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PREFACE, 

It Is only recently that the m ammalian egg has been used as 

experimental material Pincus and his collaborators laid the 

udtion of much of the modern work; later experimenters have 

Beatty, Chang, Fiachberg, Bftggqviat & Bane, Thibault, among 

The principal object of the following thesis has been 

study the development of haploid and héteroploid th,rnIian  eggs, 

,stimulus for experiment was given primarily by the work of 

tty and of Fiachberg. The rationale for experiment conies 

froa the study of haploid and heteroplOtd amphibian 

t by Dalcq, Fanktiauser, the Hertwigs, etc., and from the 

of coichicine on mammalian development rep àrted by Pincus 

Waddington and by Kftggqvist & Bane. The fo'lowing experi4ent8 

:tend the results of many .previou$ workerS;, future developments 

y be of application to anil breeding and genettc2. 
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CHAPTER 1 

NTURAIMATING ,_  ARTIFICIAL INSINTION AD 

PRE-IMPLANTATION DEVELO1MFLNT ZN. THE MOUBE, 

In experiments described in subsequent chapters of this 

thesis sperm and eggs f the mouse Mum imisculus are treated by 

various agents. Some of these agents are added directly to the 

spermatozoa in vitro, and the mixture artificially inseminated 

into oestrous females, Other agents are injected into the 

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

natural mating, In assessing the effects of these agents on the 

gametes and on embryonic development. a comparison with control 

normal mating and development is necessary. The purpose of tb 

Chapter to to give the results obtained under normal conditions. 

Three controls are needed, For experiments involving 

injections into the uterus prior to natural mating,, the 

control will be natural mating itself. For those experiments: 

which sperm is arti4cially inseminated after treatment in vitr 

.the necessary control will be the artificial insemination of 

untreated sperm. The experimental injections into the uterus 

were of solutions of various chemicals in 0, 6 75%  oditim chloride 

solution. The injection of the same volume of 0,7% saline, 

to, 0,1 ml,, into each uterine horn, followed by natural mat 

will be the third control. Details of the third control will 

not be given in this chapter, instead they will be given with 

their related experimental details, 
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Certain terms which are. ised throughout the thesis must be 

defined. An ovum is ovulated at oütróus. After fertilleation, 

the ovum commences cleavage, and is then an embryo. After the 

first cleavage, the embryo in a group of cello p  the morula; and 

at A days gestation the morula commences to differentiate into 
a blastocyst, . The early .blastocyt is still approximately the 

same size, as an. ovum; he term tegg' is used to cover all stages 

of growth from the ovulated ovum to the. early blastoeyet.. Eggs 

can therefore be fertilised or unfertilised oV4,: W011118.Sp or 

blastooyeta. A blastocyst is ueiially considered to posae.ss. 16 

cells or more, 	. 

The foUowizg analysis therefore describes the normal 

development of the mouse egg and. the fertULt. of the Inseminated 

females after natural mating1 or after the artificial .insmiat 

of untreated sperm- - For, ease of, presentation the an&-yes has 

been divined into, three . major parts. Pirst. the fetflaleø are 

analysed for their fertility, Thenunbers of eggs per femaie, 

andi the percentage of the eggs ,wl4oh, are embryo, are calcated 

from results . .obtained . at'.3 days..geatat4on, Secon4ly the $, 

day. embryos are anaysed ,r three ways their morpho3gic4 

stage of .develópmnt as judged by ax ',tion alive 1  and tx. 

number of nuclei and. chromosome, complement as, observed in,, squash 

preparatiofls. Thirdly1: cytologcalobservatiots are rnade on 

11vp and, eectipned material, of the stages of fertilisation, 

pronucle'us development* and the  first cleavage, and of the 

degeneration of umfertU.sod eggs Before giving the resulte, 

the techniques of artific.4 ingemi,w. tion, egg reovery and 



-4- 

squashing at 3j. days gestation, and the examination alive or the 

sectioning of eggs at 1ertiliation or the first' cleavage vill be 

aLM4Mtion 	flp,us. 

The artificial insemination technique was based on the work 

)f Long and Mark (1911), Merton (1939) and Snell Hummel -a4d 

be1mann (1944)4 

Oestrous females were selected by the vaginal smear techniqut 

sing the pipette method (SnUj 19.41), When the oestrous Smear 

ontained a high proportion of epithelial cells, leakage from the 

erviz was least, and the probabiUty of iiiating. was greatest, 

Men paired overnight with a m4e1 about 70% of the selected 

rethales mated, as judged by the .zesence of a vaginal plug, 

Spern were stripped from the excised vasa deferen:tia of 

nature males by gentle massage with forceps. They emerged as a 

&hite ribbon into the 0,75%  sodium chloride solution used as 

Iiluent. This diluent (Long and Mark 1911) gave better fertility 

bhan. others tested 	Being a simple ealinep it was 1"s likely 

than complex diluents. to interact eheicaU.y 	the various 

gents added to 'treat the spern. , is slightly bypotouC for 

a 	tissue3, but this had the advantage of <o*panaating for 

I evaporation attendant on some treatments, 

Mót of the spermatozoa in the aperm'xjbbofl coixId .  be  

pered into the diluent by gentle stirring, Usually, the sperm 

peuign was inse4n4te4 at once into oestxoue feale4 But 

e of the experimental procedures deinnded treatment, of the sperrn 

up to an hour before Insemination could be performed. In 



ontro1s for this type of experiment, Insemination of Untreated 

perm was delayed for the sane period, 

I Females to be Insemina ted were held in a pad of cottoA wool, 

and the tail raised, Anaesthetic was not required, A 

peculuni was inserted into the vagina, and the cervix illuminated 

Vita a head mirror. The sperm suPPension was held in a hypodermic 

bearing a blunted needle; the needle point was inserted 

the cervical opening first into the left and then into the 

t horn of the uterus, 0.1 ml.. of suspension was injected 

each horns  After ineerniflttion, females wore paired with 

sectomized males for mating, The equipment was similar to that 

by Snell, Hummel arid Abeirnan'% (1944) 

A vaginal plug may not be necessary for fertilisation; 

(193) indicated that fertilisation occurred in unmated 

. But, as many of the experimental results were obtained 

t 	days gestation or later, the sexual cycle induced by 

ting was necessary for embryoniC development* 

For vasectomy the scrotal saCs were drawn through small 

sions lateral to the area between the penis and the anflO. The 

tel sac was opened, and the vas deferens gently expoed, 

tured and sectioned about 1 cm, from the caUda, The organs 

replaced and the body wall sewn From two weeks after the 

tion until their death 9  the males were paired with females to 

at their capacity for mating without inducing pregnancy, AU 

males gave a vaginal plugs; no Utters were ever observed, 

Inaeminitions were carried out about two hours after dark, 

females were checked for the presence of a vaginal plug two 

a after injection; all of them were tested on the following 



morning. Only females with a vaginal plug were examined for 

embryos,, In the first series of ineArninAtionu, each suspension 

contained the sperm of a single male in approximately 0,5 ml, 

aa3 4ne, 	t soon became evident, however, that larger samples 

were required for the experimental work, The sperm of several 

males was therefore mixed in one suspension, of 1,25 ml,, epem 

being added until. the density was Considered satisfactory, 

Usua1lr, the number of males contributing to one sample was 

between four and seven. The sperm yms examined under the 

microscope for density and activity before and after the 

insw4nat1.os 	
0 

' 	ecgverv and p 	ing of 24 day old embyg, 

At 3 days development 9  the embryos are free in the uterine 

lume. After removal of the entire uterus from the female, the 

embryos were washed from the lumen by a gentle current of Pannet 

Compton saline. At this age, the great majority of the 

unfertilised eggs can also be collected from the uterus, The 

embryos were examined morphologically for their stage of 

differentiation then fixed in aceto-carmine for three hours, 

They were made into squash preparations end stained with basic 

fuchsia according to the method of Beatty and Pisehberg (1951), 

The number of nuclei and obromosonco were counted in the 

squashed embryos. Chromosome counts were made under oil immers: 

lenses (x II4D) • A second opinion (a, A, Beatty) was taken on 

every non-diploid mitosis aeefl, and It was included only if both 

opinions agreed. 	Counts were made with an approximate error 

of 	lees accurate estimates being only provisional, This 
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Method of claeft'Lcation probably gava a lower value to the 

numbr of beteroplotd embryos than actually occurred. 

Ljve eaxLtna.tion and secliopAng of URMLojeato pnd first 

cleavage egs 

Live e7mniña ion of the eggs tae made with the phase-contrast 

microscope according to the method of Austin and Smie8 (1948), 

They were obtained by puncturing the fallopian tube in O85% 

oaline4 . After transfer to a lide a cover-slip with vaeU.ned 

edges wa8 inverted over them, Gentle pressure on the cover alip 

slightly compressed the eggs and improved observation, Only eggs 

from females killed 15 hours after mating' 'ivere,examined by this 

wthod. 

The whole fall- 9p1m;  tube of the mouse is of a convenient 

.size to handle for fixing*. sectioning and staining procedures, 

Females were killed between two and forty-two 'hours aftez' mating, 

depending on the required stage of dev4opment of their eggs, and 

both fallopian tubac were removed in tote, .The tubes were .(LCed 

overnight in Boiizt, dehydrated in. 10% alcoh3, . for several hours 

and in 9.5% alcohol for one hour. and cleared in. terpineol, Wax 

MP:1  540f was used for embedding, Sections of the whole tube 

were cut at 10 	stained by Delafteldts haematoxylin and mounted 

in balsam1  The eggs could be clearly seen in the lumen of the 

fallopian tube. Orientation of the egg was not possib.s by this 

method, 

The live eggs were examined for the presence or absence of a 

eper*4ai3..a , and for their pronuclear content s  $ect4bned eggs 

were ed*ed for the fate of the second meiotic .apindle  the 



sperm-head, the pronuclet, and for the morphology of the b].astomere 

nuclei in the two-celled stage, 

RE$ULTS. 

Analysis of the fertility of the females and of embryonic 

development was made at 3* days gestation. Details of the resul 

after artificial. *sei4ntiOn and after natural mating are givei 

in Table ], 

47 females were artifictUy inseminated 33 or 7.2% of 

these possessed embryos at 3* days gestations  Of 31 females 

naturally mated o  27 or 871% had embroa. Fiachberg and Beatty 

(1952) examined 99 females 3* days after natural mating: 83 or 834 

of these had embryos *  

The mean thimber of eggs (fertilised and Unfertilized) per 

feia1e was alysed in two wayin over all femalesi and within 

females with at least âme emxryo. After artificial irsetnination, 

both values were 8,4 per female; after natural mating the value 

was 8,8 over all females, and 9,0 withIn females with embryos, 

The similarity of the two figures suggested that the degeneration 

and loss of unfertilised eggs was not excessive. The percentage 

of the total number of eggs which were embryos was therefore used 

as one of the estimates of fertiity; bet dUe to the degeneratibh  

some unfertilised eggs the percentage will be somewhat over 

teds  After artificial iase1imton. 46,$ afld after 

tua1 mating 77,7% of the total eggs were embryos. Analyei 

thin females With embryos gave 65,0 after artificial 

and 87.6% after natural mating.,  



Seven artifi44ly inseminated females were allowed to go to 

LfuU term, Five had .Utters the mean litter size being 6 40. 

The sex ratio was 19 females to 11 males. 

Embryos were examined alive for their stage of differeniat4 

,as.squashea, for their .fliiber of nuclet and .ehromosome.. 

ornpleuient,. At 3' days,. the embryos are differentiating from. 

advanced morulae. into b1astocyts. The. percentage of the total 

iubryoa which were blastocysta was 51,8% after artificial 

insemination and 632% after ntU.L mating, 

The mean number of rniclei per embryo was 41,2 17 after. 

rtificial useminatiou and 40 46 13,6 after natural mating 

Lhe range in the former was bet'ee U and 	and ietivéefl. 12. nd 

72 in the latter, Most of the embryos posaesed between 30-.4b4 

,O m&clei (Fig, 8). p . i'e: they were in or near 'their sixth cleavage, 

increase in the number of nc1ei is geometric 	4 8, 16, etc 4 ) 

and ta the I product of successive cleavages. The tin iflterva. 

beto'een. cleavages declines slightly itb aucces,ve clea1,age;.. 

the following table te modified from Batty . (.Unpublished) ;.Who 

combined the results of several workorat- 

Time in hours Mean tine in hours Difference 
Event 	after mating 	after matng 	between means 

Sperni. entry 	. 	 . 	. 
.17 .. .... .......... 

Wt cleavage 	21-28 	 24. 	.. . . . ... 

.16 
nd,;cleaage 	40k ,  

'10 
3rd, cleavage 	• 	.: 	:. 	 . 	. 

12 
4th,. cleavage 	60 	 . . 

cleavage 	.. £'O-IO 
	

65. 
<15 

h cleavage . 	 <$0 .  
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Increase in the cleavage number will therefore be approximately 

arithmetical. Converaion of the number of nuclei, to the 

umber is obtained from the formula 
where z is the number of cleavages, and 

lOg2 	N isth ttuEibex' of nuclei.' 

after both artificial insemination and natural mating, 'the 

number Of the embryOs as' 5,4 The' repéctive 'ranges were -bb,  

6;3 'and betiset 3,6  and 6,2.. 

The diploi!d chromosome ntzter of j__4] is 14) (Matthey, 

1949). The majority of the squashed embryos either had no 

mtoaes or their chromosomes could not be counted with accuracy, 

After artificial Snaei4ntion 56 embryos were certainly dtptoid o 

15 could not be definitely classified 1*t were probably dip3.oid, 

and two were triploid, In other experinente using artifcia]. 

Insemination, 15 embryos were diploid; these have not been 

Inludcd in Table 1, After natural mating, 54 eggs were di pZ.oid 

(Fig, 9) 15 probably diploid and one was tetraploid, Fiachber 

and Beatty (1952) obtained 222 diploids and one triploid in thoir 

natural mating controls 

t'lotcal obaervatons 'on pr2nu1eate 

utiUa eggs, 	 '. 	 ' 

FertiUsed eggs came mostly from natural mating" ,  Ufez'tU 

ied eggs were obtained by mating females to vasectomised melee, 

Feales were killed between 2 and. 42 hours after mating for the 

etudy; noraa3 deveinpient will be dèscrtbed f&rs. the 

degeneration of unfertilised eggs seconds  

Six females were ked between 2 and 5 hours after natural 

mating; one of then had not ovulated 3 hours after mating,. Two 
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were killed 2 hours after: mating, One of them had eight eggs) 

each was-penetrated by sperm and was at anaphase or telophaee of 

the second-meiosis (Figs. 3 and 4). The second female had three 

eggs put of 15 pe4etrated l, others haviflg serm 	pe?1V1tUi 

space. The three other females were. killed between .4 aud  5 

hours after mating, and all possessed pronucleate egZs,. i  26 of 

the eggs had two noraal pronucle.t and first and second polar.  

bodies (Fg 	one egg had only one pronucleus and :a normal 

.øecond polar body. It could not be.. decided whether tiie single 

proxutcleua was male. or female. 	 . 

Four females were killed six hours after mating. Two of 

these had been artificially ineiiflatød,.  the Other to being 

natural matings, After artificial inseinatioflj. one fei*ale had 

no eggs penetrated by sperm; the other had five eggs with two 

pronuelsi each, five with swelling sperm-heads in the vitelluAi  

and six others tmpefletrate4 4  .After natural mating one  feniale 

had nOt oted1 the other possessed eggs all  of which were 

pronuc3e4te,. Seven of these eggs had twO normal pronuciet,. the 

other three were IWLisualv The latter resembled the ferti.Ueed 

:edtate cleavage' eggs described by Braden and Austin. (l4); 

instead of etrUd.g a small second polar'bodyi the eggs jh.ad.  

divided lato two eqial halves and resembled to.'ceUed egga ij  

One half of the egg possessed two normal pronUqlet and was 

presumably the fertiiL sod half of the eggt the other half had. 

• only one pronucle*G and was presumably the second polar body 

• (Fig. 6)%4 The female which gave these eggs wap_ao inbred 4 

atX'alfl anluM14,  

Three fei*alea., one artificially Seminated-O the others 
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normally mated,: were killed 12 hours,after instirg,. The 

artifjcially insemiuptod female posessed. no penetrated eggs. 

One female had one recently penetrated egg and several unpenetratel 

The ,third female had. twopronncleate eggs and two with a sperm-

head- sinking. into the viteflus. Penetration of the eggs by . sperm'  

could lie . therefore delayed for twelve hours after *ai3.g 	Of, the 

13 sperm heads seen peetrat14ig into the viteUn 12 were 

entering sideways (Fig. 3) and the other was probably entering 

head-first,, 

Two females killed 18 hours after mating (one arttfeaUy 

entnatedj the other naturally mated) gave 12 pronc1eate ege. 

Two females, one killed 20 hours, the other ?4. hours after normal 

miti ngs, yielded six and nine eggs respectively,, The former 

female possessed one egg in the tt'zo-ceUed stage, another one in 

syngway,, and four others with two pronuelet oach 	The latter 

female had x$fle  eggs with two pronuclei and two .ggs undergoing 

• ayflgamy.. These nice illustrate the 'artation between eggs to  

the time of the. first cieavage 

Two .mice were killed 36. hours after normal rnatng4. Between 

them, they yielded 2.3 two.ceUed eggs io  

To summaries.,, of the eggs seen in the pronuclear stages 65 

had two pron4c14,..  one had a single pronucleus, end three were 

i4medtate cleavage" eggs, Immediate cleavage faay have. been. due 

to the nbred mother; these eggs might have developed as orma1 

diploids. deptte the loss, of a:Largg second polar bedy., AU. of 

the 24  two..celled eggs observed wore normal; no sub-nuclet were 

seen in their b1astomere (Fig, 7), 

nfertilXaed eggs were studied by ki1g females between 6 



and 42 hours after mating with a' vaectonissd ale 	Alt6get1er1 

79 eggs were *M1ined1  In every' casei. the chromosomes were 

.stiU. together in a metaphace-like ,  group on tile spindle. Soon 

I .after matings the spindle and the chromosomes were - 61ear and 

distinct and were located' at the pertphery of the 'egg' (Fig 1). 

The firot' poUt body' often coittaifled 'a metapba5e (Fi. 1) 

Between 136 ,eAd 42 hours after mating, dogenertivO ohn'ges béan 

to 'appear in theapindle and-the 'chromosomes; 

more 	deed add' indistiaoti the latter losing thOir óutiflS 

and margiflg together or moving  elightZy toi:g the' spindle' (i'0  2) L 

Tile UhfettMsed ,.egg Of the nôuse therefore"retains ito' 

orUiisation for at' least 42 hours after matings  'fld pràbabl' fOr 

longer periods (Charlton 1917) 0  

Seven females were l4lied days after mating to a vaseetom-

teed male. Their unfertilised eggs often give the appearadce of 

possessing ceU-1ie incluetona 	Most of the 114ferti1.sed eggs 

disintegrated rapidly when fixed in aceto-caraine No 

chromosomes or nuclei were seen $n suasheB of the remantg eggs 

• 	 ' ____ 	
H 

The pritary object of this chapter ta to ii veatigate the 

fertility of naturaUy mated or artifio3.ally inseminated femalea* 

the development of their embryos at 3J deyG geataUn 	the 

early events of fertUisation and cleavage for comparison with 

the experiaenta3. results given later. 

As might be expected, the fertility of females after 

artificial insemination was lower than after natural mating, Xn 

one respects howeveri .  the artificial insenu.riation technique bad a 
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Unique advantage over normal mating; this was due to the mtw(vg 

of the sperm 'of several males in a single sperm suspension for 

artificial insemination, infertility in the females due to 

factors in the male should be reduced in such mixtures. Further#  

the sperm of a particular male may fertilise proportionately more 

eggs than expected from its relative, density in the mixed 

suspension An investigation to test this possibility will be 

reported later (p 18 ) 

The primary comparison between artificial insemination and 

natural mating Is in the percentage of the total number of eggs 

which were embryos at 3*  days gestation After artificial 

insemination 46,2% were embryos 1  after normal mating 77,%. 

From those f&Uree artificial insemination was 59,5% as efficient 

as normal mating; this decreased efficiency was traceable partly 

to 'a lower, percentage of females possessing embryos, and partly 

to these females having a lower mean number of embryos thafl after 

natural mat4u. The' mean number of young born after artificial 

insemination at 6,0 'was near to the mean number of embryos 

per female at 3* days gestation (via, 5,5) 	The wean number of 

offspring per female was slightly lower than that reported by 

Snell, Hummel. and Abelmaun (1944),  bUt the number of femalea With 

embryos at 3* days gestation. or with offspring at term# was 

slightly higher than reported by these workerS, aneu1 Hummel 

and *belmAnn showed that artificial insemination was more 

successful if mating with the v'aeectomised male occurred soon 

after 'injection than if it was delayed;  the present results 

Included both early and late matings. The slight increase in 

fertility ifl the present work- may have been due to the mixture of 



sperm of dtfferett males in the same suapensioU. 

The stage of development of the embryos produced by natural 

mating and by artificial Insemination va.v the sane at 3j days 

geat4tioflp Le#  a mean of  5,4 cleavages, AU the csstfiable 

embryos were diploid except for two triploids found after, 

artificial laseminatioup and one tetraploid after natural mating, 

The trip].Oidø may be due to the techniqae; but, if so, the 3.o 

numbers found showed that the effect uas only alight, The number 

of beteroploida found in this work were slightly higher thank but 

did not differ aignificartly froniö the numbers found by Fischberg 

and Beatty (1952). 

The numbers of mice examined during the stages of sperm 

pnetration, pronuclue formation and first cleavage of the eggs 

were not large. Some 14tereat4ng results emerge however, The 

feles. kilIed two hours after mating had M.aAy of their eggs 

already penetrated by sperm, These females were paired with 

m4es just before darIese and xating occurred i diat4y,, The 

females could have been, in a delayed oestrous frog. the previous 

evening or they could have ovulated early. ofl, the evening, that 

they mated, Recent work by Bradeu (personal commw4cation) 

ugge ate the latter; though ovulation usually occurs between . five 

and six hours after darkness (Snell et al,, 19401. Snell Hummel 

and 4bannp, 1944Braden and Austin,. 1954), A simi3.ar 

argument applies to the females killed up to six hours after 

mating,.aU of which possessed pronacleate egge, 

The tine of sperm entry into the eggs also showed copsi.dera 

variation, Zn the two females with penetrated eggs two bourfl 

after mating and in the mice possessing pronuc3.eate eggs four 



1 hours after .matjng,. penetration =pt.. have occurred very soon 

after maUng, Xxi coA#ast j, however#  two females killed 12 hours 

after mating a,so, poaeessed eggs which had but recently been 

penetrated. The .variation in time of penetration after. mating 

Is obviously fairly large; these z'eØuItS are sinj.lar  to those of 

Brad en and Austii, (1954). who dismwsed the time of ovulation, 

maturation .of the. ovulated eggs and Opera penetration in :  the 

Evidence , from the single female . with . penetrated eggs 

six hours after artiftejal insemination uggeate4 that no delay 

occurred in, sperm entry due to 'the teeique,.. bt .ich. more 

evidence Is needed to confirm, t4ø. 

• 	The majority of the pronucleate, eggs eontaied two pronuclet. 

The two kinda.  of epontaneoi.s abnormality which were seen have 

been previously descrbedt fertUie4 jmediate. ç1eavagef eggs 

by Braden and .4uatin (1954). though: their observations Came from 

beattreated eggs;. nd the presence of _a single pro*uóleus.in a, 

foi:L1ieed egg1  reported byAustin and Braden ( 954): ., The times 

of ayflgam and the first cleav go in the egge of two females 

killed 20; an4 24 hours afer mating. werein geners sUdlar to 

those reported by Lewis and Wright (195) and Gresson (1941), 



1. Embryonic development of the souse, Mus MMgHjM # after 

tificial insemination or after natural mating was Compared 

at 	1as gestation. The mean nu*ther of cleavages of the 

embryos produced by either type of aeBinatiofl was identical, 

Two trtplotd embrroa out of '73 classified were found after, 

artificial insemination, one tetrap3otd out of X after 

natural mating, Judged by the perceut4ge of the eggs which 

were fertilised artificial insemination we 595% as effici 

as natural mating 

2, Sperm .penet'atton aüd p ontóXeus formation in the eggs waø 

probably =delayed by artificial insemination,*  Sperm 

penetration can occur between lees than two hours and up to 

2 hours after natural aating. Syngany began at aproxLma 

) hours after mating, 

3 Four eggs with abnormal pronuclear contents are described, 

4, The mean Utter size after artificial insemination was 64i0, 



SaCTIVE FL!TIUSAION XLLOiING THE USE 

Artificial insemination has been carried out in. the mouse 

using mixtures of sperm from a number of 'ibed lines each 

containing a suitable genetic marker, The lines are ItEB 

(containing the dominant hair structure gene rex, ReRe), G (coat 

colour and pattern' tan, atat),  and CH (coat colour agouti, AL); 

all possible combinations of these genes are phenotypically 

distinct in the offspring, The firat two lines are derived from 

Inbred lines A and CBA respectively, Sperm is obtained from the 

vas; d ferens of killed males and the density of each sample 

estimated by haemocytorneter counts, Sperm mixtures were made 

with equal numbers of spermatozoa from each .dozor the 'donor 

males for each mixture were of approximately. 'the same age, Four 

types of sperm mixture were made, namely, a triple mixture of all 

three types and three double mixtures containing the three 

possible pairs of the types,,, These mixtures vero used for 

inseriting oestrous females of the same three lines., Since 

fertility was rather low in the inbred ]es, the same sperm 

mixtures have also been used on other females taken from high3.r 

fertile non-Inbred. etrains 	These are referred to as X in the 

table, which give the results obtained up to thS present time. 

Certain facts are noteworthy in thee? results, Firat 1  the 

mixture of 1tEB and C)H sperm produced a significant excess of 

eggs fertilized by CR sperm, This is not due to the death and 

resorption of the homozygous RIB ai4xaa]a, because the awe  

result occurs where CB are the homozygoteis #  and also in the floU' 



Inbred females. The result has been rather consistent throughout 

the series of nine such sperm mixtures which have been employed 

(Table 3). Secondly, in the other two double sperm mixtures thor' 

Le lees evidence of unequal efficiency of* or interaction betweefl, 

sperm types; though the mixture CH and Gi and the smaU series 

from the triple mixture, again suggest that C3H is slightly more 

effective 6  From the triple mixture one tri-paterflal Utter has 

beefl produced1 an B1B female having given birth to a litter of 

fve1  three derived from the GR sperm and One each from G and 

REB aperm1 

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-mixtures  At the present stage ifl the work 1  

several different interpretatLons of this fact are poesible. it 

may be that the C}I sperm is always More 'efficient than that of 

the other two lines Involved, it may be., however, that the CO 

spezii exerts a specifically d spree sent effect on flEE .5peth. The 

experiment is so designed that it should be possible to decide  

between these two possibilities as more numbers aceümulate 	One 

should-further, be able to discover whether - there-is any 

tendency for a reaction of tone sperm type either with one 

particular egg type or with a particular uterine enviroflment a 

possibility which should be borne in mind1  though there is as yet 

little sign of it. 
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TABLE 2, 

Total number of offspring born from mixed—sperm insexa.uations. 

• 	a1e3 Sperm mix ure 

Fea1e '. 

• 24 	4 	i• :. 	' 	516 
10 . 	1.1 22 	4 
2 Q 	. Q' •'-' 	''2' 

• 233 	. 3 	4111 

Total 	:12' '1 	1 6911•' 	16 	16'26 

T 	 . 	:.. 

Utter .rb of C31E1 + BEB' 	O1' 

• 
• 	. 	.• 

. 	Iâtter's: 	. . . 	. 
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The negative of Fig 8 was retouched around:the periphery of the 
embryo, Figs, 1-7 inclusive are taken from sectioned eggs 1  
Figs, 8 and 9 from s qushd 3* day alt ebr3roe It  

16  The xaetaphae of the second maturation divieion of an 
mferttlised mouse egg. The mother was. killed six hours 
after mating to a vasectonsed male, Note also the meta 
in the first polar body, z 1000., 

2, The metaphase of an unfertilised egg taken from a mother 
lçjfld 42 hours after mating to a vasectomised male, The 
spindle has degenerated and the dyads are ,tending to fuse 
together or show slight scatter along the spindle. z 1000, 

3 Sperm entry into the viteUus; the sperm—head is entering 
sideways. z 1000. 
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. Mp}mee of the eecond maturatioudivision. x 1000. 

5, 

 

Pronuclei in the mouse egg. The first and second polar bodic 
are also shown, the first polar body containing choraosomea 1  
X.- - 1000 	•. 	 .• 

A fertilised"immediate cleavage 0  egg. The single ronucleu 
lies in the second polar body half of the egg; the other half 
possesses two prouclei in other sections. 	The two halves 
were alizost identical in size4  The first polar body can als 
be seen in the top right hand portion of the egg x 1000, 
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7, A twowoefled 'mouse egg, x 1000, 

• 8quaeh pre04rton of a 31- .44. 6.14 diploLd Iblastocyst taken 
from an artiftciaUy4nsemwtod mother" 	embryo 
posseasea many mitoses. x 350, 

9, Diploid i4toaSs n 3 day old embryo taken from a naturally 
mated mother, The forty chromosomes can be counted accurate 

x Z'001, 
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CUAITEIt U 

Co].chicino Is the classical polyploidogenic agent in plants,. 

ce Its original use by Blakeslee (1937) 1, the flumbor of plant 

cies in which polyploidy has been induced has steadily increased 

animallo p  however., coichicine has so far found remarkably little 

, and the success variously reported :had often been equivocal, 

In the wmm11 Pincus and Waddington (1939) originated the 

tion of the chemical by culturing fertiUed rabbit eggs in 

dilute cololdcine solutions; they observed one-celled tot: 

ga after the treatment, Chang (1944) added colchicine to 

bbtt sperm suspensions and artificially inseminated the mixture, 

and Bane (1950 a & b 1951) repeated Chang 1  a eperimeflt 

the rabbit and extended it to the pig. If the fertilising 

sperw carries colohicire to the site of fertilisat4Qflp  the 

chemical, may affect the spindle of the .second maturation division 

the egg4  Interference with the apindle mechanism may cause 

o retention of all the maternal Cbromosomea jfl  the egg at 

rtilisatio*; the resultant embryos may then develop as tip 

th two maternal and one paternal set of chroáosomes, Chang 

some abnormal young after the treatment,, but did not 

them chromosoa1l,y, H*ggqvist and Bane claimed that two 

f their rabbit offspring were triploid and that one of the pig 

f spring was heteropl.oid, Melandor (.1950 • 1951) emted  the 

of one of the rabbits and the pigs. and considered then 



both to have been triploide, But the pork of gggvist and Bane 

and of Melandor has been .ee-erely Crittciøed (for example Beatty 

nd Fisobber 1950) and atteapto to repeat their results 44 

he rabbit and cow have not succeeded (Beatty and Rowaon. 1954).. 

Two other methods of treating mamm allan gametes with 

poichicirie are reported. Austin and Braden (194) injected 

cólcbi4ue into the peritoneum of rat females and noted that second 

body extrusion was affected, Kliesch and Schmidtke (1954) 

njeeted colchicine into the testis of male rabbits and noted 

maeioeos and initose and an increased site of the sperm- 

which they attributed to polyploidy, 

In the following work, colohicine has been used to induce 

development in the mouse1 	auecuiva 4  The 

ohni4ue of Chang and of All ggist and Bane was applied to the 

but then abandoned in favour of alternatives, Treatment 

th colohicine was either at fertilisationp in order to retain 

second polar body chromosomes within 'the egg by destroying the 

ad maturation spindlo; or at the first cleavage,, in order to 

the separation of the tto diploid chromosome sate on the 

spitdie 	Treatment at fertilisation was designed to 

lice triploidy; sUppression of 'the first cleavage division vao 

ndod to induce totraploidy. The present section gives the 

suIts of the trtplody euperimentp the induction of tetraploidy 

be described later. Some of the results in this work have 

been published 'in outline (Edward 1954 
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MATZIlIALS A14D METHODS ,  

Heteroploid development of the mouse egg can occur spon 

at least three ways, Random matings give about 0,,4% of 

embryos at 3j days gestation (Fiscbberg and Beatty 

, The incidence of beteroploidy is significantly increased 

3,4 if idee of widely different strains are crossed .(Fischberg 

Beatty 1952b), if mice , homozygous for the 'silver' factor 

e oroesed with non-' silver' mice 943 of the 3 day old 

bryos are hots oploid (Beatty and Fichberg 1951a), Care w43 

erefore taken to exclude factors causing spontaneous heteroploidy 

wide selection of males were used in the exporinent; records 

the performance of each of them ensured that iflduced beteroplOid 

e to male factors could be easily traced. 

In 's. ai*iIar experiment to that of Chang (3944) on the 

rabbit, and of H1494vist and Bane (1950 a & b, 1951) on the rabbit 

and pigs  colebicino was added to sperm suspensions of the mouse 

and the mixture artificially inse4nated into oectrotte feaai.ea 

betail.s of sperm ool1ection and of the artificial inaeflination. 

of the mouse have been gtvefl previously (p 4 ) , Colchicifle 

las  dissolved in 0 975% sodium chloride to ten times the required 

concentration) addition of this solution to the sperm suspension 

fLfl the ratio 1i9 achieved the desired strength,, The concentration 
f colehicine used in the suspensions were between 1/5.)0O and 

1/100,000 by weight ;  

During this experimentp a eimpiifted met IDd of treatment wa 

dopted, Approximately 0,1 in].1  of coichicine solution dissolved 



075% saline was injected through the cervix into each uterine 

The colcbicine concentrations were between 1/2,50 0  and 

•000 by weight; except for the absence of eperm in the 

te4 solution, the technique was the seine as for artificial 

emi,nation, Immediately after the injection, the females were 

red with males for natural mating, 

/4option of the injection method probably reduced the toxic. 

ffects of the chemical on the sper• Xt is not possible to 

bt.n timed ovulatlona in mature mice; the beet indication of 

ulation. is probably the time of mating.. If natural mating 

£'ouows coichicine injeot4on, the spermatozoa are sibjected to 

the toxic action of the coichio.ine only for the time between 4atifl 

nd fertiiisation. 	If colehicifle Is added to the sperm In vitro,, 

• the insemnated female must mate with a vaeectomiaed male for the 

• 	completion of the artificial insemination technique,. The 

perinatozoa wiU be subjected to the coichicine for the time takefl 

or copulation to be achieved. Error i timi,g oestrous by the 

smear method1  and delay before copulation with the' 

seetoaised .*ale is complete may cause prolonged epos'ure of the 

to the chemical 

The injection technique was therefore adopted to avoid 

.toxicity, Disadvantages were associated with the 

however, If . the injected oo3.Chioine solution leaked from 

cervix or was absorbed or neutralised by, the'. Uterine tissue8 

f2iiida before mating occurred.. the gametes would be less 

treated than intended #  or even cp9p.etely irntroated, 

reference will be made to this point1, 



Tbirtyaone females Ware injected With 03 ml,,of 0,75% saline 

into each uterine horfl before natural ilating to serve as controls 

of the injection method,  

Moat embryos were recovered from their treated 66thers at 

i.&y  g68tation. 	ical 	the embi'yp at this age is a blastocyst 

b4ying  freely in the uterine lumen, Details of the recovery 

squashing1  stainingo and 'ninetton of these embryos have already 

been given (p, 6 ). 

Based on the results obtained at 3J days geetatio, the 

experiment was extended to earlier and later stages of development, 

Unfertiiied, pronUcleate and once-àleaved eggs were eRi1fled 

plive Under the pbase-contraet microscope or as stained sections of 

LO,. 	elsev 	etails of the recovery, sectioniitg, staining, 

and 	'niition of these eggs have been given previously (p, 7 ) 

Later developmental stages were investigated by counting the 

chromosome complement of adult 3n1  a born to colchicixie-treated 

aother, Conjunctiva tissue of the eye was cultured in hypotoz4c 

eoluUon by the method of Beatty (uflpubiishod).1 theh squashed and 

stained, after this treatment, many clear mitoses could be 

observed in the tisue, and exact chromosome counts were possible 

xcept where much of the conjunctive tissue was lost from the slide 

during squashing and .st4n*v g9  at lesat ID of the clearégt mitosee 

si' a'4nm1  were cted, 

RJLT8. 

Results will be given in the order that they were obtaii.ed 
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io, from the .3 day old embryos first, details of fertilisation 

end the first cleavage next#  áfld the 'chrouio some co'iinte on adults 

D&vs Getatioj, 

Detafl,s of the fertility of the injected  females and of the 

development of their embryos are given in Table 4,  Most of the 

experiment was carried out with concentrations of colcl4cine 

between 1/9,00O and i/20,000 by weight; the higher and lower 

concentrations were used to investigate the limits of effect of 

the chemical 	Reaulte obtained after the artificial insemination 

of colohicine-treated sperm will be given separately, 

hetodc effect of colobicins, 

At concentrations 3j5,000 and above #  no embryos wse obtained 

from six fenalea,. This result *  obtained with a wnFill number of 

mice was later reinforced by the injection of 1/5,000 

coc4cie for a. slightly different purpose 1  Zn the later work, 

of 27 mice 	ectedp, only one gave birth to a litter* which 

contaifled two young, The prevention of fertWsattonj develop- 

or both was 'therefore definite at this concentrt4ofl. 

Partility increased i4th lower concentrations, and by l/10.00Q 

the .ibe of females with embryos vms as high as in. natural 

atir*g (Tet.fig, ]). 	S  

The tOzc effect of colchit4fle on fertility waa also 

estimated by comparing, the numbers of embryos and Ubfertiliaed. 

eggs at 3 days geatal4on.. Some of the unfertii4sed eggs WU 

beve degenerAed (see p. 8) and the comparison will be biassed 

ifl favour of the embryos, The number of embryos as. a perceflt&g 



-27- 

of the combined number of embryos and unfertilised eggs use 

I calculated for each concentration in too vayst over all Lena] os 

and riithin females with embryos 	The mean number of embryos t€kef1 

from females itth embryos  was also calculated; this method 

overcame the bias due to degenerated unfertilised eggs, Each 

analysis shoued that after a fairly sharp threshold at cone, 1/9 

the toxic effects had largely disappeared at ]/1O000 and below 

(Table 4,  Text—fig, 1) 

The toxic effect of coichietne on the deve1omeut of the 

Ombryo8 was reflected In their cell 0Uber, The fotai' eiitbrye. 

found at conc, 1/7,500 were retarded but at lower concentrations 

the eol cifls had little effect on the mOn cell Uxar 6f' -t 

embryos (Table 4).  At conca, 1/9,000 and 1/10,000 p however S 

few embryos had low eel]. numbera and were probably, degenerate 

(Fig, 10). Embryos t4th low, cell numbers caused the higher 

standard error of the mean call number at cone, . ,/%000 4 But 

the urea and standard error for all embryos included elflbl7OB 

which were beteroploid, and which Usually had fewer cells than. 

th4r diploid eLba. Some of the variability in cell number t&a 

therefore due to the ehoinosome cânplement of the exnb*'yo 

Allowance for the effect of heteroploidy on cell number can 

be made by taking the diploid cell numbers only; delay in their 

development should be due to toxictty The mean cell nunbeirn 

Of the diploids at concentrations of 1/9,000 and below were 

___ to each other and to controls (Table 5)4 But the diplotd 

are , a selected sample of embryos which may be expected to øhow 

normal, development. The teat was made snore strict by comparing  



two sets of diploidzz those taken from females which, produced one 

or more heteroplok embryos with thoas from females which produced 

diploids. The former group must, have deve1ped under the 

of the chei4eal as attested by the -presence of hetOxo' 

the latter group may have been largely free from the 

The test was not fully reliable,,, for femalea. ifl the 

attar category had many ic1asatuiabie embryos soae of whih were 

ndou.btedly heterop3.oid 	The results are given in Table 5., 

xcept at cones, 2/10,000 and 2/30,000 the mean cell number of the 

iploida from females with boteroploids was higher th that from 

emales without heteroploids 	W means were comparable With 

ontrols, The toztc effect of coichicine was therefore slight;s  

f present at aU at and be3.6 cone. 1/10,000 

I further indication of the effect of the treatment on 

nbrycuic 4evelopmet was to note the percentage of the total 

bryoa which were blastocyste at each concentration' ,  There was 

reat variability in the results (Table 4)  but they were not 

compatible with the previous indications that the toxicity of 

lchicine was alight at conc i/io,000 and below, 

IT hè heiom loi' 	voStpffat of .colc1&oie, 

aeteroploid embryos occurred at all the concentrations which 

had no adverse effects on fertilisation or development, The 

percentage of heteroploids declined with decreasing coichicine 

concentration (To fig4 : 2) 	The single beteroploidø 'foid at 

each of the two lowest concentrations were slightly doubtful; but 

it was obvious that at these concentrations (1/200,000 and 1/5OOjOOC 

the effect 'of the colch ineas sUgt it present 'at all- 	At the 



1igb concentrattons,,  the percentage of beteroploids reached 19% 

f the total embryos classified, 

The numbers of heteroploid afld cttplo%d 'embryos found at 

each conceutr&tion were tested or siiu1cant differences aint 

aabers found at adjacent concentrations,. Tests were ,,de on 

2 x .2 contingency tables with Yates correction for small ,nubers,. 

h5 zmnibei3of trtploids 'foimd at each ,concentrato were tested 

• Only one' 'significant difference was found; btwee* 

•000 and 1/20,000 for heterop]oid embryos where,. was .4.17... 

the, $4 range of effective concentrations of: the, co1ohi4ne 

ade a ,signcant difference .brtween these two e)4ghtly dtifong 

~utratioaa.uallkely. FU.ther the On the, fl laber Of tplo' 

•?the .WaØ very low ,  (0l1); 	indicated 	difference,, 

aignifioant difference . *n. the number of heteroploids found 

een these coneentrationo was therefore. 	orød. 'and the,  data 

,into larger çlasea... Adjacent paIrs of ,concextratto4e, 

efl ,1/.,000 and .1/5Q,000 Were g pede,g,. cones, l/9,90  and 

were.. eo* ed as 1/i.0,o0O.. etch  The grouped c.Oroez. 

now 'labeLed as 	1/20Qp0. and 40990 have beefl 

used -in the sta4etic4, tests gives later and also . Text-ftg, 2. 

The intention of the treatment was to induce triploidy, and 

this was the beteroplo4 type produced in the arge'st nLznbers 

(Table 	& 17) 	The other chrornosomal types produced 

ar&ed. frorn haplo.d to tetDapioid#  with mapy Intermediate 

radationa (Figs1  11l2 	l4j 15, 2.8) 	Several mosaics 

ccuxedp. the ,*tO at notable beirg two baploji' plaid. moaato$ 

F 	and one diploid-tetraploid oaaic 	Some of the fl2oSaiC 

IE 



were highly abnormal; three of thea had a group of chromosomes 

of less ,  than the haploid number (1 :I0p]3 respectively), aztd 

auother was, a-. multiform. mosaic with three different, chràmoeome 

colmt8 of 46, 40, and 30,. 

The da, stribntion. of the triploid embryos its. shown in Text-

fig, 2., Three embryo ith 55 : 2 chromosomeq j   Arid which were 

therefore probably hypo-triploid, are included in the graph The 

highest càncentrations of colchicine were the most 	esful ifl 

inducing t plçids; none were 'observed below conó 

Five tet4p1otd embryos (Pig .: 18) ecire at the highest 

ontations,.and presumably resulted after the iupp'esaio* of 

thefrct cleavage dii1io* of adi4i&. 	 of the 

dij4d-tetrapoLd mosaic  par have beefl. due to a similar effect 

• of the colehicine on one blastoere of a later ,  e1eawge dii&ou, 

nough colehicine =at have occasionally remained in the egg or 

the reprodwtive tract of the , female to affect these later 

oleavages,..... 

Four haploid embryos also reeulted after the tretment 

(Figs, 11 & 33), Three occurred at concentrations 1/2O000 and 

the other at l/100,000, Probably related to these were the 

haploid-diploid mosaics which may have arisen by the action of 

the chemical on the second or a later cleavage of a haploid 

embryo, The fact that certa cells of haploid embryos may 

revert to diploid by this method implied that certain of the 

diploid embryos may have commenced development as haploids, 

Many embryos had c-mite see which were of the initial type 

(Levan, 1954) (Figs, U, 15, 17),: ,•  in some embryos this may have 



• 	 • 

1e4 to an accumulation of metaphases. in an embryo (Fig. 17 shows a 

trtpl.oid emry. C-mitosea were present occasionally in all 

'chroxaosomal types of embryo, including diploid, except for the 

haplotds. 

The classification of the control embryos is given in Table 4, 

:After the injection of 0,75% sodium chloride before mating no 

embryos were found out of 105 classified. After 

turnl mating only one tetraploid embryo was observed among 69 

dip1ods, in the tests of significance given later, both of 

figures have been used as contro].. Fiaohberg and Beatty 

1952a) noted one trploi6 embryo and 222 diploids in their 

Tests of significance of the difference in proportion of 

and of triploid embryos were made between the grouped 

tion (1.3.0000, 3120 ,000, 1/40,0004 concentratiofl 

, and the two controls.. Tests were made by the 2 x-2 

table with the Yates correction. Significance levels 

at. 5% except where a stricter level Is mentioned, 

The numbers of heteroploids found after the two highest 

concentrations showed similar trends; no difference was found 

them or from cone. 3140,000, though both were sighifican 

from cone, 1/100,000 and the two controls.. At ConO, 

40O0Q the number of heteroploida was significantly different 

the injected controls. only,. Tests on the numbers of 

showed that cone 1  1/10,000 was significant against cone. 

and the controls, Cone, 1/20,000 was significant 

t. the injected controls only. 

To estimate the total effect of the colchicineo the two 

concentrations were amalgamated and their combined 



cjdence of all heteroploids and of triploids were tested against 

those of both control types,,The results weres 

Combined incidence of beteroploidø tested 

a. Against injected controls 2176 P < •001 

b, Against natural wting 758 P < 01 

Combined incidence of triploide tested 

a Against injected controls 	8,56 P < 01 

b, Against natural mating 	5.42 P < ,02 

To suminari see. the tests of significance confirmed that 

I çolchicine induced hsteroploidy in many embziys. especially between 

conce, .1/2000 and 3j40,000. Only the higher concentrations 

effective in inducing triplody 

One :reervatjou was necessary in assessing tbe :fltUbeX' of 

embryos induced by the treatment,; At all concentz'a-

except 1130,000, the cell number of, the heteroploids was. 

tha*. the dp]oids. The chance of observing a mitosie in 

diploids,: and therefore of classifying them chromosomally, was 

greater than in the heteroploids 6  A correction 

based on the mean cell number of the diploids and 'hetero-

was therefore applied to the observed 'number of 

Calculation of the corrected number of heteroploids was made 

follows: 

Let H be the number of embryos which commenced diviaiou as 

D the number starting as dtploids T the SUM of 

is the number of nuclei in the identifiable heteroploidø B in 

e identifiable diploidoij  b is the number of bateroploidi 

chroiaosornally at 3' days development a the number of 
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diploids, k is a conetant; based :on the assumption that the 

chance of: identifying the embryos is in direct proportion to their 

UuAnber of. fluclei.. it to identical for dipiotds and heterop2.oids, 

• Then 

11+ D 	P. 	kHA 	h;.kDB 	d. 

lienee 

'1+ hB 

Substituting the values ,found for each 'coflcentrattofl  froa 

3/10,000 to .,00p. the corrected. percent geB are (with the 

observed percp4tages, in ,brackets):- .•• 

V9,099 1 ,. 35., (,8) 	3/,000:.250 

:1 	 45,5 (3)..9. 

04900  

Xf the asaumptqn made in the ta1cu.aton are qorreetih the 

numbers of heerop1cids found by observation are a 107" oia •  

Respite thLs diacrepan,cy #̀  Is. pObeb].T More appropriate to UC 

the experinenta result; further. reference to the nimber of 

heteroploid embryos wiU therefore be, to the observed percentagec 

not to the corrected ones  

Early n 'tbà 6xpeAment, it 'ecáiae o vidént that the lie ti 

embryos were not raMomly distributed over ai' females; instead, 

there was a tendency 'fói' the heterap1oLéI to be found wit i hii 

females 	Two meth were ed tO claitfy 'thin 

pIzénonenon 	The 'first was' the' statsticl ivestigation of 

heterogeneity vithin'fèrnaléa 'pràducing classitable embryo; the 



second was to relate the interval between colchicine Injection .and 

time of mating with the. level o,f induced heteroploidy 4  

Analysts for heterogeneity in the distribution of beteroploid 

embryos was made between all females producing classifiable 

within each of the concentrations that were combined previously, 

Significant heterogeneity between females within concentrations wa 

present at 1/10,000 only (P <.001), No heterogeneity was found 

between concentrations, When the concentrations were grouped to 

test for heterogeneitybetween females over all concefltrations. or 

I10,000 Plus l/0 ,000,. the' significant heterogeneity was 

t though 2. was still high 

;The significant heterogeneity found- at conc., iJl0 ,000  

suggested that the differences:between females were real, in 

this difference. añalyia of the percentage of heteop1oi4. 

s qt this. coflcentration, and, for comparative purposea# at 

two. lower :coflcefltratjofl.5, was made withn females. with at 

one heteroplo,d embryo,. Vitb.tr' these females•rnore than .50% 

the resulting embryos were heteroplotd at .cone, 1/10 1'000... the 

at I40,00.0 being .O% . The . mbersof .triptotda'iE. 

same .'femtiles declined more steeply from. l% to 5%' between the 

same ooncentratiobsi, 	.. 	 . 	 . 	 . 	 •. 

The experimental. method. of analysis supported. the statistical 

. the later stages of the experiment females were 

between *2 hours after the coich cine 1r ,  er ,#on for the 

or absence of a vagil plug, Those which possessed. 

plugs• were labelled the .! evening plug' class; those whiii 

plugs betwaefl the evening e x rn.t ation and r4atiofl. on 

following morning were called the morning p3g' class, 
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These classes are not distinguished in Table 4 Numbers of 

embryos were rather smallp  but it vas possible by combination of 

concentrations to use the 2 test betieen the 'evening and the 

'morning' classes. 

The number of heteroploids found after combination of cones. 

1/10,000 and 1/20,000 was far higher in the 'evening' femalesj the 

numbers being 'ainifiáantly different (P ( ,o5).. Combinatofl of 

cones, 1/ p000 to 1/50 0000 also shoved a significant differce, 

The cause of the gzeter yield of heteroplods and' trijloidø 'i 

the '*'èveningt females my have been thie to a leea effective 

treatment-of the gametes in the moflng' females, In the 1attr 

the colchicine may have leaked from the cervix or been 'neutralised 

by the 'utexie tissues; loss by either method 'cou1d hve been 

t: by delayed mating,'  

Both methods of. alysis,% exporinental and statistical, 

indicated heterogeneity between; fenales in' the yeld 	heteroploid 

embryos, Under zore controlled experimental conditions a higher 

.tneidenee.of heteropi.oi4y 'and' triplói4y may have resulted, 

The number of nuclei counted in haploid and , the various t,D!a 

of betéroploid embryoa a, a comparison with numbers in tLtploid, 

wiA be given subsequently (pl8i). 

Zn vitro trsatment of s perm with colcbic&ue 

The ,artlfici&l. insem"tiofl, of sperni s'uapende4 in. càlchicine 

solution- ta8 the method 'Ueed by evi'os work 'a bti the rabbit' 'ad 

pig (Cheng, 1944;  .M*ggvist and Bane 1950a' & b, 1951),." A•' 

sjmir ' erinent t7as carried out on the nouse; The 'techniques 



have been described previously (p. 23) • The resulting embryos 

were e'nined at* days  gestation as squash preparations *  

Detailed results are given in Table 6, Colehicine ooncen 

in the aperm suspensions were between 1/5,000 and 1/100 ,000 

same criteria of fertility were calculated as in the injection 

The' toxic effect of the chemical cioBely resembed that 

found in the "in3Octi4n"méthod;'' cone, 1/2O90O  wain'eár the 'upper 

threaho.d for fertilisat2.on and development, 1/5,000 was toxic 

slow cones ' 1/::0000 the tétto Offéct had large].y dpared 

A].[ ala ifiá]e enzbrros :re  dip161d 	But the 1W cell 

unbers found in two of the embryos at cone, 1/i0 0066 indicated 

t the cheioa1 had an effect though this was not reflected in 

the ploidy of the embryàs 'The mean cell-  nber of lie embt'jo 

and of' the dipIäidS' at eaab éoneeâtratón w 'ñoiüa. ;  the large 

etandó.rd error at i/i0000 and '1/50,000 waè due ' t' u to the'' 

retarded inbryàs,' 	''• 	 '.. ' ' 	 ' " 	 ': 

B. The Stages Qf Fgrtllig~jioja  and the Fit:Lea1Tae* 

Two methods were used for the examination of the early 

embryo4e stages,. Living eggs wore ,!ed, by ph t 

microscopy according to the method of Austin a nd Smiles  

Other eggs were #*eaj, .  sectioned at Wp.. , and stained hiog.y 

by haematoxyiin. Details of the tochniques involved for the 

study of living eggs and for the sectioning and. sta ining of fixed 

eggs have been given previously (pb, 
 

Five females were ktl]ed between 5 and 6fr hours 'after mating#  

one having  been injected with concentrati on 1/7500, two with 

1/9 
OOWt  and two with 1/10 0.000, Their eggs were exai,ed as 



stained sections to investigate sperm entry and early pronaicletie 

formation. 

Nineteen mice were killed about 14 hours after mating and 

their eggs examined by phase."contraet, F4evea of these females 

had been injected with concentration 1/10#000 j, five with 1/20,O00 

Three had been injected with saline only to servo as controls. 

The pronucle of their eggs were studied by phase-contrast 

microscopy, 

One mouse #  receiving concentration 1/7050 0 , was killed 17 

hours after mating to examine the first cleavage. Two females 

one injected With 1/7500 the other With 1/10 9000, were killed 

between 27 and 36 hours after mating to observe events after the 

first cleavage* The embryos of those three females were 

sectioned and stained, 

Six hos after mat ting. 

None of the five mice killed six hours after mating had 

fertilised eggs,. But the effect of the coichicino on the 

unfertilised eggs was very definite in two of these mice. Dama 

to the egg Varied between that shown in Fig, Z), where the second 

maturation spindle was disappearing (compare the spindle of the 

untreated egg shown in Fig. 1)0 and that shown in Fig, 21, where 

the chromosomes had scattered in small grozps 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 spifldle, at first exhibited a false 

segregation along the remains of the spindle as showfl in Fig. 20, 

and then moved freely through the egg, in the two mice every 

I. 
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egg vat; affected. Of the other three mice1 one had not ovulated, 

one showed no effect of the chemical, and the third had tuo eggs 

out of five affected *  

Despite careful scrutiny with the ordinary microscope and 

c h phase-contraat, no spermatozoa or prornteiei were seen in these 

eggs. Sometimes it in difficult to observe the epermbeads in 

secUoed eggs #  but it could hardly have been overlooked in an. 

The oheraiqal which affected the spindles of most of these eggø 

must therefore have entered the egg by absorption. and not 

,directly at sperm entry. Pretreatment of the qgg in VitL O before 

tion may induce the same. effects 

The absence of fertilised eggs in these mice contrasted with 

results from the coAtrol normal matinget where six of -thp 

eight females exainifled possesed penetrated eggs six . hours after 

ting Lack of fertilised eggs may have been due to several 

ea, The mechanical stresses created in the uterus following 

injection of Ol ml,. of solution into each uterine horn stay 

delayed the encent of the sperm through the tubes and 

mated in delayed fertilisation; for in nflinj acted mice 

can be delayed for 12 hours (p. 12).  Alternatively, 

co3.cbicine may have had toxic effects on the sperm, especially 

the female injected with concentration 1/7,50; or it may have 

acted the egg s  rendering it impenetrable to sperm, The two 

tter possibilities were doubtful in view of the results obtained 

3J days gestation which showed no difference in the fertility 

the injected females and controls (Table 4), Delayed 

tion may therefore have been the cause of the lack of 

egga, 



One. of the three females injected with, saline had three 

ted eggs ooly, The other two together yielded 24 eggs, 

of.wh%ch- h.& two normal pronuclei:, 	. 	. 

-Three of the sixteen. colchic&ne-i.njected ernales possessed 

etrated eggs only, The other thirteen . had one. or more 

lised. .eggs- 'Many of their eggs were &mora3., Five were 

which contsined a perm-tail and enlarged mid-pece but no 

or pronuclens. could . be  detected., 8eventeen eggs 

one large .pronucleus.w a sperm tail,, and evidence. of 

fld.,pelar body ,  formation (Fig, 22a & b shows one of theft 

4oned 'and stained).. . Fifty . eggs, possessed two nori*4 pronucle: 

seventy-three were urifertj.li'sed, .. The fóurteefl renai4, eggs 

t more than. oe 'pni'clu. of which one, appeared to be normal and 

the others s,"U in size (Fig, 23). Three of these eggs Contained 

one smaU prom*cleus in addition to the normal-sized one s  five 

aggs had three prouucloi,, two had ,four ad foux' had. five pronuclei 

All eggs, except the .unfortj.iiaed, had '  spetaii, 

The eggs  containing several pronucl4 presumably arose by 

the .fert4isation of a cochicine-treated egg containing scattered 

of chroniosoms, They may have possessed both sets of 

r tll chremosomes 	addition to the sperm .Chromoøomee. and 

thereby have been the precursors of trtplatd cmbryos.  But, in  

the fena1e killed at 17 hours after rusting, histological 

e,!mn.tLon revealed that eggs with several pronuclei often 

txt,uded polar boies: in addition to the ftrpt, Some of the 

eatern.al chromosomes could therefore have entered the polar bodies 

nd others been retained in the egg, if only a few maternal 
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chromosomes were lost and. the majority retaied the embryos would 

hyper-diploid. If the majority of the maternal chromoaome 

lost, the embryo could be a hypodiplod, Eggs Which 

one orrnal and one small .pronncleu3 Were presu ably hypo 

eggs with several prornzela$ were h7por-4.pioid or .. 1 

on the numtei of 'chromosomes lost into the polar bodies 

3. With 	pool*;were. probably. though not 

Ad 	Bandau (1952), has reported the presence of avera1 

i .ra eggs in which ferttltsation bad been delayed 

up to 12 ho, The "eater the delay the larger the *ber 

Thcted, The author did not consider the possibilities of 

ly i. these eggB but-  tbe:iork of ThlbmAt. '4?). 
the,,PpiAdle,of, the unfertilised rat egg starts to degenerate 

bween 6 and 8 hours after ovulation, Delayed fertiLteation of 

e rat. egg may have induced .the same changes as cchicine 

atment of the ouse egg.. 

• The last type of fertilised egg to be considered .Oçtiied a 

La large proucieus and a sperm-tail. Such eggs would almost 

y develop as haploids, Some of these ova ware ezsdrted 

r phase-contrast to detect the fate of the second meiotio 

tn none of their waa it seen; .hene the single ,prruc1eu 

have been either male or tema1e. But 	tological examina' 

ion 4f the a go of the females killed at 17 or be.tweefl 27d$ 

pours after mating indicated that the single prouucl.eus was 

-rived from the sperm4 The s$*ig1e ufli-pronuc1eats egg Obeerved 

stologicaLty had extruded two iwU abnormal second polar bodieo 

'ig. 22b), Mother egg was observed to have extruded s'.milar 

3a2 bodies,yet to have neither proflucleus nor Operm-heaA in the 



itself, In the Utter s-, all the maternal chromosomes had left 

egg1  leaving it anucleate; had fertilLeatton of this egg 

cUrred it would have resembled the former egg in possessing a 

single large prozucleus, The inference was that eggs with a 

single large pronucleus were the precursors of sndrogenetie 

embryos 

The offeot of coichicine was therefore to destroy the meiotic 

spindle of the egg and liberate the chromosomes from their spindle 

attachment, The freed chromosomes scattered through the cytoplas 

became arranged at the periphery of the egg 0  and probably left the 

egg., Depending on the .number of chromosomes bet the way  into 

the abnormal second polar bodies, the egg developed with a 

chromosome complement anywhere between haploid aid dipboid. Such 

embryos were actually observed chromosomafly at 	days gestation 

(Table 4) 

the assumptiofl that the pronu4ear content :of the dgg was 

n indication of its chromosome content, the following calculations 

have been made, Injection with concentration 1/10,000 yielded 

58'?% diploid (i,e, two normal pronuclei), 20 	haploid (one 

rmal prontzcleits) 1 	hypo-diploid (one large and one imaA 

onicleue), dad- , ih.3% 1  bye ' p1e24 or tpZaid enbzos (sever4 

thnualai) 	146eiioi with teentratlon 00,000 yiolde4 

Lpboid1  b74$ 141oLd d 	hypo.o.dipbo4 aM 8 	hpez'4 ploS4 

trip" d j :Eggs With 'sperm-tails and no pronwleL have not 

Mn flclasd in any of these eategories. The zuberI of hap1od 

idheterop2.oide induced were very similar for both 0 oncentratLos. 

1ike the x'esulta on 3 day old embrroØ (p,, 344 the 'mbrmi*j 

Lug' feAa bad more eggs affected than had 'the tevenàg pIig' 



The ratio of the different- types of pronucl.eate eggs can be 

ared vth th,e !'a.tio; of haploidi diploid#  afld heteroploid. 

os identified by chromosome counts at 3,.days gestation, 

number.4nd.i4 .o. the.prorno1eate. eggs have, been. given above; 

Us of the 3 day embryos have *eA abstracted from.. Table 4 

all concentratirns of 1/2D#000 (and above; 

HYPOt-Mplaid.,  
Diploid 	or Trp3.óid 

ronu4eate egga 	17 	. 	50 	10 

day old embryos 	3 	3 	180 	27 

ultiplyimg the pronucleate eggs by a factor 180/50 to equalise 

he number of 4ploids1  the comparison become: 

HypérDiplod 
Raploid fliploid Diploid 	or Triploid 

ranucleate eggs 	61 	U 	180 	36 

dayoldembryos 	 3 	180 	27 

The small decline in the ratio of hype r-diploi4s or triploids 

t 3j. days gestation could be due to the lower cell numbers in. 

hess embryos than in the diploids causing the latter,  to be 

Ltght.y overestimated (see P4, 321 	 arguntent fails 

o ezplaigi the onsic1erab1e decline Ia the number of haploide for 

ore th'495% of them failed to. be traced at. the .3:dar eonic 

tage 	•., 	, . 	'• 	 . 	. 	. 

The single female killed at this stage had been injected with 

ntration V7,300; all of her eggs were fertilised, At l7 

ii the eggs should be about to cleave (Lewis and bright, 1935) 

• 	... 	liypo 
Haploid Diploid 
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Greseon, l943 and .see • P.12.) . Two types of egg woresee n 

this female,. The .fist type (fJve examples) was already ta the 

two-celled, stage and apart. from a s1ighty precocious cleavage1 

appeared to be quite normal,. The second type was stU nfl the 

pronuclear stage,;, and all four exauples were abnoz'aa1' Three of  

the.: four possessed 	thatwo pronuclett two eggs possessed 

three1 the third possessed four. Xn addition-0 one Of the eggs 

with three profluiei had. no second polar body1 the other had two 

awaUones 	The egg with four pronuc].et possessed krather Bwal 

8e001*d polar bcdy. It each case,, one of the ,prouucle was 

larger then the others,. .wtd., a s previously indicated, resernbled 

the male pronucles, The fourth egg coutained a. single. lxge 

pronuceus.and two i*ns*Aj al seco#4 polar bodiee.(Fige, 22a 

& b, These .abnqrinalitiee Were. 4Ua, to those found in the 

eggs of females killed 14 hours after mating1 and 'again .iustratE 

the possb1e mode, of origin O± trtplo&d 	erdipo'id an4 andrO 

genetic haploid,  embryo s. 	n. 

It in notable that the four eggs iicb were stil.: JA the 

profludear stages were ,  al].athormaL yet, 	oie -OXCISPtionj the 

five eggs in the two-cell stage appeared to be dev4oping 

The ofle5Ceptipfl had tio titcletja the secotid.póla 

body..' The pti.y criterion of the nor:ty of the five two'ooLed 

eabryos was the appearance of the second polar body1 for there 

Was no certain 'method of ascertaining whether they were Other 

than dp1oi4. 'Zt view of the contrast between the ,econd 'polar 

body of the 'to-rceUed embryos a that of the proX'ea.te. eggi, 

it was 'quite possible that the former embryos were diplotd 

effects  this 0az1t that the abnormal-embryodp::Whidhpresumably 
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• 	.give rise. to. heteroploid development, were delayed in :the proniic1em 

;3ragep when .compared to their norTia3. sibe 4  The. comparton fails, 

owever if. the abnoina1 embryos were patho1ogica1:.... 

27 to iE hours fter mating 

To mice were kifled  for the histological ewnInation of their 

eggs, One had received concentration lJ7 5OO the other 1/10O00 4  

The former mouse had oflly two eggs; one was' in the two'--celled 

Ltage and looked normals  while the other was unfertilised and was 

a1moimal 	The latter possessed no pronuclei or ohromosomee In the 

egg propert  but had one first and two rather ernaU second polar 

bodi-es 1  Previous comment has been made on this egg, 

The other mouse yielded five zormal-looking tea-celled eggs, 

nd seven unfertilised eggs, Six of the unfertilised eggs showed 

he same type of chromosome scatter as that noted ;pré$oU4y 

(Pig, 21), 

Hetegoid Deeopent Ater 31Da. Getatio 

1 , 	Search foii, the later growth of 'hetéróploid. embryos.. waS 

arrèd outby.counting the hromo some complement of mature off-. 

pring from coehicine-treated mothers. Chromosome countth were 

ade on the conjilictiv6, which had .beén.peiduy cultured 'in 

jypotenic saltfle 'by' the method of Beatty (upbUahè.) i FeMUes 

inj ected with.'colchicine . concentration l/W,000 except in two 

where 1/7,500 was used,. 	constant .stook of about fifty 

aeles was maintained for this part of the experiment; many of 

hem received more than one injection of colebicine. The genetic 

combinatona of some parents might have recombined in the offspring 

o show dosage effects of genes present in other than the diploid 



-45- 

complement; no dosage effects were noted in any of the offspring, 

iowever, 

Altogether 37 matings after injection were recorded; 15 femaliq  

(45.4) gave birth to litters, Of these, one litter obtained by 

autopsy was dead and three other litters were eaten by their 

mothers at birth Another. litter was lost when the mother died 

suddenly twelve days after giving birth s  Detaia Of the remaining 

ben litters are 

Total  number of offspring 65, 	Average Utter size 60 

Details of; -offsprings.- 	
,. 	 ' 	 • 

• flead:alt. birth 3 •  

Died later 13, (of which 7 ded. accidentally) 

seked 

'Sex: ratio 30:24'. 	 S 

Of the 49 UtIzals eci-fled chroiaosomaUy 46 ware diploidp 

one was' probably diploid (one i1'tosi6 appearing 'slightly above 

1iploid1  the oithers being certainly &tplcid), and two were 

'nclassif&atlo de to loss of the conjUnotiva tJ ssue ' during. the 

staining technique. In many v Loses every chromosome could be 

seen and in every case of this 4nd exactly forty chromosomes 

were counted, With five exceptions ten mitoses were counted in 

each animal, in, the exceptions, only 5 4, 2 2 1 itosea 

respectively could be found Apart from the doubtful case 

Leotion.dt, no beteroploid mitoses were seent 



DISCUSSION, 

At fertilisation the egg is in the first loop of the faUopiax 

tube (Lewis and Wright, 1935). There are probably two barriers 

preventing the access of the injected colohicine solution to the 

egg#  One is the tubouterine junction which is closed to 

ascending fluids except for a period during mating 1  and which at 

other times requires great pressure to open (see Alden, 1943 in the 

rat), The second barrier i.e the narrow1  winding passage of the 

fallopian tube itself. Both of these barriers would be overcome 

by a successful mating and the fertilisation of the ovulated eggs, 

opening of the tube-uterine junction at mating1 and the ascent 

the spermatozoa up the fallopian tube, would probably carry 

colcbici,ne to the site of feit4ltio4, In additi.ou, the 

of the colohicine solution and the seminal fluids in the 

may also cause a flow of the coichicine up the fallOpian 

After the col.chicine has i*en injected, there to no vaginal 

to retain the solution in the uterus until mating has taken 

Leakage of the colchici.ne  from 'the uterus through the 

would 'be assisted by the pressure of the injected solution 

the Uterine walls, A balance may therefore be created during 

ting in which loss of the jected colebleine occurred until the 

plug checked the leakage, This may have been the cause 

the heterogeneity between females in the production of hetero- 

emhryos; females with no such embryos had probably lost most 

the coiehioine before mating occurred, 

When the col.chicine was retained in the uterus #  it would reach 
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he site of fertilisation at the same time as, or maybe before 

be arrival of the sperrnatomoa, To affect the meiotic spindle1 

the chemical must be taken into the egg before the extrusion of the 

econd polar body 	the time available for the coichicine to 

act vill depend on the inter-relationehipU of several factora 

efficiency of the vaginal smear technique in tracing oestrous 

time taken for mating to occUr1 ovulation, and øperm entry into 

eggs, The available time All vary between and within 

lea; it may be less than one hour or up to several hours 

and AUSUAO  1954; Snell, rekete t  Hummel and Laws  1940; 

aee• p, 15), Any delayed fertilisation induced by the 

tment (p, 38) will extend this period, The experimental 

shows that the unfertilised mouse egg can be severely 

acted by the coichicine; this suggests that sufficient time 

exist before fertilisatton for the cólchic,e to be absorbed 

the surface of the egg, The results obtained from females 

oh were not in oestrous when injected with coichicifle (see 

tar), and the effects of intraperitoneal ini-ections of 

on the fertilised egg reported by Austin and Braden 

1954) Show that the carriage of cochtcine to the egg may not 

ecessarily occur via the fallopian tube; absorption of the 

by Various tissues and transport in the bled to the 

sry may be responsible 4  

Once in the eggs  the coichicine destroys the second 

turation spindle, The damage to the spindle leads to the false 

tion and scattering of the dyads which, in many cases 

to lie at the periphery of the egg. Movements in the cyto- 

of the unfertilised egg may Canoe this scatter; the 



histological, evidence t3hovø that the chromosomes can even be 

completely extruded from the unfertilised egg. The disappearance 

of the spindle and the absence of any evidence of the partheno- 

etimulation of the egg indicate that the extrusion is not 

to a centriole-spindle mechanism, It could be due to the 

on of the movements of the egg cytoplasa causing the 

mation of 5mA1i  nucleated cytoplasmic fragments separated from 

egg. proper; for the appearance of the extruded bodies (fig, 

Is often unlike the normal second polar body At ferttllea-

n the contraction of the vitcUils may assist in the exptalon 

the chromosomes, It is clear from the pronuclear content of 

y eggs and from the chromosome eoute on, the 3* day old eabryo 

.t all gradations between the complete loss =4 ,. the complete 

of the female chromosomes are possible, 

Eggs which have beeO 'affeóted by the cOlchicie and which 

the false' 'segrégatton or eatterg Of thet' comosomeø 

Ly retain the capacity of being petrate& 4'6peiiii The 

Letection of several sxaaU proncle in 	y  fertlised eggs 

dtcates that each small group of scattered maternal chromosomes 

n form a promicleun at sperm entry1  An alternative explanation 

f the origin of the sub'-pronuclei based on the franentation of 

he fnale pronucleus after fertilisation, appears doubtful in .the 

áce of the hisolo4cai  evidence, The mouse kUod at the time 

if the first cleavage possessed five twocelled eggs which 

ppeared to be normal and four eggs in the prônualoar stages 

rhich were aormal. Division of the five eggs to the two-celled 
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stage must have just occurred the maitium time between fertilisa- 

on and fixing the embryos being 17.2  hours, It seems possible 

this evidence that eggs which Contain several prottuclet are 

tly delayed, in their prOflucear growth s, ngamy1  a4 first 

in Coap ieOn with nai eggs, 

One of the four abnormal, embryos possessed no gecoAd polar 

or extruded franent, and had three proirnciet of which one 

presuaab male and two female 4. All the female chromosomes 

probably been retained in this eggs  ask jng its compierne!VL 

Two of the 'other three eggs had several promlolsi, 

.alaq one or more . trt*ded fragments, It seems possible that 

se. eggs possessed some 	not al, f the. female chrornosomas; 

were probably between :haplotd and trtp3.oid. The last egg 

essed one profl4e1*s oal Vhóh resembled the male pronucleus, 

had two extruded fragments. . This was probably an androgenetic 

Maijy 'of the eggs'examined. by phOe-coutraèt microscopy 

.similar types of abnormal proriuclear complements. The 

suggests that, as the action of the coichicine is on the 

yog sp6e only, the male gamete Is not affected by the treatment 

Ad is normal-0. As no parthenogenetic 9tim1ation of the eggs by 

colchicine 'was .observedt  the chromosomes coniplement of the 

developing after the treatment was probably composed of 

sale, plus any number between 0 and 40 female, Proof of these 

req4res the identification of the sex chromosome in the 

day old embryos: half of the hapXoids possessing the I 

and all the triplotde possessing at least two Z 

fortth1y the sex chromosomes of Mum nuaoulna 

not be Ldentitied in, the enbryos, Alternatively. radio-- 
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active or vital dye markers ifl the spezm may øhoti that all the 

wit-pronucleate ova possess a marked pronucleus which is therefore 

{male, and that the =ItiproulAcleate eggs alrays contain only one 

male pronucleus, 	 I 
The reason for the delayed eyugamy in eggs containing an 

pronnolear content is eoneetural 0  The haploid may have 

ii pathological, for the great majority of them failed to 

$ days development. Fertilisation of the colc$cinetreated 

ggs may have been delayed in. r elation to the diploida., 

Lr4d Vaddiugton (1939) noted that coichicine applied W a promaclea 

abbit egg in vitro arrested the inrard movements of thepronuc3.et 

'he ratio of pronuclear to cytoplasmic volume is undoubtedly,  

erent in haploid diptoid9  and trtploid eggs, Excesstve 

petition' by the pronulet for 4 4ytoplaa46 substrate i, the. 

it.i.-sep#oneds.  and an Inability of the haploid to synthesisip  

serial as quickly as the dip3.oid, may both lead to delay in 

uelear growth and ay!gamy, The prozrnelear competition in 

r- And hpo-dip1otd eggs . may be intermediate : b0tfl the 

oLd types, The angle pronucleua in the haploid eggs appeared 

large in comparison with the prouiolai of normal diploida; 

larger size, could have been due to t synthesising *ore 

nai than either of the to pronuclet in a diploid egg, 

&uetin and Bradefl (1955) have also reported the enlarged growth 

of a proft6letto W hen by £tsef in an eggo and have postulated 

competition between pronucisi for a cytoplasmic oubatrate fro* 

their observations on these and other abnormal eggs,*  

in eggs oontainzxig four or five pronuclei1  one pronuoleus 

probably the maU d the others female. One or more of the 
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female pronucloi inlet have possessed a hypo-haploid chromosome 

complement because there can be a maximum of only two haploid 

pronuclei from the second maturation division of the egg, Further,• 

one or more of these pronuclet inist possess no centriole as there 

are presiably only two in the egg, Neither a haplotd chromosome 

compl1fleflt nor a centriole are therefore qecéssàry for the foation 

of a prouucleus. The relative numbers of malt- 	cleats eggs 

of byper-diplod and triplot4 embryos at 31 da3 geétátióu 

very similar; the sub-pronuclei can apparently take part in 

Failure of one or more of the numerous pronlclei to 

idergo synga*y In y particular egg may result in that proi 

Aar 	nua syngamy with 'one of the blastomere140101ns  

the two.-celled egg, This may have been the method of origin 

of some of the 3j day old'-chromosome iüosaice, 

Rterpylpid development at .3 daa estatio, 

Many of the heteroploid embryos ware capable of developing 

to 3 days gestation i. But the c-mitoses observed in some embryos 

probeb3yicUcated an excessive treatment by colc1iicj, and may 

have been' due to the retention of free eo].chicine .s4ution in the 

reproductive tract of the mother* Ideally, the treatment 

required that all trace of the chemical ah4d be removed after 

affecting the atuat4on aptnd)e; this is afl. undoubted advantage 

of the heat-.treatueflt of eggs to iodiice triploidy ('isèhberg. 

1dcatti, l95a) 	Besideø this disadvantage coXchtclne 

treatment inX&v-c4 also suffered from the difficulty of access of 

the solution to the eggs, The heterogeneity in the distribution 

of heteroploid embryos between females,, and the effect of 

colahicine on the second maturation spindle of certain egge s, both 

I  siv 
4 1 V 
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indicated .the considerable possibilities of the method ttheu access 

aa achieved, 

Anaiyis of the cell. number of the embryos: nhoued that the 

effects of the oheical, were not profoid 	At çonc 

.000. lack of toxicity was combined with the capacity: to affect 

spindle of the egg, Addition. of colehicine to the sperm. 

before inaem tion also shoved that cone.,. 3110,000  was 

the tOde threho1d, Though no. heteroploida were found .after. 

in vitrp treatmeflt of, sperm,. some were presurnably  'induced but 

unrecognised; dUe' to the lack of dlaaai.fi.able i4toses. 

The numbers of .heterop1,od., emta'yos  ind'ced by the Injection ,  

cc lchiçine (l9& t. the higher conceutrations). iØ comparable 

..h the nuiber induced by beat-treatment of eggs in the fallopian 

,(Beatty and FscMerg, 1949,; Fohberg.andBeatty .1952a). 

hich. gave 15% heteropoid,, The temperature treatment was' ,.re 

ucceesful in inducing trp1oids as opposed to other types of 

eteroploidD for 1,9 out of the 26 heteroploids were trploid 

compare :20 oUt Of 43 betwee 1njectd; cones, .319,000  and 1/2b000) 

pctaneous he eroploida taken from 'silver' strain mice Coiitaifled 

t. least 26 tploi4s out 'of .41 heteroploids ('Beatty 'and .Fischberg 1  

, Colcbic.ne injection therefore gave less control than 

t-treatment over, the type of resA1tant ,heteroploidy 4  

The stage of development recbed by the trploid and 'tetra 

4 embryos sho*e4 some yariatton,.espeçielly the tetrapXoids , 

Majority of the trp1oida 1  two of the tetrapi.oids afld a1y 

r heteropIode wexe astocysts when Judged by Cell fluniber 

t observation of the morpho1ogcal stage, of deveiQpment Of 

embryo. was -not made;, instead the number  of blastocyste and 
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orulae. taken. from each feniale was noted, If all the embryos of 

particuar female were blastocysta, any polyploid from that 

must have reached that stage of differentiation, Judged 

this, method, at least four of the trplotde. and on.e tetraplotd 

blastocysts The mouse egg therefore resembles the amphibian 

1its capaàtty, to ,  differentiate to. thi3 level, before 

)moaome Unbalance ,tnterf ores With its development, 

Whereas the great ma3orty of the:  induced hyper-diplotd and 

triploid eggs succeeded ifl developing to uiorulae or blastocysts 

95% of the induced bap3.oids failed to.each these 'morphological 

stages, The other 5%p hoVeveis, were developing at almost the 

saab rate as the dip]óid controls,,' The defection of the mass 'of 

the.'haplolds poses the qiésttons of their disabiliti 'sad their 

fate, The number of few-celled unclassifiable embryos observed 

in the experiment was so low, that it cannot poibly have 

represented all,, of the iis sing haploide 	The death of the 

hapoids must have occurred at a very early stage of development,, 

The explanation for their absehae . at.3j days gestation is probably, 

that these embryos failed to cleave at all 0  or cleaved but once 

or twice,. Recent study .has. shown that many of the eggs, which 

possess a single pronueleus fail to Undergo their first cleavages 

Instead considerable fragmentation occurs in their ey?topla3*, 

The cause of the frag%eAta4on and death of the bap3.oids can 

scarcely be due to their chromosome co$plement 0  because those that 

do develop are quite normal, Death due tO poisoning by 

colohicifle a possible . but it would hardly see. to isxpUiU the 
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remarkable all-or-none effect on the development of the haploid 

eggs only, some other cause is presumably responsible for their 

decay 

The cause of the death of the majority of the haploids may 

be due to the possession .of an abnormal cytoplasmic or centriolar 

t, In the foUowing discussion reference to the can 

not exclude other cytoplasmic constituents. After the 

had dissolved the spindle of the egg, the chromosomes 

became arranged at the periphery of the egg due s  probably, to 

te in the cytoplasm of the unfertills,9d eggs  By the same 

oess, the egg centrioleø can be scattered 44larly0  Both 

centrioles and chromosomes can therefore be lost from or retained 

the egg. But the induction of haploid eggs is a more extreme 

ect on the egg than the induction of trploids: in the former 

the chromosomes are completely lost from the egg whereas they are 

scattered in the latter, Similarly,, loss of the 

a Occurs in moat haploids. Dissolution of the spindle can 

ult, thereforeo 14 the loss of the chromosomes q  the centriole,. 

both from the egg,, 

Baeed Upon these assumptions, a theoretical scheme of 

tion and development of colohicine-treated eggs can be 

ted, Eggs in which all the egg chromosomes are retained 

probably also retain their centriolar complement At 

tion, these eggs will possess a triploid chromosome 

and both egg and sperm Centrioles Apart from delay 

• for example s  to pronuclear growth in triploida being slower 

n in diplods, these eggs will cleave at the same rate as 

On the other hand eggs whih have lost all their 
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Chromosomes will. almost certainly have lost their contrioles j  At 

fertilisation these eggs will possess only the sperm cntriole, 

which are probably not sufficient to organise cleavage. Consequsi 

ly, at the first cleavage these eggs will fail to divide normally 

and1. either by the formation of mono centric spindles or due to 

some other failure will fragment and degenerate. if an egg 

which hS lost its chromosomes has retained its ceutriole 

however., cleavage and early development will be exactly the sa*e 

as diploids. To complete the picture, if an egg which retained 

all its chromosomes but lost its centrioles was fertiliaedp it 

too would fail to cleave; there is some evidence for this in the 

lower number of triploids found in. the 31 day squashes .than would 

be expected from the study of pronuclea 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 centriolea. An all-or-none effect 

depending on. the retention or loss of the egg dentriolej has been 

pout'4atod1 As.it stands*  the theory must be slightly modifted. 

because there are undoubted1y two centrioles in the eggs and only 

One of them: plus the sperm centriole b  is necessary for normal 

development (see p,6210)4 The theory in in opposition to results 

on amphibians where the sperm contains the celitriolee necessary 

for the developing embryo; and it also fails to explain why 

tripolar mitoses are not found in the trplOid embryos, CozLeidl 

able support for the theory is obtained from .the study of the 

developmental rate of .31 day old haploid5  diploid& and polyplod 

mouse embryos (p,181)  for these may all be cleaving at an equal 

rate Further support cones from the total abrence of 95% of 
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the haploide at 3k days de!elopment from the observation ofl ISynagenetic haploid embryos (p.209) #  and froxa the pArtheno genetic 

stimulation of the rabbjt egg (T4bau1t 1949). This evidence 

wiU be considered ,in detail later,:.... 

3idgd by the percentage of triploids developing at *,days:  

velopment, 60 of the animals born to injected mothern 1  should 

ye been tripioid but no triploid offspring were foun4. The 

c ratio was not different from a .I;i ratio; the alight Vxoess 

females was probably due to chance. All of the animals which 

ed1  either at or after births  appeared normal, Uflleas the 

iploids died between birth and maturity 9  the coichicine 

eatments have so far failed to produce any triploid offspring, 

UñfOrunateiy, the heteroploid embryos will, in almost every ,  

509 be present alongside diploid embryos in the uterus, Unless 

iploid embryos keep pace with diploid sibs in developmental 

te 9  their fate will quite possibly be death and resorption j 

8oe of tfè causes which. probably bring about delay in 

iploid development9  viz, delayed pronuclear growth, slower 

totic rate 9  multipolar spindles, and the toxic effect of the 

Ichicifle have been discussed, Some of the trp3.oida can e  

spite these d . rawbaoks# still show an equal or greater àoU, 

mber at 	days development than diploid sibs; the competition 

at such triplô&ds have to face probably comes later in 

velopment, Factors causing retarded triploid development in 

ter embryonic stages may be physiological (Fischberg and Beatty1  

51), morpiieogtca, or mechanical. It seems that, ufliess such 



diploid competition be almost or entirely eliminated froi triploid 

Idevelopments the nwaber of adult tr1ploids to be found will be 

extremely smal1 	Considerably. improved techniques yielding very 

high percentages of triploi4s appear to be necessary; the. 

tvitrq 

 

cultivation of freshly 0yulated eggs in colehicine before 

	

4lisation maybe the anewer, 	 . 

SUMUR 

After the cervical. ir4ection of cQlci4cize .solution af. 

various concentrations ito the Utezias of females immediately 

before natural mating, 90, of the resultant 3 day old embryoa 

were he'eropói4s, many at them..trLploids,, 

• 95% of the haploid egos ifl4'Uced by. this treament failed to 

develop to the . day. "bryon1c,stagO.• 

The toxic effect of colehicine on. emhryo4o. development was 

very- zneked above ineted .cflcentratton 1/9,000 by. Wei- 
1 ht,11  . 

The heteroplotd-inducing effect as greatest at concentration 

1/9Q00  and decreasd. in intensity. dom. to l/l.00,000 

Lower concentrat ons prol*bly had ,o effect, 

Tetrapjoid. triVIloides,adj. 4i4fted. by cell number alone.' 

hapotds ad various other .ehxomoaomal typep had all reached 

the b4stocyst stage of developrnent at-.1i days, 

Br . destroyiflg the wetun 	f the i.gg colohicine  

induced . hoteropZoid e taronic development with .chroosome:. 

coaplement ranging from androgenetic hap4d  to tniploid., 

Tetraploid and some mosaic development probably occurred ,by 

the action of the chemical on the first or one of . to 

subsequent cleavage 	. ... 	. 



6 4t. 
i7 mature offspring from females tihiCh •  had been treated by 

colo14ce tere examined chromosornaUy 0  All were diploid. 

Judged by the 3 day emwyoeI 60 of these offspring should 

have been triploid.. 	, 
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Text-fig, 1, Percentage of females with embz'yos, and the 
percentage of the total eggs' wbich. were embryos at 
3J days gestation after the injection of various 
coichicine concentrations at fertilisation* .  
Data taken from Table 4. 

Tetofig, 2 	Percentage of triploid and of heteroploid embryos 
Induced by various concentrations of colohicine, 
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The negative of Fig, 10 was retouched around the periphery of the 
embryo,. Figa 1  10..19 inclusive are from squashed -112  day old 
embryos,, Figai  2PwrU are from sectioned- eggs. Figs  23 is a living 
egg photographed under the phaè-contraatiieroscope, 

10, A highly retarded .3J day old embryo taken from a mother 
injected with colc1iicine of concentration 1J90001  x 350 4 . 

11, A 3J day old haploid blastocyst.. The mother was injected 
with coichicine concentration 1115,000, 	350,.. 

12. An embryo with a complement of between 46 and 48 chromosomes, 
There ie some contraction In the chroinatida of the lower 
mitosis, m 350, 
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13. Haploid chromosome complement in á equashed b1atocyst 
taken from a female injected with concentration 1/1000000 
x ZOO. 

15, AmitoØte of 46 •j 2.chromosomee i, The contracted chromatids  
are difficult to 'focus for photography, xi 2000 
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16, A triploid initàsia,, x 2000, 

.1. . grip of five t•ripioid mito sea in a aqua8hed ebryo;, 
some contraction is evident in two iitoeea,.. -The mother was 
injected with: concentration 1/10,000.: X 800 4; 

1$. Atetraplotd mitosis., x 2000. 
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194 A haploid/diploid mosaic taken from a female injected with 
concentration 1/30,000, x 800 

20,, Destruction of the SPIndle of the second maturation division  
after treatment by coichicine of eoneentrati.o 1/7500. 
The dads are moving along the rezanants of the spindle s  
xl000, 

Groupi of chromosomes scattered roufld the periphery of the 
unfert1ised egg after injection of coichicine concentration 
1/I0,000 into the mother, x 1000, 
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22a and b,,.. A single large pronucleua,dn an egg treated with 
oo1chicue eoncentration /75OO 	Two 
abnorina], second polar bodXes have been abstricted 
from the egg In Fig, 22b (lower plate) 1 	1000 
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2.. IPLOID! INDUCED AFTER PREV1OU8 
COLCcINB 	ION 

The *ethod generally. Used' to select oestrous females is the 

swear technique s . This LB not a perfect tool;'' jUdged. by 

nwabers of selected females which mated1  it gave about '%. 

see throughout previously-desoribed uporiulenta in which 

elchicifle. was tflected iflto the: uteru before mating (p, 21) 

eoessarii,y, therefore. certain of the ifljected f etmles, failed to 

'too and numbers of these mice aocum1ated, Some were injected 

aim (eco later), and, in torn, a residue of these tailed to 

after absequent in4OOt4P115 q:. Jo,  discover whether any, effect 

the injected cólchic$.ne réinsd in these mice, they were 

fuU-time *ith 	ales. and allowed to mate at wU.3 

t.matings, tberefoz'e:t these idee had been pre'V'iouely injected 

once or more with varic,uà coxo4clae concefltratiofls1, thC1gh 

were., injected at the time of mating itself,, Three aud'.a 

days after matisg# ,the tea1eo Were ,  i43Le4 and their embryos  

into qua8h reparatons for. chromosome counts; detaJ48 of 

technique have been givep on p, 6, 

RESILI!S, 

Twenty-four females .wer.e kil1e4; details of their fertility 

of the embryos recovered fo them ar& given in the first I'OW 

Table 7 Nineteen nicegave fertilized eggs 4  The numbers 

j
t eggs tertilised and embryonic developmeflt after fertilLsatton,: 

rare 5imilin" to tboe found after natur4 mating, But seven of 

the 72 ebO . examined ChrQoSO;1y were hetéroploid;. they 

Lprised three triploida, one hyper-.diploidiith 50 Cbromosoi*es,, 



ne probable haploid and two nioeaica, At least one of the 

~riploidaj, the hyper-4i1o5d, and a diploid-tetraploid mosaic were 

?].astocyst8. The number of hoteroploid ernbryoa was not sigflifica4_ 

different from the umber obtained after. natural matiAgo  but 

test was rather strict' because. of the high e.øtináté of 

ntaneOu heteroploida in the controls. If, in fact, the 

eroploidy was spontAneoutop though this is unlikely, it is a 

arkably high yield for such heterogeneous mice. For emple 

ohberg and Beatty (1952) discovered 0,4 of beteroploid embryos 

control matings; and in the controls 143eeted with. :aodtu* 

pride (p. al), no heteroploids were found out of 105 claasift-

a ernbryoø For oonvenienca0  mice which had beau previously 

ected with colchicie without having.. mated will be termed 

•residualtmic3, 

Efforts were made to induce the residual effect in, other 

females by controlled means #t Certain ,. f emales were Injected with 

various concentrations of colchicine (1/5,000 to )J15,000  by 

Lght) when they were definitely not in oestrous süd sited later. 

B classification of their embryos is shown .tn Tab).? 7, row 2. 

I. eleven mice had fertj],ieed eggs and two embryos were hetero-

id out of 29 c1wsfied, 	. 	 . 

The second method used to induce the residual effect was to 

joct through the cerviz ito the uterus a coichicine Colution 

to'
. 

o be to4.c to the gEtmetes 	. coflcentratiofl. of 1/ 0000 by 

was. selected, Oestt'oua females were' in3ectód  and thett. 

with a male for natural mating,0 	t was , latended that the 

contra ctiorw during mating the opening of the tubo-

J=ction# and the ascent of the sperm up the faUopjen 



tube would faCilitate the carriage of the coichicine solution, to 

the ovary., Contamination of the ovary may affect the maturation 

apindle of the eggs while still In foUiele1  reauit4.ng. . the 

ovulation of diploid or tetrapicid eggs on a later. oestru.a, This 	 LI 

actually amounted to in Vivo treatment of tie ovary while the  

• Ifemale was in. pseudopregnancy.ZoUowing *atingj,. At the end of 

pseudopregnazicy, the female was mated without further injection, 

and her embryos were examined at 3 days gestation as squash 

reparations 	Of the .27 feale :ie6te4 one :.gave birth to a 

itter which contained. two ycrun'g 	De'tai1sof. the others and of 

heir embryos are given in Table ? i'ow 3. No beteropl.oid 

iibryos were fonnd out of 35 Claesified, The oflly notable 

esut was the measure of infertility induced 4  some of the 

The irmethodused .toj'UduCa theres4uai. fe.ot waj by 

to iflticie a utthion'béneath'the  ovariafl 

r$u 'ónhe, ovary. 4 wide range of oflçe*tttion5 wa sed 

hoteroploid were fowd attei the subsequent mating of these 

Les;. i'stead a measure of infertility,wj' •induced Ar mt41g 

followed" the operation.. . 	 .. - 

Despite the: comparative failure to induce the' iduj effect 

other sea—A'ari,r esidual mice were used for three otier purposes. 

e of them 'were given further A#Iection  'ust before mating, 

are were i.n4eoted  after, mating; both of these types will be 

it with later. The third purpose was to allow some of these 

e5S which -had-vaiique gentic  z*eru to'es-thèir 

ring to maturtty,, The chromosome comp]ement oft the off 

counted 	cojiU'ctiva tissue pre cüituréd i thypØtC;,c 
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saline by the method öfBeatty (unpub]4.sbed), 

Twelve Utters were born, One of the* was obted by 

autopsy, but all the young were dead, Two other littea were 

eaten by their mother at birth; and one ]4tter was lost by 

accident, From the remaiflg stght Utters,, 49 offspring were 

obtained of which six were dead when first wen. The remaining 

43 were raised to maturity, the sex ratio being 25:18, This 

unequal ratio was due to one part euler litter. whXC. coflaisted of 

nine feiiaIes'A4dA'o'faalest thogh two other members of the same 

Utter wore eaten before being sexed 0  In the ehroi*o some co=ts 

one mizal was unclasstfible because the conjunctiva tisue waa 

lost from the slide during staining, another mouse died before 

examinations  all of the 41 others were 4ploid 0  No heteroploid 

mitoses were seen.. Except for three of theSe mice where 5#  4  

and 1 mitosis respectively were counted ten clear mitoses were 

used for each classification, No abnormal gene dosage effects 

were seen, 

Reneated iiAekJ&PAgS . of aqchia ie .into the utera, 

When they came into oestrus,, colehicine was 414ected  into the 

uterus of Certain residual females and they were paired with males 

tor mating, The intention of the treatment was t wofo]id 	First, 

to combine the 'residuals effect with the acto of colchicins on 

the pzetes (p, 21) and increase the yield of heteroploidy; 

second to teat whether the cpabl.fltio of the two methods 

Induced more complex betoroplotdy for eamp3.o heza$.oidy. 

Injected conoentratiofla were between 1/9000 and 1/151,000, 

The results found in 3J day old scuaohed embryos are given in 



M  

Table S. The number of females with embryos and the number 

of embryos per female,, were lower than that of residual females orl  

of dnce-!iüjeâted females (p, 26), Forty—five embryos were 

classifiable, of which five were heteroploid No triplol4s were 

found and apart from one embryo which possessed a mitosis of 

69 ± 2 chromosomes1 no heteroploids occurred which were qualita' 

different from those produced by either the tnection method or 

the residual method alone. 

The Mean ;cell n'iber of aU embryos and of th dtpl4d 

embryos are given  for each 'concentration i. Table 84,  The means 

were similar to those of ccfltl embryos, but the high standard 

error at conc. 1/1D00O was-due largely to four embi7os each of 

which possessed 10 wLelei or Less 	Apart from theee embryonic 

4evelopnont appeared to be normal, The flumber of cells in the 

various types of heteroptoid and a comparison vith diploid Cell 

numbere* will be given separately, 

i+4r 	 ,.i,tt, yrm 	i4 + 	4r'1 m4t' 

Seven fqmalep..from a.]iue of nice électedfor a high 

incidence of spontaneous heteropl odidy in 	day old embr-roa 

(Beatty end Fiscbbsrg, 1951; Beatty, 1954) were used for 

colobicine in4ecttons, These mice containod the 1 sjlvert factor 

which is responsible for or related to the origin of spofltaneoue 

hetero,ploidy (Beatty,  & Fischberg, 1951),  Combination of the 

effect of the 'silver' factor with colohicine 143ection was 

intended to raise the Incidence of triploidy, The chromosome 

complement of the mature offspring of these mothers was counted in 

conUnctiva tiste which had been ou1tured in lipotonic saline by 
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the method of Beatty (pubUsbod) • 

It' was ttended to inject co3chióie into the uterus of 

oéstróus tStler* feaIeo just before mating. Difficulties were 

encountered iii tracing the oestrous cycle of these females by the 

vag1 

 

smeartechniquei , but despite this eight matings following 

inJection were obtaifled. Only two of those matings produced 

Jitters#  one of bur and the Other of two young, Subsequently the 

aUver' females were 'Placed full-tine with a male to make use of 

nçy residual effect indtced by the previous injections. Five 

littera were obtained in this manner, Details of the females and 

of their offspritg wore:- 

Injected 
coichicime Reithiwl 

unber of females injected 

Umber f, litters. 	
0 	 ' 	 2 

Litt6r. s lost through miscarre  

rota 
mber of offspring 	 6 

Sex ratio 	" ' ' 	.. 	 4:2 	ID 

'Chromosome. ,clasifoat1ofl of offspring: 

No itoaeø 	 1 	2 
Material lost from slide 	 . 	2 

After the ex4iition of their offprin the ' seven" silver' 

wore rewated and tilled 	days later, Squash preparaUcas 

were made of their embryos 4  Results are given in Table 7i  row  4 

One of the females had not ovu.3.ated* three others possessed only 

unfert.lteed eggs, The other three femalesgave 13 embryos 32 

of which were morulac, Nine squashed embryos had no Mltosesf.  

Lhr *ere. diploid one was a. tetraploid, whether the tetraploid 

,as spontaneous or residual is con3ectural., 
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DISCUSSION 

The Small percentage of heteroploidy induced in residual 

ales occurred at periods of iito3 weeks after the previous  

ehicine injection. It seems unlikely that co].ohicine remained 

the fallopian tube or beneath the ovarian capsule for this 

.gth of tine; the chemical may have beefl absorbed in the blood 

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

the blood. Austin and Braden (1954) reported second polar 

y suppression after intraperltoneal injections of coichicine 

o female rate; but t  as these workers injected coichicine 

ediately after mating, the injected chemical could have affected 

eggs directly or via the bloodstream. 

Of the beterop1oide t.riploids occurred in the largest 

here. This evidence 1  together with the induction of a haploid 

z'yo., suggests that the second maturation spindle of the, egg may 

o been damaged in a a(11.sr  manner to that caused by the 

ection of oolchicine into the uterus before mating (p, 21) 4  

time available to affect the second maturation spindle of the 

is limited to between the coapletion of the first maturation 

ision and the extrusion of the second polar body, Xf 

fjciont colchicine remained in the femaleø to affect the 

ecoud maturation spindle it could also affect the first 

aturation spindle of the egg., or both Destruction of both 

pindles could result in the ovulation of tetraploid eggs; 

ostriction of the first spindle only could result in diploid eggs, 

t fertilisation, the embryos would thee be pentaploid or trplod, 

uppression of the first maturation division would result in 
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triploide which were genetically distinct from those caused by 

sing the second maturation division, In the triploids 

sing by the former method, the complete heterozygosity of the 

would be retained in the secondary oocyte the only loan 

heterozygosity Would be by the chance segregation of Similar 

over segments into the second polar body. In contrast to 

p suppression of the second maturation would retain only that 

ty caused by odd-numbered cross overa from the 

in the first maturation division, Residual triploids 

may therefore be of a different origin genetically than those 

produced by treatment of the gametes at fertilisation by heat. 

treatment (Fischberg and Beatty 1952) or by coichicirte (p, 21),. 

Judged by the number of embryos vthich were triplotd at 3 

gestation, 4 of the 96 mature offspring of I ailvert or non-

silver' mothers should have been triploici, The absence of 

ttwe triploid offspring may have been due to chance or to 

death in uterus or after birth *  The possibility of uterine 

competition between diploid and trip3.otd embryos, reu3.ting in the 

death of the latter has been discussed previously (P o  56) 4  

chromosome counts are the primary evidenCe for assessing 

ploidy, observation of a disturbed sex ratio in the offspring of 

treated mothers may be of considerable importance in. heteroploidy-

inducing experiments, After attempts to cause polar body suppres 

ton in the egg1  an excess of female offspring is very euggestivej 

any induced triploids would possess two X chromosoos from the 

egg1 and may be biassed towards femaleness whether they receive 

an it or a! chromosome from the sperm, One female gave a 



litter of nine females and no males; her subsequent litters had al 

iltl sex ratio, The femaleness of the first litter may have bean 

due to an influence of residual c03.ckLtcine1. the i4fluence having 

been lost by the tine of conception of subsequent litters,. But 

the diploidy of the offspring suggests that it was merely a 

chance result s  

UR 4 . 

•3 	Females which were mated several days after receiving an 

,intra-uterine • ifl$ectlon of .eo3.chicine yielded some' hetero 

• .• 	embryos at ,3W clsya gestation, 'About 10 of the, embryos 

were beteroplod1 t rtpioida being the most nuneous. 

2'., Attempts. to produce the same phenomenon by other 

.experimental  procedures did ot succed, 

• 	 Chromosome counts. on the mature offspring of these females  

• , .• 	•. •, showed that no heterop].oicb bad. dveoped to znaturty,,,. 
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I In5eoted  (probably more than once) when on a previous ocatrous, now naturally mated. 
II Injected when not en oestrous, now naturally mated. 

III Injected once, with 1/5000 or 3/7500 colchicine when on oeatrous, now naturally mated. 
IV 'Silver' mice injected (probably more than once) when on oeztrous, now naturally mated. 
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5 	THE INDUCTION OF ETRAPOID!. 

The destruction of the spindle of the second maturation 

divisior, of the egg by coichicirie may cause all the maternal 

chromosomes to be retained 14 the egg at fertiLtaatioj. Such an 

egg may then develop as a triploid (p 49) 	f the apindle of 

the first cleavage division. of the egg can be destroyed 14 a 

imi1r manner1  the first cleavage may be suppressed, * . Retention 

in one cell of the two diploid chromosome sets ou this spindle may 

cause further development of the egg to be tetraploid 

Pincus and Waddington (1939) subjected pronueleate rabbit 

eggs to siipraflormal temperatero 1  or to dilute solutions of 

alcohol, ether, or colohiotne in vi1ro 	Ether and hyperthermia 

resulted in 2 or 4-coiled tetraploid embryos; after aolcI4cito 

treatment eay one-celled tetraploi4a mere discovered 	Beatty 

and Fischberg (1932) subjected roxk*cleate mouse eggs to heat j. 

ivo-and emthed the treated eàs  at i' days gestation*. Of 

twelve heteroploid embryos discovered by these authors p at least 

seven were tetra.ploid, In the following work, the liductioA of 

tetraploidy in the mouae 	scU1 has been attempted by 

eub3octhig pronucleate eggs to coichicino in vivo. A short 

report of the work baa beèn published (Edwardsj t954): 

4ERIAL AND JfETROD8 

At, the time of the' first Cleavage., the. mouse egg is in the 

eoxd loop of the fallopi3n tzbe (Lewis and Wright. ]93) 	The 

of tha tube hinders, access. of a. .solution to the egga 

Two methods of approach Were used. to' reach the faUopaa tbea, 



One was via the cervix into the uterus; the technique was similar 

to that described for the injection of colohicine into the uterus 

before mating (p. 23) 	The second approach was by the injection 

of colchicine solution beneath the ovarian capsule4 injections 

were carried out about 15 hours after mating,  when the eggs were 

still in the pronuc].ear stage 

The vaginal plug persists for various periods after mating 

and ifl action via the cervix oftet necessitated it riniova]. before 

treatment s  Leakage of the injected solution from the uterus was 

of tan pronounced; in several cases all the in3 acted solution was 

Immediately ejected. Xi aery emall vaginal plug remained over 

the cerviz only, có3.chictne was injected through the plug, and 

the solution was retained more successfully. Care was necessary 

when injecting through the plug because of damage to the femalep  

and no attempt was made to inject through large plugs. The 

pressure of the injected solution in the uterus was intended, to 

cause a flow of colebicifle up the fallopian tube to the eggs, 

Injection beneath the ovarian capsule was intended to cause 

a flow of eolchiciue down the fallopian tube to the eggs, Fema 

were anaesthetised ith'ether and eiaU incisions made in their 

dorsal body wall, The ovaries and capsules were drawn through 

the incisions, and enough colchicie was injected to cause a elighi 

distension of the capsule- 4  Leakage sometimes occurred from the 

capsule. Replacement of the ovaries and capsules# and sewing the 

body wall, completed the operation. 

Cocetrationa of colchicir*e (by weight) used in the two 

'experiments were via the cerviX, 112,090  to 1/9000;. via the 
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capsule,: 1/1 1000 to 1/40000, Inections via the. cervix 

carried out on normal and residual females (see. p. 6), ouly 

1 females, were, inècted via the ovarian capsule 	Three 

es were injected cervically with 0.75% sodium chloride 

to serve as controls, 

Results are given in. .det*il In Table 9, figures for. norm 

z'esidu4 iee being given eparate1y, The three form ..mice 

were injeoted. With 0 ,75%sal.tX.e showed. ,no effects of the 

ea.tment, M:ter the injection of higher,concentratioho of 

Achicinet occasional females suffered f ra the treatment; six 

Wei..4OVincluded in the Table1  h4 to be id.Ued a few hours after 

e in.jeótiàt 

The fertility of the injected mice was compared with that of 

,rmal and residual mice after natural mating, Both types of 

ijocted lice, ehoued decreased fertility;, the nUiber of temaes 

ith embryos  and the numbers of embryos o1$o3fled. werö both tier 

ian in controls* especially at the higher concentrations, 

aalysis of the nu*.bere of enbryos within females with embryos 

dicated,. bovzever, that the normal mice ware similar to tr. 

,ntro1s, wI4le residual mice were less ferti.e than their .coztro1 

ii may ropreent a greater sensitivity to 001ohicifle of mice 

treated 'with i.t 

The mean cell number of the embryos showed that the treatment 

etarded embryoc development; many embryos had very few calls 

t the higher concentrations, But the variable ucçØss of the 
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technique led to many nice being relatively untreated;. their 

had aiuiiii.ar dell ni.zmberø to controls and influenced the 

at each concentration, The percentage of the total ernbryo 

were blatócyats' was lower than in controls, but was an 

in guide to the effect of the treatment on development. 

A few heteroploids were iflduced; these were mainly 

24) or diploid/tetraploid o àaica, Prun3ably the latter 

ose by an effect of the chemical on a blastomere in a later 

wage than the fi±st 0, From the residuäl mice 9  one triplàid 

one haplo.d/diplOid niosaC were recoveredo  The trp].oid was 

certainly retdual; the mosaic was probably a residual 

which became partially doubled to diploid on a second or a 

cleavage. Two hypo-diploids were also foun, Though, the 

of hetéropl,ol4s vas not significantly dfferent from the 

fl, 06ntrbls t, the treatment was preaw bly rosposible for 

the beteroploidy, The c-mitoaee found ir: both 4ploids and 

tótra3.otds (Fig 25) .  indicated that colohicine was cti2 present 

In many embpyoe, •. 

•___i. 	... 

Detailed results of the e rimettt are given, in Table 10, 

Three colohicine concentrations 9  10,000 1/2000, and 1/4,000  

vere used9  eight females being in4ected at each coacentration, 

One mouse9  not included in the Table' 	to be lc&Ued shortly 

after the operation, The number of females with embryos and 

the uber of embryos per female 9  declined with increasing 

colohici.ne concefltrátion, At the highoBt coflcentrationp for 

ewmp1e only half of the operated females had eibz'yoa and the 

numbers of embryos in these f emalea was only one-half of those in 
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• ontrol females.,  

The mean fluaber of nuel4 in the embryos dsc1.3ed With 

icreasing cichicine. concefltratiofl (Table 10); no blatöcyts 

re recovered at the highest,. Some embryos had escaped the 

mplete trea nt hoover, and had fairly high cell numbers; 

were restricted to the second or third cleavage by the 

Two t'etrap1oid embryos were fouh, (Fig. 26); both' were taken 

the s'' ee óter treated With conc, 2bOO, At thearne 

[coefltrattOfl U Other cias6ifi4ble embryos wee djpldd 

ddttiofl* the nine embryos classifiable, at C046*,1/l40OO, and the 

4 at  I/4000 were at A014. C-mitoses were often seen p and 

ccumulation of 'mitoses had occurred ui both tetraplid e3 (Fig, 26), 

The cell number of the heteroploida resulting from both 

methods of in4ectton, and a coparisozt with diploida1 will be 

given later, 

1)ISCUSSXON 

Embryos. with tetráplid mitoses 'occurred after both treatments 

some of these embryos also had diploid mitoaea1 and were certainly 

mosaic; others had large numbers of tetraplótd itoae$ oi1.y and 

were probably uniform, Tetraploid cells presumably arose by the 

sppresston. of a diploid cell duvision, Babryoolwhich were 

wholly tetraploid must have been affected .t a. very early 

cleavage, and i ost the first cleavage was probably suppressed, 

The mosaics *Uat have been affected ia. the seeod cleavage at the-

earliest; the affected blastomere giving rise to the to trap ULA 

ineage, the unaffected blastomere producing the diploid lineage. 
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Sufficient coichicine gust either have been absorbed by theSe 

lembryosp or enough chemical must have remained in the confine of 

the faUopiaz tube, to cause this effect on the later cleavages. 

The presence of eamitosee in 3j day old embryos which are under-

going their aixth cleavage also indicated the presence of excess 

colohicine. 

The stage of differentiation of each embryo was not noted; 

instead, the number of blasto cysts and rnorulae taken from each 

female was recorded The embryos of one female were all blasto-

cysts, and as they included-one diploi/tetraplod mosaic s  the 

mosaic complement had not upset differentiation to this stage, 

The stage of differentiation of the other heterop.toids can only be 

udgsd from their cell numbers; with the exception of three of 

the tetraploids. and the hypo-diploid, all of them would be 

blastocyt, In addition to the number of chromosomes, the 

of centrio].ew may have also boon doubled at the first 

cleavage, But, except in the hypo-diploid and in the multiform 

mosaics  no non-euploid mitoses were found, Centromere function 

was therefore apparently undisturbed by the chromosome doubling; 

if the number of centromeree was doubled 1  a regulating mechanism 

must have operated on them to prevent the formation of multipolar 

spifldle. 

Meat treatment of eggs at the time of the first cleavage 

(Beatty and Fischberg 1  1952) yielded approximately the same amount 

of heterop3.oidy as did the higher concentrations of colehicifle In 

the present experiment. Of the twelve heteroploids found by 

Beatty and FisOberg# seven were tatraploid and three near-

tetrap4d, Aster coichicixie treatment 1  five of the eleven 
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ids were tetrapioid and four were euplod mosaics; 

heteroploidy by hyperthermia was therefore more 

tetrap].oid than that induced by coichine, The difficulty 

to both methods is that the first cleavage in differe*t 

occurs over a wide period (Lewis and Wright., 19351 Gresson, 

; and see p. 12).. Beatty and Fischberg heated the egg for 

ye minutes.; the treatment would presumably affect all the eggs 

were susceptible at the tize of heating, In contrast 

would be less likely to reach the egg in the faliopian 

t once there it would probably exert its influence over 

long period*  The euploid mosaics; for exap1o1  mnst have been 

fected by the chemical at the second or a later cleavage, By 

to better access to and easier removal from the eggst heat 

tment therefore gave amore consistent result tha; did 

By its effect on the second maturatio divisions  colohicine 

d all gradation of heteroploids between haploid and 

$4(see p  41) . The action of co1ciicifle on the eggs of 

a1 mice was, probably similar (p 68),. .f the chemical also 

seed the first cleavage of those eggs* the heteroploid 

now range from diploid to bexapXoi4. The cUploids would 

unidentifiable from normal untreated eggs except perhapap for 

possession of a low naber of ce,1s4 If the second action 

öo3.chieirie was delayed until the second or a later cleavage s  

range of *oeaicisa would be from haploid/diploid to tnip].oidJ 

id, The former, was induced deLiberately In the present 

by injecting residual mice with coichicine after 

ting, ad it has also occurred by chanCe following colehicine 



ectin before mating (p. 29). More complex moftice have not 

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

mosaics must be very alight Indeed, 

SUMMARY 

* Various concentrations of colehicine dissolved in 0.75%  aline 

were Injected either into the uterus via the cervix or 

beneath the ovarian capsule about 15 hours after mating1  

The co1ohicne was Intended to reach the fallopian tube and 

suppress the first cleavage of the egg 1  

Tetraploida.i diploid/tetraploid mosaics and other hetero-

ploida were found in low numbers at 34 days gestatiou High 

concentrations of coichicifle adversely affected embryonic 

development 

Some colehicine was probably retained within the Con! ines of 

the fallopian tube or In the embryos#  and affected later 

cleavages in addition to the first, 

Judged by their number of cells# some tetraploida were 

blastysts. 
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The negative of rig,, 2: 	siightiy: retoichéd around the 
periphery of the embryo,. 

24. A tetraploLd mitosis in an embryo taken- fro.mCia mother 
Injected via ,the cervix with colchictne concentration 1/3,500. 
Squash preparation x 2000 6  

25, A contraóted diploid mitosis in an•ewbryo taken, from a 
mother injeàted with concentration 1/9000. Squash 
preparation x 2000 

26 A tetraploid embryo-taken from a female injected beneath 
the ovarian capsule 'vith concentration 1/2000, Squash 
preparation x30. - 
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CHAPTER Iii., 

21E. EPEEIMF4TAL INDUCTION OF NOGENESISIN THE MOUSE 

.

E• INTRODUCTION. 

Parthenogenetic embryOs develop from Only one of the two 

usually the egg. Thelapetus given to the egg to 

commence development may occur naturally as in many insect 

it may be experimentally applied. The experimental stimuli 

be classified into two groups. The first group includes tho 

directly to the egg; they tnitiate development without the 

resenco of a spermatozoon. This type of development can be 

onsidered as 'true' parthenogenesis, In the second group, the 

timulus to the egg  is by fertilisation with a pro-treated sperm, 

he treatment of the sperm preventing the male chromatin •frá 

in embryonic development. This type of development is 

The induction Of true parthenogenesis therefore 

tatee treatment of the egg, the induction of gyuogenesis 

the pre-fertilisation treatment of the sperm 

The present study is devoted to the induction of gynogenesie 

a mnmmi1  viz, the mouse muscu1us in maflmala,, knowledge 

the treatments which induce parthenogenesis has considerably 

in recent years (Pincus, 1939; Thibault, 19691 Chang, 

Austin & Braden ,.1954) 6  Less work has been reported an 

induction of gynogenesie in mammals.. In the amphibians, 

• considerable information is available on experimentally.' 

gynogenesis (see the review.-, by Fankbauser, 194;. Briggs, 

Drebinger, 1951), Several of the sperm treatments used 

these writers have been adapted for the present investigation. 



The original experiments in this field were reported in 1911 

by O Rertwig 0  He and his collaborators noted that 1  after 

to dosages of radium irradiation on the sperm , embryonic 

development was very abortive. If the dosage was iucreased 

embryonic development improved until, at high dooages1 it was 

almost norma1, The return to normal development after high 

dosages he termed the 'paradoxical effect' • To explain this 

effeet# Hertwig suggested that the moderate dosages had injured 

the sperm chroatin 9  whereas the high dosages had completely 

inactivated it. The injured obroraatin contributed to the embryo 

but disorganised development s  The inactivated chromatin took no 

part in dsve1epuaen, however 1  and the embryos contained only the 

haploid set of maternal chromosomes, flaploid developmentp 

inheriting no encumbrance from the treated sperm, was similar to 

development until advanced larval stages, 

This hypothesis has since been substantially confirmed., In  

terms of modern genetics the explanation of the 'paradoxical 

effect' s  or as it is now termed the Rètwig phenomenèflp is that 

dosages of irradiation induce lethal mutations or atructural 

alterations in the sperm chromosomes. The induced genetic 

damage then adversely affects embrronje development4 High 

dosages completely inactivate the sperm chromosomes as suggested 

by Hertwig0  and there is no lethal effect of the sperm chromatin 

on the resulting haploid gynogenetto development. Since its 

discovery subsequent 'investigators using other treatments on the 

sperm have also reported finding a Hertwig phenomenon. 

Other treatments used to inactivate the chromatin of "Phi 

sperm before fert,ilisatiôn have included the use of X—rays (Daloq 



& S$.*on, 1931;. Rughj 1939) which showed a clear Hertwig 

phenomenon .(Rugh,. 1939), trypaulavine (Hertwig, 1926); u1tra 

violet (Daic and Simon 1931) which showed a clear }Iertwig 

toluidine blue (Briggap 1952); and nitrogen-mustard 

1951) j, The haploid gynogononeø induced were able to 

advanced. stages of. morphogenesis (Fankhauaer1 1945) 

In the.m simmals there is no evidence of gynogenetic 

early cleavage 1  irradiation of rabbit sperm in. vi4r4, by 

affected the pronuclear stages and the first cleavage. 

(Pincua and En.zlilann 1  1936) • in a similar ezperiment, Beatty and 

Selman ;(unpubliahed). detected no haploids in %& day old rabbit 

bryos. X-irradiation of rabbit sperm in vitro over a rangeof 

sages. up to 10,0.0000r by Amoroso and Parkee (1947) induced 

severe abnormality at syngay and early o1eavage 

though .gynogenetic development of the egg was not induced by the 

treatmènt . Pincus (1939) induced the gynogenetc development of 

a rabbit egg to. the 8ieUed stage after fertiuistiox&.,th rat 

sperm. Thibault (1949) inseminated sheep with trypalavine.- 

ted. spermatozoa but though observing spindle, rotatIon in the 

inducd nether pronucleus. formation nor gynogeñetic 

A number of haploid mouse embryos have been reported from 

experiments '.They occurred as advanced :nrulae or as 

blastocysts from three sources from a line of mice selected for 

a 'high incidence of spontaneous heteroploid embryos (Beatty and 

go 1951a)'(Beatty, 1954);. after heat-treatment of newly 

fertilised 'eggs in the fallopian tubes (Fsehberg and Beatty .1952a) 

auter co1chicie treatment of the gametes at fsrtt1isatio.. 



(see pp,21 & 62).  In all cases the haploid embryos were produced 

association with tripioids 

Four of the opei trésthents. which induce gynogenesis in the 

bian egg have been used on the mouse1 	nUSCUIUS 	They 

two irrAdition8, ultra—violet and X—rays; and two 

chemicals1  trypafiavine and toluidine blue, in dditiou: 

and ultra—violet were dombined in one experi*ent, 

it1P rat or rabbit. sperm was itiaeminated into mouse females; 

was a variation of the experiments of Fincus (199), A 

report of the'experikents has been published (Edwards, 1954). 

piE PBES1TATION OF THE RESULTS 

The method of presentation of the results obtained after the 

various sperm treatments will be standardised, This will simplify 

perusal of the different criteria, and permit direCt comparison 

between the effects of the different treatments, The baâis of 

the work was observatiOn at 3 days gestation after the 

insemination of the treated sperms  Earlier embryos were examined 

at fertileatton and the first cleavage s  Other embryos were 

allowed to develop beyond 	days gestation; these were etned 

after implantation or at and after birth, often with the aid of 

marker genes *  The programme of investigation was carried out in 

entirety after moats  but not all of the sperm treatments. The 

results will be presented in the order that they were experimental]. 

Obtained ,e. in the order just described, 

Presentation will be under the following headings:. 

1, The effect of the treatment on sperm motility, 

:24 Results at. 3 days gestatiofli 



Ma3yai of the fertility of the artifictally 

insemjated femalo, 	S  

Analysis of the numbera of embryos and unfertilised 

eggs obtained 	 .• 

from 'all female 	 .. . ... 

fr 	eales which produced.one or more emyqa. 

C) Analysis . -of the morphologieal stage and number of 

nuc1e.of the embryos,. 

.;.d)ChroOsome couritaof the embryos. 	. 

	

• •. e) Cytolog.ca1 observations on the embryos, 	.. . . 

3. . Observations at ferti2jsation and the first cieae 

a} 8perii entry and ,portucleiaa. formation. 

b) .Synguy., nd the first, cleavage,. 	. 

.Obg.eratiois at implantation, birth and maturtty. 

a) bçnUherof.oco'pied.plaCentae, .•,.. 

b). The nwn 5ber. Of Off8priAg,. 	. 	.•• 	. 

Ober'vatIons on the genetic markersj and . other 

• .., 	geetic .00atione 	•• . 
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L. ULTBA.-VZOLET IRRADIATION OF THE SPERM. 

INTRODUCiION. 

The effect of the ultra—violet irradiation of rabbit sperm on 

fertilisation and the first cleavage was reported by Pincus and 

Enzmann (1936), They used a lap giving an output of 37 ergs/ 

After irradiatioz times of one and of Live minute,. they 

rioted degeneration of the sperm chromatin#  and irregular and 

delayed first cleavage, Beatty and Selman (unpublished) noted 

the retarded development of some 5j day old embryos after ultra-

violet irradiation of rabbit sperm, but found no haploid or 

heteroploid embryos,, 

In the experimental results which follow s  the effects on 

embryonic development following ultra—violet irradiation in vitro 

of the sperm of the mouse* 	musculus have been investigated, 

Treatment of mouse sperm in yitro by ultra—violet necessitated 

the artificial ien$nation of the treated sperml details of 

this technique have been given on p, 4 , 

MATERIAL AND METHODS., 	 S  

£ precaution was necessary in selecting the mouse strains to 

be used in the experiment, The mating of mice carrying the factor 

'silver', orthocrossing of mice of Widely different strains, are 

known to give an incidence of spontareous1y heteroploid embryos at 

3 days gestation '(Beatty and Fisich'bergi 191a; Fichberg and 

Beatty, 1952b) • Care was taken to avoid the incidence of 

spontaneous heteroploidy, 
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tra-violet irradiation of tbeperm, 

I 

 

Details of the artificial insemination technique have been 

given on p 4. Sperm were excised from the vas deferenO into 

11,25 ml, of 0,75% saline; usually between four and seven bucko 

provided a sufficiently dense sperm sample. The depth of the 

sample was Approiate1y 2 apj ,  it was placed .fl the centre of the 

'area illuminated byultra-violet for the required ti 	then 

inseminated into oestrous females* A sperm sample So obtained 

nd 

 

treated is referred to as one sperm treatment in the tables of 

result4 several such treatments were made at each dosage level 

(Table ii) , The sperm was eamineduider the 	(x so) 

before and after the irradiation, and after the last f en'e had 

bdea inseminated,. At each exani*tatión, the activity and density 

were estinated 'by sye 

The source of the ultraviolet irradiation was an Osram 125 

rwatt'mercury vapoUr la typS MB/V, Xt wa houBed' in a container 

next to an' aluzainised' mirz'or ' The mirror refleOted the 'light 

• through a fused quartz lens Which concentrated the bOarn ,ofl a 

1.iuiited area 	Little loss of light of wavelength' 2600A occurred 

this o13'uCtiofl The iTh*iMted area receiiéd radiant 

ener 	t a rate of , 7 x. 10 erg/m/aecofld between wavelengthz 

2100* ad 20A 'The spectral distribution of the la is 'shown 

iin Text-fig, 3; the ma$ium 'output coincided very closely. with 

tho absorption maad=m for nucleic acid,  

Treatment - of the sperm 
I

was for various times bétwèén 15 

• second8 and 3C 'niinites, ' 30 minutes irradatton co3T65ponded to 

"t6'Jou1es per sq. cm,' on the srfae of the aer ;8uénsibn ifl 

the 'ta'b1e and figuras given laterp dosage amounte will be given 



jin terms of exposure time. 

Embryos were exomined at various ages after ferti1isation 

methods of examination in experimental and not developmental 

orders  werel 

At this stage of development, t 

embryos can be easily obtained by gently passing a current of 

saline through each uterine horn., Details of the recovery, 

squashing, staining 1  and examination of these embryos have been 

given previously (see p 6) 

The 

entire fallopian tube of the mouse is of a convenient øio to 

handle for sectioning, It was removed containing eggs of the 

required age and sectioned at IOu thickness Details of the 

sectioning1  staining1  and examination of these eggs have been 

given previously (see p. 7), 

Examination for 

implantation sites was at first planned to coincide with the 

depotfl of eye pigment in the embryos 1  which Is first o 

about 12 days gestation, To allow for any delayed development 

*bnormal embryosi examination was delayed to 13 days. But as 

results nocuxnulated 1  it became clear that very few of the embryos 

would : reach this stage of developments  Accordinglyo examination 

for placentas was made at earlier times 1  some examinations being 

at 10 days gestation, others at six or seven days when the 

tae is merely 1cnotlike, In four cases, examination was 

Lde at 4 days to make certain of development beyond the 3* day 



stage 1  apart from these, two other mice were examined, at 1 3 

16 days respectively1 Thee females had been intended to carry 

their embryos to term s  but they were obviously not pregnant when 

killed 	Where possible t  females which had been inseminated with 

treated sperm and which had been allowed to carry their embryos t 

term were killed when it was apparent that no young would be born 

These females were checked for the presence or absence of 

placentae 

Examination for births was made as carefully as possible 

the expected time of arrival s  Genetic markers were present in 

maity females and in the sperm samples to ascertain the origin of 

the offspring,,, The markers were planned so that the inseminated 

female was homozygous for a gene for pink-coloured eyes (e,g, any 

one of the genes Valbinot, 'pink-eyes, 'pallid'); the male was 

homozygous for the dominant normal eye-coloured allele, If the 

sperm chromatin had been inactivated by the treatment D  the pink 

eye of the female's recessive gene would appear in the offspring, 

If the sperm chromatin had not been inactivated, and had therefor 

contributed to development of.the embryo s  the eye colour would be 

formal black, Various other recessives ( e, g Iwaved2 tdilut& 

'brown' • etc.) were also homozygous in some of these females, and 

provided a similar test s  To ensure that the sperm samplea were 

homozygous for the dominant markers,, males of inbred lines CSA an 

C311 were used as sperm donors. 

RESULTS. 

JA  The effet of ultra.-violet on sperm moility. 

Low dosages had little apparent effect on sperm motiity 

but effects were noted after two minutes exposure and above, 



activity declined,, and occasionally the sperm exhibited a shaking 

or shuddering movement instead of the normal action. These 

effects became morel pronounced with increase dosggej at the high 

dosages some of the sperm was ,observed to be motionless, At the 

two highe3t dosages; (20 and 30 yaini.ttee exposure) the activity of 

the sperm was greatly reduced in four of the five samples;. the 

fiftki being ieee affected. 	Where only a proportion of the spe. 

in a ample was affeotedp the affected sperm may have been that 

which had been swimming near the surface of the suspension, Due 

to the low penetrating power of ultra..violet lightt. sprm in the 

lower layers of the salinex may not have been. so  heavily treated 

and so retained their activity, 

2.. Results at3. devs gestation. 

• Detailed results of the females used, the embryos obtained 

and the chromosome ..countØ and mean cell numbers of the embryos 

are given in Table U, Ezposuré tines were between and 30 

minutes several samples of sperm were treated at each dosage. 

4a3sin of the fertility of the inset' ted 	 I 
The controls of the artificial insemination technique yielded 

33 out of 47Teinales possessing one or more embryos at 3j days 

gestation, or 70.2% of the females inseminated, After ultra' 

violet irradiation of the sperm 0  the percentage of females with 

embryos was lower than the control figure especially after the 

longest exposure, Lower eposures did not excessively depree 

fertility, Because embryofliC development was often very 

retarded after irradiation some embryos may easily have been 

overlooked at X  days gestation; the percentage of inseminated 



females which possessed embryos must therefore be considered as 

the minimum. 

At 3* days gestation, normal untreated embryos are advanced 

morulae or early blastocystsj Unfertilised eggs, which are the 

same size as the embryos, usually burst open and disintegrate 

when fixed in acetocazinine 	Unfortunately, not all tinfertilteed 

eggs can be seen 3* days after mating beçaupe some have previously 

cytolisod, Consequently the comparison between the numbers of 

embryos and unfertilised eggs is biassed In favour of the embryos, 

The percentage of the total eggs which were embryos was calculated, 

Results are given in Table 11 0  the analyeiO having been made first 

on all eggs and second only on the eggs taken from females with 

embryos,, The percentage was consistently lower than that in 

controls; bat within the experiment the percentage was maintained 

at a fairly constant level except at the two highest exposures. 

Despite the numbers of immotile sperm seem at the higher dosageep 

the percentage was not greatly depressed; either the physiologic 

damage to the sperm did not affect their fertilising power s  or 

sperm suspensions Were so dense that numbers of sperm 6scaped the 

complete treatment, 

Calculation of the mean number of embryos obtained from 

females with embryos overcame the difficulty due to degeneration 

of unfertilised. eggs, The results are given in Table 11, The 

mean was consistently Just below the control mean except at 

exposure time of one miute #  where tt was sightly. higher 

ñd at the two highest exposures Where it dropped 
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toep4, The pronounced effeot on sperm. motility may. have been 

the cause-of the. lack of embryos at the highest exposure$, 

• 	Examination .of eggs. at fertilisation (see later) showed that 

• the three criteria used above actually compared the, nuzber. of. 

fertilised eggs which cleaved with the number unfertilised plus 

those wl4ob were fert]4sed. bat failed to. cleave. ;Two factors 

were therefore slimAltaneously,zeasuredt, the effect of uitravio1 

on the fertilising p9v/er, of. the sperm and the ability of the 

egg to.indergo cleavage .,A study of e9gOt # the. ,  - 

prear . atagaa would 'give, as tricter .4easure of ,  the. fsrtiltaitg 

capacity,  of the sperm after ultra-'violet irradiation 

The 'effeOt of;iri.adation of the sperm on erabr7onic 

development: was measured 'by the a':.ysis of the stage' of morpbolo" 

gical differentiation and.. the number of .n.clet ef, 'the. embryos 

• In. control. s. 54,8. ofthe. embryos. were blastoo3rst5 the remsinde 

were morule,' After low exposures to . u1travioIsti the percentage 

of embryos which were blastoeysts was far less than in controls, 

further reduced the percentage, and no 

blastocyste 4tal.were found after exposure for 10 minutes or 

uiore(Table U)4 After the two highest dosages t  most of the 

embryos were in the one or two-celled stages  and were probably 

degenerate.  

The restriction' of embryozic development to the two'eeU 

stage is not 'a phenOenom retrictad to the highest dosages of 

Ultra-vio1et, Even after exposure for 30 Oecondej some 3j,  day old 
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embryos were still two-celled; these occurred in the seine mother 

that also produced blastocysts. Uith increasing expooure the 

of retarded embryos increased, and the number of 

embryos which had reached the more advanced cleavage stageØ 

declined, In effect, an approximation to an all-or-none effect 

was apparent 9  embryonic 'development at 31 days gestation being 

almost unaffected or highly retarded by the treatoent. 

In asses.  g the number, of nuclei per embryo some difficulty 

occurred due to the appearance of a number of ømni-1 sub'.nuólo 

(Fig. 27) • Where recognised1  the sub-nuclei. were excluded from 

the unclear counts 	In addition, some apparently-one-'celled eggs 

contained a number of nuclet (this will be described later), The 

nuclear coujits given in the following data do not therefore 

Bearily correspond to the cell number of the embryos, The 

%11-'or-none response shown 1h the morphological stage Of 

development was also observed in the nuclear couts At all 

dosages up to 15 minutes exposures  one female would often yield 

some embryos which possese9d as 	nuclei as comtrolej and 

• Othor which were still in their first or second cleavage0  Above 

15 rniñUteo exPosurej all the embryos: observed had only one ,or. 

two nucei, wi.th the exception of two embryos which each  had three 

For each exposure tie the mean number of. imcle& per embryos  

and its standard error was calculated 	The results are given in 

Table 11 and plotted in Text-fig, 4.  The mean declined with 

dosage 1  the highest dosage restricting development to to'. onculei 

per embryo, But the all-or-none tendency in embryonic development 

gave large ]ua 'to the standard errors; some tiiie the' standard 

error was greater than the mean, 



The diploid diploid number in Alus musculua is /I) (Matthey 3.949), 

Due to the low numbers of nuclei after long exposureso very few 

embryos possessed classifiable mitoses at these exposures, 

Details of chromosome counts of the Ij day old embryos are given 

i in Table 11, Counts were made to an accuracy of t5% of the 

number of chromosomes in the mitosis, Where an exact or nearly 

exact count could not be made on embryos which appeared to be 

diploid they have been classified as 'probably diploid; where 

the count on non-diploid embryos is only approximate, a question.* 

msrI has been appended to the particular embryos in Table 11 

chromosomal classifications other than diploid weró. made, 

They were: haploido between haploid and diploid, hp eradLpod, 

and moaie. With the. exception of the haplóids the number of 

chromosomes counted in these embryos haa been inserted in 

brackets for each embryo in Table 11, The hyper-diploida 

consisted of two tetraploids or hypo-tetraploida (Fig, 30)i and 

two embryos possessing 43 and 50 chromosomes repèctivély, Five 

Imosaics were found; one of them was a haploid/dip1oid' 

The embryos which were between haploid and diploid fell into 

two fairly sharply defined groups. One group possessed from 35 

to 39 chromosomes and will be referred to as .hypo., p].oida . (Fig 

31),. The other group . possessed a few chromosomes more than the 

haploid number (Fig, 32), and these wiU . be termed hyp.er-thapoida, 

The first haploida occurred after a sperm exposure of 2, minutes 

(a.] Joules persq, cm,).,..a.d were present .ln smU numbers up to 

15 minutes, exposure (Figs, 	.29, 33). The total number of 
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vas seven9  and four hyper-haploids tiers found. Diploids 

hypoploida occurred at all the exposures except the highest, 

proportion of non-diploid-embryos increased with higher 

age; the percentage of the embryos which were not diploid or 

oh were haploid or near-.haploid is given in the Table ñd1dtt 

Text-fig, 5, 

Bealdea the Counts given, three other chromosome observations  

made which cannot properly appear in the Table, First, 

several embryos appeared to have one or two chromosomes less then 

the diploid number, but their number could not be established 

th certainty, These have been included, among others 9  in the 

diplodt column, Secofld, six embryos had counts of 

tely the haploid number but the chromosomes were abnormal# 

four appearing extremely pyonotic, the others very small, Those 

not been included in the Table, 

The third type of abnormality,  was often observed, it 

consisted of one-celled eggs which contained exactly 20 chromosom 

sometimes the chromosomes were meiotio (Fig. 34), in other eggs 

they appeared to be initotte, in some Cases9  the egg possessed 

eizb-.nuclei in addition to the chromosomes, Such eggs could have 

been unfertilised, but in the embryos of several females mated to 

etomised males, no eirnt1r eggs were observed. If not 

the eggs may have been penetrated by the sperm 

thout having been activated to maturation (eas later, p101), 

would be expected to contain merely meiotic chromosomes 

or sub-nuclei if sperm entry allowed them. to retain their 

organisation to _'j days, Thirdlyp the presence of twenty 

totic chromosomes could be due to the failure of a haploid 
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bryo to achieve the first cleavage division. Several of the 

eggs appeared to contain mitotic chro*osomes in exactly the haploid 

and could have been haploid embryos. All of these embryos 

been classified as 'unfertilisad'; the subjectivity involved 

the assessment of the chromosomes as meiotic or mitotic 

the one-celled eggs as doubtful experiauental value, 

eZOlUSiOn.Of the one-celled eggs from the results necessarily 

that in subsequent analysis of the cell and . cleavage,  

the smallest poible number of cells in the haploid 

s two 0  this to thig i, the mean v aluea for the hap].otd3 

be higher than actually occurred,  

The number of nuclei in the seven haploid embryos Was Up 9, 

6 	(from exposure time of two minutes); 2 (exposure 5 mime,); 

(exposure 10 minutes); 14 (exposure 15 minutes), The nuclear 

numbers in the hypershaploide i, e, those with a few chromosomes 

more than haplotd1  Was 2# 15,. 11 v  8, The mean of the eleven 

values Is 79 6, For comparison, the mean nuclear number of the 

diploid embryos has been calculated for each exposure time s  and 

this was 29,5 9,9 after 15 secs expoaure rising to 40,0 ±2060 

after 2 mine, exposure, and falling to 19 0 7 11,2 after 10 mine, 

and above, But this comparisons  which suggested that diploid 

were uniformly superior to haploids, was not strictly true, 

Several retarded diploids were seen# for example two were two. 

celled and others had between four and ten nuclei. In controls, 

the .mean- nuclear number of the diploid embryos was 44.1 ± 15.4. 

The number of cleavages which vast have occurred in the 



embryos to. produce the number. of nuclei.: observe4 can be found 

• 	from the formula: 	. 	.. 

where K . the number of cleavage and N the number of nuclei 

• 	Observed. ... Because of the posaibiiity'of subnuciei being present 

In & cell in addition to the ordinary nucleus #  the number, of 

nucle't may be greater then the . number of cells; the calculated 

cleavage number may therefore be too high 6  From the formula, 

the number of cleavages Is given by . 

• 101Z  N 
log  

Conversion of the previously given cell numbers to cleavage 

	

umbers gave the values; 	. 	..... 

Dtploida: Control 5,5; 15 secs, exposure 4.8$ 2 mins 

exposure 503; 10 mifle, and above. 4,3 

Haploide 3,5,32, 2.6, 1,60  1.0, 16 3.8. 

lirpsrh4p1oide; 1,0 0  3.9$  3.5, 3.0i, 

Mean ofIiaploide and hyper..iiapioids: 2,6. 

Ten. of the hpoLp1oid embryos had countable-nueleio the 

mean of them being 25.4:t- 1049. This is the equivalent of 4.7 

cleavage 3, They were only slightly • retarded In comparison with 

the diploidsi  several of them possessing more nuclei than some ;  of 

their diploid al.ba, The hyper-diploids were retarded, the 

tetz'aploids having 10 and 3-nuclei respectively the 43-and 50 

chromosome embryos having .5. and 15 nuclei respectively. The 

haploid/dip1Od mosaic had 27 nuclei 0  the other mosaics between 

I3 and l7 	
0 



vtol24cal observationg on 'the embryos, 

The 	day embryos were examined as squash preparations 

method which is ideal for chromosome counts #  is not a good 

for the observation of cytological detail in sita, 

• artefacts may be caused by the pressure exerted in 

Considerable support is given to the following 

beervations,, howeverp by two facts 	Firsts  the control. embryos. 

very few or.. none of these bnornialit1es 4  Second 

bservations on pranucleate and oncecleaved ova and the . chromooie 

of. the 3* day old embryos, AUy supported the cytological 

ties seen in the squaebea 

he most common abaorality was the occurrence of aub'uclei 

many . embryos. (Fig. 27).1 some embryos contained only one or two 

possessed many. They occurred, in the embryo af or all 

tra violet dosage, . As will be shown . later f.  sub cle.t were 

served in .ettu when sections of 2-celled embryos were examined, 

after the first cleavage, 

Many' chromosomal .  abnonw-lities were seen.,... Several embryos 

s?5se4 isolated,,or legging chromatids (Fig... .35),. .Occas&ona.Uy 

ted ,chromatida occurred, (Figs . 35).,, Certain ehrorno.soines 

a. wavy appearance (Fig,., 32). and., were probably ding 	In, the 

tetrapoids the whole group of chromosomes appeared at cky and 

lied together (Fig, 30) 0 	Contracted mitoses occurred 

'equontly.. The presence, of pycnottc chromosomes, and of 

celled eggs containing meiotic or mitotic ehroinosornaø  

been mentioned previously. Some embryos were probably 

irgoing phagocytomis,  



In the subsequent dtacusiou. of t2s results, the cologic4j 

abnormalities are related to the chromosome counts, The suggested 

attern is that £itøtl.c irregu1arities 1 j ei, stic#y #  1agging, and 

ted chromatids, cause the loss of a few chromosoms from 

the diploid blastomerest  and :50 induce the hypo..dLp1oid enbryoe 

observed.. 

Spern suspensions were epoed to ultra-violet for periods 

between 15 secondø and 10 minutes, the sane dosage levels being 

used as in the recovery of 3 day old embryos. The response to 

dosages of more ihaii 10 minuts was aotexdned; it. appeard 

from the results at 3 days gestation that all the effects of 

$.rradiatiozt were present after 10 minutes exposure. 

Three phenomena save investigated. Bpern* en bry was tUdied 

in the eggs of females killed six-hours after m.ating with the 

vasectomised male, Pronucleaz' growth in the eggs was followed by 

kil ling females between 12 and 18 hours after meting, Lastly 

syngamy and the first cleavage were examiAed in th.e.eggs of 

females 43.led between 36 and 42 hours after mating, Syngany 

was not observed directly1 but the nuclear content of the 

blastoaerea or the fate of the promioiej could be observed in the 

eggs of these females 

For each 5rradi8tioil dosage, six or .more feiaalov were killed -

The embryos of four of. these were. examncd for sperm entry and 

promuoleus formation, the embryos of the other. two for syngamy 

and thp first o1avage 	Only the fertilised eggs tiere analyeed, 

Full. 4etai.ls  are given in Table 12 
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Dermeni.iánd Pronucieu formatton, 

None 'Of thete.' mice killed tz hour5 after mating had any, eggs 

penetrated -  by aeine  Judged by the fertility of fernales 14Usd 

at 3* days gestation 'ábcut half of these mice woA4 eventually 

have contained -  fertilised eggs 1  The lack of penetrated eggs in 

these 'Mic'e'suggested that fertilisation was delayed after ultra-. 

violet irradiation of the sperm, More evidence of this cane from 

a fee which was inseminated with - sperm-irradiated for IC' 

inut, 	he was killed 12 hours after mating, and possessed 3' 

eggs, ' One of her eggs was unponetrated another was in the pro 

nuclear stages the reni4ning eleven were in the te1ophao of the 

second meiosis, sperm entry must have but recently occurred in 

the .11 eggs, For comparison, one of the two females artificiaUy 

inseminated with untreated sperm, and six out of eight naturally-. 

nated females possessed fertilised eggs six hours after mati.ng 

(p, U), Caution is necessary in postulating delayed fertilisation 

after ultraviolet irradiation of the sperm s  however, for in 

ormally-mated controls penetratiofl can be delayed for 12 hours 

see p.,  

• After natural mating, sperm entry into the vi teilus was 

berved in'. 13 cases ,. and in elve of these the spernhoad was 

ntering sideways, Nifle cases of sperm entry were seen after 

ltra-violet irradiation; they were all found in the eggs of "a 

rigle female inseminated with sperm irradiated for 10 minutes, 

g}it of the sperm-heads were entering normally ('.{g 36); the 

her sperm-head was curiously bent and anvil-shaped (Fig, 37) 

sible abnormalities were seen in the eggs of other females, 

three cases the sperm..4iead was not seen though the eggs had 



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 or just in the viteflus of an 

unactivated egg (Fig. 38) 	11 the sperm was in. the vitellus, 

activation of the second maturation division should have occurred; 

penetration without activation may have resulted because of the 

Irradiation 

Apart from the possible exceptions just mentioned, sperm 

penetration always stimulated the extrusion of the second polar 

body1  This was shown by observation of twelve telophase spindle 

one pole loading to a polar body (Fig, 36) .# and also by the 

observation of two pronucisi in 37 eggAp  the second polar body 

being observable in these eggs, The two pronuclei were presumab 

one male and one feale. In only one egg were more than two 

pronuo3.ei seen, This egg was fertilised by sperm which had been 

illuminated for two minutes; it contained one normal pronucleua 

(presumably female), and two abnormally swolen male pronuolei 

which still had the outline of huge sperm-heads (rig, 39a & b), 

o evidence was found of chromosome doubling at the second 

turatton division. 

Apart from the polyspermic egg whicli"contaiced two male and 

one female pronuc].ei, all the pronnelei appeared to be normal, 

Direct observations were not made on syigamy or the first 

cleavage, Instead, eggs were examined between 36 and 42 hours 

aating when the egg should be about to divide from the 

two-celled to the four-celled stage, The presence of abuormali 



in the blastomeres or in the pronuclei of undivided eggs could 

be demonstrated, and inferences made about syngamy and the first 

cleavage, 

Two types of egg were observed, The first type had under 

cleavage and was in the two.eell stage; the other type was still 

pronuoleate and had not cleaved, Each type could be subdivided 

into two main classes. The two-cell stage embryos were either 

normal in-appearance s  with well-defined nuclei, or they possessed 

sub-nuclei in one or both of their cells (Fig, 40).  In one two.-

celled embryo resulting after 10 minutes irradiation of the sperm,, 

it We impossible to decide which were nuclei and which were sub-

nuclei for each blastomere contained two nuclei of exactly the 

same size (rig, 414. Though numbers were rather low1 it can be 

slfi$ the results in Table 32 that, after two minutes 

irradiation and less, approximately of the twos.oeiled embryos 

had sub'nuclet) after 4 minutoø irradiation and above app.,  Ma 

quo.balf possessed sub-nuc1ei 	In one of the two-celled e0bryos#  

the sub-nuclei, together with a small amount of cytoplasm appeared 

to have been extruded from the embryo, In two two-celled embryos 

resulting after irradiation for 10 minutes a body was observed in 

the cytoplasm which resembled an abnormally-developed sperm pro.-  
- 

nucleus, In one of these embryos, this stained body was attached 

to the blaøtornere nucleus (Fig, 42),. in the other it wa.o lying . ' 

freely in the cytopasin. Reference to these two embryos will be 

made subsequently. 

The second type of egg was tiU in the pronuclear stages and 

was thérefàre very retardOd1 Most- of these eggs still possessed 
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two unchanged pronuclet (rigs  43) i  others being more abnormal, 

tin' one of them, one of the pronuclei appeared to be condensing intot ,  

group of pycnotc chromosomes (Figs 44). In another the 

pronucisi appeared to be undersized and there were email extruded 

cytoplasmic bodies on the eggs  These occurred: after spera 

irradiation of 30 secs and 1 mm 1 . respectively, After 10 mine 4  

irádtation, two egg8 in the pronuclear stages pos sessed obviously 

abnora1 'male ,  pronuclei, In ohiDo the male 'pronucleus was st4U 

shaped like a swollen sperm~-headi and the female pronticleus was 

eslarged and lrtng 'at' the periphery of'the egg' (Fig, 45) 	In 	the 

'other' eggj. one 'pronuoletis was small and degenerate and again 

incompletely 'traneforned 'from a sperm ad (Fig. 46) 	Zn the 

eggs which' poseséd two' apparently normal prohuclei 6ae or both 

'of' the pronuclei sOmetines appeared to Ibe swollen or slightly 

pycnótie (Fig, 43),;' Clearly the u1travto1et had prpnounced' 

effects on the 'grotb Of the. male 'pronucleus: and Ott a'ngamy ,  

Two other embryos were observed which were probably 

degenerating 	Both were in the ofleace11' atage but possessed 

severa1 nuclei, 'In one 0 ' what appeared to: be an abnormally 

developed male pronucleus lay at the periphery of the egg and two 

other auàle 'were 'lying. close together in the centre of the eggs 

(Fig 47), 'The female proucleUs may have divided . without 

cytoplasmic divisionrg or the nuclei may have been degeneration 

products, It could have also been a polyspermiC egg with two 

male and the female pronueleusO. The other egg was more extreme, 

possessing four nuclei f, Identification was , not so obvious in 

this egg0 but one of the nuclei was larger than the others and 



addition., appeared slightly pycnotXc and separate from the 

era (Figs. 48 a,& b) 	This may have been the male pronucleu; 

nmal3er nuclei could have resulted from di'i sian of the 

pronueleus 	In this, the postulate of .triper aesine 

so probable than division or fraentation. of the female 

The evidence of both, of these qggs.indicatedi 

re, that when the fl  ultra-vto1et interfered with pronuclear 

and syngair the female protnioleus could divide or fragment 

tly of. cytoplasmic diviaion. 

The last two emyoa deecribed illustrated a, method by which 

Ithe haploid female complement may doubler to diploid, ' Division 

bf the haploid female pronucleus without the participation of the 

wale pr9nucleus or cytoplasmic division would reult in a one- 

ceUed egg containing a diploid :et of mat na1.chromosoes, 

j
10th0r such an egg, could develop further is-conjectural, 

The distribtition ,f the various anomalous embryos showed 

th the higher dosages induced the greter wabars (Table 12), 

n particular. ,  the obServations on the embryos. after, 10 rtnutee 

rradiation of the sperm illustrated the : numbers and type of 

fect If syngany was not prevented by the trradiation some of 

is resultant two—celled embryos vere nomal, While other. 

eased sub—nuclei in addition to normal blaøtomere nuclei, 

rhe ub.nuc1e may have been due to the exclusion of degenerate 

ebromatin during the fret cleavage, or to loss of Chroniatide 

hrough atikinesa• ete,O or due to the partial breakdown of the 

1astomere nuleus,. If the effect of, the ultraviolet mae 

unCed. syngaiy was pr0V0nted Probably by an effect on the 

pronucleue Failure of syngamy caused delay or decay in the 



pronuclear. stages;; cleavage of the egg v4th the maternal nucleus 

only the male ebrornatin remaining uncondensed in one of the two 

bias tomeres; or division of the female pronucleus' without Cyto 

Piasmic division, From these observatioaø and analyea, the 

haploid ernbryo observed at ,3 days development were probably only 

a emAIl sa3.e of the. gynogenone indticed, most haploids fai3ing 

to cleave to, the )two.ceUed arid..later stages, 

Details of the mice ki1led 4  the placentas and esibzyos found, 

nd the young borne are given in Table 13 	Sperm samples were 

Lrradated for one of the following periods , , 1, and 2 minutc 

The feialea were, emined for numbers of placentae and émbryo 

at either. 7 clays' 90.day,' or 33-16 days g6stati6n4 After 

irradiation:o f. the" sperm for two .minutôs 'no' placentae were 

observed'intwo mice at 6a7 days.'or' in 'ten mice at 13 days 	To 

e,,tbat4velopment.beyond the 3-} day 'stage :was' possible after 

s, do sage three mice were 4Usd .a ìà days after mati'g 4  One 

t1ioe mice yielded three embryos, two of which were4. day. 

1aocata, and one' a 31 day. blastocyst,..  

irradation.'of'.the sperm for 60 seconds did'not'inhi'btt, 

plantation for one female had tffo. very small, unoccupied 

Iappntae at 9. days .geatatton., No development beyond 9 days 

s observed in eight f emalaa , 

At, the two lower. doeageø 30 and 15-seeonds . Irradiationt, all 

tagea up to birth were observed,. One fethae inseminated with 

perm irradiated for 30 seconds had 13 planentae at .7 days gestai. 
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tioa0  of which 8 appeared normal and 5 were vary small, The 

latter were probably already degenerate s  Foetal death was 

confirmed by ezamination at 10 days gestation of four other 

females. Three of these females had received sperm irradiated 

,O secortds and only one of them had placentae 	he possessed 

two neither' of wnich had embryos, The fourth female received 

sperm irradiated for 15 secondso .and she had five pla,centae #  only 

one of which possessed an embryo. Two females, killed at 13 and 

16 days respectively had neither embryos nor placentae; these 

females were exsmined at th.e age only because they appeared to 

be not pregnant by external inspection, Ultram#flolet irradiation 

of the sperm for 30 or 15 6econds was therefore sufficient to 
/ 

/ cuse, the death of a large number of the embryos after i*plantatior 

onuJer of of±spring born and the genetic observations on the 

Aa shown by the analysis of the number of implantations, #6 

could be expected after the sperm bad received 60 seconds or 

/ more irradiation, Four females thich received sperm irradiated 

for 60 seoond gave no offspring, 

It 4 1 $even females which received sperm ura4iated for 30seconds 

allowed to te'cu only one produced a Utters  which contained 

cue young, This offspring was very abnormal, its hinder parts 

/ being curiousLy  rotated in relation to its head and ahou1dera 

&tLth an abnormality is rare in this laboratory. (J, Iaacson. 

personal communication) 	It could conceivably have been due to 

a dominant mutation. induced in the sperm ehrQmosowes by the ultra-

vio]et Unfortunately Lt4 was eaten by its mother shortly after 

bith 

7 
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Twelve females inseminated with sperm irradiated for 15 

eçonds were allowed to torm 	Three of them gave litters 1  sine 

3, and 1 respectively. The single offspring vas eaten by it 

within twelve hours, One of the offspring in the litter ,  

f five was born dead 	The sex ratio in the offspring classified 

was, three fern es to five miles. Eight of the offspring had 

genetic markers of the type described. (p., 8); the markers ahowed 

that the sperm chromosomes had contributed to development. in all 

eight offspring, 	.. 

'M8S8ION, 	 r. 

n. experiments, designed to irLacti;ate the. sperm ehronatin. 

nor, to fertlisation of: the egg, the, pr5.nai' eyidene of success 

hould be the production of embryos carrying the haploid 'complement 

The discovery of such embryo after the: .tltra. 

irradiation ;.f  the sperm -is therefore a positie jnd:jeatj 

the :BUO05SS of the luethod.,.. But if haploids had,nct beén..,, 

beerved, it, would not necessarily iave'.meant the ,failure of' the.. 

9,*,. . 	for. ex. pie,. -the induced haploi4o .fa. j.ed-to; 

or if they regulated. to -dip3oid at eithor - the. Second 

,tU. t n: division of the egg .'or at the. .first: . .cleaago1 th , 

hromosome count alone would fail as a niterion and 	methods 

identification would be necoasary . 	such an eventuality1 . 

the most direct - method mould be to observe: the cytological 'eventø 

i it fertilisation -and cleavage in- order to trace. the fa, f . the 

sperm, chroiosornea. Alternativ&Ly the use of . 4om4,.t gene 

markera In the 'sper and their receive alleles i4 'th: egg, 

by the presence or absence of. the, dominants in. the resulting 
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embryos hether the sperm chromosomes had or had ot contributed 

!to embryonic davelopiaet 

The chromosome counts of. the 3 day old embryos and the 

cytological evidence at fer tilization both indicated an all-or-none ,  

effect, of the ultra-violet on the sperm. The -  most pronounced 

result of the trostmext was on the growth of the male pronuclene 

and on syngaWj, though delayed fertili sation 1  abnormal sperm entry 

the vitellus,. and polysperzy also occurred. The ma) pro. 

sometimes failed to be fully differentiated and remained as 

la greatly swollen sperm-head. The largest number of embryos were 

at syngamy.. however, the pronuclet either failing to 

into chromosomes or oondenaing only after a considerable 

ayo Certain eggs therefore contained enlarged pronucisi 

it their .sibs were late two-celled ~smbryos w  The eventual fats 

these pronucleate eggs varied. Some way have successfully 

gone a delayed syngaVp though this was doubtfuL 

their cytological.appearancet  In others degeneration of th 

ro had apparently begun. Degeneration occurred either by the 

vision of the female pronucleus without cytoplasmic cleavagep or 

the fragmentation of the cytoplasm with Or without nuclear 

vision*  In some embryogo however, the female pronucleus had 

rently been capable of dividing to produce a two-ceiled embryo 

undifferentiated male chromatin was found in one of the two 

In these embryos 0  the male chromatin was probably 

This last type of egg probably developed as a true 

; 
the others probably degenerated o  Eliinatin of the 

chromatin as an inert mass at the first cleavage closely 

a the method of action of ultra-violet on the male 
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chromatin of Rena "Ir& described by Dalcq and Simon (1931), 

After treatment of the sperm by ultraViolet. two typos of 

embryo were probably represented in the twoceUed stage, They 

were, first1  the true baploids just describeds  and eecond, those 

eggs in which the male chromosomes had successfully undergone 

Isyngaw with the maternal chromosomes, But this alear duality 

came modified almost immediately for*.,even In twoce1led' egg, 

e presence of sub-nuclei in, addition to the normal blaétomre 

cleus could be detected, The sub-nuclei were clearly not male 

onUc].ei: for they were far , too small, They must have represent( 

iorefore, small amounts of romatin lost front' the normal nu.cle 

te loss of chroinatin may have been due to 1aging. 'or frated 

tids being excluded at anaphase from the restitutiom rce 

the first cleavage...... the hypodip1àid embryos found at: *'days i  

tion may have been the roduat of this mecha*ism. The 

.0 irreu1.ttties were probably C85Od In 	 by 

damage to I the 	oaosomes or contriolo of the sperm, 

thor expressions of this damage may have been ohratid 

kines at anaphaae or the failure of the hromOaomea to 

te after metapháthe. resulting respectively in the hpez' 

plod and 'totraploid mitoses-seen in- 2  in-2 day old embryos' (see for 

ample the tetraploid mitosis in Fig, 30 in which the chromosomes 

pear to be adhering to one another) 4 

Zn the chromosome counts of the 3j day old embryos the all-

..oflotte effect of the ultra.'violet become obscured due to the 

terplay of the above factors. To general types of €bryo were 

11 present0 howeve4eitier diploid and near.dploid ài haloid 

d hypex.bapioi, 	'he. hypCr-baploid did not reat *holly  
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omfortably in this classifiôation1 for, if they commenced 

development with haploid maternal chromosomes only, their only 

constituents were the irradiated male centriole and 

f the damage to male centrio].e caused the increase to a hyper 

chrOmosome complement at some mitoses due s, for example, to 

chromatids1  then the compensating presence of hypo-haploid 

ome coip1àeut may be expected in other mitoses. No 

ypohaploid mitoses were 1  in fact1  observed 	The lack of these 

Ltoses may have been due to chance1 to the failure of such 

tosee to dividej or it may be that the hypsr.haplo.ds originated 

by different process. They could have arisen in a imUar 

manner to the hypo.dip1oi4B, by a more excessive loss of male 

chromatin in successive c1eavagee but the absence of mitoses 

*ith chromosome complements' intermediate between the bypofsdiploi4V 

and the hyper-h*ploide niili'tmtoa against this suggestion.. 

Some indirect evidence can be calculated on the stage of 

development at which the hypo-diploids bet their missing 

chromosomes, Zx the total loss occurred at the first cieavage 

the embryo concerned would be a uif o 	 f. 

bees occurred in ltercleava1es,the rate of.lsth.ar  very betweexi 

ifferent ii-to sèa and the resulting embryo would be a chromoComa 

osai 	Comparison of the numbers of uniform and. thosaic. hypo- 

ipboids mill. therefore give an indication of the time of loss of 

hromatin, To trace the uniformity of mosaicim of thei 3 d. 

bryós, the presence of at'leaet'two mitoses is necessary in'  

ach of them 	Only four of the bypo-diploid's were classifiable 

n two or more mitoses; three of them were uniform, 'and one was 

mosaic, The missing ohrouioaouiestherefóre appear to be bat 



early in developwent in many cases, The presence of sub-nuclei 

in many of the two-.celled embryos sup ports this observation 

though further losø may occur  in later cleavages. 

AU of the haploid and near-haploids were retarded in th4r 

deve1op2ent at .3 day gestation, The most advanced haplpid. had 

114 nuclei, or, alternatively, had undergoneoleavages and 
was more than one complete cleavage behind the diploid controls, 

he other haploid were even more retarded, some having cleaved 

but once.. In comparison, many of the hyper-diploids were advanced 

orulae or, blastocyete though some of these were also highly 

Clearly there waa no Hertriig phenomenon (Bertt# 1911) 

developmental abnormality was consistently present in the 

ids 	d. preset alBo in •øonte of the •nàn-haploids, The 

age of these haploiçI was in sharp contrast to that of other 

thaploids. and beteroplo1di occurring eIther ontaeois1yafter 

normal mating (Beatty, 1954; Beatty and Fischberg, 19494, 1951a); 

or experimentally after heat treatment at fertilisation (Beatty 

id flschberg, 1949, 1951b, 1952; F±schberg and Beatty, '1952) .; 

colohicine 'treatment of the g.mtes (see' P 4 .,  21). 'The epontan 

us heat. and colohicirie duced hapl.oids and heteioplOLds 

te .developed to blastocyste and beyond. Delayed; fertilisation 

uld 

 

qt induce a siLar developmental result to. that ised 

r ultra.violet (Gates end Beatty, 1954), The cause of the 

bnoréa embryonic development following u1travtó1et irradiation 

f the sperm' iist therefore be duo to something. other. than the 

bnormal chrome somo complement of the enibryo's 

Despite thlo'cottolusion,8  however, embryonSc ' dev lopnent was 

vertheless correlated with the amount of cb'óxaosome abnormaltty 
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 Thus. the most retarded embryos were the hap1oid3 hper-.dip1oids 1  

and mosaics; the hypo-diploids were intermediate; diploids 

were the rnøst advanced. The chromosome content of these e*bryoa, 

while not the primary cause of retarded development. fleflected.  

developmental abnormalities, The primary ,caue must  have: been 

some :ageut  .cytoplasmic or nuclear,,.which directly conce4ed the 

chrgmosomee;_ it could possibly be traced to the centrigle of the 

ted sperm.  

Adopl4on of the theory. of irradiation damage to the sperm.  

iole or to a cytoplasmio factor in the opera. can explain the 

Losomal abnormalities of embryonic development, In the 

subsequent discussion, reference to the sperm centriole is meant 

tol include also the cytoplasmic factors of the 5perTfl which enter 

egg at fertilisation,. At the commencement of embryonic 

opment0 t1e embryos can therefore possess two treated entith 

the, . spei*' the dhromoeomes and'i the: Oentriole, : The, first of 

theae 	the chromosomes, 'are either completely .inctivated 

play, no part in developnient or ,the are sightly • affeete4 

f' at. aU, and, contribute 'jo embryonic deveiopment 	The second 

entity the centriole is also more or less damaged by the 

treatment, 'but damage to it may he quite independent :01 the 

response. of the chrosiatin,, . If the chromosomes have, received 

.cient 'energy to cause their pomplete inactivation,: the .. 

triole of the. same sperm will also have received a 14'gh  dosage, 

Me. two :. 'ypes of -damage ,are positively correlated. Ebryàs. 

receiving inactivated sperm chromatin will usually also receive 

a, heavily. damaged centriole; , embryos receiving active sperm. 

crozgsoa Will-usually-receive a lightiyteate4 centriole,' The 



types. i,,e. . the. presumptive haploi8e, WU ;tberefore' 

effects related to abnormal cleavage.;, and this is what ws 

The haploidw. failed' either at the first or, 'in, early 

cleavage s  'None of them. had completed' their fQ±tb ciewv-age. ,  at 

days...' The 'Ubsi of cleavages indergone, by each particular' 

therefore probably a.. measure of the damage inflicted 

oil the spOrm. c entro3.e by the. 	ultra-violet.:  

The .secoñd iy of embryo re.coved fron the sperm a . Zightiy 

ro*osorne" compleme and. generaily 'a slightly treated 

céutrtole .f, . c tri61r damage was dependent . öt chromóaøme 

some spermatozoa may contribute a øeverely affected 

oèntriole With. a.norma.l .chouioiome set- The'embryos :receiving 

thi particular cômbnation would be: diploid: 	 show' the same 

kind of developmental effects as the haploids, The numbers of 

diploids o affected should be fever, than in 'the 'kiplo.idsj  however 

be,cáise of the lower 	nt of irradiation .recive4 by. swzh ,  spexI4 

This. effect xya6 pbserved in' the results, Two diploids , were  still 

twocelled at 3 days gestation, oihers were delayed -in their 

and fourth cleavage, But the retarded diploid or ,  near4 

was exceptional, for most of them were similar to controls 

in' coplating 'or. having: completed their 'fifth cleavage ­ :.,'  In 

general, therefore, when the sperm chromosome contributed to 

embryonic development, cleavage vas fairly normal; only when,  the 

cen.triole was heavily affected was the development of these 

ryoa arrested,.  

I,,tremaiziu formally 'to establish the exiètenee'of ths'' 

liam.' cen.trole,, . The presence 'of centrioles in ,  - iao-40e 

rrnatozoa has beéi': indicated b, Gresson. (194' ' Amoroso' and 



Parke (1947).X—Irradiated rabbit sperm before fertilisation and. 

'observed oentroomes in some of the acceseóry sperm pronuclet of 

uncleaved ova'  Thibault (1949) inferred the exitence of two 

egg centrosomec: front his experiments on parthenogenoticaUy.' 

ktimulate4 rabbit1  rat, and sheep ova'  No centrioles 'have been 

seen in the sperm, or eggs 'ini the present work, But the 'indirect 

evidence for the' existence of such bodies given by' Thibault, end 

the theories given above 'for the failure of radiation—induced 

haploid' gynogenones to cleave normally, and on p, . to explain 

ties of 'androgenotió haploid development s:.' give considera 

grounds for: postulating the existence of dentrioles in' the sperrn. 

and eggs 'of' xflánnial 	Also, many of the, cytological anomalies' 

reported in:  the present' 'wok could' be due to almormal' eentriolar 

funótion In 1 cleavage, '' , '• . 	, 	' 	' 

The developmental capacity of thO haploids was alaot OOMPL 

ty exhausted at 31 days gestations, any further development being. 

probably slight, This retarded gynogenetie development of 'the 

mouse-is-In contraøt to similar type of development in ,amphibiazs 

where 	ogenones 'develop to metamorphosis (Hertwig, 1911; 

Fanich 	-19454  etc) ,,' It appears that an evolttiOnary. 

difference exists between the mawals and the amphibians, in the 

response of embryonic 'development to irradiation' of the' sperm 

ultravie1et. Zn' the Ampbibia 0  the sperm may - be more resistant 

to damage, or the egg more capable of independent development 

than in the Mamzaaiia . In addition to the abortive development of 

the' hap1oids 'the other mouse 'embryosprOducCd after -irradiation 

of 'the sperm for one minute' or longer were aloe 'abnora1,' Fort  

with the 'excetion of two' very small 'placentae in one female, 



irradiation for one minute or more completely suppressed 

tation, 

Irradiation for 15 or 30 seconds did not prevent the 

n of large numbers of the resulting embryos. But the majority 

these died immediately after implanting. Judged from the 3 

, chromosome counts,, all these embryos were diploid; the cause 

death may have been due to genetic changes in the sperm 

omatin induced by the ultra-violet. The small size of the 

ultant litters, and the presence of a deformed offspring at 

th are probably further indications of mutagenio effects of 

treatment,, The ultrg.vto1et apparently had three progressive 

effects-on the sperm chromatin with longer exposures; 

physical damage causing the loss of individual 

s#  and the total elimination of the sperm chromatin from 

ti  

The reduction in the activity of the sperm after the irradia 

may partly account for the redutiou in fertility noted 

after the high dàsages, Delayed fertilisation of the 

may have resulted from the same cause. The discovery of 

case of abnormal sperm penetration into the vitel].ns out of 

observed is probably indicative of an effect of the ultra* 

The presence of more than one sperm or male pronucleus 

only one egg out of 37 examined suggests that polysperuiy is not 

product of the treatment, 
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Sperm of the mouse, 	U2USp was irradiated by ultra- .  

violet in vitro with dosages of up to 1,6 Joules per QM,  cm,, 

then artificially inseminated into oestrous temales, 

, At 3j days gestation many haploid 0  hyper'.hap1oid hypo' 

diploid, hyperdtploid, and mosaic embryos were found in 

addition to diploids, The ha 1oids hyper-bplotds, and 

perdiploids were very retarded in development s  the bYpo 

diploids and diploids were almost normal, 

Ultra-violet had an all-or-none effect on the participation of 

the male chromosomes at syngamy, and occasionally suppressed 

the growth and differentiation of the male pronucleus, NOW  

• presumptive gyngenetic haploid degenerated wtthout cleavage. 

• A considerable number of cytological abormaUt&es occurred in 

• 3 day Old embryos, 

5,. Other effects of the ultra-violet were a r eductjon in the 

activity of the apernit and abnormal sperm penetration into 

the viteUus, Delayed fertilization may also have been. 

Induced, Polyapermy if induced, was very rare, 

it the lowest dosages considerable embryonic. mortality 

occurred in diploid embryos at implantation and litter size 

was very small. One of the few offspring was defored 

Slight increase in dosage suppressed implantation completely. 

These effects may have been due to induced mutations in the 

sperm chromosomes, 

A theory of irradiation damage to the centriole or the cyto-

plasm of the sperm in addition to inactivation of its chronat4 

Is postulated to account for the retarded development of the 

haloido and other embryos, 
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DETAIL Cl' WE FTILIT! Cr M IIISLKWATED FINAL93 AND OF THM MWOb AT 3 .fl*Th G1S2!âTIO1. 
In the Table, 'eggs' refers to embryos s*4 unfertilised eggs. 30 ama. szpoaure = . 1.6 Joules per ti  an 
the .iutaoe of the spems suspension. 
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TBI 32. 	DET4ILS OF T}IE FCFRTILISED £GGS EXAMINED UP TO h2 HOURS AFTER MAtI1 
10 minutes exposure corresponds to O 5  Jou].es per on the surface ol'  the 
spera øuension, 

Type of abnormality !hnute exposure of the sperm to 
ultra-violet 

0.25 	0 1 50 LO 	2.5 	5 10 
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Text-fig 4 	Relationship boteen doeage o uita*vio1et on the 
and the number of nuclei An 3 day old -  embryo 

± one etandard error above and below the aean 

Text-fig, 5 	Reltionshi 	én dosage ofultra-!-violet on the 
sperm and the percentage.. of the total classified 
embryos which were aot'diploid#  or which were 
haploid or near-haploid at3 days gestation, 



50 

4< 	S 0 

5S  

	

0. 	 • 	 S 	 . _0  
UJ

cc  

to- 

'... 
S 	 . 

CONTROt 	0-25 	0-5 	1-0 	2- 3 	50 	10-0 	I) 20 30 

DOSAGE (MINS. EXPOSURE) 

- 	- 

$0.  

I 

W. 	
/ 
IN. 

	

-8 0 

	 0 

30 

/ 

I 
/ 

/ 

N 

CUNTROL 	 0-25 	05 	IO 	25 	5.0 	100 IS 20 30 

DOSAGE (IN MINS. EXPOSURE) 



FIGURES 

Figs, 27.35 inclusive are taken from. squash prepar tlona of whole 
3j day embryos, Figs. 36-48 inclusive, are from sections of eggs 
taken from mothers killed between 6 and 42 hours after mating. 

The irradiation dosage on the sperm' for the various figures 
was: Fig, 40 0  minute; Fig. 44. A min.; Figs.. 31, 32, 35, 1 
win.; Figs. 30, 39, 43, 2 mine,.; Figs,. 29.& 33, 5 wine,; 
Figs, 340  36-38 0  41-42 0- 45-48, 10 mine.,; Figs, 27'& 28, 15 wins, 
10 mine, tilt iñation. is equivalent to 00 Joules per sq, cm on 
.the v4iiiace of the sperm suspension, 

None of.the negatives were retouched, 

27. A whole' X day old embryo containing a mitosis of 36 1 
chromosomes, Several sbnuc1ei can be seen in addition to 
the normal nuclei, z 350, 

28, The most advanced haploid embryo found in the experent, 
The embryo which was damaged during re-staining1 contained 
24 nuclei, x 350, 

29, A haploldembryo f d..at'3 d.ys'geatation 4  It possesses. 
only two+ nuclei both being in division; one of these 
mitoses is shown enlarged in Fig.. 33. z 350, 
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0 	A tétrap.oid or neaitetrap1otd n$toia, The. chromosome 
appear to be atiky and adheri. to one another 	x 2000, 

32.. A mtosi.a of approximately 50 abüorma]. chromatidj The 
chromatids are mall and often wavy i.n appearance, z 2000%,  
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34. A A day old egg possessing the remai no of a haploid set o 
ehroasoaeg(C) and no nuclei, The egg is being phagocyto 
the iucocytes can be seen in the cytcplasa(L). x 350. 

35. Anaphase showing lagging and fragmented chxomatide, Four 
8Qn11 fraents can be seen above the left half of the 
anaphase. x 2000. 
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36, Noral sperm penetration and activation of. the egg after the 
sperm was irradiated for 10 rain, The second maturation 
division is at telophase; the egg ohromosomee part of the 
spindle(M), and the penetrating sperm-head can be seen in 
the egg($). The second polar body chromosomes cannot be 
seen in this section,*  x 1000, 

37, 	bnorwal sperm penetration into the vitellue; the sperm- 
bead has become bent and sickle-shaped(a), Telophase 
chromosomes of the øecond maturation division can be seen 
indistinctly in the egg(), x 1000, 

38, An egg containing n unstimulated second maturation 
division at.metaphaee(M) and aspermhead(S) which is on 
the eirface of or just inside the vite11us 	x 1000 
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and b 	Two sections of an egg containing t vro very avollen 
spa=-heaO, and a very, large, presumably female, 
pronueleus 0, x 1000., 

40 • A tiocel1ed embryo vita a ath-rnwJeua in the blatomere4  
xl000, 
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410  .A two-celled embryo with two nuclei in one blastomere 0  
The other blastomere also possessed two equal-sized nucleip 
only one of which can be seen in this section. One of the 
nuclei in each blastomere could be a SU.b*Nflucleu$; alternat-
ively,,' nuclear division may have occurred without cleavage, 
xl000,, 

42, A two-celled embryo with an elongated nucleus in one of its 
blastomores, The elongated ftallk of the nucleus may be 
Inactivated male chromatin which has become attached to a 
haploid, b1atomere nucleus, x 10. 00 

430 Two awoUen, vacuoltedpro rncloi in an egg taken from a 
female killed 36 hours after mating. Syngay is very 
dIlyed. .ifl, this egg* the pronuqle±. are a1orm4, x 1000• 
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Two pronuciei in an egg .tken from a: female kU.ed 42 hours 
after mating, Sygainy is delayed; one of the prozn.Lclei, 
probly the male, i condensi.ng into pycnottc obromosome (a), 
the other pronucleus being greatly enlarged(E) 	A polar 
body can be seen iri thesection(? ) 	x1000. 

• Pronuclej in an eggtaken from a temale killed 42 hours aftei 
mating, The male ronucleizs has tailed to differentiate 
and resembleis ,,4n enlarged perim'bea6.; the female pronie1eu 
is greatly swollen and situated at the periphsxy of the egg, 
Cleavage is delayed*.. Xrradiatio. tine 10 mine, x 1000, 

46, Another egg Pmthe  same teinae as in Fig, i, The male 
prozrncleus(S) has failed to differentiate nrinally, and 10 
small and pycnotic The female prônueleu$(E) a oUen, 
xlOOQ,. 
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47 Another egg from the same f emale as in Fig, 65, showing a. 
swollen pronucleuv# probably male, on the periphery of the 
egg, Two other rnaclei are in other sections of this egg, 

i-QUO. 

483 and b. 8everal .nuclet in a oneMeelled egg taken from a 
female k •led 4? uxsfter; mating 1,The. single 
nucleus in Figs  48b (lower photo,) may be the male 
pronucleus; the other pronclei may be the productQ 
of division of the female .pron*cles, x boo,. 
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2. X—lRRDi,ATlON OF THE  

INTRDDUCTION 

L considerable amount of work on the effects of low X—

irradiation dosages on the testes of mice has been reported 

Irradiations of up to 800r,, induced teettouli, atrophy and male 

sterility (Snell, 1933) transloeations in the male chromosomes 

(Snail, 1933; 1935; and 1946; Keller and Auerbach 194 	and 

embryonic mortality (Piagene, 1933; Snell Bodeniena and 

Hoilender 1934; Snell and 'ickon, 1935; Hertwig, 1938, 1940)4 

Higher dosages have been used by Brenneke (1937) 6  who 

irradiated the testes of rate and mice with dosages of between 

800 and 1800r, and between 800 and 2,200r, respectively, She 

observed sub-nuclei, lagging ctiromosones, asynchronous division 

ok blastomerea, and onuclested cells in the early cleavage stages 

of the resulting embryos, In later embryonic stages she also 

reported considerable embryonic mortality in implants *  

Extremely high dosages of X-rays were applied inv.ttG to 

rabbit sperm by Amoroso and Parkes -  (1947), They used dosages 

between 50 and 100,000r,, and artificially inseminated the 

irradiated sperm, The number of offspring declined up to 500r 1  

where most of the offspring were sterile. Above 2 1,500r## all 

embryonic development was retarded sperm penetration of the egg 

was delayed, and. polyppermy wao not uncommon After the high 

dosages,, many abnormalities were observed* the male pronucleus 

failed to develop normally, syngany was delayed and irregu1ar, 

and many activated ova failed to divide, The arrest of 



segmentation of the embryos vas associated with irregular nuclei, 

and anucleate or multinucleata coils. There was evidence of 

slight activation without srngarny, but none of continued gyngenetic 

deveiopaent. 

In the experimental results which follow details are given 

of the effects on embryonic development of the X.irradiatiofl 

of the. sperm. of the, mouse 	g  g c_ujuA 	The priazy 

ifltention of the treatment was to. induce gynogenetc deve1opxnnt. 

Dosages were between 100 and O,OQOr; the experiment was similar 

to that . of Rugh (1939) on. the fro gj and. Môroso and Parkes (1947) 

on the rabbit,, Treatment of mouse sperm in vitro necessitated 

the artificial insemination of the treated sperm; details of the 

technique have been given on p, 40 .  

MAT RIAL AND tETR0DS 

Details of the stocks used the artificial insemination 

technique and the examination of the embryos resulting from the 

treated eperap are exactly similar to those given for the ultra-

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

about 2 mm, deep; between 4 and 7 bucks usually provided a 

sufficiently dense sperm sample, 

The X—ray machine. 

Irradiation of the suspension was made at two distances from 

the X-ray source: at 8 0  and at 24.. At 8" distance s . the output 

of the sachine was 180r/rnin. Dosages of 100r and 500r were 

given at this diatance. For dosages between 1,000r and 50,000r # . 

irradiation was made at 2 4  Output at the. shorter distance was 
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ted from the 80  output by the relationship betwecit intensi 

the square of the inverted distance, Even at 2P distance, 

the time of exposure of the sperm for 50OOOr to be given was 

one hours  including time for the machine to cool, 

dosages between 20000 and 50,000r, it was necessary to 

cover the sperm suspension with thin plastic to prevent 

plastic offered no detectable barrier to the X-rays, Some 

samples were given the same treatment without irraition to 

ensure that no loss of fertility resulted .from this delay. 

The constants of the machine were: tube voltage rM kY,, 

7 mA,, filtration 0.5mm. Al, liVID 0 68mm, Al, dose-.rate 

].Or/min, at 80  from the source.,  

BSlJLTL 	- 

No pronounced effects on sperm motility were observed ezCept 

seibly, at the highest dosages, where activity, appeared to have 

in several samples, Unlike the effect of the ultra 

the whnle erm sample appeared to be evenly affected;  

the sperm in any one suspension had the same activity, 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 0  of the 

of embryos and unfertilised eggs, and of the chromosome 

counts and mean cell numbers of the embryos are given in Pablo 14, 

were between 100 and 50 ,000r; the .number of sperm 



samples treated at each dosage are given in the Table, 

An3.vsis of be LqXt&UjX ot the inseminated females 

Controls of the artificial insemination technique yielded 33 

out of 47 tamales possessing embryos at 	days gestation, or 

70,2% of the females inseminated 4  in controls, and also In the 

experimental animals v  care was taIen to oxCiude females vhioh had 

not ovulated, After X—irradiation of the $POfl1: 505 variation 

occurred between dosages in the percentage of females with one or 

more embryos, Some of the variation was accidental, for at 

dosages lUOr,, 500r,, and 2 0000r., one of the samples used at 

each dosage was probably chilled slightly before insemination. 

None of the females inseminated with either of these three sperm  

samples possessed embryos 1  If the low figure at these three 

dosages is excluded for this reason, ie percentage of females 

with embryos was similar to controls at all dosages up to 20,000r, 

Aboe thie the percentage deelined 	The cause of this decliflo 

may have been due to effects on the fertilising power of the 

spermi - or due to the .difficIty of observing, at ) day gestatton 

the embryos which had failed to cleave (see later)i .After the 

highest, dosages, the, numbers of femalea. with embryos must therofo 

be Considered as a rnimim'on figure, 

ARMULs  gf thl RHMberj2f e 	 Mi, 

The Comparison between the numbers' of fertilined eggs 

(represented by the embryos) and numbers of unfertilised eggs is  

biassed due to the degeneration of some of the unfertilised eggs 

before 3 days gestation, The comparison has nevertheless been 

made first over sUfemales and secondly on the eggs of females 
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which possessed one or more embryos *  The results are given. in 

Table-14. Analysis over all f ém1es included thoae in which the 

lack of embryos—was probably due to accidental cola—treatment of 

the sper$, and this Was presumably -responsible for the low values 

dosages 100-i  500, and 2e000r, £na- ysis Within -fe1ès with 

embryos -overcame this -difficulty, Both analyses gave a consist'--' 

èntlr lower percentage .4f ter X4rr4diatiofl of the-' sperm than in 

untreated controls, The percentage declined steadi' with 

increasing dosage; the deClin could have been actual or due to 

the difficulty of identifying high]y retarded embryos at 	daye 

getátion (see latr) .  

,Observational difficulties may have also affe4ted the 

calculation at the mean number of embryos taken from females with. 

embryos This analysis overcame the obstacle of the defenerating 

unfertilised eggs, The moan was the same as that in controls at 

100:, (i,e, 5,5 embryos per female). g . lowered slightly to 445  at 

10 .000:,, and declined steeply to 2,7 at 50000r, (Table 14). 

E*a$netion of fertilised ova (see later) showed that the 

three criteria used above aCtUl1ly compared the-number of 

fertilised eggs which cleaved with those unfortilisedplus those 

which were fertilised but failed-to cleave 1 . Two factors were 

therefore simultaneously measured; the effect of X-orays on the 

for li.sing. power of. the. sperx-  aAA- the ab1tty of the, agg to 

undergo - cieage 	The study of—numbers of eggs in the- proncXear 

Stages 'would -Ave- 	a stricter measure - of the fertilising -capacity 

Of the sperm after X+rrad.ation  
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The effect of Z4rradiation of the opera on embryonic 

merit at 3j days gestation use neaoured in two wayas first the 

of differentiation of the embryoej second, their number of 

nuclei*  in oontro1e 5l8% of the embryoit were early or ediva 

blastooyt3ta the rest being 	 .:f4 X4rradiati 

of the sperm,, the proportion of blaatocysts declined from a value 

Identical :with controls (570 6) after WOx to 0% after 26O: 

and abOve4  The decline it :j 	roeittagé was very marked 

between 500 and 3.000r, (Table 14),  After. 0000 and 5Q0O0r, al 

of the embryo appeared to be u the 2,.3 or 4 cell etage vhe 

viewed alive under the microscope, Unliko. the 	'oznon 

tendency ii d*cd by ultra-violet rradiation* all the embryos 

were affected snore or less 	by the X-raysj espeo.afly after 

200Or, and above, Below this docage. eons variatic• occurred 

for example at lOOr,* one embryo had not dev'oloped beyond the two-

celled stage chile the remainder were either bi.aatocyst& or 

advanced inouloc, 	 S  

Some reservations mt be made oencernin.g the number of 

nuclei counted in wibryos produced from X-irradii ted spew beCaua 

au.b.uuq1eL were often present in addition to the normal-.ated 

nuclei (Figs, 50#. 5).)# Where they could be ditngushed the 

sub-nuclei were excluded from the count j  The numbers of nuclei 

given in the following data may therefore not necessarily repre6eul 

the nDber of ceUs 	 . 

For each irradiation doeae the aan nurnber Of nuclei per 



embryo and its standard error was calculated, Results are given 

in Table 14 and plotted in Text-fig., 66  The mean declined with 

dosages  especially after 500r 0  (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 

loa N where x is the nuUber of cleavages and 
log 2. 	N 'te the number of nuclei- ,  

After IDO and 500r. cleavage uumbdre at 53 and 5,6 respectivEly 

were idet&e4 to eontrol,s (te 5.4)., 10Q0r,,caused a slo4ng 

do* equivalent to about .one cleavage to4 	eaagea, After 

5990re, and above,v erY. few enbryoa had completed, their third 

cleavage. After 30,000 and 50,000r the mesn, oólJ number was 

lower than 20; many embryos bad probably 'failed to undergo their 

first, clea*age 	• The, tandr4 error of 'the, mean .ucleai, 	bex' 

was fairly low for the medium' ,and high doeages z'esponsec- to 

X'4rradiation was evenly distributed over all embryos unlike 

the aU'cr'none response to ultravio1ot irradiation of the sperm 

(p, 

DO ,ób óeome' ,mt,s of the embryos. 

The d44d  t'"ber in jg 'matilUs . is 4D (Vatthey 1949),. 

Det$i$ 'of the ohoaosoe counts of 'the 3 day old embryos are 

given in Table 14 Yew embryos could be classified at the high 

dosages; due to their low number of nucldj very few of "tiem 

possessed Mito6e6. '0ountv-were made with an ácdüraey of 

% of the i her 'oE chrOmoaomee in the •%tos 	if this 

uacy was not  possible on ewbryos which were 'app'oda,tely 

dipIo1d. thaI' were classified as tprobahly dilOid' ' ' Where the 
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Count on noip1od was only .appoinate a qua at .mark ha8 

been appended behind the particular émbryoe 	e Table, if an 

enibryo was,seither.hapIpIdor dploid, its chromosome complement 

has been tracketed in the . Tables  

The outstanding,trend i the chromosome counts was the 

gradual decl.i a froa, :the,41ploid to . the haploid number with 

inoreaatngdose (use Textsfg 4  7; •  figa ;49ø544 EVSU at3!0O?. 

the lowest dosage Ued some of the embryos, were hypo-diploid; 

at this dosage one hyper-diploid and one mosaic were recovered, 

The proportion of po-diplot.cb Increased rapi4ly up to lOOOr 

and above 2 1000r, no diploid embryos were fqund, Lt the higher 

dosages1  the number of mitoses declined considerably, Sufficient 

were obse7ed 1  however to show that the mean chromosome count of 

the emy.s, was wy dlost'  to h.ap1fd at thesa dosages . Four 

embryos were provisionally classified as haploid, two of which had 

Only 4pproxi t eoufltø, . The other two were, highly retaded, 

One of them 	 a '.si.  of which one cell was in: 
division ;  with 19 contracted hrooaomoe the other had two cells0  

of v44.cb.pn...!. 'divieiou 'wit appro4mately 

chromoeel. Iastro tp4em 	Was probably being 

phagocytosed. (Fig. 5,.', • b*ve 	PQOr,no 4tosee. Were . 

observed, Lk any, of45ernbryo,,  

More detailed ,.tudy. of certain mitosea revealed an .zsua.: 

feature, in they 	. After the 0hro,oso*e classification under 	the-  

microacopai 'Some of the hypo-diploid . to 	were proected: 	on &. 

Screen; at magr4f%catio* x OQO.. At this magnificati0n4 what 

had prevLouely been classified a cop1ete chromosomes were often 

fouAd to be Shall traonts of chromosomes, The: iflitoSè 
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consisted of 20 normal-sized chromosomes and several emiU pieces 

(Fig 54) • Some of the hyper-haploid chromosome counts were 

therefore nearer to the haploid number than estimated; the smU 

pieces of chromatin were probably the remains of the treated sperm 

chromosomeo i, Much of the sperm chromatin had apparently been 

lost in previous mitoseai, The normal chromosomeS were presumably 

the haploid maternal complement the embryos being in the 

process of reversion to haploid, 

In addition to the definite chromosome counts 1, other 

observations on chromosomes were made which could not be included 

In the Tables  They were essentially similar to those described 

following ultra-violet irradiation of the sperm. Many embryos 

possessed PY=otic# fragmented, eloflgatod or contracted 

chromatids or chromosome$ (Figs. 49k, 53) 	The majority of these 

were unelassifiab1e The largest group excluded from the 

chromosome counts was a number of one-celled embryos containing 

exactly twenty 'hromosomes, Sometimes the chromosomes appeared 

to be meotIc, others were probably mitotic,, The possible 

origin of similar embryos has been discusses previously in the 

u3.tra'.vtolet series; mel.otic chromosomes may have represented' 

unfertilised eggs (though none have been seen in controls) j or 

eggs which had been penetrated by sperm without being  activated,  

with mitotic chromosomes may be haploida arrested at the 

first cleavage, Die to the subjectivity necessary in deciding 

the type of chromosomes, all one.eelled eggs have been excluded 

from the chromosome counts given and they have been classified 

unfertilised eggs, This type of abnormality occurred mostly 

t the higher dosages; some experimental evidence for their 



being inactivatedo, fertilised eggs will be given  presently, 

The exclusion of the one-celled haploids from the results 

moans that in subsequent analysis the .a11et poasi 

number of cells in the haploids is two, Their number of nuclei . 

and cleavage number may therefore be higher than actually 

As previously 5hoifl1 the mean number of nuclei of all 

embryos decreased with incrossed irradiation, the highest dosages 

restricting development to the one-' or two-celled stage. In 

140  the mean nuclear number of all embryos of the diploid. 

and of the hypo-diploid embryos are given, For this purpose, 

all the hypo-diploid, embryos have been regarded as a group 0  

rogaidlees of their chromosome complemnt, Included in the 

group are the four haploid ebryOo Which had can rwmbera of 11 

(the haploid occurring after 5,000r,); 2, 30, 2 (those occurring 

at 10 1000r,), 

The number of flUCiet in the diploid embryos declined from 

approximately 45 at dosages 100 and 500 r, 0  to 23 at 1000r,, and 

.5 at 2000r. The diploid therefore also conformed to the 

pattern of declining nuclear number with increasing dosage; 

they gist also have inherited some developmental aborifl1ity from 

the irradiated sperm, The hypO.sdploids had, in generalp lower 

numbers than the dploide, and also conformed to the 

pattern of iecreased capability of development with increased 

dosage of X-rays,*  At the higher dosages (2 0000 to 20,000rj the 

hypo.'diploide consistently possessed nuclear numbers higher thafl 

the moan of all enzbryoa.. But this result might be expected, 



because the embryos which possessed mitoses were a selected 

øarnpl& giving proof of continued development *  The mean nuclear 

number of the hypo-diploids at 201000r was 5,17 the man of all 

the embryos at this dosage being 3,75, For coraparison, the 

mean nuclear number of the diploid embryos in control artificial 

Inseminations without treatment of the sperm was 44,1±15.4, 

If the mean nuclear number of the hypo-diploid ábryoa i 

transformed to the cleavage number, the values for dosages 5#000o 

10,000 and 2D000r, were %28,,' 2,65#. and 24.38 rospeàtively.. 

At these dosages,, the male chromatin was probably' being excluded 

from developmeitt with successive initoses, and the embryos were 

becoming gynogenetic in the seise, The cleavage number of the 

four haploids found wa 	3q47, 100, m 	 3.33, 100 respectively, 

No comparisons with diploids were possible within each dosage 

because no diploids occurred at those dosages, Xt waa clear s  

however that the dosage of Xrays necessary to inactivate the 

.sperm'cbromatin also suppressed normal embryonic development, 

The hyper-.dtploid with 45 Chromosomes, and the mosaic with 

mitoses of 31 and .40 divisions,. possessed 32 and 29 nuc4 

respectively, 

yto1ogical observationm gn the etbryos. 

The precautiona necessa, the interpretation of 

abnomalities in 3* day old squashed .embryos havebeen - discussed, 

on .p#:  98, The absence of &,nt1ar.abnorina1ites in controZs, 

obatiofls on eggs at fertiliaatiori and the Lint, cleavage 

which wi] be given 1ater1 'and Øhromceoe counts on..3* day old 

embryos5 al indirectly .coflftrmed the following observations*- 
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The most common abnormeflty seen in the _421  day scuaehes was 

the presence of numbers ofsub-nuclei in addition to normal sized 

nuclei (Figs, 50 51), Sub-nuclei. accurred after all dosages 

used some embryos containing few1  others possessing fleny. The 

chromosomal anomalies were lagging and fragmented chromatids 

(Figs* : 52* 55), and several contracted mitoses (Fig, 49) 	The 

presence of pyonotic Chromosomes, and of one'ceUed eggs contain 

*eio tic or tiitotic chromosomes, has been mentioned prevóus1y 

An interpretation of these cytological athormalities will be 

given later 

Some of the embryos at 3j nays ge station were probably dead 

and undergoing phagocytosis (Fig, 52) 

Dosages of 0r  l000 lOOOO 20OOO or 	were. 

Lpplied. to the Ø9O: Few egge were fertilisOd" after the two 

ighet .dosageà; results from thCee dosages have been 'grouped, 

perm entry, pronuclear growths  and siugamy and the fiet: 

leavags were investigated, Eggs of females killed between 6 

nd 8 hoirei:1:2 and 1$ 11O5'91d % and 42 hours after mating 

~erer ened for these purposes 'respectively 4. 'Five mice-or. pore 

615 t led at ach dcoagel the eggs Of One of th5fl YGO atudtód 

or. .sper entry, tWO for pronu4 ear g rovith, and two for ayn'gay 

nd the first 'cleavage, 'Syngamy was not observed directly but 

nferencea about it could -be made from the  appearance of the too 

cUed eggs Only the fertilised eggs ,  have been alysed 

etails are.givea in Table 1,3.' 
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Sera entry and proJt1!o1eZ5 formation. 

Only one of the females killed between six and eight hours 

after mati gpose.sse4 penetrated egga#  She had been inseminated 

with pern receiving 2O 0000r Seven of her eggs were in telo-

phase.9  and in five of these the sperm was swelling normally 

(F194 56) 	Xn the other two eggaw  no sperm bead could be aeen 

as this occasionally happens in controls,, it may have been 

due to difficulties in observation None of the four other 

females killed between six and eight hours after mating had 

penetrated 	The absence of sperm penetration ino these 

ogga may have been due to delayed fertilisation after Z—irradtattoi 

of the sperm. For coparisofljafter •  artificial insemination of 

untreated aperm one female of two inseminated had penetrated 

eggs sin hours after mating 4  In natural matuga, aix out of 

eight females possessed penetrated eggs at this time, 	More 

data in needed to ascertain whether delayed fertilieatio* occurs 

after X rradiat on of the Sperm, 

Two kiide of ánomé.y *era observed during pronuclear growth* 

Zn both caveat eggs possessed only one pronclens The only 

means of deciding whether thia pronucleus was male or female was 

to eml  e the egg fo+ the preèeità, or absence of the saturation 

epindle 	After ,OOOr,,:  thee eggs possessed vanwUs prornzolet 

together with an unchanged second zmeiotia spindle (Pigs  57a & b), 

One of these eggs possessed two of these unusual proAuclei the 

other two eggs poseaed one each 	These highly 'abnoal 

pronuclei were prssuu bly zUale; Iperm entry: into the egg bad 

apparently 'failed to stimulate the Second mat,iaiation division, of 
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the egg,, Four other eggs possessed only. one pronucleus;, in 

these eggs the pronw].eus was formal in appearanee ,and the eggs: 

had fo. meióti spindle but did possess-:a second polar body,,. In 

one. of :tbese eggs dark trtatious appeared if the cytoplaam, 

The' .presence of 'a second polar body Indicated that meiosis- was 

nonp1ete azid hence 'the single pronucleus in these ege could 

have been either :mal or female, Judged from ts poattón 

to 'the second. polar bódyë,  the single prointc3.eus could: have been 

femalej the dark striations in the cytoplasm may have b éen the 

remains of an abortive sporm.4iead 	At 30*000z',, ax eggs 

appeared to have two normal proncleL, three eggs 'possessed the 

vacuous. ronuclei and the secoTd maturation spindles and four eggs 

• possessed a single normal proflucleus and no spindle*  After 

l0 0000r,, 10 eggs had two normal prouuclei 0  one had three prouc1e 

and one egg had one normal pronucles, 

'Po)ysperrny was observed if two., eggs 	One of these contained 

two vacuous pronuclel in n uz*atiiulated egg, The other is 

shown in Fig, 58 and occurred after 20 1000r; a slightly swollen 

apex*'.head lies next to one of the two normal pronuclei present 

in the egg,. 

E4nation of the embryos between 36 and 42 hours .after 

•iaating revealed only two types of egg: : those 'which had cleaved to 

the twoeeU staged and those which had not been - activated-and. 

were probably -  Unfertilised, These was no evidence of a' de1ay 

ix the pronuolear stages. similar to' that occurring after ultra-.. 

violet :trrádiatio (pö 1,01)', Nor is any evidence seen of the 



fate of those. eggs hich had possessed only ofle pronicleua. But 

the -numbers. examined were low (Table 15), 

Many of, the t*o'CeUed ,bryos possessed subnucl4; (Fig 59) 

the numbers of embryos, affected being proportional to t1e;amunt 

Of jrradiation of the sperth, At 30,000r, each of the five twO-

óefled .ebryos possessed at least one snnicleua in one of tto 

blastomeres three of these emyoa had more than O45 

At 14000r. four embryos of eleven. examined had:.sub.-nuclei;..at 

10Qr one embryo certaily had a 	cleus two others probably 

had one and sight were normal,, 

• The only evidence of a doubling of the maternal 'chromosome 

set uus the egg posessing thrCe prouuclei following irradiation 

Of .10 ,QOOr. . In appearance this egg suggested polar suppression 

rather than POlY5P0XYu. Polysperiny occurred ,fl: two eggo1 bUt  iA 

these either one or both of the ppetos appeared to be tkixg no 

part in development. Fórty.-fotlr other eggs had. either one or 

tvonuclet; theue; together, 4th iset obserUatiofls On 

telophase spudle which appeared uormal swwed that chromosome 

doubling at the second turatifl was very rare... No evt4enCe;.. 

of chromosome division vdth6Ut Cytoplasmu. 4iVi8iOU 	the firBt 

cleavage was peen (ce, the ultra-.violet results. p. lO3) 	To 

concludes observations at fertileation ad the first cl i 	 eavage 

supported the chromosome counts on 'YAp day  embryop Cnd' cOnfirmed 

that chromosome doubUig did not occur by either secofld pol4r body 

suppression poiysperr. or oupreosion of the first cleavage, 
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Details of the fertility of the Inseminated femalea, of 

placentae and embryos#  and of their young #  are given in 

16, The Irradiation dosages used were 100 500, and 1,000r, 

dice were killed at two stages of gestation; at 10 days, 

at 15 to 16 days, After dosage of 1,000r 1  none of the four 

examined at these gestation periods possessed placentae, 

females which were killed at term when they were obviously 

pregeant, were examined for placentae *  One of them 

esessed two very small s, degenerate ;placentae, This dosage 

s therefore not incompatible with inplantatton 1  but was lethal 

or embryonic development to term,, Four females were examined 

after insemination with sperm irradiated with 500r One female 

seased 10 placentae at 16 days, but only six contained 

emfryoa. None of the other three possessed placentas. The 

ix embryos were derived from a mother homozygous for the dominant 

allele of tI4s gene, All of the embryos bad black eyes; the 

Lather's genes had not been eliminated by the X—rays. After 

Irradiation of 100r. #  one female was examined at 10 days gestation; 

ehe possessed two placentae only one of which contained an 

To 8uminri3e1  1,000r. almost completely inhibited implan 

and lOOr, caused considerable embryonic mortality after 

tion 4  

After 1,000r b0  none out of ailx females had ltttera 0  Three 
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females out. of. seven Ineeminated produced :].itt,ers from opera. 

irradiated by 500r., v  the litter sizes being 3#  3, 2'j , , All of 

these offspring were. marked by the presence of a black: eye gene 

present .in. the male chromatin; the *ale . cbromosomes must have 

taken part in the development of these embryos 	After 100r 4 ., 

two out Of eight females gave litters, Sise eight and three 

reepectively 	he litter of eight showed the presence of the 

black eye gene derived from the father4  The sex ratio of the 

offspring wasp after 500r,. 5 femaleso 3 males; after lOOr,, 

5 females,, four males (two others were lost by accident before 

sexing), 	 S  

pIcUSSIoN, 

The chromosome complement ,of 3j day old embryos resulting 

from i the. ferttlisation of normal eggs by irradiated sperm 

•declined., from..diploid to haploid with  iocpeastng do8age on the 

sperm, 	Each of these embryos, would  contain. a normal ,haploid 	set 

of chromosomes from the untreated. og 	The inference to that 

the: .ntur her of . sperm chromosomes . contributing to. embryonic 

development, at . days 'gestation Is inverelrcorrelated to 

the applied dosage . After high dosagea, the fate of the sperm 

chromati. could be .seen in certain mitoses of .3 ay.'old embryos; 

,t. 	'as  fragments of 	 oso 	iteraporse4 among twenty 

normal, presumably tem4e,. chromosomes. The presence, of these 

fragmentsj,, and of sub-nuclei in . the hastomares of cleaving 

embryos1 . idicated the method by which chromosome loss occurred 

in the embryos. The Xraye eLther directly fragmented the., •  

.cbromoaomee inthe sperm.,head1, or so affected the chromosomes or 



sperm elements that fragmentation occurred during the 

cleavage .toes of the embryo,. The presence of ciromosgmes 

or fragments presumably 4erved. from the sperm indicated that 

Xrays: did not prevent male pronncleiaa formation or syngan3r, 

that the loss of the male. chromatin oc.currd tfl sUequent 

Direct bservatien on the 'pronucaar stages largely supported 

indication,.. The majortty of the, embryos pose8sed two 

pronuclei... Certain, embryos were exceptional however in 

they. had abnormal prontlei. Some had one pronttcleue which 

was .,p±eumably female, others had one or two proituelci which may 

have been derived from the sperm Embryos with a single pro-  

nucleus were found after 10,000i and above, the high dosages 

seemiugly affecting to some degree the normal processes of 

pronucleas formationi Bat, at all dosages the majority of 

embryos possessed two apparently IIOrW4 pronUo1ei , 

The effect of the X-rays was therefore unlike that of ultra-

violet in that no aUaor.none Inhibition of the sperm cromatin 

Occurred; Inotead-# the male chromosomes usually took part in 

syflgamy and cleavage was not delayed, The effects of the 

irradiation became apparent during development1 when the fragment 

or lagging male chromosomes became lost from the dividing blasto.' 

mere nuclei into small subiuclei Similar mitotic irregulariti 

were reported by Braimeke (197) in cleaving rat and mouse ova 

after irradiation of the teStiB; Amoroso and Park" (1947) 

observedsub-nuclei in cleaving rabbit ova after irradiation of 

sperm in vitro, The present work shows that after high dosages 



almost all the male chromosomes were, lost in the course of one s  

twoj. or three c1eavagea, Twq causes may have determined the 

rate of loss of 	e...chromatin. during development:, the. dosage of 

and the ibr, of cleavages, undergone by the 

With increasing dosagest the ,embrios. cleaved, progressively less', 

yetdespite thiSj the2' chromosoas complement still declined *  

Tbe primary age4t  causing chromosome loss therefore ,  appeared to 

be the dosage of X-rays applied to the .aperm 	The loss of. 

chromat4n as sub..zuclei. could be .observed, as early as the, tw9.:. 

celled stages  the aber and .size f the su uclei being 

positively. correlated with dosage 	In two-celled embryos 

resulting after high irradiations of the sperms  the .Sub-nucleL 

were almost as large as the blastomere nuclei 	These large sub# 

nuol4ánd the decline to near-,haploid In the chromosome content 

of onøQo and twice"cleaved embryoe• were Undobtedr closely 

related and induced by similar m 

Of the embryoa which pose3ed a, single pronucIeue.. some 

contained a second maturation spindle attU at metaphasel, in 

others the spindle was not present and a second polar body had 

formed, Xhe presence of a pionueleue and an unstiJ4mlated 

maturatio. spindle in the former may have been due to a heavy 

X-rayed 'sperm penetrating the egg w%thout stimulating the 

compleion of the second maturattofl ,div2sian 	In 'these eggs.. 

the appearance of 'the pronaclel was clearl-S abnormal this 

could have been due to the development of the male pronucleus in 

an unstimulated eft cytoplasm. This 4nd of development may be 

considered' as Andr6genatief In ihe second type of eggs 't&e 

pronucleus appeared to be normal, In one of these eggs #  the 
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of degenerate chrornatin in addition to the pronucleus 

have been due to the decay of the apers-4ea4 after .fertilica- 

The .,decay of irradiated male ohroraattn was seen in, rabbit 

by Amoroso and Parkes (1947), $Ueh. eggs may therefore .have 

by the 4ege Datton of the fertUsing sperm: after 

entry and atimuation of the egg 0 . The eventual fate of 

conte.ining a, single pronucleus is speculative. Those which 

contained- an unchanged etotic spindle probably quickly. degenera 

may. have been the precursors of the one-cel1ed eggs containing 

:meiotic 	omoeones. at 3 days gestation,. The uni.- 

eggs which had been. sti Ulated.1ay have cleaved ifl 

S .respect, it is interesting to note that the twocelled 31. 

old haploid embryo .sbon in Fig, 52 possessed twenty. 

ehrono8omes...: This is contmay to the normal appearance of . ins.uy 

chromosome fraent in rn.ttosea after the X.-irradiattofl,of the 

sperm, This particular embryo may have resulted from the 

cleavage of an; 	containing ctatnixg a , siiig3,e proiucleus such aA 

rro would be expected to possess an exact haploid compleaent 

idged by the number, of nucid. in 3* day old embryos, this type 

. gyogenetic development was very abortive and ended after 

'or two cleavages, 

With increasing X-irradiation of the sperms  embryonic 

oprnent tieeane, more retarded until. at the highest dosages,. 

Of the embryos had completed their second cleavage at 3* 

days gestatton. No Hertwig phenomenon. was. found, which agrees 

th the findi ge of Amoroso and ?arkee.. (1.947) after X4rra4iation 

the rabbit ,spez, The reta'dat!to. of embryonic development 



was very constant at each dosage level s, 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 chromosome complement of these'  

embryos was probably not the cause of their retarded development, 

for haploid and many kinds of heteroplotd mouse embryos cdal  

develop quite successfully to blastocysta (Beatty, 1954; Beatty 

and Pischberg, 1949 1951a & b, 1952; Fisobberg and Beatty, 1952 

A& b; and see p 53 of this theøis). Delayed fertilisation 

caused by the treataert was also nr1ike1y  to have produced this 

result (Gates and Beatty, 1954), A non.chromoaomal factor in 

the sperm may have been affected to retard embryonic development 

n this manner, The factor way have been cytop1asmic and 

because it appeared to be closely- connected with cleavage s  2.t 

could have been the centriole. Increasing irradiation of the 

sperm could therefore have had to effects: greater damage to 

the chromosolas and to the centriole., Dosages of 30OOO 'and' 

50 0000r, so affected the centriole that an of the embryos 

resulting fz'oma the'-fertilisation of a normal egg by this sperm 

failed to cleave more than once, It seems unlikely that the 

high uniformity of retarded development after these dosages was 

due to genet4 damge to the sperm cbooaomee especially as 

such embryOs possessed an untreated aIöid comp1emeit 'fromthe 

egg, 

Cte.in of the 	induced in emfryOnic deielopm'nt 

the same a.fter either ultra-violet or X..irrádiatlon of the 

After' either of thèm embryønic deélOpent Was 

vs6ly aftèctèdp Ch niosomes were :166t durLng d6vé1Op4entj and 



cytological abnormalities included ub.nuci4 in the blastoaerea 1  

chromosome fragmentation, and other mitotic disturbances. The 

clear difference between the two treatments lay in the inactivati 

of the male chromatin at syngamy by the ultra-violet s  which had. 

no counterpart after X-irradiaton. M effect on the centriol 

and the chromosomes of the sperm has been suggested to explain the 

abnoiinalittes resulting from both treatments, Neither treatment 

has induced a Hertwig phenomenon 1  all the haplods and flear'. 

hplOdø beirg exceistvely rétarded, 

A comparison between iaomla and amphibians can . be Udó on 

the effecti of the X4rradiation of the sperm, on mbr,óttc 

development, Rugh (199) reported a ieli-cle±'ined aert4g 

phenomenon in,the frog with dosages ,up to 50#000r ,  on, the aprm 

yitrQ4  Raploida were induced by the higher dosagea, aid develope 

to advanced larval stages 	The degeneration of mouse embryos, 

and also of rabbit embryos (Atnoroso and rarkes 1947), in or 

before the two-celled stage is in direct contrast vith the 

Amphibian results, Either the dosages given to mmlian sperm 

have not been s4fftc.ent1y high4 or a difference exists between 

the two classes, The former theory is unlikely because the 

male chromatin - appeared 	 é ' appeared tO ,• total' 'd troyed in ëèrtain 	mouse 

'. The difference betieen the two ciaseø : 	:therefore' be 

due tó'tbegreater resiátànce of sons partof the phibiañspèrm. 

to X-'ay 	or tu a ''eater capacity of' thè 	hibAfl egg 

for :p1ojd d6ve16nent,  

The death of mouse eibryos before añd 'just after inpiantation 

I following relatively low dosages of Xrays on the sperm is 
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s1..i4izr to that produced when the testes and ducts of. live males 

are irradiated (neU and.Picken. 1935 Brennekej 1937; etO), 

of the females .receLv1g sperm irradiated by 1,000r.. had 

plaosntae, and thee. were. very small and iliformed, . This 

dosage. was therefore near the etha]., 1 it for iplentation 

Pre- .,and postp1antaton death occurred, at 500 and iOr60'.an.d 

was a1aoref1ected in'the low litter siZe 	The death:of 'those 

eabr1os.y have been o caused by SAduced 'do"aut lethal  or 

chromosome rearrangements (Sneli, 3-935, Hertwig 1940;  KoUer 

and Auerbach,. 1941; ' etc.) 	One other cause of death 'of these 

embryos was. 'evident 'jfl .the' 3 'day. chromosome counts, for; many 

embryos ,pocosssd. balancd"nàu-dipoid chromosome. complements. 

such, a. relatively low. dose as aoQ.r',"oie quarter of the 

*17O$ ciassified wore no . longer . dip1oid ' , thIle 500 j 

one-third were' áffeted. . Radiation dnage of' such matude 

fallowijig ,thete: dosages on 'mature aperm assumes ,  conatdorab].e 

ortance as ,a factor'" 	sterility' and eyonic 'danth 

especially as earlier stages: of spérmatogenesis are-more Suscepti 

to X-rays. (Hórtwtgj'  

• The :delayo4 fertilisation indicated by the oboortions 'on 

the eggs of females killed six hours after mating may have been 

due to 'reduced 'a&tivity of the sperm after, X-irradiationa,'' 

Amoroao' and Parkes (1947) also reported delayed çeieation 

alter X-iradiation of ra.bb.t apèrm 'Judgàd by th obsérvatión 

at 3 days gestations  the fertz.liang cap*city of the sperm was 

not affected iziti] very 'high dosages were given , and the: lack 'of 

embryos at the' high dosages'ay have béensdue'  to pema'tuzé' embryo 

.-lie' death rather/ 
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rather : than failure 'of fertilieation, Two polyapermic eggsi one 

of then 'UnstirUlated. by sperm entry, out of 20 examined after 

30OOOr,indicated: that 'polysperrny' may be a product :f the 

treatment, as also -noted by Amoroso and Parkas (1947) * ,. In the 

three pronncleat- eggs: which' contained an unat1Aated metapbae 

of the secoxtd"mei.osisp 'two- had a single proflucleus and the: third 

bad' two p ucici, .- 'The occurrence of -polyapery ii •àne out of 

throe of 'these egge siggested- tht'• sperm ent*y' had 'alSo failed' to 

st1Eiite fiI.y the, 'zôna reaction again at. the ocurrer e 'of 

polyspermy-. (Braden,, iu'tin',; and Davd 1954),  

SU1MARY 

-Sperm of' tba,voieO, u',sculup,was,X_Irrádta,téd t 

before fertilisation, Dosages were between 100 end 50,000r, 

2, 

 

With increasing dosage, the chromosorie comlexuent of 3 day 

olct embryos declifled from diplod to haploid, Righer 

dosages increasingly ,  retarded embryonic development s  p04000 

and 50O00r, restricting development to the first cleavage, 

Meny oytoloical abiU.tieS- were 'found 'in. "he .3i day Old 

-' 

3 	X-irrath.atiou did not normally prevent male pronuc1eZs 

formation or sngazLy. ' Chromosome loss Gcourrea -in- the 

ábryós' during development,. i,robly by the lose of' 

-chromosome fragments into su..nucleio 	' 

4, : 'After' 3A),000*. aiO22flal pronuciear relationships were found, 

In some eggs: sperm -entry- d-the growth of - the al"prb 

-nucleus did not :  stilate' completion' of the 'seooiid 

maturation 'division., In 'other .egga,' the single pro nucleus 



was probably female. 1  the male pronticleus having degenerated., I 

Polyspermy ocoured at:the same dosage. and may have been 

:corrated with failure to stimulate tie egg, 

5,. 	,OQOr almost . completely aappressed implantation,,. 500r, 

caused considerable, embrya4.c mortality.,..,. 	0 

6, Atheory.of ,ir?ad4tiondarnage.. to the centriole or cytOpl* 

.,pf, the aperm in addition to.deatruction of its. chromoomea 

..e :postulated .,to ,accouflt for the retarded. development of 

the .embryo,. •. 	. ... . 	 " 
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* 	One of the females possessed the remains of two 
placentae when examined at term 



ext.ft 6 Re1at4orishp between dosage of Xrays On the sperm 
and the number of irnelet in 3 dal 4d embryos, 

one standard error above and below the mean, 

extfi 7 	The bromoso*e cónpImeutof 3dá ld emb*'yè á 
X-tr?adiaton of the sperm before fertulisatio, 
Each square represents one embryos  except vhere 
a different number La shown in the stiaz'e, 
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.tGUTES 

Lg. 4955. 4nciustve are taken from equash preparation of whole 
4ay old ebryoa.. rigs, 56EO .tncl.usive are from ectIos of 

ggs ten from notiers tIled betweu 6 and 42'hourv ,  after mating, 
he amount of irradiation gi. , to the sperm, is appended to the 
escription of each figre 1. None of the negatives were 
etouche& 

• A whole 3j day old embryo containing two .diploid mitoses 
and one contracted mitosis of 31 ohromosomes(C), 
x 350,  100r 

50. A whole 3 day old embryo containing a mitosie of 34. ± I 
óbromosomea, Several subnu.cleL can be seen in addition 
to the norña ized nuclei 	x 350,'500r, 

51, A whole A day old embryo containing only 5 nuclei of which 
3 are in mitosis. One of the metaphases possessed 29 I 
ohromosomea the other 29 ±-2; and the anaphase on the left 
of tha embryo . ba4. a jre 	t.]y 46 ehromstids, Sub-nuclei 
can be seen in the embryo. x 350 20,000r, 
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52. Two whole $ day old embryos. The embryo. on the right is 
to-Celled one esU containing a haploid eet of chromosomes 

• (C); the embryo in probably being phagocytoied by 
leucocytea(L). The embryos on the left .has seven nuclei  

• of which one is in an anaphase containing a large- number of 
fragmented chromat$.d, x 350 10,000r, 

53, • A tltosis of:approximately'24 .chzômos6mes 1  x 2000 10 

54. A rnitois containing a haploid set of noriia1 presumably 
inateTh1, chroxtosomes, and small. chromosome fragments, 
which are presumably male interspersed among them. 
x 200 	000r, 
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569 	oriDA1. 	penetration into the v1te11us and stifliulatioñ 
of the second maturation divisionafter the sperm had been 
3.naotL4ated with. 20,000r, The first polar body can be 
seen on the right of the egg, x 1000 20,000r. 

H 
57a and b, Abnormal pronuclear growih and failure of normal 

stimulation of the second maturation of the egg after,  
the sperm was iuzadiated With 30,000r. The rnaturati. 
ion division is still at metaphase s  the presumably 
male pronucleus is vacuous in appearance 	x 1000, 
30,000r. 
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5$, A large eib-nucIeue present in addition to the normal 
atomare nucleus. in, a two-celled embryo x lOQO 	000r. 

59; P4yspermy occurring after, the sperm was irradiated by 
20,000r, The pronuoleus in the figure 18 the male; the 
female pronucleus is in another, section of the egg, Below 
the male pronucleu, an unchanged sperm-head can be seen in 
the.vi.teUs. 	x;1000j.20,000r, 

60. A blastomere of a two-celled egg, ' Three nuclei are present 
in the blastornere; the larger, central nucleus may be the 
blastoniere nucleus, the others being ub-nuclei. 
x 1000, 30,000r. 	, 	 , 	 , 
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12T OF THE SPM,  BY TRYAEtJM7INL 

INTpDUCTION, 

Since: to original application by Hertwig (1924), tvypafline 

been. one: of the principal agents iied. to inactivate amphibiafl 

chromosome. before. ferti1iattou, . Similar treatment of' 

sperm. was' Carried' out 'by Thibault (1949) on the sheept.  

by Beatty (unpublished) on the..rabbito: . At fertilisation* 

ault observed spindle rotation and. migration in the eggs. 

of the .econd. polar body and. polyspermy 1e öbtaiñed no 

of prQfluciea?. growth or of gynogenetic development, 

tty Px,amined, :5* day rabbit blastocyats resulting from the. 

ted sperm, all the onbry'o. Were diplold and apparently. 

the numbera, developing actor treatment were 

The following experiment, gives .the reaulta f the. 

t in 	of the eperm of, the mouse, .:muculi2s before 

ation. The concentrations .of the chemical on, the . sperm 

a range which, included the :cçn 	rations used in the 

lans. (Hertwtg, 1924; Dal 92 	7rnbryos were eimined 

fertilisat.ton,; the first cleavage, at.3, the 31 day embryonic 

imp].antaion. and birth, Treatment, of: the sperm by tiypa- 

ft 	'° necessitated the artificial insemination of the 

ted sperm; details of this technique have been given on 9, 4, 

MATERIAL A ND METHODS 

th one exception s  the mouse stocks were the sane as those used 

the ultra—violet -irradiation of the sperm (p,. 86), The 

was a single female which was probably heterozygous for 



'Silver!- factor, The recovery. preparation and examination 

the embryos resulting from the treatment were exactly simUar to 

given for the Ultra—vióiét experineut (p, 88) 

In the early stages of the ezperiment the sperm of each 

male- was separately treated br tr,paflavino 	But progress 

this method was painfully slow and hence the alternative method 

adopted of mixing the sperm of several males, The also of 

containers was arranged so that the depth of spermuepenSioua 

t Ammo—Was the same for the individual and the mixed sperm 

amples, The sperm suspension-  was 0,75%  saline. 

Trypaflavino has a photoohemical action on the sperm 

Drebinger 1951) • Immediately after the addition of the trypa'. 

vine to the sperm, the resulting mixture was placed at 30 Cm, 

tance beneath a 300W lamp for 10 minutes, The activity of the 

m was checked under the microscope before and after the 

umination1 The treated sperm was then artificially inseminated 

oestrous females withmnizi. delay, After eomplotiem of the 

asemizationoo, the activity of the sperm was re—checked, 

ixod sperm suspension usually inseminated three or four females; 

individual sample averaged one inseminated female, 

The trypaflavz.ne, obtained from Messrs, Bayer Products Ltd,, 

was made into a solution of -ten times the required 

entration by weight, in 0,75% saline immediately before use, 

t4.on of this, solutiou to the pure sperm suspension in the 

1*9 achieved the desired concentration on the, sperm, The 

concentrations in the sperma suspensions were between 



5O0O and 1/oo,poQ by weight.. 

•E8UL8 •  

Only the two highest concent2at3.ona, 1/5000 and  217,500 , 

reduced spera motilityp though not all Of the sperm samples were 

affected, For confirmation of this effect* sperm samples 'were 

ted for 20 minutes; reduced motility in these swPles  

'was pronounced at concentration 115,0000 and noticeable at 

• 	concentration 1/10,000. Sperm il1mtnated for 20 minutes was 

• 	not inseminated into females, 

'Exmintion of the 3 day embryos taken fromt Inseminated 

males at :fi2st indicated 'that development was normal, though the 

• developing were reduced at the higher concentratiOns, 

Vhed 	 .ezperiment was about half completed-,various highly 

retarded eáibryos were' notedfoz' the first - time.;. these must have 

been overlooked previousiy. In 'the results given in Table 17 

: aly5ja' 	the 	of the 'inseminated females 	'of the 

• '. numbers-of embryos has been made using the norfla1ly-deveiOping 

embryos only, No quantitative estimate of the retardé4 embryoø 

was aepted 

The percentage Of fealea with one or more noza1 embryos 

teadi1y iaeéased with decreasing copeentratton from G at 

/7,0 to. '80% at 	• iW00000 (Textfig,. 8) 4, Large 

•unbsrs' of fealea established this effect' with accuracy at the 



concentrations, Controls, Inseminated With untreated 

gave 	of the -females with one or- more embryos. 

The mean. number. *t eggs.- both: fertilisect and unfertilised 

o from females at the different concentrations rose from 5 , 2 

female at /5,OOO to 8,6 at ]Il0O,oO0 	The - low -figure at- the 

concentration was probably due to the degeneration of 

rtiised egge the cheical probably assisting this Process,  

loss' of -  more unfertilied eggs at the higher concentrations Wi 

E the comparison in favour of the embryos, 

The percentage of the total eggs whioh. were normal embryos 

analysed in two nays; over all feulales. -and within those 

Ire do which - had one or more normal embryos, Both  criterta-1  and 

- especially the firsti. showed thst -the percentage steadily increase 

Lith decreasing trypafiavine- coflcezitrat±ó, though -the. figUDè.WO 

low 
controls  even at-the lowest , concentration -(Table 1.7 text- 

$) 0 '  .. The- -highept concentration compatible with yj 

Labryonle development vas 1/10 j000it. . 	 - 	. 

The sac -  character.wae:rneasured -  by a differenitmethodo the 

calculatiowof the mean. number of normal embryos within femA.ea 

rhich possessed one or the of thé. This method overcame the 

difficulty'due.to the degeneration of the' unfortilLsed 'eggs,: The 

esulta are,. given in. Table 17,- The -mean increased- fairly 

Steadily-from 1,8-:pe -female at àoncentration 1/10,000 to 45 at -; 

Lone. -1/l0,0QO-- eoEtro1s were 5,5 pr female. 	- 
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The effect of the treatment on embryonic deve1opent was 

ed. in t*o wyøt first, the examination of live embryos for 

stage ói diffefltition; and second, the number of nuclei 

Squashed preat4n, 

In controls 518% of the developing embryos were early or 

nedium b1astocysta the remainder were advanced *orulae 4  Two 

typea of embryo appeared after trypaflavine treatment: one type 

normal, the other was hgh1y retarded, The great majority of 

the normal embryos were blastocysts (Table 1?), The retarded 

embryos were occastona1,y two or three-' :ceUd.. but In most cases 

appeared  to be one..celled or somewhat fraented, 

The mean nuclear number of the normal embryos is given for 

each concentration In the lable, Each of the means was above the 

Lattol figure, Some embryos poøesed low numbers of nuclei for 

i3 day embryos however; for example one embryo bad 15 UU61011# two 

had U nuclei, and one had 0,41-7 , 5# These formed a link with the 

iighly retarded emoryos which were at first overlooked,, In many 

asses it was doubtful if the latter had cleaved at ail (Fig, 6].), 

or the nuclei were often indistinct and observation of the 

embryos before squashing often failed to show evidence of cleavage, 

Ile number of nuclei in these retarded embryos was one, two, or 

three; theyt were found at ali concentrations except the 1owet 

(1/ioo,000). 3 days gestation was obviously far too late to 

examine these embryos; evidence from the squashes must therefore 

PS interpreted With some  .reEertoUs 	Further,  eytdence Of highly 

and abnormal development will be given later, 



The pa of the sperm media influences the inactivation of 

sperm chromosomes by tDypaflavine (Hortwig, 1924) 

consistently gave an acid reaction (pH between 5  and 6), 

ensure that the retarded development was not due to aCidity1 

saline was buffered in several sperm samples. The buff era  

dd were: PnetCoapton saline (pH app 7,0), Baker' a glucose 

saline (pH7).* a salzie.borate suspension (pH app, 90). and a 

saline .bicarbonate suspension*  N Lneteon females were inseminated 

rith trypaflavino sperm in these suspensions, the concentration 

lof the chemical being i/c,OOQ. Only unfertilised eggs or 

Lighly retarded embryos were taen from these f emale; no normal 

embryoB were foufld. The results. given in this paragraph have not 

been included in any of the Table or. Figures, and will not be 

onsidered further in the presentation of the reu1te, 

.. 	j.t.. 

The diploid complement of 	msculue is 40 (Matthey l949) 

etaila of chromosome counts on the experimentally—produced embryos 

re given in Table 17. Only the normal embryos were classifiable; 

one of -thel retarded embryos had r* ecogaisablo mitotic chromosomes 

fl: the embryos bccurrixig at or below concentration 1/15000 were 

diploid, Lfter oono 1  1/10,000 one haploid (Fig, 62, 65) one 

E
%r

s

ip1oid and sevendipZo.d embryos were found, 	a theexperinent 

 designed to induce haploid gnogenetic deve1opmont tne 

discovery of t 	ihe haplod was at first considered to indicate the 

as; of the utethod, But the female hih ioated the 

was possibly betevozy6u8 for the 	 MUG 

are homozygous for thi gene produóe ánUmbr of spontaneOu 
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haploid embryos after norms]. mating (Beatty 1954; Beatty and 

Fischberg,.1951) j, The haploid could therefore 	been of 

pontaneoue origin and quite independent of the tryaflavins 

reatment4 Also
1  despite the imaei4atiow of DO other feale. 

with sperm receiving the same treatment, no other haploid wan 
produced;, this again suggested that the haploid was not duo to 

he treatment'j, After the discovery of this haploid. females 

were homozygous or betexozygoua for the •eilver' factor 

were rigorously excluded from. the experiment,.- 

The single triploid embryo. had 'a peculiar tmportanOe to the 

experiment, .,.t was possible that the .diploi4 . embryos were gyio' 

enetic had 'embryos which had doubled their chromosome 

r
m9mt &t the"seeond w.turation  .divi$on. of the egg or at the. 

first cleavage. This suggestion woi4d be denied if,, the 

chromosomes of the male was recognisable in them : or if .inplants 

offspring could be genetically marked by dominant genes 

certved from the Utale 	 the I ehromosome was not 

l4entif table s  and the embryos did not implant or come to term for 

the male marker gene to be recognised, (see later), Zndireet 

c1.enial" of chromosome 'doubling' was observed 1..' two way' 'First 

the number of nuc]4 tn the advaöd eiabiros was the: - am'e' ae or 

"reatsr than ,dormallYo6developing. embryos ,  ( see ba). ''Embryonic'  

evelop*et had therefore not' bee"cheoked At the first cleavage4 

1econd1  the presence ' of a triploid embryo tø difficult to' ozplaiñ 

by: any Chromosomeoib].ing proces,91 it would entail dee1opntent' 

atartng. with 'O ohromaomes' Th&L'st reasonable oifl'of. the 

briplod à.ppèarèd to be either the normal' fertiliaatiOii of an egg 

failed 'to e*trzde' the second polar body," or by polspermy 



of these origins implies that the sperm chrome soffies Were 

inactivated by the trypaf].avine, The triploid therefore 

rovides evidence for the failure. of the nethod 

In addition to the *  retarded einbryoa Containing onei. two-p, or 

three nu01e4 some - one-celled eggs occurred which possessed 

chromosomes but no -c'ei,. The chromosome complement was a1way 

haploid, and in most eggs they appeared to be metotie (Fig, 64). 

The one-celled eggs occurred at all concentrations used, often in 

).arge numbers, Their origin is conjectural; they Day be the 

remains of wfertilieed eggs though none were seen in the eggs 

of females mated to tie  sectomised aIes, - They may. have been 

enetrated by sperm vitlidlitl being activated, Lastly they could 

have been rudimentary parthenogenetic eggs which had been stimula 

1to some activity by the presence ofsperm or of trypaflaine at 

vuiatioa, Some evidence for and against these or.gins wi11 b a 

riven later, 

The mean number of nUclei in the diploid embryos at each 

trypaf3.avine conentratton is given in Table 17, The means were 

between 47, 5 and. 64.4; the diploid mean of controls 

Converted into cleavage . number (seep, 9) the values were between 

546 and 640 following trypaflavine treatment and 5,4 for the 

The dploi4s obtained -after. trypaflavifle treatment of 

çthe sperm were therefore dividing at the acme rate as normal 

• 	
. 	 . 	 . 	 . 	 . 	 . 	

0 

The ,haploid embryo had 40 nuclei (Fig,' 62)j.. the triplod 27 



'The' resená 'ot highly' retarded embryos po'sses'sing one' or 

nuclei, and ónecellE'd eggs poasesaing chrenosoifles only has 

!been previously wenttoned, Some of the 'latter also possessed 

nuclet (Fig 64),  

Zn the advanced embryos the only abnormality was that some 

'the 4iltoses ,  contained 'slightly contracted cbromattds, 

To ensure that try-paflavine had no action on the sperm in 

he absence of laght, a solution of trypaflavine of concentration 

1400o by w eight in 0,75% saline was in 	via the cervix into 

he uterus of seven oestrous females, The females were thee 

ired wi.th males for' natural mating, The sperm would become 

txed with the trypaflavine in utero before fertili.sation; and 

ny action of the chemical would occur in the absence of light, 

ix of the females were b.Ued 3 days after mating; they ,  

ielded 47 eggs of which 39 were blastocyats or advanced raorulae 

ad eight were unfortiliaed, No retarded embryos were seen 

II the classifiatas embryos were diploid ezcopt for one which wa 

4ploid4-tetra3.oid mosaic, 

The other three in,3ected females were killed 13 days after 

athig and ezamined for placentae, None were seen, There was 

vdeuoe of damage to the uterus by the trypaflavine. The 

benoe of placentae may have been due to this damage, or it say 

been bocais of 3. toxic effect of the trypaflavi*e on the 

yo after 3 days gestations  The former ez41anation appeared 

acre' likely,*  
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. The .large numbera of normal embryos. taken frou,. the injected 

ales at 3* .  days after mating confirmed that the absence of 

ht, ,the trypaflavine had little or no affect on the sperm. 

Observations on sectioned eggs were made rafter treatment of 

the sperm with concentrations 1/10,000 and 1/15,000 	Seven 

females were killed between six and ten hours after mating to. 

study sperm entry and pronucleus formation In their. eggs. Eleven 

females were killed between 36 and 42 hours after.matitg to 

observe the Late of the pronuelel and the results of syngainy and 

the first cleavage, Details of the observations on the. eggs are 

given in Table 18, 	. 

forznati 1 •... 	. 

...Soe of the females may .he. been killed betw~e_spqrm efltry 

into the: eggs had commenced 1  for the majority of their eggs ware 

unfertilised*  After concentration 1116,000, 45 eggs were 

exartined, of which three had two pronuclei each 0  One egg, which 

was still-in the metaphase of. the second ,nteiàtic .diviaion,. . had a 

sperm4iead beneath the sons peUuci4a ...Two other eggs had 

chromosomes In the óentre of the egg instead of at the periphery; 

no sperm-bead could be seen iu thete eggs but the appearance of 

the chromosomes suggested that spindle rotation had occurred, 

These two eggs way therefore have been activated, After conc, 

1/1540 	all of the 19 eggs were unfértilised. Delayed 

fertilisation may have been iniced by -the treatment. 



and the first cleavage, 

Three typeø of egg were observed at - this-stage,, One type. 

developed normRUy to the two- or four-celled stage1 another 

was-undergoing  the normal degeneration' of unfertiliaed eggs 

third type had various abnorBalitéa 

After concéitration 1/10 p000 a total of 41 eggs were 	ed; 

e were' tio or fourceUed, one of the four-celled eggs having 

'aubnflo1eua in one of 'its blaatofleres, Conc. 115.000 yielded 

vio normal two-celled embryos out of a total of 9 examined, If 

umbers at the two concentratons are combined the percentage of 

oruaUy-.deve1oping embryos was higher than the percentage seen 

t 3 days gestatton 

The abnormal eggs had the same dcformitie after both 

flceRtrai'.dne, All Of , theft wSre ofle-celled, ''o, eggs had 

their chromosomes scattered around the oytop1aø (Fig, 65), others 

I ad chromosomes which were in the form of a telo phase (Fig, 66), 

wo eggs had sperm-heads in the vtteliue yet the eeond meioai 

had not been activated and was shooing normal degeneration typical 

unfertiLteed eggs (Fig, 67'a',& b), Three other eggs had sperm-

beads either In the vitelluø or beneath the sona, these also had 

not been actiated 	he last to k.inde of abnormality shored that 

sperm penetration of the vitellus was not necessarily suonmous 

ith activation of the egg, Altogether, thirteen of the eggs 

fxamined were of one of the above types, In moat of the eggs 1  

the sperm-4iead was not directly observed; the abnormalities may 

have been due to induced parthenogenesis 1  to premature degeneratiom 

to fertilisation."by an abnormal sperm which was overlooked In 

he examination. In the study of the normal degeneration of 
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unfertilised egge, none of these occurrences were seen in 30 

taken from females killed between 36 and 42 hours after mating tO 

a vaseetomised male, 

The renmidér of the eggs had the appearance of normal 

unfertilised eggs, 	they possessed the romaine of a 

spindle with the chromosomes still attached,. 

4., 	rvatAca at inplantation1, birth and maturiti, 

To follow embryonic development beyond 4 de geatation 

fewalea which had been inseminated with typafiavine epern were 

either killed during pregnancy and examined for the presence of 

placentas or yomg# or allowed to gq to i. all term for the birth 

Utters, Three concentrations of trpaNwite were tested* 

1/10,000, 1/25,000, and 1/200 0000 k  At the highest concentrati 

e'-ttRtion for placentae and embryos was made at 14 days geata 

at the1  two lower concentrations the females were eauiizied for 

placentae when they were seen to be not pregnant, 

Sperm treatments with concentrations 1/10,000 and 1/25 6,000 

yielded neither placentaé nor young, At the higher concentz'atio 

14females were examined at 34 days gestation: and three were 

allowed to go to full term; at the lower concentration five 

females were examined at 16 days gestation and 4  allowed to term 

At conc, 1/100,000, no placentae were seen in three fema1e 

e.m4fled at 17 days geataton, though the remains of one placenta 

was seen in a female which gave no young at full tern., Two 

litters were obtained from five other females, One a Utter of 

three or foUr# was immediately eaten by the nether 1  The oiher1  

litter of seven grewto maturity, The sire of this litter was 
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bouioaygous for dominant black eye colur 1  the mother 

for recessive piAk—eyej, Al]. the offspring had black 

so the male chromatin must have partaken in embryonic 

The sex ratio in this litter was five fenales to 

'males 

DIsCUSOIQN 

With two exceptions, all the classifiable 3 day embryos  

shown to be diploid; the two exceptions were a haploid and 

tr&ploid, and both occurred at concentration 1/101OJO 

some counts were possible only i* embryos which were develop- 

-at about the same rate as controla. The proportioD of the 

number of eggs with normal development steadily increased 

tth decreasing epncentration, from 2,2% at concentration 1/10 0090 

o 419% at concentration. 1/100,000, The use of eyecolour. genes. 

n: 

 

these embryos which developed-to full termgave direct demonstra 

ion of their hybrid origin at the latter concentration, They 

ez'e therefore not Wsogenetia, This. direCt identification of 

was not .possible for the, embryos produced at the higher 

tion however, for none developed to the stage of eye 

depoait*n.. But three kinds of indjreØt evidence 

that they too were normal bybrids. Firatt  observations 

newly fst4ltse4 eggs showed that the male and female .prouclei 

th formed normally and judging by the absence of degenerate 

in tWO SAd fOuzcel1ed egg, that both contributed to 

development ,  Second. the Identification of a trip1oid 

ye was evidence .,of the presence of sperm chromatin in it 

see p52)., Thirdly1  the gradual decline in n,.ber of normal 



wtb increasing concentration is symptomatic of a steadily 

inhibition by the chemical of'normal fertilisation and 

The diploids and the trip].oid were therefore presumably 

The effect of the treatment was to reduce the number of 

at high conceutratiofle of trpafaviue 	The only embryo 

th normal development which could not be fitted Into this 

1asaificatiOn was the haploid,. This may have been a gynogenetc 

embryo induced by the treatment, Bt it was taken from a female 

possibly heterozygous for the gene Isilvert, and may have been of 

spontaneous origin:  (Beatty, 1954), Against its spontaneous 

origin is the very low incidence of such haploids even after  

e1eCtton for spontaneous heteroploid Over several generations 

(Beatty, 1954)0 whereas this particular haQid occurred as one of 

two embryos taken from the only tsUvert female inseminated in the 

experiment, Its origin may therefore have been due to a 

l ombinationof the treatment and epoutanety, The trypafiavine 

induced one triploid embryo out of nine classified at the same 

concentration that induced the haploid and e , in the without-light 

controls induced a diploid tetraploid mosaic 	Seemingly 

therefore the chemical may have an effect on the spindle meóhefla$ 

pf the egg or of a dividing blastomere. this effect was also 

directly observed in some presumably unfertilised eggs examined a 

few hours after mating; no spindle was seen in these eggs and the 

meiotic chromosomes had scattered in the egg cytoplasm Inter. 

erence with the meiotic spindle of the egg may have led to all of 

the maternal chromosomes being retained In the egg,, or to all of 

then entering the second polar body at fertilisatiomp or, by a 



action to that after colchicine, (see. P. 	'to them 

,erpeUed fro.the egg..after scattering had occurred,  

of these affected eggs would produce either triploid 

.androgenetic. haplotd embryos;, this might have been the method 

[of orLginof the trtplod and haploid observed,, 

Zf the above deductions are.correct# all of the normally- 

ping embryos found áftór 'trèting the sperm with trypaflavine 

contained 'an unrethtced ape= chromosome complement Noe of them 

as gynogenetic. One class of embryorema5.ns to be considered: 

those that were highly retarded at 	days gestation, A few of 

these had three nuclei others had one or two, Some had Up 

uclei, but possessed only insiatiC chromosomes with or without 

s1nuclei, A few of these embryos had cleaved others had 

4paren0ly not, Ewamination of eggs at the normal time of pro 

ntielous formation or the two.'celled stage revealed that some 

embryos did commence an abortive dev6lopmeat a . MeiUon öf the 

disappearance of the spindle in some of these 4Sgs has already been 

made; other eggs had other kinds of spindle and chromosomal 

behaviour in that they formed anaphase- of teophaae-.li1e nuclei,-  

perm4ieads were not detectable in many of these embryos;  the 

sperm may have degenerated after penetratiou lpt  become unstainable 

j
because of the experimental treatment s  or such eags may have been 

azthenogenetc4 Other eggs were. peetrated., and these were of 

two typeat norm4ly stimulated, eggs either containing a normal 

pronuclear content or possessing normal blastomerest and eggs with 

an unchanged sperm-head in the vitellus aM a maturation division 

sill at metaphaaó,. The proportion of proLmcleate ova and cleaved 

1egga was higher than the proportion of embryos developing, normally 
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t $ days gestation after similar sperm treatments, Some of 

the pronucleate ova or cleaving embryos may have therefore 

ted without further development, but the numbers examined 

were probably too low for statistical.. comparison,  

The observation of penetrated eggs which had not been 

tiwu1ated to complete their matiratiqn diviaio may explain the 

Oocueflee of the uncleaved eggs cotitaiiLing meiotic chPnósomes 

at $ days gestation, In these egga the sperm-bead bad failed 

to dif crentiate Into .a promcleus,' Penetration witheu.t 

activation of the .  egg W­ as also a £eaturo of high doeagea Of 

rays on the sperm (P` 	and probably occurred after the ultra 

violet irradiation (p. 10 1), 	Two ,  a", '-or-none responses of the 

egg "must occur at ferti1isatton the block to polyapermy 

achieved by the zona reaction (Braden, Austin and David 1954), 

and the stiaul..at4n to complete the eoond aetotic division, 

The two events are probably related, for it was noticed that one 

of the three unstbollated eggs penetrated by X-irradiated sperm 

was polyspermic, frypaflavine treatment of the sperm may also 

induce polyepormy in asocistion with failure to stimulate 

completion of the second maturation division, for one of the 

unstimulaed eggs had another sperm-head in either the viteflus 

or the perivite3-liue space, Unfortunately, sperm-heads can 

easily, be overlooked in sectioned eggs: even in controls the 

perni-bead can often not be detected lloever Thibault (1949) 

reported that polyspermy occurred after trypaflavine treatment of 

ebeep sperm, and be also noted that, apart from spindle rotation s  

some eggs failed to resp0nii' t ' spr eñtrr 'Trypaflavt'O. 
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apparently reduces the Capacity of sperm to penetrate eggs and, 

of the eggs which are penotratedp; some fail to acquire the block 

to polyapermy and to complete their second maturation, The loss 

of eti1ating. power of the sperm appeared traceable to the 

113MIllatIon, of the sperrnche4ca1 mixture. for ja the no-light 

cofltrols fertiisatign and developsnt occurred deapite the use 

of higher tryjaSlavifle conoentratons, )rebinger (1951) showed 

that the inactivation of amphibian sperm 'chrota tin by 

was essen1i..aUy photodynanio, and tMt the, cytoplast of the sperm 

was affected by the tréatàent lb observations may also' apply 

to nema1ian eperifl 

Two kinds of ethbryonc developent occur after: typaf1av1fle 

treateTt of the sperm before fertlJ.isation*: one if smilar 'to' 

control s  the other is highly retarded (see also Thibault 19494 

They occurred over a wide range of concentrations and probably 

over wide pH range. 	Delayed fertilisation is unlikely to have 

induced such retarded development (Gate8 and Beatty, 954). If-

the solitary haploid is excluded becanse of its doubtful origin 

there was no definite ovjcence of gynogenetio development or of' 

a HertWl4 phe*bmi non (aertwigj. 19)1)p. though' the iete.rded eyos 

W have been gyflgenete or 	glen 	The failureto 

induce haploid gynogenesis in tiie mouse r  sheep (Thibault 0  1949) 

or rabbit. (Beatty, uipib1iebed) by this. teclutique is ix, 'sharp 

• coatrast to the success of . the sate APthPd i': amphibiana.: 

Fertilisation with trypaflavinetreated sperm stimulates th 

ähibian. egg to develop' As. a. haptaid . to advanced larval stage )  

without' the particpation of the sperm óhrowatin .(twig: 1924; 

Dalcq 1931). 



Embryos which were developing normally at 	days gestatiofl 

came successfully to:.-term after the lowest dye concentrations in 

the apern suspensions, but failed to implant after higher 

concentrations.. The death of these embryos may, hve been due to 

induced genetic effects in the apern chromatin as has been 

suggested 1 amphibians. (Hertwig1. 1924). But the cause of death 

may have been entirely ad.cidental, O L and due to the'effect of' the 

chemical on the uterine tissues of the .mothera 

SUMAB, 

L. Sperm of the mouse,," musculus, was treated with various 

'concentrations of trypaflavine in vitro before fertilisation, 

2, With increasing concentration of dye, the number of normal 

embryos at 3j, days gestation steadily decreasedi none were 

''found at concentration 1/7500 by weight and above4 In 

additiofl to the, normal ebryos. many highly retarded embryoC 

occurred over a wide range of concentrations, 

• Chromosome counts were poøiblo in the normal embryooly. 

• Except for a single haploid which was possibly not 	ogenetL 

no certain evidence of the 'inducttofl of gnOgenesis was found,  

Histological examination of eggs up to 42 hours after itzatizig 

• i 'cated that some penetrated eggs Were not activated* 

other eggs , may have commenced an abortive parthgeneBi3, 

and that trypaflavine ssetimes destroyed the spindle of the 

second maturation metaphase of the egg s  

• Xmp1ntation was suppressed by concentrations .  1/10 0000 and 

305,000, Damage to the uterine tissues rather than 

embryonic mortality was probably responsible, 
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E 	DETAIi3 OF THE FEFtTIL$ATION OF THE fl4SINATE]) FFRALES AND OF THEIR RMLYOS AT 31 DAYS GESTATIOI(, 

FEMALESSPERW 	 EGGS AND EMIDS 	CHROMOSOME COUNTS NUCLEAR 1108. 
OF 1BRY0S. (2n40) 	OF F4BRY0S 	S 

to 

o 
CI Wr4 

0 

.v4 

094 .4-1  10  
Z3 44 ,  rd 	ba 

A ol 	't 'd 
dr4 0* 400 

' (1)
4.0  

4 O 

$$.'d. 
0 

. 
o 

. 
0 ra 

. 
oa c 0 0 on-i o r o .i V4 

C 
9D 44'  

0i)) 4' 

2 13 - 0 67 - - 	0 	0 	P . 	- - - - - - 
+5irid 

1/7.5.. 4 17-0100— —O 	0 	0—  

1/10 31 101 9 8,9 727 70 16 	22 22,9 1,8 62,5 71 4 3 1(3u) 46.9414,4.51.].±15,2 
+5 md. 

1/15 33 48 4 8.3 287 34 12 	4.2 3503 3.0 100 - 7— 2 3 - 55.9±18 .4.63.± 5,2 

W20 6 2]. 6 28.6153 84 19.12,4 22.6 3,2 63.2 ii - 8 •- - 42.615.7.47.5±,U.8. 

1/5 8 2612 46.2 132 98 30 22,7 30.6 2,5 90 40 15 - 12 3 - 50.3±18.0.52.4±15.5. 

1/40 2 6 3 50.0 48 30 13 27,1 43.3 4,3 100 .3 5 5 - 55,511,4.54.1±1O.9 

1/100 2 5 4 80,0  43 37 18 41,9 48,6 4,5 100 9 5 4 57.9±;L5.$. 64.,4+10. 7 

Corltràl8 - 4733 'O,2 .394 278 182 46.2 65.5 545 51,8 109 - 56 15 2(3n) •41,215,7 44.t5.4 



TABU 	l&. DETAILS OF THE EGGS 	CMAIN 	AT SYNQAMY AND THE FIRST CLWAGE. 

8 tags of development of 
controls at similar Histological observation on the egg Trypaflavine concentration on sperz* 
times of e,rL4r1ation i/io,000 zJi,000 

Uo vietaphase spindle, chromosomes 2 
3.m centre of egg 

Prornc3e4te Sperm-bead beneath mona 1 
Two normal pronucici 3 
Unferti.liaed 39 19 

Normal 4-celled 1 
Normal 2-celled 1 2 
4-celled with sub-*1eus in one 2. 
blastomere 

Unfertilised egg, chromosomes 1 1 
2-celled scattered through cytoplasm 

or Sperm-head beneath sona, egg.- 3 
4-celled unstimulated 

Egg possessing a group of obromosoine 1 5 
resembling  a .  te1bpbae 

Sperni-head in egg, 	eeOnd maturabon I I 
at metaphase 

Unfertilised 32 30 



r Ztafj 	?eroentaé of. mice with ferttlieed eggs, and the 
percentage of the total eggs ehich were fertilteed 
After the addition of various concentrations of 
try*havine to the opera before fertilisation.,  
"ertilised egga' is restricted to nor l,iyu 
developing embryos only; the highly retarded 
embryos have been ecludod. 
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None of the negatives were retouche4 

61 	A squashed .3?j day old.embryo, It is highly retarded inta 
development, possessing two or three nuclei (cf. Fig. 
x 

624  Squash preparation of the only haploid embryo found in the 
experiment, x 350. 	 S  

The mitotic complement of the haploid. embvyo. The meta 
phase has 20 t 1 chromosomes; the anaphase is email in 
comparisow with diploid controls,, x 2000.. 

A squashed 34 day old embryo containing a haploid set of 
chromosomes which appear. to be znoiotic, There i's also a 
em.0 pycnotic patch of chromatin in. the embryo, x 350k 
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65 	The chromatids of an egg scattered through the ooplasm 40 
hours after the insemination of trypaflavined sperm into the 
mother, Sectioned eggx 1000, 

66, A one-celled egg containing chromosomes in the form of a 
telophae. The mother was inseminated,42 hours prevoualy 

- with trypaflavined sperm s  Sectioned egg x 1000. 

674 and b, Two sections of an egg taken from a mother killed 42 
hours after being inseminated with trypaflavined 
sperm, The metaphase of the second maturation 

division of the egg has not been stimulated by sperm 
entry and shows the degeneration typical of unfertili 
ad eggs (ef, Fig1 . 2), The sperm'bead lies unchanged'  
in the. vitellua, x 1000, 
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The following small experiment was carried out to determine 

whether a combination of two sperm treatments would inactivate 

the wale chromatin more effectively that either by Itself*  The 

two treatments Selected were trypaflavine and ultra-violet; the 

former probably has a fluorescent effect which might be increased 

by the use of the latter, The addition of trypaflavine to the 

spemo  and the ultra-violet irradiation of the mixture, were 

exact combinations of the separate techniques previously 

(.p 147 and 87), 

The experiment consisted of two parts, The first was made 

with a standard illumination time of 0 seconds. ultravio1et after 

treatment of the sperm with trypaflavinc concentrations between 

1/25O00 and 1/100,000 0. The Second part utilised a standard 

trpaflavine Conc of /200,000 by weight and ultra-violet 

irradiation of either , 3 or 10 miAutep j  The resulting ernbryo 

were examined at 3 days gestation as aquashedj detaii!8  of the 

squashing technique have been given previously (p. 6)., 

E8ULT8 

A total of eight mice were Inseminated with sperm treated 

with trypaf1$ne  between concentrations 1/25000 and 10 1,000 

and 30 secondo second ultraviolet. Only one female pobsessed embryos; 

One of them was a normal diploid htastoeyst the .others were 

highly retarded and had very few nUcle:L a, The trypaflavine 



concentration was thefl reduced to l/200p)00 and the ultra-violet 

irradiation increased to L3. or 10 n4nutes,  37 females were 

nsemiMted with this sperm; ten of them possessed developing 

embryos at 3* days gestation*  Details of the experimental 

results are given in Table 19, 

The number of embryos expressed as a percentage of the total 

number of eggs wa analysed over all females and within females 

with embryos The percentage declined with increasing Ultra-

violet ,  illumination 4  The mean number of embryos taken. fro* 

females with embryos also declined s:Ilerly4 

Embryonió development was adversely affected by increased 

ultra-violet 	siinat•fl, The mean number of nuclei in the 

es deased from 33.6 for j wiute illumination, to 72 for 

3.0 minutes, in teiwzs of the nU*ber of cleavages, thiø decline 

was fro* 5.0 to 	Comparable mean nuclear numbers following 

ultz,amviolet irradiation only were 26.2 after * Munto  

1-31tin4ntton and 5,3 after 10 minUte0ij, The two t3rpee of embryo 

one apparently uormali. the other retarded which were observed 

after ultra-violet irradiation alone were also observed following 

the combined trypaflavifle and ultra-violet, treatment *  

The percentage of embryos which were b3.aetocyta declined 

with increased ultra-violet iLumivatienj none were seen In the 

two females which received the most heavily-irradiated sperm,  

This result was also similar to Ultrvo1et irradiation alone 

92), 

No haloid embryos were found in the ezperinent .part from 



the diploids *  diploids, which occurred at all dosages, one hypo-diploid of 

37 chromosomes, one hyper-diploid of 47 chromosomes and one 

tetraploid were found, They possessed 26 9  12, and I1 nuclei 

respectively. 

Many one-celled eggs contained chromosomes and no nuclei; 

the chromosomes appeared to be meiotic in all cases 	Other 

cytological anomalies included sub-nuclei in many embryos, ands  

in a few embryos, the presence of pycnotic nuclei, 

DISCUSSION, 

The use of either trypaflavine or ultra-violet as a separate 

sperm treatment induced an all-or-none effect on subsequent 

embryonic development. After trypaflavine alone, embryos are 

either almost normal or excessively retarded, Ultra-violet 

alone induces an all-or-none immobilisation of the sperm chroatin, 

which results in haploid or diploid embryonic development; It 

also has deleterious effectd on development. Combination of the 

two was intended to inactivate the sperm chromatin without 

inducing the abnormalities associated with haploid development, 

Unfortunately, no haploid embryos were observed after the 

treatment, but the numbers of embryos examined was low.. The 

results show, however that the combination of the two methods 

resulted in the same abnormalities induced by each treatment used 

separately, If the ultra.-violet irradiation was held constant 

at 30 seconds and the trypaflavine concentration variedi embryonic 

development was either .normal or highly retarded, Reduction to 

a very dilute dye concentration and variation in the length of the 

ultra-violet irradiation removed some of the pronounced effect 



of tripaflavix'e,  bt superpoed on the remainder the typical 

tdevelopental effects caused by ultra ,eviolot aloe, 

Embryonic development after the combined aper triatnient 

suggested that either the• trypaflavine or the ultraviolet 

individually affected the sperm, depending upon Thich .tas present 

in the greater relative stenth. Most of the highly retarded 

embl7Oe,; and the decrease on the fertility of the female were 

presumably due to the dyer the less retarded enbryOs and the 

hypo.-and hyper-diploid chr9mosome. - countO chromosome.-count vrere probably induced 

by the rad$Atjou,.j  As the respective actions of the two treat*.. 

nenta.do not appear to. be comploaentry,. e method is probably 

of little use for the induetion cf ba1oid gynogenesis in the 

mouse, 
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AND OF THEIR MERYOS AT 19 GESTATION, 
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5.. TREAT]T OF THE $PE!M BY TOLUIDINE LUE 

INTRODUCTION .  

Recent work by Briggs (1952) has shown that the basic dye 

toluidine blue is a most effectivo chemical agent for the 

inactivation of the sperm chromosomes before fertilisation of eggs 

of the frog Rsn, 1iein3, Under certain conditions of dye 

concentration s  over 90% of the resulting embryos were haploid. 

No report has appeared concerning the use of toluidine blue 

in rnals 	To investigate whether the result obtained by 

Briggs in the frog might be obtained in mammals the sperm of the 

has been treated by toluidine blue in vitr 

before fértiliaatioü. The conditions of the experiment, and the 

concentrations of the dye.'aperm mixutre, were the same as in the 

experiment described previously there ta'ypaflaUtne was added to 

the sperm (p, 146). The resultant embryos were oamined at 3 

and 12 days gestation. Treatment of the sperm by toluidins blue 

necessitated the artificial insemination of the treated 

sperm; details of this technique have been given on P,, -  4, 

Details of the mice used treatment of the sperm and 

tion, and examination of the resultant embryos at 3 and 

days gestation were similar to those , described for the 

treatment of mouse sperm by trypafiavine (p. 146),. flo ' 

samples were treated by toluidine blue; only mixed 

e were USCdm  14others carrying the factor tailvert yield 

low incidence of spontaneously haploid embryos at X days 

(Beatty, 1954; Beatty and Fachberg 1951); these 



females were excluded from the .experinent 0  

The toluidine blue was the standard taih of the British 

Drug Houses., Ltd., London. Dye concentrations in the sperm 

suspensions were between 1/5,000 and 1/100,000 by weight,. 

The effet of toluidine blue on pperm mt.ilit. 

At all concentrations the activity of the sperm wa 

considerably affected after illumination. In many samples the 

activity of the sperm was completely lot and all the sperm were 

motionless.. But, o ob8ervo the motility of the $pe=4 L an 

ordinary light microscope w4s, employed; and the necessary use of 

a fairly strong bam of light adversely affected sperm activity, 

By focussing the sperm with the reflecting mirror averted1. and 

then adjusting the mirror so that light beams passed through the 

sperm to the eye piece, it was posoible to observe the almost 

immediate cessation of sperm activity, A considerable photo' 

dynamic action was obviously exerted on the. sperm. A small test 

to discover any recovery of motility after removal of the 

illumination gave no definite result) possibly a slight recovery 

occurred, Depte thö effeCt on the motiiity of. the sperm1 its 

fertilising power was not completely lost as tas shown by the 

discovery of.embryos in females inseminated with. it 

2 Res4i.tC at the 2i day cmbrvonc staM . 
 

Examination of the 3 day old embryos taken from inseminated 

females at first suggested that development was normal s  but the 

numbers of embryos found after the higher concentrations were low. 



When the experiment was about half complete s, various highly 

retarded embryos were noted for the first time; these must have 

been overlooked previously, 'In Table 20, analysis of the 

fertility of the females and. of the numbers of embryos". has been 

made using the normal embryos only, Ho estimate of the numbers 

of. retax ed embryos was attempted, 

Ani.ysis of the M-tiltty of the inseminated female. 

The percentage of females with one or more normal embrys 

increased from 0% 4 cone, i./7 9 500 to 50% at l/lOQpOO, the rise 

commencing somewhat abruptly at cone, 1/10 0000, The percentages 

were consistently' 1oer than controls (Table 2k)), The increase 

was 'probb1y .gradüal.. but obscured by sampling vriations., 

IM La of the nubrg of . ebrvos and , unfert,iised ègs.,, 

The mean number of eggs, both fertilisod and unfertilised,, 

taken' from females it the different concentrations varied 

between 4,9 and 7,5, As this variation was not correlated with 

concentration, the chemical probably had little effect on . the, 

degeneration of the unfertilised eggs, The psrçetage of the 

total number of eggs which were developing normally was analysed 

in . two way; over all females, and within those females which 

had advanced embryos, Due 'to the degeneration of some unfertili 

sed eggs, ' the percentage will be biassed in favour of the embryos, 

Both criteria indicated that the percentage steadily increased 

with decreasing toluidine blue concentration, except for arise 

at concentration 1/10000, This concentration was the highest 

at which normal 3 day old embryos were obtained1  but after cone, 

1/7,500 normal development of an embryc to 33 days gestatiofl 

000lWrSd in one female, 



The mean number ,  of normal embryos within females with normal 

embryos was-calculated for each concentration 4  Fertility was 

reduced at all concentrationsp the mean being constantly lower 

than the controls, 

Two. types. of embryo. resulted after. toluidine: blue treatment 

the sperm, 0e type was normal, the embryos being either 

or advaied .morulae, The other. type was highly ,  

ed; occasionally they possessed. two or three cells but more 

appeared to be one.celled or soaihat friented,. 	'i'41si 

esult occurred after trypaflavine treatment (p .150),..... 

The moan nuclear number of the normal embryos at each coneentr 

on is given in Table 2() 	Apart from two embryos which had 17 

and 19 nuclei reSpeotivelyl the tnber of nuclei In these embryos 

alwaya25 or above., All the means were below controlst but 

only very slightly so #  ezCept at cones, 1/14000 and i/400004 

Jonverted to cleavage number s  the means were all between 4,, 9 and 5 

Lfter toluidine blued controls being 5 fj 5j,, Clearly there was litti 

difference between the eperinental and control embryos 

The retarded embryos possessed one or two. nucl4,.  occasionally  

:with subi,nclet,. fijost of them; h5d probably failed to cleave, 

'rho'_'  day embryonic stage was obviously far too late to make 

• -observations on these embryos 1  and any conclusions about them must 

be tentative, 	 . 

A high p11 of the sperm media can n&ea' the emount of 

inactivation of amphibian sperm chromosomes by toluidine blue 



(Briggs, 1952), A s 0,75% saline consistently gave an acid 

reaction the saline was buffered in several smaples. The 

and their pH were: Pannet-Compton, app, 7,01 Baker's 

glucose saline (7,7); a saline-borate (app, 9. 0)1 and saline- 

bonate, Thirteen females were inseminated with sperm 

treated with toluidine blue in these suspensions the concent'a-

tion of the chemical being 1/10,000. No embryos were recovered 

from these £ einale, The results given in this paragraph have 

not been included inany of the Tables or Figures and will not 

be considered £urther in the presentation of the results. 

The diploid number of 	mu ulus is 40 (Matthey, 1919). 0  

Details f the chromosome counts in the embryos are gtven in tkie 

Table.' Only thô normal embryos ware classifiable; - nthie of e 

retarded embryos had definite mitotic figures, All the normal 

embryos which were classifiable were diploid, 

In addition to the retarded embryos which had one or two 

nuclei, some one-celled eggs were saen which possessed merely a 

haploid set of chromosomes, The oh on olaes were definitely 

meiotic in many of these eggs, but in other eggs they appeared 

to be mitoic (see Figs, 68 & 69), In appearance, the 

chromosomes varied from highly degenerate to clear and distinct, 

and several of the latter which appeared to possess mitotic-iike 

chromosomes were provisionally classed as one-celled haploid 

embryos. But the subjectivity involved in deciding whether the 

chromosomes were meotic or mitotic devalued their evidence, 

One-celled eggs with meiotic chromosomes may have been unfertilse 



md had retained their organisation to 3 days gestation. The 

eiabryoe thich possessed mitotic-like chromosomee may have been 

oid embryos restricted to the first cleavage division. All 

which contained only chromosomes have been. classified as 

in Table 20 

With the exception of two possessing 17 And .19 nuclei 

r . espoetively# all the diploids were undergoing their ixtb 

cleavage (,e. more than 2 cells), 

Cvto1oica1 observations on the embrvos 

The highly, retarded embryos possessing. one or, two niLelci, and 

the one-celled eggs posseBaing chromosomes on1y #  have been 

r0,4o4.s1y mentioned4  $ome of those eggs and embryos also had 

ub.nuclot1 	 .. 	 . 

pzmtrols of the j,botochemica1 potion oftol1L].dine blue. 

To ascertain that treatment of the sperm by toluidine blue was 

thot6cheint6a1, a solution of the dye, concentration 1/4,000 by 

eiht. dissolved in 0 4 75% saline, aa injected via the cervix into 

the uterus of elèveñfea1684 The females were then patred'tith 

malea. ror nati.rai mting . he spézn would becóe ix'd with the 

t-'tujdje blue in utero before fertilisation; the action of the: 

would occur there in the benicS of 'light. •' All the 

ema1os weze killed '3 ias atór mating; they yielded 87 

Of those with iti.toseo j . 44 were diploid, ono wa triploi4 

kud one was haploid (pig, 'O). The triplod and tG haplid were 

taken from the same female, The possible origin of the haploid 
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will be discussed later, 

To follow embryonic development beyond 31 days gestation, 

females which had been inseminated with toiuidin blue-treated 

sperm were killed at 12 days gestation and emined for implants. 

The sperm had been treated with concentrations 1/7500 or 1110 8,000  

Your females were used at the higher concentration, five at the 

lower. In both cases one female had one embryo in utero All 

the females were genetically hoinozygoUa for a recessive gene for 

pink eye-colours  the sires being homozygous for dominant black 

eye colour. The two embryos both had black eyes, hence the 

paternal chromosomes must have taken part in embryonic 

development, 

PISCUS$XL 

Toluidine blue is reported by Briggs (1952) to be an effecti 

agent for the inactivation of ampbiban sperm chromatin and may 

be more effective than tryPaMvinej the chemical originally used 

for this purpose (Hertwig, 1924) • Both substance induce a 

considerable proportion of the fertilised amphibian eggs to 

as haploids, In mamaa2e, trypaflavina failed to induce 

any definite anogenetic development of the manse egg (p.  346), 

and of the eggs of the sheep (Thibault, 1949) and rabbit (Beatty 

unpublished) • Mouse embryos which may have been gyriogenetic 

were highly abortive (p, 150)0 The present results show that 

In the znousep toluidine blue has . the same result as trypaflavine. 

After treatment with toluidine blue two kinds of development 

are founds one being diploid and very similar to coatro1s the 



highly retarded. Borne confirmation of the normal 

ty of the former is ahon by the two embryos cith male 

genes present after high concentrations of toluidine 

Probably all of the normal embryos are therefore hybrid. 

After treatment of the sperm in the dark in uterc, however,  

haploid embryo was obtained. This may have been a gynogenetle 

ryo induced by the treatment. But these controls suggested, 

haploid apart, that toluidine blue in high concentrations 

not interfere excessively with fertilisation and development 

light was not applied to the sperm-dye :mixtue.. 'Briggs (1952) 

a photochemical action of the dye in his ortgiia1 

!anphiblan studies. The haploid may therefore not' have. been an 

lexp.emrientaUy-4ndAced 'nogenone, Some indication of its origin 

comes from the discovery of a triploid embryo taken frflz the same 

other1  Haploids and triploidz occurring after the same treat 

suggest an 6ffect on the second maturation division of the 

P99 causing either the ,expulsion of all of the gg . chromosomes 

the second polar 'body,. or ther. retention in the egg, 

rtilisation of. such 'eggs would result in 'androgeziétió haploid 

being associated with trip1oidG. 	: mechanisrn was also 

.ind$câted after coichicino (p.,  40) or trypaflavne .(P* 156) 

Itreatm.ent at fertilisation, On this theoryo t}io . haploid embryo 

waa androgenetic. 	.. 	 . 	 .. 	 - 

Many embryos were . highly retarded at 3j.days gestation, 

rome of these' embryos had onel. two s  or three nuc1e. other 

posesed uere1y chromosomes 4th or without sub-c1ei, 

some counts were only possible on the latter andaU 

ed the haploid complement.. The majority of these 

appeared to poaseas meioticoehroin.psomesfj though some W. 



have possessed mitotic chroosoineeTheir origin may have been 

the same as simllar embryos appearing after trypaflavine treatment 

(p 156) ike, abortive ginogeneto or parthenogenetic developi.ent 

induced by the treatments or failure of the fertilising sperm to 

stimulate the development of the egg. Histological examination 

of these eggs just after mating may clarify their oriin, The 

cause 'of 'the retarded development was directly related to the 

iUthniátion of the 'dye.spérm mixture, for no compráble embybs 

came from the wthout.light control's,  

It in ' evident that tàiuidiiié biue used over a, wide ,  range of 

concentration and PH, failed to induce hap1oddevelopmentof the 

mcse egg except s, poasibly" to the first or second. cleavge 4  The 

'respnae of the mammalian 'sperii or egg to this 'treatment appears 

to be qualitti1y dfferent to that of amphibians heró 

gynogenonee develop to advanced larlraé (Briggs,' 1952) ''In the 

present experiments #  neithei tryaflaviñe nor 'toluidile blue 

were effOóttve agents for the inductioi of the haploid gyflcgénötio 

development 01 the mouse egg, 

Sperm of the mouse 	MMScQMa was treated ath various 

concentrations of toluidine blue in vitro befOre' fertiIiat: 

inoréaaiñg concentration of dye decreasedl the numbers of 

normal embryos at 3j dayó gestatian 	Mai. y- .highly retarded 

embryos occurred over a wide range of concentrations, 

, chromosome counts wan possible on the nortnal 'embryoø only, 

Apart torn the occurrence of a :haploid of suspect origin no 

certain evidence was found of the irduction of gynogeneS44 

4, Implantation was not suppressed by the highest 
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GURE8 

N one of the ilegatives ,  were retouched 1  

68 	Squash preparation of a whole 31 day old embryo containing 
20 chromosomes and no nuclet. This embryo *as only 
slightly sqtashed, the chromosomea can: clearly be seen, 
x 350., 

69. Squasi. preparation of a 31 day old embryo containing 
chromatids in the . form of a telophaSe. x 350 

70, Squash preparation of tho single haploid embryo found in the 
experiment. Four mitoses can be seen 1 , two of which are 
exactly haploid, x 350 k 	 . 	 . 
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Several attempts to make iuterapeciftc crosses in mammals 

have been reported 1, Rabbit f émales have been attficiaUy 

inseminated with iperm of the hare (Yamane and Egaishirao 2.9241 

Hammond and Walton 1929), the rat (Pincus, 1939), or the cotton.' 

tail rabbit (Chang and $cDoaough ]955)., N o young have resulted 

from these .crossé, bat Pincus noted the activation of the egg by 

rat. sperm and Chang reported the survival of fertilised eggs up 

to the blastalA stage at latecti, latest 	 In the following experi.ent, 

rat, or rabbit sperm was inseminated by the usual technique Case 

p, 4) 

 

(Ifito mouae, 	 feiaies 

The rat sperm was taken from the vas deferens of killed 

the rabbit sperm obtatned with an artificial vagina4 The mouse 

eggs were recovered -3-j. days after insemination, Eight females* 

which gavP38 egisj, were inewináted 4th rat sperm; two females, 

which gave,4,egg'oo. were inseminated with rabbit sperm, None of 

these eggs was developing and squash preparations of them. failed 

to disclose the presence of nuclei or Chromosomes, Ezatuination 

of mouse eggs a fey hours after the insemination to determine 

whetber'or not they are, activated by the foreign sperm is at 

present being undertaken 

I 
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CBAPTR IV, 

At 3j days gestation the embryo of the mouse. JU musculu, 

an advanced morula or a blastocyat, It can be made into a eqpaaIi 

preparation and after stainingg, the number of nuclei, in the 

embryo can be counted,, One nucleus usually represents one 'Coup.. 

but,, after certain treatments of the gawtee designed to induce 

haploid or heteroploid .d•evelopent of the resultant ebryo some 

of the cells may contain one or more nub.-auclei in addition to 

their noral nucleus (p, 81 	Most of the data in the praseflt 

chapter is taken from experiments in which colehicine was applied 

to the gametes at fertilisatiou 1  or to the egg at the first 

cleavage divisioni  After these treatments many polyploid embryos 

werefound (p. 21-80), Sub-nuclei were not seen In-any  of the 

embryos f rem the coichietne experiments; the rule that one 

nucleus equals one cell can therefore be regarded as 'true for 

these embryos, 

Other polyploid embryos Included &n the data were found after 

normal mating or artificial insemination of untreated sperm 

(p. 2) 	One triploid embryo was obtained from a female 

b*ozrgoue for the factor 'silver'; this 'factor cause's an 

incidence of spontaneous heteroplo.dy in 3 day old embryos 

(Beatty and Ftschberg, 1951a), All these probably arose 

spontaneouly4 Two . baploidand two triploid embryos were found 

after trypaflavine or toluidine blue treatment of the sperm j 

Word fsrtiUation (pp, 151 & 174), These-'embryos were 
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probably cleaving norniaUy Many haploid and heteroploid 

embryos were found after the in vitro treatment of sperm with 

ultra..!.violet or X-rays before fertilisation, All of them have 

been excluded froa the data-because of their ahaormai, cleavage 

and eub.nuclei3 The. intention of. the analysts is to compare the 

nuclear and c].eavage numbers of haploid, diploidj and kteteroploicl 

embryos which are cleaving normally; in this lies the jietifica-

tin for the exclusion of the abnormal embryos, 

Possible sources of error are due to bad squashing or damage.  

during preparation of the embryos, These embryos and others in 

which the number of nuclei could not be counted with accuracy 

have not been included in the data, Beatty and Fieebberg (1951b) 

have analysed the cell number of 3 day old haploid*., diploid and 

poiyplotd mouse embryos occurring spQotaneously in their ailvei1 

etain or induced experimentally by the beat treatment of eggs in, 

the fallopian; b4bes jw  

The b2laid Embryos, 

The cell numbers of all the haploid and polyptoid embryoS 

(t,o. those embryos with Xii ohromoaoae sets where X is an integer) 

which were countable with accuracy are given in Table 21, 

together with their origin, For statistical treatment, these 

embryos have been grouped into four classeø 0  One class includoø 

embryos taken from females injected with coichicino before 

mating whetk 	singe or repeated un ectto were given (Po, 21 

& 651. 	he AWtMA class comprises the 'reidualt embryos (p, 62) 

The third 	ss includes all mice which received colehicine 
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ections after mating (p, 72), The second and third classes 

combifled for the analysis of variance of the cell numbers of 

bid embryos he tripboids in these two classes probably 

through a similar mechanism. These classes are not 

in the analysis of variance of the cell numbers of the 

embryo94  

The fourth class is made up of mrioua non-colohicizte 

satments which produced polypboiAIe; and where the effect of the 

eatment was such that, apart from the kltered chromosome 

sber no other restrictions on embryonic development were 

bvious4 Data from one female included in this class haS not 

given elsewhere. She caste from a strain of mice in which 

gene eibv& was segregating, and gave three diploid and one 

embryo following natural matings. The other embryos 

In this class of the analysis have been given on a 

page1  

The first purpose of the analysis was to trace ant difference 

this the diploids haploids&  or each polypboid class resulting 

the various treatments,. An analysis of variance, using a 

ciassifcation, was made on the nuclear counts of each of 

above chromosomal types. The within treatment cum of squares 

bias used as error term for the between treatment sum of squares, 

of the polypboide was made by two method* first by the 

of cell numbers of all the embryos; aecoud, where a female 

two or more of one polypboid type s  the mean cell nUmbr of the 

type was taken with each female, the data not being 

In the analysis of the dbotde, the mean cell number 

females was the only method used because two or more 



diploids per female were uuaUy,  obtained (Table 21) 	The 

analysis of variance of the cell numbers of the diploids was 

calculated on both unweighted and weighted data. 

Two of the classes used (the 'injection of colehicine beforø 

l and after mating) contained a continuous variate. (i,e, the 

concentration of coichicine injected). In neither case has a 

regression of the cell number of the various chromoeo2a1 types on 

concentration been calculated; by inspection,,, no repression line 

would be significant, 

tetraplp.td eibryoji 1  

Results for the three types were: 

1. Analysts on all embryos 

	

Haploid 	 Triploida 	Tetraploids 
Srn of 	Mean $um of 	Mean Sum of 	Mean 
squares 1)? square squares DF square squares 1)? squares 

Within 
treatmenta 51,0 4 129,,5 420,9 24 177,5 693 	10 69,3 

Between 
treatments 32144 2 1E0,7 641,2 2 320.6 192.7 2 9644 

Total 	839,4 6 	4902.1 26 	885,7 12 

2, Analysis on means within fernies 

ithin 
treatments 	 20153 19 106.1 6160 8 770 

Between 
treatments 	As above 	710 	2 355 	166,7 2. 83,4 

Total 	 '2725 4 3 •21 	782,7 10 

In all cases F was not significant, The test indicated 

that within each polyploid type no differences existed between 
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the cell numbers of the embryos resulting from the various 

treatments, 

XYPAs of vaz'iance of the diploid cell numbez's. 

The test for differences in the cell numbers of the diploid 

resulting after various treatments was made on only those 

diploids which were taken from mice known to have been affected 

by the treatment. Knowledge of the effect of colohicine comes 

primarily from the observation of heteroploid embryos, For 

this analysis, the cell numbers of. diploid embryos were therefore 

taken only from females which bad produced one or more po].yploid 

embryos, The embryos included were therefore a selected group 

which should show the maxim effeCt of the treatment s  One 

further limitation was necessary,. Any type of heteroplotd embryc 

indicated an effect of the treatzient g  butt  as the results of thin 

analysis were to be used later, only mice producing one or more 

haploid or polyp.oid embryos were included, and females with no-

euploid heteroplods were ignored, 

Analysis was made between the four classes previously 

described, 	eans within females were tested #  first Without 

weighti4go  and second by weighting the mean by the number of 

diploids per mouse. The figures used in this analysis are given 

in detail in Table 21, Resultø were: 

Not weighted 	Vleigbted 
Su* of 	Mean Sum of 	Mean 
squares DF square squares DF square 

	

Within treatments 42165 30 140,5 	96692 30 322,3 

Between treatments 644 	3 2146'? 	164342 3 567,7 

Total 	4858,5 33 	11312.4 33 



Neither F was significant. it was-concluded that no 

difference bad been shown to exist between the mean osfl numbers 

of the diploid embryos following various treatments. 

,As no difference was traced between the means within females 

of the diploid embryos, the-diplolds were considered as a 

homogeneous sample. Similarly as no difference wthin the : 

haploidej t rip1oids or tetraploide were found they were also 

considered as homogeneous groàpe. The entire data was therefore 

used to calculate the ratios , obtained from the 'division of the 

mean number of cells in haploid, itriploid or tetraploid embryos 

by the mean number of the diploids. Thus o  a In/2n ratio for 

haploida, 3n/2it for triploids and 4n/2n for tetraploida was 

obtained, 

Calculation of th hap]oidJdiplo.d ad polyploid/diploid ratioa 

In the following cal culationa, data was taken only from 

females which produced at least one diploid and one haploid o' 

polyplcid embryo. The mean cell numbers of the diploids and of 

the hapi.oidap triploids, or tetraploidø were calculated within 

each fem4eb and the analysis was made on the means, Details of 

the females and of the cell numbers of the embryoS used in the 

calculations are giefl in Table 21. 

For the calculattpn of each ratio s  a positive correlation 

between the mean cell number within fees of the diploid and 

the mean eel]. number of the particular polyploid type was 

necessüry. This was to ensure that both ehromosoe types in 

each ratio were similarly affected by the treatment given, The 

calculation of this correlation s  and of the polyploid/diploid 
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ratios were made as foflowa, using the triploid/diploid correlati 

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 eell number of each of these two types for eaCh 

female was calculated., The correlation and the ratio were 

calculated on these unweighted means., Similar claculations were 

made on the . haploid and tetraploid cell numberS1 

Results of the correlations 'ere; 

2n/3n; r0 128 2fl/4.n: 'r-O.55 ln/Znt r 0,91 

n19 	 n 	 7 

The ln/2n correlation is significant at 1% level s  neither of the 

others 'are ignificantly different from zero s  The calculations 

Of the ratios thich follow Will therefore vary in accuracy the 

4n/2n ratä being the. least reliable.. 

If Within  the same females used for the correlationf  the 

mean cell number of the diploid and of each poiyploid type are 

summed the division of each 'polyploid sum by each respective 

diploid urn will give the arithmetic ratios of polyploi/diploid 

"cell nuabera 	mess and ratios obtained from this 

calci21atOn were; 

45.99 = 0,56 3n/2ni 

4n/2ng 	Q34 	
' 

But this method fails to take 'differeflcee bet'JeeA females into 

count• afld give* cestve promixténóe' to the higher figures, It 

Fas only á, approximate ratio  

A better ratio' was oba'ed by the 'foUowig' iethod, No 



differences between the diploids resulting from the various 

treatments had been traced by the analysis of variance of their 

cell numbers, The mean cell number of the diploid embryos 

within each female tuas therefore used as a control s  and for each 

mouse this figure was divided by the mean cell number of its 

various po].yploid embryos. For each LnoU.ee a ratio 2n/3n, or 

2i/n, or2n/1n1 was obtained the ratios all being greater than 

unity because the diploid mean was the highest in all cases. The 

ratio was then tanaformed to logarithms to the base'40 to 

minimise the differences due to different development stages of 

the embryos (the development stages tending to geoaet'1C 

progression 2* 4, 8, 16, etc,, in cell number) 	The mean log 

ratio and its standard error were calculated, 

The standard error was multiplied by the value oft,  

corresponding to the number of mice contributing to the mean log 

ratio, The fiducial limits for the value of the log. mean were 

then obtained by the addition to and the subtraction from the log 

mean of the calculated t value * 	 e the mean log ratio 

2n/Xn for the three palypXoid typee. with an upper and lower 

fiducial limit, Byteking reoiprocalø# . each ratio and ts limits 

were converted to Z42, and these were transformed by antt-

logarithms, 

The mean ratiosi  and the upper and lower fiducial limits 

Calculated at the 5% and 1% levels of significance were; 
ln/2n 3n/2n 44/2u 

Mean ratio; 0,51 . 	 056 0,31- 

5% IAmitss  0,38 	0 0 69 0145 . 	 070 0,16 	0#58 

1% limits: 0,32 	0 0 79 0,42 .u.  0,76 032 - 078 
U 	 19 



Th2 nm1er o,f cleavagea of dtp3.oid and oyp1oid. ebryos, 

The, cell nUmber of the 3 day old. embryos is the result Of 

a series of cleavages 1  each of which doubles the number of cells 

In the..anbryo, ,The. time between. cleavagea diminishes slightly 

with successive cleavages (see. p *  9)., ConversiOn . of the eel... 

numbers of the 3j day old ;5Ifl7Oa to cleavage numbers ,  will: 

therefore convert the. data froxn a g e'oae trio scale to an approxi. 

mate. arith$etic al se, . Transformation of the cell number to 

cleavage. -number is'. obtained-by. the following equation (see' p. 10 

log 2 " is the number of 'nuclei in, the embryo, 

All the 'data on 	niub6is of the diploid' 'and p4yploid 

embryoe' *hich has previously been analysed has. beam re-analysed 

on the büta of umbers' Of cleavages 	The semé analyses Of 

variance,, eórrolatioñs and polyploid/diploid' ratios have been 

calculated' 	the same classes d data ü b ëfore. The 

results 'Obtained ware$ 

Analysis of 	of cleavage number of each polyploid types 

1.. Analysts on all embryos1  

Haploida 	Triploide 	Tetraploidø 
Sum of 	Mean Sum of 	Mean Sum of 	Mean 
squares fl? 'square squares OF square squares OF square 

Between 
treatments 	2 432 2 	1.16' 	16 69 	2 	0 085 O98 	2 	01049 

Within 
treatmentø 	2.17 4 0454 1358 	24 007 5.93 	10 	0,59 

Total 	. 	 4,49 6 	15427 26 6,91 	3.2 

2, 	Analysis on means within females, 

Between . 

treatments 14 78 	2 	0,89 '0,88 	2 	044 

Within 
treatments 	As above 	8,27 19 0,43 5,3.9 	8 0065 
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varjance.of'the.diploide:. 

Not' weighted 	Weighted 
Bum of 	Mean Suni of 	Mean 
squares DF square. squares DF square 

Between 
treatments 0.37 	0,12 '' 1465 	3. 0.55 

• 	Within 	' 	•. 	., 
treatments 5 004 30 0,17 	9,52 30 0,32 

Total5.4 	 33 

óe of the Fl  a1ues  were signlficant4 	• 

1oulatio o the' o1yp1p1dL4p1Od ratios, 

The corielatione of the di1oid and polyploid means within 

females for each polyploid type were: 

ln/2n; r 0,92 3n/2n; r = 0,39 4n/2ns r -0,54 

The in/?n correlation is significant at the 1% level; neither 

of the, otheri are tgnificaflt3Y different from flero.' 

The-Calculations of the polyploid/diploid ratios and their 

fiducial li-tnits made on the ratios within each female gave the 

foliowiug, results; 

l/24. 	3n/2n 	•n/2n. 

'ean ratio; 	0 482 	0,87 	0 0 71 

5%"11mitBL 0,74 - 0.91 0,81 0,92 0,56- O86 

• 	 .1% lits: 0,68 -O,96 0 1,79 - 0,94 0 4 49 0,93 

n7 	nl9 	nã' 

One further calculation-waS made on the cleavage numbers *  

Within the eame tamales as above (ike, those producing at least 

.6n6 diploid and one polyploid embryo) the overall mean of the 

athwwthin females for each polyploid type and for their 
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ip1oid sibs was; 

in: 4.53 	2n: 5 , 49 	Arithmetic In/2n ratio: 0 .. 83 

3n: 469 	2n; 5,43 	Arithmetic 3n/2n ratio; O86 

4n: 3.98 	2n; 5. 69 	Arithmetic-4n/2n ratios O,') 

o teat the accuracy of the difference between the diploids and 

the polypioid in cleavage number, the difference between the 

mean number of cleavages of the diploid and polyploid embryos 

thin each mouse woe calculated. For each mouse the difference 

nina 

	

a weighted by the formula - 	 where ul.  is the number of 
Ill 	112 

ploid, and n2 the number of polyploid enibryce contributing to 

e means, The beet estimate of the men difference is given by; 

Best difference = 8-07eLbte4 diffrene within mic) 
Sum of the weights 

standard deviation of 
with a standard errors diffsrencee between mice. 

Sum of the weightO, 

values obtained were: 

in number of cleavages betweens. 

Dipleide and baplods 0.98 + 0,18 

Diploids and triplotdø 0,68 ± 0,11 

Diploids and tetraploids 1.57 ± 0.31 

saed in this way the data permits direct comparison between 

diploid and non-diploid d eve1opment, diplo id being superior to 

haploid by one cleavage, to triploid by 0,7 cleavages and to 

tetrapiod by 1,6 cleavages 0  at 3 daydovs1opwent, 

For a&mpUeity, these embryos have been grouped into hypo- ,  

dipiods hyper~odiploids#  mopaioe0  and others, The sourcep 
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chromosome Complement, cell number, and the mean of diploid 

embryos from the sane monso are given in Table 22 - Apart from 

the mean :dip)otd Cell :nflmber within each female. no calculations 

have been made on the figires 

The bypodipiotds were always behind the diploida, but 

despite this three embryoa reached cell counts of 36, 34 and 25 

respectively 	These embryos were c1as*fied •on a single 

mithais except for the embryo with 34 Chromosomes :whicb had two 

clear .mitoses. The byperplods appeared to be slightly more 

advanced, in cell. numbers, two of them having more cells than the 

'diploid means  Five of these embryos were classified on two 

mitoaes1  the other  three on.6.  single one,, Three of the six 

hyposdiplcids and all the hyperadiploids were blastocysts when 

judged by cell number) the chromocoe complement of these 

embryos apparently had little. effect on development to the blasto' 

cyst stage. 

'iore than one mttoss per ,embryo was necessary to recognise 

the mosaics,. Three haploid/cLtplod mosaics were observed ,  two 

coming from the same feumle which had been. iflecZed  before mating 

with 1/3O.X)O coich&ctne, the other arising from ,a 1 residual 

female which was injected after mathg1. The latter had two 

haploid and one diploid mitosis, the two former had one haploid 

mito4s with one and three dLploid mitoses respectively, One of 

the snoeaiee had a higher cell count than the dipli5 mean t  the 

others were behind the. diploids. All the diplotd/tetraploid 

mosaics had one tetiaploid. and one or more diploid mitoses) the 

number of cells in these embryos was consistently below the 

diploid mean1 The number of cello in mosaics may have been 
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by the time of doubling of the haploid or diploid 

to diploid or tetraploid respectively. 

Five other mosaics, among which three had three different 

eounts. are listed in Table 22,. in: addition: four 

s which belonged to .one of the other classes are given, 

of the . latter were'found with a group of below-haploid 

the other: two had Chromosome °9.oimta between: triploid 

tetraploid,,. Each of. these nine embryos had fairly; high 

numberep some.of the possessing more. than their .diploid... 

. Once agaifl, it appared that the .0romosoMe compiemon1 of 

these. embryos. bad not severely affected their development .p 

b1as1ocy •' 

DISCUSSION, 

in terms, of .n,aber, of nuclei, the tets.otd enbrycs posses 

one.4htrtl, and the haplolds and triploids just over one-d-half 0  of 

those of the diploid embryos, Conversion of the data to the 

cleavage number increases these ratios. to 0 6 7lp 0,82 and O87 

voiy. Of the two methods 'of compari6n1  the 'cleavage 

number i more convenient as it approximates to • s1t1ic51 

progression; in the foUoing discussion all refereneB will be 

to the cleavage number unless otherwise stated. 

The bflplo d*s.dip.lotd and the tripiói4'dp1od means within 

females were positively correlated, the tetraploiddiplod mean 

was negattve, Thié implied that the tetraploid embrys were 

delayig. further behind. their diploid sibs as development 

'proceeded; however pomq of them wore onlr a33g4ty behd  ..the 

diploid,, The ow1y.developing tetaapioide n 



.il94.... 

suffered from an excess of colchicins as Perusal of the actual 

cell mambers indicates (Table 21);. these embryos may therefore 

be expected to aeentuate the difference in nunber of cleavages 

between the: tetraploids and their diploid sibs. Despite this, 

the difference. between the two was only 1.57 0 3 cleavages. 

But in the tetraplóids, the, first, cleavage of the eiubryo was 

suppressed by the coLchicine. One cleavage division should 

therefore be pubtracted from the above difference to indicate 'the 

actual difference in number of cleavages of the two types3 the 

difference becomes only 0. 0 5 approimate1y, 

In view of the very slight difference in cleavages between 

the diploids, 44d the . co1chicine!.prodtced tetrap1Ods. analysis 

of the tetraplod data resulting after hotshoC treatment of 

first'áleavage eggs by Beatty and Fisohberg (1952.). was carried 

out using cleavage .numbers 	Six tetraplotdilploid comparisons 

wore given by these authors; these were first analysed alone,  

then in combination with the colohicine tetrap1oiddiplotd 

comparisons. .' .he res1ta were;' 	. 	•. . 

Hot 'shock & 
Rotsbock colebicine 

'' of comparisons 6 	14 

Correlation' 	. . 	. 	 081 	0,05 

4A/2A mean of means within females 0,82 	0,76 

5% fiducial limits 	 0,69 094 0 4 664: 085 

1% fiducial limits 	0063 - 1,00 0,62 - 0,9 

Overall mean of means within 
'females 

Weighted difference between 
2n and 4n 

2nt •548 2ni 500 

0.23 1.29 .+ 039 
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The positive correlation between the tetrapleid and diploid 

means following the hot-shock is significant at the 5  level, 

These embrOe are therefore more comparable than those resulting 

from the coichicine treatment. The mean of means within females 

for the diploids and tetraploids resulting from the hot-shock 

have a difference of exactly one cleavage; the weighted differencE 

j.. 0,98 cleavages, When one cleavage to alloVe4 to the tetraploi 

for the first cleavage which was suppressed# there is therefore 

no difference between the two,' But two assumptions have to be 

made for this conclusion: frs1 that the cleavage after the 

peaaed first cleavage in the tetraploids occurs at the same 

tiU.e, as the second cleavage in' the diploidal second, that the 

diploids 'ate *otz'ètardod4i*a to the hot ock or to the 

colchicMe4  The latter Le probably true for the mean cleavage 

number in diploid embryos taken from females .wk4ch were naturally 

mated without any expemental. tréatmènt was almost ident0icaat 

56. No evidence cx. be given on;, the ftret a aubIption.i.:zt as 

the chromosomes must duplicate themselves before the first 

division of the tetraplotdb the.timeAnterval is probably 

identical,. If these aaeumptiQflS are valid# the mtheaatical. 

evidence j4icates that the rate of cleavage in tetraploLd embryos 

Lathe same as the rate in diploid embryos, 

• 	The results of aifliilar calculations 'made on the haploid and 

trtplotd embryos resulting from colehicine treatment before 

fertilisation have been given; the baploido were 0,984 0418 

oleavagea behind the 4-ploids1 and the trLploids 0 4 68 ± 0 011 

cleavages behifld the diploide, both being weighted dlfferenceo,, 

In the case of the tetraplotds the missing cleavage could be 
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'attributed to the treatment; in the baploids and triploids there 

must be-'a - different, •reason. If tetraploid cleavages occur at 

Ithe earn.e rate as dp1oids, then triploid r4toses probably ,  also 

1occur' at this rate 
	A possible objection here in 'that the 

pigAber of cèntriole 	the trip].oids in unbalanced, whereas 

this is üôt so intetrsploids, But,,. as trip1oIdscan'devolop to 

'days gestation '(Fischberg and Beatty 1951) without any 

ty. in. their iuitoe&p the effect of the centrio2e 

	

is not noticeable 	if the rate of triploid cleavage 

identical to dtplold89 then. the cause of the ,  delay must be 

orô these' mite see begin ike, in. the pro-nuclear stages,,' 

e ;exp.erinental evidence i.' .upport of this suggestion has 

n given both haploids' and triproids probably spending longer 

period8 in the: pronuelear stages than their diploid' sib (p,. 43) , 

Other ,  data comparable to the data analysed  above  i:  again 

available from the beteroploids resulting from the hot-shook 

treatment of the i'aUopian' tubes, and from mice giving a' high 

incidence of soutaneou embryos.' both reported by Beatty and 

ischberg 1951b)., The data 'concez g dip1oid4triploid con' 

parisona has' been re-analysed as the nunber of cleavages whiCh 

had occurred i these ernbryóe, For reasons , given later the 

and 	days development results have been analysed aeparate1y 

reaults were;.'' 	. 	 . 
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31 days. 4j days 5daya 

Nu!aber ot comparionø 

CoroIation 

3n/2u , 	of means within femal8 

5% fiducial limit s - 

1% fiducial limits 

Overall mean of means 
within females 

42 	4 ,  

	

0.30 	0 493 

	

0 ,94 	0,91 

O,9O.O97 O,850,98 	- 

09-0 1 98 0,0.-1-02 	-p 

2no 537 2ns 6,90 .2ni- B43 
5,00 3ns 6.38 1  3nt S.3 

Wetghted difference 
between 2n and 3n 	 030,07 0.6/tO,16 	- 

It is again evident that the number of cleavages which have 

occurred in the trplóids is only slightly behind that of the 

diploids; the difference in these embryos being less than in 

those produced by the colci4cina treataent if the delay in 

cleavage is attributable to the promzelear stages p it follow3 

that, with increasing numbers of cleavages, the ratio of the 

number of cleavages in triploida to that in diploids should 

approach a value of one, This is because the tri;loidz will 

always be a. fixed amount behind the diploids and this fixed 

amount will have loss and lees effect as the numbers of cleavages 

increase, in the data of Beatty and Fschbexg just analysed,  the  

ratio at the 41 day stage should be nearer to value one than the 

3j day stage, in fact, it is not so, but the fiducial limits 

more than encompass the differenCe. Only on comparison was 

available  for the 	day embryos the triploid mean being higher 

than the diploid means  But any result from these comparisons 

be invalidated because, at the later stages of development s,  

the cleavage number is probably mean1z.g1ea due o asynchronous 
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divisiono and differentiation within the embryos. Attempts to 

plot the ratio againet the stage of development for all three 

types of po].yploid yielded no definite result; the differences izi 

time of development between different z4co were not sufficiently 

great to indicate :if the curve was approaching unity.. 

Once the numbers of cleavages for each polyploid type are 

knovm, it is possible by converting, the cleavage number to ,a time 

scale0  to assess their 'aevelopiaental age',. The difference 

between diploid and the  various polyploidi in cleavage number wil 

when converted to time indicate the extra tine reqt4red by the 

polyploide to catch up to normal davelopment (assui4ng that the 

diploids represent normal development).,. The 4  developmental,. age 

and time behind normal development for the three polyploida 

resulting from the treatments.  aesuming the sixth cleavage occurs 

72 hours after sperm entryi are as followsi- 

Coichicine 	. 	Hot-shock.  
Ifaploids 

Developmental age 56.4. hrs,(2n 66,0 lire 4 ) 

Behndnozwa 	9.6 lire, 

Developmental age 5440  hr, (Zn 648 hrs.) 60 hrs.(2n 648 hrs,) 
Behind normal 	1Q8 Airs 1 : 	 4,8 bra0 . 

etàploidg 	 . 
Developmental age 48 hra,(2n 6,4 hr,) 540 hrs.(2n 660 lire,) 
Behind normal ' 204 hro O 	 12 bra 

experiments designed to follow the further development of 

embryos it may ho necessary to allow for the times shoau 

o that the .polyploide Can make .up for their delayed 

t, The two most obvious methods for achievimg this soe* to lies 

by. transplanting treated embryos to female In an earlier 

of their pregnancy cycle; and second, br the use of 



lactating females as the experimental animal to utilise the 

delayed implantation which Occurs in the1 (Enzraann, Saphir, and 

Pincuai 1932) 4  

If further work confirms that polyploid, $ specially to 

mitoses occur at the same rate as dip3.oid mttoaes. then the mouse 

embryo behaves similarly to the frog Rana Dipiens and where the 

first three .cleavage2 occur at the sane rate in diploid and 

riploid embryos (Brigó0  1947), But the mouse egg May differ 

from Ina i4pten and biturus vL ridiaacens (Fankhauser 1945) in 

that triploid eggs spend a longer period of time in the pronuclear 

Stages than diploids. In later stages of Amphibian development, 

the number of cells present is inversely propotioflál to the 

number of chromosome sets present (FaIthauaor, 1945 Fiachberg, 

191+41 1948; Briggs 1941), 'In these larvae 1  growth and 

differentiation is very advanced1 and is in contrast to the 

position in the early embryonic divisions of the egg, In the 

mouse eggs  very little increase in size if any has occurred up to 

3 dayO development, the process thus far having been largely, if 

not wholly, a division of a pre.eziOttng mass of material 	Fe 

effects of growth and differentiation uill have therefore 

affected the picture of cleavage described; the cleavage rate 

• being solely due to factors t'iihin the tell *  Under these 

conditions, tetraploid o  trip1oidp and haploid mitoses probably 

occur at 'a similar rate. It 16 interesting to note that the 

nic1earacytoplasrnio ratio of the hole. embryo is the eae for 

tetraplode as it is for Oiploid0l only the distribution, of the 

arts is altered by tetraploidy. This ratio rill be different 

in triploidso  *here the second polar body chromosomes are 
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within the egg, and in haploids where only one gamete is 

represented1  

Fin1ly. 'one qualification must be made on the cell numbers 

and cleavage numbers of polyploid  embryos. Though, the means 

within females'showed that diploid embryos were a].way more 

advanced than the polyploids# examination of the actual numbers 

themselves. (Table. 2].) shows that, four of the triploids and two .of 

the tetraplode had more cells than one, or more of their :diploid' 

sibs 	The data therefore agree with the same observations of 

Beatty. and Fischberg (195ib),. Tt'o of the three hap1eidu.dip].otd 

mosaics and ohs diploid/tetraploici mo3atc also posaesed more 

cells than. one or more of their dip10 4  d aibs .. None of the 

haploida analysed in .tbia mrk. had greater te1l counts than their 

djplict sibs #  bat catty and.  Fischberg give  data showing that 

'their onit haploid had achieved this. superiority 

• 	 SUMA, 

The cell number and the number of cleavages of 3 day old 

•diploid and plyplotd embryos of the mouse,, jugscul 

have been analysed,,, • 

2," No difference within' the diploid embryos or within any of 

the .polyplotd types were detected between the various 

experiments contributing to the data, 

, Tetrap].oid embryos cleave at or nearly at the same rate as 

diplods, and haploids and triploids may also cleave at this 

rate 1  

4, Differences between diploid and polyploid embryos in cell 

and cleavage number may be due to delay th the pronuclear 
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stages in haploids and triploide 1  and solely to the suppressed 

first cleavage in the tetraploids. 

5. Provided that the haploid complement is present, changes in 

the chromosome number alone do not appear to affect the develop 

ment of the mouse egg to a b].astocyst 0  

REFERENCES 

BRATTY, R.A. & FISC}IBERG, M, 1951a, Reteroploidl in MamMalal 
I Spontanous heteroplotdy in pre.4mplantatiom 
mouse eggs, J. Genet 	, 345..59, 

- 1952b, Cell number in haploid, 
and polyploid mouse embryos, J • exp. 

Biol, 	541'552, 

1952. Heteroploidy in niem1s: 
III Induction of tetrap].oidy in pro-implantation 
mouse eggs, J Genet ,. 471-479. 

BRIGGS R, 1947, The experimental production and development 
of tntploid frog embryos. J, exp, Zool. 106, 
237-266. 

ENZMANN, 4,V,, SAPliIR N,it, & PINCUS G, 1932 0i  Delayed 
proancy in mice, Anat. Rec. 4,. 325-341i, 

FANKHAUSER, G, 1945,  The effect of changes in chromosome 
number on amphibian development, Quart 1  Rev, 

, 2O-7, 

FISCHBERG, M O  1944,  Verflxderungen der Chrontosomenzahl bat 
2iton allgoldg nach Ultebehandlung der Bier, 

Rev, auiae Zoàl,. , 430436, 

1948, Experimentelle AuslBsung von Reteroploidle 
durch K&ltebehaudlung der Bier von Trion 1peatrin 
aua verecheiden Populattonen, Genetica , 213.$2c, 

FISCHBKRG, M. & BEATTY RA., 1951. Spontaneous heteroploidy 
In mouse embryos up to mid term, J, ezp, Zool1  

., 321'336. 



21 ' 	THE CELL NMBER&0F DIL0ID, HAPLOXD ARD .POLYPI QD 
1 PAY0LD 	Q1ISE EBRY0S TAiU11 FROM VARIOUS 

Data is taken only from females which yielded at least one dip3.oid and one 
halotd or polyploid embryo,.  

oure* 	 Cell Sumbers of each TPDO  of Emb±yó. 
_f data 	 Diploids ffagloidp. Trtp1oid Tetraploids 

Mean 	Mean Mean Mean 
1/100  
1/50 56, 53, A2,8, 34 4L6  
1130 	9,24 4L7  

10 '?O59,50 	 59.7 
EL), 37 48,5 28 

V26 	60 	55 50 ,50 6 
50 

8,/7, 26 /3.7 16 o 
63, 57, 55, 53, 51 * 25 
4() 	.47 	43 .... ........ .' 	. 	. . 

• 	62 p  60#.54 	54 	46# .53.3 	:'.25 H 	... 	H 
• /15 	64,60 2 	. 	.35. •• 	•: 

60 	58 59 	33 30 
54, 41, "40  36, 28, 27 	37,8 33 

14 F, 
47,  43, 33,. 23, 36..5 26 

(D 22 	 22 	 12 
3 9  34,'33 	32p 25 32.4 .21 	 0 

46 
53. 50 	Al,. 34 

46 
44..5 

3, 30, 22 	27,7 
'X) 

/15 	61, 40, 37 	33, 33w, 21 	37,5 28 
repeated  

16 641 50 55 45 
67,62,62,50... .6003H 	,L'.,, 50 	•. 	 • 0 	

0 

27  

11 
 

49 49 10 
.. I 	55, 38, 35 42,7 

5, 26 .30,5 30 
6?p5047..44..: 52 	. 	.. . .. . ' 

1J2 	87 87 21-a 9 	15 
0 	,53,53, 520 52.j  50,.43 493 0 

27 

B 
570  56,5O, 41, 35 0  30 	4L8 14 

C 	
46 	.''' 	 46 	40,  

0,• 
56 	.40 	:. . 	1$ 	. • ___________ 

.D 	47,39,2924,.2.7 3...2  
.263 	 .21 	0 - 

Key to Source of:Data : ' 	0 

A Natural. Mating . 	: 
• 	

0 	' ' 	0 
B Artificial insemination 
C Trypaflavuio on the sperni before fertilisation 
D Toluidi*e blue on the sperm before fertilisation, 
E Natural mating of a tsilver 1  female, 



I& JBEJ9F EINSP1J 
DAX OW) JETKRD?LOID EMBRYOS FOUND ]N VARIOUS gxPERIMJTS 

Chromosome 	Number of Mean number 
Experimental complement of embryos 	nuclei in of nuclei in 

source 	. (2nhj) embryos diploid ...sib 

A Haploid/diploid mosaic 55 50,5 
31,  
28 42,7 

..,  L A. .. , .... .., Dip]o1dJtetrap1otd mosaic . 	

.t, 

35  44.6 
C 45 .  

.46.. 
60 63 
6_0  _g 

B, 
. 	 ; 32 42,7 

21 52.0 

1,- 	 . ................. 	 ., 

31 - 

A Between haploid & diploid: 
.34 chromosomeø 	. 34 -. 

35 	* 	
.. U 25.0 

38. 	 .. .25.. 30.6 
r 34 	. 	 . 	 . . 	 34 	. 5115 

C 	. 	 ... 28 	- 	 U 	 . 	. 	
.: .14... 

14 29 

A Between diploid & triploid.a 
'46 31 
48 30 593 
42 65 42,0 
47 	U 	

. 23 33,0 
50 	 ,. 

45 	0 45 .54,0 
.0 .. . 	

. .375 

.. 

35 55,8 

A 	. 	 .• Various mosaicøt 46/40/30. 49 . 

45/34. 19 
29.. 255 

C "/35 6~1 5540  
B . 	 .. 	 .37/35/29 25 3640 * 

A Various trposs 72 chromosomes 31. 37.8 
7 	0 62 52,7 

U  43 51,7 
68 42 

Ly to Excerimental Source 
A. Colehicine injected into uterus before mating; 	B. Coichicine 
inlected. into uterus after sating; 	C O . From 'residual' females; 
D, Trypaflavine injected into uterus before mating. 



CHAPTER V. 

The results of various experiments on the mouse egg at 

tilisation or the fat cleavage have been given and discussed, 

fare  each of these experiments has been considered in isolation 

in relation to 1i1-1  ar experiments; the purpose of the present 

is to combine and correlate certain aspects of all of them, 

simplifications, the discussion viU be divided into six parts, 

the sperm, the egg, sperm entry into the egg p  pronUclear 

and synganiy, the mammalian centriole and development 1  and 

chromosomes and cleavage. 

If spermatozoa from different inbred lines of mice are mixed 

e1 numbers sperm from one inbred line fertilises many more 

than sperm of the oter. This difference may be due to 

thological, physiological1 or morphological characters of the 

types, to an effect of one sperm type on the .other or to a 

vourable relationship between one sperm type and the eggs to be 

The resulto: (p, 181 indicate either of the first tvo 

three alternatives.. • If one sperm type is more active than 

r, the former may reach the site of fertilisation in larger. 

and fertilise more eggs. It is known that the number of 

In the female tract is reduced from the considerable 

s at ejaculation to a mean of 16,9 spermE per ampulla 

Braden and Austin, 194b) 	If ascent up the fallopian tube, and 

tion of the cumulus oophorus s, are properties of the aetivi 
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individual spermatozoa, most of the to! Sperms around the eggs 

be of the more active type. This theory of selective  

eation based on differential activity of spermatozoa 

ag the female tract is analogous with the mechanism of 

va fertilisation in plants- caused by differential rates of 

of the pollen tube down the style. 

The activity of spermatozoa is affected by experimental agents 

blue has a pronounced photochemical effect #  reducing 

activity to zero under certain conditions, Prolonged 

tra-.violet irradiation also inhibits sperm activity; high 

of X-rays may do so, 

At.fertilisatlon# the second maturation division of the egg 

at metaphase 	If. fertilisation does not occur 1  the spindle 

chromosomes remain identifiable for at least 42 hours 

tive processes are probably more rapid after this age, 

Either prior to, or at fertilisatiofl, the spindle of the 

can be destroyed by the action of coichicine or trypaflavine 4  

former has the more effective action s  Destruction of the 

sets free the dyad, and movements in the àoplasa may 

a the chromosomes to become arranged round the periphery of 

egg,. The chromosomes may be completely expelled from the 

Into small nucleated bodies which resemble undersized second 

r bodies.,  Lose of the chromosomes may be accentuated at 

tion due j  for example, to shrinkage of the viteUua, 

outmardi.ydirecting movements of the egg cytoplasm may 

at sperm entry, 



Fertilisation may be delayed  after ultra-violet or .X-irradi-

ation of the sperm; delay may be caused by the reduced activity 

of the sperm after treatment by these agentsi. Normally. the 

sperm-head sinks sideways into the vite].lus of the egg,. After 

high Irradiation dosageap the majority of ftperm4ieads enter the 

vitélius normally but ultra-violet may cause some sperm-heads to 

assume a hooked - .shape in the vitelius. After high dqsages of 

X-irradiation, the sperm-head may disintegrate in the ooplasni, 

Sperm entry .normwUy results in the development of a block to 

polyspermy by the zona reaction (Braden Austin1 and David,... 19%), 

and in. ;the completion of the second maturation division. X 

irradiation or trypaflavine treatment of the sperm before 

fertilsation, and probably ultra- ,-violet, or toluidine blue 

treatment also, occasionally cause the failure of stimulation of 

the second maturation division at sperm entry. Polysperuiy also 

occurs after these treatments, Similar phenomena hae been 

reported in rabbit eggs after Xe-irradiation of the sperm (Amoroso 

and Parkes, 1947) and in sheep ova after tx'rpaf1svifle treatment 

of the sperm (Thibaui.t, 1949) 	The stimuli which cause the 

block to polyapermy and the completion of the second maturation 

division are probably related Failure to cause stimulation may 

be due to damage to the cytoplasm of the sperm by these agents 1  

After natural mating, the second polar body of the egg may 

not form normally after sperm penetration, Instead of the 

normal division of the egg into a large ovum and a small second 

polar body, the egg may divide into two equal or nearly equal 

parts, One part contains one pronucloust  and is the analogue of 
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second polar body; the other part contains two pronuclet, and 

presumably the ovum with one male and one female pronucleus, 

imilar abnormalities have been reported by Braden and Austin 

(1954c) after heat-treatment of the mouse egg at fertiliaat1n j  

authors also reported a related phenomenon in the division 

to two halves of parthenogenetically stimulated mouse eggs; 

ey termed this effect 'immediate cleavaget  (Braden and Austin 

54a). 

The male pro'nualeus may fail to be normally differentiated 

heavy ultrwviolet irradiation of the sperm before 

satien, The normal swelling of the pronucleu is 

and it remains as a eatlyawollen sperifl.heád, The 

timiltton of spermoentry into these ova is sufficient to cause 

the normal grbvth of thefealronncieua,After high X. 

irradiation dosages on the sperm the male pronucleus may fail 

to differentiate in a normally stimulated ova or it "may grow 

aloüé in en ova which was môt stimulated to complete its sedoUd 

maturation 'división at perm entry, In. the latter ova:# the 

second maturation' 'division of the ova 'rinalns at metaphase, and 

growth of the male pronucleus is very unueiaal and probably 

abortive, After trypaflavine treatment of the sperm eomo øpermo 

heads which penetrate the viteflus fail to stimulate the ova and 

remain unchanged in the ooplasm, Thea effects may represent 

four increasingly abnormal aspects of sperm-egg relationships at 

fertilisation;- normal stimulation of the egg with normal growth 

of the male pronucleus; normal stimulation and growth of the 



female pronucleis with abnormal formatiofl or disintegration of the 

male prönuclew3; failure to stimulate the egg with some differ. 

entiation. of the male pronncleua; failure to stimulate the egg 

with no differentiation of the sperm-head into a male pronuoleue, 

Blandau (1952)  reported that# i  in rat ova fertil.tsed between nine  

and twelve hours after ovulation sperm. entry and g rotth of the 

male prozncleias could occur without the. 'normal growth of the 

female pronitcleua; this phenomenon appe.rs to be between the 

second and third aspects described above, Pincus and Enztnan 

(1936', and AinoröBo and .Parkee (1949),  also reported degenerative 

changes in the male pronucleus after ultra-violet and X-irradiatio 

respectively of rabbit sperm before fertilisation, Drebinger 

(1951) found that tryailavine damaged the protoplasm of frog 

sperms  redc.ng its activity and fertilsing abiltty,  

After ultra4.vo1et or X-irradiatioñ of the pert' before 

fórtilisátioñ many ova contained either one pronucleus' which was 

presumably female, or a normal female propuc3.eue and an abnormal 

*alé pronucleus., After coichicine treatment at ±ertili satiou 

many ova contained 'a single pronucleus which was presumably 

female. Many of these gynogenetic and and'ogenettc ova failed 

to cleave; others probably achieved 'a retarded first cleavage 1  

Eggs containing a single pronucleus are therefore usually highly 

abnormal in eleavae capacity compared with normal bi.prnuciéate 

eggs whether the single pronucisus Is male ;or female, 

After colohicine treatifient at fertilisatidiki a large nuisber 

of prori*clei can 'be seen in many . eggs 4  One pronuc]eu 'is 

normal'sizedg and ±0 probably male 	The others are 	and 

are probably female, If both sets of maternal 'chromosoflies of the 



e 	are retained in the egg at fertilisa-. 

tion1  its .complment wiU be triploid 	The presence of up to 

fve.prpnuclei in these egg.showa that .pronuc3.eus formation does 

not require a halotd chromosome 'set, The discovery of triploid 

bltocyetsafter'- coichicine treatment indicate3 that all these 

pitiuclet thy underg.syngamy 	Statistical. and .cytologici 

evidence suggests tht'multi-pronucieate Ova' may be delayed in 

syngamyand the first cleavage, 

• 	e 	qian eentriole. •. . 	
: 

Ater colchicine treatment at fertiliSatioup; .maflY ova 

contain a single pronucleus which is probabl- male, Cleavage 

of these ova would produce haploid androgenetic embryos 	After 

• the same treatmenti haploid blastocysts were identified at 3.2 

• days gestation; some of these ova muSt therefore b Capable of 

development, The haploid blastocysta were almost as advanced 

as their diploid sibj the slight delay behind diploids may have 

• been due to a longer development in the pronuclear stage'  

• Clevage ' the haploid embryos. was therefore probably. the same 

as in diploids. 	 .. 	 ,. 	 . 	 . , . 

But the number of haploid embryos found', at 	days gestatiOn 

ter coichicine t!eatment was considerably fewor than the number 

• of, unipronucleate ova induced by the , treatment s  , . 041y 5% of them 

Jwere found as haploid embrrs. :The .inder : 1st have died 

very early in development. Re'cent4y, ova have been examined,. 

after., the time of the first cleavae, Many uniprontolèate ova 

could be seen to be dying without cleavage ..tIeir. cytoplaszfl 

becoming greatly furrowed and fragmen"44. fragmented 	There wasp  therefore 



a very definite all-or-none response to• colohicine treatment im 

the developzent of these ova Cleavage was either normal or 

completely absents  Some knowledge of the factors causing the 

all-or'nozte effect can he inferred. The ova were' sub4ecte& to a 

considerable amount of :colchicine, and the death without cleavage 

coi1d have been . due to' the toxic effect of the chemical j  But 

only the iprticleato eggs were fussing at 3;  days gestation 

st ,all of '  the multi-'and i-pronucleate eggs also observed 

after this treatment could develop to blaatocyøts without diffic-

ulty, 	.lso the haploid embryos which did cleave were aist 

as o 
I 

uccessful as diploids and showed not a trace of the toxic 

action of colehicine. It seems most unlikely that the toxicity 

of àolchicine would affect onlj the haploidej and in such a 

manner that cleavage was either normal or completely suppressed 

Theallior-none response in development was probably due to 

other factors than toxicity of the chemical s  By the nature of 

the action of coichicine on the spindle of the unfertilised egg s  

it is possible that other maternal constituents in adai.tion to 

the chromosomes may be lost from theegg, If the loss of these 

constituents occurred 4ependently to that at the chromosorne4 

then the maternal elements in the egg at for tiltaatiofl could 

include none1 either 1  or both of the chosomea and the other 

oofltitUents, Presence of the materüal chromosomes is not 

necessary for deny-age1, for 'the spartn chromosomes alone are 

ufftcieüt ' But "bsene of the other constituents prevents 

cleav , agej they 'might 'therefore bø the maternal ceiitriole or 

centrioles1 ' 'If the iüaternal centriolea are 'lost 'the centriole' 

obtained from the sper'bead is instufficienttC'orgsnise cleavage 



In the:'embryo, 	one or ,  both of the maternal eentrtolea 

rewn in the ferttiise4, ovum cleavage can occiu' normally. 

Centriolea fron both egg and sperm. are necessary. therefore in 

these ova. 

The same rules. must preeumably govern grnogenetie developmeu 

Al]. of' the ova which were fertilised by irradiation sper respon' 

In the normal niaxner by extruding their second polar. body.. All 

of them possessed , the normal rnateral complement of chromosomes 

and ceiitrioieø, From the'sperm o  however# they received irradia 

chromosomes and centrto1es After ultra-violet or X-irradiation 1  

the sperm chromatin failed to condense into cku'omosomes, and the 

embryos commenced deyelopment with haploid maternal. chromosomes 

only,: -Some of these gynogenonea failed to cleave (see also 

Amoroso and Parkes, 1947, who found the se result after X-

irradiation of rabbit sperm 'before fertiiieatibn); the others 

had a  very abortive development which failed after up to three 

cleavages,, The chromosome complement of these embryos is-unl#013  

to have, prevented cleaage, for some of the haploids produced by .  

colchicino,.'an4 others occurring spontaneously (Beatty end 

Fischberg 1949 and 1951a; Beatty, 1954) developed without 

difficulty to blastocysts, Supp'ession of normal cleavages in 

the gynogenonee may have been due to the presence of an irradiated 

male centriole which,' depending on the amount of damage it had 

received, disabled' the emmoa at the first or an early: cleavage, 

So far1  a 'single centriole has been postulated in the sperm.' 

headj and one or more in the ovum, ' The work of Thibault (1949) 

clarifies the .c ntrio1a' complement of the ovum. Thibault found 
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that, if the rabbit egg. was stimulated parthen.ogenetieaily,.. eggs 

which extruded, their second. polar body failed to -  cleave, Only 

some of. thoes hicb retained their. second polar body within the 

ovum succeeded. in cleaving normally. The parthenogonones. which. 

cleaved to blastocysts. were therefore dip1o4; this' has also-been.  

found by Chang 	One of . the conditions- for parthenogertetic 

rabbit develepont s that tbe•egg must retain all the contents 

of, the second maturation dlv sion0  The same general rule pro bab1 

applies to other mama1ian specLee. The usual response to 

parthenogenetic agents of the rat egg (Thibau1t 1949) and the 

mouse egg (Braden and Austin,, 1954a) is the extrusion of the 

eecond polar body, The haploid rat eggd usually  fail to cleave 

(Tbiba.ultp 1949) 0  though a few' of them Can divide to two-celièd 

embryos (Austin 1954), The arguments given prevoua1y concer 

the normal cleavage of haploid .mbuse embryos probably applies to 

other nrnmmaUaa species; the failure of the majority of theøe 

parthenogenones ,  may therefore be due to 'their possottsion Of only a 

single centriole 	Only if both centrioles. are retained an 

these eggs: cleave; advan ced .parthenogenons in mammals are 

therefore ,dip1oid 

Three centrioles: are . therefore postulated in the ga*etès at 

fertiliationj , the egg possesses two one at each $U- e of the 

secoad - ~mqiotia ,ppindle# the sperm possessing one. Any undamaged 

pair of these are necessary for normal cleavage, Under natural 

conditions, one egg centriole enters the secOnd polar body; the 

other egg centriole and the sperm centriole remain in the' ovum1  

The posses sion of all threes  as presumably occurs in triplOids1  

does nOt result in tripolar mito ses or in the 'uneven distribution 



of ehrotnosomes, and triplold embryg can be found. up to panta-

tion ,(Fisehberg and Beatty, 1951),  Thibault (1949) .classifies 

mammal eggs into two. types according to their response to ageita 

which induce parthenogenesis: the depolarised typed. e 4g rabbit 

and sheep v7hie do not. neqmosarily.extrude . thou' ec6n& pour 

body and ,the polarised. type, a g. rats  which do extrude it. 

In, expor nenta attempting the production of viable parthenogenettc 

eryoS. t3O : d6Polt5ed type are 1. normally used because of their 

superior development;. pathotogenettc rabbits have been reported 

to full. term. by Pincus (199) and Pincue, and. Shapiro .(1,940)4 

Tue. application of colchieine to the. mouse egg. which is.a 

polaris d type,, followed by the. partheno genetic stimulation of 

these eggs, may. induce their development without the extrusion 

of the second, polar body,. Alternatively, the fertfleation of 

colcJ4.cine'treated mouse eggs by ultra-violet irradiated sperm 

msyinducedploid.gynogenesia. 	 - 

Ta qiromoaomaa and. cle&va.e, 

Haploid*, trp1otd and tetraploid mouse, embryos were first 

foirnd at 3 days geatatio* by Beatty and Pischberg (3949 1951b) 

occurring either spontaneously or after. heattreatment of ferti.11s 

ova 	S1ir  heteroploids were also found after cOlchicine 

treatment at fortilsatton. or at the first  cleavage1  and after 

varioUs experimental agents were added to the spermatozoa, before 

fertilsation (p 	.. Except for those of the latter group 

which were induced by ultraviolet or X rradiation, the alteratiG 

in chromosome complement was probably the only alteration 

imposed on the development of these embryos, The irradiations 

probably induced additional damage to change in chromosome 

eemlment. 
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At,3j days geatattou,untrèated diploid embryos have under-

gone approximately 5,6 cleavages, Tetraploid embryos Induced by 

experimental agenta other than Irradiations were retarded by 

one cleavage behind their diploid iba. But, to 

induce tetraploldy, one cleavage of a diploid embryo has 

presumably-been - suppressed, After the suppressed cleavage 

therefore further cleavages in tetrap3.oa.ds had probably occurred 

at the same rate as in cU.pl<id.s, Neither cnrotuoaome complement 

or 'the possible doubling of the number of centrioles in each 

cell' bad 'retarded tbèr rate of cleavage 	The triploid and 

baplotd embryos occurring spontaneously or .found after the use of 

experimental agents other than irradiations were x etarded by 0,7 

and 1.0 cleavages respectively in comparison with their diploid 

Statistical and eytologcal evidence indies tee that the 

Lower cleavage number of haploids and triploida could have been 

lue to delay in pronuclear growth, If Soo their cleavage also 

eeurred at the sane rate as in diplods. If notó their cleavage 

Nas only slightly retarded behind diploids, Rate of cleavage up 

3* days ge6tation is therefore largely independent 'of 'the 

some ,  cäxalenient of 'the embryo  

After*  'irradiation of the 'spórm before fertilisation 'hovrever 

restltaxt' baplàids were highly retarded in cornpariaàu' with 

bibs; some haploid8 'had cleaved only Onee by 3* days 

tation1  'These' hàplolda were undoubtedly gynOgenetie, where-as 

other 'haplOids ds8cribed were probably án4ogenetic.  It 8aema 

kely, 'however, 'that the difference between maternal 'and' 

ternal chromosomes would cause -this difference in behaviour,' 

few pOlyp3.oids resultin from the irradiation eperiments were 



also retarded#  if cleavage rate is normally independent of 

chromosome complement, the failure of cleavage in these embryos 

y have been due to their possession of an irradiated male 

centriole or Cjtplaam. Cleavage appe ra to be largely dependent 

on the Centriolar complemert of the embryo, if the chromosomes 

of an embryo could be inactivated without damage to its oentriolea 

the achromosoua1 embryo, may Cleave 	In Arbacta this phenomenon 

he been observed (Harvey 	Two systems may work In 

conjunction in early development#, u&rat the duplication of 

fluclear, and cytoplasmic materials, in, the cells leading to regular ,  

cleavage' in. the embryo'; Second )  the gentc control, of development 

imposing an order, and organisation on 'the cleaving cells,,  
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SUMMRY, 

lieteroploidy in mouse embryos was induced by various treat!. 

meats of the gametes at fertiliation or of the egg at the first 

cleavage1 . 

If fertilièation occurred in the presence of coichicine, the 

second maturation spindle of some ova was destroyed by the 

chemical. In these ova '  the dyads beàanie scattered through the 

op1asm Three and a half day embryos developing from. these ova 

had chromosome complements of between haploid and triploid; the 

haploids were probably andrcgenétic 	Tetrapló1d i4osaicaj and 

other heteroplotds were also found in wnaU number, After 

colohioine Was applied to the egg at the time of. the first 

cleavage, small numbers of tetraplóida were found at IJ days 

gestation *,  

Other treatments of sperm samples were intended to inactivate 

the male chromatiti before fertilisation, Many resultant 3j day 

old embryos were heteroploidej among them were some baploida 

which were presumably gynogenetic. UItraviolet irradiation o± 

the sperm was most successful in inducing haploidy; X-.irradiation 

gave less succes 	After addition of trypaflavine or toluidine 

blue to the sperm before fertilisation, probably no gynogenetic 

development was induced, Insemination of rat or rabbit sperm 

Into mouse females also failed to induce gynogenones to 3 days 

gestation, 

Histological events at fertilisation and the first cleavage 

were studied after u1tra.violet, X-ray, or trypaflaine treatment 

the sperm and the observations were compared with those found 
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noruiai. mating. Ultra.'violet irradiation suppressed the 

nation into chromosemes of the male chromatiñ at syngamy; 

'of the eggs then developed as haploide1 others degenerating 

thout eleavage X-irradiation did not usually prevent 

tàn 'but the male chromosomes were lost into,' ub'nu.cleL 

early cleavage, Trypaflavine reduced the -  penetrating 

or of the 'perrn and most egge were unfertilised 	Abaorznali 

sperm-egg relationships at fertilisation were 'seen' after 

tion or 'trypaflavine treatment of the sperm,  

The tetrap3.oid embryos produced in the colOhicine experiments 

one cleavage behnd diploids at 3j days gestation, :When 

ance is made for the suppressed 'cleavage' which caused the 

the 'mitótic rate of both types of - embryo-was. 

bably identical, Triploid and haploid embryos found after 

chicine treatment at fertilisation were less than one cleavage 

dip Lóids, Sn'ny and the first cleavage *ay have been 

d in triploi4 aM haploid ova but rnitottc rate 'in them 

the first 'Oleavage was probably the 'same as i; diploida, 

• any of the hap1od 'tripio&d, and tetraploid. embryos 'were 

lastocyats,, No heteroploids were found in the offspring of 

• oolchicinetreátd mothers, 

Irradiation' of the sperm by ultra-violet or 'X-rays had sever 

ffects on embryonic development, High dosages of either 

restricted developsent to the first cleavage. Lower doàagee 

used 'considerable mortality before' and after implantation 4  None 

the haploid"fOd after these treatments had eoap1eted Aber 

urth cleavage at 322,  days gestation; many. other beteroplode 

sessed subsbnuclet and/or cytological anomalies, Genetic 
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damage to the chromosomes by the irradiations was presumably 

respon3ible for embryonic death after the early cleavage8; death 

In the early cleavage stages may have been due to cytoplaexnio 

.ge to the sperm, 

Evidence from three source: the failure of normal cleavage 

following irradiation of the sperm before fertilisation the 

degeneration without cleavage of the m4ority of androgenetic 

haploid, ova found after colohicine treatment at fertilisation,., 

the work of other authors, has been used to construct a 

ry concerning 'the numbers of centrioles in the gametes at 

'sation 
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