi.ci.al insemination, Infertility in the females due to
factors in the male should be reduced in such mixtures, Further,
‘the gperm of & particular male may fertilise proportionately more
eggs than expected from its relative demsity in the mixed
mpeﬁsion, An investigation to test this possibility will be
reported later (p, 18 ), |

‘The primery comparison between ertificial insemination and
natural mating is in the percentage of the total number of eggs
which were embryos at 35 days gestation, | After artificial
insemination, 46,3% were embryos, after normal mating T, .
From these figures, artificial insemination was 59,5% as efficient
as normal mating; this decreased efficlency was traceable partly
to 'a lower percentage of females possessing embryos,; and partly
to these females having a lower mean- number of embryos than after
natural mating, The mean mumber of young borm after artificial
|insemination; at 6,0 ; was near to the mean number of embryos
per female at 3% days gestation (vis, 5,5), - The mean number of
offspring per female was slightly lower than that reported by
Snell, Humnel and Abelmana (1944), but the number of femalea with
embryes at 3& daya gestation, or with offspring at term, was
slightly higher than reported by these workers, Snell,, Hummel
and Abelmann showed that artificial insemination was more
| .sﬁ,ccessm if mating with the vagectomisged male occurred soon
after injection than if it was delayed; the present results
included both early and late matings, éhe slight inereasé in
fertility in the present work may have been dus Yo the mixture of
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spern of different msles in the seme sugpension,

The stage of development of the embryos produced by aaturai
mating and by artificial insemination was thé.same at 3% days
gestation,; i.e, a mean of 5,4 cleavages, All the classifiable
embryos were diploid except for two triploids found after.
artificial insemination, and ome tetraploid after natural matingi
The triploids may be due to the technique; btut, if so; the low
numbers found showed that the effect was only slight, The number
of heteroploids found in this work were slightly higher than, but
did not differ sigpiﬁ'caqt.ly from, the numbers found by Fiachbe:g
and Beatty (1952},

The mumbers of mice examined during the stages of sperm
wetratmm pronucleus formation, and first cleavage of the eggs
were not large, BSowe interesting results emerge however; The
fennles. killed two hourej;a,;ft,er mating had many of thelr eggs
slready penetrated by sperm; Thess females were paired with
males just before darkness and mating occurred immedistely, The
‘ feﬁalea could have been in a delayed oestrous from the previous
evening 'or they could have ovulated early.on the eveming that
they mated, Rec¢ent work by Bradem (personal commmication)
suggests the latter; though ovulation usually occurs between five.
and six hours after darkness {Snedl et al,, 1940; Snell, Hummel
and Abelmann, 1944; Bradem and Austin; 1954); .A siailar
arguﬁent applies to the femsles killsd wp to six hours aftey
mating; all of which possessed promucleate egga,

- The time of sperm ehtry into the eggs also showed considerabls
variation, In the two females with penetrated eggs two hours

after mating, and in the mice pogsessing pronucleate egss four
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hours after mating, penctration must have ocourred very soon
after mating, In contrast, hoﬁevene, two females kKilled 12 hours
| after mating also possessed eggs which had tut recently been
penetrated, . The variation in time of penatmtiqp af‘!;er.mat_ing
48 obviously fairly large} these results are similar to those of
.|Braden aad Austin (1954) who discussed the time of ovalation,
: ,;ztavtuzf;atiun .of the ovulatéd. -eg‘g,,v and gperm peastration in the
mouse, Evidence from the single female with pensirated eggs
six hours after artificial insemiration suggested that ro.delay
~ °°mred in sperm entry due to the technique; but much more
| evidence is peeded to confirp this, , -

. The ;ﬁg;.ority of the pronucleate eggs contained two pronucles,;
The two, kinds of spontancoys simornality which were seen have
| been previcusly describeds fertilised ‘immediate cleavage' egas

by Braden and Austin (1954);. though: their observations came from

. | heat=trested egge; end the presence of & single pronucleus in &.

| fertdlived egg; reported by Austin and Braden (1954)s. - The times
. | of syngamy and the first cleavage in the eggs of two females
killed. 20 and 24 hours after mating wers in generaly similar to
those reported by Lewxé and Wright (1935) and Gresson (1941),
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' Embryonic development of the mouse, Mus musculus, after
" artificisl insemination or after matural matiug was ‘c'dmpared

'at 3% days gestation, The mean number of cleavagas of the

o Two triploid embryos out of 73 ‘clagsified eere £ound after
‘artificial insemination, one tetrapleid out ef 70 a.fter
' na.tural matinge Judged by the percentage ef the eggs which

. as natural mating.
| Spem penet'ration and pronu'cleua formation in thé eggs was
' probabl:i undela.yed by e.rtifieial msemina.tion, Spem
‘Lpenetration can occur between legs than two hmzra and up to

| 12" houra a.fter natural mating. syngany begzm at approximatela

.Four eggs with abnormal pranuelear content are described
‘The mean Iu.tter sise after artifﬁ.cial insemination wag 6 0

embryos produced by eithar type of aeminatian was mentical

were fertmaed, arbif‘icial inaeminatlon ma 59.5% as ei‘fieien'l

1

2 houra af‘ber mating.

o




Artificial insemimation has been carried out in the mouss
using mixtures of sperm from a numher'of'iabred lines each
containing a suitable genetic marker, The lines are REB
(containing the dominant hair structure geﬁa rex, ReRe}, é (coat
colour and patt;rn‘tan, a‘at); and G (coat colour agoutd, AA);
all possible combinations of these genea‘é&e-pheﬁotypieally
distinet in the offspring, The firet t@o lines are derived from
inbred lines A and CBA respectively, Sperm is obtained from the
vas dsferens of killed males and the density of each sample
estimated by haemocytometer counts, . Sperm mixtnres-we§e m;de
with equal numbers of sy;rmatoéoé from ea‘chldaaor;ﬁ the donor
| 'males for each nixture were of apprézimaﬁeiy4the same age, Four
types of ﬁpem‘ mixture were ma‘de.,‘v namely; & triple mizture of all
three tgpes‘and three double mixtures containing %helthrea
possible pairs of the types, These mixtures were used for
inseminating cestrous females of the same three lines, Since
fertility was rather low in the inbred lines, the same sperm
mixtures‘have also been used on oﬁher feﬁales taken from highly .
fertile non~inbred gtrains, These are referred to as X in the
tables, which give the results obtained up to the present time,

Certain facts a:e,néteWGfthy in these reaﬁltag First, the
| mixture §f REB and Cgﬂ sﬁer&~produced a significant excess of
eggs‘fertilized by CgH sperm, This 1s not d@e o the death and
reporption of the homoszygous REB Bﬂimala;‘because the samé

result occurs where CgH are the homozygotes, and alse in the mon~




inbred females, The result has been rather consistent throughout
the series of nine guch sperm mixtures Exhich have been employed |
(Table 3), Secenéiy. in the other two double sperm mixtures therL
is less evidence of unequal efficiency of; or interaction between,
sperm types; though the mixzture CgH ‘and Gy and the small series
from the triple mixture, agein suggest that C4Hl is alightly more
effective, From the triple mizture ome tri-paternal litter has
been produced, an REB female having given birth te a litter of
fivey three derived from the C3H sperm and one each from G and
REB sperm,

These results clearly show that in sperm mixtures the chance
of fertilization by a particular type may not be the same for all
components of the mixture, At the preSent. stage in the work,
several different Mtérpreﬁationa of this fact are possible, It
may be that the CgH spern is alvays more efficient than that of
the other two lines involved, I3 may be;,‘ however, that the 03&
sperm exerts a specifically d epressant effect on REB gpers, The
experiment is so designed that it should be possille to decide
between these two possibilities as more numbers accimulate, One
should, further, be able to discover whether there is any
tendency for a reaction of .ome sperm type either with one
particular egg type, or with a particular uterine enviromment; a
poss;mity which should be borame in mtnd, though there is as yet
little sign of it,
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3.

The negative of Fig, 8 was rotouched around. the periphery of the
embryo, Figs, 1-~7 inclusive are taken from .sectioned eggs,
Pigs, & and 9 from squashed 3% day old embryos,

The metaphase of an unfertilised egg taken frodm a mother

The metaphase of the second maturation division of an
wmfertilised mouse egg, The mother waz killed six hours
after mating to a Vasectomised male, Hote also the metaphase
in the first polar bhody, =x 1000, ‘ :

kilied 42 hours after mating to a vasoetomised male, The
spindle has degencrated, and the dyads are tending to fuse
together or show glight scatter along the spindle, = 1000,

Sperm entry into the vitellus; the épermahead ig entering
sideways, =x 1000, )







4, Anaphase of the pecond maturatiom division, =x 1000,

0

5. Pronuclei in the mouse egg, The first and second polar bodies
are also shown, the first polar body containing chremosomes.
%1000, _ .

6, A fertilised "immediats cleavage® egg, The single pronucleug
lies in the second polar body half of the eggj the other half
possesses two pronuclei in other seetions, Ths ¢two halves

were almopt identical in size, ‘The first polar body can alse
be geen 4n the topy right hand portion of the egg, x 1000,







s

8,

%

A two~celled mouse egg, X 1_006,_

Squash preparation of a 3% day old diploid blastocyst taken
from an artificiauyﬁinseminated u;othar, This embryn
possesses many mitoses. x 350 '

‘Diploid mitosis in & 3% day old embrye taken from a naturally:
mated mother; The forty chromosomes can be eounted accurate]

% 2000,

1Y
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CHAPTER II

COLCHICINE--INDUCED HETEROPLOIDY IN THE MOUSE; WUS MUSCULUS, !
1, THE INDUCTION OF TRIPLOIDY BY TREATMENT? OF THE GAMRTES,

Colchicine is the classical polyploidogenic agent in plants,
Since its original use by Blakeslee (1937); the number of plant
gpecies in which polyploidy has been induced has steadily increased
In animals, however, colchicine has so far found remarkably little
use, and the success variously reported had often been eguivocal,
~ In the mammals, Pincus and Weddington (1939) originated the
application of the chemical by culturing i‘ertiliséd rabbit eggs in
s dilute colchicine solutione; they observed cne-celled tetraploid
eggs aft»e;' the treatment, Chang (1944) added colchicine to
rabbit sperm suspensions and artificially inseminated the mixture,
Hliggqvist and Bane (1950 a & by 1951) repeated Chang!s experiment
in the rabbit and extended it to the pig, If the fertilising
' 'sperm carries colchicine to the 8ite of fertilisation, the
chemical may affect the spindle of the second maturation division
of the egg, - Interference with the spindle mechanism way cauge
the retention of all the maternal chromosomes inm the egg at
fertilisation; the resultant embryos may ‘then develop as triploids
with -twé mt,erm and one paternal set of chromosomes, Chang
“lobtained some abnormal young after the treatmeiah;., but did not
examine them chromosomally, HRggqvist and Bane claimed that two
iof thelr rabbit offspring were triploid and that oné of the pig
offspring was hotevoploid, Melander (1950, 1951) examined the

¢hromosomep of one of the rabbits and the pig, and congidersd them




both to have been triploids, But the work of Haggqviét and Bane
and of Melander has been severely criticised (for example Beatty
lEati FPischberg, 1950}, and attempts to repeat their results in
the rabbit and cow have not succeeded. {Beatty and Rowson,; 1954),

?wo other methods of treating mammalian gametes with

golchicine are reported, Austin end Braden (1954) injected -
Lolchicine into ‘bhé peritoneum of rat fexinﬁle'a and noted that second
olar body extrusion was affected, Kliesch and Schmidtke (1954)
injected colchicine into the testis of male rabbits; and noted
polyploid medosce and mitoses, and an increased sisze of the epem—‘
heads which they attributed to polyploidy, -

"~ In the following work, colchiciae »ha's beaﬁ used to induée
heteroploid development in the mouse, Mus mugculus, ‘fhe

beehnic:;ué of Chang and of ii&ggqviat and Bane wag applied to the
mouse Wit then sbandoned in favoﬁi' of alternatives, Tréétme‘ntﬁ
with colehicine was either at fertilisation, in order to retain

the second polar body chromosomeé within "ti,ie egeg by »dest‘roying the
gecond maturation spindloj or at the first cleavags; in order to
suppresa the separation of the tvo diploid chromosome sets on the

- vleavage spindle, Treatment at f‘er‘m:l.satic-‘m vag designed to
inéﬁée iri.ploidy;_ sﬁppressien of the first cléavage divigion Vaé ’
intended to induce tetraploidy, The prosent séctio:; gives the ‘
reéulzt-,s' of t.'heztriploi;dy experiment, the iaduction of tétrapléidy
7411 be deseribed later, Scms of the results in this work have
Llrea.dy been published in cutline (Edwards, 1954).
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MATERIALS AND METHODS,

Heteréplot.d development of the mouse egg can occuy spontaneously
in at least thrée ways, Random matings glve about 0,47 of
heteroploid embryos at 3% days gestation (Fischberg and Beatty
19528), The incidence of heteroploidy is significantly 1n_creased
to 3,4% Af mice of wideiy different strains are crossed (Fischberg
and Beatty 1952b}, If mice homoasygous for the !silver' factor
are orossed with nons'si;VGr'~m;¢e; 9,3% of the 3% day old o
embryos are heteropioid (Beatty and Figchberg 19Sla). Gare was‘
therefore taken to exclude fae'bors eausing spontaneoua heteroploidy, B :
A wide eelection of males were. uaed 1n ‘the experinent, reeorﬂa '

of the performance of each of them ensured that. iaduced heteroplcid‘

‘,.

due to mele factors could be eaaily traced

In a smilar experiment to that of Cha.ng (1%4) on the | |
rabbit, and of Haggqvi.st and Bane (1950 8 &b, _1951) on the rabbit
and pig, colchiciue was added to sperm suspenss.ans cf the uouse o o
gnd the mixtﬂre artificially insemated into oest.roua females, |
Details of spam collecticn, a,nd of the art.iflcial waemmation

of the mouse have been given previously (p. 4 );. Golchiczne B
_ was d.iseolved zn 0,75% sodiun chlorlde to ten timea the require&
concentrations additicn of t.hie solution to the sperm suspeasion
in the ratio 119 achieved the dea:.red strength,. ?he concentrationq .
of colchicine used in the euspensions were between 1/5,000 and .
1/100,000 byweight- o S
Duri.ng this eaperiment, a atmplified metmd of treatment w8
a_dopteég Approximately 0,1 ml of colchieine solution diasolved |




. w2

0,75% saline was injected through the cervix into each uterins

g

rnrn, The colchicine concentrations were between 1/2,500 and

3/500,000 by weight; except for the absemes of sperm in the |

%maectea solution, the technique was the same as for artificial

ingemination, Immediately after the injection, the females were
ed with males for n&tural mating‘

Adoption of the injection method probably reduced the toxic.

effects of the chemical on the sperm, It is not,goss@hle to .
Lbtedn timed ovalations in mature mice; the best indlcation of
ovulation is probably the time of mating, Xf naturel mating
f&liowa-eolchicine injection, the spermatozoa are gibjected to
| the.toxic action of the colchicine only for the time'ﬁetveen,gatiﬂg
. and fertilisation,  If colchicine 4s added to the sperm in vitro,
the inseminated female must mate with a ﬁaéectamise&"méle-for the .
aempletion of the artificial 1nsamiuation technique, = The
spermatozoa will be subjected to the colchicine for the time taken
for copulation to be achieved, Error‘ia.tlmiug oestrous by the
vaginal smear method, and delay before copulation with the
vasectonised male is cemplete may cause prolonged exposure of the
gperm to the chemical, . | _
The injection technique was therafora adcpted to avold |
exceasive,toxicity, Disadvantages were associated uith the
method hbwever. If the indected colehicdne solution leaked from
the cerviz; or was absorbed or neumralieed by the. uterine tissues
and flnida before mating occurred,.the gametesvwonld be less
sfficiently treéﬁed than interded, or even qoﬁpleteiy imtreated,

Purther reference will be made to this point,
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!
! Thirty-one females were injected with 0,1 ml, of 0,75% saline
|

icf the :iag,ectﬂ;on method,

:.mo each uterine horg ‘before natural mating to serve as controls |

| };lcﬁst; emﬁryésbwere recovered from their treated mothers at 3§
Idays g‘eétatién; | l‘,r-‘ypicauy,? the emhn’*yé'at-'this age 18 a b]aafneyet
lying freeiy in the iterine lumen, Details of the Fecovery,
‘squash:lng, stamh&g. and ea:aminat&on oi‘ thesa ambryos have a.lrea@
been@vem(poé)‘ N |

: Ba.sed on the reeuna obtained at 3% days gestation, “the
experment was extended to ea.rlier and later atagea of developn\ent
'Unfert.iliae&, prormcleate, and once-—cleaved egge were emmiusd |
pli.ve unaer the phase-eontrast microacepo or as stamed aeettona of
_ 10» thickness. Dewns of the recovery, sect.ioning, staining,
and mination of these eggs have baen given previously (p, 7V

' Later @evqloppmﬁal stages were investigated by ‘c_;:om‘zting‘ the
ohroiucsqm’e_' complement of sdult animla bom to eolch;cine—treated
mothers, “cénjiiaqfiva'l;;ssue of the oye was culturedinhypoﬁoaic
solution by t‘he‘.méthsd of Bea{.fy (;unpuﬁii'shed): ,'" then :s'qu'aiaheldi and
-‘Bﬁained'.; ‘After.tht‘a‘tréatéeﬁﬁ,; dany clear mitoses couid be‘
obgerved in %he tissﬁe,, and exact chromosome c':«;n?nté were‘ posaible,
‘.vxcept_.'éuez'-eﬁ inucﬁ of the conjunctiva tissiie was lost from the slide
Quring squashing and steining, at least 10 of the clearost mitoses
per apimai;_ﬁaz;g éémtea§ - : S ‘

RESULIS,
Results will be given in the order that they were obtained; .
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|$. e, from the 3% day old embryoa first, details of fertilisation

|

.and the firet cleavage next, azid the ehromosome cotmta on adults
' liast, '

Details of the fertility of the injected females end of the
development of their embryos are given in Table 4; Most of .the
eicpe:in‘i.ent was ca‘.rri}éd out with comcentrations of colchicine
botween 1/9,000 and 1/20,000 by weight; the higher and lower
concentra.tions were used to investigate the limi.ts af effect of
the chemical Results obtained after the artificial hsemination
of colchi.cme-treated spam will be given sepa.rately,

) 'c.el-fe 1 of o] ehicine,

At cancentra‘bicns 1/5,000 and abave, no embryos were obtained
fx*&m‘six females,- Trds result., obtained with a amau num,ber of
mice, s La’cer reinforced by the injection of l/ 5,000
colchicine for a slighﬁ.y different purpose, . In the later work,
of 2’7 mice iajected, anly one gave bir’ch tc & utter& which
' 'contained two young. The prevention of fertiliaation, deveiop—
: ftaent, or both was tharefere dei‘iaite at thie coneeatmticn,
’Fertuity increaged with lower concentrations, and by 3/19,080
the mzmber ef femles with embryos was as high as in natuml
mating (Texb-flg, l). '

The tox;&c effect of colc‘xieiae on fertility was also
estimated by cem;aring the nwabars of embryea end xmfert&lised
eggs at 3% days geatation. Some of the mfertilised eggs wm
have degenerated (see p. 8 ) and the comparison wi,ll be b&aased

in favour of the embryqa‘ The ninmber of embryos aa a percentage
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.| be mde by taking the diploid cell numbers only; delay in their
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of the combined number of embryos and unfertilised eggs vae

calculated for each concentration in two wayss over all females, |
and rzithin females with gmbryos,' The mean mmber of enbryos t.ake:a
from i‘ezmles with embryos was algo caloculateds thia method
‘overcame the b.‘-.as due to degeaerate& '«mfertilised ©ggsy Each
4ana1ysas shoved that after a fairly aharp t.hrefsho}.d at cona, 1/9,000,
the toxde effects had largely digapgeared at 1/10,000 end below
| (vable 4y Toxt-tig, 13, o o
~ The tox.ic effect of colchicine on the &evelapment of the
emhryos was reflected ﬁ.n ﬁheir cell nmber., The four enbryos,
‘fonnd at cong,, 1/7,500 wera -retarded, but at lower concentra’ai,ens
‘. the colchieine had little effect on t.ha mean oell mmber of. the
a’mbrryos (Table 4), At concs,. l,/9,000 and 1/10 ,090;, however,. &
few emba'yoa had dow eall m.tmbera and. were- probably. degenerate
| (P1e, 20}, Eubryos with low csll nusbers eaused.the highor
,atandard error of the mean coll number at eenc. 1/9,600. Bufs .
-tha mean ‘and standard error for all embryos included etibryos
~which were heteroploid, and whieh usually had fewer ceolls than.
thefr diploid eibs,  Some. of the. variability 4R uall number wag
therefore due to the chromoeome eomplement of the embryos.

Allomce far the effeet of heteropleidy on cell number cen

, development should be dﬂe %o toxicity, 'l'he mean eell mbers
of the diploids at concentrationg of 1./9,000 and balow were

; sm:llar to each other and to. controls (Table. 5), But. the d&plo&d!e
uare a selected sample of embryos whieh may %ae expeetved to show

! normal development, The test vas made more strict by comparing
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two sets of diploids: thoge taken from females which produced cne
or more heteroploid embryos with those from females which produced
only diploids,  The former group must have develgped» under thq
influence of the chemical as attested by the presence of hetero-
ploids,; the lattei group may have been largely free from the .
chemical, = The test was not fully reliable, for females in the
1attar category had ma.ny xmclassifiable embrycs soma of which wers
undnubted}.y heteroploid The resul.ts are given in ’I‘able 5,

diploida fram females witn heteroploids was h$gher than th&t from
females without heteroploide. &ll ieans’ were comparable with
cantrols. ‘The toxdc -effect of celehicina was therefore slight,
if present at all, at and below conc 1/1&,090, | ) |
A,fnrther 1ndicaticu of the effect of the treatment om -
emb&yenic ﬁevelopment waa to note tha percentage af the tota&
embryog.yh%qh were blastocysts at egon cqncenﬁzatiqng There waﬁ
great v&riabiuty' :I.n 'the res‘ulﬁs "(Tabie .Es),*,: but tha:ywere- nat ‘
1ncam@at1b1e with the previous iﬂd&cations that the toxieity ef 4'
calchiolne was slight at cone, 1/19,900 and below,

Hetereploid emhryos occurred at all ‘the cancentratians which

had no adVBrse affeets on fertilisaﬁion or developm@uﬁ* ~ The

4t was obviods that et these concentratione (Uzco,m and 3/500500¢
the effect of the: cclehicine ‘was slight if present at all, ‘At theé

Except at cones,. 1/&0,000 and L/BB;GOC the’ mean cell nnmber of the |

percentage of hsteroploi&s declined with decreasing cclchiciue -
’eoncentration (?ext»figgaz)g-_ The.single heteroploids found at

each of ‘the two lowast cencentrations were slightly dcubtfnl,‘iﬁﬁﬁ__




“high concentrations, the percentage of heteroploids reached 19%
;of the total embryos classified;
‘The numbers of hetei'oploid and diploid embryos found at 1

each concentration were tested for significant difi’erences .againgt |
numbers found at adjacent concentratioms, Tests were made on

2 x 2 contimgency tables with fates' correcticn for small numbers,

_1"hi,e mmbersof iriploids 'fq@d at each ,cqncéntrat.ip'a: were tested.
‘ Limﬂ.lar . Only oqe"si,gniﬁcaﬁ'b difference was i‘oun‘dg _ bétween
A'v9.-GAOO and 1/10,000 for heteroploid }eu‘xbryos where { was 4,17;.

| But the wide range of __et“fective cozicentmtiqas of: tae,:;:blehicige
ma,de q,lllsignifiqanfs ‘difference between these two slightly differing
eoﬂéqnmt;‘ons- unlikely,  Pdrther, the Oi.the_ﬁmgﬁer -of triploids
botween./thes was very low (0,11), and indicated no difference, -
T&e,.aﬁ.@ﬂ:ivcwtv,diﬁerencq in the mumber ~«9:_1’ heteropleids - found

: .59*.;*@@@!‘; these mnaenirat&ona was therefore ignored;. and ‘the data
grouped- dnto larger .classeé@.- hdjacent pairs of concentrations,
-between 1/9,000 and .1/50;000 were groupedy e,g,. .concs, 3./9@90 and

3Y 4000 were coubined as 1/10,0004 ete,  The grouped ‘concentra-
iu_ons; now labelled as 1/10,000, ,1/30A§000,,~,~ amii{m,ooof, have. been
~ used in tha ata‘bistical tests given later aad also in Text—f&g.. 2

| ' ‘. The h;xtention of the treatment was to induce triploidy, and
this was the heteroploid type produced in the largest numbers .
(Table 4, Fi.gs. 3.6 & 1'7)! The other chromosoma.l typas producad

va.rled from haploid to tetraploid, with mapy iatermediat.e

gradationa (Fi.gs, 11, 12‘, 13, 145 15, 18),, Several mosaics
[accurred, the most notahle bei.ng two haplo$d~diplezd mosaiea

Fzgq 19) and one. diplaid~tetraplo!,d mosaie, : 8ome of the n;osaica-




were highly abnormal:s three of them had a group of chromosomes
of less than the haploid number (7, 10, 13 respectively);: and
-| another: vas, & multiforn mosaic with three different chromosone
| counts of 46, 40, and 30,.
-: The distribution: of the triploid embryos is shown in Text-
f’ig;," 2, - ‘Three ea;’aryo's with 55 #: 3 chromosomes, and which were
‘ therefore probably hypo-triploid, -are includeﬁ in the’ @-aph»» 'fhe
highest ccncantrations of colchicine were the most auccessi‘ul ia
inducing triploids; nome wers obserVed. below cone; 1/49,000.
Five tetrgplaia embryos (Fig, 18) occurred gt the hs;gizesa
goncentrations,’ and presusably resulted after the suppression of
' | the first ¢leavage divigion of a diploid, - ?hei'arig;ién of the
diplodd-tetraploid mosakc may have' been due to a aimilar ie_f;rect
| of s the colchicine. on one _b_laaton;ere" of a i‘ia._terz cleavage éiﬂéibg
Edough "'calchicﬁié‘i mist have éc‘caﬁsignally remainadin t.he 'egg"~dr_
| the r%sproduet:i;v'e tra‘ct‘ of the f'em'aleltc affect i,hesel' later o
-oleavages. o |
- Four haploid embryoa also reaulted after the treatmen%
| (Figs, 13 & 13), Threa‘ oecurred. a»tconcentrations» -1/26,‘00&,. and
the ether at }./mo,aaa Probably related to thesa were t,he
'h&plOi.d«-diplGid msa.ics, which may have arisan by the action of
| the che_mical on the ascond or, .a..lat.er c}.eavage of 8 haploid
A -embryo.‘ The i‘act ‘bhat cert&m cells of haploid embryos may
| revert tc diploid by thia method implmd tbat certain of ﬁhe
'diplg.td embryos nay have comnlenced aevelopment as haplaids. .
| | Hany embryos had ca-mitoses v:hich were oi‘ the muaa. type
(Levan, 1954) (Figa. 12, 154 1'7). In some embryes this may have




|

?ed to an accumulation of metaphases in an embryo (Fig, 17 shows a
!triploid embryo), C-mitoses were present occasionally in all
chromosomal types of embryo, including diploids, exzcept for the
haploids,

The clasgification of the control embryos is given im Table 4,
After the injection of 0,75% eodium chloride before mating, no
heteroploid embryos were found out of 105 eclassified, After
natural mating only, one tetraploid embryo was observed among 69
diploids; In the tests of significance given later, both of
these figures have boen used as controlg, Fischberg and Beatty
(1952a) noted one triploid embryo and 222 diploids in their conirolp,

 Tests of significance of the difference in proportion of
heﬁeroploid and of tripleoid embryos were made between the grouped
_|concentrations (1,10,000, 1/20,000; 1/40,000), concentraticn
1/100,000, and the two controls, Tests were.made by the 2 x 2
contingency table with the Yates correction, Significance levels
are at 5% eoxcept where a stricter lovel is meﬁtioned,

The numbers of heteroplolds found after the two-higﬁest
|eoncentrations showed similar trends; no difference vwas foupd
botween them or from conc, 1/40,000, though both were significantly
- |@ifferent from comc, 1/100,000 and the two eontrolsé At gone,
1/40,000 the number of hefereploids was aignificaqtly different
from the injected controls only, - Tests on the numbers of
triploids showed that cone, 1/10,000 was significant agsinst conc,
1/100,000 and the controls, Conme, 1/20 ;000 was significant
against the injected controls only,

To estimate the total effect of the colchicime, the two

highest concentrations were amalgemated and their combined
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incidence of all heteroploids and of triploids were tested against
those of both control types, The results weres
Combined incidence of heteroploids tested

a. Against injected controls ¥ = 21,76 001

w,
VANIVAN

b, Against natural mating X = 7,58 P

Combiﬁed incidencé of tri?loids tested
a. Againgt injected comtrolg % = 8,56 P < 01

L 02

o

b, Against natural mating § = 5,42

To summarise, the tests of significance confirmed that

. |colehicine induced heteroploidy in many embryos especially between
concs, 1/10;000 and 1/40,000, Only the higher concentrations were
effective in inducing triploidy,

. One regervation was necessary in assessing -the mumber of
heﬁproﬁloid embryos induced by tha.t£e§tment, A% all concentras
tions except 1/30,000,; the cell mumber of the hetercploids was
1cwerithaafthé diploids, The chance of observing a mitosis in
the diploidsy and therefore of classifying them chromqsemaily; wag
.»copsequeﬁtxy greater than in the heteroploi&sa &.eerract#en
| factor based on the mean cell number of the diploide and hetero- |
ploids was therefore applied to the observed number of heteroploids

.Calculation of the corrected mumber of heteroploids was made
a8 followss= _ -

- hLet H be the number of embryos which commenced division ag
heteropléidai D'the number sgtarting as dipleids;.? the gsum of these
A ig the number of muclei in the identifiable heta:eploids, B in
the‘idéntifiahle diplodds; h is the namberlof»hetereploida

observed chromosemally at 3% days development, @ the number of
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diploids, X is a constant; based on the assumption that the.
chance of identifying the enbryos is in direct proportion to their
number of muclei, It 4s identical for diploids:and heteroploids,
- Then .
H 4+ B =T IMiA s h - kDB = 4

Hence .
H = ""‘2"@"

| 1 | * YB
. Sabs_t;ii_x@ing the values found fdxj each -copcentration from
[1/10,000 to 1/30,000, the corrected pereentages ave (with tho
 |observed percentages in brackets)i- . . L

. M9,000s 38,5 (30.8)  1/10,000¢ 25,0 (35,2) -

| M15,0000 2,0 (Me5) | M2,0000 45,5 (29,3).

/3040008 25,6 (18,2)

If the assumpticns made ia the caleulation are correct., the
;;ﬁ“ﬂberﬁ-of heteroploiéa found by observation are a low estimate,
‘,,‘Deapite th:.s ﬂiscrepancy, it is grobably more apgropriate to usge
the experimental resultsj - further referencea %o the :mmber of
. [neteroploid embryos will therefore be to the observed pereentages

<

 |and not. to the corrected oncs,

Eerly in'the experim,ent, it becane ¢ vident that the heteroplod
) embryos ‘wére not ‘rendomly distributed over .éll"fémalés} instead,
lensre was a tendency for the heteroploids to be fousd vAthin
certain ‘females, -Two methods were used to elarify‘bhis

" |phenomenon,  The first was the statisiicel investigation of

heterogeneity within's cmalos ‘producing classifiable embryos; the

[+
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S/
second was to relate. the interval between colchicine injection and

time of mating with the level of induced heteroploidy,
| Analysis for heterogeneity in the distribution of hetercploid |
embryos was made between all females producing clagsifiable embryod .
within each of the concentrations that were combined previously,
Significant heterogeneity between females within concentrations was
present at 1/10,000 only :(P <.003.) « No heterogeneity was found
between concentra”sioné.,‘. When ﬁhe concénﬁrafiona were' .@’ouped to
test for heterogeheity-between fexizales over all conceéiraﬁioﬁé, or
lover 1/10;000 piua 1/20,000, :the significant heterogeneity was
lost though X was- still high,-

" The" sig’nifiéaﬁt ‘heterogeneity found at conc; ?'1/105000 :
suggested that: the differences:between females were real, In vieq
of this difference; analysis of the percentage of heteroploid .
embryos gt this concentrationy and, for comparative purposes; at.
the. two lower concentrationsy was made within females with at
least one heteroploid émbryo,, Within . these females more than :56%
of the resulting e&&ydsﬁere heteroploid at conc, 1/10,000; the
percentage at 1;/2.0,;,900 being 30%, . - The numbers of tripleids in. - .
the same females declined wmore steeply from:31% to 5% between the |. -
same e,oncen@raﬁioﬁs@. :

The e#%oérimézxtél.meﬁhod. of analysis supported. the statistical
method, In ‘the later qtages of the experiment femaleg were
emﬁ'.ned‘bet-igeen 1%-2 hours after the colchicine injection for the
presence ér-ab;e;nca of a vaginal :p;lug;, - Those which possessed .-
vaginsl p;ugs,'wera labelled the !evening ping'-‘ ‘elass; -those which
acquired plugs betwean the Aevéas.n‘g examination and :éxamination. on
the following ﬁoming were called the 'morming plug! class,




~35~

Thege elasses are not distinguished in Table 4, Humbers of
embryos were rather small, but it vas possible by cembination of |
concentrations to use the X test betveen the 'evening and the |
‘morning' classes, |
The nmumber of heteroploids found after combination of cones,

l./l0,0ﬁG and 1/20,000 was far higher in the *evening® females, the
numbers being sign.tﬁcantx.y different (P <,05), combina’nion of
canea. 1/10,000 to 1/ 50,000 also ghowed a significa.ut difference.
|The cause of the greater yield of heteroploids and’ triploids 4n
the 'evening' females may have been dus to a less effective -
treatment of the gamctes in the *moming' females. In the Iatter.
the colchicine may have lesked i‘rem the cervix or been neutralised
by the aterine ussues; loss by either method could ha.ve been
gccentu&ted‘ by delayed mating, ‘

* Both methods of shalysis, experisental and statisticaly :
indicated heterogeneity between females in the yield. of. heteroploid
. lembryos; . Under more controlled ,é@eximeﬁt@';,cqhdiﬁqns,.:av@high?er

incidence. of heteroploidy and triploidy may have itesulted.\

'i‘he zmmber of xmclei cmmted i.n haploid wd the various t.ypea

of heteroploﬁ.d embryas, and & comparison with nnmbers in diplaide,

will be giveu subsequenw;y (p,‘LSl),

The. artificial- insemination of sperm suspended in .colchicine
golution was the method used by p‘rgvi'oua wa'rkg"ré of the. rabbit and
pig (Chang, 1944} - HBggqist and Baney 1950a & by’ 1951-);-” A

gimilar @xperiment was carried out on the mouse, The techniques
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have been described previously (p, 23)., The resulting embryos
'were examined at 3% days gestation as squash preparations,
Detailed results are givén in Table 6, Colchicine concentra-
tions in the sperm suspengions were between 1/5,000 and 1/100,000,
The same eriteria of fertility were calculated as in the injection
method, -~ ‘The toxic effect of the chemical closely resembled that -
found in the infection method; = conec, ‘3/10,000 was kear the upper
threéhbid‘fb?‘ferﬁiiiéation‘énd'deﬁelbpment,fi/s;ééa was toxic,
Below conc, 1/10,000 the tafri‘c effect had largely disappeared, |
ALl clagiifidble embryos were diploid,  But the low cell
numbers found in two of the embryos at comc, 1/10,000 indicated
that the chemicsl had an effect though this was not reflectéd in:
the -ploidy of the embryos, ' 'The mean cell number of thie embryos |
and of 'the' diploids at each ¢oncentration was mormal; the large
standard error at comes; 1/1@,000 and 1/50,000 was due o tne |

Iretarded embz'ycs.

. Two mothods were used for the emnisation of the sarly
embryan&e 'stages.» Living eggs were ex’ami‘neﬁ by phaaa«-llcontraat )
microgcopy according to the method of Austin and smnes (194.8).
Other eggs were ﬁxed, sectioned st 101, and stained histolegically
. by hae‘matoxy}.zn Details of the techniques involired fer tha

study of nving oges. and for t.he secticning and staining of‘ fixed
eggs have been given previously (pq, 7 ). L
Five females were killed between 5% and 6% hours after natiug,
one having been injected with concefitration _1./7,590,5 tvo with

. x/e,ggb_._ and two with 1/10,000, Their eggs "ere exanined as
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stained gections to investigate sperm entry and early promucleus
formation, ‘

Nineteen mice wore killed about 14 hours after mating and
their eggs examined by phase-conirast, Eloven of these'femqles
had been injected with concentration 1/10,000, five with 1/20,000,
Three had been injected with saline only to gerve as controls,
The pronuclei of thelr eggs were studied by phase-contrast
microscopy,

One mouse, roceiving concentration 1/7,500, vas killed 17
hours after mating to examine the first cleavage, Two females,
one injected Qit.h 1/7;500 the other with 1/10,000, were kﬂled
between 27 and 36 hours after mating to observe events after the
first cleavage, The embryos of these three females were

secticned and stained,

$ix hours after matinmg,

Hone of the five mice Killed six hoursr after mating had
fortilised eggs, But the effeet of the colchicine 6n the
unfertilised eggs was very definite imtwo of these mice, Damage
to the egg varied between that shown in Pig, 20, where the second
maturation spindle was disappearing (compare the spindle of the
untreated egg shown in Pig, 1); and that shown in Fig, 21, where
the chromosomes had scattered im small groups round the periphery
of the egg and the spindle had disappeared, The chemical had
apparently destroyed the maturation spindle, and the dyads, freed
from their attachment to the spindle, at first exhibited a false
segregation along the remains of the spinale. as ahgvmvin, Pig, 20,

, and then moved freeiy through the egg, In the. two mice; every
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egg vag affected, Of the other three mice; one had not ovulated,

{

t
one showed no effeet of the chemical, and the third had tuo eggs |

out of five affected,

Despite careful scrutiny with the ordinary microscope and
with phase-contrast, no spermatozoa or pgo&nqlei'were seen in these
EES, " Sometimes it is difficult to observe the spermheads in
sectioned egge, but 4t cou;d hardly have been overlooked im all,
The chemical which affected the gpindles of mogt of these eggs
must therefore have entéred the egé by absorption, and mot
directly at sperﬁ entry, Pretreatment of the egg in vitro before
fertilisation may induce the same effectsy

The absence of fertilised eggs in these mice contrasted with
the resulis from the control normal matings, shere six of -the A
eight females examined possessed penetrated eggs six hours after
mating, Lack of fertilised eggs may have ﬁeen due to geveral
.causeaq The mechanical stresses oreated 1ntthe uterug following
the iﬁgectien of 0,1 ml, of solution inﬁo each uterine horn may
have delayed tﬁe ascent of the sPerm throuéh the tubes and
resulted indelayed fertilisation; for in minjected mice, |
fert&lisation can be delayed for 12 hours (p. 12)e Alternatively,
|the colchicine may have had toxic effects on the sperm, especially
in the female 1n3éeted with concentration ;/7;506; or it may have
affected the egg, rendering it impenetrable to sperm. The two
latter possibillities were doubtful in view of the results obtained
at 3% days gestation, which showed no difference in the fertility
of the injected females and controls (Table 4}, Delayed
penetraticn may therefore have been the cause of the laek of

fertilised egge,




One of the three females injected with ealinme had three
unpenetrated egge onZ'Ly-, ‘The other two together yielded 24 eggs,
“bach of which had two normal pronuclel,

‘Three of the sixteen.colchicine-injected females possessed
lzisyeg;etrated ‘eggs only, The other thirteem had cne or more .
fertilised eggs, Many of thedr eggs were abnormal, Five were
geen-which contained & sperm-tail and enlarged mid-piece, but no
sperm=head or pronucleus. could be detected, . Seventeen eggs
posgessed one large \progmcleus,*a... a gperm 'tail, and eﬁdence. of .,
second polar body formation (Fig,- 228 & b ghows ome ofthem - | A
sectioned and staiwed), Fifty oggs possessed two mormal promuclel,
and geventy-three were unfertilised; . The ?c’m’rteeu remainiag eggs
bad:-more than ope promuclsus of which ope appeared to be normal gad
the at.hera small in size (Fig, 23), Three of these eggs contained|
one mall proxmcleus in addition to the nomal—sissed one, five

888 had three p;mnuelei, two had four, a.nri four h&d i’i.va prom;clei

(Fi.g. 23}. &ll egga, except the tm.fertiliaad, had 8 apem»teil

’ The egss containing asveral pronuclei presumably atose by

e fertilisatton of a colchieine-treated egg containing scattergd

uys of chromosonaﬁ, They may have posaessed both aets of |

ternal chromsomes in additien to the sperm chromasomes, and
hereby haVe been the precursors of triplaid embryoa. ) But, ﬁ,p
the female k.tlled at 17 hours after mating, biatological ‘ |
eminatien revealed that eggs with several pronuclei eften |
exumded polar Mdies in add:ltion t.a the first Soms of the
mt.emal chrcmosomes could therefora have antex-aa the polar bodies

and others been retained i.n the egg, if only g fow maternal
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chromosomes were '}..ogt and. the majority retai-_ngd:,, the embryos would
nbez hyper-diploid, 1f the majority of the ma.ternal chromosomes
.were losty .‘the_ embryo would be a hypo-diploid, Egés which
contained one mormal and one small pronucleus were presumably hypo-
diploid, eges with several prom'wle‘i were hyéer%ip’loiﬂ or tx!iploid
depending on the number of ehromosomes lost into the palar badiea.
Bggs. with two. pronuelei were. probably, though not necessarﬂb’ Y
diploid, Blandau (1952). has reported the presence of s,eVeraJ.
sub-pro-nuelei i'.a rat eggs in which fertﬂ.lisatien ha.a besn delayed
.by up i;o 12 houra. ~ The greater the delgy,.the;grgerﬁbe number
affoctod; The author did mot comsider the possibilities of
hyper-diploidy dn these eggs, but the work of Thibault (3949) ehows|
that the spindle of the uafertilised rat egg starts to:degenerate
between 6 and & hours after emla,tiom Delayed fertilisatian of
the rat egg may have induced the same changes ag celohicine
treatment of the mouse g, . o

The last type of fertilised egg to be conmsidered cantained a
rﬂiﬁ%le 4;%&1'56 pronucleus and & spermetail, Such eggs would almost
certainly develop as haploids, Some of these ova vere examined
under, phaseecagtraat ‘to detect the fate of the second mefotic
spindle, ~In none of them was $% seen; hence the single promuclsu
could Ha¥s boen olther male or female, But kistologlédl exauina-

tion of the eggs of the females killed at 17 or botwesn 27 and 36
hours afiexf mating indicated that. the simgle .xaro#?npleu'a‘, ?&7,8 .
derived from the sperm, The single uni-promicleate ogg sbberved
histologically had extruded two smalll -a@omai second poler bodles
(Fig, 22b), Another egg Was observed to have extruded simdlar

polar bodies yet to have neither pronucleus nor sperm-head in ‘the
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egg itself, In the latter, all the matermal chromosomes had left
the eég, leaving it anucleate; had fe:tilisation of this egg
occurred 4t would have resembled the former egg in possessing a
single large pronucleus, The iaference wag that eggs with a
gingle large pronucleus were the precursors of androgenetic
h&ploid embryos, _ |

The effeot of colchicine wes therefore to éelstr‘o'y {hé meiotic
gpindle of the egg and libarate the chromosomies from their 8911!&13
sttachment, The freed chromosomes scattered through the cytop'héﬁ
became arranged at the periphery of the egg,. and probably left the
ege, Depending on the. number of chromosomes logt this way imo '
the abaormal .Becond polar bodies, the egg develo,ped svith a
éhremo’éémé ééniplemeﬂt axiywﬁere‘ Eetwéén haploi& ancldihloid, | St:ch
embryos vere actually obsem& ehromosamally at 3% &ays geatat:lon
(Table 4) » ' N |

eu t.he &asumption that t.he pronuelear ecmtent of the egg ms |
an indicatian of its chromosome cont.ent, f.ha following c:alculatious
have been mde, Infection with concent.ration z/m,ooo yieldea- s -
53,‘ diplaid (i;e. two normal proﬁnclei), 20, e haploid (one
normal =pronuc1eus}f," 3;1% hypo-diploid (one large and ofie émail
promtcleus). and 14;:3% hypemdipleia or triploid embryos (several
'pmnmzex), © Infection with concentration 1/w,ooe yielded §6;5%
diploid, 17,4,% haploi.d, 4e3% hypo-»dxplom, and 8; 7% hypersdiploid
or triploi.d Egga with spemtails ‘and no pronucleﬁ. have not |
been’ inclt&ded in sﬂy of these eategeries. ﬁ’he nmbers of haploida
and hetereploids ‘induced Were very eimilar fer both eoncantratione.
Unlike the results on 3% day old embryos (p. 34 ); the 'meming h
plugt i‘emles had ‘dore eggs affected than had the 'evening plug'

femlee.
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‘The ratio of the different types of promicleate eggs can be
compared  with the ratio of hapleid; diploid, and heteroploid
embryos identified by chromosome counts at 3% days gestation,

The number and kind of. the‘pﬁnnelgate. egge have been g;ivep;ébqve;
details of the 33 day embryos have been abstracted from Table 4

for all concentrations of 1/20,000 and aboves

Haploid Diploid Diploid  or Triploid
Pronucleate eggs w8 o7 1
3% day old embryos 3 3 w27

Multiplying the promucleate eggs by a factor 180/50 to equalige
the number. of diploids; the comparison be:e‘oine'st,, o

S Hypo= . . Hyperobiploid'
Haploid Di.ploid Diploid or Triploid

Promicleate oggs = 61 11 w0 3%
3} day old embryos .3 3. 1m0 27

The small desline in the ratio of hyper-diplodds or, triplofds |
at 3% days g_eaﬁatipﬁ could be due to the lower ¢ell numbers in
these embryosthan i5 the diploids causing the latter to. be |

slightly overestimated (see p;32 ), . But aeimilarargtment fails
to explain the' considerable decline i the number of haploddsy. for.|
more than 95% of them fatled to.be traged at the 33 day embryonic |

The single female kﬁ.lled at this stage had been iajected with
caneentraticn 1/7,500 ; all of her eggs were fertilised. At 17% ‘

b.oura, the eggs shculd be about &o cleave (Lewis and Wright, 19351

Hypo- A f Hyper«Diplcid,




=43~ | -

Greseon, 194}; and gee p,12 Y. Two types of egg were seen in
this female, .The first. type (five examples) was &alreddy in the
| two~celled stage and apart from-a slightly precocious cleavage,
appeared to be:quite normel, . The:second type wag 8t41) 4n the
pronuclear stage, and all four examples were abnormal; Three of
the :four possessed .«mo:é,thanxwo pronﬁcled;@ two eggs possessed |
three, the third possessed fcur.v, In aﬂdiiiQni one‘of;the:eggé ,
with three pronuclei had tio second polar body; the other had f.wo
small ones. N The egg with four pronucled possessed a rather small
second polar bcd;; 1:1 each case, one of the pranuclei. was
larger ’cha.n the others, and; as previously indicated, resemble&
the 'male pronuclena. The fourth egg contai.ned a single large |
pronucleus. and two wnusual; -small second polar bodies (Figs. 22§ |
& b}, These abnarmalities were. similar to those feund in the
eggs of t‘emales kruled i hcrurs after mat.ingg and - again illuetrate
the possible mode of origin of. triploid hyper-diploid and andro-
genetic haplold embryos, -

. It is notable that the four egge which were st111 1 the
promuclear stages vere -all abtnormal, yety with ofie exception, the
five eggs in the two-cell gtage appeared %o be developing’

ally, . ‘The ome exception hed two ndcled in the gedorid polad

body, - The only criterion of the normility of the five two-celled
embryos was the appearance of ihe seecond polaxr bo'dy?; ‘for there
was Ro certaln method of ascertaining whether they were other
than'dipléid‘ 'Inf. v;i;ew of the contrast b'etween ‘the _5e‘cond pela.r
body of the tm-celled elmbryos and that of the prcmclea‘be eges,
it was quite possible t.hat the former embryes vere diploid - fn

effﬁct, this meant that the abmormal embryod, which 9resumably
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|
: %ive rige to. heteroploid development,: were delayed in:the promuclea
: Etages when compared to their normal sibs, ,The.comparison<fails,

.-however, if the abnormal embryos were pathological, -

Twc mice were killed for the hietological ezamination of their
£ "eggs. : an had received coaeentration L/?QSOO, the other 1/10,000,
:The fbrmer msnse had only two eggs;‘ one was in the two-celleﬂ
'stage and looked normal, While the other aas unfertilised and ¥as

| ahnormal The latter possessed no pronuclei or chromnsomes 1n the
‘agg proper, but had one first and tmn rather emall second polar

‘ bcdiea. Previous comment has been made on this egg,

a The other mouss yielded flve normal»looking tﬁo~§elled 8ge8s,

. Aahé seven unfartilised.eggs; _ Six of the unfertilised eggﬁ ahowed
h‘bhe same type of chromosome scatter ag that foted previously

' i'Fig. 21). |

‘Search for. the later growth of hetercploid. embryos was
carried out by counting. the chromosome complement :of mature off=

spring from’ colchicine-treated mothers, Chromosome counts were

made anAﬁhe-ﬁongﬁﬁctivérwhieh had been previously cultured n

. hypotonic saline by the method of Beatty (uwnpublished); - Pemsles
' were injected with colchicine comcentration 1/19,9004ex¢é§t=£n<tﬁe
cases whefe-L/?,sooiwas useég» A eonstant stock of about fifty
‘Lemales was maintained for this part of the experiment; " many of
vmhem rece;ved more. than one iaject&oﬁ of colehicine. ?he'genatio
~ombinat1ens of some parents might have recambined 1n the offspring

‘to show dosage effects of genes present in cther than the diploid
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complement; no dosage effects were noted im any of the offspring,

|
|
however. ;
o

Altogether 37 matings after injection'were recorded; 15 femal

(45,4%) gave birth to litters, Of these, ome litter obtained by

autopsy was dead, .and three other litters wore eatem by their

mothers at birth, Another, litter ¥ag last when the mot.her died

puddenly twelve days after givimg birth, Details 6f the remainlng

ten‘utter‘s'aresﬁ o . RV

. Total number of offspring 65, = Average Jéitté# slze 6,5 |

Dotails of: offsprings - -
-‘Dead 'at- birth 3, Cea .
+ Died later: 13 (of which 7 aled a.ccideatally)

. Total sexed. 54. '

' Of ﬁhe 49 ‘animals " ed tzhi-'oﬂcis‘oinali&, 46 '%ref diploidy

' btie was probahly diploid (one mitosis appearing slightly above

| ﬂiploid, 'the or.hers being certainly diploid), snd two Wwere
'lmclaesifiable due ‘E.o loss of the conjunctiva tigsue chxra.ng the
lstawing technique, In many mitoses’ every, chromosom&'could be
sam and itx every case of thia kind exaetly forty chromosomes

| were conntea With five exceptions, tén nitoses were  ounted in
each animal In the exceptions, oaly 5, 4y . 2, 2, l mﬁoses
respectively wuld be foum:l. ' Apart Erou the doub'aml case

ﬂeationed, no heteroplos.d mitoses were seen,




DISCUSSION

!
! At fqrulisation the egg is in the first loop of the fallopian
tube (Lewis and Wright, 1935), There are probably two barriers
preventing the aécess of the injected colchicine solution to the
egg, One is —the tubo-uterine junction which is closed to
ascending flulds except for a period during mating, and which at
other times requires great pressure to open (..seé Alden, 1943 in the
rat), The second barrier 18 the narrow, winding pascage of the
fallopian tube itself, Both of thase barriers would be overcome
by a Asuecessm mating and the fertilisation of the ovulated eggs,
The opening of the tube-uterine junction at mating, and the ascent
of the spermatozoa up the fallopian‘ tube, would probably carry
colchicine to the site of ferti}isation, In addition, the
pregsure of the colchiolne solution and the seminal i‘iuids 4n the
uterus may also cause a flow of the colchicine up the fallopian
tube, |

After the colchicine has been injected, there s no vaginal
plug to retain the solution in the uterus until mating has takem
place, Leakage of the colchicine from the uterus through the
cervix would be assisted by the pressure of the _ixﬂxéécted solution
on the uterine walls, A balance may therefore be created during
mating in which loss of the injected colchicine occurred until the
vaginal plug checked the leakage, This may have been the cause
of the heterogeneity between females im the production of hetero-
~ ploid emb’rz,ro's;- females with no guch embryos had prébably lost moat
of the colchicine before mating cecurred,

Vhen the colchicine was rotaimed in the uterus; it would reach
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‘Ri;he site of fertilisation at the same time as, or maybe before,
‘%:.he arrival of the spermatogos, To affect the melotic spindle,
‘:hhe chemieal mist be taken into the egg before the extrusion of the
4’aecand polar body, The time available for the colchicine to
ela.ct vill depend on the 1ater-.rela.tion8hi§s of several factorst

@.he ‘efficiency of the vaginal smear technique in tracing oestrous,
;.he' time taken ‘for mating to occur, ovleatioﬁ, and sperm entry into
the eges, Tho available time will vary betveen and within
emales; it may be less than one hour or up to several hours
(Bfaden and Austin, 19554_; Snell, Fekete, Hmel and Law, 19403
and see:p-., 15), Any .deléyAed fertiligation induced by the
treatment (p, 38 ) will extend this period, ’i‘ﬁe experimental
evidence shows that the unfertiliséd rouge egg ean bs severely
affectaé by the coléhﬁ,'cina;’ th_i;e | suggeéts that 'suffici}ent time
nay axiét before fertilisation for the colehieline to be absorhe&
on the surface of the egg, The resulis oi)tained from £ emales
which were not in oestrous when isjected with eolchicine (see
later), va.mi the offects of intraperitoneal injections of
colchicine on the fertilised egg reported by Austi‘n and.Braden'
(1951.), show that the carriage of colchieine to the egg may not
necassarily ogecur via the fallopian tubej abaorptien of the |

' chemical by vari.ons tissuea,. and transport in the blood to the
ovary may be responeible, |

Once in the eggy the eolchicine destroys the gecond
maturation spinéle, The damage to the apindle leads to the false
=seé'egéthn aﬁ& scattering of the dyads whieh, in many cases,

dome 4o lie at the periphery of the egg, Movements in the cyto-
plaam of the nnfertilised oge may cavge this scatter; the
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Pistological_evidence ghows that the chromosomes e¢an even be

- 'of the spindle end the absence of any evidence of the partheno~
genetic stimulation of the egg indiecate that the extrusion is net
due to a centriole-spindle mschanism, It could be due to the
continuation of the movements 6£ the egg cytoplash causing the
formation of gmall, nuc;eated.qﬁtqplasmicv;ragments séparata@ from
_'thevegg”préperg for the appearance of %he'extrﬁdeﬁ bddigg (?@gg

22b) is often unlike the'normal eecqnd po;gr body;' :At'ferpil%gar

|of the chromosomes, It is clear from the promuclear comtent of
many eggs and fromjthe‘chrumosqpe‘cognts on,phe_}éiday.é;d emnbryos

_{that 8ll gradations between the complete logs and the complete

retention of the female chromogomes are possible,

Eggs Which'havé béeniaffected'by the colchieine and which
shﬁﬁ the false segregation or scattering Of*theif chzomosbﬁeg"
apparéhti&vréiaxn the capacity of being pepetrated’ by sperity - The
detection of several small pronuclei Sa.many fertilised egga
indicatee that eaeh small groug of scattered maternal ehromoaoa~a
can form a prcnneleus at sperm entryi An alternative explanation
of the origin of the sub~prunncle1 hased on the fragmentation of
the fémale prouucleus after fertilieation appears doubtful 15 the
'face ef the histolog&eal eviuence, The msuse killed at the time
of the'first cleavage possessed five twcscelled eggs whieh
appeared to be navmalg‘and four egge 1n the pronnclear atages
which were ahaorgalg Division of the five eggs w0 the two~cailed

'completely extruded from the unfertiliged egg, The disappearance

tion, the contraction of the vitellus may aasistliﬁ the expulsion

!
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|
’stagg must have just occurred, the maximum time between fertilisa-

tion and fixing the embr_yos being 1’% héurs; it. seems possible
grom, this evidence that eggs which canta#n seveml pronucle; are ’
Eelightly delayed. in their promuclear growth, syngamyy and firat‘
cleavage in comparison with normsl ©ggs, ‘ ' | y

. . One of the four abnormal embryos possessed ne second po;la: '
body or extruded fragment, and had three pronuclei of which one
wa,u_é.presmbly male and two female, All the fémale_ ehromogones
had probably been retained in this ogg, making its complement
triploid, . Tvwo of the other three eggs had geveral promuclel,

and also one or more extruded fragments, It seems pogsible that
lth,ege.. eggs possessed some, but mot all, of the femsle chromosomesy
they were probably between haploid and triploid, —The last egg
possessed one promucleus only vhich ?es?mb;e@ the male prqm‘r'aqlépa,
and hs.d two éxtrude.d_f:ag‘uent_e,. This was probably an androgenetie
Raploid, Many of the egzs exanined by ,phggéécontraét microscopy
had similar typea of abnormal promzclear epmpiemegpg, ’l'he

evidence suggests that, as the action of the colchicine is ot the

egé apiaale only, the :galef gamete is not affected by the treatment
and 'ia ,noma_lg As no parthéqogenetic stimulation of the eggs by
the- éolo&i@ine "wa.‘s .observed, the ehromosomes complement of the
embrybs developing after ,th'q' treatment wag prpbébly composed of
20 male plus any mumbor between O and 40 female, Proof of these
origins requires the identification of the gex chromosome in the
- day old embryos: half -6f the haploids possessing the Y
chrom_Me,; and all the triploids possessing at ;egat two X |
chromosomes, . Ugrorthnatel;.y the sex chromosomes of Mus mugculug
gould ne£ be identified in the embryos, Alternatively, '_xfaﬁib-
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{active or vital dye markers in the sperm may ghow that all the

1

1i~pronucleate ova possess a marked pronucleus which is therefore
leale, and that the nnxlti-:»prcnﬁcleate eggs ‘always contain only one
lmala pronucleus, . '
The reason for the delayed syngamy in eggs containing an
’ abnbxﬁal‘ pi'dni'zciear' con'oent' is conjectural, The haploid iay have
bsen, patho].ogical, for the great majority of them failed to appear
at 3§ days development, Fertilisation of the colcn&cine'*treated

eggs ‘may have beezx delayed :i.n relation to the d:lploiaa. B Pincufa

[ -

and 'é’iaddiagton (1939) noted th&t colchicine applied to & promzcleat.
rabbi’c. egg g zgg arrested the imvard movementa of the px'omele!..
The ratio of pmnuclear to cytoplasmic voluite i.s undoubtedly
different in haploid, diploid, and triploid eggs, Excessive .
aompatitian by the prcmxclei. for a cytoplaamic subamte 1n the
, lastdneptioned, and an Mbmty of the haplcid to synthesisa .
. material as quiekly as the d&ploid, may both lead to delay in
pronuclear growth and aynga.my; The pronuclear competition »in
hyper- and hype--d&ple:!.d eggs may be .’mtemediate between the
eupl,oid types, . The s&.ngle pmtmcleus in the haploid egge appeared
-[very large in eemyariaan with the pronuclei of norml dipl,oidﬂj |
the 1arger aize could have been due to it eynt.hasiaing more -
axaterial than either of ,the oo prenue_le& in a diploid egg, -
Aus%’in and Br&:&en (1955) h&v:e‘ 5199 reporte%l ﬁhé enlarged growth B
of a prenﬁc}.ans when by hself in an. egg, ‘and have posmlat.ed -
competition hetween promzclei for a cytoplaamic sﬂbatrate froﬂ .
their observations on these and other abnormal agga. ‘ |
In eggs oantaining fou.r or five pronnclei., ane pronuoleus o

was probably the male and the others female, One or ‘more of the
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female pronuclei must have pogsessed a hypo-haploid chromosome !

complement because there can be a maximum of only two haploid

pronuclei from the second maturation division of the egeg, Purther,

one or more of these pronuclei must possess no centriole as there
!are presumably only two in the egg; HNeither a ‘haploid chromosome
complement mor a centriole are therefore n;ec'eesary' for the formation
of a pronucleus, The relative numbers of milti-promicleate eggs
and of hyper-diploid and triploid embryos at 3} daye gestaticn

wore very similar; the svib—prcm_xclgi ca.n éﬁps;renﬂy take 'pé;rt in
ayngamy, "Faﬂu;'e of one or more of the pme_foné pronucled to

4 ,ﬁpﬁergo~§yngamy in any particular egg may result in that hroﬁn;leu@
. -|undergoing an wmsual syngamy with ;»ne of the blastamere nucled

of the two=celled egg, This may have been '_tghe’:iethbd'df origin

of some of the B%day old chromosome mosaics,

' ﬁany of the heteroploid embryos were oapable of developing
to 3% days geatation. But t.he c-—miboees obgerved in some embryos
probahly maicated an exceasive treatment. by colchicine, and may
A have been due to the retention of free colchicine ao}.ut.ion in the
' reprcdnctive traet of the mother, Idee.lly, the treatment -
required ‘i'.hat all traca of the chemical should be removed after
"affecting the matnration spindle; this is an undoubted advantage
j of t,he heat—treatment of eggs to induce triploidy (F:Lschberg
fandCBeatty, 1952&). Bes&dea this diaadvantage,% eolchiciae N
; treatment ;i__u_ Lyo also suffered from the dii'ficulty of accasa of
" the solutian to the eges, . The het.erogeneity in the distribx;@ion.
] of heteroploid embryos between females, and the effeet of

colchieine on the gecond maturation spindle of certain egga, both
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indicated the considerable possibilities of the method when acéesa
was achieved,

Analysis of the cell number of the embryos:showed that the
toxic effects of the chemical were not profound; At cone,
/10,000 lack of toxicity was combined with the capacity to affect

the spindle of the egg, Addition of colechicine to the sperm in .

- vitro befo:e_1nsem$ngtion¢glso-shoﬁed that cone, 1

:

10,000 was

he in vitro treatment of sperm, some were presusably induced but -

»aere unrecogniaed due to .the 1ack af classifiable mitoses,

. The numbers of heteroploid embryos 1nduced by the injection
of ‘eolchicine (19% gt the higher ccncentrations) is. cumparab&e
‘mith the numbar 1nduced by heat*treatment of eggs. in tha fallopian

‘tube (Beatty and Fischberg; 1949 F&schbe:guaﬂd,ﬁeattyﬁ.l952&)~__r

_ which gave }5% heteroploié, The tamperature tréaimeﬂt wag more
Luccessful 1n inducing trzploids as opposed to other typea of
eteroploia, for 19 out of the 26 heteroploida were trzploid

{ compare 2 out of z.s between fmjected conies, }Je,aoo and 1/20,000)

:pontaneous heteroplolds taken from 'ailver‘ strain m&ce eontained

1951}@. Calchicine in}ection therefore gave less control that
ngatﬁtreatmeng ove:.the,type of resultant hetercploidy,

The stage of development reached by the triploid and tetras’

The mejority of the triploidsy two of the tetvaploidsy snd many
other heteroploids were blastocysts when judged by cell humber;
Direct'oﬁsgrvation_of,tﬁe mprpﬁqlogical stage of &eveiqpﬂent of

each egbmyouwaslnot‘made;_ instead thebﬁgmbei of blastocysts and -

at least 26 triploida ont of 41 heteroploids (Beatty and Fisehberg,

ploid embryos ghbWeﬁﬂsoge variation; ¢specially the tetrapioids; |

_pear the toxde: threghold, 'Though no. hetercploids were foﬁndaafteg_

-
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torulee. taken. from each female was noted, If all the embryos of

gy 'ﬂ—“_'“—

partxcular female were blastecysts, any polyploid from that

female must have reached that stage of differentiation,  Judged
by this method, &t least four of the triploids and one tetraploid
were blastocysts, . The mouse egg therefore resembles the-amphibiag
ogg i, Ats capacity to differentiate to this level before

¢
ichromosome unbalance interferes with its development,

Wbereas the great majority of the induced hyper-diploid and
triploid eggs snecee&ed in,developing to morulae or blastocysta,
95% of the induced haploids failed to. reach these morphological a8
stages. ‘ The other 5%, however, were develeping at almost the

' |same ra'be as the diploi.d ontrols; The aefecuon of the maea af
the. haploida poees the questione of their disability and their .
fate. 1 The nnmber ef few—celled unclassifiable embryus observed |
in the experimant was 8O 1ow that it cannot posslbly have |
:represented all of the misaing haploide, The death of the
hapioids mnat have occurred at & very early stage of developmant
|The explanation for their absence at 3% days gestation &8 probahly_
that these embryos failed to cleave at all, or cleaved but once _‘
or twice. _ Recent study has shown that many of the egga which
possess & aingle pronuclens fail to undergo their first cleavageg ;
instead, oensiderable fragmentation occura in their e;toglasa,

The cause of the fragaentation an& death of the haploida can »
scarcely be. due to thelr chromosome conplemeat, hecause those that |
do develop are quite normal . Death due to poieoning by ‘.
colchicine %s pessihle,bqt it would hardly.geem.to.explain_ihe ‘ |
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remarkable all-or-none effect on $he development of the hapleid

ileggs only, Some other cause iz presumably responsible for thelir
;decay.

The cause of the death of the majority of the haploids may
be due to the possession .of an abmormal cytoplasmic or cemtriolar
complement, In the following discussion reference to the centriols
will not exclude other eytoﬁiaamic eonstituaﬁts. Afier the
colehieine had dissolved the spindle of the egg, the chromosomes
became arranged at the periphery of the.ggg due, prébably, to
ﬁévemeats in the cytoplasm of the unfertilised egg, By the game
'procesg, the.egg~centriolea ean be a;attered similarly, Both
centricles and chromogomes can therefore be lost from or retained
in the egg, But the &nduction_of haploid eggs 48 a mnrevextreme
effect on the egg than the inductian of triploida: 4in the formey
the chromosomes are completely lost from the egg whereas they are
mereiy peattered 4n the latter, Similarly, loss of the eentrioles
also occurs in most haploids, Dissolution of the spindle can
result, therefore, im the loss of the chromosomes, thé centriole,
or both from the egg, | |

Baged upon these assumptions, a theoretical scheme of
fertilisation-and development of colchicine-treated eggs can be
postuiated; Eggs in which all the egg chromosomes are retained
will p;obably also retain their cemtriolar complement, At
fertilisation, these egge will possess a triploid chromosome
complement, and botﬁ'egg‘and sperm centrioles, Apart from delay
due, for example, to pronuclear growth in triploids being slower
then in diploids, these eggé will cleave at the same rate as
diploids, On the other hand, egge whieﬁ have lost all their
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chromosomes will almost certainly have lost their centriocles; At

feftilisation these eggs will possess onlyAthe spern csntrioles,

which are probably not sufficient to organise cleavage, Consequen

1y, at the first cleavage these eggs will fail to divide normally,
and, either by the formation of monocentric spindlea or due to
some other failure, will fragment and degemorate, If an egg
which has lost its chromosomes has retained its ceatriole;
however, cleavage and early development will.be exactly the safte
as diploids, To complete the ﬁictﬁre, if an egg which-retained
&)l its chromosomes but lost its centrioles was fertilised; it
too would fail to cleave; there is some evidence for this in the
lower humber of triploids found in the 3% day squashes. than would
»be=expected from the study of pronucleate eggs,

Adoption of this theory removes the responsibility for the
success or failure of the early development of the mouse egg from
the chromosomes to the centrioles; Am all-or-none effecty
depending on the retentlon or loss of the egg éentriolé; hag been
postulated, As.it stands; the theory mast be slightly modified
because there are undoubtedly two centrioles in the egg, and only
one of them; plus the sperm centrioley is necessary for mormal
development (see py210)s The theory 46 in opposition to results
on amphibiansy where the sperm contains the centrioles necessary
for the developing embryo; and it also fails to explain why .
tripolar mitoges are not found 4i_n ‘the triploid embryosy Consiciér-
able support for the theory is obtaine& from.the gtudy of the
developmental rate of 3% day old haploid, diploid; and polyploid
mouse embryos (Pngl)g for these may all be cleaving at an‘équal

rate; Further gupport comes from the total absence of 95% of

v
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the haploids at 3% days developmenty from the observations on
gynogenetic haploid embryos (p,209), and from the parthenogenetic

,stimlation of the rabbit egg (Thibault, l9A9)--.; This evidence '

will be considered in detail later,

Judged by the percentage of tripleida deve}.oping at 3% days
'development., 6,0 of the animals born to znje.cr,ed mothera, ahould
have been triploid, tut no tr.tploi.d offsprlng were f‘onnc}., -7 The
sex ratio was not different from a 181 ratio; tbe alight ex%eoss
of females was probably due to chance. All o the e.nimals vhich
died, either at or after birt‘n, appeared nomal. Unleaa the L
triploids died between birth a.nd maturity, t.he colchicine R
treatiments have s0 far f‘ailed to produce any triploid offspring, '
Unfortunately, ‘the heteroploi.d embryos will, .‘m a.lmoat. every
sase, be present alengside dﬁ.ploid embryoa in t.he uterua. , Unless i
tripleid embryos keep pace with diploid sibs i.n developmental

-1

rate, thelir fate will quit.e possibly be death and resorption _1_5 ’
.gp_e;_g.v. | Soite of the causges whieh probably ‘bring about. dnl.ay in
briplaid devebopment, viz, delayed pro:mclear gromh, slouer
mitotde rate, multipolar spindlea, and the tox.lc eff’eot oi‘ the
colchicine have beetx diacussed Bome of the triploida cany
despite these drawbacks, stm show an equal or greatvar cell
nunber at 34 days development than diploid sibsg the comp.e‘t.,i;.‘ticn'
that sueh trﬂ.pleida have %o faea probably eomea latar in . .
development,; - Faetors eausing retarded triploid development ia
later: embwyenic atages my be physiological (Fischberg and Beatty.

1951), morphological, or meehanical, It seems that; whless such
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_|high porcentages of triploids appesr to be mecesgary; the in

o

5¢

extremely small, Congiderably improved techniques ylelding very

vitro cultivation of freshly ovulated egge in colchicine before-

fertdlisation may be the answer,

_After ::t,hg cervical injection of colchicime solutlon of .

: various concentrations into the Wterus of. females 'imm_‘edia:tely
before natural @qtingk,}Q%,Qf,the':esultaﬁt 3% day old embryos
_were 'hgﬁe!rpp;j&(si‘dg, nany of them triploids, |

-:‘95% of.the ha:pl’oﬁéci. eggs induced by th&a treatment faeiled to
| M .‘i?he tox:le effect, of colchicine on. embryonie. development wag -
“very marked above injected concentration 1/9,000 by weight,
"’;f'h_evheterqgloi‘dé;naueing effect was greatest at concentration
/9,000 and decreased i intensity dowmn to /100,000, -

Lover concentrations probably had mo effect,

Tetraplos.da, ﬁip}e&&&, andy. &gi_,ged by cell number -aloﬁe;, o

‘haploide and varion's other chromosomal types, had all reached

By, destroyﬁ.ng the maturation spindl,e of the egg; colehicine

dinloid competition be almost or entirely eliminated from tripleid

deve,;opment, the number of adult triploids to be found will be

|
i
;
|
a

- SUMMARY ;

develop to the 3% day embryonic stage,

the bla.s’cocyst stege of aevelopment at 3% days,

;ﬂ,'.r;dt;ced;,hete'z_jop:}_.qia embryonic development with ehromosone - - :
complement ranging from égdrogenetic 'ha;;lcid ,.ta triploid,
T?’f{mﬁiﬁ’}m and some mosalc development probably ogeurred by
the action of the cheg:ica; on. }t.he_ first or one af.the e

subsequent cleavages,
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. 107 mature offgpring from females vhich had been treated by

colehicifie vere examined chromosomelly, All were diploid,

' Judged by the 3} day embryos, 6,0 of these offspring should

have bsen triploid, .
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Text-fig, 1, Percentage of females with embbjos, and the
percentage of the total eggs which were embryes at
3% days gestation after the injection of various

colchicine concentrations at fertilisation, .
Data taken from Table 4,

Text-fig, 2, Percentage of triploid and of heteroploid embryos
induced by various concentrations of colchicine,
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The negative of Fig, 10 was retouched around the periphery of the
embryo,. Figs, 10-19 inclusive are from squashed 3% day old -
embryos, Figg, 20-22 are from sectioned eggs, Fig, 23 is a living
egg photographed under the phase-contrast: microscepe.

10, A highly retarded 33 day old embryo taken from a mother

injected with colchicine of comcentration 1/9000, x 350,

11, - . & 3% day old haploid blastocyst, The mother was mjeqted
. with colchicine concentx'atien 1/15,000 . X 350

_l2 An embx'yo wi'bh e complement of between 46 and 48 chromoaoms,

There i3 some contraction in the chmmatida of the lower
mitosig, 'z 350,







13, Haploid chromosome complement in a. gquashed blastocyst
taken from a female injected with concentration 1/100,000,

-

14, . A mitosls of 35 # 1 chromosomes, x 2000;

4

15, A mitosis of 46 ¢ 2 chromosomes, The contracted ehromatids
are difficult to focus for photography, =x 2000,







116, A triploid mitesie, x 2000,

17, A group of five triploid mitoses in a squashed embryo;. .
some -contraction is cevident in two mitosesy The mother was
injected with concentration 1/10,000 §. % 8004 -

18, A tetraploid mitosis, x 2000,







19, A bhaploid/diploid mosaic taken from a female injected with
. concentration 1/30,000, = 800,

20, Destruction of the spindle of the second maturation division
after treatment by colchicine of comcemtratiom 1/7500,
The dyads are moving along the remnants of the spindle,
z 1000,

21, Group8 of chromosomes scattered round the periphery of the
unfertilised egg after injection of colchicine comcentration
1/10,000 into the mother, =x 1000, - S







23,

223 and b,

‘colchicine concentration 1/7500, - Two @mall,
~ abnormal second polar bodies have been abstrioted

from the egg in Fig, 22b (lower pl&te), S x 1000
{ ' :
v o
i U .
k. ,
B . L ‘ !,, t .I
"‘x ! 2. ; .
A
. ¥
LR R -f

Pive pronuclei ina living Egg treated with colchieine
concentration 1/20,000, ~ Qne pronucleds &g normal-»sized
and is probably malej the -other. four are very. s&all and |

A single hrge pronucleus in an ege u-eated with - i [.

are probahly t’emale, : Examiaed by phase-»contmat

L, \\', B 5

x 60@,,







'coLcHIcmE ' mmc'rxons

The #ethod geﬁeraliy used to select oestrous fenaleé is the
vaginal samear technique,. This is ot : a, perfect tool; Judged by
the mmbers of selected females which mated, it gave about 0%,

success throughout previously-described -.e'xperimmw i which
’wlohicina,waa infected iato the uterus before matzng (ps 21} .

: 'Lecessaril_y._,- _\there'f'of'eg; cortain of .i.he' ingected females falled to
mate; and numbers of these mice accumilated, Home were. injected

Eata §fter sgbaequentr i,p.aeet}.pmsi. .To _d_ﬂfs_oqv_er whother any. effect

(see La.ter), aad, in turn, a reaidne of these fuiled to

£ the injected ed;éﬁicine remiaed in these‘mice;,; they wa're'
cod full-time with normal males and allowed to mate at will,
Bt msting; Sherefore, these mice had been previously imjected
oither once or more with varlous colehlcise concentrationsy. thavgh
none were: injected at the fime of mating itself; Three and'a
half daye after mating, the females were killed and their embryos
made inw squash greparaticns for. chromosatte counta; ﬁetai}.s of

this techniqae have been given on p,. 6,

‘l'wemy;four females were killedj details of their fertility

nd of the embyyos rocovered froa them are given An the firat m
fl,zf 'Pable 7., ' Bmetean mice wve fertiliped eggs, The nmbera |
lei’ eggs fm'ulised, and embryonic development after fertil&sation,:
were similar to ‘bhqse found egfter naturalﬂating‘ ' But geven of
the 72 embryos exammined chromosomally we;«'e heteroploid; they
somprised three tripleoids, one MSrﬁdlpie?g& - with 50 chromosomes,.




l

enc probsble hapleid, and'_two'-ﬁosé.ies; A%t leagt one of the i
triploida, #he hypef—'dibloid,; and a dipioid-tetrupléid mosate were ;
hlas{.ocyats," The mber of heteroploid embryos was not sigxiifi_ean-‘ia—
different from the mimber obtained after natursl matifig, but

— g

‘the test was rather strict because of the high egtimate of

Lpontaneous_ hgteropiOida in the controls, If, in fact, the

hetereplqi&y vas spontaneous, though this is unlikely, it is s

emarkably high yield for such heteirogeﬁeo‘i;a mice, For eanple,

ischbex;g and Beatty ‘1952')“ discovered 0,4% of heteroploid emtryos

cont'ron. matings;‘ ‘and in £he e&au-olé ’:’;xu'eete’d vith -’abdmm"
hloride ( p. 31}, no heteroploids were found on'b of 105 classifi—-
able embryoa. For convenience, mice which had been previaualy
fnjected with colchiciae without having umted will be termed
residual’ mice, o ‘

Efforts were made to i.nduce the reaidual effect in other

females by controlled means, Gertam f emaless were injeet.ed wﬂ.th
*mrious cencentratious of colchicine (/5,000 to 1,/15‘000 by i

welght) when they were definit.ely Hot in oestrous, and mated later.
The elassificaticn of their embryos 48 ghown in Table 7,\ rew 2,
eleven nice had fert..uised eggs, and ‘tuo embryos viére hetsro-
ploid out of 29 cIassified | '
.. The secand method used to 1nduce the reaidnal effect was te

nject through the eervix Anto the utgms a co?_&c__l_zieina golution -

known to’ be toxi_;c" te the gamstes, A eoncentmuoh. of 1/5,009 by

weight was. selected Oestrous femalea were m;eeted a.mi then
peired with a male for natural mating, It .wq.si 4ntonded that the

terine contractions during msting, the opening of the tubo-

Tterine junction, and the ascent of the gperm up the fallopian



- o
|

:tube would facilitete the carrlage of the colchicine solution %o
fthe ovary, Contamination of the ovary may affeet the maturation
lapindle of the eggs while still im follicle, resulting in the
ovulation of dipleid or tetraploid eggs on & later ocestrus;, This
actually amonnted to in vivo trea.tment“:o_f the  ovary vwhile the
female was in paeudopregmncy following mating; At the end ef
pseudopmgmmcy, the £emale was mted witheut i‘urt‘aer mjecticn,
and her émbryos were. axamined at, 3% days. gesmtion as equash

| preparations, Of the 27 faaxa}.es injected, one. ga,ve birth to a

| Httexf w’hiéh‘ cofitatned two young, . ng;ailspf the qthez:.s an& of
lenetr embr.yés are given in Table. 7,ff1;ow 3 ~ﬁb“'hétééép§bid'z

: embryos ‘were -fotmd ou‘b of 35 clgssified“ ’l‘he oaly uouabl’w
result was the. measure: of mfertﬂity {nduced in some of the

£ Me’i’@ .

‘The third method used to-ifduce the Pesidual 6ffect was,, by
'aperatidﬁ,jto.ihﬁédt'ealchicigeAsalutién‘benéathwt§e~évéri&aﬁ
capsule ‘on .the ovary, A wide range of c,qggeﬁfoiéationg wag used,
o heteroploids were' fouwnd after the sibsequent niatisg’of these
|females; instesd o« Heasure of infertility was laduced §f msting
lelosely folloved the operation, . |

- _'Bespiflf;é the coiparative feilure to induce.the residusl effect
by other meensy residusl mice were used for ihfée-.stﬁexi purposes,
 Some. Of 'thési were given further injectiohs Just before Hating,
others were isifected after métiag_-; betf; of thede ‘types will be
‘|dealt with later, The third purpose was to-allew 'some of these

females; which had.various gemetic markersy bte resr- thelr

offspring to matuwrily; The chromosome 'compleément. 62" the offepring

|
i
|
|
|
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saline by the method af~3eatty (unpubliahed),

Twelve litters were born, Onie of them was obtained by
autopsy, émt all the joung were dead, Two other litters were
eaten by their mother at birth; and one litter was lost by
accident, From the remaining eight litters; 49 offspring vere
obtained of vhich six were dead when first seen, The remainiag
43 were raised. to maturity, the sex ratio beﬁ.ng "5:18 Thia |
unequal ratio was due to one particular litter which conaisted of
nine femalea and Wo males. though two other memhers ef the sane |
litter were eaten before belfig sexed In the chrontosome couats; |
one aniaal wag mclassifiable because the congimctiva tissue waa
lost from the slide during staining, another Bouse died before
examination; ell of ‘the 4X. others were digloiﬁ Bo heteroplo&d
mitoses were\seen; Exeept for three of ‘thege miee where 5, 4,
and 1 mi.tesi.s reapeotively were ccuntetz, ten clear mitoses were: ':

| used for eaéh classification; Ho e.bnormal gene &osa.ge effects

were seeh

Whaa they came S.nto ces’srt.s,, eolehm&ne was 1njected &ata the
terus of eerta.in resmual z’emales and they. Were paired with males

for mating. The i.ntentmn of the traatmnt was. twoi‘o}.d, F&rst.,‘
to combine tha 'residual’ effeet wi’&h the action cf eo},chicina on.
the Metes (’p;, 21) and :lncreaea the vield ef. hetaroploidy;
aeoond to test wizet.her the eembination of the two methods
induced more corgplex heteroploidy, for example hempiehiy‘

2a3ef=tgd cqueegt.mtiqps vere between 1/9,000 and 1/15,000;
The results fcmnd m:a% .day old m.:aahed gﬁ&yqs are given. in
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Table 8, The number of females with enbryos, end the number
‘of embryos per f'emale, were lower than that of residual females oy
!
of cnce-injected females (p,, 26), Fort_y-'-ﬁve enbryos were

elaasiiﬁablé', of which f‘ivé vere héteroploid ., No triploida wers

found, and apart from one embryo which poesessed a mitosia of |
69 ¢ 2 chromosomes, no heteroploids occurred which were qualitatively
different from those produced by elther the ingection method or
the residual methad alene. |
‘I‘he mean cell mmber of all embryoa aad of the diplo&.d

' embryos are given for each concentratien in 'l‘able 8, The uea‘us
were similar to those of comzrol etabryaa, bat the high standard

error a.'c. cene, 1/19,000 was due lergely to i‘aur emtiyos each of

which possesﬂsed -m zmclei or less; Apart ?:om,-these, ,ezabwyonic
| development appeared ‘bo be mrmal. The nunber .of eells J.n the
vari.ous types of heteroploid, and a camparison with aiploid cell

numbers, will ba given aeparately,,

“iion of . "_fi’s_,_r frem colchic-- e—treated 'ailve 3 mic ‘

Seven females from a line of adce sulected fcr a b,igh
iacidence of .speat.aneaus he-tercploidy in 3% cay el-d exabryoa
(Beat.ty and Fischberg, 1951; Beattyy 1954) were uaed for - |
colohicine ingec‘bions. These. mice contalnisd the ‘aﬁver' faetor
which is respanaihla for or. related to the ers.gin of apoutaneoua
hateroploidy (Bea‘bty & Fischbergy 1951), Gombina'tion of the
effect of the !,silver'- factor ‘with eolchiciﬁe ii;jeétioﬁ was
iatended te raiae the incidence of triploldy, Ths chromosome |
ccmplement cf the nature offspring of thege mothers was couni'.ed in

conjunctiva tissie which had been cultured it hypotom_ig saline by




!
| S
|
|

the method of Beatty (unpublished),
'g | It vas intended to inject colchicine into the uterus of
fc;e’strét;za tgilver! females Just before mating, Difficulties were

| encountered in tr;;éing the oestrous cycle of these females by the
v&gi.ual smear technique; ‘but despite this eight matings following
injection were obtained, Only two of these matings produced
Ditters; one of ﬁbu‘r" aiid the other of two young, ° Suosequently ﬁhe
- "silver' females vere ‘placed full-time wit.h a wale to make use of
any resigiugl .efifect{ induced by the previous inéeetiens-. Five |
iﬁ.tﬁer.a”zy'ez"e obtﬁﬁéd in this manner, Details af-tk_xe fegxalea and |
of their 6iifs§fing 'w.érez'——' |

Injected ..
colchicine Resldual

. Bumber of females infected ' 8
 Bumber of Mtters . 2 s
. bitters lost through miscarrﬁ%e _ : o ' , )
Total mber of offepring ‘ 6 ‘ 18
Sex ratio. - L w2 ose
' 'Chroaosome cl&ssiﬁeation of offspring: o o
Dip.loid : 5 14
No @itoses '3 -2
hlaueri.al lost from slide 2

After 'the,_ éigﬁmina@ion of their offspfiﬁgga the geven ‘silver!
- females .X;’é!fe: ._sremated a.nd killedS% days later, - Squash preparations
were made ,df|tl:x‘eir‘ embryos,. - Restilts -ax;é gi?e'n ,in T&bl§ f7§ ',x'ow by
One of the females had not ovulated, three others possessed only
'axiféifti;ieéa' egges; The other three feinales gave 13 embryas, iz
of. whieh were morulae, Nine squashed eiﬂbryqs. had ‘no mitoses,
three were diploid, one was a tetraplcid;f' ‘Whether the tef!_’aploid

Was spontanecus or residual 4s conjectural,
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DISCOSSION,

- The small percentage of heteroploidy induced in residual
females occurred at periods of uypto.3 weeks after the previous
colchicine injection, It seems unlikely that colchicine remained
in the fallopian tube or beneath the ovarian capsule for this
length of time; the chemical may have been absorbed in the blood

or in the tissues of the female and affected the avary or the egg

rta the blood, Austin and Braden (1954) reported second polar
rody suppression #fter intraperitoneal injections of colchicine
into female raté#; but, as these worﬁers inaééted-colchicine
immediately after mating, the injected chemical could have affected
the eggs directly or via the bloodstream, | |

Of the heteroplaids, triploids occurred in the largest
nupbers, This evidence, together'wifh the induction of a haploid
pmbryo, suggests that the second maturation spindle of the egg may
“have been damaged in a similar manner to that caused by the
injection of colchicine into the uterus before mating (p, 21),
The time available to affect the séeond maturation spindle of the
egg is limited to between the completion of the first maturation
division and the extrusion of the secomd polar body, If
pufficlent colchicine remained in the females ta.&ffeot the
Becond maturatdon spindle, it could also affect the first

maturation spindle of the egg, or both, Destruction of both

Epindles could result im the ovulation of tetraploid eggs;
destruetion of the first spindle only could result in diploid eges,
t fertilisation, the embryos would then be pentaploid or triploeid,

uppregsion of the first maturation division would result in
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triploids which were genetically distinct from those caused by
?suppressing the second maturation division, 1In the triploids |
ariging by the former method, the cmn‘p}.e;be heterozygosity of the
mother would be retained in' the gecondary cocytej the only loss
of heterozygosity would be by the chance segregation of similar
cross over segments into the second polar body, In contrast to
‘this, suppression of the second maturation would retain only that
heterosygosity caused by odd-numbered cross overs from the
centromere in the first maturation division, Residual triploids
may therefore be of a different origin genetically tham those
produced by treatment: of t.he gametes at fertilization by heat~
treatment (Fischberg as{d Beatty, 1952) or by célchicine (ps 21),
Judged by the nmumber of eabryes mﬁ.ch were triploid at 3%
days géstatioa, 4 of thé 96 mlatura‘ offepring of 'Ysilver! or non-
'silver' rothers should have been triploid, The absence of
mature triploid offspring may have been due to chance or to

thsir death in uterus or afterr birthy The passibility of uterine
competition between diplei& and m-iploid embryos, resultmg 1!1 the
death of the latter has been digcussed previously (P. 56);,

Though chromosome counta are the primary evidence for agsessing
ploidy, observation of a disturbe(l gex ratio in the offSpring of
treated mothers may be of conaiderable importance in het.ex-oplo:hw«-
inducing exper.iments, Af‘&er attempta to cause polar body suppresgs
ion hx the egg, an excess of female oi‘fspring is very suggestive;
any i;ndu,ced fﬁploida would possesg two X chromosomes from the
egg; and may be biassed towards femaleness whether they receive

an X or a ¥ chromoseme from the sperm, One female gave a
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|
| i

|

Elitter of nine femsles and no melesj her subsequent litiers had a

!ltl sex ratio, The femaleness of the first litter may have been

i

due to en influence of residual colchioine, the influence having

been lost by the time of conception of subsequent litters, But
" lthe diploidy of the offsPring suggeats that it wag merely a

chance result.

1, Eemalea which were mated se?erél-days aftér receiving an
.intraeuterine-iﬁﬁecﬁiﬁn-of,cdlchiciha yieided some hoteroplodd
. embryos at 3% days gestation; About 10% of the embryos
. were heteroploid; triploids being the most numerous,
2, Attempte to produce the game phenomenom by other -
;iexperiggatal procedures did Hot -succeed,
3;;"Chiqmoso@é counts on the mature offspriﬁg of these females

showed that nio heteroploids had developed to maturity .
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. 3a.THE INDUCTION OF TETRAPLOIDY

The destruction of the epindlevéf the second maturation
division of the egg by colchicine may cause all the'mgternal
chromosomes ﬁo be rétained in the egg at feftiliaatidﬁ. ‘.Such an
ogg mAy then develop as a triploid’ (ps 49). if the'épihdié of
the first cleavage divisian of the egg ‘can be destroyed in a
similar manner, the first cleavage may be suppressed~ Retentien
in one cell of the twn diploid chremosome sets on this spindle may
cause fnrther development of the egg to be tetraplnid

Pincua and Waddington (1939) subjected urcaneleate rabbit '
oEgs to supranormal temperaturea, or to dilute soluﬁions of e
alcohal, gther, or colchicine ;g vigro, Ether and hypertharmiu
resulted in 2- or 4-celled tetraalaid embryos; after colchicine '
treatment, many oneucelled tetraploids were dzseovered‘ Beatty |
end Fischberg (1952) subgected preducleate anuse egga to heat 1n 
vivo ané‘;xaﬁined the treated egga at Bé days gestation* 7 or
twelve heteroploid smbwyos discovered hy these authors, at least‘fla'r
aeven were tetrayloid» - In the following work, the induction of
tetraploidy in the mousey Qﬂgg;ggiggggg, has been attempted hy
Bubﬁeeting pronucleate eggs to colchleine,;g_gggg A short
preliminary report of the work has been published (Edwards; 195¢ia ‘

'
H

MATERIAL AND METHODS, .
At the time of the first cleavage, thé.mouse egg is in the
second loop of the fallopian tube (Lewis and Wright;~1935),<_.rhe,
>narrowgess of thig tube hinders. access of ausoluxion.tq tﬁe eggs,

Two methoda of approach wefe used to reach the fallopian tubes,
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One was via the cervix into the uterus; the technique was similayr
to that described for the injection of colchicine into the uterus
before mating (p. 23), The second approach was by the injection
of colehicine solution boneath the ovarian capsule, Injections
were carried out about 15 hours after mating, when the eggs were
still in the promuclear stage,

The vaginal plug pérsists for various periods after mating,
and 1aJection via the cervix often neceasitated ita removal before
treatment, Leakage of the 1njected solution from the uterus was
often pronounced; ' in geveral eases all the inggeted solution was
immeéiately ejected, 1If a ve:§ éméiluvggiaal‘plug femaingd'qver
thé cervix'bniy, colchicine was'fnjected through'thevplugg and
the solui&én vaS’:etéiaéd more sﬁccgséfuliy,ﬁl Care Was'necgssaxy
when ihjectiﬁg'through the plﬁg because of damage to the femalg,
| and no attempt was made to inJect through large plugs. the
pressure of the injected solution in the uterus was 1ntended to -
cauge & flow of colchicine up the fallopian tuba to the eggsy
| In}ecuien heneath the ovarian capsula was Zntended to cauge

a flow of colchlcine down the fallopian tube to the aggs. | Femaleg
were anaesthetlaed with ether and emall ineiazogs made in their
dorsal body"wall. The ovaries and capsules were drawu through
’ the incisions, and enough colchicine was 1njected to cause a slight .
dietension ef the capsule. _ Leakage sametimes occurred from the
eapsule, Replaeement of the ovaries and capsules; and seﬂing the
body wall, completed the operation. . | l ‘ N

Concentrations of colchicine (ﬁy_ﬁeight)-ééed in the two

experiments weret ~via the‘cerfig, 1/2,000 to 1/9,000; via the
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ovarian capsule, 1/1,000 to 1/4,000, . Injections via the cervix
were carried out on normal and residual femalea (see p; 62}, only
normal'feﬁa.iea were, ixij'é'cted‘via thelovarian capsu'le. - Three
females were injected cervically with O, 73% aodium chlora&e v

1solution. to. gerve as contmls.

'Results are gi#en__ 1in detail in Table 9y figures for mormal ..
and resiﬁu&i mice being giﬁeﬁ .gseparately,  The three noma,lmiae
. . which were injected with 0,75% saline showed fx;:c; effects of the -
treatmeﬁt- ' M‘tef the injection of higher concentrations of
colch‘leina, occasianal females suffered f£rom the treatmant, si’t’.ﬁ:t
mice, not included i the ’I‘able, had to e Ktiled a fow hours. aftez-' |
thsinﬁecticm; BRIV o '
‘rhe Fertility oi‘ the injectad mice was eam;ared wz.t.h that gf '
'normal and residual mice after matural mating, Both ‘by—pea of
injeﬁt’ed‘ xﬁice‘ahowéd 'd'ecre.aéed fértility;' the mm;ber ci‘ females s
with embryos, and ﬁha numbere of embryos obtained, were both lower -
t.han in controls’ es;:eeiauy at the higher cencentratieas, o |
Analysis of 'bhe rmmbers of eabryoa within females with embryoa
indicated, however, that the nomal mﬁ.ee were. similar ta t"leir
| eontrols, while residual mi.ee were less fertile t.han the&r cont.rola ,
This may represent a gra&ter seusitivity to colehicine cf mi.ee |
preﬁously treated with it,
The mean cell mimber of the emtn'yoa ghowed that the treatment |
retarded embryon:.tc- development; many embryoa had vary feew cella

at the higher cchcentrations; But the variable auecess of the
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technique led to many mice being relatively untreated; thedr

embryos had sisiilar cell numbers to controls and influenced the

which were blastocysts was lower than in controls, but was an
uncertain guide to the effect of the treatment on development,

" A few heteroploids were induced; these were mainly tetraploi
(Fig. 24) or &iploid/tet.raploid moaaics, Presumably the latter -
aroge by an efxect ef the chemical on a blastomere in a later
cleavege than the first, From the residual sice, onme trip;.oid e
and one ﬁgploid/dipiota mosale were réc«;vareé. The *t;rﬁ;ploid wae
aimbs't certainly reéi:&u;a.lf the mosaic. was probébly a i‘eéidual’
M»saic‘iwﬁioh'became partially doubfled to diploid on'a second or a
hter cleavage. Two hypo—dip).oids were also found, Though- the
m:mber of heteroploids was not signiﬂcantly different from the ,
mmiber 111 controla, the treatment was presumably respoasible for
the heteroploidy, The e-mitoses found ip both diploids and

té#rs;‘\lglds"(‘f‘ig* 25) indicated that colehicine was still precent

in many embryos,

B Detailad results of the experﬁ.ment are. given in ‘I’&ble 10. .
Three: colchicﬂ.ne concentrations, 1/1,000, 1/2,000, and 1/4“900' |
‘Were'usedi eight females being méected at each coacentrati.on; -
One muse, rot :.ncluded in the Tabley had to be killed shortly
after the operation. The mmber of females with embryos, a.nd |
the mmber of - embryns per female; declined w:.th inereas&ng }
colchicine eoncentration, ‘At the higheat concentration, for

emmple, only half of the opera.ted females had embryna, and the

‘medn at each conéexitraﬂ-,on‘ The percentage of the -total embryos !

|
|
|

:mmbe_ra of emha'yos in these f emales was only qne-hal.f of %hoae in



~ control females, . ' L L o o

- The mean muamber of nuclei in the embryos declined with B
increasing colchicine concentration (Table 10); mo blastwm
.Wgne”requered<at‘the'h&géegt‘ 8Some embryos had escaped the
complete treatment, houever, and had fakrly highigell nunbers;
others were restricted to the gecond or third cleavage byvtbé
treatmenx. | |

“Puo tetraploid enbryos were found (Fig. 26)3 both were taken
’ from ‘the’ game ‘mother treated with conc¢ 1/2,0@0. At'the*éama
"cancentratien, bh e other clasaifiable embryes were dipleid, ~In
sddition, the nine embryos classifiable at coné, 1/1;000, and the
;‘ié at’ 1/4,000 were diploid c—mitoses were often seeng an&
f'accumnlatian of mitoses had occurred ih both’ tetraploids (Fig, 26).
The eall number ef the heteroyloids resulting from hoth

| metho&s of injectien, aﬁd 8 ccﬁparisen with diplolds; willl:erll -.

- lgtven dater,

' Embryes with ,teﬁra;alqid aﬁtds{;a-s occurred ai‘ter both 'treaﬁgze;zts
_'Seae of theae embryos also had &iplaid mitoses, and were certainly
mosaicjy others had 1arge nnmbers of tetraplnid mitcses onlyg and
[Fore probably uniform, Tetraploid cells presusiably arose by the
{suppression of a iploid cell division, Eubryos which wers
ol totraplotd must have boen affocted st & very ssrly
cleavage; apd i most the first clesvage was probably suppressed,
She mosatos must have been affeoted in tho gecond clesvage at the.
leerliests the affected blastomers giving rigs to the &?ﬁ?a?md

iigeaggiAth@1ﬁg&ff9¢teé”§%astom§re yrodue}@gﬂﬁhsééiyiq&@'Iineageg
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iSufficient colchicine must either have been absorbed by these |
‘embryas, or enough chenical must have remained in the confine of |
the fallopian tube, to cause this effect on the later cleavages,
|The presence of c-mitoses in 3% day old enbryos which are under-
going their sixth cleavage alse indicated the presence of excess
colchicine, |

The stage of differentiation of each embryo was not notedj
instead, the number of tlastocysts and morulse taken from each
female was recorded, The embryos of ome female were all blagto-
cysts, and as they included one diploid/tetraploid mosaic, the
|mosaic complement had not upset differemtiation to this stage,
?he:stage'cf differentiation of the othe§ hetéroploide ean cnly be
 jﬁdged from their eell numbers; with ﬁhe exception of three of
|the tetraploids and the hypo-diploid, &ll of them would be
blastocysts, In addition to ‘the number of ehromosomes, the
_'number of centrioles may have also boen doubled at the first
| éléévage,. But, except in ﬁhe hypo~diploid and in the sultiform
mbgaio, no non-euploid mitoses were found, Centromere function
wag therefore apparently undisturbed by the chromosome doubling;
|4f the number éf centromeres was déuh&ed, a regulating mechanism
ﬁnst have operated on them to prevent the formation of multipolar
spindles, _ ,

Heat treatment of egge at'theltime‘of the first cleavage
(Beatty and Fischberg, 1952) yielded approximately the same amount
of heteroploidy as did the higher concentrations of c§1chicine in
the present experinent, Of the'twelve hetar§ploids found by
Beatty and Fischberg, seven vere tetraploid and thres near-

tetraploid, After colchicime treatment, five of the eleven
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heteroploids were tetraploid, and four were euploid mosaics;
induced heteroploidy by hyperthermia was therefore more comsistent~
1y tetraploid than that induced by colchine; The difficulty
comnon to both methods ig that the first qleavaée.ia different
eggs occurs over a wide period (Lewis and Wiright, 1935; Gregson,
1941; and see p, 12), Beatty and Fischberg heated the egg for

- five minutesy the treatment would presumably affect all the eggs
which were suscéptible at the time of heating, In contrast,
colchicine would be less likely to reach the egg im the fallopian.
tube, but once there it would probably exert its influence over

8 lopg period, The euploid mosalcs; for example, mmst have been

affected by the chemical at the second or a later cleavage, By
~ dts betier access to, and easier removal from the eggsy heat
tregtment tberefore gave & more comsistent result thaﬁ:did
colchicine, |

- By its effect on the gecond maturation division, colchicine
induced all gradatiom of heteroploids between haploid and
triploid (see py 4;)5_"Thevaction of colchioine on the eggs of
residual mice was probably similar (p, 68),; If the chemlcal also
Luppressed the first cleavage of these eggs,; the heteroplolds
mould nmow range from diploid to hexaploid; The diplotds would
ve unidentifiable from normal untreated eggs except, pefhapsg for
the possession of a low number of cells, If the second action
of colchicine was delsyed until the secomd or a -later cleavage;
the range of mosaicism would be from haploid/diploid to triploid/
hexaploid, The former K was imduced deliberately im the present
oxperiment by injecting residusl mice with colchicine after

mating, and it has also occurred by chance following colchicine
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J(xueotion before mating {pe ;29) + = More complex mosalcs have not

been seen, but the possibility of observing two mitoses in such

A3
Lo d

ponderous mosaics must be very slight dndeed,

 SUMMARY,

| Varions concentrations of colchicine dissolved in O 5% galine

were mzeeted either into the uterus via the cervix or

beneath the ovarian capsnle ébout 15 hours after mung

’i'he colchi.cine vas intended 'e.o reaeh the fallopian mbe and

Buppress the first cleavage of the egg.

‘ Tetmploids, dipload/tetraploid moeaies, aud other het.ero»
pleida were fomd ia low zmnbers at 3% days gestahion. R‘igh

. ccncantrations of colchicine adversely affeeted embm'yenic

development.

Somé colehicine was probably retMned withiu the conﬁnss of
" the fallopian 'eube or in the embryos, aml affeeted later
| eleavages in addition to the first, o -
Judged by their numbar of cells, gome tetraploide were .

blastoeysts,
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The negative of Fn.g, 26 was shghtly retouched around the
periphery of the ambrye v

24, A tetraploid mitoéi's'in an e&bryo' taken from’.a mother
injected via the cervix with colchicine concentration 1/3,500,
Squagh preparation x 2000,

25, A contracted diraloid mitosia in an- embrya taken from a
mother injected with concentration 1/9000, Sguash
preparation x 2000,

26, A tetraploid embryo taken from a female inJected beneath
the ovarian capsule ‘with concentration. 1/2000 ‘ 8quagh
preparation x 350 - .
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CHAPTER I,
THR _EXPERIMENTAL _INDUCTION OF GYNOGENESIS IN THE MOUSE

Parthenogenetic embryos develop from only one of the two
gametesy usually the egg, The impetus given to the egg to
commence development may occur ﬁaturally; ag in many insect species
or it may be experimentally applied, ¥The experimentél stimuli
can be classified into two groups, The first group includes those
given di;ectly to the eggs they_initiate de#elopment without the
presence of a spermatogoong Thia‘type of development ¢an be
coqaidered as '?rue’ parthenogenesis, -In the second group, the
stimulug to the egg is by fertilisation with a pre-treated sperm;
the treatment of the sperm preventing the male chromatin from
ﬁartakiag in embryonic development, This type of éevelopment is
gynogenesis, The induction of true parthenogenesis therefore
necegsitates tr_éatment of tho egg, the induction of gymogenesis
requires the pre-fertilisation treatment of the sperm,

The present study is devoted to the induction of éynogenesis
in & memmal, viz, the mouse, Mug mﬁgculggg In manmals, knowledge
of the trestments which induce parthenogehasia has considerably
" lincreased in recent years (Pincus, 19395 Thibault; 19493 Chang,
19543 Austin & Braden, 1954); Less work has been reported on
;he‘induction of gynogenegis in mammals, I# the amphibians,
however, considerable information is available on experimentally-
induced gynogenesis (see thé:reﬁiew; by Fankhauser, 19455. Briggas,
19525 Drebinger, 1951), Several of the fperm treatments used

by these writers have been adapted for the present investigation,
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? The original experimente invthis field were reported in 1011

by 0, Hertwig, He and his collaborators noted that, after
3mnéerate dosages of radium ;rradiation on the sperm,.” embryonic
development was very aboftife. ~ If the dosage was‘increésea,
embryonic development improved until, at high dosages, it was
almost normal, The return to normal development after high
dosages he termed the 'p;radoxical effectt, To explain this
effect, Bértﬁig guggested that the moderate dosages had injured
the sperm chromatin, whereas the high dosages had completely
inactivated it, The‘injured chromatin contributed to the embryo
but disorganised development, The inactivated chromatin took mo
part in development, however, and the embryos contgined onl? the
haploid set of maternal chromosomes, Haploid development,
- |inheriting no encumbrance from the tpéated sperm, wasg éimilar to
normal_developmept until advanced larval stages, _
This_hypothesis has since been~sﬁbatantially confirmed, In
terms of modern gemetics, thevexp}anagion of thg tparadoéical
effect!y or as it is now termed the Hertwig phenomenon, is that
~|low dogages of irradiation induce lethal mutations or gtructural
alterations in tpa sperm chromosomes, The induced genetic
damage then adversely affecﬁs embryonic development; High
dosages completely inactivate the sperm chromosomes ag suggested
by Hertwig, end there is no lethal effect of the sperm chromatin
on the resulting haploid gynogemetic deyelopment. 8ince its
diseovery, subsequent investigators using othor treatments on the
gperm have also reported finding a Hertwig phenomenon, .
‘Other treataments used to inactivate the chromatin of amphibian
spern before fertilisation have ineluded the use of Xerays (Dalcg
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l& 8imon, 19313 Rugh, 1939) which showed a clear Hertwig
henosenon (Rughy 1939); trypsflavine (Hertwig, 1924) < wltras
violet (Dalé.and 8imon, 1931) which ahoéed 8 clear Hertwig
phenomenony toluidine blue (Briggsy 19'52) $ and nitrogen~mustard
(Drebinger, 1951), The haplold gynogenones induced were able to
reach: advanced. stages of morphogenesis (Fankhauser, 1945),

- In the mammels there is no evidence of gynogenetic development
beyond éarly cleavage, Irradiation of radbbit gperm in vitre by |
ultra-violet affected the pronuclear stages and the first cleavage.
(Pincus and Enzmann, 1936), In e similar experiment; Beatty and
'Selman (unpublished). detected no haploids in 5% day old rabbit
embryos, . X-irradietion of rabbit sperﬁ in vitro over & range. of
dosages up. to 100,000r by Amorcso and Perkes (1947) dnduced
increasingly severe abnormality at syngamy and early cleavagej
though gynogenetic developinent of the egg wag not indnee_ti’ by the
treatmént, Pincus (1939) induced the gynogenetic development of
a rabbit egg to the 8ecelled smge after fertilisation with rat
sperm, - Thibault (1949) inseminated sheep with tryp‘gflavine—"
treated: spermatozoa, but though observing :spix‘idil'e, rotation m the
eggs induced neither pronucleus formation ﬁqr gyrnogenetic
development,. |

- A number of haploid mouse emhryog have been r,eporta;\i from
other experiments, They 'qcfcurred as advanced morulae or .&s
,{blastocysts from three sourcess from a line of mice selected for
a & high incidence of spontaneous heteroploid embryos (Beatty and
Fischberg, 1951a)(Beatiy, l§54).}. efter heat-treatment of newly
fertilised eggs im the fallopian tubes (Fischbérg and Beatty 1952a);

and ‘after colchicine treatment of the gametes at fertilisation .
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(see ppy21 & 62)s ° In all cases the haploid embryos were produced
in associstion with triploids, , R - |
- Four .of the speim-trestments. which. induce gynogenesis in the
amphibian cgg have been used on the mousei;ggg'ggggg;g§4 - They
include tvé'irradiationa, ultre~-violet and X-raysj; and two
chemicals, trypaflavine and toluidine blue, In sdditiony -
trypaflavine and ultra-violet were combined in one experiment,
'Laéﬁiy;rét’of:rabbit.sperm was inseminated.into.msuse femaiéag
{this was a variation of the experimente of’ Pincus (1939), A

;brief report of the experiments has been published (Edwards, 1954),

ggg ENTATIQN OF THE RESULTS

The method.of preseatatxon of the results obtained after the
.various aperm treatments will ba standardieed. This will simplify
bperusal of the differeat eriterla, and parmit dmrect comparison
’between the effecte of the different treatments. The basis of
the work was observatiaa at 3% days geatation.aftér the |
binsemination of tbe treated sperm. Earlier embmyos were examined
vat fer;ilisation and the first cleavage. Other enhryos were 1
allewad to davelop beyand 3% days gaatation; theae were examined
:after implantation or a% andzxf%er birth, often with the aid of
kar genea. The programme of inveatigation was carriad out in
entireiy after most, but not all of the sperm treatmen "Thé
resnlts will be presented in the order that they were experimentally
obtained, 1, +e 1n the order juat describsd6
| Presentation will he under the folloaing headingsawlAﬁ.
“;1, The effect of the treatment on sperm motility,
'.2-.. Results at. 3§ days gestatiom
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“a), Analyé@s of the fertility of the artificially
inseminated females, ‘ o
b) Analysis of the numbers of embryos and unfertilised
. egge obtained |
-1, from'all femaleg
..o+ .34, from females which produced one or more embrygs,
.¢) Analysis of the morphological stage and number of;_ﬂ;
anL nﬁ@le@‘of,tha.embryos;
..d) Chromosome counts of the embryos,
. ...e) -Cytological observations on the embryos, . . .,
3. iObseryationsugtAfbrtil&sation and the first cleavaget
_.a) Sperm entry and‘p%onucleuS[formatipp,,_, 
... ..b) Byngamy.and the first. cleavage,
':&..;Abbseryatiohs‘at,implantation,_birth and maturitys .
v;a)v$he‘nn&beé,of.occupied.élacentaa, - ‘
- b). The number of offspring,
. .¢) Observations on the genetic markers; and other.

genetic observations,
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1. ULTRAVIOLET IRRADIATION OF THE SPERM,
INTRODUCTION,

The offect of the ultra-violet Lrrediation of rabbit sperm on
fertilisation and the first cleavage was reported by Pincus and
Enzmann (1936)._ ‘They uged & lamp siv1ng an output of 37 erga/seq/
| cmz,  After irradiation times of one and of five ninutes, they
- moted degeneratlon of the spemrm chromatiu, and irregular and |
delayed.first cleavage, Beatty and Selman (unpublished) noted
the rﬁt6r¢e§l¢eva;o§menﬁ of‘aqme 5% day old embryos after wltra=
violet ;rradiaticn qf'rabbiﬁ sperm, but found no haﬁloiﬁ or
heteraplo{d embryos, | | S -

in the experimental results which follow, the effects on

embryonic development £b;iowing ultra-violet irradiatio; in y@tta_
of the gperm of the moUse,vgggzmggculgg.haée béen_fnﬁestigateég:
Treatment of mouge sperm gg‘g;trp'by u;tra-vioi;§ neceseitated

- the agtif%gia;'ipgga;ngtiqg'Qf the treated spermy .det§iis éfﬁ

this technique have been given on p, 44,

| MATERIAL ARD _METHODS,

A’ precaution waﬁ‘neceésary iﬁ gelecting the mouse straing to
be used in the experiment, The mating of mice carrying the factor
-isilveri;'or'théléfbésing of mice of widely difféerent strains, are
Known to give an incidence of spontaneously heteroploi& embryos at
3% daya gestation (Beatty and Fischberg, 1951a; Fischberg and
Beatty, 1952b), Care was taken to avoid the incidence of

spontaneoué heteroploidy,




Deiaila of the artificial insemination technique have been
given on p, 4, Sperm were excised from phe vag deferens into
1,25 ml. of 0,75% salinej usually between four and seven bucke
iprovided a sufficiently dense spérm sample, The depth of the
sample was &pprbsdmatgly 2 ms§ 4%t was placed in the centre of the
' area illuminated by ultra-violet for the required time, then
ingeminated into oestrous females, A sperm paisple go obtained
lind treated is referred to as one sperm treatment in the tables of
' res:ultsg' geveral guch trestients were made at es¢h dosage level
(Table 11), The sperm was exanined under the microsecope (x 80)
"lbefore and after the irradistion, and after the last female had
been inseminated, At each examination, the activity and density
were eeﬂimatéd“bj eyes | L

The source of the ultra<violet irradistion was an Osrem 125
Wwatt mercury vapour lamp typs MB/V, It was housed in & container
next to ‘an aluninised mirror, " The mirror reflected the light

. \through a fdée& quartz ‘lens which concentrated the beam on a
limited area, Little' loss of light of vavelength 2600A occm;rsﬂ
by this ;éo’nstx’_‘u;?tign.. Phe illumirated area received radiant
lenergy ‘at & rate of 8,7 % 10? ergs/cn?/second betw‘e'eﬁ'.ﬁavélengtha
: 21.00&a.nd 3200A, - The spectral distribution of the lamp 4s shomn

in Textefig, 33 the maximum output coincided very .closely with

" lithe absor?tion"maﬁmm for nucleic acids,’

. . Treatment of the sperm was for various times between 15
lseconds and 30 minutes, = 30 minutes irradiation:corresponded to
“1,6 Joules ‘per sg. cmy on the surface of the sperm suspension in

i he tables and figures given later, dosage smounts will be given




in terms of exposure time,

|
|
l

Examination of tho embryos resulting from the treated sperm, ’

Embryos were examined at various ages after fertilisation,
The methods of examination, in experimental and mot developmental
order, weres |
i, ZThe 3& }_day embryonic stage, At -this stage of development, t'he
embryocs can be'easil_y obtained by gently passing a current of
saline through each uterine horn, Details of the recovery,
squashing, staining, and examination of these embryos have been
given prewlously (see p, 6), |
i, The ptage of fertdlisation end the first cleavage, The
entire fallopian tube of the mouse is of a convenient size to
handle for sectioning, It was removed containing eggs of the
required ége and sectioned at 10u thickness, Details of the
gectioning, staining, and examination of these eggs have been
~|given previously (see .p.- 7
114, lantationy ' g turd Ezaminaticn for
ixai:lantat.ion sites was at first planned to coimcide with the

depositicn of eye pigment in the embryos, which i3 first observable
ot about 12 days gestation; To a.llotv for any delayed development
in abnormal embryos, exanination wag delayed to 13 drys, But as
resultg accumilated, it became cleai' that very few of‘thé eﬁibryos
would. reach this stage of developament, Accordingly, éWﬁm
for placentae was made at earlier times, some examinations ﬁeiag
made at 10 days gestation, others at six or seven days when the
placentae is merely kmot~like, In four csses, examination wag

made at 4% days to mske certain of development beyond the 3% day
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stage, Apart from these, two other mice were examined, at 13 ang
16 days respecfively@  These females bad been igtendad to carry
their eubryos té term, but they were obviously not pregnant when
killed, Where possible, females which had been inaeminated'with
treated sperm and which had been alleﬁéd to carry their embryos to
term were killed when it was apparent that no young would be borm,
These females were checked for the presence or absence of
placentae,
| Examination for births was made as earefully as possible near
the expected time of arrival, GCenetic markers were present in
many females and in the sperm samples to ascertain the origin of
'the offspringf The markers were planned so that the inseminated
female was homosygous for a gene for pink-coloured eyes (e.gq any
one of the genes falbino', !pink-eye'; 'pallid'); the male ﬁaa
-homoéygcus for thé dominant normal e§e~eoloured allele, If the
gperm chromatin had been inactivated by the treat&enté the pink
eye of the female's recessive gene would éppear in the offspring,
If the sperm chromatin had not been 1nacti§ated; and had theréfcre
c&ntributéd to development of the embryo, the eye colour would bé
normal black, Vaiiods 6ther recessives (e,g, ‘waved~2!,; ‘dilute'
?chwﬁ;, ete,) were aleo hombzygoﬁs in s¢me'6f ‘these £Emalés,‘and
prov@dé@ e aimilar test; | To ensure that the sperm samples were

homogygous for the dominant markers, males of inbred lines CBA and

C3H were used as sperm donors,

‘Low dosages had little apparent effeci on gperm ‘motility;

but effects were noted after two minutes exposure and sbove,  The
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activity declined, and occaéioga)ly the sperm exhibited a shaking
6r shuddering movement. instcad of the normsl action, These |
eﬁ‘ects became: more. pronounced with increased dosggej at the highl
dosagee gsome of the sperm was observed to be xnot.ienless, . At the
two highest dosages (20 and 30 minutes exposure), the activity of
the sperm was greatly reduced in four of the five gamples, the .
fifth being less affected, Where only a proportion of the _sp:er,ux}.
in a sample was affectedy the affected sperm may have been that
which had been swimmihg near the surface of the suspension, Due.
to the lou penetrating power of ultra=violet light, sperm in the

lower layers of the salinex may nol have been so heavily treated

and so retained their activity,

Detailed resulta of the femalés used, the embryos obtained,
and the chromosome .-cou;xts and mean cell numbers of the emlryos
| are given in Table 11 Bxpoaure tines were between 2 ¢ and 30

minu'bes; geveral samples of sperm were treated at each dosage,:

The controls of the artificial insemination technique yielded:

33 out of 4’7 ‘females possessing one or more embryos at 3% daye _
gestation; or M,2% of the females inseminated,  After ultras
violet irrediation of the sperm, the percentage of females with
embryes vas lower than the ccutrql., figure; especially after the
longeat ezposure. Lower exposuz;es did ‘nqt ex_gqge;veiy depregs
fertility. 'Bepause‘ embryo,r}ic éevie:_l.c?ment( was eften lv~er:y o
retarded after ix;radiatiozs.,‘ gome embryos may easily have been

overlooked at 3% days gestationj the percentage of ingeminated
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females which possessed embryos must therefore be considered ag

the minimum,

Analysis of the numbers of embryos and unfertiliged eggs.
Aﬁ 3% days gestation,’normal untreated embryos are advanced

morulae or early blastocysts, Unfertilised eggs, which are the
same size as the embryos, usually hu?at open and disintegrate
when fixed in acetoscarmine, anortanately, not 211 unfertilised
eggs can be seen 3% days efter mating because some have previously
cytolised, 'consequeptly the comparison between the numbers of
embryos ahd unfertilised eggs is biassed in favour of the embryos,
The percentage of the total eégs which were embryos was calculated,
Results are given in Table 11, the aﬁalysis having been made first
\ on all eggs, and second only on the eggs taken from females with
embryos, The percentage was consistently 1ower than that in
controls; tut within the experiment the percentage was maintained
at a fairly constant level gxcept at the two highest éxboaurea.
Despité the numbers. of immotile sperm seen at the higher dosages, '
the.percentage wag not greatly»depressed; either the physiologicél
4-damage to- the sperm did not affect their fertilising power, or
spera auspenaions were so denge that numnbers of sperm escape& the
complete treatment¢ - |
célcglataon of the mean mumber of embryos obtained from
femeles with cubryos overcame the difficulty due to degeneration
of unfertilised eggs, The results are given in Table 11, The
mean was consigtently Just below the.éontrol mean except at
exposure time of one minute, where it«mas‘siightly.higher,

and at the two highest exposures, where it dropped-
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steeply, The pronounced effects on: sperm motility may have been
{the céuse~o£ the lack of embryos at the highest exposures, |
_Examination of eggs. at fertilisation (see later) showed that
the three‘criteriarused»ébove actually cempéﬁad‘the,nnmbér-of.
fertilisedyéggs which: cleaved with thé.nuﬁbEr unfertilised pkué_
those which were -fertiliged bat failed to. cleave. , Two=f§ctor3
|were therefore simultaneoualy meaaured& the effect of ultraﬁv1elet
oB the fertilisxng power of. ‘the sperm, and. the ability of the |
fartilised egg to undergo  cleavage, . A.study-ef:eggs=in the .
pronﬂclaar stagaa would ‘give a g tricter meagure of'the fertiliaing

‘|eapaeity of the sperm after ultraﬁviolet_1rra@iaticn;,z_ o

‘e effect of irradiation of the sperm on embryonic

develapment wag meagured hy the. analysis of the gtage of: marpholo~
: gzcal dlfferentiation and. the number of nﬁclei of the embryos.
. xn.goutrolsi:5133“ of the embryos were blastocysts, the remainder
were marulae. After 1ow exposures to- nltra&violet, the pereentage
B of embryos which were blastocysts wag far less %han in conurols. |
Increased exposure further reduced the parcentage, &nﬂ ne .
.blastocysts Qt all were founﬂ after expasure for 19 minutes or
| more(?ahle ll), f After the tﬁo highest dosagesg mast of the
'embryes were in the ones or tWOncelled stage, and were probably
'degeneraté. i » | ) 4 B

| The restriction of eahmyonic &evelopment te the two—eell
-stage was not a phenomenon restrzcteé to the higheat desages of

nltra«yiolet;- Evea after expcsure for 30 aeconds, some 3% day ol&_
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embryos were etill two~celled; these occurred inm the same mother
that also produced blastocysts, Vith ipcreasing exposure;'the
proportion of retarded embryos increased, and the number of
embryos which had reached the more advanced cleavage stages
declined, In effect, an approzimation to an all-or-nocne effect
was apparent, embryonic development at 3% days gestation being
almoat unaffected or hxghly retarded by the treatment
| | In assessiag the number of nuclei per embryc, some difficulty
oecurre& due to zhe appearance of a nunber ef small sub—nuclei
F(Fig. 27).. Where recognzsed, the sub»nuclei were excluﬂed fron
the nuclear counts, In addltxon, some apparently one~celled eggs
cantained a nnmber of naclei (thla will be deseribed later) ~ The
nuclear couhta given in the following data do not therefore )
‘pquggggi;y quresppgd to the cell number of the e@bryoa. A‘?he
all%oy@ﬁané regyéﬁae‘ahoéﬁ'in the marphploé;ga; gtagé of
develépmegﬁ ﬁgsfaisd obgerved in the nuclear co#gtgé,l.At é;;
dogages up o 15 minutes éxppsgré, one fémale would qfién yield
|some ambryds thich pessessad‘aa many‘nucléi as contrﬁlsg anq:\
othera which were still 1n their first or second cleavage.  Above
35 min&tes exgesure, all the embryos obaerved had enly one or
tgqlnuq;a;,»?iththg.gxceptipn gf two embrypa wh;ch eaeh hgd three
For each exposure time, the uean number of nuclei per embryo,
and ita staudard error was calculated‘ The results are given in
’Bable u and plotted in ‘I'extf—fig, 4 The mesn declmed with |
desage, ;he highest dosage restrictiug development to two-nculei
per embryo§' But’ the all—ar—none teadency in embryonic development
gave iarge ?aluge to the standard ervorsj ‘sometlmea the standard

error was greater than the mean,
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e} gounts -the embryos,

4 The diploid musber in Mug pmgculus is 40 (Matthey, 1949),
‘lD‘u‘.e to the low numbers of nuclei after long exposures, very few
!empryos pbssessed classifiable mitoses at these exposmés;
'Detailé of chromsoée counts of the 3% day 016 ém‘xﬁ'.yoxs are given
in Téblé 11, Counts were made to an accuracy of £5% of the
number of chromosomes in the nitosis, Where ani exact or neariy
exact count could not be iaade on embryos which éppeared to be
diploi,d, they have been elassified as 'probably diploidij where
the cownt on non~diplodd embryos ia énly approxitate, a qué:_atiéna
mark has been apﬁended to the pé.rticular enbryos ia"Table l]., |
Four chromosomal classifications other than diploid :were_'éade,"
They weres haﬁloid, between haploid and diploid, hyperﬁ»diplféﬁ;d,
and posale, With the exceptiém of the haploids, the mumber of
chrbﬁosomea counted in these embryos has been inserted in
brackets for each embryo in Table 11, The hyper~diploids
_ consisted of two tetraploids or hypo~tetraplodds (Fig, 30), and
two emﬁrjos possessing 43 end 50 chromogomes vespectively, Five
nosadcs were 'i-'ound; one of them was a ﬁapleid)’diploid.

| The embryos which were betweenl hapleid and diploid fell into
: tﬁo “airlysharply '-defined lgréups. On;grou'p po'sséss'ed from 35
to 39 chromosomes and will be referred to as hypo-diploids (Fig,
31), The other group . possessed a fevi chromosomes more than the
haploid mumber (Fig, 32), and these will be termed hypezbhaploids.
The first haploids occurred e.fter ‘& sperm exposure of 2 minutes
(0.1 ‘Joules_per_sq.' cm,)y snd were present in small aumbers up to
15 mi;mtés‘ exposure (Figs, 28, 29, 33)..’ The total number of
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haploids vas seven, and four hyper-baploids were found, Diplolds :
and hypo=-diploids occurred at all the exposures except the higheet,
The proportion of nom-diploid embryos increased with higher
dosagey the percentage of the embryos which were not diploid or
which were haploid or near<hsploid is givem in the Table andipidtted
in Text~fig, 5. '

Bes’ideé' the counts given, three other chromosome observations
vere made which cannot ﬁoperly appear in the Table, TFirst,
eevéml embryos aépeared to have one or two chromosomes less thaﬁ
the diploid number, but their number could not be established
with certainty, These have been included, among others, in the
brobably diploid! column, B8econd, six embryos hed co;mts of
aepproximately the haploid number but the chromosomes were abnormals
four 'appearing extrémely pycnotic, the others very smally, These
have not been included in the Table,

The third type of abnormality was oftem observed, It
consisted of oae#celled eggs which ce;ntgineti emctly‘zc chromosonss}
gometimes the chromosomes were meifotic (Fig, 34); in other eggs
they »appeafed to be mitotic, In some cases, the egg possessed
gub-aucled in addition to the chromosomes, Such eggs could have
been unfertilised, but in tho embryos of several females mated to
;rasactomised males, no similar eggs were observed, If not
|unfertilised, the eggs may have been penetrated by the sperm
without having been activated to maturation (see later, D,101),
These would be expeoted to contain éerely meiotic chroaosomés
snd/or subsnuclei if pperm emtry allowed them to retain theai:v°
organisation to 3% days, Thirdlyy the presence of twenty

mitotic chromosomes could be due to the failure of & haploid




-6

embryo to achieve the first cleavage division, Several of the
eggs appeared to contain mitotic chromosomes in exactly the hap_lqidf
number,; and could have been haploid embryos, All of these eabryos
have been classificd as 'unfertilised'j the subjectivity invelved
in the assogsment of the chromosomes as meiotic or mitotic
condemned the one-celled eggs as doubtful experimental value,

The exélusioa.of the one-celled eggs from the results necessarily
neans that in subsequent analysis of the cell and cleavage
nwnbers,. the smallest possible number of ‘éelfls in the haploid

embryos is two, . Due to this,; the mean values for the haploids

ney be higher than. sctuslly occurred,

The number of nﬁclei in the seven haploid embryos was 11, 9, ,
6y 3 (frb;n ex'poaurel time of two minutea); 2 (exp.eaure.é minéa))
3 {exposure 10 'xhinutes) 3 ll, (exposure 15 mimutes), The nuclear
nunberg m the hyper=haploids i,e, those with a few chromogomes
 |more 'ﬁhanha;l:l‘bid; was 2y 15, 11; 8, The mean of the eleven
vaiues is 7,;,6 For cemgarison, the mean nuclear oumber of tne'
diploid embryos has been calcula ved for each emosu.re tiae, and
this vag 29.,5 + 9,9 after 15 sec¢s, exposure, rising te 40,0 ¢ 20.0
|lafter 2% ming, exposure, and falling o 19.'7 + 11,2 after 10 mins,
and above, Bnt tahis comparison, which suggested that diploids
| were xmifo;'mly éupeﬂ;ér to haploids, was not strictly t.:me.-
Several fete.rded diploids were seéng for ekample two" were two-
.celled and others had between four and 'aén nuclei Ia controla,
t.he mean mwlear number of the diploid embryos was 44.1 + 15,4,

‘rhe number af cleavages vmich mat have occurred in the
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!embryos to produce the nnmber of nuclei: observed can be found
‘from the formula:

| . RX = N

where x .§s the number of cleavageé;vgnd N the number of nucled
‘observed, .. Because of the-possiﬁil%ty*bftsubﬁnnclei.being present
in 8 cell in addition to the ordinary nucleus, the number of
nucled may .be greater than the number of cellsj - the c¢alculated
_cleavagé nunber may therefore be too high, From the formula,
the.numbér 6f-cleavages is gliven by |

log N
log 2

=

Converﬂlon of the previousiy given cell numbers to cleavage
numbers gave the valnest

Diploidsa COntrols 5.55 15 seca. exnosure Aﬂag 2 mina,

' | exposure 5.33 ID mins. anﬁ above &.3

Haploids: 3.5. 3.2, 2 6 1,6; 1,0, 1,6, 3.8,

Bypernhaploidsa 1.0,'3.9, 3.5, 3 0
‘.ﬁean of . haploida and hyper»haploldsz 2 6

Ten of the hypo~ﬂ&ploid embryos had countable nuclei, the

| mean of them being 25,4'§ 10 9. This ia the~equivalent of 47

. | eleavages. They were only ellghtly retarded in comparison with

| , the diploida, eeveral of them posseasing more nuclei than some. of

their diploid aibs. ?he hyperbd&p101ds were retarded the
""tetraploids having 19 and 3 nuclei respeetively, the 43 and 50
-ehremosome eubryos having 5 and 15 nuclei respectively. The

: haploid/&iploid mosaic had 27 nnclez, the other moaaics between

3 ana 17,




|
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é vtological observations on the embryos,.

The 34 day embryos were examined as squash preparations,

l
|
This method; which is ideal for chromosome counts, is not a good

method for the obsemtion of eytological detail ia 8 3

J?m'ther, artefacts may be caused by the pressure exerted in
squashing, Considerable support is given to the fql;!.qwiqg
obgervations, however; by two fac;ts; _'Fi'.rs"b, ﬁhe control. enbryos.
showed very few or.none of these abnormalities, Second, :
observations on pronucleate and once-cleaved ova and the chromosome
counts of the 3% day old embryos, fully supported the cytclegical .
j.rregulgriz.tiea" seen in the squaches, | '

.Zhe most common-abnormﬂ.ity wag the pccu_rren;;e:of subsnuclei
in mgny_exabryog_.('l?ig@. 27)3 some embrjca contained,qz;;y, one or two,
others possessed many, They oecurred in the embryos after all
ultrasviolet dog;gég, . Ap will be shoém later, sub-nuclei were
obgerved in git nuwlhe_nv sections of 2-celled embryos were examined )
just after the ﬁrst cleavage, . 4 4
 Hany’ chromosoaal abnormelities were seeny .8everal embryos
possessed isolated or lagging thomatiés (Fig.. ‘35)*. Occasionally;
E‘ragme.n'bed',chrom&ﬁids. ocm"z,rred. (Fig'; 35) .. c.ér'bain, chﬁmqsomes
had e wavy appearance (Fig,.32)y andﬂwax_'e- probably dying, - In the
two tetraploidsy the whole group of cﬁromosoneé appeared sticky and
bunched togeti;er (Fig,  30).‘ Contracted mitosea occnrred |
.tnfreéueritly; 'The pre.e‘ené'e' éf pycnotic éhroﬁoéomeé, and of
:ne-celled eggs containing meiotic or mitotic chromoaomes (?ig. 3&),
has been mentioned previoualy. Some embryos vere p?obably |

1mdergdix§g ﬁhagacytdsis.
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! . In the subsequent diséuasiotx of these results, the cytological
alnormalities are related to the chromogome countis, ‘fhe,suggestedg
pattern is that mitotlc irregularitie's; 1;9;. ‘atic};:y,' lagging‘-,f. and |
fragmented chromatids, cause the loss of a fev chromosomes from
the diploid blastomerea; aud so induce the hypo-diplodd embryos

observed,.

_Obgervatior

ls'xiiem:”susipéhsioné gere ex'pdaéd o mtfééﬁolet for periods
between 15 seconds and 10 "miﬁiiﬂeé,ﬁ' the game ‘dosage levels being
used as in the réétjwiféry' of 3% day old embryos, The ‘responge to
dosages of ’mipré ‘than 10 minutés was not examinedj 4t appeared
fran'x‘ the results ab 3% days gestation ‘that a.ll the :éf‘:i‘é'cté;i“o.f B
| irradiation were presant after 10 miautes expaaure, '
I ‘i'hree phenomena were investigated Bpem entry was stu&ie&
ln the eggs of females ki.lled six hours ai‘t«er mating with the |
.vasectom&sed male, Pronnclear mwth in the eggs was fol}.owed by
killing females between 12 and 18 houra after mating, Lasﬂy,.
syngamy and the first. cleavage were examined Ln the egga of
females killeé betﬁeen 36 and 42 hours efter mating, 8yngamy
ﬂ wag not obaerve& direotly, but the nuclear content of %‘m
blastoxneres or 'ehe fate of the pronnclel could be observed i.n the
.eggs of’ theae females,
| Por each irradiation aosaga, six or.more femaloeg were k;llled,
i’ixe embryos oi’,t_‘our_oi‘, these wers examimed for epe:q eatry and
; pronuéleua farmfztion,, the embryos of the other two for gynggp& .
and .tﬁe, first cleavage; . Only the fm@i;sgd eggs g;e:é ;an‘:%ysedi

Pull dotails are given is Table 12,




X

Hone ‘of theted mice killed six hours after mating had any. eggd
;penetrAiéd'by'eperma’"Judged by the fertility of females killed |
at 3% days gestation, about half of these mice would eventually ol
have contained fertilised eggs, The lack of penetrated egge in
these'ﬁibé'suggested that fertilisation was delayed after ultra=
'violet irradiation of the sperm, Hore evidsnce of ihis came‘fiﬁa'
a female which waa inseminated with- sperm 1rradiated for 10
&inutea, She’ wgs;killed 12 hours after mating, and possessed 13 |
egge," One of her eggs was uhpenetféted; another was in the pro=’
nuclear stages, the remaiﬁiag eléven vere in iﬁe'ﬁeléphaée of the |
secopd.meiosis, _ Sperm entry mnst have but reeently occurred in
the 11 eggs.b For comparison, one of the two females artificially
insemiaated with untreated sperm, and eix out of eight naturallyh
‘mated females possessed fertilised eggs aix hours after mating :
- p.. 11). Caution is necessary in postulating delayed tertilisatibn
after ultraoviolet irradiation of the sperm, however, for in
normallybmated controle penetratxon ean be delayed for 12 houra '
(see pe 12),

After natural mating, sperm entry into the vitellns wag
observed in 13 cages, and inftelve of these the sperm-head was
annering gideways, Nine cases of sperm entry were seen after

altra—violet3irradiat%qn; they were all found in the eggs of a

ingle femﬁle inseminated with aperm~irradiated for 10 minntqs‘
E;ght»of the sperm»heads'were e#ﬁériég‘nbrmally'(Fig; 36); the
pther sperm~head was curlously bent and anvil—shaped (Flg. 37),AA
Pogsible abnormalities were seen 1n the eggs of other females.

In three cases the sperm—head wag not seen though the egge had
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been activated; but this may not be unusual, for the sperm~head
can often be overlooked in controls, In five other eggs, the
sperm~head appeared to be either on §r Just in.the vitellus of an
unactivated egg (Fig, 38), If the apefm.wae in the vitellns..
activation of the second maturation division should have occurred;
penetration without zctivation may have resulted because of the
frradiation,

Apart fﬁow the possible exceptions just mentioned, sperm
penetration always stimulated the extrusion of the second polar
body, This was shown by observation of twelve telophase spindles,
one pole leading to & polar body (Fig, 36), and also by the
observation of two §ronucle$ in 37 eggs, the second polar body
being observable in these eggs, The two proﬁuclei were presumably,
one malée and oneifemale. In only one egg were more tham two
pronuclei seen, This ecgg was fertilised by Spegm which had been
41luminated for two mimutesy it contained one normal pronucleus
(precumably female), and two abnormally swollen male pronuclei
wﬁiqh still had the outline of huge spermﬁheads (Fig, 3%a & b),
No evidénce was found of chromosome doubling at. the second
maturation divieion,

Apart from the polyspermic egg whidhfgontained two male and

one female pronuclei, all the pronucléi'éﬁpeareé to be normal,

Direct observations were not made on syngemy or the first
cleavage, Instead, eggs were examined between 36 and 42 hours
after mating, when the egg should be about to divide from the

two-celled to the fourecelled stage, The presence of abnormalities




in the blastomeres quin the proggcia% of undivided eggs could
bo demonstrated, and inferences made about syngamy and the'f;rst

cleayage,, v o

‘FTWQ types of eég were obaerVédﬁ The first type had undg;gonA

Cleavage and was in thé-two—cellAstage; _the other type vas still
p:onueleate and h;ﬂ not c;eaved, Each type could‘pe subdividgd
igto two main classes, - The two-cell stege embryos were either
ngrmal_in‘appearancei wiﬁh well~-defined nuclei, or they possessaed.
sub-nuclei in one or both of their cells (Fig, 40), In one two~
| eelled émbryo resqlting'after 10 minutes i:rgdiation-qf the spernm,
it'ﬁagsimpossible §Q,decide which were nuclel apﬁ thch We;ﬁ_&ﬁbé
nuclei, for esch blastomere contained two nuclei of exactly the
game size (Fig, 4}, Though nﬁmbeés were rather low, it canbe
\‘seegntggmftpe'fésultg,i@ Table iz that, after §90‘miﬁgtga _
) 1rrad$gtioqvand iesa,’approxigately'% Qf.thg‘tWOﬁgel;éd enbryos
. had subfngplqi; after 4 miguﬁes'irradiatiag and ebove aéyrpgimataﬁy
fang‘ialf-possesséd gub-nuclel, In one of the two-celled e@brgbs;
| e aub-nucies, togother with & sasld aount of cyteplasm, sppeered
to have been éxjruée@ ﬁ?om.tyé.egbryn.; In twp‘twqfcglléﬁiggpgﬁog
3 resuliing‘afté;'irrgdigtiog fo:_;ctmigutesila,body was:obsér?é¢x§a v

the cytoplass which resembled an abnormally-developed _épgrgi 'pm-;
‘qgclsns, §n ogévofﬂghesa‘embryegglﬁhis_stainsd body ﬁag éttached
to the blagtomere nucleus (Fig, 42), in the other it wae lying °
| fresly in'thé cjtoplasm,_ 4$efereﬁee to these two embryos will be
made subsequently, ' - ' |

| The second type of egg was still in the pronuclear stages and

| was therefore very retarded, Most of these eggs still possessed
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‘two unchanged pronuclei (Fig, 43), others 5eing-more abnormal,

In one of themy one.of the pronuclei appeared to be condensing into

a group of pycnotic chromosones (Fig, 44)s In another the
pronuclei appeared to be undersized and there were small extruded
cytoplasmic bodies on the egg, Thesge occusred after sperm
irradiation of 30 gecg, and 1 miui regpectively, After 10 Hins.
irradiaﬁibng two eggs in the pronuclear stages possessed obvioualy
atnormal male pronuclei, In one, the male pronucleus:was still
shaped like a swollen Sperméheadi and the female promuicleus was
erilarged and lying at the periphery of ‘the egg (FPig, 45). In tge¢
Other“éggg.one‘proﬁuclens was amall and degenerate and again
|dncompletely transformed from a sperm~head (Fig;, 46), In the
ogge which pogsesséd two apparently tormal prcﬁﬁclei;‘dae or both -
of the pronuclel sometimes appeared t¢ be swollen or slightly
pycnotic (Fig¢~43)5;4 Clearly the ultrasviolet had pronountced -
effects on the growth of the male pronucleus and on gyngemy,

- Two other embryos were observed which were probably -
'|degenerating; Both were in the onevcell stage, but~po§sessed
several nuclei, 'In oney what appeared to be an alnormally
developed male pronucleus lay at the periphery of the egg and two
other nucled were lying close together in the centre of the egge
(Pig, 47), The fémale pronucleus mey have divided without -
cy@oplasmic @iv%aion@ or the nuclel may have been degenerationm
ﬁf&ﬁﬁcﬁéé’ ;ﬁlcquid-havé aisévyeen a golyspermic'ggg with two
male and the female pronucleus, The ofygr egg'was tore extreue,
_pogsassing fon; gnciglq' Idegtifieétion}uap got'sq.ébvigné iﬁ

‘| thig eggy but one of the nuclel was larger than the othersy and

{

|
|
!
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in ad@itign, appeared slightly pycnotie and. separate from the

others (Fig, 48 a & b), This pay have been the msle pronucleusy

1
l

the smaller nuclei could have resulted from division of the

Eéﬁale‘prqnuc;eus, ~ In this, the postulate of trigpermy seems
less probable than division or fragmentation of ths female
pronucleus, The evidence of both of these eggs indicatedy

lﬁherefor@, that when the ultra-violet interfered with pronuclear
growth a#d'syngamyg phe female pronucleus could divide or fragment

"iaéependently_qf cytop1asm1c division,

| The 1agt_$wo embryos described illustrated a, method by which

the.haplpidﬁﬁeggle:cpmplement may double to diploid; ~ Division

,;qf tyg #ag}éid fe$§le_pronncleus-Without the participation of the
m;le,?rgnuclqgs or cytoplasmic division would regult.in_aioﬁe&

.:éel;ed egéh¢qntainipg 8 diploid;sgt of maternal. chromosomes,

‘-Whethgr such an‘ggg,conld Gevelop further.ia.conjecturalg-

| _ fhe diétribﬁtién.gf the various anomalous embryds.ahOWBd

thgﬁ the»higher_dqggggs induced the greater numbers (Table 12},

In ﬁartigglﬁri‘thé'observntions oh,tha eabryos after, 10 minutes

_ix;a@iaﬁiqn of the‘gperp {1lustrated the .numbers and type of:

'effect, - If syagemy was not preveniea by the Arradiation, some of

phé ;esultgn§‘tWOfggl;e@_embwyos vere normal, while otheravi

pnsgesse@_gub—nncle; in addition to normal blastomere nuclei,

ghe subﬁnpgleivmay_nge been due to the exclusion of degenerate

'L'mglexchgomgtxn:dnring the first cleavage, or to loss of chromatide

througa stickiness, ote,, or duo to the partial breakdoms of the

b&agtﬁgégg_nupleug;. If the effeet of. the ultirawviclet vas

\ onquacgd?;synggmy wag prevented, probably by an effect on the

male pronucleug, Feilure of syngamy caused delay or decay in the
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pronuclear stages;. . cleavage of the egg with the matern&l nucleus !
lcm_ly,_ the male chromatin remaining uncondensed in one of the two ‘
blastomeres; or division of the female pronucleus without c¢ytoe !
plasmic division,.. From these observationg and analyses, the
haploid -embryos observed at 3% déye .developn,ient were probably only

a small semple of the. gynogenone induced, most haploids failing

to. cleave to the two-celled and later stages,

Details of the mice killed, the placent.ae and @szwyos found,
and the young born, a,re given in Table 13. Sperm aamples Were

i.rradiat,ed f‘cr one of the following perioéas %, é, 1. and 2 minutes.

¢eupled, -

The femtinles were examined for numbers of placentae and embryos
at either 6-7 daysy Sém.:daya',~ or 13-16 days gestation,' .After
jrradiationof: the"spem for two minutes; no placentae were’
observed-in:two mice :at 647 days; or in ten.mice at 13 days, - To
engure that-development beyond the 33 dey stage was possible after
this dosage, three mice were killed .-at,‘-l.% daye after -mating, .Oge
of thege mice yielded three embryos, tWo of which were 43 day.
blastocystsy and one & 3% day blastocysts. - .

- Irradiation of ‘the sperm: for 60 seconds did mot- Wbit »
implantations; for one female.had two. very smallg-unoccupied
yl_a‘,éentz‘a.e‘g.\‘. .9-- ﬁaye ‘gesftatiég.., No develqpment pe_yand 9 aays'
wgs obaerVed i—.n eight f emales; | 4 | . o o

- A%, the t.wo lovrer dogagesy 30 and 15 - seconds 1rradiation, all
stages up to birth were observed, . One female inseminated with

gperm irradisted .for 30 seconds had 13 planentase at.7 days gesta-




yczmg could be expected ‘after ‘the spern had recaived 60 seeanda oY |

. Such an abmmality 4g rare in this laboratory (J, Isaaeson,

| a c}aminant mutation induced in the sperm. chremosomes by the ultraev
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16 days respectively, had neither embryos nor plaoentae; these
| femalea Were examined a’e thn.a age only becauae they appeared to
be net pre@.ant by external i.napection, Ultra-*v“lclet irradiation
of ‘bhe spem for 30 cr 15 seconds was therefore aui‘ficient i:«o |

cguse ’she ﬁeath of 8 large mmber ef the embryos ar.ter implantatinn»

1.7 more irradiatien. { Four females which recelved sperm irradia‘bed

N for 60 seconds ga,ve no cffspring,

A',»

. ‘;4 ware allowed 'eo ‘term: - only one praduced E:! litter, which com.ained
one-yonn& This offeprinig Was very abnomal, its hinder parts
bem'g‘ curionsly rotahed in relation ‘to its head e.nd shoulders, :

_ yawenal cemmunicatlon) ‘~ It could conceivably heve ‘been due to

mqlet‘ Unfertxmately it was eaten by its mother shortly after :

tion, of which 8 appeared normal and 5 ?Jere' very osmall, The
latter were probably already degenerate, Foetal death vas
confirmed by examination at 10 days gestatiom of four other
females, Three of these females had received sperm irradiated for
30 seeonds, and only one of them had placentaet ghe possessed
two; nei'%.her oi‘ wnic:h had embryos, The- fourth female reeeived
spem 1rradiated i‘or 15 seconds, and she had five placentae, only

ane oi‘ which posaessed an embryo. Two females, killed at 13 and

Sewn females whieh receive& _gperm. 1rradiated for 30 seeomis

R N
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Tuelve females lnseminated with gperm irradiated for 15

|

|

|

%aconds vere alloved to term, Three of them gave litters, sisze
54 3, and 1 respectively, The single offspring was caten by its
%other vithin twelve hours, One of the offspring in the litter
of five wag born dead, The gex ratio im the offspring classifled
vas, three.females to five males, . Eight of the offspring had |
genetic markers of the type described (p, 88); the markers showe&
Lhat the sperm chromosomes had contributed %o development 1n all

eight offspring,

DISCUSSION,

-In. experiments designed to inégtiéate.the,gpermiahgomatin,
prior. to fertilisation of the egg,.the‘primary;eyidenée_gf success
;snould bé-the:preduction\of~embryos carrying the heploid complement
of chromosomes,. Thediscovery of guch embryos after the nltrar . -
violet drradiation-of .the sperm is therefore .a .positive indication
of the success of .the method, . But 4f haploids bad not been.., .. ..
obgerved, it would not necessarily have meant the failure of; the.
bechn;queﬂ_.gxﬁgufor.example,nthe induced hgploids:fgiled;t@;

§;¢§g§t¢or if_they’regulated.to-diploid at either-the. second-

aturation division of the egg-or at the first cleavagey the. .
hromosome count alone would fall as a criterion aund other methods
‘of identxfication uould be neceéssary, In such an eventuality;
the most direct mathed uould be. to observe: the cytological events
Lt fertilisaticn and cleavage in order te trace the fate af the
ape:m;chrom0503955 Alternativaly, the uge of daminant ggne |
markers in the sperm; and their recessive alléles in the. egg; may
ahgwi;by,the;preéence or absence of the dominants in the resulting

L
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embryos, whether the sperm chromosomes had or had not contributed

to embryonic develquegt,

_ The chromosome counts of.the 3% day old embryos and the
cytological evidence at fertilisation both indicated an all-or-none
effect. of the ultra-violet on the sperm, The most pronounced
result of the treatment was on the growtﬁ of the male pronucleus
and on syngagy, though delayéd fertilisation, abnormal sperm entry
into the vitellus,.and‘polysperayxalso occurred, . .The male pro-
nucleus sometimes failed to be fully differentiated end remained as
a greatly swollem sperm~-head, The largest number of embryos were
'affected at syngamygfhpwevér, the:prdnuclei either falling to
condenge iate chromosomes or dondénaing'only'after'a considerable
delay; | Cer%ain eggs therefore contained enlarged pronuclei
'when their sibs wepe late t!o~celled embryos, The eventual fate
~jof these pronncleate egga varied. Some may have auccessfnlly
undergone a delayed syngany, though thie wag doubtful, Judging
frem their cytologicslvappearance; In othsrs, degeneration of the
émbf&o'ﬁad apparently begun, Degeneratmon oecurred either by the
division of the female promiclous without cytoplasmic cleavage, or
by the mgxnenia,tiou of the cytoplaem with or without nuclear
'éiviaion.. In some embryos, however, thé £éma1e pronuéléué had
apparently been capable of dividing to produce a tuowcelled enbryo,
vfor undifferentiated male chrcmatin was feund in one of the tmo
blagtomeres, In these embryos, the male chrp&atin was probahly
inert, This iast type 6f egg probably deveioped as a true
haploids the othera probably degenerated. Eliminatién'of the
male echromatin ag an inert mass at the first cleavage closely

resemhles ¢the method of action of ultra-violet on the male
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chromatin ef M gggg described by Daleq and Simon (1931),
| After traatment of the sperm by ultra=violet, bWO types of !
embryo were probably represented in the two&celled stage, They
were, first, the true haploids just.deseribed, and second, those
eggs in Which the male chromosomes had successfully undergene
syngany with the maternal chromosomes, But this clear &uallﬁy '
became modified almost immediately, fory even in two-called eggs,
the presence of suh»nuclei in addition to the normal’ blastomere .
nu;}eus could be-deteetgd; The subwnuclei were clearly not male
ﬁrénucleii<for they wérevfar-ﬁoo small, They must have represented
therefore, small smounts of chromatin’ lost from the normsl nucled,
The lass of chromatin may have been due to lagging or fragﬂihtéd'
chromatids being excluded at anaphage from the restitution nucle}

of the first cleavagej - the hypo<diploid emtryos found at 33 ’aaYé

gestation may have been the product of this mechagiéh;' The
mitotic irregulatities were probably caused in‘turn‘b&lhitréﬁ B
vioietéigdﬁced'dgmaée:to‘tha chrogosohies or centriole of tﬁé'spérm;
?u:ther*ekpréssions‘ofithieiaaﬁage may have béen'ghréﬁatid S
stickiness at anaphasey .or the failure of'the'chrémdsomes'tb'” »
meparatgaaftef metaphagey resulting respectively in the hypers
diploid and tetraploid mitosQStseen in-3% day’old émbfyOS’(sae for
exanple the tetraploid mltosis in Fig, 30 in which the ohromosomes’ |
appear t6 be: adhering to ‘one another); ' " o
In the chromosome counts of the 3% day old embryoa, the alle
oz&nogq'effect'ef the ultrasviolet become qbgcuxsd dus to the
interplay of the above factors; Two general types‘éf'eﬁbryﬁ:ﬁefe
#1l1 present, howevery -either diploid and near#dipibiSQIOf haploié‘

and hyper~haploid, ' The ‘hyper-heploids did pot rest wholly
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keufortably in this classification; for, if they commenced

Bevelopment'with haploid maternal chromosomes only, their only |
damaged constituents were the irrsdiated male centriole and cytoplaém.
Ff the damage to male éentrigle cauged the increase to a hyper-
&agloid chromosome complement of some mitoges due, for example, to
|_ta:i.cl'::,' chromatids, then the compensating presence of hypo-haploid
’hromosomé‘cdmpleieﬁt may be expected in other mitoses, No
hypOwhéploid'ﬁitbsesuwere; in fact, observed, The lack of thoge
toses may hévé beon dus to chance, to the failure of such
toses te.divide,.or'it'méy be tha£ the'hyper?hapioids‘origiﬁated
by ‘& different prccess. ‘They could have'arisenﬁin é'éimilaf"' .
manner to the hypo-diploids, by a more exceasive loss of male
chromatin in snocessxfe:cleavagess but ‘the absence of mitoses.sz
with éhroﬁbéoﬂéléompleméﬂfs'iniéi'meéiaté:Eétwééﬁ'théhypoééiﬁiﬁidéj
and the hyper-kaploids militates against this suggestion, =
' Sbﬁe'indireét'eii&énéé'c&& be caleulated. on‘éﬁé etagétof'?_
development at which the hypo-diple;ds lost their missing
chromosomes, ‘I7 the total loss occurred at the first cleavage,
the eznbryo concerned would be & uniform .hyposdiploidy If the' '
1oss occurred im 1dte£~éiea§a§as;.thé rate of 10ss may very betwsen
different ﬁifosésgtéhd thefiésﬁlfiég-émbfjofwouldfﬁé é'éhﬁomoébﬁé’
moéaio*‘ 'Cbﬁbaéiéon of the ﬁumberé of uniform and mosaic: hypos
‘ diploids will therefore give an indicatian of the time of loss of
hromatin, To trace the uniformity of mosaicism of the 35 day
embryos, the presence of at least two mitoses is necesaary in
each of them. Onky four of the hypendiploids were classifiable
on tue or more mitoses; three of -them were uniform, and one was

a mosaic, Che missing chromosomes therefore appear to be loat
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early in development in'mahy eases, The presence of sub-nuclei
:in many of the two-celled embryos supports this obgervation, .
'though further loss may occur in later cleavages,

All of the haploids. and near-haploids were retarded in their
’development at 3% days gestation, The most advanced haploid had
14 nuclei, or, alternatively, had undergone 3,8 éléaﬁageéf and
was more than one complete cleavage behind the &ip;oiéﬂqohtgéisi

The other haploidg were oven more retarded, spme'héviﬁg cleaved

hcrulaé;brfblastdcyéﬂsithddgh same of these were also highly f"
.retarded, Clearly theie'Was'naiﬂertéig'phehbmeﬁbn:(Hertaig;'19ll)
Some developméntal abmormality was consistently present in the
 |baploids, and present also in some of ﬁheﬁndnéhéélai&é;;*‘?hef
eieavége of these haplgids. was in“gharp contrast ‘to that of other
- haploids. and heiefo?l§iééxbcéurring.éitherféponﬁaheoﬁély after |
. pormal mating (Beattyy 19543 Beatty and Fischberg, 1949a; 1951a);
',‘9? eﬁperiméﬁiallyféfiéf héét{tteéﬁment'éfzfgrtilisdtioﬁv(Bé&tt?i
land Fischbergy 1949, 1951b, 19523 Fischbe'rg' and Beatty, 1952) ;
; of colohicine treatment of the gametes (see p. 21)5 ‘The époﬁtan«
‘eous, heat,-., and colchie:.nes-induced hayloids and heteroploids
often developed to hlastoeysts and beyond, - Delayed’ fert&lisat&on
‘: mbuld-not 1nﬁuoe a similartievelopmental result ﬁo that cansed

by ultraavzolet (Gatep and Beatty, l95&). The cause of the |
| abnormal embryonic develepment following ultrasviclet iéfadiatiou
of the sperd’ mnst therefore be due o semething other than the
' abnormal chromosome complement of the embryos;,
| Despite this'conclusion, however, embryonic develcpment was

nevertheless correlated with the amount of ehromogoné ‘abnormelity,

. but once, . In comparigon, many of the hyper-diploids were advanced
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Tims the most retarded embryos were the haploids, hyper-diploids,
Ea;nd mosaicsj  the hypo-diploids were intermediatej diploi({s- ]
twere_ the most advanced, . The chromosome content of these embryos, |
while not the primary cause of retarded development, feflected .
idevelopm'ent&l, abnormalities, The primary cauge must have been
some agent, cytoplasmic or nuclear, which directly concemned the
chr,omaaéma.sj,. 4t could possibly be traced to the centriole of the
irradiated sperm, ‘ '

... Adoption .of .the theory of irradiation damage to the.sperm
centz"'..iole or to a,;gytpplaémie,'fadior? in the spern can. -exélain the
non<chromogomal abnormalities of. embryonic development,.. . In the .- s
s;..lbseguént di—éeﬂps_iox;i.-reféite_né,e to the sperm centriole is nmeant
to include also ,'the-zéytapl,asmi.cj factors.of .the sperm which. enter
the egg at fertilisation,. At the commencement. of embryonic .
deyél}agmentg-; the .embryos can therefore possess two treated entities|
from the spermé the chromosomes and the. dentriole, . The first of
these entities, the cixromosomea, are. either completely insetivated
and play no part in development; or they are slightly affected
4L at. all, and contribute to embryonic development,  The second
entity, the centriole, is also more or less damaged by the . .-
treatmenty but damage to it may be quite independent of the 2llm-ore
none response of the chmma%in. If tihe chromosomes have. received |
sufficient energy: t.o. cause their qomglefe_ inacti‘vation,. the . . -
centriole of the same sperm will also have received e high dosage,
The . two . types of "dama.ée ‘are pogitively correlated, . .AAEmbr}A*‘os-. A
receiving inactivated sperm- chromatin will usl;alif also redeive
a. heavily damaged ‘c‘.éntriol'e;» . embryos receiving &Ct"iy:el s'pe‘rin:

chroz‘gcéomesr will usually yeceive a lighﬁiyétreated cent;riolé, o The




|former tyge;;iig;,the.pfésumptiVa haploide, will therefors show
jeffects related to abnormal ecleavagej  and this is what wis actually
found, . The haploids failed either at the first or in early - .
~ |¢leavage, ~ None of them had completed their fourth'cleavage at:
3%-@8YS. ‘ The'gnmbar of cleavages undergone by each particular
Ha@loidggaSttheréfote.probably~a;measuré.o£,ﬁhewdamage iﬁfliéted
“|on the spérm;centriole’by‘tha»ultraaviéletg' _

. The. second’ type of embryo recoived from the sperm’'a lightlye .
damaged ?hromoséievbomplegent andy, geﬂerallyj'a slightiy treated
. ¢épt#i01e@"ﬂ{iﬁ»eéﬁtridlar'damage:was'indepéndeﬁﬁ,bffchroméscﬁa
inactivation,. .50me" spérmatozoa may contribute a i-éevér"ely; aff'e“c:ted
centriole With;a,ﬁo?malféhroﬁbécﬁe‘set;jf'Theﬁembrjoé?reeeiﬁiﬁg
_‘£h$555ar§icu1&f'éq@h&natioﬁampuld.be;dipléidiﬁét:shéé%%he game
 Jeind of developmental effects &s the haploids, ' The: nuabers of
diploids o affected should be fewer then in'the haploids, hovéver,
because of- the. .lbv'?‘er ‘amount: of ' irradiation 'i?éb'ei*}ed bysuchspem
Thig. efféct was observed in'the Tegults, Tvo. diploms were’ still
” two~celled at 3} days. gestation, others were delayad in their :
|third.and. fourth cleavage,  But the. retarded a-ip’loi‘af oF nears
ﬂipléid;was{éxCepiiéhal; for most of~thémf§efe{éi&ila%‘£é‘coﬁifels
Mn. coﬁipieting or. Haiiixig;- c‘émple‘&ed thei?'-‘fiftﬁ cleavage, Inc
'”.general, therefore, when' ‘the .Sperm chromosome. contrxhuted te E
..embryonic deVelapment, cleavage wes: fairly aormal; enly when tha
. centriole was heavily affected was. the develepment ef these
embryoa arrested o :

| It pemaing formelly to establish the exitence -of the -
mammalian. centriole, . . The presence of ceatricles in-mouge

spermatozoa.has been indicated by Gresson (1941)s ' Amorosé and’ -
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Parkes (1947) X-irradiated rabbit sperm before fertilisstion and.
;observed centrosomes in some of the accessory sperm propuclei of ;

Zuncleaved ova, Thibault (1949) inferred the existence of two

egg centrogomes from his experiments on parthenogenetically

!

lstimulated‘rabbit, rat, and sheep ova, No centrioles have been

|
i

iseen in the sperm or eggs in the present work,,»‘But the imdirect |

t

;evidence for the existence of such bodies given by Thibault, and
the theories given above for the failure of radiatioﬁ*induceav- o
Ihaploidwgyﬁbgenones to cleave normally, and on p; 53 to explain the
abnormalitice of androgenetic haploid developuent, give considerable
grounds for: postulating the existence of éentrioléé in the spénﬁ
and eggs~of’mamﬁ&1é. - Alsoy many .of thetcytdicgicai snomalies -
reported in the present work could be dué‘tb abnormal centriolar
function in: cleavage,

: &ha developdental capacity of the haploids wes almogt ;bﬁpiebe~:
1y exhausted at 3} days gestation, eny further development being
prbbahly‘slight,'“ This*retarded gjnogenetic'develépment.of-fhe
mouse 4is in cohxraSt to -similar type of developﬁenf in amphibiars
wherefgynogenones'develop to métamorphosis (Hertﬁig;:léllgf-'
FanthHSer}~l9ASj.'eﬁe.)4¢= It appears that an eVolutibnaryﬂi-
differerice exists between the mammals aﬁd tﬁe'amphibiané,in;thé-
response of embryonic  development to irradiation of the sperm by
ultrasviolet - In' the Amphibia, the sperm may be more resistant
to:daﬁage; or the egg more capable of independeﬁt develépmentg‘i
1than in thé Mammalia, . In addition to the abortive development of
the- haplolas, ‘the -other mouse embryos producad after irradiatian p
of the sperm for one mimate or longer were also- abnormal For,

with the exception of two very small placentae in one female,




‘i&adiation for one minute or more compleiely suppresgsed
iaplantation,

Irradiaticﬁ for 15 or 30 seconds did not prevent the implantsw
tion of large numbers of the resulting esbryos, But the majority
of these died immediately after implanting, Judged from the 3%
day chromosome countg, all these embryos were diploidjy the cause
of death may have been due to genetic changes in the sperm
chromatin induced by the ultra~violet, The emsll size of the
rosultant litters, ard the presence of & deformed qffapring at
birth, are probably further indications of mutagenic effeets of

the treatment, The ultra<violet epparently had three progressivel;

a1

increasing effects -on the sperm chromatin with longer exposuress
mutationg, physical damage causing the loss of individual
chromosomes, and the tota.l elimination .of the sperm chromatin from
development,

The reduction in the activity of the sperm after the irradia«
tion may pa.rtly account for the redustion in fertility noted
especially after the high dosages, = Delayed fertilisation of the
eggs may have resulteé from the sanme cause,- The discovery of
one case of almormal sperm penetration into the vi‘tellué out of
nine observed is probably indicative of an effect of the ultras
violet, The presence of more than one sperm or male pronucleus
in only one egg out of 37 examined suggests that polyspermy is not an
important product of the treatment, o
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diplolds and diplolds were almost normal,

_ Af“gmesumpt&ve gyngenetic haplotds degeneratea without eleaVage.
w&;
15 ﬂther effecta of the nltra-violet were a:re&uctian 1n the
- aetivity of the sparm, and abnormal sperm penetration into
the vitellus. Delayed fertilisation BRY also have been

oecuxred in diplcid embryoa at implantation, and litter gize

was very small Ona of the few effspring vas deformed,

These effects may have beea due to induced mutations in the

Sperm of the mouse, Mug musculus; Was irradiated by ultra-
violet in vitro with dosages of up'to»i,é Joules per sq, om,,
then artificially inseminated into cestrous females,

At 3% days gestation,.maﬁyihaploié; hyper~heploid, hypo=
diplqid, hype;udiploid,.and mogaic embryos wa?e found 4in
addition to diplomds, The haploids, hyperahaploids, anﬁ

hyperwéipIOLda were very retardea in development, the hypo-

Ultraaviolet had an all~or-none affect on the participation of
the male chromosomes at syngamy; and occasaenally suppressed

the growth and differentiatﬁon of the male pranucleus. Hany

A considerab&e number of eytologieal abnormalities occurred in
3% day old embryos.

induced, Polyspersw, if indnced, waa'very rare,

At ths lawest dosagea considarable emhryonic mor%ality

8light increase in dosage aﬂgpressed implantation completely,

sperm chromosomes,
A theory of irradiation damage to the centriole or the cyto
plasm of the gperm in addition %o inactivation of its chromatin

is postulated to account for the retarded development of the
haploids and other embryos,
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Text~-fig, 4. Helationship between. dogage of ultrawviolet on the
sperm snd the number of nucled in .23 day old embryos
= one standard error above and below the mean,

Textefig, 5, Relationship betweed dosage of ultrawviolet on the

: - sperm and the percentage of the total classified
embryos which were not diploid, or whieh were
haploid or mear-haploid at 3% days gestation,
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FIGURES

- |Figs, 27=-35 inclusive are taken from gquash preparations of whole

3% day embryos,” Figs, 36-48 inclusive are from sections of egge
taken from mothers killed between 6 and 42 hours after mating,

The irradiation dosags on the ppera’ for the various figures
wass Fig, 40, % minute; Fig, 44, & min,; Figs, 31, 32, 35, 1
min,; Fige, 30; 39, 43; 2% mins,; Figs, 29 & 33, 5 mins,;
Figs. 34, 36-38, 41-42, 45-48, 10 ming,; Pige. 27 & 28, 15 mins,
10 ming, illuminetion.is equivalent to 0,5 Joules per sq, cm, on
the sufface of the gperm suspension,
. None of.the negatives were retouched,

27, A whole 33 day old embryo containing a idtosis of 36 % 1
chromosomes, Several sub-nuclei ¢an be geen in addition to
the normal nuclei, X 350.

28, The most advanced haploid embryo found in the experiment,
The embryo which was demaged durimg re-staining, contained
1, nuclei, =x 350,

29, A haploid embryo feund at 3 days gestation; X% possesses
: only two nuclei, both being in divisionj one of these
mitoses is shown enlarged in Fig, 33, =z 350,







31, A mitosie of 39 chromosomes (2n = 40), fx-EOOOI,-., '

132, A mitosis of approximately 50 abnormal chromatids;
; chromatids are small and often wavy in appearance,
}

30, A tetraploid or near-tetraploid mitosis, . The eﬁm’;’*‘;?’?ﬁ?ﬂ .A
" appear %o be sticky and adhering to ocne snother, @ x 2000, ..

1

The.

x 2000,
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33, & haplold mitosis of 20 # 1 chromosomes, x 2000,

34, A 3% day old egg posséss:mg the 'refaai'né of a haploid set of
chromgsomes(C) and no nuclei; The egg is being phagocytosed
the léucocytes can be seen in the eytoplaem(L), x 350, -

35, Anaphase showing lagging and fragmented chromatids, Four
: gnall fragments can be geen above the left half of the
anaphase, X 2000







36, Normal sperm penetration and activation of the egg after the

sperm was irradiated for 10 min, . The second maturation
division is at telophase; the egg chromosomesy. part of the
‘spindle(M), ond the penetrating sperm-head ¢an be seen in
the egg(S8), Thé second ‘polar body chromosomes cannot be
seen in this section, = 1000,

37; Abnormal sperm penetration into the vitellusj - the sperm-

. Head has become bent and sickle~shaped(8), . Telophase
chiremosomes of the second maturation division can be seen
indistinctly in the egg(®), x 1000,

g33', An egg conteining an unstimulateéed second maturation
, division at metaphase(M) and & sperm-head(S) which is on
the surface of or just inside the vitellus, =x 1000,







39a end b, Two sections of an egg containing two very gwollen
sperm~heads, and & very large, presumsebly female,
. pronucleus, x 1000, :

4, A tuwo-celled embrye with a sub-nucleus in the blastomere,

' :

x 1000,







43,

41,

Two ewollen, vacuoleted promiclei in am egg ‘taken from &
female killed 36 hours after mating,

dalayed in this egg: the pronuclei' are abnormal, =x 1000,

& two-celled embryo with two nucled in one blastomere,
The other blastomere also possessed two equalw-sized nucled,
only one of which can be geen in this section, One of the
nuclel in each blastomere could be a’ pub-nucleus; alternat~

ively, mxclear division may have occurred without cleavage.
X 1609 ' .

A two-celled embryo with an elongated nucleus in one of its
blastomeres, The elongated ¥Ytaill! of the nucleus may be
inactivated male chromatin which hss become attacheﬁ to a
haploz.d blastomere nuoleus, X 1.000, o

Syngagy is very







oo

46,

45, -

Fwo pronuclei in an egg taken from a female killed: 42 hours
after mating, Syngaumy is delayedj .ome of the pronuclel,

probably thé male, is condensing into- -pycnotic’ ehramoscmes (s
the other ‘pronucleus being greatly enlarged(E), A polar
body can be seen in the section(P), x.1000, ‘

Pronuclei in an ogg taken frcm & female killed 42 hours after
mating, -~ The' male pronucleus has falled to differéntiate

and resemblés.an enlarged sperm-headg -the female:pronucleus
is greatly swollen end situated at the.periphery of the egg:

Gleavage is ﬁela.yed Irra&iation tim 19 mina. %-10004 |

”'

Another egg fF®the.same female as in Fig, 45. The male
pronucleus(S) has failed to differentiate normally; and is

small and pycnotie, The female prozmcleus(E) 19 3wcl.en,
x 1000, | L o






47, Ancther egg from the same female as in Fig, 45, showing a
gwollen pronucleus, probably male, on the periphery of the
egg, - Two other nuclei are in other sections of this egg,
x 1000, , ,

43g and b,  Several nuclei in a one-celled egg taken from a
- female killed 42 hours after mating, The single
nucleus ‘in Fig, 48b (lower photo,) may be the male
pronucleus; - the other pronucled may be the products
of division of the female .promuclems, x 1000, . . .

B}
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2, X-IRRADIATION OF THE SPERM,
INTRODUCTION

A considerable amount of work on the effects of low X
irradiation dosages on the testes of mice has been reported,
Irradiations of up %o 800y, induced testicular atrophy and male
sterility (Smell, 1933), translocations in the mele chromosomes
(8nell, 1933; 1935; and 19465 Koller and Auerbach, 1941), and
embryonic mortality (Plagems, 1933; Snell, Bodemann and
Hollender, 1934; Snell and Picken, 1935; Hertwig, 1938, 1940),

Higher dcsagés have been uged by Brenhehe (1937), who
irradiated the testes of rats and mice with dosages of between
800 and 1800r, and between 800 end 2,200r, respectively, She
obgerved sub-r-nﬁclei, lagging chromogomes, asynchronous division
of blastomeres; and enucleated cells in the early cleavage stages
of the fesulting enbryos, In later embryonic stages, she also
reperted considerable embryonic mortality in implants,

Extremely high dosages of Xémya were applied in vitro to
rabbit sperm by Amoroso and Parkes (1947), They used dosages
botween 50 and 100,000r,, and artificielly inseminated the
irradiated _4 sperm, The fumber of offspring declined up 1o 5601&,,
Av;’neré most of the offspring were sterile, Above 2,500r,, all
embryonic deéelopmeat vas retarded, siaer%a penetration of the egg
wag delayed, and polyppez"z,ny wag not uncomMon, Aftér the high
dosages, many abnormalities were observeds the male ‘promucleus
failed to develoé normally, syngauy was delayed and irregular,

and many activated ova failed to divide, The arrest of
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segmentation of the embryos was asgsoeiasted with irregular nuclei,

'and anucleate or multinuecleats cells, There was evidence of

development,
In the experimental results which follow, details are given
of the effects on embryonic development of the X-irradiation

in viiro of the. sperm. of f.h‘e._.mous.e,- Mug nugculue, The priwery

Dosages were between 100 and 50,000rj the experiment was similar
to that of Rugh (1939) om the frog, and Amorose and Parkes (1947)
on the rabbit, Treatment of mouse sperm in vitro necessitated

the artificial insemination of the treated spermj details of the

teehnique_ have been given on p, 4

| MATERIAL ARD METHODS
Details of the stocks used, the ertificisl insemination
technique, and the examination of the embryos resulting from the

treated sperm, aée‘ exactly similar to those given for the ﬁltrae-

about 2 mm, deep} between 4 and 7 bucks usualiy proﬁded a

sufficiently dense apen; eamiaie,

Ihe X-ray ma
Irradiation of the suspension wa:s made at two distances from
the X-ray sources st 8% and at 2%, At 8" distance, ‘bhé output

of the machine was 180r/min, Dosages of 100r and 500r were

irradiation was made at 2§%, Output at the. shorter distance was

intention of the treatment wae to induce gynogenetic development,.

violet irradiation of the sperm (p, 86), Sperm suspensions were |

given at this diatanceg.. For dosages between 1,000r and 50,0007, .

|

*
[

. . e F !
slight activation without syngamy, but none of continued gyngenetic




calculated from the 8F ocutput by the relatiomsghip between intensity,
land the square of the inversed distance, Even at 247 distance;
the time of exzposure of the sperm for 50,000r to be given was
approximstely one hour, including time for the machine ’bo eool,
For dosages between 20,000 and 50,000r, it wap necessary to
cover the sperm suspension with thin plastic to prevent evaporatiom,
The plastic offefed no det‘ectgkle barrier to the X-rays, Some
sperm samples were given the same treatment without thMﬂ to
ensufe that no loss of fertility result«ed from this delay,

- The constants of the machine were: tube voltege M kV,;

current 7 mA,, filtration 0,5mm, Al, HVL O.8mm, Al, dose-rate

180r/min, at 8% from the source,

No proponncad ‘affects on spers motility were observed exeept,.
posaibly, at the highest dosages, where activity appeared to have
declined in a‘everal gamples, Unlike the effect of the ﬁl‘bra»
violet; the whole sperm -sample appeared to be evenly affected;.
all the speém in any one suspension had the same aébivity,, The
control samples which were exposed for-one hour without irradia-..

~ |tions showed no diminution of activity,

Details of the fertility of the inseminated females, of the
number of embryes and unfortilised oggs, and of the chromosome
counts ané mean cell numbers of the embryos are given in Table 14,

Dosages were between 100 and 50,000rj ‘the number of sperm
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samples treated at each dosage are given in the Table,

Contfals of the artificial inseminatioa technique yielded 33
out of 47 females posseésing embryos at 3% days gestation, or |
70,2% of the femslos inseminated, In comtrols, and also in the
expefiMBntal animals, care wag taken to exclude females which had
not ovulatéd. After X~1rfadiation of the sperm, Ssomie vériation
occurred between dosages in the percentage of females.with-one or
more embryes, Some of the variation was sccidental, for Qt
| dosages 100r., 500r., and 2,000r., one of the aamples used at
each dosage wag probably chilled alightly before insemination.

: Nene of the females inseminated uith either of these three sperm
samples possessed embryes, If the low figure at these three
 dosages is excluded for this re&son,.iﬁsgpercentage of females
with eabryos was similar to controls at all dosages up to~2oiooér.
Above this, the‘percentage declined, mhé cause of this declime
may have been due to effects -on the-fertilising power of the

| sperng or due to the difficulty of obgerving at 34 deys gostation
the embryos which had fafled to cleave (see later)y After the
higheat dosages; the{ﬁumbérs'of females with embryos mist therefore

be gonsidered as a minimum figure,

The comparison between the numbers of fertilised eggs
{repregented by the embryes),'and numbers of unfertilised egge is
biassed due to the degeﬁeratian of some of the unfertilised eggs
before 3% days geétation. The comparigon has nevertheless been

made first over all fomales, end pecondly on the eggs of females
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which possessed one or more embryos, - The results are given in
iTable 14, Analysis over all females included those in whieh the
!.ack of embryos was probably dus to accidental cold-treatment of
the sperm; and this was presumably responsible for the low values
at dosages 100, ‘500, and 2,000r, . Analysis within females with
embryos overcame this difficulty, - Both analyses gave a consists "
ently lower 'perceniiage after X~irradiation oi“ the sperm than in
untreated éOntrolsg'  The .?ercefntag'e éeclined ateaéily with

' iac:reasmg dosege} thé‘decline' eénid »havé' been a'ctual or due to
the difﬁculty of identifying highly retarded enbryos at 3% daye

| gestatioa (cee later)

. Observational axfﬁcunies uay kave alse affected the
caloulation of the mean number of embryos teken from femalw with
'ambrryos. ?hﬁ.s analysia overcama the obstaele of the &afenerating
' 'mfermiaeé eggs, ‘rhe mean. was the eama as that in controla at
m@r, (i..e., 5.5 eabryos ger faaxale), lowered slightly to £,5 at '\
m,mx»., and &eclmed steeply ﬁo 2,7 at so,ooom (Tab)..e 1&).

Examination of fertilised ova (aee 1ater) showed that %he
three ariteri.& used abave mmny compamd '@he nmber ui' »
| ‘fertiliaed egegs which cleaved with those nnfertiliae& ylus *hheaa
which wore fer%ilised bnt z’ailed ta f:leaw.h Two fnetors were
-therefare simltanesus).y measureds the eﬁ'fect of X*rays on the
fertilising power of. the sperm; ami the ability of the.egg to
undergo c¢leavage; The study of mimbers of eggs in the propuclesr
stages would -give a stricter measure of the fertilising capaelty
of the sperm after x«;.mmn;




Fhe effect of X-irradiation of the sperm on embryonic develop-
merit at 3% days gestation vas meagured in twe waysi first, the
stage of differentiation ‘cf the embryossy second, their number of
nucled, IXn controls, 51,8% of the embfjo‘s‘ were early or medium’
blastocysts, tho rest being advanced sorulae; ~After X«-irmdiaﬁtioﬂr;
of the 'sper'm, the proportion of bl&sto’dyéfs declined from a value
identical with controls (57,68) after 100r,j to 0% aftsr 2,000y
‘and above; = The decline in this percentage was very sarked =
between 500 and 1;000r; (Table 14},  Affer 30,000 and 50,0007, all
of the embryes appeared to be in the 2, 3; or 4 cell gtage whem |
viewed alive under the %nicrosecpe, Unlike tﬁe .all-»or»ﬁoae' |
tendency i.ndueed by ult.ra.-violet irra.diaticm, &.11. 'Bhe em@ryea
vere affected fiore or less equ&lly by t.he X~ra.ys~, especzally after :
2,0007, and above, Below thia dosagey scme variats.an occurredy |
for example a'v.p 1007, one emba-ya had not aeye;o_p.ea boyond }heﬁt!ﬁg% )
cg]_.}ed A"‘sfta;gée t.vhile the remainder vere either blastocysts 'Qr".‘ o _-
&dvanced ‘morulaey o | A v 4 .

Stme regervations must he made ooncerning the number of
mzclef. couited in enbryos produced from X~irradiated sperm because
sub@nu@}ei_‘we;‘e often éréémt in add&ﬁ;on to the glatma}lﬁaﬁ.ésed o
mucled (Figs, 90, 51) Whero they could be distinguighed, the
subsnucled were excluded from the cownt; The numbers of mﬁ;cle‘i»x _
given in the following data may therefore mot vneggas&:ﬁfly' r‘epras’en{
the mber of cel}.s. | | |

For aaeh irradiation dosage; the mean numbez- of nuelel per




embryo and its standard error was calculated, Results are given
in Teble 14 and plotted in Text-fig, 6, The mean declined with
dosage, espeoi.aliy after 500r, (see Figs, 49 to _52);, The number
of cleavages which must have occurred to give the mean nuclear
number can be calculated from the formula

= Jog Nl where x && the number of cleavages and
log 2 N 18 the number of xmclei

After ) and 500r,, cleavage mmbsrs at 5,3 and 556 raspectively
were adentical to centrals (i;e, 5,4). - 1,0007, eauaed 8 slowing
down equivalent to about one eleavage, to 1“2. cleavages, Afte‘r
f:s_;eajflafge; ) After 30 4000 aﬂd 50,0003'., t.he meen, cell mm\ber wag

lower than 203

,,,,, embryos had probably xailed 'bo undergo their
firet aleavage, ?he ﬂtandard ermr of the mean nuclear mmber
vas falrly l.ow for the medium and high dosages; reaponsew ta
X«-irradiation was evenly distribnted ov'er all embryas, unlike

the alln-crwnoae response 1;0 ultra»violet irradiation oz‘ the spem

gp,vsaxg o L o L o o

wulug s 40 (Matthey, 1949),

Thé aiploid mupber in Mus mi

Detafle of the chromosone ‘counts of the 34 day old embiryos are
given 4n Table 14. ‘Pew embryos eould be classifiéd at ‘the high
dosagas; due to thefr low number of nuclsi, very fow of ‘them
m possessed mitosed, Counts were made with an accaracy of
+5% of the number of chromoscmes in the nitosid; * If this
accuracy #as not possible on embryos which were approwimately

diploid, they were claseified ds probably dkploidt; ~ Where the
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count on non-diploide was only spproxiuate, a questiom~gark ban
been.appeg@ed behind_phe,particula:»émhryos_1p:thé ?able,. I£ an
embryo vas neither haploid or diploeld, its chromosome complement .|
has been bracketed in the Table,

| The outstanding, trend in the chromosoms counts pas the .
gradusl declitie from the dplod to the haploid mumber with .
| increasing dosage (see Textfig '7;1’135.. 49-»54)., Even '-a%z,lﬂ?.m-_-.f.t-.,j ]
the,;§w¢§t;§qsgg§ u§e§gﬂsoma,of4ﬁhe.gﬁbrygsu?ere hyppeﬁiPIQiai'v
at this dasage one hyper-aiploid and oe mosalc were Tecovered, & |
The proportien of hypo-diploids i:}creased,:w&di# up o 1,000r,, |
and aﬁﬁyg ézggpggiﬁo'ﬁiplqid a@hpyoﬁvgére.fognﬁii _@;{thg;hgghgg% , .
ﬁosagesi.thélunmber of»mitoées.declined ébnaiderably; Sufficient-:‘
|were observed, howevar, to ShQW’that ‘the &ean ehromosome couat of e
the embryas was very Blose to haploid at these dosages. ) anr .
”embrycs were previsionally classifieﬂ as haploid, twa of which hadsiiv
only apprezimate eouats, The other two were highly retar&ed |
Ome of them posaeased three cslls, of which one. ¢ell ﬁas in. \
diviaion with 19 contracated chmmosomeas ‘the other had " two eena, :
ahromasames. 'rhe hsMent&oned ambryo wag probably being
phagocytosed, (Figy 52), .. Above 26;;000r; ¢ Do mitoses were
observed 9-n ar:i&.vo.f- 45; em‘bryos. o | | »

. More detailed study of certain uitoses réveaieé;an~u¢98ua§;- 
feature in them; .After the ohromoseme'éléasifieation under»thé  '
mierascope, scme of the hypo-diploid mitases were progecte& on.&a
screen at magnification x-z,eeo, At this uagnifieatien; what
had previougly been classified as complete ehrcmasamea were oftenA

found to be smsll fragments of chromosomesy _?ha,mitoaes




“l 2

consisted of 20 normalwsiged chromosomes and several emall plecen
(Fig, 54), B8ome of the hyper<haploid chromogome countg were
therefore 'nearer to the haploid number then estimatedj the small
pleces of chromatin were probably the remains of the treated sperm
chromosomes, HMuch of the sperm chromatinm had apparently been
lost in previous mitoses, The normal chromosomes were presumably
the bhaploid matermal complement; the embryos being in the

process of yeversion to haploid,’.

In addition to the definite chromosome counts, other
observations on chromosomes were made which could not be included
in the Table, They were essentlally similar to thosé deseribed
folloving ultra-violet irradiation of the sperm, Hany embryoe
possessed pycnotic, fragmented, elongated; or contracted
chramatids or chromosomes (Figs, 49y 53), The majority of these
were unclassifiable, The largeet group excluded from the
chromosome counts was & number of one-celled embrycs containing
exactly twenty 'chxvmosoméa¢ Sometimes the chromopomes appeared
to be meiotic, others were probably mitotic, The possible
origin of similar embryos has been discusses previously in %the
ultrasviolet sericsy mefotic chromosomes may have represented
unfertilised egge (though none have been seen in comtrols) s OF
eggs which had been penstrated by sperm without being activated,
Embryos with mitotic chromoscmes may be _hapioida arrested at the
first cleavege; Due to the gubjoctivity necessary in deoiding
the type of chromogomes, all one-celled eggs have been execluded
from the chromosome counts given, and they have been classified
as unfertilised eggs, This type of abhormality occurred mostly
at the higher dosagesj some experimental evidence for their
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being inactivated, fertilised eggs will be given presently,

~ The exclugion of the one-celled haploids from the results
necessarily means that in subsequent analysis the smallest possible
nunber of cells in the haploids is two, Their number of nuclel

and cleavage number may therefore be higher than actually occurred,

As previously; shomm, the mean number of nuclei of all

enbryos decreased with increased irradiation, the highest dosages
restricting development to the one- or two-celled stage, Im
Table ].1., the mean niclear number of all embryos of the diploid,
and of the hypo-diploid embryos are givem, For this purpose,
all the ixyp’o-di‘ploid embryos have been regarded as & group,
regardless of their chromosome complement, Iacluded in the
grovp are the four hapleid embryos which had cell mumbers of 11
(the haploid occrring after 5,000r,); 2, 10, 2 (those odcurring
at 10,000r,), ' |
The number of muclél in the diploid embryos declined from
~ |approximately 45 at dosages 100 arid 500r,; to 23 at 1,000r,, and
8,5 at 2,000r, The diploids therefore also conformed to the
' pé.tf.e‘rn of declining muclear number with increasing dosagej
they mugt also have inherited some dev;elopmentai almormality from
the irradiated gperm,; The hype«édiploi_ds had; in general; lower
nucj.lei 'mmbe;rs than the diploide;," and alge conformed to the
pattern of decreased capability .'ei.’ development with increased
dosage of X-rays, A't( the higher dosages (2,000 to 20,000r,); the
| hmdiplqide can.éistently poéseéaed nuclear pumbers higher than
the mean of all embryos, But this result might be expected,




because the embryos which possessed mitoges were a selected
sample giving proof of continned development, The mean nuclear
number of the hypo-diploids at 20,000r, was 5,17, the meen of all
the embryos at this dosage being 3,75, For éon;pe.rison, the
mean nuclear number of the diploid em&éyoé in control artiffcial
&#séminatiois'uithout treataent of the sperm was 4by 1154, |
If the ‘mean mmlear nnmber of‘ the hypo-diploid embryoe is-
tranaformed to the cleavage nnmber, the values for dosages 5,000,
10,000 and zo-,-oeo:-,-. vere 3,-‘28, 2 65.5 and 2,38 respective&yg
At these dosages, the male chromatin wae prohahly being exeluded
from development with succeaaive mitoses, and the embryos vere
becoming gnogenet_ic in the eemsa. " The cleavage number of the ".
four haploids found wast 3,47, 100, 3,33, 100 respectively,
o coxﬁﬁari'séné' with diploids ‘were poséiﬁié ‘within éaéh dosage |
bacause rio diploidé oécurre& at theée doéages'-; It Was 4ele.ar=.
however, that the dosage of Z~rays necessary to inaetivate the
aperm chmmtin also suppreased nomal wbryonic development
'i‘he hypax*—-d&rloid with 45 chromosomes, and the mosaie w:Lth 1
mitoses of 31 and w divisicms, possaased 32 and 29 nuclei S

1 respectively,

The precautions necessary in the interpretatiocn of cytologleal
gMprmalities 1n3% day old squashed embryos have been discussed 1
on p, 98, . The ebsentc of simlilar abnormalities in controlsy .
obgervations on eggs at fortilisation and the ﬁrst cleavage
which will be given 1ater. and chromosomie counts on. 34 day old

embryos, all ji_*.ndireetlyconfimed the fol-léwihg obgervations, -
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(Figs, 525 55), a.nd several cont.raeted mitoses (Fig. 49)., The
aeiotic or mitotie ehrcmosmnes, has beeu ment&oned prevlouslyg
| givsn later.,.

and undergeing phagocytosis (Fig, 52}.

- highegt .‘dosagea; resultse from' thege doszges havef ‘been ‘groupgd,
| cleavage wore investigated, - Eggs of females killed between 6
. '|and 8 hoursy 12 and 18 hours; ‘and 36 and 42 hours after mating |
|were exmmined for these purposes Tespectively, Five mice or more |

‘ |for sperm entry, two for pronuclear g rowth; and twoe for syngany

|inferences about it could be made from the appéarance of the twow

|celled eggay Only the fertilised egge have been analysedj =~

The most comzon ‘ab‘ziormality seen in the 33 day squashes was
the gresenéé of -man,bers of sub-nuclei in addition to normel sized
muclei (Figs, 50, 51), Sub-nuclel accurred after all dosages
used; some embryos eoﬁtaining few, others possessing many, ?he
chromosomal anomalieg were lagging and fragmented cifaromtida
presence of pycnotic chromosames, and ef one-celled eggs eontaining

An interpratation of theae cytolagieal almormalities wﬂl bs

" Some of bhe emtzryos e.t 3% daya gest.atien were probab}.y dead’

‘Dosages. of 100, 15000, 10,0003 20,000 or 30,000%, were

applied to the speim,  Few eggs were fer‘:t,&;ised‘ ‘after the two

Spern entry, prmmclear growth, and syngamy aa:i the fifat
were killed at geacb -dqeagjeg the egge of one of_gthem w@r@:@t&&é&i '_ '
and the first cleavage; . ~Byngemy was not observed directly, but

details are given in Table 15,




=131

Sperm entry and pronucle 5} tj,-'_
| Only onek of the females killed between gix and eight hourg
after mating posgessed penetrated eggs, She hed been inseminated
with sperm feeeivingkao_gaaarﬁ‘ Seven of her eggs were in telo-
phase, and in five of these the sperﬁ wag swelling normally
(Fig, 56), In the other two eggs, o gperm heaé. ceu.ld be seen,
but, as this occasionally happens iﬂ cOntrols, &t may have been | )
aue to aiffloultles in obsemtion. | zaone of the i‘our other
females k:llled between aix and ei.ght hours af?.er mating had | ‘, ‘»
penetrat.ed eggs. The absenee of‘ spem penetration into theae e
eggs may have been due to delayed fertilisation af'ber X-madiatﬂ.on |
of the 'sperm, Fer comparisea, after artificial insemin&tion oi‘ 1.
untreated 5perm, one female of two i!.nseminated ha,d penetmted |
eggs 93&:{ houra a.fter mting. In nat.nral matmgs, six out of
eight females poasessed penetrated eggﬁ at this ti&s. ' ﬁgre ‘
‘data is naeded to aaeertain whether delayed fertilisatiea oceurs
' rafter Xcirradiation of the spara. , o e
 Two kin&a oi‘ anomaly were observad during pronwclear mwth;
In both casea* eggs peasessed only one promzcleua. ‘ ’I‘he only
me&na of deci&ing wheth,er this pro:mcleus vag male or female wad
: emmine the egg for the presence or absmee of the maturation
spinéle; " Aft.er BO,GOOr,, thrae eggs possessed vacuons promzclei
' togethar with an unchanged second meiotic epinclle (Fig. S'?a & b),
‘Qae of these egge poag;esged *lmo of these unusual pmmclei;t_
othér m eges poSSaséed oz;ei eacthy ‘_i’_!ieaé highly ’a.bnéml o
p&o:h;cléi v;ere fpreéuéably ‘xhﬁle; sperm- 'entry ‘into t.he egge had

apparently failed to stimulate the second maturation division. of
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the egg, . Four-other:egge possessed- only one pronucleus; . in
these :eggs the pronucleus-waSvnormal'2n'appearaneég,and the eggs:
hdd no. meiotdc epindle but did possess-a second polar body, . In .
| one. of ‘these eggsy: dark striations appeared in the cytoplasm, .
"?he-presence"of?e'aecond*polar‘body=iudicated‘that-m&io&ivaas.v
',complete;-aﬁd hence -the gingle pronucleus in theSe«ggge cou}d
have been either ‘male or- female., Judged from its peaiﬁidn'dlose
Lo the seeond polar body, the . single pronucleus. could have been ..
~ females, the.dark striationsvin~the eytoplasn may havefbeen the
remains of an abortive sperm=head, . At 30,0002‘; six egge
appeared to have two normal prcnuclei, three eggs possessed the
vacuous pronuclei and the second maturation spindle; and four eggs
"possessed a single normal prouucleus and no spindle; After
' ,ooar,, 10 eggs had two normal prouuclei, one had tﬁree pronucles
3nd one egg had one normal pronucleasa ' ' . ‘
Polyspermy was obserVed in two. egge‘ One of these contained
.jtwo vacuous pronuclei in an unatimnlated egg, Tha other is
shown 13 Fig, 58 and occurred after 20,000r; a alightly swoilen
i spenm»head lies next to one of the two normal pronnclei preaent

. in the egg.

A. Exanination ef'the-gmbryes between 36 and 42 hours after
|mating rgvealed only two types of eggg4itﬁosé-whiep pad éle;qu to
' the:iwogcell stagey and those which had mot beeﬂj&Oti%&tad‘and<_'
|were probably unfertilised, ' These was no evidence of a.delay
in~$he«pronuelear‘stagesueimilag to  that oecurring after ultra~
violet 4rradiation (p,; 101); Nor is‘aay evidence séén'éf the
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fate of those eggs vhich had possessed omly one pronmucleus, But

the numbers examined were Jow (Table 15), _ 1

Many. of: the two-celled embryos pogaessed- sub-—wclei.‘(?ig._-wﬁ?);
the npumbers of embryos affected being proportional to the amount |
of -irradiation of the sperm, At 30,000, , each of the five two-
celled embryos possessed at least oae pub~nucleus in one of ite
: Blastcmeres»; - three of these émb;;yoa; had more than one (Fig, 60),.
At 1,000r,; four embryos of eleven examined had-sub-nucled; .ab -
-' léOr,.; one embrys certs.inly» had a sub-pucleus, two others probably
‘had -one- and elght were normal |

The only evidence of a doubling of the materm ohromosome
get was the egg ‘possessing three propuclel following irrgd;ation ,,
of -'J.Q,-QOO‘:. - In appearance this egg suggested polar anppreaaion
rather than polyspemY. : Polyspermy occurred ia %Wo egga, but in
| izhese ¢ither one or both of - the sperma appeared to be tak&xxg no
part in development. Forty=four othor egge had either one or
. r&oof;g;foo&clei, these, together. ’oith direet obsorjva’tioﬁs'-on aev.ex_g
talophase Gpindles which appeared ormaly choved ‘that chxgivsams |
doubling at _tho seoond» ‘mﬁturatioﬁ ves very farég' . Bo evidence
| of }'chFngoaomo division wi'thou‘b ceytoplaenie division ‘at the first
'cleé.vage vag peen (fci’ the ultra<violet résﬁiﬁa;_ ps 103}y To
' conclude, observatione ay’ fertilisauon and, the' ﬂrsf. cleavago
] supported the chromoeome counts on 3 day ewbryos and: eonfimed |
: tha’c chromosome doubling did not occur by either second po].ar body

: snppression, polyspermy, or suppv-essioa of the firs’s eleavage.




Details of the fertility of the inseminated femalesg, of
their placentae and embryos, and of their young, are given in

Table 16, The irradiation dosages used were 1004 500, and 1,000r,

he ber of plac e occupied,
HMice were killed at two stages of ges‘tatio'm at 10 days,

and at 15 to 16 days, After dosage of 1,000r,, ncne of the four

mice'exa.mined at these gestation periods pogsessed placentae,
Bix females which were killed at tern when they were obviously

ot pregnant, were examined for placentae, One of them

ssessed two very small, dégenerate .pl'acent_ae‘ This dosage

was therefore not incompatible with implantation, but was lethal
for embryonic &eveiopment to term, Four females were examined
after insémination with sperm irradiated with 500r, One female
pogsessed 10 placentae at 16 days, tut only six contained
temhryoss None of the other three pogsessed placentae, The
gix embryos were derived from a mother homosygous for the dominant
allele of this gene, All of the embryos ha-d- black eyés_; the
father's genes had not been eliminated by the X-rays, Aftér’
irradiation of 100r,, one femsale was examimed at 10 daye gestationj
she possessed two placentae; only one of which contained an
iembryo,
To summarise; 1,000r, slmost completely inhibited implantation

500 and 100r, caused considerable embryonie mortality after

implantation,

After l,r,, none out of six females had litters, Three

A ]
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females out. of seven insgeminated produced litters.from sperm
irradiated by 500r,, the litter siges being 3, 3, 2, , ALl of

. | thege offspring were. marked by the pregence of a black eye gene
present in the male chromatiny the msle. chromosomes must »have .
taken éart, in the development of these embryos, After 100r,,
two out of eight females gave litters; side eight a.nd three
reepectively. The litier of eight showed the presence of the
- black eye gene derived from the £ ather. The gex ratio oi‘ the
offapmng wass after 5001-,, 5 femaleﬁ, 3 malea; aft.er 100:-.,
- 5 famales, four males (tm) othera vere loat by acciaent. before
- sexing). - (

DLSCUSSION,
. The chromosome complement of 35 day old embryes regulting
.| £rom: the. fertilisation of normal eggs byxirradié.ted sperm
‘declined. from diploid to haploid with increasing desage en the
sperm, Each of these embryos would contain a normal haploid setb
" |of chromoscmes:from. the untreated egg; - The inference is that
‘| the: number of sperm chromosomes contributing to embryonic
| development. at 34 days gestation is inver.aeiy- .correlated to

the applied dosage,  .After high-dosages;.. ihe fate of the sperm,
chromatin could be seen in certain mzltoses of 3% day-old: embryos}
At remgined as fragments of chromosomes interspersed among twenty
| normal;. presumably femaley chromogomes, ‘The- presence. of these
| fragments, and of sub-nuclei in the blastomsres of cleaving
embryos, indicated the method by which chromosome loss occurred
in the embryos, The X-rays elther directly fragmented the .

chromosomes in the sperm-heady or so affected the chromoscmes or




other sperm elements that fragmentation oceurred during the
cleavage mitoses of the e:nbryo,, ‘The presence of chromosomes
land/or fragments presumably derived from the sperm indicated that
the X~rays did not prevent male pronucleus formatlon or syngemyy
bv:t.that the loss of the male. ehromaﬁn' occurred in subgequent
|development,. . . ‘
.Direct obgservation on .thé-‘pronuclear stages largely sﬁppor%ed
ithis indication,. . ifhe-ma.;]ori’sy. of the eﬁbrya's ‘posesesged two
normal pronucled, . ./ Certain embryos were exceptionsal; howe'v'er,,.‘ in
|that they had abnormsl pronuclei, Some had one pronucleus- which
wasap"regum;bly female, others had one or two pronuclel which may
'have been derived fmm: the sperm;v ‘ Embryas with & aingle pro~
nucleua were f‘ound after 10 ,G@Or and abave, 'bha high aosagea
seemiugly affecting to some degree ’che aov'mai pracesses of h
| pmuucleus i‘omtion, But, at all dosages, the majority of
| embryns possesaed wo apparenﬂy ncrmal prom:clei |
[ ‘The affeet of the x—ray@ was therefora unlike that of ultra—
iviolet :&n tlmt no allc—omone inhibition cf t.he sparm ehromatm
occurred; ins‘bea.d, 'ohe male chromosoms usually toek part in
'syngamy, and cleavage wag net. delayed., ‘i‘he effects of the ‘
irradiation beeame apparent. durmg development, whem the fragmentﬁg
.or lagging ma.le chromesomes became laa‘o frcm t.he d:widi.ng blasto-
'mere nuclei into small sub-nucles. Simi.lar mitetie hreg;laritiea
were :eported by Brenneke (193'7) in cleaving rat and mouge ova-
after 1rradiation ef the testis; Amorose and Parkes (194’7)
'ebserved eub-uuelai in eleaving rabbiﬁ ova &fter hmdiatiea of

spem ,g____f@_. The greaent work shmvs tha% after high &osagea
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almost all the male chromosomes were. lost &n the course of oms,
twoy or three cleaveges, Two causes may have determined the
rate of loss of male .chromatin during developments the. dosage of
X~rays, and the nunber of ¢leavages undergone by the embryo; . .
With increasingadosagesg,the,emhryosvclegved.progreasiQGIy lessy,
yety. :d.éspite thig; their chromosome complement still declined,
The-'priﬁaW‘-agez‘xi causing chromosomev‘loss -therei‘or,ei rappaared' to
be the dasa.ge of X~rays applied to the sperm, _ The loss of .
chromatin as sub-nucle& ‘could be observed as early as the. tm-
oelled stage‘, the ~nw_mber and ;sige of the -sgbmucle& being

poéitively cérrelé,te& with dosage,  In two-celled embryos

: resulting a.fter high irradiations of the eperm, the sub-xmclei

were almoat as large as the blastomere nnclei,. Theae large aubs

nuclei, and the decline to near-»haploid ﬁ.n the chremosome conten‘h

of oncew and twice-—cleaved embz'y’oe, were undoubtedly elesely

related and 1nduced by aimilar mtot.:}.a mechanism.

h Of the embryos which possesseé a single pramxcleus, seme
eontained a second maturation sp&n&le stin at metaphase; 15
others the spindle Was not present and a secom! polar body ha&
formed. The presence of a pronueleus and an unetimulated
maturaﬁion spindle 1u the fomer ma;r have been due tc a heavﬂ.y
X-—rayed sperm penetrating ‘the egg wi’bhont stﬁmﬁating the -
c,omple’eion of the aecond maturation divieia'n. In these eggs, e
the appearance of the pronuclei was clearzs amma}.; t»his
cou}.a have been due to the development oi‘ the male pmnncleus ‘in
an unstimulated e&g cyhoplasm. | Thig isind of development an be
cons::.dered ae androgenetie’ - In the second type ef egg, the

pronucleus a,ppeared to be normal. In one af these eggs, the .
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‘detection of degenerate chromatin in addition to the pronucleus
may have been due to the decey of the sperm-head after.fertilisa~
tion,  The .decay of ;rraéiatad\male chromatin was seen in rabbit
ova by Amoroso and Parkes (1947), . SBuch eggs may .théref.ore have
originated by the degeneration of the fertilising sperm after
normel entry and gtimxlation of the egg, . The. eventual fateiqf
egge. conteining a single pronucleus-is speculative, . Those which
contained an unchanged meiotic spindle'probahly quickly. degenerated
or may have been the precursors of the one-celled eggs coﬁtaiping
merely meiotic chromosomes at 3% days gestation, [The univ;
‘proﬁucleaieesgsivhich;haﬂ been. stimlated may have cleavedj im
this.respectgvit is dnteresting to note that the two-celled 34
day -0ld haplold embryo shown in:Fig. 52 popsessed twenty . .
-chrompsémes;a:'Thia isveontné#y~to the hpfmai &pﬁearénQe of-many
6hromésome ffagmenﬁs in mitoses after the Xﬁirradiation»of the
épérm. This particular embwyo may have resulted from the P
cleavage of an egg containing a single pronucleusg such an
’ embryu wuuld be. axpeeted to poaseas an exact haploid complement.
Fudged by the number of nuc1e1 in 3% day old embryos, this type
of gynogenetic davelopment was very abortive and ended after
one or 4o cleavages, |

| Wiﬁh'incieasing,Xéiifadiatibn of the spermy; embryonic
VdeﬁelopﬁentAbécame more retarded until, at the highest dosages,
none of the ahbryos had cempletsd their secord cleavage at 33
dayavgestatien;,; No Hertwig phsnomanon was. found, which agrees
lwith the findings of Amoroso snd Parkes (1947) after X-irradiation

qf‘thé :gbbitfsperm. Thewretardaiidn_of embryénﬂc development
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vwas very constant at each dosage level, and quite unlike the
all-or-none effect of the ultra-violet (p, 92); the greater
penetration power of the X-rays probably caused the higher
uniformity of effect, The reduced chromosams complement of thege
enbryos was probably not the causé of their retsrded development,
for haplaid and many kinds of heteroploid mouse embryoa can |
develop. quite successfully to blastocyste (Beatty,. 1954; Be&tty
snd Fischbergy 1949, 19518 & by 19523 Fischberg and Beattyy 1952
& & b ‘éqd‘sgé'pngB of this thegig), Delayed fertilisation
caused b&ftheftieatment was also unlikely to have yﬁcdgceq;thia'
result (Gates and Beatty, 1954), A non-chromosomal factor in’
the sperm may have been affected to retard e&brygnlczéavglo?mqntiﬁ
| ig‘thxa‘ganne:g- The fector may have been eytbplag@iéé*éna"
because: 14 appéared to be closely comnected with clsavages it
could have been the centriole, | Incre&a§Qg.§rradiatiQn‘éfftheﬁf:jﬂ?
spef&,cculd:therefgre have had two effectst fgreater;qgmagé'ggj"”
the chromosomes' and to the centriole; 'Dosagegfof:30§900‘éaﬂ:: .
50,000, 50 affected the centriole that all of the embryos =
resulting from the fertilisation of a normal egg by this sperti
failed to‘gléaﬁé‘MQ?é than ancey Iﬁ.seemblgn;ikgly,thét the .
high unifdrmity‘of?:etardad1§¢vélqpmén€’after'ﬁhesé dogdges was
due to gebetid damage to the sperm chromogomes; especially as
guch embryos possessed an uitreated haploid complement from the
e88s ‘ | ‘ ‘

Certain of the phenomens’ induced in embryonic dévelopment
were_thé'séﬁé after either tiltra-violet or X-~irradiation of the
sperm;  After either of them; emirycsnic ‘developtient was

adversely affected; ‘éhromosomes were ‘1ost during déyéibpzéenﬁ@ apd |




«140=
!

cytological abnormalities included subsnuclel in the blastomeres,
chromosonme fragmentation, and other mitotic disturbances, The
clear differe;ace between the two treatments lay in the inactivation
of the male ehromatin at syngamy by the ultra-violety which had.
no counterpart after X-irradiation, An effect on the centriole
‘and the chromosomes of the sperm has beer_l suggested to ‘explain the
abnormalities resulting from both treatments, - Sgithe;f‘- 'tgegﬁiézépt
has induced 4 Hertwig phenomenofi; all the haploids and mear- |
‘haploide being excessively retarded, o

A comparilsos. between mmals and‘amphlbiaﬁs can’ be madé on
‘the effects of tho X—“irfe;d;é,t;c{m' of the sperm on embryonic -
development,  Rugh (1939) reported & well<defined Hertwig

phenomenon in, the frog with dosages up to 50,000T, on the sperm in

7 -3

Fitroy Heploids were induced byfl;he higher 'do'séges}f and éévélopet
‘to advanced larval stages, The deg’éuera&ti‘oﬁ of motise ermbryos;

| and -also of rabbit embryos (Amoroso and Parkes; 1947)y inor |

| befare the twowcelled stage 45 in direct contrest With the )
Amphibian resulta. ' Either the dosagés A:'givén‘tq mamsia}ien ‘Sperm
have 'n’"oﬁ_’ beéﬁ’;-éﬁgfiicientiy highy er 'a‘-:xdiﬁféfrénce‘ exists between
the ,Wé]'éialﬁée?; E The former theory is unlikely because the
mi,e chromatin appeared to be. totally destroyed in certain mouse
eggs,: - The différence between the two classes may ‘therefore be
due iﬁwe“gréater' resistance of soile part of the amphibian sperm.
m.x#?a;y"damiagé}' “or to a greater capacity 6f the amphibian egg

! for haploid development; B | |

" ' THe 'death of mouse embryos vefore ‘and’ just after implantation

il pollowing relatively low dosdgés of X-rays on the spera 18
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similar to that produced when the testes and ducts of live males
are irradiated (Snell and.Pickem, 1935; Bremneke, 1937; ete,).
One of -the females receiving sperm irradiated by .l,(}GQr,-, had
placentae, end these were very small and fll-formed, This .
dosage wag therefore near the lethal limit for imyl'anta.tio‘ﬁ@,_
Pre~.and post~implantation death occurred at 500 and 100z,; and
|was also reflected in the low litter slze, ' Tihé 'dgz}th,of‘ thege-
embryos may have been.caused by &nduced"&amiﬁant_ J,e‘thal_s- or:
chromosone re-arrangements (8nell,  193-5§. Hartwig,l‘?l&; ‘-,:Krei}.er
|and Auerbach; 1941; e.tc.f),;, » One btherf cause.-of‘-’ death _‘?f:ﬁhgz_se»
g eni%ryoa: ‘was evident ‘4n -the' 35 day chromosome :counts-,‘: for; many -
|embryos: posgessed. unbalanced ‘non-diplodd chromosq@gAdcmpiemeﬁts,
After such a relatively low doge as 00Ty ‘one. gua;"if;'ex_" of: f.’ne‘ -
Q@b}‘?@?@l&ﬁﬁiﬁé& ~‘v;afe no . longer ’c:gi?lpidé‘f_v;hi;gsiaf’_&e? 5001’.;»
‘-éﬁeethir&'ive:fa'&ffect‘ed;_‘ -Rad,ié‘t&cn 'mgé of such magnitude
V' following ~1;h<_a'sé;~ dosages un_mt;uré Sper® assuies’ é;xxsiéerable‘. |
" |4mportance as-a factor in male sterility and enbryonic dsath,
espécially a8 earlierustages af spermatogenesis are more 'sqseeptibl
|0 Xsrays. (Hertwig, 1938)5 V e
The delayed fertilisatim; mdieated by the ebservations on’
the ‘eggs orfemales: killed s;x heurs ‘after mating may have been
due to Teduced sctivity of $he sperm after X-irradiation,
|Amorogo’ and Parkes (19’4’»7)’;.3150 reporied delayed i‘e'xﬁt&liésétian‘_.
|after X-irradiation of rabbit sperm, Judged by the observations
et 3} days gestation, the fertilising capacity of the sperm was
not affected ;atg;ii»vfér;} high dosages were giveny and the lack of
embryos at the high dbs&gesi_'xi'ay hav,e"be'sx;-id‘tze' té" p’!’éma‘tl_li"e; embryo —

. Inic death rather/ -
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rather: than failure of fertilisation, - -Two polyspermic eggsy one
of them unstimulated by sperm entry, out of 20 examined after
30,000r; indicated: that ‘polysperay way be a product of 4-t.he‘ ;

| treatment a5 slso noted by Amoroso and Parkes (1947); . In the
three pronucleat: eggs: which contained an unstimalated metaphage
of ‘ﬁhe second ‘melogis, two had a single pronmucleéus and the: third
had ‘twe pronuclei, ' -The occurrence of ‘polyspermy in one ‘out of
three of these eggs ‘guggested that spern entry had also: failed to
stimilate fully: the zona reaction a’gainét.-the occurrence of

p‘olyépe’rmya (Braden; Austiny.and David,; 1954),

1, - Sperm of the mousey Mug mugculus; was. X-irradieted: in vitro

- ‘before fertilisationy ﬁnésla:gé;s_'weré= between 100 and 50,0007,
2, “With increasing dosage;. the "~éh?dsiosiém"g' ‘cdﬁ@lé&éﬁt ‘of 3% day,
'old emtryos declified from diploid to haploidy " Higher
do sages: increasingly retarded -embryonie development, "30,000
; a,nd 50,0091-. restricting development to the first cleavage, -
- Meny eytologlcal stnormalities wore found in ‘the 3% day d1d
,-",-em;bryosg o ' | | B
3, - %-irradiation did mot normally prevént male profiuclens
. formation or syngamy, Chromosome loss cecurred in the -
' embryoe during development, '};:i‘abably by the loss of
chiromosome fragunents into sub-nucled;, "
by Aft.erBG,OGOr,, atnormal pronuclear relationships were found,
In some eggsy spe’rﬂ‘«éhtry and the growth of the male pro=’ = |:
'inéaci_éusf did not stimulate’ eqﬁpleﬁiéﬁ:df}the" ‘second

' maturation division, In other eggs, the single pronucleus
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‘was probably female, the male pronucleua having degenerated.

?olyspermy occurred .at the same dosage, end may have been

‘correlated with failure to s&imnlgte_the.egg:

'1,999:,,g;most_gompletely suppressed implantation, = 500r, .

cauged considerable embryonic mortality, .

,A theory of irrad4ation damage to the—centriole or cytoplaam '
.of, the sparm in addltion to, destruction of its. chromosomes
;13 postulated to account for the retarded develepment of

:ths .embryog, | - -
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textefig, 6, . Relationship between dosage of XArays, on the sperm.
_ and the number of nueclel in 3§ day old ‘embryos,
= one standard error abeve and below the mean,’

Texteflg, 7, . The chromosome complement of 35 day old emtryos after
X-irradiation of the apern before fertilisatiom,
' Bach: square Tepresents oné embryoy exéept where
& aifferent number is shown in'theisguare, =
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:Figa. 49*55 d.nelusive are taken from squash preparation of whole
dsy old embx-yoe. . Fige, 56+60 ‘inclusive are from sections of

eggs teken from mothers killed between 6 and 42 hours after mating,

The amount of irradiation given to-the sperm. £ appended to the

description of each figure, None .of - the negatives were
retouched, o

49, A whole 3} day old embryo containing two diploid mitoses
and one contracted mitosis of 31 chromosomes(C),
X 350 » J.ODr,

50, A whole 3} day old embryo containing a mitoeis of 34 # 1
chromosomes, Several subwnucleil can be seen in addition
‘te the normal~gized nuclei, =x 350, 500r,

51, A whole 3% day old embryo containing only 5 nuclei of which
; 3 are in mitosis, One of the metaphases possessed 29 + 1
chromosomes, the other 29 +-2; end the anaphase on the left.
of the: embryc ‘had. epproximetely 46 ehrematids. . Sub-nuclei
can be seen in the embryo, x 350, 20,000r,







- 54,

524

fragmented chromatzds X 350. : ,OOOr,

53

. fwo whole 33 day old embryos, The embryo om the right is

- two-celled, one cell containing a haploid set of chromosomes
(C); the embryo is probably being phagocytosed by
lesucocytes(L), The embryos on the left has seven nuclei
‘of which one 1s in an anaphase. containing a large number of

”&.mikesis:offapproximately‘24 chrbmoédﬁGs; x '2000, 10,0007

A mitosis containing a haploid set of normal, presumably
maternal; chromosomes, and small chromosome fragments,
which are presumably male, interspersed among them,

z 20004 20,000r, -







55, An ahephase with threc lagging chromatids, ' x 2000, 500r,

56, Rormal sperm penetration into the vitellus and stimulation
_ of the gecond maturation’ division after the sperm had 'been
maot:.vatad with 20,000r, The first polar body can be
seen on the right of the egg, ‘% 1000, 20,000%,

57a and b, Abmormal pronuclear growth end failure of normal {

. stimalation of the second maturation of the egg after,
the sperm was imradiated with 30,000r, The maturate
don division is still at metapliage, the presumably

. male pronucleus is vacuous i.n appearance, = X 1000,

' 30,000r,







58, A large sub-niicléus present in addition to the normal
blagtomere nucleus in a two-celled embryo, =x 1000, 30,000r,

}

597 .. Polyspermy occurring ai‘ter the. sperm wag Madiated by

. 20,000r, The pronucleus in the figure is the male; the
+femgle pronucleus ig in another seetion, of the egg‘ ~ Below
the male pronucleua. an unchanged sperm=head can be seen in
the. vitallus. - 1000, 20,0001', o .

STV

60, A blastomere of a two-celled egg, Three nuclei are present!
» in the blastomere; the larger, central nucleug may be the
blastomere nucleus, the others being sub-nucledi, :
x 1000, 30,000r,







INTRODUCTION,

Since .4ts original application by Hertwig (1924), trypaflsvine
has been one of the principal agents used. to inactivate amphibian
sperm. chromosome. before fertilisation, . . 8imilar treatment of - -~

. pammalian eperm was. earried out. by Thibault. (1949) 'oﬁ'thef sheeps -

and, by Beatty ,(,_z‘mpuhlish.ed) on tnei..mbbit-&d At fertilisationy
hibault observed spindle rotation and migration in the eggsy. .
eniseion of the second polar body, and polyspermyj - e obtaised no
evidence of promuclear. growth or of gymogenctie dovelopment, - .
Beatty examined. 5% day rabbit blastocyste resulting from the .-
reated spernj ekl the ealryos vers. diploid and epparently mormal, |
though the numberg developing afier trewtment were low,.. . |
The following experiment gives the recults of the trypaflavine| .
treataent 42 vitsg of the sperm of. the mouss, Hus musenlusy, before |
fertiligation, The concentrations of the chemical on the sperm
covered a renge which included the concentrations used in the |
auphibisns (Hertwigy 19245 Dalegy 1931}, = Embryos wers exauined |
at fertilisation, the Pirst cleavage, atd the 3} day embryonic -
stage, implanfatimy.<,:&1%d birth, - vjfréatment of'. the sperm by tfypa— ‘
lflavine 4n vitre nocossitated tho artificial insenination of ths

treated spermj details of this technique have been given on P, 4,
MATERIAL AND METHODS

‘Fith one exception, the mouse stocks were the same as those used
for the ultra-violet irradiation of the sperm (p, 86), The

exception was a single fémele which wag probably heterosygous for
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the *silver factor, The recovery; preparation and examination
of the embryos resulting from the treatment were exactly similar to
those given for the ultra-viclet experiment (p, 88),

In the _éa,rly stages of the exgéfiment, the éﬁerm of eaoh

mouse male was seﬁai‘éﬁeiy treated by trypaflavime, But progress ‘
by this method was painfully slow and hence the altcrnative methed
was adop;bed of mixing the sper%ri of geveral males, The size of

he containers was arra.nge& 80 ‘Bhat ‘the depth of sperm suapensione
Lt 2m. wag the same for the individual and the mixed sperm
R aample?a,» The sperm suspension was 0,75% sal&ne, |
‘Trypaflavine has & bhoteéhemical'aetion on the speém' ‘
| .Dr'ebilnger,w 1951}. | Immsdiately éi’ter the sddition of the trypa~
Z“ﬂ:”l.avine to the aperra, the reaulting mixture wag ylaced at 39 Cm;

distanee beneath & lOOW lamp for 10 minutes, ?he Mtivity of the

}.apem was chocked mxder ‘hhe microacope befom and ai‘ter t-he

' illumination The v.reataé sperm vag then aruficially iaseminated
| to oeatrous femal—ea with&&a&mm delay, Ai‘ter completiag. of the
2 inseminaticns, the ac‘biv'lty ef the apem wasg re-—ehseked 'A‘
lxixed gperm suapensian nsually inaeminated three or four femlea;
an 1ndividua1 sample averagad one inaemimted female, |

1 'i'he trypaflavz.ne, obtained from Messrs, Ba:mr Products Ltv‘i”
| Dubun, was m&de into a solutien of ten times the reguired .
concentration by weight in.Q‘ 75% ealine immediately before use,
hddition of this solution to the pure sperm suspension in the
ratio 129 achieved the desired concentration on the sperm, The

trypaflavine concentrations in the sperm suspernsions were between
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1/5,000 and 1/100,000 by weight,.

N Only the two higneet eoncentratxons, 3./ 5,000 and },/7,500,
red‘uced s,pem motility, theugh not all of the eperm samples were

| ua.ffected For confimaﬂon of this effect, eperm samplea were
‘ﬂ.luminated for 20 mixmtes; redused motility in thase sa.mples

j mas pronounced e.t concentratﬂ.on 1/5,000 ’ and not.ieeable at

| conceatration 1/1.0 ,000 Sperm illﬁminated for 2.0 minubes was

1

not. 1nseminated in.to females. |

Examination of the 3% day embryos taken from ingeminated
females a t :first. indicated ‘that ‘development m&.normé.l, though the
'numbér‘a -developing ;evere reduced-at the higher concentrations, ', ‘
Whert the.experiment ms.'about half complet"ed_i, -various highly
-petarded embryos were noted- i‘oi the firéﬁ ‘timej these must have

' been ove‘rlé&ed previouslﬁ. Iﬁ ‘the"results given in Table 17,

- -analysis’ of 'bhe fer‘bility of the iaseminated females end of the
‘numbers of embryes has been made uging the normally-developing

.. embryos only; No quantitative estimate of the retarded em,bryogs

was attenmpted;

The bercent&ge of females with one or more normal cmkryos
T pteadidy iaetéa;éed with decreasing concentration from 0% at
~gancy /7,500 to 80% at conc, 1/1000,000 (Text-fig, 8), - Large

" hunmbers of ‘females established this effeet with accuracy at the




semi~lethal concentrations, Controls, inseminated with untreated

sperm, gave T0,2% of the females with one or more embryos,-

The mean mimber. of eggs; both: ‘fefz‘tilised and.,unfeét;uie;egi;. |
taken from females at the different concentrations rose from 5;2
per feaasle at 1{5,{)00 to 8,6 at 1/100,000, The low figure at the
high 'concgntijation was probably due to the degeneration of
unfertilised eggs, the chemical probably sselsting this process, '
Phe "loés‘ of" mré. unfertilised eggs at the higher coaeent’ratieﬁs will
bias-the comparison in favour of the enbryos, |

- The percentage of the total 'é‘ggsv which were normal embr;s'ros

e s analysed in two wéyaz over all fenales, and within those
females which had one or more narma.l embryos, Both eriteria, :
especially the first, shosved that the pementage steadily i.ncreasad
¢ with decreaeing trypa.\“lavine concentmtim, thm:gh the f:.gure was |
> lbelcm controla even at the 1owest cencentration (Table ¥y Tex’tn-
f‘ig. 8), The higb.est concentration compatihle with nomal
e&brycnic develepment was 1/10,000

The same character waﬁ measured by a difi‘erent meif.hodz ’bheﬁ

‘ calculation of the mean. zmmber of noma.l embryos mthin fema.ies
whi.ch posaessed one or’ more of" them. Thiz methed overcarae the
diffie'ulty due ta the degeneration of the wnfertilised egga, The |
resultg are'given in Table 17, The mean incree.sed iairly
steadily from 1,8 per female at concentration 1/10,000 to 4,5 at-
_eonc, l/weg.gﬁoa; controle were 5,5 per female.




The offeot of the treat&ent on embryonic devélopment was

measured &n o ﬁa.y'a‘:f " "irét,' the' ‘emination of live embryos 'for
their atage of’ &ifi’erentiation; and second,. the mamber of maclei
Ia squashed prenarations. ] |

_-In con »rals, 511,8% of the develepiag embryos Were early or

' medium blastocys’os, the remain&er were advaneed &orulae. : Two‘
-bypes of embryo appeared after trypamvine treatments. one type
was . normal, the e‘bher was hz.ghly retarded, The grea‘b majority of
the normal embryos were ‘blastocyste (Table l’?) . The reta.rded
embz-yos were occasicnally twa~ or threeucelled, but in most casea
‘appeared to be one«celled or gomewhat fragmented, | .

| The mt;an ;1113188.1’ number of the norgal embryos ﬁ.s given for '

each. concentmtmn 5.n t.he .Table,  Bach of the means m above the

control figureg : &6219 embryos . poseeased ‘Low mxmbers of nuclei for
b % day embryes however; ~for axample one embryo had 15 nuclei, twol
aad 11 mmlei, and one. had oaly . 5. ' These fnmed a linlc with the N
aighly retardeﬁ emeryas Whleh wers. at fﬂ.rat everlooked, Ia many

casea i'b waa doubtful 11’ ‘the Jatter had’ cleaved at all (Fig. 61), e

T‘or bhe imclei were often, indietinet and obsewation oi’ t.he
embryas before squashing often failed to show evidenea ef eleavage,' '

‘fhe mber of mxclei in these re’oard.ed embryos Was one, b:to, or

threey they' were found: at all eoncentratians exeapt. the . 1ow<ast
(1/100,000), = 3% days gestation was ebv.toualy far too late %o
examine these embrycag ev:.dence fram the squashes wust therefore '
be interpreted with some resemtions, | F’urther ‘evidence of hi.ghly
delayed and abuormal development will ba glven later,
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The pH of the sperm media influences the inaetivation of

amphibian sperm chromosomes by trypaflavine (Hertwig, 1924), 0,75%

e congistently gave en acid reaction (pH between 5 and 6),
To ensure that the retarded development was not due to acidity,
the saline was buffered in several sperm samples, The buffers
used weres - Panne’b-Compton salina (pﬁ &pPs, ‘0), Baker’s glueose
sanne (pﬂﬂ), 8 saline-oberate ausspensian (pﬁ apy, 9.0), aad 8
saline«bicarbonata auspensicm. Niueteen femles vere, inseminated
' with trypaflavine spem in these euspensiens, the caneentratioa _
of the chamical beiag 1/19,@00. _ Only. uni‘ertilised eggs or
‘ ( highly retarded embryos were 'takea from theae famalea; no nomal |
embryas wera foundr _ The results given in thie paragrapb have not
peen included in sy of the Tables or Figures, and will not be |

‘ considered further 11; the preeent.ation oi’ t.he results..

,u“’ 3,3 40 (Yéa‘b‘hhey 1949)t

i‘lze dipleid eomplemen.t of.' m s

Details oi' ehramesome cmmts ol ‘the- expermntallywpmduced embryos
are: given. in .Table 1.’7, Only the noma.l exzsba'yos were clasgifiable;
roxw«’ of ‘the: retarded citbryos had recognisable mitotic -ch:oxa;:somee_lé“
&11 the- enbryos occm'ring at or. below ééﬁéeﬁt@‘aﬁieﬂ 1/15,000 were
.diploid.:; A‘Afte'r- co'n’c;,' 1/10,,000 éne’hapleid-‘CFigf,; 62,65),@1%
txiplcid &nd aeven diploxd embryea were found‘ ‘As the axoeriment
was designed to induce haploid gynogenetie davelopmant, the

- ; Qiaco?ery of the haploid was at firel considered to indicate the
sueééa‘s_: of the aiethod,. ‘But the female ‘which donated --tﬁeﬁhaplaiﬁ
embryo ‘was possibly ‘.hgterézygoﬁs : férf the gene 'silver's ‘A adce

which &re homosygous for this gene produce a. number of spontanecus
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haploid embryos after normal meting (Beatty; 1954 Beatty and-

Fischberg, 1951), ' The haploid eould therefore-have .been of

gpontaneous - orzgin &nd quite independent of the trypaflavins
‘treatment, Alao, despite ‘the inaemination of 100 other femalea
with sperm receiving the same treatment, no other haploid waa
produced,‘ nhis again suggeeted that the haploid vas not dne to
'.Lhe treatment, | After the discovery of thia haploid, females ‘

l

which were homozygoua or heterazygous for the 'silver' factor ‘
' were rlgorously excluded from the experiment _ o ‘ A
The single triploid embryb had 8 peculiar importance to the

'.‘experiment. It wag possible that the diploia embryos vere gyno»

genetic haﬁaid emhryos Which had doubled their chramosoma o
omplement at the seeond maturation divisien af the egg or aﬁ the.
Tirst cleavage. . This suggestien would be denied 1f the Y

) . Tign

hromoaomes of the male wes recognisable in them‘or if iﬂplaats

fd offspring cauid be g@netically marked by dominant genes f
‘erived from the male. Unfortunately, the Y chrcmosome was net
; identifiable, and,the émbryoa did uot zmplant Or come to term for
the male marker gene to be recognised, (see later), ‘ anirect
denisl of chromosome doub&ing was observed 1n.tao Ways. First,
Jrihe number of nnclei in,the advanced embryos was the same as, or ‘
'~greater than normallybdevelopiag embryoe (see back}, i’Embrycnie
'developmznt had therefore not been checked at the first oleaVage,'
Second, the preaence of a txiploid embryo ie difficult to' exglaiu

' Ew any ohromosameadouhling proeeeai 1 would entail Gevelopaent

0.

tarn&ng with 30 ohronosomes. ?he mnst reaaonahle origin of. the

riploid appeared to be edther %he normal fertillsatioﬁ of an egg

ot

ol

hi.ch failed to extrude the second polar boéy, or by polyspefmy‘




Either of these origins implies that the sperm chromosomes were
not Snactivatedby the trypaflavine; The triploid therefore
providea evidence for the failure of the method

In aédition to the re’oe.rdecl embryos: containmg one, 'bwo, or
three nuclei, some onewcened aggs occurred which ycssessed |
chromasomes but no mclei . The chromosome comnlement ms alv:aya :
haplcid, and 4n mest eggs thsy appeared to be meiotic (Fig, 6&) &
The one—-celled egga eccurred a'b all concentmtions useci, @ften in
I.arge nnmbers. Thedr’ origia s conjeotuml; they may be ths
rema.ins of unfertihaed ogesy though none Vtere seen i.n ﬁhe egge |
'af femalea mated to vaseetomlaed males, They may have been

: penetrated ’ay aperm w:tthaut being a(:tivated Laatly, they e.ould
have ’neen rudimentary parthenegenetir: oges. which had. been stimﬂ.ata&-
Lto gome activity by the ;:resence of . sperm or of trypaflavine at
- avulatioa, Some evidence for and aga.inst these erxgins will be

given later,

'i"he mean mmber ai‘ auclei 1n the diploid embryas a.t each .
. ‘trypaﬁavina conventration i.s given in Table 17 The means weré |
' 'between 4’? 5 an& 64.&, the diploid mean of eont.rcls v:a& M,l,
o ‘Gonverted :inte cleavage number (seep,, 9) *i;he values were between' a
| 5,6 and 6,,,0 followiag ﬁmaﬂavine 'oreatment, and - 5.4 fgr ‘the '
“eontmla. The d@lcids obtained af‘ber trypaflavine treatznant of
" the- sperm were. therefore dividing at the ‘same rate: as normal
" embryos, - | |
’fhe haploid embryo had 40 nuclei (Fig. 62) . the triploid 2’7.
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|
|

Cytology of {He embryos,

The preserice of highly retarded emﬁryoa possessing one or
two muclei; and one-celled eggs possessing ‘chromosomies only has
'been previously mentioned, Some ci‘ the latter alsa possesaed
sub-amclei (F:l.g. 64).

Xn 'bhe ‘advanced embryos, the oaly abnomality was that gome

of the miltoses contained slightly _cOntractq‘i- @hromatids.;_

To éz'zsu're"that trypaflavine‘haa uo action on ‘ohé sperm in
the absenoe of 1a.ght, a solution of trypaflavine of concentratica
1/4,000 by weight in O 75% saline was injeeﬁed via the cerv.'t.x into |

the gterus of ;eeve_n-‘ oestrous ifema,lea. ~ The f’ema.les were theu

paired ‘wiifth m’aies 'for hatﬁrai "-maitizig‘ The _&pern. would: beoomev
lmkxed vith the trypaﬂavine uter Q before i‘ertihsatian; and
any ’aetion of the ehezai.cal would oecur 1:; ‘the absenee of light
Six of the females were ld.lled 3% da.ys a,fter mating; thay '
yielded 47 eggs of which 39 were blastecysts or advam:ed fnomlae
and eight vere' unfertilised No retarded embryoa were see«n,; .
‘_ A1l the cla‘ssn-.fiahte embryoa- ﬁgre‘dipleid ex_cepi} for o_ne which’ qas ,
8 diploid-teta-aploid mosaic. o | |

The, other three injected females were killed 13 days a.i‘ter
matizxg and egagi.qe,d for ‘placentae, N’gne: were seeny - There was
evidence: of danage to the uterus by ﬁhé“try@gflaﬁne.,, The
absence. oi""ple;centaéz may have beer_;‘ due to thiséam&ga, 'er"if.«@.y |
hav;,vbeg;j;_ ':'be‘_eags'q ‘of ja.‘ toxic _e'ffeclt‘ of the trypgf;ayige_on 'bhe 1.
embryo after 33 days ‘gestation,  The former explanation, appeared
the more likelyy | |




[T

—

Y
T e ih i ok “'M’t coling «*,v-\:\,u_naba“.«gbm Lﬂ Mo tuoy Ul{m), g2 e favs
s haee pe | Ve ‘\J»-.;,JM 6;.14,...‘4 wned b Cmatvule Mo oloatn
dibaheie shome holer dekibsnbin . Thibact b (194a) dodbbspamtbeirefbaoe
b Mesfpor s el s s G g s, ack hliieed wo
Mm\w\tic dselpwa b 4o e \l@v‘;&\ (WWWMJ wipmnced S de
et st il e Vg fpeflovive -likale) Sean 6 Fund ke Mok
M wamclaes vty fLewelel wes bk an Wew diplid f—m}zbw”f&,

st .

Re,u-,J/ W \L\ ‘K"“\V‘ ((‘U") b Sl lhal Ao haaie e ML..}J;,Q b
VPR A @L{uh%’z\ Y S P ( VRS VS g e i vt 4 Rawe ,h:k“i:r
\ub : (Mlhu,h_;, el wee Qo A Ho WWVO 2afaqin oe Lafeliny. b

BT V.Y ), TR N i Qe da . o A—— o o 3997 . . : .

4 RS ot bk Basda boheoke, ¢ hkes

abo bkl HeT@lA () adic by Pluidin bl
e e | Mlecilie hls Co amrcat -

Nu ﬁ,\\w '

AR CWPINN S PN PPN (% b WAl coaekiade the choonenll, | Pl
Sharn— \W\u "‘(,v“\‘lﬁ\,sﬁv(/;w prdl So mdimnt hoad £ SU(MWM Mu(,\%m«,k e &
Rt hets wad ar B 5(“"‘“‘* .l e Wz, ;H‘::. WW‘/{;\k fan lav 1'.)u,J}ln},_

g feian pufb (@b g c-,%) hoit hoa{l, vewvwws! Cadi wnk e Yla

trtlaan b Cm i\ Mwa?wv\) AR VPSR _ I descihed "?u.u“*-@‘\ my\..h\:‘(?,,;g

Al 4| the YCvaditddin | s S b Aokt cho . T fonfis
TN sl indioln

fbnu.:/hm e MM‘ G og.H,l,/b(,r,(' o Ll ;qx..alwha '

S\u""" b,‘_’,‘gﬁ— “‘1 M”'{’W(/u o '\Qéuaac:u- bl hb‘-u Mﬁﬂdj(w

Wkl oo b adlfey rq»;wlfa«‘a (Ghouns 1A

it

N V\M Q\UA.’ { ﬁu“»
b ben Wh SW Ov\-&bw:q

Sace | (s

vT\M \\AAM\ Lal—ee J’L~ C-ticcd |y M‘(b‘/”"" WY (’nvv'«)pwj fe_
i\ M‘tw 2 Ly ol WL Ay y/,h,(w\ e 2| Vice Voo L40mansed C’#
Yy /}\LJ ey =, Hu, allegi o JMLUl.; l\,u‘..w} pi R o’(L..,W

he (8 occer/is
#AJ’\LG “,LL:..



“155%

- The .large nuubers of normal embryos taken from the injected
fenaleg at Bé days after mating confirmed. that, in the absence of

light, the trypaflavine had little or no effeet on the sperm.

"Oiéefvéiiéﬁéjoﬁf;eetione& éggs &efe ﬁaﬂe}aftef treaﬁﬁent of ,'f
the sperm with concentrations 1/10,000 and 1/15,000, - Seven |
females were killed between six and ten hours after mating to

stndy sperm entry and pronucleus formation in their eggs. Eleven
| females were killed betueen 36 and 42 hours after mating to |
.obaerVe the fete of the pronuclei and the results of ayngamy and
| the first cleaVage. _ Betails of the observations on the eggs are

givan in Table 18 v  -

 1énd, X ucleusuférmatibn,,-q‘ ot

Some of the females-ﬁay.héve been killed before spérm entry
1nto the: eggs had commenced, for the majority of %heir eggs were
unfertilised, : After concentration l/iD,ODO, 45 eggs were
ezamined, of which three had ﬁwo prouuclei each One egg, which
was atill in the metaphase of the second meiotic dlvision, had a
sperm-head beneath the =ona pellucida Two other eggs had o
ehromosamea in the centre of the egg 1astead of at the peripbery;
ac spermpbead could be seen in these eggs but the appearance of

the chromosomas auggested that spindle rbtaﬁion had occurred,
'Tbese two eggs may therefore have been aetivated B After conc.A
1/15.900, all of the 19 eggs were unfertilised Delayed - h

fertllisation nay have ‘been faduced by<the treatméat.




Three types of egg wWere observed at this stage, One type .
had developed ndrmélj.y' to the two= or four-celled stage, another
type was m.zlié:igoiné the normel’ degenemﬁtiqn‘ of ,unfaftilige& eggég

- The third type had varzoua abnorsialities,

. After concéntratiofq 1/10,000 & total of 41 eggs were examined;

three were' twos or four-celled; one of the four-celled eggs: having

a -subs-ﬁucleas 'm éne"of’its bl-astoa’a‘eréa; ‘Cone, | '1‘/15;%0 yie‘i:ded

nmbera at the two concen’cratlona ‘are combiaed, the percenwge ‘of

nomal two-celled embu.'yos out of a tetal oi‘ 39 examined i

' nomally-daveloping embryoa was highez- than the parcenwge seen
g a’s 3% da.ys gestation‘ o ‘ A |
' The s.‘momal aggs ‘had the. eame deformitn.es afﬁer both
'.c,bneentmtions, _ All of t.hem were oue—celled Seme ‘eggs hed
: _uheir chromesomes scattered amund the cytoplam (Fig, 65), others

" _hsd chromosomes which were in the i’om of & telophase (Fig, 66).

"l‘we eggs had spem—heads in the vitellus yet the seeond meioais
ﬁot been activated and was shsm}.ng norma.l degeneration t.ynieal
f uni‘ertilised egge (Fig. 6’7 s & b),, Three ether eges ha.d Bperm»
| _heads either 1:1 the vitellue or beneath the zona, these also had
not been aetlvateﬁ‘ The 1as'b two kinds of abnormality shoned that '
spem penetration of the vitallus was not neaessarily synonmnoua |
th a.ct.ivation of‘ the egg, Altogether, thirteen of the eggs -

: ed were of one of' 'bhe abeva types,. In most- of f.he eggs,

the snem-head na{a not directly oheerved; the abnomalities may
have heen due to induced parthenegeneaie, premtnre degeneration.
Ir to fertuisation by an atnormal sperm which was overlcoked in

|

he exemiaation, In the gtudy of the normal degeneration of
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unfertilised eggs, none of these occurrences were scen in 30 eggs
taken from females killed beiween 36 and 42 hours after mating to
& vasectomised male, |

The remainder of the egga' had the -appeara.ncé of normal

unfortilised eggs; i,e, they possessed the remains of a degenerate

spindle sith the chromosomes still attached,

IRFT'
64

To follow embryoni¢ development beyond 3} days gestation,
females which had been inseminated -with trypaflavingl sperm were
either killed during pregnancy and examined for tho presence of |

' placentae or youngy _'mf allowed to go 'to full term for the birth cﬁ‘i ’
litters, Three concentrations of trypaflavime were tested:
1/19,', 1/25,@60; axid 1/160,900 A% the highesgt cance‘ntratioﬁ;
examinatton for pLacentae and embryos was made at 14 days gestatic nj

| at. the, twa lower concentrations the femalep were examined for
placentae when they were seen to be not pregnant,

Sperm treatments with concentrations 1/10,000 and 1/2‘5;;.000
yielded nelther placenta¢ mor young, At the higher concentration
4 f;femaies were examined at 14 days gestation and three were

allowed to ge to full termj at the 3.o€er concentration .five
females were examined at 16 days gestation and 4 allowed to term, |

At conc, 1/100,000, no placentae were seen in threé females
BMed at i’? days gestation, though the remains of one placenta
was gesn in a femé_._}_._e- which gave ﬁo young at full term, Two
litters were obtained from five other females, One; a litter of

three or four, was immediately eaten by the mother, The other; a

litter of seven; grew %o maturity, The sire of this litter vas
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genetically homozygous for dominant black eye eolorir, the mother
homosygous for recessive pink-eye; All the offspring had black
eyes; so the male chromatin must have Wm in embryonic
development, The sex ratio in this litter was five females to

tWo ‘33138',~

DISCUSSION,
_ With two exceptions, all the classifisble 34 day embryos
were shown to be diploid; the two exceptions were a haploid and
a triploid, and both occurred at concentration 1/310,000,
Chromosome counts were poasible enly in embryos which were develop-
ing at about tlhe same rate aa--controls._ _‘fhez proportion of the
total number of eggs with normal development steadily dncreased
~ pith decreasing comcentration, from 2,2% at concentration ]/10,000
. to 43,9% at concentration. 1/190;000; | The use of syescolowr g@eg'
4n these embryos .whi.cﬁ developed to full term ,gax}e direct .demouam
tion: of t.hsi;r hybrid origin at ihe latter concentration; They
were therefore not ngenetia,‘ This direet identification of
parentage was not -pce,eih‘_!,e for the embryos p_roducad at, the higher
,,ée'x;eéntration however; for none developed to the a%a,ge of eys
nigment depositien, - But three kinds of indirect evidence
ndicated . that they t,oa_. were normal hybridsy Firsty observations
on pewly fertilised eggs showed that 'ehe male and female .,prqguaiei
lboth formed normally and, fudging by the sbsence of degemerste
lohromatin in two- and -meeelled. egedy that both contributed to
embryonic development; Secbndvg, the idéntigicattan of a triploid
embrlyo vas evidence of the presgence of sperm chrqmém in &t

{see pyl52), . Thirdly, the gradual decline in number of normal

4
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ambryoé with increasing concentration is symptomatic-of a steadily
increasing inhibition by the chemical of norunal fertilisation and -
development,

The -dip‘l;aids and the triploid were therefore presumably
hybrid, The effect of the treatment was o reduce <b»he numbsr of
them at high concenirations of trypaflavine, Tho only embryo
with normal develapment which eéu'ld' not be fitted into this ‘
alassificaﬁion vas the haplo:&d " Fnis may have been a gynagenetic
embryo in.duced by the treatment. Bu'b .'s.t ms taken fx'om a femle
possihly heterozygaus f‘or the gene ' silver' and may haVe been af
spontanetms origin (Beat‘by, 1951;). gainat h-s spantanecua
origin is the very luw inc,idenee of auch haploids even after |
ma}.ection for spontaneoua heteropleids over several generatians
(Bea,tty, 1954), whereae this partieular hapleid occarred &8 one ofl :
two - embryas takea from the only 'ailver' fema.le insemina'bed in the. |
exper:haent Its origin may therefore have been due to a
combi.nation of the treatment a.nd spontaneity, The trypaflavine
mduced ox:e tripleid smbrya out of nine c}.aaaii‘ied at, the same
concentration that 1nduced the haploid, and, i.n the witheub-}.ight |
ceatrols, 1nduced a dipleid tetmploid mosaie. Swmingly,
therei‘ore, tha chemical may have an effect on the epindle :aeehan&.sm
of the egg or of a dividlng blaatomere. This effeat was alao ‘
direatly obeerveﬁ in some preaumably uaf‘ertilised eggs examined a
few hcurs aft.er mat.ing; no spindle was seen 1n 'shese eggs and the
meiotic chromcsomee had scatﬁered in t.he egg eyteplasm. Inter-—
i‘erence with %he meictie spindle of t‘.he egg may have led to all of
the matemal chromosnmes being retained ln the egg, or ’C‘;o all of

then entaring 'bhe gecend polar body at fertﬁ.lieatien, ary by &
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similar action to that after colchiciney (see Py 47) ‘to them -
being expelled from the egg after scattering had occurred;
Fertilisation of these affected egge would produce either triploid
or androgenetic haploid embryos; -this might have been the méthod
. [of origin of tpe'@r;';plai,d and heploid observed,

if the above deductions are correcty all of the normally-
developing embz'yoa found after t-reating tbe aperm with trypaflavine
' oantained an mreéuead apem chramosoma ccmplemen’e. | Bone of thenm
| ;waa gynogenetic. One claas oi‘ embryo remains to be considereda
those that were highly reta.rded at Bé éays geetation. A fou of :
| these h&d three mmlei, ethers had oa.e or *btm, | Smna had nsa A
Mnuclai, but poseaaeeﬂ only meiet:lg ehramoaoma wi.th or without |

sab-nnn J..e:&. : A few of hheae embryas haﬁ cleaved, others had

v appamnt&y not, Emixw.tima of agge at tbe ncmml time of pro-
i“”nncleua ferma.t:.oﬁ or the two-aal,leé a’t.a@e revealedni-;‘tjxat aome ’

: lzembryns did ccmmenee an abor%ive development, Kéenti.on of ths o
| 'disappearance of 1hhe spmdle i.n some of these ggs has e,lready beent
mde; other egge had other kinds ef spindle and chxomsomal

" behaviw 1n that they fo:ﬁned anaphase- of telaphaae»like auoiei,w

“”Bpem-heaﬁs were not detectabla i.n mny oi‘ these embryus; %ha

' spem my have degenerated after panet.mtion, beceme unstaﬂ.nahla

: :because of t.he experwental treatnent, or sueh eggs may have beea

‘ ‘(parthenegenetic, Gther eggs ware penetrated, and these were of

ltwo t,ypeaa noman.y stimilated oggs either connaining a nomal

| 'fraxmclear content or possessing nomal hlastemereat and eggs with
nnchanged spewhead in the vitellua and & maturation divis&on

| atm at metaphaaa, 'fhe proporﬁon of promacleate ova and cleaved

o egga was h.:.gher ’ohan the proportien of embryoa developing normally
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at 3% days gestation after similar sporm treatments, = Some of
the pranucleate ova or cleaving embryos may have therefore
degenerated without further development, but the numRbers examined
were probably too low for statistical comparison,

The observation of penetrated eggs which had not been
‘atimnlatwed to cemplete thes.r maturaticn divi.uion may explaia the
occurrenee of the unolaaved egga ccntalning meiotic chrcmasomas
4 a‘b 3% days gestation, I these eggs, ‘the spem-hea& had fa.iled
to differentiate into & promucleusy ', Pengtration mtheut :
aetiva.tion of the egg. ms algo & feature of hlgh dosages of Xw
|vays on. the sperm (py 131); and prohably occurred af‘t.ar the ultm-
. |v&olet irradiation (Py 1‘61)‘4,—,-'»_ Two' all»or—none :'espanses ‘of the
egg must occur at fertdlisationt - the Block o polyspemy ;

' achi.eved by the gona Teaction' (Bx’aden, i\uatin and Davidy 195&).
|and. the’ Btimﬁlatﬁ.ca ta eemplete the second mei.ot.ﬁ.c divisz.oa.

'The two events are: prohably relat.ed, far if, was notieed that one
{of the thrae \mst.imlated 2ggs penetrateﬂ by X«—irra.dﬁ.ated spam
was . polyspermfw. : Trypa’flavine ‘treatment -ef -tha* spem»= may. also
mduce palyspermr 4n: association with fa:.lure to atizmlate
completicn of the second mat.uration divisian, fcr eaa of ‘bhe
unstinulated eggp had another sperm-head- in .,ea‘ghhe:j. ‘the- vitallns

. |or the ‘perivi‘aelune- space; -t?nférwnatelﬁ-‘épjemheaas- can

" easily be overlaoked S.n eectioned eggm even m aentrols the

| sperm~head can often not be deteeted- However, Thibault (191.9)

" reporte& ‘that pclyspemy oecurred after trypaflavﬂne ‘&z‘eatmut of

' aheep sperm, and he also noted tbat, ‘apart from spf'j“,"f e rotgtien,-

some eggs failed to 'respfon% o .spex!m entry,; Tryp&flavina »
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apparently reduces the ¢apacity of sperm to penet;ate eggs and,
of the egge which are pencirated, some fail to acquire the block
to polyspermy and to complete their second maturation, The loss
of stimulating power of the sperm appeared traceable to the
 411fmination of the gperm-chemical mixture, for 4n the no~light
controls fertilisation and development occurred désplte the use
of higher try?aflaﬂine éoncgntrations;" Drab1ngex‘(l951) showed
that the inactivation of a$ph;biah;sgerg”chromatin by trypaflavine
was'essenﬁially,phétodynamxci'an¢jtha§-ﬁheféyteplasm;of thé sperm
was affected by the treatment, ’ﬁ;aIGSSé#vaiioﬁs ey aiso'appiy
to mammalian spermy ' ;

Two Kinds of embryonic development ogcur after trypafluvine
.treatmsnt-of the'sperm‘before'iertél;satiogg' one &fagxmilarato.
égntrélg'thefwtherfis'high;y;bétardgd-(gée'alsoThibaylﬁg 19@9)@

_ They‘occurred~ovef a wide range of céﬁéeﬁégatioﬁsg aﬁq.pfgbab&y
gver, wide pi range, Delayed fertilisation is unlilely to have -
induced such retarded developmsnt (Gates and Beatty; 1954).

the solitary hapleid is excluded because of its dcnbtful origini

there was no definite evi;encg of gynogenetic development or of

',.'a’ﬂer&ﬂig‘phenémenod'(Hertwigi 19114 though the retarded éalsyos

nay have been gynogenetie or: parthenogenetic. The faixure to
innuce ‘haploid gynogenesia in the mouse; sheep: (Thibault, 19&9),
er‘rabbit_(Beattyi nnpuhlxahpg) by this technique fs in sherp

- contrast to the success of the same ﬁ@théd &hyaﬁph}biana;e
Fertilisation with trypaflavine-treated sperm stimmlates the-

| -amphibian egg to develop as a haploid to advanced larval stages
without the participatien of the sperm’ chramatin (Hertwig, 1924;

Dalcgy 1931).
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Embryos which were developing normally at 3} days gestetion
came successfully to term after the lowsst d.ye concentrations in
the sperm suspensions, but failed to implant. after higher
concentrations, The death of thegse embryoes may. h&'ée been due to
induced genetic effecte in the sperm chrematin as has been.
auggested in smphibians. (Hertwig, 1924),  But the .cause of death
may have ‘been entirely accldental, and due to the effect of the

chemical- on;the uterine tissues of the mothery -

SUuEy,
1, | Spevm of the mouse, &\La; m_g, was treat.ed with various
I. -A concentratmns of trypaflavine in v:i._t_gg before fer'bilisation.
2, With :anreasing cancent.ration of dye, the mzmber of normal :
- embryos a‘o .3% days gest.aticn steadily deareased; none were
o found at concentrat:.on 1/7,5@9 by weight and aboveg ‘xn‘
' "addition to "bhe normal embryosi mny highly rete.rded embryoa
accurred over a m.de range of concentrations. : h
3 i chromosome couuta were possihla in tha nomaiembryos only,
o 'Bxcept i‘or a singj.e haploid whioh was possihly not gyhogenetic-g
'no eertain evidence ef the induction of gynogenesis was i‘ouud.
Histological amminat.ion of eggs up to b’l m&é ail'ber ma'c.ing
o 'Mdicated t.hat some penetrated eggs Were not activated,
| ther eggs may have commenced an abortive partt;;q:g;aneais,
| and that trypaflavine soaetimes destroyed the spindle of tha ‘
second maturation metaphaae of the egg,
1,,, ‘Impl.antation vas auppresaed b:sf conceutrations 1/10,000 and | |
| :lst,GOO Damage to the u‘berﬁ.ne tissues rather tha.n -:

embryon!.o aort.ality was probably respon,sible,
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Textefigy 8,

Percentage of mice with fertilised eggs, and the
percéentage of the total eggs which were fertilised
aﬁer the addition of various concentraticns of
dfiavine to the sperm before. fertilisation,
"Fertilised” eggs® is restricted to normallyw

‘doveloping embryos onlyj - the highly retarded !

embryos have been excluded,

-




o/o

60

. Lo

10

50

30

20

—— %bMICE WITH FERTILISED EGGS

--------- % TOTAL EGGI FERTILISED
KW ks Yo M ‘o Yas Mo oo

CONCENTRATION  (x1000)




. FLGURES

lone of the negatives were retouched,

61,

62,

63,

6l

A sgqusshed 3% day old embryo,
development, possessing WQ or 'bhree nuclei (et, Fig.lﬁ),

X 350.

- It is highly retarded in its

Squash preparaticn of the énly haploid embrya found in the

experiment'

x 350,

The mitotic complement of . t.he haploid embryo,  The meta~
phase has 20 £ 1 chromosomesj the anaphase is small in
comparigon with diploid controls,. x 2000,

<

A squashed 3% day old embryo containing e haploid set of
chromosones which appear to be meiotic, There is also a
snall pycnotic patch of chromatin im the embryo, x 350,







65.

66, A one-celled egg contalning chromogomes in the form of a
telophase, The mother was inseminated 42 hours previously,
" . with trypaflav1ned spern, Sectloped egg x 1000,
67a and b, Two eeebiona of an egg taken from a mother killed 42

The chromatids of an egg scatiered through the ooplasm 40
hours after the insemination of trypaflavined sperm inte the
mother, Sectioned egg x 1000, .

(RN

hours after being inseminated with trypaflavined
gperm, The metaphase of the second maturation

divieion of the egg has not been gtimulated by sperm

entry end shows the degeneration typical of unfertilig-

ed eggs (e¢f, Fig, 2), The sperm~head lies nnchanged
in the vitellus, x 1000,







?h;e following small experiment was carrie& out to determise
whether a combination of two sperm treatments would inaetivate
'the’ma;le chromatin more effectively than either _b‘y' dtgelf, The
two trestments selected were trypaflavine and ultra-violety the
former probably has a fluorescent effect which might be increased
by the use of the latter, The addition of trypaflavine to the
sperumy and the ultrasviolet irradiastion of the mixtu;'e, ware
exact combinations of the separate techniques previously deseribed,
(ps 147 ana 87), v

The experiment coﬁaiated of ﬁ‘o parts; The first was made
with a standard $llumination time o‘f 20 seconds ultra-violet after
treataent of the sperm with trymﬂavine con'cen&re;tioﬁs betwsen
1/25,000 and 1/190,900. The seeoid part utiliged a standard "
trypaflavine conc, of 1/200,000 by weight and ultra-viclet
irradlation of either #, 3, or 10 minutes, The vesulting embryos

were examined at 3% dm gestation as squashedj details of the
squashing technique have been given previously (p, 6)

| A total of eight mice é‘ere :laeemimted with sperm treated
with trypaflavine botween concentrations 1/25,000 and 1/100,000

and 30 seconds ultrasviolet, Only one female pobsessed embryos;

one of theml wes a normal diploid blastocyst, the others were

nighly retarded and had very few nuclei; The trypaflavine
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‘concentration was then reduced to 1/200,000 and the ultra-violet
irradiation increased to #,3, or 10 mi,nateé, 17 females were
insemi.nated'with this sperm; tem of them possessed developi.ng
enbryos at 3% days gestation, Detaiia of the experimental
results are given in Table 19, |
The number of embryos expressed as a éercentage ‘of the total

pusber of eggs was analysed over all females and within females
with -e‘mbryo-s',{'r The percentage declined with iﬁcreasing wltraw~-
violet. 41lumination, - The mean number of embryos taken from
femdles with embryos also declined aimz.larly,

. Embryonic development was advaraely affected by increaaeé
ultrasviolet illumination;, The meen number of nuclei in the
exmbryes dedvased fram 33,6 for 3 mﬁme illuﬁiaaticn te 7,2 for

10 minutes, In terms of the numbor of cleavages, this deelin
was from 5,0 to 2,9y Comparable mean naélear numbers following |
| Wltrasviclet irradiation only were 26,2 after § mlaute
{1lunitnation and 5,3 after 10 minuted; The two typee. of embryo &
one apparently normaly the other retarded + which were observed -
after ﬁltra;violet irradiation alone were &150 observed following
the combined trypaflavise and ultra-violet treataent, |

- ¥he percentage af embxyoa which were blastocyats declineﬁ
with increased ul‘trawielet mminatian; none were ssen in the
twa £ema1ess which received the most heavily—lrmdiatad spem. A

| This result was also sindler to nltra«i-viole_t trradiation alone
(Po 92)0 L
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the diploids, which occurred at all dosages, one hypo-diploid of
37 cuhromosomes, one hyper-diploid of 47 chromosomes, and one
tetraploid were found,l They possessed 26, 12, and 11 nuclei
regpectively,

Hany one-celled eggs contained chromqsomes and no nuclei;
the chromosomes appeared to be meiotic in all cases, Other
cytological anomelies included sub-nuclei in many embryos, and,

in & few embryos, the presence of pycnotic nuclei,

DISCUSSION,

The use of either trypaflavine or ulira-violet as a separate
sperm treatment induced an all-or-nome effect on subsequent
embryonic development, After trypaflavine alone, embryos are
either almost normal or excessively retarded, Ultra-violet
alone induces an ail—orbnone immobilisation of the sperm chromatin
which results in haploid or diploid gmbryonic deve;opmantg it
also has deleterious effectd on development, Combina£ioﬁ of the
two was intended to inactivate the sperm chromatin without
inducing the abnormalities associated with haploid development,
Uanrtunately, 1o haploid embryos were observed after the
treatment, but the numbers of embryos examined wag low.lA The
‘results show, however, that the combination of the two methods '
resulted in ﬁha same atnormalities induced by each treatment used
separately, If the ultra~violet irradiaiion was heid constant
at 30 seconds and the trypaflavine concentration varied, embryonic|
development was elther normsl or highiy retarded, Reduction to
a very dilute dye concentration and variation in the length of the

ultra-violet irradiation removed some of the pronounced effect
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of trypaflavins, but superpoged on the remainder the typical
’developﬁental_effects cauged by ultra-violct alons,

Embryonic develgpment after the,cambined,sperm-tmeatment
suggested that elther the-trypaflaviéa or the ultra-violet
individually aeffected the sperm, depending upon which vasg present
in the greater relative strength, Most of the highly retarded
embryoa,;ang the decrease-on the fertility of the females, were
presumably due to the dyej the less retarded embryvs and the
'hypoéand hyper~diplold chromogome. countis vere probably induced
by the radiation, As the respectivé aetions of the two treat~
: méntgido not appear 1o be campleéentary;,tne method 1s‘probab1&
qf;iigﬁle‘nse for the induetion c¢f bhaploid gynbgeneeia in the

mouse,
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10 minutes exposure is equal to 0,5 Joules per sg, cm, on the surface of the sperm suspensionm,
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5a TREATEENT OF THE SPERE BY TOLUIDINE BLUE,

Recent work by Briggs (1952) has ghown that the basic dye
toluidine blue is & @st effective chemical agen't for the
inactivation of the sperm ehroéosomes before fertilisation of eggs
|of the frog Rana pipiens, Under certain conditions of dye
concentiation, over 90% of the resulting embrycs were haploid,

No report has appeared concerning the use of toluidine blus
in mammals, To investigate whether the result obtained by
Brigge in the frog mlght be obtained in mammals, the séem of ﬁhe
mouse, Mug musculus, bas been itreated by toluidine Blue in vitz;g
before fertiliaatiom ‘The conditions éf the experimen%, and the
concentrations of the dye-sperm mixntre, were the sgame as :ha ‘&he
experiment described previaualy where trypaflavine wap added 0
the sperm (p, 146), The resultant embryos were exsmined at 3%
and 12 days gestationi. Treatment of the sperm by toluidine blue
in _vitro necessitated the artificial imsemination of the treated

gpermj details of this technique have been given on py 4.»‘

[MATERIAL AND METHODS,
Details of the mice used, treatment of the gperm and artificial
insemination, and examination of the resultant embryos at 3% and

12 days gestation, were similar to thoge described for the

-

treatment of mousge eﬁeim by trypaflavime (p, 146), Ho tindfividual
sperm gamples were treated by toluidine bl#e; only mixed .
samples were used, Hothers carrying the fagt«oﬁ tpilver! yleld
a low incidence of spontaneously hayleid embryos ab 3% days
geaﬁation (Heatty,'_, 1954; Beatty and Fischberg, 1951); these
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femsles were exclude& from the experiment,
The toluidine blue wag the standard stain of the British
Drug Houses, Ltd,, London, Dye concentrations in the sperm

guspengions were between 1/5,000 and 1/100,000 by weight,

 RESULTS,

1, The efgegt of toluidlne Q;ue on_gpern motility,
At all concentratlons the activity of the spern waa

céneiderably affécted after illumination, In many samples the
activity of the sperm was éomplétely 195%, and all the S?erﬁ weré
motionless, But, to observe the motility of the sperm, an
oxdinary light microséope wag employeds and the néceséary use of
a féirly’stréhg'béaﬁ 6f iightzadversely affested spérmtactiviﬁy‘
By-foguséing the spéxm with the reflecting mirror averted, and
then édjustingrthe mirrar-so'th&t~light'beéms passed through the’
gperm o the eye piece, it was ?OS»lbie to abserve the almost
imnediate cessation of sperm activity, A& coneiderable photo-
dynaﬁic action was vaioﬁgly exerted on the gperm, A emall test
to digcover any recovery of motility after removal of the
illuminaﬁion;gave no éefiniﬁe resulty possibly a'slight-éecévery
occurred,, Despite the effeet on the mptility‘of.tbe gpermy its |
fertilising power was.not ceﬁpleteiy lost as was shown b& the

discovery of .embrycs in femzles inseminated with. it,: . -

Examination of the 3§ day old embrycs taken from 1nsuminaned
females at first suggested that development Was normal, bun the

numbers of embryos found after the higher cancenzratlons were lcw
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When the experiment was about half completo, various highly
retarded embryos were noted for the first timej these must have
been overlooked previeusly. In Table 20, analysis of the
fertility of the femalea and. of the numbers of embryos has been

_made,.ga;gg the normgl_embrycs only, No estimate of-the nunbers

of ¥otarded embryos was attempted,

 The ?ercanfage'of females with onc‘or more normal embryos
mci’»éésea grom 0% & conc, 1/7,50 to 50% at 1/100000, the rise
commencing aomewhat abruptly at eonc. 1/10,000. uThe:percenﬁageﬁ
were consistently lower ‘than controls (Table 20),  The incrcaééA

wa$~probablycgradual,.but obgeured by sampiing veriations,

F'Thélbcan-nnmﬁér of egesy both fcrtillced énd unécriiliSng
taken fromwfemales at the different concentratlons varied |
between 4,9 and 7‘5. As thiw variation was not correlated with
' concentration, the chemical probably had little effect on. the
deganeration~c£ the unfertilised eggs, The P6r¢39t§33~9f the
total number of eggs which were dcceloping norﬁally.was chalyscd'
in- two waye: over cll femalea, and within those fcmales wh;ch
had advanceﬁ eabryoa. Due to the degeneration of some unfertili~
| sed eggs, thc percsntage will be ‘biassed in favcur of the embryos,
Both criterla indicated that the percentage steadily increased
with decreaszng toluicine blue. concentration, except fov a rise
lat concentr&tion'l/ioiooo, This concentraticn-wcs-thc hlghest
at ﬁﬁicc coimalﬁ3% day old embryos were obeaiacé, but after cone,.
1/7?500'no§mal dsveloﬁment of an emﬁryc-ta 13 days gestation

occurred in one)fcmalé,
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| | |
i The mean number of normal embryos within females with normal
|

émbryas was calculated for each concentration, Fertility—was

‘reduced‘af all concentrations; the mean being constantly lover

than the controls, - e : : e (

..'j!ie;e;.'c:g' E gA Gmm He B
.Two. types of embryo resulted after toluidine. blue treatmsnt

of the-sperm‘ -One type was normal; the embryos being either
blastocysts or advanced morulae, The other. itype was highly-
retérdeﬁ; occasionally iheyvﬁoséessed.gwe Or.ﬁhfée:éellsj but more
.oft;n-appeared %o.be one-celled or'soﬁéwhatvfrégménted> CA similar
:result oecurred after tryp&flavine treatment (p, 150): -

' " Tha mean nnclear numbar of the normal embryos at each eoﬁcentra— V
:'f"’cion is givan in ’I'able 20, Apart from twe émbryos which had 17
‘and 19 nnclei respectzvely, the unmber of uuclei 1n these embryos
{was alwaya 25 or above. All the means weyre below controis, but
fonly very slightly so, ezcept at eoncs. 1/19,000 and 1/!9,000
'Gonverted to eleavage nﬁmber, the means were all hetween &.9 and 56
after taluidine blue, controle being 535, CIearly theze was little
-differenee between the experimental and control embryos. f
1 The retarded embryos poasease& one oy two nuclei, occasionally.
-;mith sub-nuclei Most of them had probably falled to cleave

‘The 3% day embryonic atage vas obviously far too late to make o
1observationa on these emhryos, and any concluaions abont them must
'be tentative, _ o

| A high pH ef the sperm medla can 1nanuue the ambunt of P

inactivatxen of amphiblan aperm chromosemes by tolnidine b&na
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fBriggs, 1952), 4s 0,75% saline consistently gave an acid
ireaction, the galine was buffered in several smaples, The
buffers and their pi were: Pannet-Compion, app, 7,0} Baker's
gluéose galine (7.7); a saline-borate (app, 9,0} end seline-
bicarbonate, Thifteen fenales were inseminated_with sperﬁ
treated with toluidine blue in these suspensions, the concentra-
tion of the chemical being 1/10,000, Ho embrycs.were recovered
f?om-these;females. The results given in this par%graph‘havq
not been included in'any of the Tables or Figures, and will aot

be considered further in the preseatation of the results,

Analygis of the chromosome counts of the egb;xgsg'
The diploid number of Mus mugculus is 40 (Matthey, 1949),

retarded embryos had definite mitotie figures, All the normzl
embryos which were claseifiable were diploid,
In adéition to the reterded embryos which had one or two
nuclei, some one-celied eggs were seen which posseaged merely a
haploid set of chromosomss, The chromosomes wére'definiﬁély
meiotic in many of these éggs, but in~bthet eggs they appeared
to be mitotic (see Figs, 68 & 63), In appearance, the
chromésomes varied from highly degemerate to clear and distinci,
‘and several of ‘the latter which appeared to possess mitotic-like
chromosomnes were provigionally clagsed as one-celled haploid
embryos, But the subjectivity involved in deciding whether the

chromosomes were meiotic or mitotic devalued thelr evidence,

Details ‘of the chromosome counts in the embryos aré3g£ven'in“tﬁe :

Taeble, Only the normal embryos were classifiablej’ nene of ‘the |

One~celled eggs with meiotie chromosomes may have been unfertilisé<A

[
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snd had retained their organisation to 3% days gestation, The

|

few embryos which pogsessed mitotic~like chromogomes may have been

|

haploid embryos restricted to ¢he first cleavage.division, All

ggs which contained only chromosomes have been.classified as

unfertilised in Table 20,

With the é—zxgep'ti.oﬂ of two pogsessing 17 and 19 ':iucle:i '
respectively, all the diploide were undergoing their sixth

<:leairggé (ices more ‘than 32 céi}s)é

servations on the embryos,

. .. The highly retarded embryos possessing one or o muclel, and
o onewcelled eggs possessing chromogomes onlyy have beem
reviously mentioned, ~Some of these eggs and embryos algo had

o ascertain %hat'tre&tment‘ of the sperm by tdluidin_e_blue wag

jphetochemical, a solution of the dye, go‘ncent;'aét{ioh";/ﬁ,qbb by

veighty dlssolved in 0,75% salins, was injected via $he cervix into
the uterus of eié?eﬁ-féﬁaléé;"' ‘The femalea'ﬁéré‘ik;'en pafred-with
males for natiral meting, . The eperm woild become mixed With'the’
+~luidine blue in utero before fertilisation the action of the
enedcal would oceur there in the abbence of Iight, = All the

femalos "ﬁei':_é KilYed 3% deys after mating; they yiolded 87 =

and one was haploid (Fig, M), The triploid and ‘the haploid vere

embryos,  Of those with nitoses, 44 were diplodd, one was triploid,

taken from the gane female, Tho possible origin of the haploid |
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will be discussed later,
!

12. Obgervations at implantation,

To follow embryonic development beyond 3% days gestation,
females which had been inaéminated with toluidine blue-treated !
éperm were killed at 12 days gestation and examined for implants,
The sperm had been treated with concentrations 1/7,500 or 1/10,000,
Pour females were used at the higher concentration, five at the
lower, In both cases; one female had one embryo in utero, 411
the females were genetically homozygous for a receasivé gene for
pink eyewcoleur, the sires being homozygous for dominani black
eye colour, The two embryos both had black eyes, hence the
paternal chromosomes must have taken part im embryonic

development,

DISCUSSION,
Toluidine blue is reported by Briggs (1952) to be an effective

agent for the inactivation of amphibian sperm chromatin, and may
be more effective than trypaflavine; the chemical originally used
for this purpose (Hertwig, 1924), Both substances induce a
considerable proportion of the fertilised amphibian eggs to
&velop as haploids, In mammals, trypaflavime failed to_induce
ang'definite.gynngeneticdevelopmeni of the mouge egg (ps 146),
and of the eggs of the sheep (Thibault; 1949) and rabbit (Beatty,
unpublished), Mouse embryos which may have been gynogenetic
were highly abortive (p, 150), The present resulté gshow that
in the mdusa, toluidine blue has the same result as trypaflavine,
After treatment with toluidine blue, two kinds of development

are found: ome being diploid and very similar to comtrols, the
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other highly reotarded, - Some confirmation'of the normal
hybridity of the former is shown by the two embryos wiﬁh male
eye-mariker genes present after high concentrations of toluidine.
blue, Probably all of the normal embryos are therefore hybrid,
.Aftef treatment of tﬁe sperm in the dark in ﬁtero, however,
la ha@iéid embry6 wéé obtaiaéd; This‘may havé boen é éyéoééuetic
_ amﬁrqu}ndncad by the treataent, .Bu£ tﬁese controls suégastedi
the haploid apart, that toluidine blue in high concentrations
did not interfere excessively with fertilisation and development
if 1ight vas not applied to the sperm<dye miztiure, Briggs (1952)
- reported a'photochemicalvaction of the dye in his original
__amphibian studies, The haploid may therefore not have been an
expérimentallybihﬂuced'gynogenone; Some indication of its origin
qqﬁgs.giom the dieéovgry‘of a tripleid embryo teken frqﬁythe_saée'
mother, Haploids and_%ziploi&s occurring after the same treate
_pent suggest an éffect on the éecond maturation division of the
: ?gg causing either the expulsion of all of‘the egg.dh:ogoaome8
into the second polar body, or thairzratgnfiop‘in the egg, '
Fertilisation of. such egge Would result in androgemétic haploids
being,aasggiated with triploids, Thié;mﬁnhap&sﬁlwgs also
. dndicated after colchicine (p, 40) or tryéaflavine.(pﬁA;56)
_jtreatment at fertilisation, On thig theory; the haploid embryo
~ pas androgenstic, | _ - )
_ Many emb?ygs were highly retarded at'B%.daya gestation,

Some of these emhryos had oney two, or three nuclel; others

. possessed marely,ehrdmosémea with_grywithoﬂ& sub-nuclel,
Chromosome counts were only possible on the lattery and all
possessed the haploid cémplement‘ The majority of éheSe

embryoahappegreq:tq poaseSa_méiogiezehro@psgmgg;lthough soRle may
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|
' have possessed mitotic chromosomes, Their origin may have been j
ithe gane as pimilar embryos appearing after trypaflavine treatment’
1 {ps 156) i,e, abortive gynogenetic of parthenogenebic development ;
induced by the treatment, or failuvre of ﬁheefertilieing sperm to
stimulate the development of the egg, Histological examination
of th%$9 egge just after mating may clarify their“origiﬁ;‘.'The'
cahselof‘the-retardedAdevelbpmént was directly related to the
“|41lunihation of the dye-gperm mixbure, £or mo compirable cmbryos
came from tho withoutslight' controis, o
It ig evident that toluidine blue, used over & wide range of
‘| concentration and pi, falled to induce haploid 'development’of the
mouse egg excepty possibly, to the first or second cleavage, The
resgorise’ of  the mammalian sperm or egg to this treatment appears
to be qualitatively différent to thal of amphibians wheré
gynogenones develop to advanced larvae (Briggs, 1952). Ia the
| present experinents, teither trypaflaviae mor toluldine blue -
were effective agents for the induction of the haploid gynogenctis
 developmetit of the mouse egg,
1, Sperm of the mouse, Mug musculus, was treated uith veriots
concentrations of toluidine blue in vitro befdre”fértillsétion,
2, ~Increéasing concentration of dye decreased the numbers of
norial embryos at 34 days gestation, Qan§;highly retarded
gmbryos occurred over a Qide range of concentrations,
3. Chromosome counts were possible on the normal‘ambryoé'only.
- Apart from the occurrence of a haploid of suspect originy no
certain evidence was found of the induction of gyaogeheaiéﬁ

4y Implantation was not suppressed by the highest concentrations,




178%
REFERECES,

BEATTY, R,A, 1954, Haploid rodent eggs, Proc, Fth Intern,
.- . Congr, Genetics, Bellaglo, '

BEATTY, R,A, & FISCHBERG, #, 1951, Heteroploidy in mammalsi
I Spontaneous heteroploidy in pre-implantation
mouse eggs, J, Genet, 50, 345-359,

BRIGGS; R, 1952, Analysis of the inactivation of frog sperm
: nucleus by toluidine blue, J. Gen, Physiol, 35,
76)~780, -

KEBMG, 'G,' 1924, Trypaflavine als Radiutiersats zur Gewlnnung
S haploidkerniger Roschlarven Verh, Anat, Ges, 58,
223227,

deg ¥ rﬁé .

'MATTHEY, R, 1949, Les Chromosome . F. Rouge,
o . Lib, Univ,,, Lauaanne, R _
TH;I;B_AI:I,LT,‘ 'C‘,," 1949. . Ltoeuf des mammiferas, son développement
0T perthénogdnétique, Ann, 8el, kaat‘ § Zooly ___L,
peas. . |




&
<
E4
%)
4l
%
Ann.

SPERM  FEMALES -

OF EMBRYOS

CHROMOSOME COUNTS  NUCLEAR HOS,

EGGS AND EMEBRYOS

OF EMBRYOS

~ 1&9 «|

. 1 _ 8] 6} @ »
. , ) Al ~
- sofaque proTdyp uy AP ELE I
. peronu Jo ‘ou uwsy ledlot uw

aney Q

Nlojxl-lol >~

Heltlgl o

cofiqme TT® 3O w_ W:% W_ %
forony Jo ‘ou ueeR AR N L
QYKL T

protdyp aacayfsltlsfrfifi] &

‘ ]
proTdsp Lrawqoxg| | I B
protdral '} ¢ [ ]bel )

POTI| t] 1 vt 2l g

-jdguToun J0 3807 9

. g96Lo09897q aelels ®
Wuok gotya gelfigue OO Q %.. R b o
ot wps geweas| | lofaloll
sofaqme Jo .oﬂhﬂumu oot M Aloledl

gofrgn .

uia g6 woxy dde| | |TFT%W 4
19101 Jo sofrqws RO il ﬂ q|13 8

- mofaque oIsn YOTUA mlwiniol o
mwwmﬂmvoa%mocntaaé& g
pumog sofaquol ¢ | ¢ lofmimfe]l o

Jo *ou Tmyoy| -}

: sofxque UIER| 4| fer " v
85 woxy €38e zo ‘ol | QAR mm
-punoglvjotice , -2

g8%e yo ‘ouwsoz]” Nl b g &h
“eodmme| [ [Rlelolol

uste 85 18303 FOIQIGINGIRl R
. sokagus| . | . |, i
n«ggm%nmnz._BzAQ, A

. pesny]  lewl ¢
s8 “vegermae Jo ‘oy|™ 5l413|%ls| 5
squemsveay] .| .|

waads yo *op|” [T 11T '

) Q

{ooot %)| S <
ROTABIUSDUCO 24Q .WW.W wwm nnaw_ .




.. FIGURES

Rone of the negatives were retouched,

68,

69,

Squash preparation of a whole 34 day old embryo containing
@0 chromosomes-and no-nuclei, This eibryo was only
slightly squashed, the chromosomes can: clearly be seen,

T x 350, :

‘8quash. preperation of a 3% day ¢ld embryo containing

chromatids in the form of a telophase, x 350,

Squagh preparation of the single haploid embryo found in the
experiment, Four mitoses can be seen, two of which are
exactly haploid. x 350, - S







INTO THE MOUSE

Several attempts to make interspecific crosses in mammals
have been reported, Rabbit females have been artificlally
inseminated with.sperm of the hare (Yamane and Bgashira, 19243

Hammond and Walton, 1929), the rat (Piamcus, 1939), or the cotton~

tail rabbit (Chang and IicDenough, 1955), Ho young have resulted‘
from these ,crosseag but Pi.;zcug noted the actiye.tlon of the egg by
rat sperm, and Chang reported the survival of fertilised eggs up
to the blastula m‘:age at latést; In the following experiment,
rat or rabbit Spem was .tusemmated by t.he usual t.ecbnique (see

P, 4) nito mouse @smg.u;z_) females,

- The rat sperm was ta.ken from the vas deferens of killed males,

the rabbit spetm-obtalned with an artificial vagina, ‘The mouse
egga were recovered 3% days after ingemination, Eight feﬁaieSQ_'
which gave3d eggs, were inseminated with rat gperm WO femé.ieﬁ,
which gave 4 eggs; were inseminated with rabblt sperm, Hone ’oi'."
thege eggs was dévelapiné,» and é@aﬁh.prepar&tions of them failed
to disdlc‘:se the presence of nuclei or ohromosomesf,,; Examinati;oﬁ
of mouse €ggs a few hours after tue insemination to deternine
whether or not thej aré_ aeﬁiﬁted by the foreign spen.n'i.s at

present being undertaken,
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CHAPTER 1V,

At 3} deys gestation the embryo of the mouse, Mus musculua; is
an ‘advunced morula or a blastocyst, = It ean be made into a squ,a_gh
preparstien andy after staining, the nmber of mwles. ia the .
embryo ean be eounted,. eae nucleus usually represents ane cell,
buty after certain treawents of the gametes designed to induse ﬂ
haploid or heteroploid devalopment of the resultant »ambryo, sem ‘
of the cells may conteln one or more sub-auclei in addition to |
their normal nuc}.eus (p, 81 ). ﬁoat of the data ia tbe present
chapter 19 taken ﬁ:'ca experlmeats in which celchicine was applied
to' the gametes at fertilisa‘bian, or t}o t.he egg at the i‘irst .
cleavage divxsiom Ai‘ter theae treamente mny pelyplo.td embrycs
were fozmd (p. 21&&0), ' Sub—nuclei were not seen in ‘any of the |
embryos from th@ colchic&ne experimentsg the rula that one
rmcleas equals one cell can therefcz'e be regarded as itrue for |
these embryos. o | | o

Other polyploiﬁ embryos inclnded h the data were found after
aomal mtfmg or art.ifwial mseminats.on of’ untreate& apem |
| (ps 2}, Ome tripleid embryo vas ob’teained from a female |
| homo2ygous- for the facwr t silver'; this factor eauses &n
incidence of sgenta.nem heteregloidy m 3% day eld embryaa
(Beatty and Fischberg, 19513), All these probably arose |
spontaneouely, ' Two hap}.oid and tuo tx':!.ploid embryos were fonxié
after trygaf}.avim er toluidine blue treatanent ef the sperm _ig .
Yitro Nefors fertilieation (PP. 151 & }.'m). ‘i‘heae embryos were
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probably cleaving normslly, ’;Many haploid and heteroploid
embryos were found after the in vitro treatment of . gperm with
nltraeviélét'or i;réYg-ﬁefbre fértilisat£0n¢ A1l of them have '
been excln&ed from'ﬁhe ﬁgté»because of their abtnormal cleavage
and sub*nueiei~ ?he intentlnn of the analysis is %o compare the
nuclear and cleavage nﬂmbers of haploid, diploid, and heteroyloid

bryas;hhich are clggving nprgal}y; in this 1&88 the guatifica~
tion forlthe egclugionqu the abnormal embryos,

Pbgsible éou;cgs of error are due to bad squashing orxdgmgge.
during préparaﬁion cflﬁhe embrycs, These emhryOS'and others in »
which the number of auclei coul& not be counted with accuraay |
have not,beepviagluégd &n the data, Beatty and Fisehberg (l951b)
have aﬁalyséa the'celi nﬁmber of 3% day old haploid;-dipioid~aad
pelyploié mouae embryos occurrisg spantaneoualy in their 'silvar'
strain or induced. experimentally by the heat treatment of eges in

the fallopiau tubes. .

The eell nnmbers of all %he haploid and polypieid,embryos

which were ceuntahle witb accuracy are given in Tabla 21, _ _
together wﬁ.h their origin, For atatistical treatmen‘b, thesa f' i
embryea hawe ‘b greuped 1n€o four classea. : One class ineludea
emhryas taken from femalea injscted with colchicine befare ;‘ N

mating whetheg g siagle oF: reyeated i&§eetions were given (Pt‘,il'iii-

P
1

& 65). The eé@anﬁ ciaas compr&aes the 'reaidual’ embryoa (p, 62)i

The third class iacludes ali miee ahieh reeeived colchiciae b

(i.a. those embryae with Xn chromosoaa sets where X is an integer) |




~183«

injections after mating (p, 72), .The second and third ‘classes‘
are combined for the analysia_of variance of the cell numbers of
triploid embryos, ahe" 'briploids. in thess t!;o classes probably
arising through a aimilar mechanism, These classes are not
combined in the analysis of varienco of the cell numbers of the
diploid embryos,

The fourth class is ‘made up of w’;rious‘ pon-colchicine
treatments which produced polyploids; and where the éffee.t of the
treatnent was such that, apart from t’im dltered chromosome
nn;ber, ro other restrictions on embryonic ‘development wére
obvious, Data from one female included in this class has not
been given elsewhere, 8She came from a sﬁain of mice in which
the gene 'silver! was segregating, and gave three diploid and one
triploid embryo following natural mating, The other embryos
included in this class of the analysis have been given on a
previous page, |
The first purpose of the analysis was to irace any _differerice
within the diploids; haploids, or each polypleid clage resulting
from the various treatments, An analysis of varianc_é, uging a
one-way classification; waa mede on the muclear counts of each of

the above chromosomal types, The within tréatment sum of squares

wes ugsed ap error term for the between treatment sum of squares,
Analysis of the polyploids was made by two ﬁethodsz first by the
#ise of cell numbers of all the embryosy second, where a female
‘bad two or more of one polyploid type, the mean cell number of the
polyploid type was taken with each female, t.he data not being
yeighted, In the analysis of the diploids; the mean cell number
within females was the only method used because two or more
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!diploide per female were usually obtained (Table 21). The
!ane.lysis of variance of the cell mumbers of the ‘diploids wes
caleulated on both unveighted and weighted data,

Two of the classes used (the injection of colchicine before
and efter mating) contained a continuous variate (i,s, the
concentration of.colchicine injected), In neither case has a

regression of the cell number of the various chromosomal types om

concentration been calculated; by inspection, no repression line

would be significant,

4te§g_ aploid embryos,
Resu;ts for the three types weres -
1. Analysis on all embryos |
© Haploids ‘I‘riploids . Tetraploids
Sum of - Hean Sum of ‘Mean Sum of - Hean
squares DF square squares DF sguare squares DF squares

Within o - ‘
treatments 518,0 4 129,5 4260,9 24 177,5 693 10 69.3

Between B v :
treatments 321,4 2 160,7 &41,2 2 320,6 192,7 2 96,4

Total 8394 6 (902,126 885,7 12

2, Analysis on meens within females

Hithin o ‘

treataents . 2015,3 19 106.,1 616,0 8 77,0

| Betweeon |

treatments As above 7o 2 355 - 166,7 2 83:4
Total | 2725,3 21 782,7 10

In all cases, F- was not significent, The test indicated

| that within each polyploid type no differences exisied between




the cell numbers of the embryos resulting from the various

treatments,

Analysis of variance of the diploid cell mumberg,

The test for differences in the cell numbers of the diploid
resulting after varioug treatments was made on onlj those
d&ploide which were taken from mice known to have been affected
by the treatment, Knowledge of.- the effect of colchicine comes
primarily from the observatidn c}fA hsteroplaid embryos, For
this analysis, the eell numbers;bj_f:dipl‘oid enbryos were therefore
taken only from females which had pro&uced one or more polyploid
embryos, The embryos included iﬂ)_ére‘ therefore a sclected g»raup-
which should show the maximum effeot of the treatment, One
further iimitation was aeeessarjj.’fi Any type of heteroploid embryo
| dndicated an offect of the treafﬁ'giafg but,j as the results of this
analyels were to be uged lé,ter, cmly _mice producing one or more
haploid or polyploid embryos were ipclu&ed'-, and femeles With non=
euploid heteroploids were ignored; _

Analyeis was made between the'fmir classes previously
deseribed, Means within f emaleam-wére_ tested, first without
weightiug, and gecond by weighting the mean by the number of
diploids per mouse, The figures used in this analysis are given
in detall in Table 21‘.‘ Results weres

Not weighted Veighted
Sum of Mean Sum of Hlean
squares DF square sguares DF square

Within treatments 4214,5 30 40,5  9669,2 30 3223

’Betwéea treatments 644 3 2347 1643.2 3 SAT7
Total 4858,5 33 1312,4 33




~186~

Neither F was significant, It was concluded that no
difference had been shown to exiet between the mean ¢ell numbera
of the diploid embryos following various treatments,

As no difference was traced between the means within femalep
of the diploid embryoe, the:diploids'were considered és a
homogeneous sample. Similarly, as no: differeace within the
haploids, triplcida, or tetraploida were found, they were also
considered as homogeneoua groupa, The entire data was thersfore
used to calculate the ratlos obtained from the divxsion of ‘the = |
mean number of cells in haploid, xriplold, or tatraploid embryoa‘
by the mean number of the diploids, Thus, a in/2n ratio fer
haploi&g, 3n/2n for triploids, and 4n/2n for tetraploids. was:

obtained,

In the following caloulatione, data was taken only fram

females which produeed at 1eaat one diploid and one haploid or
polyploid embryo. The mean cell numbers of tha diploxds and of
the haploids, triplolds, or tetraploids were calcnlated within
each female, and ths analysis aaa made on the means, Details of.
’ tha females and of the aell nnmbera of the embryos used in the 1
caleulations are giveu in Table 21, L ‘

For the calculation ef each ratxo; a posmtive correlat&on:
between the mean cell numbsr wi hin femalﬁs of the diploid an&
the mean cell number of the particular polyplaid type waa |
necessary. ?his wasg to ensure that both chremosome types in
each ratio were similarly affected by the treatment given, Thé

calculation of this correlation, and of the polyploid/dﬁploid
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ratios were made as follows, using the triploid/diploid correlatior
as the example, Only the embryo cell counts from females which
produced at least one triploid and one diploid embryo were taken,
and the mean cell number of each of thege two types for -each
female was c&lculated, - The corrolation and the ratio vere
calculated on these unweighted means, Similar claculations vere
nade on the haploid and tetraplold cell muibers,
Regults of tﬁe correlétions veres
2n/dng T = 0,28 20f4m r=-0,55 1n/2nt r=0,81
n=19 .  n=8 nE7

The in/2n correlation is significaat att}% level, meither of the
dthsré'are‘éignifiéantly different from zero, The calcuia%iona
of the ratios whxch follow will therefore vary in aecuracy, the
4u/2n ratic being the least reliable,. L
Kfi’ﬁithin the same females used for the correlatiom, the
mean cell numbsr of thevdiploid and of each polyploid type are
summed; the divisfon of’each'polyploid'sum by each respective
_ diploid,éum will give the arithmetic ratios of poiyploid/diploid
‘¢eXl numbers, - The %éans'and ratios obtained from thﬂs |
calculation weres A | |  .
lnlzng-:-;%w 56 3n/2m %aou

3

But this method fails to take differencea betveen females into ’

'gcountg and givess excessive prominente to the highor figures, It

was only an approximate ratib;. | S - ;
" A better ratio was obtained by the'following"ﬁethod;‘( Ho

3
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differcnces between the diploids resulting from the var-ious.
treatments had been traced by the analysis of verlamce of their:
éell numbers, The mean cell number of the diploid embryos
‘within each female més therefore used as a control, and for each
mouse this figure was divided by the mean cell number of its
various polyploid embryos, For each mouse a ratio 20-/3,3, or
26/4n, or-2nf/in,; was obtained, the ratios all being greater than
unity because the diploid mean was the highest in all ’c_.éseia. The
ratio was then transformed to logarithms to the ha.semto
winimige the differences due to different -deveiopmexiﬁ stages of
| the embryos (the development stages tending to geometric
. ‘progression 2, 4, 8, 16; ete, in cell mumber), The mean log
_ |'ratio and its standard error were calculated, | :
| The standard error was maltiplied by the value of t
| ecorresponding to the number of mice contributing to the mea.n log
' ratio, The fiducial limits for the value of the lag mau vere
thes obtained by the addition to and the subtrastion f:osa the log
| mean of the calculated t valme, " This gave the mean log.mtio
2n/Xp for the three polyploid types, with an upper and lower
fiducial limit, Bytaking reciprocals, each ratlo and its limits
| were converted to %n/2n; and these were transformed by énti-»
logarithas, ) | B

The mean ratioé, and the uppef and lower fiducial limita

calculated at the 5% and 1% levels of significance were;
in/2n 3n/2n 4n/2n
Bean ratios 0,51 0,56 0,31
5% mtﬂl 0,38 = 0,69 0,45 ~0,7 0,016 - 0;53
1% linftas 0,32 - 0,79 0,42 -~ 0,76 0,12 - 0,78
' n="17 & =19 n=28




The cell ntimber of the 33 day old embryos &s the result of .
a series §£ cleavages, each of which doubles the number of cells
in the embryo,  The time between cleavages diminishes slightly .
with successive cleavages {see p; 9), . .Conversion.of the. cell -
numbers. of the 3% day old embryos to cleavage numbers wilk
therefore convert: the data from a geometric scale to an approxi~.

mate arithmetic. scale, _?ransformat&en of-thelcellwnﬁmber,to _

cleavage;nnmberAiafobtained“byuthe following equation (see p, 10);

¥ = 208N ... where x- ie the number of c¢leavagesy and
- log 2 - His the number of miclel in the embryo,:’

All bhe data on cell numbers of the diploid and polyploid

embryos which has previously been analysed has been re-analysed '

on the'ﬁasih“df hﬁmﬁéﬁa'éf clegﬁageag ‘Ths aamé analyéee76f
variaﬁée,'cérreiationé and polyploiﬂ/aipléid'ratids have been
calulated, wéiiig the same clajses and data as before, ‘The
resuits‘Sbtained wores V
&nalyais b£ var1énge of eleavage number of each poiyploid.typeg
1‘.4A£alys$s on all embryos, o

| Haploids Triplbids Tetraploids

Sun of Hean Sum of Mean B8Sum of Hean

gquares DF square squares DP square squares DF square

Betiveen
treatmentg ‘R2.32 2 1,16 l§69- 2 0,85 0,98 2 0,49

Within | I
treatments 2,17 4 0,54 13,58 24 0,57 5,93 10 0,59

Total 449 6 1527 26 - 691 12

2, Analysis on means within females,

Between : . . . .
treatments 1,7 2 0,89 0.8 2 0,44
. Within
treatments As above 8,27 19 0,43 5,19 8 0,65

P T .Y | L INTY - L T
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T

fnalysis of variance of the diploids:.

- Not weighted - - Weighted
Sunm of Hean Sum of Hean
‘ - squareg DF square squares DF gquare -
Between ‘
treatments"0.37 3 0¢12»'v 1;65 3 0.55 :
Within: - - -
treatments 5.04 30 0 17 9 52 30 0.32 _
;om s 3B 11 17 33

Nofle  of the F values were significant,

‘Tﬁe.c;fféiééiéas $f th§~a1§1§id'A£a polyploid means within
females for each polyploid type werec | N

1n/2n$ r = 0.92 anfen ¥ =0, 39 af/2m ¥ = 0u5k
;L'iL, REN. nrg,v . .. n=19 a=8

'?he lnlzn eorrelation is signlficant at the 1% level; naither

of the others are aignificanﬁ&y dif;erent from vero.
Lo The calculations of the polyploid/diploid ratzos and their
IRt it

fiducial 1im1ts made on the ratios within each female gave the
.'following results= _
| nf2a  3/m o/

: aeyn:réziq§ - o.82 0,87 0,7

. 58Maiter - 0.7 - 0,91 0,81 = 0,92 0,56~ 0,86
|3 liaftar. 0,68 0,9 0,79 - 0,9 0.9 - 0.3
R “a=7  a=19 n=8
_; one further calculation was made on the eleavage numbers.
Witﬁin the game femalea as above (1,e, those producing at leaat
”oné diploid and one polyploid embryo) the overall mean of the
afagq'within fgmales for each polyploid type and for their

’ '.‘l"i.f
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diploid sibz wass
In: 4,53 2n¢ 5,49  Arithmotie 1n/2n ratior 0,83
3ns 4.69 2n3 5,43  Arithmetic 3n/2n ratios 0,86
4ny 3,98 2ny 5,69 Arithmetic 4n/2n mtioz 0,
To tost the accuracy of the difference betwecn the dipleids and
the polyploids in cleavage number, the difference between the
mean number of cleavages of the diploid and polyploid embryos

within each mouge was calculated, For each mouse, the difference

nyna
nl +n )

vas weighted by the formula vhere ny is the number of

diploid, and ny the number of polyploid embryos contributing to

the means, The bost estimate of the mean difference is given byt

Best difference = & ed : ithi
Sum of the weights

standard deviation of
with & standard errors 4ifferences between mice
- 8um of the welghts,
The values obtained weres
Pifference in number of cleavages betweens-
Diploide and haploids 0,98 # 0,18
Diploids and triploids 0,68 + 0,11
Dipleids and tetraploids 1,57 & 0,31
Expressed in this way the data permits direct comparison between
diploid and non-diploid d evelopment, diploid being superior to
haploid by ome cleavage, to triploid by Q7 cleavages snd to

tetraploid by 1,6 cleavages, at 3 daysdevelopment,

For simplicity, these embryos have been grouped inte hypo~

dipi;oids,- hyper-diploids, mosaics, and others, The source,
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chromosome complement, celi,ﬂumber, and the mean of diploid
embryos from the same mousge, are given in Table 22, . Apart from
the meen diploid cell :number within each female, no calculations
have been.made on the figures, S | ,

. The hypﬁédiploida weré always behind the diploids, but
despite-tﬁis.three:eﬁbryos réached cell‘counts of 36, 34 and 25

respectively, These embryos were clagsified on & single

-mitosds except for the embryo with 34 chromosomes which had two

‘¢lear mitoses, . The hyper=diploids appeared to be slightly more

advanced 1n cell numbers, two of them having,more cells than the

‘diploid mean‘ FiVG of these embryos were cla951fied on two

mitoses, the other three on & single one, Three of the six
hyPO*diploidSQ and all the hyper—diploids were blastocysts when
jndged by cell uumber; the chromosome complement of these
embryos apparently had little effect on development to the blagto=
cyst . stage,

‘Hore than one mltosie per enbryo was. neceasary to recognise
the mosaics, Three hapiaid/diplaid.mﬁsaxcs were obgervedy two
éom;ng from the-éams female which had been injected before mating
with 1/30,000‘e§1chicine¢ the other arising from & {residualt
female which was injected after meting, The latter had two
haploid and ene d&ploid mitosia, the two former. had one haploid
mitoais with one and three diploid mitoses respectlvely. One of
the moseice had & higher cell count than the diploid mean, ihe.
others were ﬁehind zne«daploﬁéa; All the diplaia/tetrapioid |
mosaics had one tetraploid and one or more diploid mitoses} the
number of cells 1n these emhryos wag consistently below the

diploid mean; The number of ceils in mosaica may have been
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influenced by the time of doubling of the haploid or diploid
blastomeres to diploid or tetraploid respectively,

Five other mbsaics,vamong which three had three different .
chromogome countsy are listed in Table 22, In:addition four
embryos which belonged to none-of the other classes are given,

- Ifwo of the latter were found with a group. of heloﬁahaploiﬁ'
chragosomes;mthe~other:two;had chromosome: gounts betﬁeem triplo1d.
and tetraploid, .Each of. these nine embrjoa had fairxj high
nuclear numbersy some of thenm possessiag more: than their diploid.:
sibeg; Once gggin, ;tvappgg;ed ﬁhat %hQ;QhYngﬁﬁﬁﬁ gomplemenﬁ of v
theaelemkry;s.had éot gevepely affected the@:'@eﬁelppﬁeﬁt to zn@ )

blastocysts,

DISGUSSI@R.
Xn terms of uumber of uuclei, the tetra;lo&d eabryas possessed
one»third, and the hapleiés and triploids just over oneahalf, of |
 |those of the diploid embryoa. Conversion of the data to the
cleavage number iacreases theée ra%los to 0, 71, O, $2 and 0,87
reayeetivelyq of the two ‘methods of compariaon, the eleavagﬂ
umber is more convenient as 1t apareximates to il artthmetieal
progresaion; in the fol;owzng diacussion all referencee will be
to the cleavage number unless otherﬁise stated . |
The haplo&d*diploid snd zhe triplald—diploid means ﬁith&a
femalaa were positively cerrelated, thﬁ tetraploidadiploia mean
was negative. This implied-that the tetraploid eabryo& Were
delayiag further behind their dipleid gibe as developmenb
preceeded; _hovever some of them were enly slightly behind the

diploids, The slowly-developing tetraploids had probably

¥




guffered from an exceps of colchicine as perusal of the actual
cell numbers indicates (Table 21); these embryos may therefore .
be expected to accentuate the difference in number of cleavages
between the: tetraploids and their diploid sibs, . Despite this,.
theﬂdifférence<bétween the two was only 1,57 ¥ 0,31 cleavages,':
But in'the teﬁrapléids! the first cleavage of the embryo was
auppreséed by ghe colchicine, One cleavagé division should
therefore be gubtracted from the above difference to indicete the
actual:differenée4in nunber of cleavages of the two types; the
difference becomes only 0,5 approximately, |

In view of the very slight difference in cleavages between
the diploids and the - colchicinawpro&uced tetraploide, analysis
of the tetraploid data resulting after hot*shock treatment of
firstwcleaVage eggs by Beatty and Fischberg (1952) wag -carried.
out using cleavage numbers‘  Bix tetraploid—diploid comparisons
were given hy these authorsy these were first analysed alone,l
then in combination with tha colchicine tetraplcid«diploid

cumparisonsé .- The results werss

. Hob-shock &
| Hot-shock eolchicine ;
ﬂuibé; ofiaoﬁﬁariéonsA o 6 | i4
Correlatxon o xh .': 0;31‘ - O§05
¢u/2n msan of‘ meane within females 0,82 | 0,76
5% fiducial limite ' 0 69 & 0.94 0, 66 - 0Q85
l%fiduciallmite B 63.. 100062-069‘ |

Overall mean of means within - v .
- females  2a% ~5§43' 20v 5560

Weighted difference between L
» Zn ana in 0,98 # 0,23 1,29 + 0,19
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The positive correlation between the tetrapleid and diploid
means folloving the hot—shock is significant at the 5% level,
These embryos are therefore more comparable then those resulting
from the colchic&aé treataent, The mean of means éithin females
for the diploids and tetraploids resulting from the hot~$hoek
have a difference of exactly one cleavage; the weighte& differenae
is 0.98 claavages. When one cleavage is allowed to the tetraploic
| for the first cleavage which wag suppressed, there 18 therefore
no difference.betmeen the two,  But two assumptions have to be
mad; for this conéiusicns first, that the cleavage'after the
suppfessed firat cleavage 1n the tetraplolds occura»at the: aame
time ag the second cleavage in’ the diploidss second, that the
diploida are not- retarded due to the ho«~ehock or to the
colchicine. The 1atter is probably true for tha mean cleavaga
. number 1n diploid embwyoa taken from females wnich were naturally
mated without any exparimental treatment was almogt idantical at
5@6, Ro avidence can be given on. the first assumption, buﬁ as
the ehrumosomea mnst &unlicate themselVee before the first
diviaion ef the tetraploid, the time 1nterva1 is probably
identical, If these asaumptions are valld, the mathematical
evidence indicates that the rate of cleavage in tetraplold ecmbryos
&sAtsa éame a8 tﬁé rafe in diploia ehhryﬁé; “

" The results of similar caleulations made on the haploid and
triploid‘embryés resulting from eolchicine treatnent before
fertilisation have been given; the haploids weré 0,98 % 0,18

' cleavages behind the dipleids; and the triploids 0,68+ 0,1
.¢leavages behind.the diploids; both being weighted differences,

In the case of the tetraploids,sthe:missing'cleavage could be

'3
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atiributed to the treatment;in the haploids and triploids there
'mnst bs a different reascn, . If tetraploid cleavages occur atb
|the same rate as diploids, then triploid mitoses probably also
ocour at this rate; A possible objectlion here 1s‘tha£ the.
number-of~ceﬁtribles~in-the triploids is unbalenced, whereas
%hiS'is"th so in:tetﬁaploids, But,. as triploids can develop to
93 days geétatioa'(Fischberg~and Beatty 1951) without any' - -

" labnormality in their mitoses, the effect of the centriole ' -
unbalance is not noticsable, - If thé rate of triploid cleavage

' 13fiden§ical to diploids, then ihe cause of tha'délay must be
‘[pefore these mitoses hegin§~i§e;'in_the pro-nuclear stageSg"
Seﬁefexper&mental*evi&en@e in' gupport of this suggesticn has

been'giVeh;'both haplbidS'anﬁ’triplbi&s‘probably-spendihg longer

. periods 4n - the: pronuclear stagea than their diploid sibs (P 43)‘

Other datay’ comparable to the date analjaed above, ig again

,-;available from the heteroploids resulting from the hotmshock

- ftreatment of the: fallopian tubes; and from mice glving a high
incidence of :spontaneous emhryes, ‘both reported by Beatty and
Fischberg (1951b), The data conceming diploddstriplold con- |
parlsons has been re—analysed ag the number of cleavages whieh
‘had occurred in these eabryos, For reasons’ given later, the 33,
% and 5% days development resulns have been analysed geparately,

The reaults were; .
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9% days - 4% days 5% days

Number of comparisons 42 4 1
Correlutien 0.3 0,93 -
3n/2n mean’ of means within females 0,94 0,91 -
5% fiducial limits - 0,90-0,97 0;8560&?8' -
12 fiducisl limits 0,89-0,98 0,80-3,02 - -
Overall mean of means 2np 5,37 2n3 6,90 2n:- 8.1
vwithin females 3n 5,00 3nt 6,38 3m 8.3

Welghted difference '

between 2n and 3n 0,38+0,07 0,64#0,16 -

It is again evident that the number of cleavages Which have

occurred‘ in the tripl&ids is only eiightly behind that of the
diploids; the diff'az'enée in thege embryos being less than in
those produced by the colchicine treatment; If the delay in
cleavags is attrihmable to the promuclear stages, it follows
that, with iﬁereasing nunbers of cleaveges, the ratio of the
number of el:eavagés in triploids to that in diploids ﬂhould
approach a value of ene, This is because the triploids will
always be a i'ixed amount behind the diploids, and this fixed
amount will have less and less effect ap the mumbers of cleavages
increasse, In the data of Beatty and Fischberg just enalysed, the
ratio at the 4% day stage should be nearer to value oxie than the
3% day stage, In fact, it is not so, but the fiducial limits
more than encompags the difference, Only one‘_vcogparison. wag
available for the 5% day embryos; the triploid mean being higher
ﬁhan the dip}oid mean, Bﬁt any regult f;fom these coinparieens
may be invalidated Decauge, at the later stages of development,

the cleavage number is probably meanirgless due %o asynehronoug
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divigiong and differentiation within the embryos, Attempts to
plot the ratio ageinst the stage of development for all three
types of polyploid yielded mo definite resultj the differences in
time of development between different mice were not gufficiently
great to inéicate if the curve was approaching unity, .

Once the numbers of ¢leavages for each_polyploid type are
known, it is pogaiblegfby convérting.tﬁe cleavage number 10 a time
scél;, to asseas thelr !developmental age', The difference
between diploid and the-varioué polybloids’iﬁ cleavage numﬁer will,
when converted to ﬁime;-indibate the extras time required ﬁy the -
polyploids to catch up to normal &evelopment (assuming tpat the
diploids represeni'nqrﬁal development), TheﬁfdQVelopmehtal_age*
and time behind noimal develepment for the ﬁhree‘puiyploids
resulting from the treatments, agsuning the sirth cleavage occuxrs
72 hours after sperm entry, are ag. followes»

Colehicine - H°t+8h533

Haploidsg
 Developmental age 56 4 hra.(Zn 66, 0 hrs.)

Behind normal 9, 6 hrs, ,

Triploidss
Developmental. age 54.0 hrs. (2n- 64.8 hrs‘) €0 hra.(2n 64,8 hrsg)
Behind riormal - 10,8 .hrs, . 4,8 hre,. A

Tetraploidss

Developmental age 48 hrs.(2n 68.4 hrs,) 54,0 hrs.(zn 66,0 hrs,)
Behind normal - 2044 hrs, . 12 hre,

In experiments-degignédAto follow the fﬁrther development of
polyploid embryos it may be necessary to allow for the times shown
above go that the\pélyplpidsjeaa make up for their delayed develop-
ment, The two most obvious methods for achieving-thié-seeg to bes
first, By»transplanxing treated embryos to females in an earlier
stage of their pregnancy cyclej and second, ly the use of
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lactating females as the ex:pex"imental animals; to utilise the
delayed implentation which occurg in them (Ensmann, Saphir, and
Pincus, 1932),

If further work confirms that polyploid, espeoi_ally tetraploid,
mitoses occur at the same rate as diploid mitosesy.then the mouge
embryo behavea gimilarly to the frog Rans pipieng and where the
| £first three cleavages occur at the gsame rate in diploid and
triploid embryos (Brigge, 1947), But the 1 mouse egg HAy differ
‘from-m g'igieg g and Triturus viridegceng (Fankhauger, 1945) in
that tr:i.ploid eggs spend a longer peried of time ia the promuclear
stages than diploids. " In later stages of Amphib1an develogment,
Ithe number of cells present ie inversely proportional to the
number of chromosome sets present (Fa.nkha.user, 194,5; Fiachberg,
1944, 19483 Briggs, 1.9!.7). In these larvae, g-owt,h and
dlfferent.iatioa is var; advanced, and ie in contrast to t.ha
poaition in the early embryon:.c divis.tona of the egg. " In the
mouse egg, very little increage in size Af any has occurred up to
3% dA_y_e dgvelop&enﬁ,- the ,préeesa thue far having been largely, if
not wholly, a division of a pre-existing mass of material, Few-
effeét._s gff':gz"owth and différenﬁation will ha%e the?efere
af’feciéd the picture of cleavage describéd; the cleavage rate
,bein;g .aolely due to faétoré within the ‘e'ell. v Unde.*;' these
conditions, tetraploid, eriplo‘mﬂ, and haploid mitoses probably
oecur atA'a gimilar réte, It. 18 interestix&g fiote that the
‘nuclear-cytoplasmic ratio of the whole. embryo is the same for
| tetiaploi;d_s’ as it is i"ox?- fi.ip}.oi&ﬁf; oﬁly the distribution of the
parts is altered by tetraploidy, This ratlo will be different
in triploidé-, %here the seéénd polar body ehromosomés are included
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within the egg, and in heploids vhere only one gazgete is
represented,

Finally, ‘one qualification must be made on the cell numbers
|and cleavage nimbers of -polyploid embryos, Thé:ugh,‘ the meang
- |within females showed that diploid 'ez_nbryos were alvays more
advanced than the polyploids, examination of the actual numbers
‘| themaelves (Table 21) shows that four of the triploids and two of
the tetraploids had more cells than oné or more of their .dipleid
sibs, The data therefore agree with the.same observations of ,
-|Beatty and Fischberg (1951b), Two of the three haploid-diploid
mosaics andoixe-d%ﬁie&d/tetxfapl‘:eid mosade also pogssgsed more
' ,célls than one. or more of their diplo’d sibs, . Hone of the
 |nsploids enalysed in this work had greater cell counts than their
|dipleid sibs,. but Beatty and Fischberg give data showing that
"~ |their only haploid had achleved this superiority,’

¥ e " ?he' cell number and the nu(mbe;?. of cleavages of 3% day 0ld
S .diploid and polyploid embryoa ei‘ the mcmae, &_@ gg____tg,gg,
| ha.ve been analyeed |

{2, - Ne difference within the diploid enbryos or within any of

| the polypleid types were aetected betv%eeu the variona '
ezperments eontributing to the data

».3,-_ | Tetraploid embryos cleave at or nearly at tha game rate ag

| diploids, and haploids and triploids may also cleave at this
rate,. '
by Differences ‘between diploid and polyploid embryea 1:1 gell

and’ cleavage mxmber m&y be due to &ela.y i-n tha pronuclear




stages in haploids and triploids, and solely to the suppressed
first clea.vage' in the tetraploids,

5. Provided that the haploid compiement ip present, change;a' in
the chromosome number alone do not appear to affect the develop=

ment of the mouse egg to a blastocyst,
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_haploid or polyploid embryo,
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- Toluidine blue on the gperm before fertilieation
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"| DAY, OQQ QETEROPLQID EMBRYOS FOUHD IN VARIOUS EKPERIHEHTB

ETAILS OF THE CELL RUMB OF SEVERAL KINDS OF

. ;Chromosome Rumber -of Mea.n number ]

Experimental complement of embryos nucled in of nuclei in
.__pource —{20=40) _enbryos  diploid sibg
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5.4

Key to Experimentsl Source A .
. Colchicine injected into uterus before mating; B, Colchicine
Jected into uterus after mating; C, From *residual! females;

). Trypaflavine 1njected into uterus before mating,
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CHAPTER V,

ASPECTS OF FERTILISATION AND OF THE CLEAVAGE OF DIPLOID ARD
‘ HETEROPLOID EGGS IN THE MOUSE, :

The results of various experiments on the mouge egg at

fertilisation or the first cleavage have been glven and discussed,
o far, each of these experiménts has been consldered in igolation
or in relation to similayr experimentsy the purpoée of the present
Lhapter is to combine and correlate certain sspecte of all of them,
For simplification, the disqyssioa will be divided into six parts,
namelys the sperm, the egg, sperm entry into the egg; pronuclear
igrowth and syngamy, the mammalian centriole and development; and

the chromosomes and cleavage,

If spermatogoa from different inbred lines of mice are mixed
in equal numbers, sperm froﬁ one inbred line fertilises many more
eggs than sperm of the other, This difference may be due to .
pathological, physiolagicéli or morphological characiers of the
sperm types; to an effect of ome sperm type on the other, or %o a

IPavourable relationship bstwean-éne gpermn type and the eggs %o be

these three elternatives, If one sperm type is more active than
‘another, the former may reach the site of fertilisation in larger.
numbers and fertilise more egge, It is known that the number of
sperms in the female traet is reduced from the considerable
nunbers at ejaculation to a mean:§f 16,9 speﬁms per ampulla
(Braden and Austin, 1954b), If ascent up the fallopian tube, and

penetration of the cumulus oophorug, are propertics of the activity

fortilised, The reeultﬁf(?. 18) indicate either of the first two of
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of individual spermatogos, most of the few sperms around the égga
could bé of the more active type, This theory of Seléetivé
Pertilisation based on differential activity of spermatozos
ascending the £émale tract is analogous with the mechanism of
selective-fertilisatioh in plants caused by differential rates of
growth. of the pollen tube down the style,

TheAactivity of spermatogoa is affected by experiﬁental agenté.
Toluidine blue has a pronounced photochemical effecty; reducing
sperm activity to sero under ecertain cenditions, Prolonged
ultra=violet irradiation also inhibits sperm activity; high

dosages of X-rays may do 89, ‘ '

; ,‘e aloted egs,. )

At fertilisation, the second maturation division of the egg
48 at metaphage, If.fertiliéatien does not occur,'thevgpinﬁle
and chromosomes remain identifiable for at least 42 hours,
Degenerative processes are probably more rapid after thie age,
Either prior to,; or at.fertilisation, the spindle of the
egg can be destroyed by the action of colchicine or trypaflavine,
The former hag the more effective action, Destruction of the
spindle sets free the dyadsi‘and'agvements in the oéplasm'may
cauge the chromosomes to become arranged round the beriphery of
the eggs The chromogomes may be completely eﬁpelled from the
egg into small nucleated bédiea=whieh vesemble undersized second
polar bodies, Loss of the chromosomes may be accentuated at
fertilisation due, for example, to ghrinkage of the vitellus,
The outwardly-<directing movements of the égg cytoplasm may

ceage a8t sperm entry,
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C) : the e
FPertilisation may be delayed after ultra-violet or X-irradi-

ation of the sperm3. éélay'may be caused‘by the ieduced activity
of the sperm after treatment by these agents, Normally, the
sperm~head sinks sideways into the vitellus of the egg, ~ After-
high irradiation dosagesy the majority of sperm~heads enter the
vitellus normally; but ultra-violet may cause some sperm~heads to-:
assume & hooked shape ig-the'vitellus. .After high dosages of
X+irradiation; the sperm-head may diéintegrate in the ooplash, .

- Sperm -entry normally results in the development of a block to
polySpérmy by the gona reaction (Braden; Austin, and David, 1954),
end in. the completion of the second maturation division, X~
irradiation or fr&paflavine treatmen% of the sperm before
fer%ilisation, and probably ultra*violet or toluldine hlne
treatment also, occasionally cause the failure of stimulatien of
the second maturation division at sperm entry. Polyapermy also
ocours after these treatments. Bimilar phenomena have heen ‘
reported in:rabbit eggs after X»irradiation of the sperm (Amoroso (
and Parkes, 1947), and in sheep ova after trypaflavine treatment |
cf the sperm (Thibanlt, 1949); The stimuli which cause the o
blonk to polyapermy and the combletion of the aecond mauurabion
division are probabiy related. Failure to eauae stimulation may‘
be dua to damage to the cytoplaam cf the sperm by these agents.

' Af’ber natural mating, the sacond polar body of zne g may
not form normally aftar sperm penetration. Instead of the
normal qivision of the egg into a large ovum and a small aecond
9olar hcdy, the egg may divide into two eqnal or nearly equal

parts. One part coatains one pronucleus, and is the analogue of




the gecond polar body; the other part contains two pronuclei, and
is presumably the ovum with one male and one female pronucleus,
Similer ebnormalities have been reported by Braden snd Austin
(1954¢c) after heatwtreatment of the mouse egg at fortilisation,
Thepe authors algo reported a related phenomenon ia the division
into two halves of}parthegogenetically stimulated mouse eggsg

théy termed thiskeffgct 'immediaﬁewcleavaggi (Brgdén‘agé A@sting

19548) ,

Pronuclear growth and,éxggggzg

Thé male pronucleus may fail to be nqrmaliy differentiated
after heav§=nltra¢vidlet irrad@atibn“of the sperm before

- {Fertilisation, The normal swelling of the pronucleusfié‘-
4interrhpted; and it remains as & greaﬁlywswallen sperm*heaﬂg - The
stimilation of spermsentry into these ova is sufficient to cause
the formal growth of'theﬂfemale“pronucleﬁs;" After high X«
[Arradiation dosagesg on the sperm, the mélé promicleus may fail

to differentiafe in'a normally'stimﬁlated ova;‘o? £t may gr;w_
alone in en ova which was not stiﬁulated'to complete its second
"maturationféivisiéh”at’sperm‘entry. In the latter ovay the.
second maturation divigion of the ova‘rééains at<maﬁa§haee; and
grewfh of the male pronucleus is very unusual end probahﬁf"
ahortive,‘ After trypaflavine treatment of the sperm, some sperm~
heaﬂs which penetrate the vitellus fail tc etimnlata the ova and

_ |remain unchanged-in the oeplasm? These effects may represent
four 1ncreaaingly abnormal aspects of Sperme-ogg relationships at
fertilisation:~ normel stimulation of the o88 with normal growth

of the male pronucleus; normal stimulation and growth of the
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female pronucleus with abnormal formation or disintegration of the
male pronuclseus; failure to gtimulate the egg with some differ-
entiation of the male pronucleusj faiiure to stimulate the egg
with no diffcerentiation of the sperm-head into a mele promucleus,
Blandau (1952) reported that, in rat ova fertilised between mine
and tweIVe-hours after ovulation, sperm,entryvanéwgrowth of the
male pronucleus could occur without the normal growth of the
female prenucleua; this phenomenon appesdrs to be between ‘the
second and thlrd aspects described above, Pincus'and Enzmann
(1936), ana Amoroso and Parkes (1947), also reportad degenerative
ehanges in the male pronucleus after ultradviolet and x«irradiatian
respectively of z'abbi'c sperm bef‘ore i‘ert:.lisatlon. _ Drebinger o
(1951) found thaf, trypaﬂavine damaged the protopla.sm of frog
:sperm, reduczng its activity and fertillsing ability. i ‘
After ultranviolet or X~irradiation of the sperm ﬁefore
| fer%ilisation, many ova containad either one pronucleus Which Was
preaumablj female, or & normal female pronucleus and an abmormal '
male pronucleus‘ After colchicine treatment at fertilisation, ;'
.many oVa contained a single pranncleus Which was preaumably
female‘ Many of these gynogenetic and andregenetic ova failed
to cieave;- others probably achleved a retarded ;1rstfoleavageg
Eggs conteining a single propucleus are therefore usually highly
dbnormal in cle‘a‘v'a.;ge', cgpacity compared with por‘mai ‘biwpronucleate
eggsy whether the single pronucleus is male:or femalé;\

"After colchiéine'treatﬁenﬁ'at-fertilisétidn; a 1$rge ifiber
of pronncléi can be seenvip~many.eggsg~ One pronucleusvié'
normalhsisedg and ig prabahiy maley - The others'are sially and

are probably female, ' If both sets of naternal chromoscmés of the
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gecond maturation division are retained in the egg at fertilisa-
. tion,;itéwcomplgment will be triploid, - The presence of up to
five pronuclei in these eggs shows that pronucleus formation does
‘|mot require a haploid  chromosome set, The discovery of triploid
blastocysts after-colchicine- treatment: indicates that ell thege

‘ progucle£imay~underggtsyngamy, ‘Sﬁatist;calAauawcytologiéal

» ;eﬁdence~ Suggesﬁ?s that‘ﬂuitiaprohncléate' ova may be delayed in

; ?yngamy"and- the first cleavage,

) After colchiclne treatment at fertillaation, wany ova
centain a s;ngle pronucleus which 13 probably male. Cleavage
'of these ava,wnuld produce haploid androgenetlc embryos. After

| 'the eame treatment, haploid blastocysta mere idaﬂtified.at 3%
daya gestatzou; aome of these ova mnst therefore be oapable of
'H.development ’ The haploid hlastocysts were almoat aa aﬁv&nced

' as’ their d19101d siba; the slight delay behind diploids may have

- been due to a longer development in the pronuclear stage.

' Cleavage in the haploid embryos was therefore probably the same

as 1n diploids.

+ "/

| ' But the nnmbar of haploid embryas found at 3% days gestation
:after colchicine treatment was censiderably fewer than the nunber
-i'af unipranucleate ova 1n&uced'by the treatment Only 5% of them'
f;were found as haploid embryes, The remainder must have died

| very early in development Réeently, ova have been examiued
| after the time of the first cleavage. ' Many unipronnaleata ova

could be seen to be dying without cleavage, their eytoplasm

becoming greatly furrowed and fragmented; There.waa,-;berefore,
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a Very-definite all-or-none response to- colchicine treatmsnt.iﬁ».
the development of these ova, cleavagé was either normal or
completely absent, Some knowledge of the factors causing the
allﬁorﬁnone~effect'cau be inferred, The ova were subjected to #-‘
considerable amount of colchiciney, and the death without cleavage
could have been due to the foxic effect of the chemical, But
only the unipronucleate eggs were missing at B%Vdays=ges$atiog;
#lzost all of the multi< and bi-pronucleate eggs also observed
after this treatment could develop to blastocysts without aiffic*
aiiy; Also, the haploid embryoe which did eleave viere almost
ag auccessfulAas diploids, anﬁ showe& not a trace of the t@xic ;
action of colchlcine. ‘ Iﬁ seems most unlikely that the toxieity
of colchiciae would affect only the haploids, and in guch a |
manner thaﬁ cleavage wag eithar nnrmal or com@letely euppressedﬁ.
Tha allwor»none responge in develapment was grobably due to
ather factora than toxieity of the chemical . By the n&ture of
the action of celchieine on tha spindle of the unfertilised ogg;
it is possible that other materaal constituenﬁs in adaitian to
the chromoaomes may be lest from the.egg, If the lcss of these
eonstitusnts oecurred independently to that of the chromosamea,
than the maternal elemente 1n the egg at fertilisation caulé
1acluda noue, either, or both of the ehromoaemea and the other
eoastituants. Presance of the maternal chromosomes is not
necessary for cleavage, for the sperm chromoaames alone are
sufficient But ahsence of the other constituents prevents' e
‘ eleavage; they might therefore he the maternal centriole or |
'fcenﬁriélés. ' If the maternal centrioles are lost, ‘the- centriole

cbtained from the sperm»head is insufflcient £0 organiae cleavage




_ only, Some of these gynogenones falled to cleave (see also
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in thefembryo; . Ef one or both of the maternal e¢entrioles. ...
remain in the.fertilisedpovuq,.cleavége~Can;occur,normally,
Centrioles from both égg andvsperm,aré neéassary;_thérefo:e, in .
these ova, .. :

The game rules must presumably govern gynogenetic development,
AXl of thé ova. which were fertilised by irradiation spegmirespohded
in the normal manner by extruding their second polar body;'iAgl
of thenm possessed-the normal maternal complement of ehromoscmes
and centrioles. FProm the ‘Sperm; however, they received irradiated
chrogosomes and centrioles. - After ultra<violet or’ X-irradiatzon,

the spern chromatln failed to condenee into cnromosemes, and the

embryos commenced devalonment with haploid maternai. chromosomea

Amoroao and Parkes, 1947, who foand the same result after X~
1rradiation of . rabbit spern. before fertllieaﬁion); the othera
had a very abortive development which failed after up te three
cleavages.' The chromosame complement of these embryoa is- unlikely
to have grevented cleaVage, for some of the haploids produced by
colchicxne, and others occurring spontaneouely (Beatty and
Fischberg,- 191.9 and 195133 Beatty; 1954) developed without
difficulty to blaatocyats. Suppréssion of normal cleaVageé in .
the gynogenones may have been due to the presence of an irradiated
male centriole whichg‘depending on the amount of dam&ge it had
received, @aabled the embryos at the first or an early cleavage.
So far, a aingle centriele has been postulated in the spermw
‘|head, and one or more in the avnm, ' The work of Thibault (1949)

clarifies the centriolar complement of the ovum. Thibault found
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that 4f the rabbit egg was stimulated<parthenogénétiéallyé~ezgs
.which extruded;their second polar body failed to: cleave, Only
some of thoge which reteined their second polar body within the:
ovun gucceeded. in cleaving normallj, The partﬁenogenones‘Which.
cleaved to blastocysts were therefore diploidj. this has also-been:
found by Chang (1954),. One of.the conditions. for parthenogenetic
rabbit development is that the egg must retain all the contents

of . the second maturation division, The game general rule probably
applies to other mammalian species, The usual response to -
parthénogeneti¢<agents of the rat egg (?hibault,-1949) and the
mouse ege (Braden and Austin, 1954a) is the extrugion of the
second polsr body, The haploid rat eggd usually fail to cleave -
(Thivault, 1949), though a few of them can divide to two-colléd
embryes (Auétih, 1954’; - Phe arguments givén previously concerning
the ﬁormai ¢cleavage of hap;oidxﬁbﬁSe eabryoslprob&biy'applieS'to
other-mammaliah‘species; the failure‘of~the‘magority of thege
parthenogenones may therefore be dué<to‘their'pcssessidn.of only a
single centriole, Only if both egntriales.are‘retainedicaﬁ

theaé éggs:cleavég_ a&VanCed,paithenﬁgenones in mémmals‘are'
therefore diploid,

Three qéntrioléSaafe.therefore poétulatbd in the gametés.at -
fortilipation; the ogg possesses twoy one at each pdle of the
secondfméiofic.sﬁindle, the sperm possessing oné. " Any undaﬁaged
pair of these are necessary for normal gléaVage, Under nétural
cénditions, one egg centriole enters the second polar body; the
other egg‘cenfriole and the sperm centricle remain'iﬁ-the;ovua;
The possession of all three, as presumahly_eccurs in triploidsg
does not result in tripolar ﬁitoses or in the uneven diéiribution
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of chromosomes, and triploid embryos can be found up to imglgqﬁa- :
tion (Pischberg and Beatty, 1951), . -Thibault (1949). classifies
mammal eggs into two. types according %o their response to agents
which induce parthenogenesiat bhe-gggolarised typey-e,g; rabbit
and _ahe’ep; -which do not. negzeSSa_.rily .extrude their: second: polar
body, -and the. polarised type, e;g. rat, which do extrude 1t.

In experiments attempting the productien of viable parthenogenatic '
embryos, the. depolarised type are normally used because: of thefr
guperior develepment;: parthenogeneti-c rabhits have been reporte_d :
to full term by‘Pincus (1939) and Pincug: and. Shapiro (1940) ¢

The. application of colchicine to the mouge egg;- which is a .
polarised type, followed by .the. parthenogenetie stimnlaticn of
thesge eggs, may 1nduce thelr development withnut the extrusion

of the second pola.r body! Alternatively, the fertillsation of ’
oolchicinewtrea'bed mouse eggs by ultra—vio}.et irradiated sperm:

may induce diylo:.d gynogenesis,;

Haploid, triploid and tetraploid mouse ambryos were first
found at 3% days geataticn by Beatty and Fischberg (1949, 1951b)
occarring either spontansoualy or - after heathtreatment of fertilised
_4ova; Bimilar heteroploids vere also found.after colchiclne 'b
treatment at ferbilisation or at the firat cleavage, and after _ _'
variaus experimental agents were addeﬂ to the apermatozoa before :' 
fertxlisation (p. 81) ) Ex¢ept for those of the latter group |
which were 1nduced by ultraﬁviolet or X«&rradiatxon, the alteratio§ 
in chromosome complement was probably the only alteration ‘
1nposed ori the develcpment of tbese embryos. The irradlations N

prebably induced additioaal damage to change in ehromeeome

eomnlenent.
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At .33 days-gestatién,uuntréated diploid embryos have undere
gone approximately 5,6 cleavagés,. Tetraploid embryos induced by
experimental agents other than irradiations were retarded by
approximately one cleavage behind their diploid sibs, - But, to
induce tetraploidy, one éleavagé of a diplold embryo has |
presumably-ﬁeen‘aﬁppfessed¢ rﬁfter ﬁhe Suppréssed'cleé§ageg
therefore, further cleavages in tetraploids had prohably occurred'
at the same rate as: in dipldids Nelther cnromoscme com@lement |
nor the possible aoubling of the number of centrioles in each |
cell had retarded their rate of claavage, The trlploid and’
haploid embryos occurring s@ontaneously or. founa.after the use of
experimenbal agents other than irradiations were xetaréed by 0.7 _
‘ and,l 0 cleavages reapectively in comparison with their diploid
sibs.‘ Statxstlcal and cytologzcal evidence indicabes that the ) |
lower cleavage number of haploids and triploxds could have been |
due to aelay in pronuclear growth. 3t 5oy their eleayggg_alao o
occurred st the same rate as in diploids, if noty their cleavaéa
wag only'sligﬁtly‘retarded-behidd diblcids; : Rate‘oP'oléaVage up
to 3% days gestation is therefore largely independent -of the
chromosome complemient of the embryo ‘ A ‘

After irrediation of'phe'spermlaefore’feftiliéétion@‘hd#é#erg
the fasultaﬁt‘hapldidS‘ﬁéré highly réfardé&“in?cdéparisbg~withi o

diploid sibsj same'haploidsjhad-cleaVed cﬁiy cnee by 3% days

gestation, . These haploids Wwere unéoubtediy-gyﬁégéﬁetgc, whéreas'

the other haploids described were prabably androgenstic, It secas
ely, however, ‘thet the difference between waternal and”

paternal chromosomes would cause vhis difference in behavicur;

he few polyploids resulting from the irradistion experiments were




also reterded; If cleavage rate is normally independent of
chromosome cou;pl_em,ent,’ the failure of cleavage in these embryos
may have been due to their possession of an irradiated male
centriole or mcpham, Cleavage appears to be 1argeiy dependent
on the ¢centriolar complement of the embryo, If the chromosomes
of an embryo could be inactivated without damage to 1ts centrioles,
the achromogomal embryo may c¢leave, In Arbacis, this phe‘nomenqn |
has been observed (Harvey, 1940); Two systems may work in
quxjﬁ{lmgtion; in early developments first, the duplicetion of
nuclear and cytoplasmic materials in the cells leading to regular
cleavage in.’ the embryog second, the genic control of: development

iuposing an order and organisation on the cleaving cells,,
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BUMMARY ,

Katéropl§idy in mouse embryos was induced by various treate
‘ments of the gametes at fertiliséfign or of the egg at'thevfirst
clea?age, | |

If fertilisation occurred in the presence of colchicine, the
second maturation spindle of some ova was destroyed by the
. éhemical. in thege ova, the dyads became éeattérea through the
-‘Soplasm,  Three and a half day embryos devélbping from these ova
had chromosome compléments of between haploid and triploid; the
haploids were probably ahdrogenéticé Tetraploids, mosaics, and
other heteroploids were algo found in small nﬁmbers, : After
colchicine was applied to the egg at the time of the first
cleavage, small mumbers of tetraploids were found at 3% days
gestation, = o o

.OthEr'tréatménﬁé'af‘aperm gampleg were intended to inéctivate

the male chromatin before fertilisation, Many resultant 3% day

| old emhryba were heteroploids; among them were some haploids
which were presuﬁahiy gynogenetic, Ultra~violet irradiation of
the sperm was most successful in inducing haploidyj X-irradiation
| gavé lese success, After esddition of trypaflavine or toluidine
blue to the sperm before fertiliéation, probably no gynogenetic
development was induced, Insemination of rat or pabbﬁt sperm
fato mouse females also failed to induce gynogenoneé to 3% days
géstation, _ | |

Histological events at fertilisation and the first cleavége'
were studied after ultrasviolet, X-ray, or trypaflavine treatment ¢

the sperm, and the observations were compared with those found

f
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ter n§fﬁal mating, Ultrﬁwﬁioiéﬁ irradiation suppressed tﬁe
condenéation"into chromosoites of the male chromatin at syngamyj
some:Of the sggs theﬁ-develépéd as hapléids? others &égenergtiﬁg
‘without - eleavage, = X-irradiatlon did not usna;ly prevent pr&uncleus
formatibﬁ,fbut:the male chromosomes were lost into subenuclei
duriﬁgtgarly‘éléavageé - Trypaflavine reduced the penetrating
povwer of tha“gpqrﬁ,-éndimost-eggs weie unferfilised, - Ahﬂqrm&lities
'iﬁ'sperﬁfégg rélatiogshipsvat fertiligation Were'éeen1a£t§i |
x7irradi§tion.or'prypaflavine-treatment of the sperm,

The tetraploiétembrfos produced in the coiéhieiue-éXPefiments
Wwere one cleavage béﬁind diploids ét<3% days gestation, ~When
‘allcwghqe isiaédeﬁfbr the suppressed cleaveage which cauged the
”tetrgploidy§~£h9‘@it¢t§c3rate of both types of:emhryb-wasﬁ-.
probahiy'idegtigal;.:frfigloid and naploid embryos found after

colchicine- treatment at fertilisation were less than one cleavage

'behind dipibidﬁé "Sjugamy and the first cleavage tiay havavbeen
delayed in.triﬁloid ahd haéioid ova, but»mitotiéiiaﬁe'iﬁ'ﬁham
Lfterlthe_fir§£7ciéévage was probably the'aéms ag in diploids;-
'Lany of the haélbgd,'tr;ploid; and tetrapleid embryos were 8
.blaatoéyéfsg ~ No heteroploids were found in the offspring of
-eolehxciéeétfeafadimoghers, o

E:fadiatian”q? the sperm by ultre~violet or X-rays had severe
lbffects'bhiembtyqéig‘develdémént;' Highléosagas~éf either
reatiicté¢'de§élb§gent to tﬁé first cleavage, u‘Loweé'doéageg
causéd-coﬁsidéfabie‘ﬁortélity béfcre‘and af%er-implaétatién@ None
of ihé hép;oidé:féﬁﬁd'after.these treatments nad completed their
~ fourth cleavage.gtIB% days gestationj  many: other heteroploids

poséeséed'subéﬁublé; and/or eytological ancméliés; Genetdc
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damage to the chromosomes by the irradistiong was presumably
responsible for eﬁb@yonic death after the early cleavages) death
in the early cleavage stages may have besen dus to cytoplesmic
damage to the sperm,

Evidence from three gourcegt the failure of normal cleavage
following irradiation of the sperm bofore fertiligsation, the
degeneration without cleavage of the majority of androgenetic
hapleid ova found after colchicine treatment et fertilisation,
and the work of other authors, has been used to construct a
theory concerning the mumbers 6f centrioles in the gametes at

fertilisation;
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