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An adult frog (Xenopus laevis laevis) obtained from the 

transplantation of a gut cell nucleus of a swimming

tadpole.
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Introduction, XJ» priiiaiplo of nuolear transplantation* i

transplantation in unicellular orgoriissas. '.2ha conditions necessary far 

sucoeaaful nualear tarapla&tution in -^tasaa, -Juuloar transplantation

J^Iiibias previous roecaxl&j ssid tho tyt?c of inf orjjftsiicaci aixioh it 

* X&Tflaultiee in ctcOxiovis^ tlio suooeaeful trazispiaatation of

nuclei iii ^^np^ and a briei' enarvoy of the f slla?/ing ohaptors.

-II* A deac^ifiioBa of the tealiTii'^ae- used Ifcr nudaar tr&nsplX3£tatio«i in

j-sse^bed for ita practical

Ill* At -amedysia <^? the <£Cfeots of ultraviolet irradiatioii on the

required f or mKie-ar transpl^itation* 'iho effect on 

^ of different doses of xuv» at different

aftor sggs liaise b©$n laid: tiao egg vu&jbraBisa, the 43gg 

and tha egg nuolctis* sl!hs surviirel of aiatiraigsnetio ijbsploids in

TV. M anaajrsis of the effects ^eadbi «t®p in il** taxskticpie ^n the

of trcGa&plsnt^en&r^os. 2h§ xosulta of varying iMividxiall^' caoii part of the 

tcethoLoal treatnont of donor .iuc&eti and recipiont eggs* Veolction in the 

Irssate quality of incipient QI^S. Tl^e prooodurc for sole sting srsd 

snal^sing ox^rlrx'ntal i"osulto 9 so that trfnoplont^af^-iryo smiv^L can b® 

dareotly related to tii^ genotio quBlitlna of traaspleaatod donor
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V, 23ie results of transplanting nuclei f rom differentiating endQ&0*» tissue, 

Si© latest developLTsntal stage of donor erforyo in rdiich OH nuclei are 

totipotent, ancl the latest In T&ich some still remin totipotcnt. The 

proportion of normal axv?. afeonsal tratnsplent-cstiryos , (also the proportion 

of renolav and irregular sleftva&O, in rolrttioi to tluo devoloiracntol stags 

of tl» donor onibryo. A oa^oxison of tha rate and tirac of onset of nuolcar 

difforonti^ation in '<maa;.^s..lgu3.yXs nnd Rapa.. i--' _ ,ja; Jienoe «Qi® cflBcioata on 

the sigriifioai-Kso of nuclear diffcrentiatioa d'axdng es&ryonia de\«l

coc3unt of the reproa* native capacity and other adult characters

froo. endoSorta m^lei of damn' ciTsbryoo rsj^lQg in

fr<xs lato blasttuloo to sfdan-dn:-; tadpoles. The correlation of abnormal­

ties in afti&t transplaiit-frogs vdth tJbe 3anf>r en&ryos f roni T*ich thay

VII» A deJKir3.pticm of totrftploid XersotTus ^oevias tJjo nature of t!ieir 

frcn trfloi8T<Lanted rrjcle:l» Ai rtztrl.ycia of thoir rimornsl gsimotofl 

A oosipi^rison of tetraploia ancl triplc5,cl Xgnpjxt| laevls, -nltli roferenoe 

to the mEcrioal balnnco of 3

4e8crJ.pt 5.on of several f5»n»tioal3.y iaontical fro^s Stained by the

of icidif ferontiatcd maclci frcr.i a single doiuzr czr

Further -sorrwrits TO the soundness of tfvs technique, and on the possible 

effect of the dying egg nucleus on transpl.nnt-enforTO development* Scaae

3 on v^iethor the abnormalities aC trtinsplant-^abhryos a:.x? specific

for tlie type of nuclei froa \d3iaii tljey vjere derived, -lie genetic effect of 

typo of cytoplasm in \&.v»h nuiloi replicate and s^nth9sise.
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sr experiments rbwolving tho serial transplantation of nuclei 

and frora the eggs of foreiga speooes tm* s-ubspaoles of

/in abstract giving aa cnitlin© of the acpcriraeiits oai'fi.o^ out and 

the n^dii re^ultB abtained.

Ckqadec <^* tlic following published

, and .:a^doIc tT.R. f 1958. 

trmisplraitstion in "

?4,195S, Mature *

Sescuall matrn^ iis3.ividuaL3 of ^^pg^-_jlafg^.a free*

cxi* singpLe aoEaEtticj nuclei*

in ^^jibda cy^d the problou* of the 

potesitlalitiaa of the iii4*ilQi oi' dii
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'iKTRODUOTIQlf

The time-scale of biological prooeaaca 10 an inportant factor 

in deterring how they ?a&y best be investigated. !Zhere is a distillation 

between those which repeat thasnaelvefl v or oan be laede to do so 

mentally) »engr tiaais within a hurrian's working lifetice, such as

and those continually changing rn-occases &uch aa evolution 

rarely, if c^er, repeat theiaselvoa «xaotly« Processes of the forrae* 

kind hftve mais^ly been studied in two ways. (i"he firat oonoerno tlie analysis 

ef a prooess as it nomaHsr oooura f and o^nsists of following; tho fat* of 

various atnaattvett or substancses by nenns of dire at siarosoopy, opeoif io 

staining, isotopea, etc, i^Kaq^les of sttih stuiies ar© tine iQg^pins °^ 

the fresaaptive regions of a cleaving ^tffejlft e.gKs (Oairkliii, 190$) ®n& of aa 

/fes^hibian blasttsla (Vogt, 1929)* The se0onsl method oonaista of inter* 

f ering ifith a norm! process 8n& observing the result of the iaterfereacse* 

Slils can either be dorse by creating an abnoroal envirors^nt (0.3 xaetabolic 

poisons/ or bj,' esperirrsmtally placing atruotures oosioor^ed in the porooeaa 

in an abnorncl relationship with each other* The oathod and result of tine 

interference oan then provide information about the part played by different 

factors in the normal process. $n ejcaif)!® of tliis kind of experimental 

investigation is the ti0©i2© grafting work of Spanann'a school (review* 1233). 

Ifttolear tranaplantatio-i, which is the subjecrt of the following thoaia f is 

aifi^ly a tMtedque for oarryina out grafts at th© aa^oeHular level, instead 

of Tdth tThole cells or tissues*



- I. 2

auooessful transplantation of a living, smolem w* first achieved in 

(Ctouaaadan & ?onbn&&, 1939)j it ha© iiuibsequdntly been carried out

nith many other mloallular orgaaiarsa, suoh aa .

(Tartar* 1933) » oto* IJcwwver the iar^ieplcinta^ion technique is

very different in I»r0to8oa and Itetatofcf «3Ui0 th» ttanoltittiam ctorivcd 

its aispliaation in miiooHulor organism oannot snaoososrilj tw a;)X^Hed to 

awtltioellular os^aaiws siiKse tl^a ausleo^ytoplaaslo interttcstionft i^Klqto

brfjag alKmt differentiatior* aro j^rebalsly vcary ditfcctnt in organises of the 

oellulox as opposed to tissta© graSe of oonstrustior** ^or this reason 

further disouaaion o^1 auolcar tvaneplantotion will be rostrioted to 

oelliilar aim-sla.

/Jl attests at nua!©ar tranaplantationa in ths ia»taaoa 

involved tl)0 transfer o* ou 0^170. ucj cell nucleus to an ©nualeated and 

unfertilised ^japliibia', agg~c®ll* /^n @gg v/as oliosea, wirije it is an 

oxoepti^nall^ large oell ^iJwii is lilcel^ to ttithsta.id experiiaontal siani*- 

pulation better tban otber oella* It is al^o the id^al Idrid of oell for 

ease of oultur*j*L; and far testing the gersatic qualities of a 

nuolmis, fiinoe tialite other oella it should* with a marshal ntaa!*m% 

into a eoc^lete individual, during the lif o of whioh nearlj all g«ne« 

act and probably reveal their ia?«senee» &$hibi«a egga haw soft 

MrtHi'iuiiia and oantain a ouffloiont c|iiantitj of yolk to 1y& larf^e, but not so 

auoh aa to prevent tl«za being holoblastio) the rosulting entoryoiiio cells 

are largie oodr^ to their yoU: content, ar^L this facilitate* the bealing of 

the oell mil without dau^e to ^ .^jleus*

In all grafting eacperiraents It is desirable that the teohni<|t*« 

itself ehcmld be hearaleas* so that m^r ahaarmalitlea ro^ttltiog froo th«
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operation can INI attributed to the altered relationship df th© transplanted 

struotiir s ooapaswa to normal. In nuclear tr&u^lantation it gaist there­ 

fore be Shewn that a normal nucleus can be transferred to aa enuoleatad 

•unfertilised ega v&ioh can then develop normally, 'Il» first real success 

with nuclear transplantation was achieved with frogs' eggs by Briggs and 

£ing (1952),. uho ?&re ai>le to obtain nonaal tadpoles in the iBa$ority of 

oases t&en they tranaf errsd blastula oell nuolel to eggs of Rj^m

In soaae instarxsos sto^rcasl development of ©ii&ryoB derived f rosi transplanted 

nuolei K»y have been due to toolmlaal taaa^i hocNiver t the transplantation 

of ntwlei into the eg -a of different species , aa& that -.f nisolei from 

differentiating oells sl'imsped that the wscr in ^hiah tran&plant^viijbryos 

develop is, to a l«r^© extent t tttttdUnte^epeoifio ancl thorefore depeaft* 

aaialy upon the speoif io qualities of the donor nttolei« Atteu^ts haw 

been iiiade to traasfplent nxsolsl issing sievte 1 eg^p '(T?addi&gton ^ Pantelouri©, 

tean^ 19?5) *j fcot 2T«5sie gaw eatlsfectox^ results sir^se in no oas©

normal d ewlopeent obtained from blaatula nuolei iiJ^oh arc believed to 

be undifferentiated, *SteuB it was not certain to ttfiat extent 

developwnt tma oana^l by isperfeotion in the transplantation

!iaviu£; establislwd that an exdtoyoaio cell nuoletm ooi be harm- 

leosly transplanted to an entialeated egg, it is warth considering ishat 

kinds of probleoa tliis teohnique o«n be us®d to investigate* In effect it 

enables the sygote m*3leu& (of a fertilised e;^j) to be replaoed by an

oell nucleus. The cleveloprrcnt, adult olisraoters, end , rer^roaust

jity of the resulting individual oan tbDjn be ooipared to that of an

She injection of erJuryonic brei Into unfertilised eggs feostand, 1%3) is 
not regarded as a oasc of nuolear trana^laatatiosa*



i»iiirtati*a derived frm & fertilised eggf th» gamtio qualities of the 

tras^?iantoA atK&eua are tlius directly e-a^ared with ttooc of a sys^te 

nuoleua* Om kio0 of experiment that oan fce done \?ith thla teohaique 

to test the genet&o qualities of somatic inaolcd froa 'taferyonle oella. It 

is so far only poocifelc to transplant m^lei from eriaryonio oellsf lieomHMi 

fully aifferentiatoa. oella are wry diff ictClt to cisaoaiate asid tlaeir xsuelei 

$9Wteote& by iror^ little eytoplaon« She atlwr Idc^. of experimtmt for 

thia eedmlqu!© 1® agitable is to te«t the effect on aualei of varios-ss 

and ertifioial eiwiroasaeata; for isiataaoe nualei za T̂ be traaafervad 

to tlse «ggv of foj^ign o;pecies f aoa. then tjw^err^ !mc± to eggs of its 

own species, ifcait tha x^aatxltinc tranapli^4*asabiryoo trfJl show the eff cot of 

the foreigjtt oytoplaDKi,

with nuolear tr&isplecifcatioa

ha® ahoim that their t^nilqxse has a wry wide

,tiicsh they ftweloped tl^^x teciaiqiss, lias a

distaril^ution and eurcuft b© dj aH easily kept <^ reared 

it was

that an att€jrft sh<r.48 be zaailo- to adsi?t ^irig^s ani PJI^S* technique for 

ndth tije egga of JLeaogyua^ Chls ia an extresae^y oonwBi»it laboratory 

ainoe it m&Smw little from c!is©«£© f anA aim he easily reared in tha 

JUftwratory to aexual oatiirity within one year, ^nothoi* great advent a@c of' 

this spesieai is thadt ego© can "be obt&iaed froea it at at^r tine of 5^-0^ "by 

the injootion of aOBSi«roial gcMnadotro£>io haraone* f:1ser,re arc,

diff sretioea betwfton tha ggga of Ham and Jtooiffua. ushioh preven
^*^"^^v 4vHHMMMflWllK MMMH4HMllHlMHMMm4RMI *'

the direct application of Brigga and i^Lng*a teohxiiq.tiD to tho latter
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The most serious of these is the eattrwaa elastlolty of the
of fenopic eggs, isbioh prsrenta their penetration by a isioro- 

id tlielr enuoleation by the u»ual -jcthoa of Porter (1?39) with 
A aeedlo, This fllfflaulty trea o^^oroo«» liy tho f oartuncrfjo dlaooverjr in

I)r* r̂ « l^ladal«3 tshot ^travlolot irradiotioa iwn^cesng the
It was later jTonciA that tlio saias treatiient with u*\r* 

Inactivates the egg poronuoleua ^^ <3 'XJS l"^ daiaa^e the egg qytoplasot -After 
oertain otlier difficulties haS been cwsroorai, -nuclear trcmaplmitatiosi in 

gave reatxlt^ c»o:.i>Qrabl.e to those obtedaod by tirigcs aa3 King idth

f allowing brief survey 10 only inte^ifc! to a crt as a guide to 
the ensuing dha^ter®, shotting how they mxj related to esofe otlierj it does 
ffi$ ate at giving a represent«tive iapwssioii of the results obtained* 
Qfcapters II to IV are prioarHy oonoerned witli the deooriptioa anA 
of tiie taransplieitat^or* ttf<toicjue, and oiu^tera V to VIII witli aoae 
Of its application,

Details of tl» teohnique aeA «f re«o?ing enisryos are glwn in 
II* aha^e?- j;i: ijs an analysis of the effect si <^ u,v« a& uaed in 
trensplemitction e3rw»lraent$i nerticiilar attentian is §iv«n to th© 

of the irralirrted e^E proauole'-js v4ii«b. dies in tl>e ejjg e7toplasK% and 
isight affeot the farther developoent of the erj-; a-al tran^laatea. msaleus. 

IV is an an»ly«iu oT tLe teoh:ii^uo uaj ah^sra to ¥inst eaetent
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transplant ̂ iate?y0 developBssnt son bo attributed to any part «*£ the teolinloal 
treatment of donor nuclei and recipient eggs, °* *# tjj® P00*1 <mality of 
recipient eggs* &» a result of this invest igatio, transplantation 
experiments with 4enp|>tffi o&n bo analyse* in suoli a way that the 
only depona ^oii tine innate qualities o;. tiis ctooa1 nuclei,

B V and VX deacsrlbe sosas escpericvnts nfiioh aliow
scaa&tio nuclei ohan,'j;e as ti» ooloderci oella ftpoo i^iicih tlwy isere tttfeen
Tx^rortrt bcoexae dtff creiitiatod« Chester V deeorib©© the *isSjryoixio 
of traj3aplant««iJxryo& up to UK* swizsolnc taupole stf^ f fe»2 csisey?t©r VI 

bes tlae adislt aharaofmm ®m3 v«$arodluotivo opacity of the frogs to 
these t«dpolas gavu rise. In trus mi^ er^Dc.erui auolei liave been 

tested not only for &>n08 t^iich affect oza^yynnio difl'erentiatioin but also 
for those Tsiiioh i\«i?e th0ir mt^i effcj-st lat^r In life.

2!h@ ohani»a nhioli endodana nuclei or© found to ^jsadergs are 
presma&bly laAuaed b:- tlie ourroundii)g o%^toplac;:», SODB axperiinents haic 
l»ea bo^un ^tch aim at dooratrating that a oytopl^^do en^rsmment oon bring 
about genetics <tiaEages in nualei. In t^ae tKpdfirnenta mjolei haw l)0ea 
transferred to eggs of different ^»e<sies or stibspecle^j and they, after 
tkigr JMWI igrathe-aiaed from foreign oytoplasn, they hove been traaif erred 
back to eggs <£ th»u4 o?m species, '^iie vaults of these eaqperiesiits are 
«»t yat oonoluaivu, but aaw briefly desca%ibea at the end of diopter IX, 
aad in tije «|>pea5.ijc, •

Durliig 'U^MMi aaqper^wenti* aotao series of tranaplaut -frogs haw 
been obtained v«liioii ar@ of interest a|>srt froiu tl^eix ooirieotion wltli the 
main tiieKie of nucleo-^toplaamio interaction®, l»'or 110 obidU^us roasoa a
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psw^ertite of all transplanted nuclei iaectae tetraploid t»ef ore 

development, vliaptcr- VII cteaorlbes the resulting tetroplaid frogs

«a previously

bo obtained "by nuclear

itsaK «Ksually« A 

doaoo?.Lbed in 'Clh«pt0r VIII | 

<K£perJrse,:t in vhioh it was ii&jortant to

their ^0B3ato0fttMMKUy since very few tttrap&oid toae&. Jsave

tf iaentioal liKi 

in a apooiea vftiidi only

twuld be of value for

exclude the effect of genetic variation from the results.

J

eg ;a

*, 1952, P!roc«riat*/oad.S<3i» IMu, >3, 

tatio-n of living nualel fron blast ula cells iato enucleated

cell

in the ^soidiaa

da ?o

aualesire

Serial

witli an

Porter,

egg of .:.ana

oi1

oxi i

of

o ;uiolei«

133-150. the

nucleus*

271*290,

of enuoleated.

tfl*
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dis0oalati'.m of donor oella lias been oarciod out by tlaa

.
(3asrth & Berth, 1939) inatead of viiti and 2ettty^,bufc the xv&i&ta are very 

U,ttl« f if at &H* affected tog this dliai^. l-iaoy 

of 3«wag«P «atsf^o^, oan 'Ue «li«w»otal ISTO^ -^ros^ the 

without the !«lp of ti^?sin. ^m tisoi^o is ^at^d i!'i Jarthf $ 

, in vt'iioti 0«^Lcdlift 4B4 ^^@lirt*a aero vepHaoed lay 5 

required Iti versena to briiag alxrut dla^ooiatio^ j 

tint donor eatasra* Fc^ eaael^ 0taa©Q sooh ^& 'tiXastuXa&t 10 

in «uff iolent* Mm0ar p©$i**l& csf" 2D stfmrt^a cr insr® are oeoWi fdr litter

oella oaa bt iaept tflthciut hftrsa in
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of recipient *gg») thia rjig&t lit taa to tine foot tha& it is not 
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Ultraviolet (u*v» irradiation of newly laM Ifepgffqfl eggs has 

found to kill the ev-jg pvonuoleuei without dataaglng the 

«j?pea3P» to 'fee tins Jaost reliable czil least ctaiaagiag isay

the «8g» <^* thla'ap9«i«8« ^he emiolaation of «OT$ is a teohrdiue

for many different IdLnda of cxperio-iit; thea® itialudei (a) the eau,;;lcat.Io;i

of fertilised *g®» for the |>r^du;ti;jzi of an^rog^iietio haploitlo, l^orM

anro -ons^ etc,, &&I (b) the enxioleation of uriferiiliGod eg^s aa in nuolear

transplantation*

UiiB paper describes the fate af . . ;romulo^ after . 

the tuv. treat laerrtj trJu i» of co;-iait.lcrable lLf)ortoroe in th© :lr*terpretation 

of nisoloor traiiaAatttationcxperijaents %tdoli have b*en oarriecl ant with

t The q\»stion of -whether

has been sustained by the «eg oyta.aaam has been

She u+v. treatn»nt of unfertilised JttiB«B» eggs has boon worked
VHPMW'WMVMVHB'IPII W^wF

out for tho purpose* of siuclear transplantation (ril®aale» atirdan, & PiaoWber 

1960), /ifter the jelly haa swollen b. upt&!:e of water, ck-; -o are placed

on a dry glawi slide, their aa&a&d pole f aoing oprasrdsl it is iii|>ca*tant to
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re;x>vc free water from arousal them slaoe tl*H^ €*4§n**feioa iaay othsrwia« 

change. The eggs are mro eXi/osoa to tlx u,v* beam for tht appropriate 

tine (see p, * ).

Ebe tuv, source ohioh has been t*»e5 1» a Binovia 100 r?att> 

preamirc, inwcury arc lesspj it fi«s uood without a filter but with a 

oemlttnwrr. The eggs are pliaoed ^>out 13 ocs fron the aotir^e i^hiali is 

so as to ^ive a do^MMpSly -.Irooted

Barter's (1939) irathod of enuoleatin^ eg^a by liftiri{* t^> the 

with a needle eannat be reliably applied to ttm eggs o

the very olaatio vitelliao ssn^rimo Izapedes the for*mtion of ®fi

following laethod has therefor© been;3svBlQpou, It eaai>l6s eoga to be 

enuoleatea tslth ooiisMer^jle ao-^ttma^r (9?^)» hut is^r ilisttffi'b the 

aieation of tho cytoolssm* A t^an^ten rseectle io pushed through tlse oortox 

of the egg so that its abaft lies ,jnst tsrklerrseath ^ie eg^**epot» ^he nocdlu 

is then lifted t&i^entiaUy «way frc«n the ecg, thus stretdii^i the

, idii<^i oarriea the e^T-aqwrt and assoointoa qytopls^s with it, 

ps are uoed to r>incli off art oxovate from tho err, a^a the needle

tine exovate into the jelly f allcrsing tl^ vitelline acmtrane to xtrtiam to the 

surface of the egg. Tho t^ae of foroepa enables tl» sisa of the eitarato

tht egg nuoleue to be easily oor.trolle<S, Hamilton (195?) ha« alao 

ai-jdrosenetia haploida in Xe.^p>^ b.v n rao&i? Nation of S 

techniqiae.
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ia for a

In order t-= determine the efficiency of tlieoe oethods, fer­ 
tilised eggs «*r9v*6*&» and ft i^eaultiii^ haplouft i. dividual ims asswaed to 
indicate a siuooaaful onuoloation or irradiation, though a haplold nuoleue 
i* known to occasionally Lwootat diploid, tlds occurs very £3cldo:.. and the 
pjt«senoe of a diyloid was talcen to indicate a failure of the operation. 

ntsabers n«re ostliaatad in different T/«S« flie at^r&er of
p«r ntwleus oaa be counted with tlii phase-oontrast adoroso<>po from 

squssh pi^paj'aticms of ewbryos. Moolooli ami ol^OKiiOsoiBCs can also bo

oooto«arcein or ijae^jfiluci staining of «0l3r3r«9 or

of nuclei varies according to developeerxtal steles as 
ploidy, and beoause the ha|>loid sjAi'riXx* of abr^rmlitie© is

diploids, these criteria WQVQ ised as an i^liontion ratlwr 
proof of JiQploidy, Only tiiose e^»syos 'sa&ioli pasa^l tte bloatula stage are

in the res^ilts givon below*

ID the oas© oT jr^asi>la-.:t-<3/.ibs'yoa (i«e, @r;^/oa ramalting from 

irradiated unfertilised ogg ax! su:i injected nucleus) tiio auoooa*ful 
insctivation of the e;^ .,-ucleuo w^u> oonfir^&d by the uee of a 
ntrteDr (;,l3dal«, ?iaohb«rg & Smith, 1^3} Fioohbere ^ Wallace, i 
In tr&38plantation experii^ents ti» donor mwleus posae^aed ^e nuclear 
9ttrfcftrf vfo.Ho tJ« reoipiant e.jg did not» j?kialy«i» of tlw ploidy flflft 
nuoleolar nuabor of traj-ispla.-.t-«LiJi^'oa afcgmi clearly T^ether or not the egg*

has participated In aavelopnsmt* llda o^ily happens rarely,
it doea the trm^aplaat-es^r^oa oonocrned oegi be ©xolraled from the
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r to investigate whioh pronuoleus ia inactivated b^ the 

saq?eriiaBtttia IIAVO been jaatis with tine Aenopua strain possessing a nuclear 

marker (Kladalc, ^isohberg, A Smith, 125^1 H^dbberg & Halla*3©» in 

priaoiplo of t.ds «^LX}rianata «as betn to naate a nonnal frog, all

(haplo.ua) gamrtes are uni-ntsaleolate» to a lieteroBygoua sautont frog 

of i&iah half the gaawtes poftftQea r«o nuoleolti^ at all 10-n) , and half ftre 

uzsi^raioleolate % 1«n), She egga «»r« trrtdi-ated »XMt ifttr fertilia«^io:i, 

an& all dewloped as iis^loids, ;,^*9 o^ two raftulte are «xpeote3 from «uoh 

a cross, a.^or-Xuig to th* wa^* in ^hioii the oragft is oadc. The 

yojgmy cis^- coiisint of 'both 0-*n a^d 1«-«i InaiivMualei tf.«e 0*n 

only iiave been dorived from th« aarfeaat parent, ishil© the 1*«i eiibryoa ooi&d 

hove ooefi froii •itiaer parent* 4» ^a?::©teQ of a. fiutant p-amxl -«ep» p^se:it in 

e<jual proportions of O-n azicl 1«»n

if both kinila of eniwifos are ijorosent in a,bout equal nufzibers in tli© T

of tiiin ^roas, it ia reasonable to ««pun& that all t&e 1-n i;idiv^,luelD imve

alao OOEK froia tiie giBietos of thft raiUtot parent, it ia only if the 0**is are

ftmer than the 1«*na that one inu^t uuspeot t^at aome of the 

\aere d«riv&d froci tto Bon^iiitant parent* The other cccpeoted result 

is for all ths progsny of the oross to be 1-na, x/itix no O-PJJ present at all. 

Ihe cu«enoe of ^-iis ueans that none of the G~n geauetcs frora tbs nsutant 

parent liavt> eaoaped irradiation, but it -o .navertlieles^ -possible tliat aor^ 

1*o gaaetea from the mtant parent hav© oontributod to the progeny of the 

OYOSS* 2he extent to «Meh thia may haw ooouiTed beoosaes smaller, the
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greater «re th* nurix>r of eitoyot* in tine pvogeqy, ffaouej whiaii no O*mi

In the first sKjjeriaeafc to be carried out, a normal feiaale 
oated to & jsutaftt cale* H» progeny of this cross contained 61 1««n hagsloids 
and 56 CHnr;,haploid3* i&as© f igm* do not differ significantly from 
equality, Xn this sxpsHMfit the 0~n ezfcyos wro derived f ror.i the 
gmtee, and tljere la no reascsi to t*&ieire that m*/ of the 1«n 
derived from the agg«?arc«!uoieu&* Thla ostp^riiaeixt ima tlwn re^ee^ed the 
other ^a&r r'tJtsnS, by tysirsc a saatasat female aM nonael iaal©j the resi&t 
117 1«a esabryoB aiil no 0-its» iliis dcetfTinss th© result of the previous 
cocker :ln»nt f slaje tlier© is egaln rio rae^oii for believing tliat ths pronu<3leua 
of any ess eegajx.^ u«v* inaotivatio^*

Airtljor ocmflrmation of these reBults ooiaee from nuolodr trans- 
plantation astperiaeats izi niiiah aaarlQDd doaor nuolei haw been Injected into 

recipient ©ggs« The mxjleea* roarker ahoisa tliat tl'te isrea* n»ijarity of
the resulting anlnqn>9 w0re d&riwd fron the in,jeqt&fl n-aalouo alone* In 
than 1 of asseD doea the e^g nucleus partlol^at© in ctoveloqpntiife) the 
reason for the failure of inaotiimtion on these oocaBimia la not cleas.% but 
say be due to rotation of tilt egg diaring irradiation, or to the ;?resenae of 
foreign matter ovorl^lng the egg nnolcms.

Xhe reaults of t.^sse eac^erloents show that u*v« irradiation c^ ths 
animal lieraispberc of the egg oeleoti-voly !dHs the egg promsoleim, tttil® 
thia la situated mar the surf ftoe oa* the egs» Haplo:lds vhioh develop after 
snob irradiation of fertilised erass are a^perentl^ altrflQps iwifesgenetla* 
The u*v» trvatraent to these experliasnts doea not »eem to affect either the 
aperm nujolous or the injeoted
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Ose effect of u»v« irradiation an S;;:-T. lo to ndlaeolv»" tte 

and weaken the vitellint a»abrans f The latter effect of u*v. is very 

valuable for &ui£aar l^aaaplantation err^xiriiaont::, since tl* vitelline 

oarcurt otherwise M penetrated by a idloropi^ette without asu

daire t^ the «£j» '4jo at^tlior -^Tishes to er^haeiae that this

effect and _ta value for nuclear transplantation csq 

in oolls&oration with 'dr* TtH« Kl3dado. 'If too £ppesfc a dose is ;;ivenf the 

vitelline jaaaferane fails to heal after penetration, and a large exovmte Is 

forced; too ler^e a do»e may also 3jead to the vitelllne ret&amie tlrying on 

to the oortex of the £|£g* so oausing afcKioraal ctewlopf:«nt» With & i&derat* 

doae of u,v. t-i^ vitcllirse oeclsreae heala wall^. but leber breoka oi>euf 

liberating tl'C vrfsryo * u-ili!&r,0d *• a few houivfl '/ofore the usx^-.l liatcsJiir^g 

t^ae, C5saa it is nesea^ary to ohooae ar* optissjo, u*v« dose which is ai.-iff Icient 

to enable the eg£> vO toe ^netratad vitiiout greatly distorting it ? -:nit 

is not so great as to prevent healins of tho injeotiiKi urTual* Th0 

doae largely depeacs vpon the rate at vfcioh the jolly 'disaolved* a$id tliat 

at whioh the vitelline aes^sposm beooaws penetrable* UhB duration of the 

doae, tihioh nuet l>e detersslae^ experia»ntally, varies froo 1$ to 50 sseoonrV,-. 

for the e;^5B oi' d.lffei«nt fror;s s tJidt^^ it is fairly ^nstant for all eg| 

of any one rjvul«bio:i« !4^e racoon for this variation is tltat

ling to the ovwlr*ion in tt» aaoiait of jelly th«8y have, eed in the 

amiiter attaahod to tijeni. .It sceus to be ne«ie»iopj!' for the \i*v.

to break down the jelly before they oan reaah tfe» ®a: im^lQua, and it is 

probable that ram in egga itdoh require vory different opt loom Aooes df 

the egg nuoleu^ novertliele&a reoelvee tbe aseae dose*
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The effedfr ^ the u»v1; xj^a tfog 

Variation of the u»v* dose.

The effect of u«v» i^>on the egg nuolew Triples considerably 

according to the duration of the treatrant (table 2), and also according to

the length of tin* between fertilisation and irradiation (tablfi 1/« Table

1, which inolD&M espariaaeata done on the e^s of 3 ^lifferent frogs 9 SIKJT© thai
**s

the rn*3l3uo of ©:cgs trradi&ted trithin 20 Hiimrtea (at 20 -J) of fertilisation

ie almost alvm^a iziAotivated* K/^s irradi-.t^tl uoro tJiaa 20 sdnutes after

fertilisation are often diploid^ sirjce tho ©C3S prontxsletia has mm!: fd

enough below i^e egg surface to be (pro*;ej:,ea ^o^. the u.v, IT the

not fertilisea, the eg:; nuolous ^00® not sink belorr the eiirf aoe at

'ItouB there is no need to Irmliate unfertiliaof! e^D3 ^or sfisbseqtisnt traa«*

plantation ianBdlstely after laying*

Aaotlier i^ortaist r0@|»eat in «^'ik^i the u»v» doao can be varioa oon* 

oea*!is its duration. H wai atntiojMd above tliat an optifiwa u.v. $oa© i« 

aeleoted for eaoli set oT e^jt Sdeoirding to their r)onetr ability by a mi 

pipette, It i® forttiaate that tids saras optiauo ••loac is suTf ioisnt in 

all oases to kill the e/js nuoleus, thtjs producing aaarogenetio IriaploMs froia 

fertilised eggs, it iu of I :terest to find out ishether this ao«e is the 

BdninftBa capable of killing the egg niKJleus or vthether a reduotion in it 

vould still provide a high proportion of haploids. Table 2 shosfs the effect 

of varying the dose above and below the optinusa, vfeloh in tliis aase was 30
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0

0
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Table 2 aaa fig. 5 «ho» that the survival of haploMs from e 

irradiated for 30 bo GO 30o>i*ls ia vertf viLJuLx* but tl,at aony *ao«i 

are found so)rv3 ^SC*5 irradiated for 20 to 25 seconds, *J3ii

aas that 20 to 25 seconds of ti*v« only partially inactivates th0 

nuoleusj isfei^i can then interfere with development , E&bryos In tlie 20 

to 25 se»i5d groi^t thou^i hcnring only 02*5 m«3lGolus t>er nucleus 4 way well 

have been hjperhaploid, poaaes8l£& extra cl^ros^osoraes or ohron»»»r» ftpac?a»nt8. 

fast that tix^ proportion ef aibnorf^ilities f ountl CISD^ the 3 SP^^?S of 

irraair-ted for between 7 0 and 30 seeonae ia ti^e os^e, iifcilaates that 

JO aeo^rds or *aore of u«v, ooispletelj inaotivacfees the ex nuotleua, tliioii 

does oot then affect developraesi*,, A aizailar effeot \&» observed by ISarfcvrlg 

(1911) after X-re;.* treatment of aqpjiibiai egss.

 She oboervatl/m that true haplolfla arc ob^ainad after little nsore 

thfin half the optiimr; u»vt dooo, shoim that this dose is mre than suff ioient 

for inaot '.ration of th» egn nwaletja, it is, there? ore* very \uHi2cely thct 

fragments of the e^ nutjlei^s will eao^-x) oocplete ins80tiv.it.lon, 

tlieo partio^ate ia ilevel«|?2se-nt vith the IrvJecste^ or si>orm

lie fate of tine irradiate^ egg

This investigation is based tg?on the analysis of 50 mrr&liatefli 

isnfertilisea egy* into «lJ.ali l^ltot-'AA.JBuolei iKire traaaplaixted^ aaS in tabioh 

the transplanted nuolaua appeared oytolocioelly to be Aevclopii^ normally. 

The laa^ority of these e^gB wre fixed during the first tnitoaia of the
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auction® (50 to 30 states oH) s and the reat ^r© flxea at 

various tlaeo between 5 anft 50 cdnutee after transplantation, /ia eggs 

We ftxaa at laterv&ls between trawlastation aiid tne two-cell stage, It 

ia in n»et oaaes not peiaible to tell whether any one egg would fcave 

developed at all, if It had not foeen f i»a* In th» nftin series of es^ i»ith 

trasisplanted nuolei twed for this anal;;ais» 16 of the SO »gg» fixed cewearcd 

to have normally aevolopl-ic traasplaritea m*>lei« '^he roi^ainir^ 4 es^a hod 

abnonsal transplAnted nuol«i and would probably have olea^ed at%xmoallyt 

Of 23 uiiflxed oo^irol tr«kMpX«ntations flone at tiie sa-fi tirw, 6 di^ not 

^ 4 oi©a?e<J aiKKmaall^ a>jsl tli« reiaolnia^ 16 cleaved normally ard

ttw^olea* '4ii» :r.^a»v ja tliat t>w ooz%3lusio£i8 rcaotbad should be 

typical for O^@B With a norsaall^ do^elopl^ traiis.;;li^itc ' - jleua and

Egga uere f iJKJd in Barei^-i 1 3 fluid for juout 6 fc&rs* an." 

out ovrnight in ?3;=. alcohol* 'Jof ovo fixation aoat of the ^elly was rei-3ove:% 

caA after fixation the vitelliDe aaaiabraiw waa re^mwd fro» a actall part of t!- 

ivgatal ;> -'lo, to alloer Troe |>a^aa4-e of fluids intes tlia «gg* /« the ei^ la 

very fragile tfcen fixed, it i.; -r!eeiraT)le to leavi; t5*e vite?aiae oonilirsne to 

protect the rest of the e& » ••serial seotaotis at 10 s^isger© csiit parallel to 

the equator; they ware then tstained with 

reatained with

ihea ftnelyolng the»e aectiodtt «* volition of «je rtt^lei

^ nucleus frtaa the esg p^onuoleus. HOTWVBT, the followiag 

oritoria liaive been uoed t o oonf Irm their identifications
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1, Uto& tog proimalmis la new? «uwouad«4 bg? a olfcar yolk-fmt 

of cytoplasm, i&toh la alws$T3 associated with, the transplanted nucleus 

(oQH#a*« fig. 1 § MI? trtth «&. 1, P»H| in fig* 1, E, G the egg noalew 1* 

inside the claar area a*»ooiat*d with tins developing
2» t'fcolei 'Of oella frota the vegetal pole of the doBor eutjryo iiearae 

b«en used for tronqplanta&ian; theae mwlei Ijavc very larg® (vegetal} yolk 

pladselets associated with them x^til their f irot islt^KUi after 

tat ion. ffcww large yolk platelets ere wry ocmsplotious eoong the

 Mller platelets of that pert &£ the «gg in uhldbt the transglant«a 

lies ^ayp in figs* 1» ? and 2, A, B}*

'&& events vrfdali ta'a> place after the sxjoae^af ul ixrediation of 

th& egg nuolmie «ne aliocm ir« figs* 1 and 2* At the tifoe or irredintioo tlietrmMf "°*^

•gg nolens is at metsphaae o^ tlw aeo^iid o^feir&tioa divioionj in ag?ite of 

irradiation It oocpletes that di-viaion, eaetrttStag the aeoond polar body

•Kid £<waing an fipparentXy normal prcr.rocleus, M^e cxtnnlori of the 

polar body IMIS only be«a ol3^enpe4 in a single «cgt aid it ia probable 

in aorae irradi.ated egc>^* the ^liolo oeta^eje flate elnlai into the egg as a 

tgg nuoleus whioh then aa&neartttes* The |?roniKJleus BOTI ooves Sown 

the oexitre of the ©go (fig-i» A-D), Juat as it tsouia if it haa not boon'

30 ndnutes after tranaplanftaifeioifi the irmcLioted pposualews is 

still oytologioally nonael* After 1$ t^inutes the transplanted i»»3l©m lias 

the position ^Uare pronuolai norjaolly fuse - about one third of the 

from the aruisal pole to the vugetitl pole* 0!he pronuoleus JoiiiQ the 

tranaplantaa nualeus; tej this tiae it lias begtm to diaoenorate t eo is 

apparent from its orii^:liag maslear DDj&rane and granudUsr nmltoplasm m 

opposed to the snooth aealirene ana aore hoooooneoua nmleop.]a»3a of the
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1, (plate), M arrow ( — » ) inlioates the oen

A, tgg flaed 12 tttauUa after treaaplaatation. -lie egg 

pvonuoleuD has oonpleted the seooad aaeiotlo division* 

B* egg fiaooA 23 minute* after trftnapl«ntatio--}, ahoains the

pronuoleuo iiaoviaQ tovmrds the centra of tho 05 • , 

0, ®Jg f isea 25 ainufees ofttr transplantation,

the egg pt*onucleus. 

l>» *ig Disced 3^ a5toute@ after treusplantatio::* T

pronuoleus is still r^orphologiddlly non&el*

next nation of the aarae egg ss In S, showing

c! nuoleus (n) ae^ donor oell yolk 

(ay?»}# ?®rfe of the dyjjti 

E above &m b© MM»n aujaoont to the

another «gg f!x»d 40 sdmites

showing a^riiig pronuoCUms* Part af the transplanted

mwleti® oan Just be aoen in 1M» 0e;3ti0n below

II* th® ue^| aeoticm of the aooe e^g as in G- t ahairing 

the trausplaataa raieleua (n) and tla§ d^dug 

15» tranaplanted nualeus has a smooth nuolear 

and a iaor® hooogenooua
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2 ,(fflate_).« An arrow indicates the egg pronuolexis,

Section ahowins donor cell yolk platelets (dyp) and yolk- 

free region of oytoplasm around th» developing transplanted 

nucleus, Tliis ie the s«oe section as is shovm in fig,1fi.

Egg fia»d 59 tslne after ti^ansplantation, showing the 

pronuoleus and a daughter transplant nucleus (n)j the latter, 

«hiah is i«ef orc*ng after the first mltotic; division, consists 

of small spheres at this stagje*

Egg fixed 61 ndns after transplantation, rihe pyonotio pro- 

nuoleufl is seen in the centre of the future oleamrse ftarrow*

Another egg fixed 53 sains after transplantation t again showing 

the pyonotio pranuoleus left between the tsro dat^hter transplant 

nuolei (not visible in this aeotion)*

Bgg fixed 7& sains after transplanationt Ctoe of tlie daughter 

transplant nisolei can 1» seen (n) t having cos^leted the first 

mitoais. The egg promscleu» has disappeared by this stage,

Sgg 58 nins oldf this is the Bern section as is shown in 

fig, 2D above, containing the degenerated prontjioleiis. The 

transplanted nuoleus is at anaphase of its first irdtotic 

diviaion (not viaible in this section),
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nucleus (In fig. 1, eoa^ar© B with *, ftnd a with E, B and F, 

aid G aaS H aha* fin aliaawt identical situation in tv;j different transplant-* 

) The egg pronudlcus, ishteh remlna adjacent to the transplanted 

but does not fuse with it, nox? becones jregsMly similer and more

botjt 60 Taisiijtes after iitfe^tion the trana^>l«nte<l zmoletw is at 

anaphase of its first altoaia* She pjronotio egc nuoleus Is nm? loft betneon 

the two newly fonaed iauoUter nuolel in ths equatorial plam of the spindle, 

irtiioh is al&o tine plane c^1 the futiBT® cleavage furror/ (fl^» 2, 3, 0, I) t P). 

In fig. 2, B 'both the d*@en#-rati$g ^ronmlexia and oo© of the daughter 

nuclei of th© trc^dplanted niacslens oan be iMoen in th© ss?i« ©eotioa. '.. :hen 

these sections ^rc rectained TritLi 'eul-cn, no ^eiOgen^poaitivc material 

oould be aeea in tfae a^to^laas, ewn in the ^redacts of tlj« 0troi3gl^ 

p^oaotic egg nooliius* 2his inaisates that the d^g maletMi doe® not give 

rise to o&ro80aoB& fragpsnta \tiioli then '^eoorae ioaoirpora&eA into tli© 

planted nttoXous, 7^ to 80 oimtes after transplontation, the teig^ter nuolei 

have reached tl0̂  intcrphaoe sta^» (f%* 2f K)$ In 7 eetMpyoe of thia atage, 

trace oould be seen of the egg nnaleue, wli^oh znuat by new? have

A few fertilised eggs uere irrexllatea oad f iaea at various tinas

fertilisecfcion and tfe® 2«oell 0ta@e» *3eotior2a of tlK5se e 

that the irra«lia^d egg nuolous behavea in the sape m*/ as in eggs trith 

transplanted nuclei. She seiuonoe of events taldlac plaoe in non 

fertilisea e®5 and ia tra:i3plant<*eggo with irradiated nuol©I or© atioem 

dia5jroc»tioally in fig* 3*



jo
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behaviour of the irradiated tgg nucleus described atoow is

aiisilar to what la already kn««m to a ''plj to tho nuclei of tiasta&s 

that haw been I4»avily te»adi«tfced with £-*rays or u,v» (Gieac* 1930s 

Kalla&Hder, 1935)» *i*0 suaoeptibility of iwisws and p^iddiittft to 

tostruotitm by u» v* can eooount for the finding that the egg nucleus is 

killed long before the «rjs oyt«^plasaE is damagea. Solnen (1953) 

desoribod the effect of u.v. tm fertilise^ newfe'a eggs
lie found that t&e saoe dooe of u»v. could oauae inoo::r-lcto l:-^0t,lvatioB of 

the ego nucletis as «el! as deofl^lag the oytoplasn* Tho reas^^n for t';is

isarJ?ea difference in tlie results «ith ^^jiflfNp. sad "gr^tMg^a is not
clear, but nd^it be oonneottft trlth i

The optiouTi dose of u«v« irra:liatlo-n does riot seem to 
to the egg oytoplasm» Tliis can ot ? IID- .^over, be deiaanstrated clearly 

8D5* »JUgle oxper -brent, so eewral different ones are described Hilolt all 
•up >ort the aoae o«iclimion.

llic survival of a.idrogenetia

Use extent c^1 u#v* daraa^e ooa be estiimted from the number of abnor- 

wao^ fertilised ©gga after irra4;iiatio?i» aowfrvor * ©:.r, ;.s irradiated 

«oon after fertilisation aeimlop a© hqploidQ, and it is difflcn&t to bo 

<^rtaia ^ieth«r the irrafli tioa h*» caused as^ iteMNriMilities, sime haploMs 

we inherently abnonaal owing to th&ir veduocd ohrou^soiaD mrtsr. Table 2 

m& t if». 5 and 6 show the frequenay of fbaanM&itias Tfoioh ha^e been f oun& 

acioag esfcryos deriwd froia ti«v,~treated egga, and aloo an»aag



of 02*lrog®n0ti*3 u»v*«hi$leid0 (loft) 

end diploia controls of the aia» age (right)* 

3ha ha^loMs r/©re irradiated f ew$40 to 50 ©00auas« A 

of variation is fount fiBSBO^g hAploid X^i^ija obtaiiied bv othet* 

means*



fcy th» rtoro«disoeatian s»thod dosaribed on page 2 » In 210 case 

did an eabryo differentiate further than the t^rooe^halis snft

condition referred to a* the haploia ayndrorae (fig. 4)* 2Mfl is 

fcft» of %iaBJ& hsploi&a obtained by other zsoans (Kootoad, 1951)* Tffcle 2 

sal fig, 6 sho*? that 70 • of all u*v» l^vplo'Ha torMiafe«d for botmeon 30 

80 seocma» reaohod

different^stbed ** far a» io ttauftlly possible for haloids, this s&mm that 

70^ ef *gg» irwdintod with the pptiraaa u»ir* doftt- io not suffer a^ oyto- 

plasmlo dasnage.

figs* 5 itncl 6 aliow tt**& tJ»> rmasining 5$ of u*vt h«|il0ids 

developed abnemalljfc ^he-se dbnosraalities ml^ b® d,u@ to oyfeoplaaaio ii»v* 

Asssagc, or to oansi4ori£>lo m^iation in the way in ifeich haploido differen­ 

tiate* Variation in the aevoritj ^f hs^loM fibtiormalitifia would 'be exoeoteci 

in view of the fact that the haploM syitfrvm z&.y bt affected by expeaed 

lethal g&nes (SvSrteln^, 1933). -*wi^g; to ^oiietio variation theae «ould be 

t in laore Ictlial ooiij-lristions in OIM apes^^tosoon than to Another «

Variation in the diffei'eBtiation shsiwn by haploids might also be expeoted 

to srls® from poor quality eggs. Trana^latttation esperimnts (audrlc^ 

hsve shown that the quality of e^;-^ varies ooaalderob^r a:^ poor eg$B 

result in iibiianaalitieL
These oonaiAerations do not prove that u,v» has no haraaftsl effect 

on the e$s oyto^Hoaf bixt tl'ie;/ oonstitttbe reasons for attributing 

i^alitic3 of dowlopcient in fertili&ea irradiated eggs to otlaer

S^sre is a tondenoy for eg ;o irroliated within f ivo tidnutes 

fertilisation to suffer from juore abnormalities of developrawst than t
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SO-55

sec u.y. 
40 -BO

sec U.V. 
60-80

Figure 5. Camera Ixxsida drawings of haploi&s resulting from different 
mounts of u»v» irradiation* ?.2oqy alworiaalities of early 3evelo$B)Bzst can 
be oeen in the to to 25 second oroupf ^hile there is a sooti smaller 
proportion of early aJmonanlities in the nest three
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HAPLOIDS

normal normal normal ""haploid 

survival during development  

6* survival curves for ha >loi£a and control a, based on figures 
given in table 2t t-: ,V.-haplo:Ld» of the 40 to 30 seo group have a very 
similar survival ourve to those of the 30 to 35 seo and 60 to 30 seo 
groxsps, tihioh are not ahosm* The method lay vMsh hsploids are obtained 
omwes different proportions of abnormalities in earlv dewlopiaent, l>xxt the 
furthest ata-e of aifferentiation retohed la rfLimva f.h«



irradiated after five ndxwtes from fertilisation, Theae abnormalities

due to the ohmoe teradintlon of sperm nuetlei or to a flpeacfcer

w of eggs to u»v, at tills tizae, lioiwver, this aoiaroe of abnormality 

is not thought to affect tstfertlliaed eggs uae<i for t*aasplawiaifci0% niooe 

these are lisuoll^ irradiated at about 20 r4nut*ft after la^in^* 3j this 

WED they have undergo:* a kind «T *>aotivntioii" > ilii^ i« al»o obaervea 

in fertilised «ggs» Tliia :us reoogniied by rotation of tbd «^$* «flQ^ by a 

eontractioa of eatLxml |»ol« txi^enti tls0 egg oytopla:;Ei aloo ay^are to 

jore yolid iii

effect of l-jcsreasii^: tha u»y» uase.

?ai>le' 2 shows tljat there is no irxnreaae in the abijorzaelitied

u»Vt«4iBi>laLds Tstei the ruv, <ao^e ia l,Kx/ea£^I Trao 30 to 80

«ig nui^l«ua ap-'^-err, to haw been eomletely Ino0tivatoa by 30

The faat that tlsds tm> to threefoXA issare-Rse in ti»v» tloac oauaea no 

in a23oca?E3aIitios ia a irery atrong reason for ^lievios that so 

was inaurrod.

The survival of

She ourvival of traiiaplant««^l9ryo8 ireriea oonaidere^ly aaoordiug 

to tlie oonftition of reorient «gg»* If an early dotior stag«j with uodif «
*

ad nuclei is ua*a and the recipieiTt og^a are of 5004 qiuait: , it 

that all tr^i0plflnt-^ftiJ(ryo» nhic^ f*a&0 tlw late olastula

bccooa aoraal tadpoles. Thia shows that at leaet in tlB£ie oaaee the u«v.

of the recipient eggs couM :x»t liave oaoeed 

ha& any effect after tlno la&a blc^tula
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XrratU&tea fertilised ©gS® ishioh beooB*

If fertilised ©GGS «« irradiato! with u»v* owe thaa 20 ninute* 

after fertiliaetim* the premttleue of wart eg£» few aunfe below the aar- 

and is not affeoted by the u«v* -1« resisltlj^ o^izyoa arc therefore 

<wad theae flevelor) i^^o nonaea tcSpoles* ^!:ds «|KR?S that to tisea©

u*v« cm^aes BO ^apX£^.ua dai:a?4©. 

Egg* t&toli atxj irraaiotea for 10 to 20 rdUmfees gftw fertilisation

on tl» vegetal pole aa COTOSI^ to aaslir.al pole, az^e diploH ssid suffer 

no externally visible

&L.m£&m

The insdn p^^rpo3<! of thia in^stl^aticsa has been to analyae the 

effect of u.vt irradiation on unfertilised egg« i?!iidh Twsre aubaequently 

d for nuclear tranaplazxtatioo. 2fe? following oftWOBrvtc tterefore draw 

to the oomlusiqna from thia i$ork wiiioh are particularly relevazs

to the intenareteEtion of auoXeuar tranaplantation expsriirseats, M opti&um 

TI.V, ^os« i® chosen for tlse «g,^s af eaah fei&ale frog, such that a pipette 

oaa be puishsd into tlm egg wtth&ut ceasing dassjaga or prowntiog lis^ling* 

deae hes been found to ^w nearly double the minisai^ reqpxlred to 

ivefos tins ©ai uualoiis oou^letel^, This shorm that the egg nuoleus i® 

very tliorm^hly inaotiirated before t'as egg is provMed with a tran^lsnted 

In tt*9 oaae c^f tttttertilisod eggs there is nt> :SEJC^ to irradiate
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them jUHBdia&eiiy after laying, sino© .in contrast to fertilised eggs

egg nueletui vsaaias OB the swfaoe. V3»ft the pponialcus 4egca»r«Att it 

appears not to disintegrate into visible fragraeafcy, but to dinapptar 

as a «nit j this laakea it unlii&ly that fragsasnts frotn tte pvouuolettB 

attached to tbe developu^ traijsplantea nuotoua and affect th» futuvi 

of the eg;%

f^ u«v* daraage to tJie egg oyfedplaom it is m>rth pointing

out that in fertilis€4 etn^® irradiated for liettwon ¥> ®ad 30 Moonds, onlj 

about d,.' of eg:;:s stoimd alatiorBialitittB aft^s* the late bl&stula atai'^e (^aUlo 

2), 2J&6 L«ans that idth tl» u,v» dbaaa tawd fear nualear transplantation

e^jeriGents, ©oat of tine danacja fitiidi nLg^xt be attributed to u»v, results ia

arrested late VLaatulaf * Por taost of cas* tranaplantaticvi esciJoriawiits it IB

desirable to consider only ti*os@ traasiplmit-*ecfcrjos irtiioh deimlc^>

late blastiAaB^ masons liavo alr®@dj bean ^.v®n (pp» 1i*<<f ) for

that the e^a oytoplasa 3^sfers imr^f little u*v» di»a§® with th»

te& in any oase- znoet of the dewl«fes^taJl ajnorL«alitioi.? rMah migtit be

attributed to u»ir« do not interfere with the interpretation of mssleaa?

plantation

effect® ar© c^oorll)0d of ultrttviolet (ii«v*) irmlxatiom 

the eggss of ^^nog^a j^p^jpu !fl» results outakml ai>ply to fertilised eggs 

and also to unfertilised eggs into wftioh bl«ist-«la jiuolei baa been transplanted. 

Kggs were irradiated up to 20 minutes after laying, for -periods varying 

to 59 seconds.
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the *gg

If fertilised <*»-* ^*e used this ^iws 

a nuolear :rarke;r hao grown to be

i» oosmpletaly inactivated by *wll doses of

to heploi&s, which the

* ,M*ter i.vradi"'tlatt

of

mssleua ^Seooo;ia 

to the trafiaplv-.

not fuaa but

the oentre of t!ac e^S, ©2v3 eooes to lie

...m nuelou3» At the firyt mitosis, hoi^: it does

&

and

tbia it dist 

tvao0olc2it«d or

of Dlie cg

x) oluE|? i» the centre oT t'r*e apindl«« Soon

visible

aiioleus appears to be uaitff*ate& b^ the irradiation

odf

ssi -loos not appear to be dashed, ewa after 

tititati ^r© oonaA/"ersiJ>l;-" !?ore th^ai mxfficrtat to Idll the ©g 

mttaons for tMa belief cr© tlift liet^loids obtali»A 1?3T otlier 

develop no better t!*ea tltoae obtained b£r u«\% /» iiissrease of u«v*

frota 30 to GO aeoondft revolts in 210 inoreas© In itbncrmalities sus­

tained,

is down aod tlie vl to 11 1: 10

cnaJjles the o^g to be penetrated bj a ato-opipettc v/itiiont

or prevent in^ fc

Thli* &2v9J9tl0atiaR *aa undertaken to facilitate the an^lysi® of 

trans|>lajstfi!fciari axpar^vatft *.n /^i^ep^^ the InareaaeA penotrcut>ility 

egg* is of t*ahnic&l velt» for tliic pfiarrxwe* The inter^jretestion of tl^iese

need not be •-
by tine 

the u.v# and that the e^g ouoleua is

ao interf ore with the dovQlopux»nt of tlno
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to thank t^Mor'Sir A.C, Harty, F*R*3* f for 
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» ^* 8 1960, f

traneplantatiao in -; laovla* * in press

.. , * *A

nuoloolar n

tranefor

and the problem of the potentialities of the 

owlei ot1 differentiating tlasueo** ibid« # Siipp
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EP .aoc .-maim s^ia^%/gio:»f JUT . ,

JS§2S£2lsb ^® erabryos derived from meteor transplantation often 

develop abnormally. 3ieae abaonaalitias raust be due to tins liiidted poten­ 

tiality for devolopaent of either the donor siuoleiia or the 

this limited potentiality will in tun be due to teohnioal da®a@e 

tran^lajiEtatiOB or to the tmmte oonditloo of the nueleua or cytoplasa Ijefor® 

the experiuBnt, fh© €Ktestfc to which the©® teohnioal and iimate factors ami 

respoiisxble for sbnormfilities of tranoplarit-or^ryo dev®loj>i9©nt has been 

analysed, b^r c^MiMering ttie effect of eaoh factor ia ttJra. Mualei from early 

taior stages have be^n tis@dj ainae these ntjolei ave Iselieved to be undifferen- 

tiatetl (see p* 15) aarsi therefore to haws the innate oapsoity for entirely 

nonaal developosnt* 330 effeote of other factors have been

in tdiloh eadli f aator is vrided in different ^mye. /sny correlation

n variatioise ia one f aator atsS tb& resulting proportion ,of

iaryoa is than r©ooa?&ei. In this wac/ tha effeot of eaph factor 

on the development of tramiplant--©nt3irycMi can b© analysed.

These? 62£periias»fcs show how maolei oan be tranoplanfeed with least 

dUBage, and tTl^ether amal.1 inou: Aiotenoiea in oavrylng out the teohnlojue oan 

bring about abtiortaalitla* of developioeriit. It is thus mad© clear to -$!iat 

extent aibnormal transplant-eni^ryoa ia®jr be considered to represent innate 

qualities of donor rmolei.
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m._
As the s»thod of nuclear trarjsplantatien for

been described elsewhere (Elsdale, Gurdon, & Fischberg, in prepnj, it 

be only very briefly outlined her®. Jells ore dissected as a tissue from 

ttae doiior en^ryo, disaggregated ciitiaioally, and tiien kept in ssXlras aol\>* • 

tien until re<mired« Unfertilised recipient eg^^s are irradiated with ultra­ 

violet to kill the eg^ronuoleust A fanaar ooll is aualaed up into a pipette 

which is sufficiently narrow to disrupt the call ^ell and leave the nuolsue 

intaet» prote'oted by ^OEJD oytoplasin* Die nuoleue with its oyfcoplasja is then 

injected into th© recipient egg. IMs se<5U©nce of events .justifies the 

distinction isade below bstv&en the treatoent of donor nuclei and that of 

recipient eg

The disaggregation and storage of doi%>r cells

Do:ior cells are prepared by plaoir^ the isolated tiasua 

from the eiabryo wltli needles )^ in a disaggregatiog solution for bst^eon 10 

and 20 ainutee. Dxiring this tl&t suffiy cclla bec(XB free-, and tiie^ are then 

plaoed in a fuU^etvength salliw solution imtil required for transplantation* 

33be dieacgregatlng uolutio^ are sade fro. . sta.<dara saline solution either

omitting the vaXoiun aM MegDesiuD salt a f or by replaciz^g tlsese salts
W*. x KP* IdsOar Vereejae, Only the saline aolutions of :-liu 4 !U»itty (Fliokin^er.

ifcrth (Bartli & Barth, 1952) haw been tested, ^pl^s sal 

(1955) have used E^c^ for nuolear transplantation anS have f owid tiiat Niu ^ 

saline ogasses fener abnormailitieo of de^lopaent than sany organio
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inorganic solutions *hich th»y al*a tested* Sinai tbw* *bor (unpublished), 

also uains ^-^asu haa found that feiatr aimawaalitieG resulted from tlw use of 

Barth'e X-solution, tftiah mainly differs from Iliu and fcrttty in containing 

one and a half tioes ao naich HaiZU

In text^%irG 1, the three ooltzarws on the left cOKpaaPt tfe* 
effects of different disaggregating solution* on the saiaB kind of doxior cells, 
In thia oaae there ia wry little aiffereuGe betiwen Calcium and I4agaea4sis>- 
free Barth, :iartIi-»V«ra»ai, and Niu & StoittyVaraene | in other eaq^erioenta ther<- 
is t^ually no differeiioe bttrown ;iarth» ana Iliu & 1?witty*Vemenie solutions, 

though uaore severe alamtmlities are found after usisig ua. ^ ---g free 
solulien ^foich has a weaker disaggregating effeot than Verse no, 
inadequate diaaggr@satlon aeexaa to reotilt in imalear damage* This w&y be 
dye to the fact that cjolla ine-uffioiently diaaggregate^ hy chemical mans 
tend to be senarsted iaMhanioally ^tien beir^i transferred to the standard aaline 
solution; thia pa^ result in damage to the cell \rall, t^iich then fails to 
protect the nuoleua from the aaline aolution, 'ing & Brigge (1^:3) Imve 
found that donor cells are less disangea if disaggregated chemically than if 
disseoted apirt-with needles. The oenalnaioa fron thia exiseriisemt is that 

the nuclei of donor cells are acre liJiol^ to be dao&ged after insufficient 
dissociation than by any fliro.rt effects of Versene*

To test v&ether diaa^jresation by ®vea tli© .be-aft rjethod was never- 
theleaa handful, ilonor cells ^ire left for varying periods of tias in Barth- 

Versene. Oella that v/ere kept for longer tirase in Versene iwre left for 
correepor*ilriely shorter tiraaa in the atandart aolution; thi® the total ti4|fi 
for irfiioh cells were in any aaline solution ma co :-*tant« The two
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Donor cells t rosa early gastrulau were prepared in diff ei^ 

and, % trn^lisxtatAoas aaade froa eaoh dono

solution was ti^e as so3 ution in cells

were kept for transplantation, mth either Ca and % salts omitted or 

replaoad by 5 X 10 * V«raenB«



the rigbt of taxtHPlgure 1 show that there? is no pronounced difference

in results if the donor cells ©r© left for tvdoe as lor^ an is necessary

in Versene solution* I'hesu tests ta?e been. oaxr&ed out on blasti&a

the nuclei of -tihioh esre relatively wall protected by oytopl«ussi»
also 

ttttolei frora h®&^a5t! tadpoles h8KV»A®en tr&n^lanteA, ^ter e:cpossare to

Yeroam solution for VBrjtog -perlodD of tl^ie, ponor oelle disaggragttijd for 

20 udrsotes &r>4 33 minutes g«w aqttfLf.ly $ood r®stilt®, nhioh ^are bet tar than

those obtained frotn oella disaggregated for only 10 udnutea* It is apparent
•

that Veraejw in tbe strength isaea does not da-usge maalei of intact oells 

eve-n if they ^® ©s^oaei to it for clo-ttole the t^rssel title*

!She^ s«©si£ltu ciean that oare aliowld be taken to dis^gregste donor 

cells thoro^ily befoa?e tra^^spli^itiiig their ni;clei f but that ex^oawe of cells 

to Versesie f«p longer th«r. the usiuaX 10 * 15 adsiutea i» not haanaftsil*

treattaant of do?®i* oells is the in^eotion

M this atage in the tec^ini^ae there ar© two wag^s in t^iiok the 

nuclei nsey be d^mgat* Thay ray eitf^er be ph^icsdly broloan or distortat 

eiiig stK^ed i^» into tbe mtarapjgette* or they cay be cii@m:iQally haaraad, 

by ©Kposure to the saline solution* Baxih !dJ3d of fl«n«ge is likely to fee 

increased thft ni92*e the dorsor oall 10 distorted i^am imaged into the

Idnds of e^r^rtoent hava been oarrled out to inwstigat© this source

firot 63Cperiii')©23t involwd tra-ispXantixig aniaal and vegetal oells 

from blaetula donor esbj^roQ* Cells from these regions differ oonsiderably
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in sise, though their nwolol are of a^ptroadimtely tb» *«n» wlir», 'Both 

kiaais of cells t*»w distorted to the M* extant, by suoldag them into 

pipettes of different sixes; thua a*ii;:«l oell rrjolel tssre protected by a 

thinner Is^er of oytoplasm, ftjid so ware more likely to 'be exposed to the 

saline solution? aaiEjal aell nuolei were a3,ao iatss?o pushed out of oluine 

than the -vegetal nrclei. If transplA2ited miclei sre sffeoted by either 

of tb«s© factox^^ exiryos derived fron anJUrjal oell nuolei sliould develop 

MKt Steormally ths^ thooe derived fi^ori 7«gfft«l nuolci*

Xn t€rt«€igiu^ 2 this test has 9 in effect } been esrried out three 

tlraeaj the f«at that two of the blastt&a donor aitsryos happen to hsM been 

derived fr-:. '.;,? ^irst "b^ nuclear transplantation does not iffeot the iJresetst 

•Snslusior^. Though sose aknannr.! e.tSirjos ar© pr©ser.t in e.-^h transplantation 

group, it oaa be seen that there Is no consistent differenoe In the propor­ 

tion of atoMgaalltiea derived fro® amimal or vestal donor nuclei* This 

shows thst the trailer .^-mmt of a.ytoplt^^nic protection possessed by 

haraiaphcre nticlel does not exxNM them to teciinicol daraag > T2» olilef -i 

tanoe of thia result concerns the interpretation! -of ea^erixaents in

arc talsen froa rs^oh later dos^jr std0es» The en£oder& oells of

tadpoles y tho^h sliishtly smaller thasi blaatula eotoderni cells, 

have a sindlar ratio G£ m*sleus to oell volut;©* !This rjeans that differences 

in the result of transplant ing endoderm mio3.ei from earl^ and late stages* 

cannot be due to '.lie sxsaHer sine of the aeii£ rer/iicrfur, them aorc siisoep- 

tible to tec^aloaldteroage*

3fei the ^eoorjd «j^>©rii-j0nt diTferezxt Sis®d pipettes w^re vased fur 

donor oelle of the s«ns alae eaKl Icind as each other j the doiw cells
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mad® f rom nuclei of

soiiiaal «rsrl lasrgs vegetal oells cjf a blastula dooor» A "blastula 

each of tbsoe roupi served as a dcsior for tr^xs serial

olonos, in each of wlxioh trai^plantatiorss from sodUsal sad 

sho^n
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theref or* distorted by tl» pipette to differed degrees* I?our categories of 

distortion have boen reoo^jised (tact figure 3)* 2&e ratio between tl» 

diarator and length of the oell inoHe the pipetto was about 2*3 for %©ry 
little distorted* cells, about 1s2 for "little distorted" cells, about 1*3 
for "moderate distortion", and 1*J* «>** 3 ^«P *iauah disitortiai^* In oells

littlo distoi-tocl tli© oell waU %m*i of t«n wot trote* «8ift no 

tool: plaoe; in suoh a id tor bed. oelle the ct^*toplas3?! was imich 

uiaperaed so tliat :rjoloi ma^r liavo oone into direct cor.ta^t with tlse 
solution.

the s^ne ;^isaS»r of traanBp3.a»tatio2i£t were ofasried out for eeoh 
Thea* dia^ra i;. ria.-c-;^:.^ e.-..io\7 only those ©:;;br2ra& tii&t beaa^jg regular

uooertain^ o^*gs li&ioh cleawd ir^cr^ularly -save «3®a omitted drom the 
i t bufe wire in faot nsare flreqasntj t3» less the distortion of tls© 

oell* -lie lawit obvioins revolt > equally oleer in eeoli aKpeariseat, is 
that tho ze'OjxaTtian of tranfl^Xaatdd «g^i n*iiaii cleave- jiorfnally vsries directly

to tii& azsKttmt of distortion of tlie donor cell, -lie 

slioi^ld to oonaidflred as a r^oportion of the mi^r of

es&ryos derived froa "vory little distorted 19 
donor oella de-yclon very abnoriaally, Aaon^ the otlMr tlvee groups the 

proportion of abnorsial eiaWt^ros and the soveritj of aboorsaslities ©li^itly 

imsreasea the greater tb» distortion-,

olearly ahosr that to obtain the best reaults,
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LITTLE D is TORSION LITTLE DISTORSION MODERATE DISTORSION MUCH DISTORSION

Gells frois sea early gastrula donor t disaggregated toy Barth-^rsesia* have
s-ansplantsd into recipient e^gp of oei© fra^'3i3 dlstorsi^i of the
on beiag mulcsd into th^vas \9risd9 "bwt In all other rtsapeoto the teob*
and n^terleCLs *smrQ the onr^- fcer the If grange (35 transfers in ©sch)»

ITTLl DltTOHTION UTTL£ OilTOHTiOK MOOe«»tt 01STOBTKW MUCH Dl»lO«tK»

^T^-rrz^T^j. C^JSrn
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donor cells should fee distorted to a assail or laocterate degree f ortsiag in 

the pipette a oyliaier of length 2*3 tipee its dlaoster, If cells ore 

distorted too little, the cell-wall is often not broken properly and this 

results in rauoh afcnorraal cleavage, though for no obvious reason the few 

regular late bl&stulae t&at occur also develop vory afcnonaally. If donor 

cells are distorted too ouohj tine afonorzaalttieo increase a little, 

because tlio mwlei are escposecl to the saline solxition*

Wbon interpreting nuclear tronsplontation en^ericaento it is wry 

Ss^ortaat to I'eaagiiibei' tlaat the azaemnt of distortion of the donor cell is tiy 

no nieans tlse only f aotor that daoides iihat p*oportion of transplanted e<5gs 

will oleave normally, Xa praotioe it is very difficult to diatort eaoh donor 

cell to exaotlj the sase eactent, 00 that IE? to 20 of Tariation in the 

percentage of siormed oloavag© will probably not convey infonaatioii about the 

quality of donor nuclei. On the other hand, nuclei fron late donor 

give oonapiowusl'/ fesser rxupcaal late Islasttilae than tho£^ froci early 

even tJioi^Ji both kinds of cells or© distorted to a very sisdlar extent (Gw&on*

ff BB08

Teolinioal treatnwnt of recipient

She tapeatment to ^-sioh recipient eggi e*e cuibjeoted during trans­ 

plantation consists oft- Ultra-violet irradiation, penetration by a ndaro- 

pipette, tlic dupeeltioa ne«r it* centre of a nuolex1^, sooa donor coll c;.~to~ 

plasm, a»3 a snail aiao^mt of saline solution* In addition, the esgp remain 

unsupported by a fluid sadiu@ during theoe operations* Tbeae factors will
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oe diaouaaed in turn,

'ilw main purpose of Ultraviolet treateaent ia t o kill the egg- 

nuoleua, but it alao rendera t he eg; > raor* easily penetrable to a isdLoro- 

pipette fey dissolving AGO* of tha Jelly and neafeeaing the vitelliae cwifowne. 

'.She u»v* troatoent of unoloaved $$P^oa eggs is tine mal>3««t of another 

publication (Gksrdon* 1960 a)« Several e2cperinentfl are de@oribod noiiO of 

n&ioh give anif reason to believe that the tuv* irradiation of the animal 

heaiophcre dajaa^es tho © 13* cytoplaaa* She clearest evidence tras given oy 

an ffepayimmt in ^hicfc fertilised e^gs -swre inr«^iatetl for different lengths 

of tiiae* M the u»v* kUla th» erjg poronuslftus, fertilised irradiated eggo 

develop aa m^rogenotio iiaploMa v^iich are never entirely normal, llowewr, 

in Uiia exper;L*rent no oha^ige In the proportion of abnornal @nl»ryo3 

obtained, even thoiv^Ii the u«v. a.o«9 was , aonslderalily nore than that 

uaed for transplantation G^x>rl7:»mt3«

Th» doaor cell o;;toplaam, iMoh ia never nore tlian one 

of tb» egg by voltrno, lioa been fouajd to havo 1*0 effeot on aDvelopaeirt vhtxi 

injected (without a ntiolatia} into a fertiliaed egg* Tbet remaining tiiree 

factors, (the penetration by a pipette^ injection of saline solution, and 

laok of airport by fluid) were firat tested with fertilized egg@» 

tre&ted in thre© wa&«t* (a) u»v» isradifttod only, (b) ti«v» irradiated, and 

fiwHarated Ijy a pipette, Init with no fluid invested, ana (o) t^v* JUrradlatod 

penetrated Ijgr a pipette, and a little %rth salim solution (out no 

injected, as for tranaplantation experi^onta* In eaoh aaac tlie egge 

left xsiw^ported Ijy fluid for the usual amount of vlue, i.o. 5-10
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Xh this eaq?aris»*t again all entsryon mr® haploM, mi theref ore none 

entirely normal, 3!hB reotdta varied eomMeraMy from the er-gs of on® frog 

to thoae of another; for this reaaou a t^'io&l experiment oanriot b© shorn*

Share is & general tflmtexiy for izioet abeiormalitios to l)e feiv^d from 

wfttah w»r«3 irvatHatad a«a jby«ot@«i with «alin© solution \c), asia far 

had lx>0n ,i«»adiat©d mHy (a) to daw lop mat Mxtoally* ThM»

be to 000® «9Ctont dial to Ija^loM «i*r^s beiaig able to 

reoover lesa t^H frasi li^tatiaa with ®olut-ioa tlion dlploids* %

ol>ta;lm5df aone develop ween itemaaXly than other®

, 1260 a). It it wiii^ftl^ that tha poor dewlcs|si^/stal 

can aoaoimt for aH th» diff oreaat* betnottn eggs

tl^ree klrids of t^@i£to@rat 10 n»t ^par^nt with 

others, it a©@^@ clear iliat tl^ aMlity -o -Yitl^tand tlia transplantation

in a

seotioa below (pt 10). ^s it is unfortunate^ not |M30sible to olatain sU

developosat from fertiliscil eggs tr@at®$ for traeis^lantatioa^ f urtba) 

wsre oarried out on igifortilL^d tgp» wltli trai^planted nuclei* 'ihe 

of s&line aolution injected junto the eggs wa^ imri^cl from about thi

as tha donor oell to 2 or 3 tiaios tM® amount. XMs had no «ffeot on 
the proportion of a;>noroaliti0s aioong tte ro suits. The tiias for 

rejafldned ua»u|>?orted ty flu&ft oouM "be ina^eawd to afc leaat ^0 

(«falah is dotiible tho usual tiiaa) without Imvlsig eis^ effeot09 00 long as tha

surface of the eggn dM m>t ^eoom tlrv--.

She egg® of .'^iKmuG often uaderao a o.ontraotlon of tho iroa of
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•Miaal pole pi0aei*t artf at the seize tlzae th* aonsistenoy of th* egp 

to becosai stiff er (Gwaon, 1960 a,:, £!« duration aad tlw of onset of this 

aorttraeted state varies from tt» eggs* of oue ovulatioa to those of another; 

in each egg it usually starts about 10 * 20 itdnutes after laying and lasts 

for about tea salutes* 'tact-figure 4 slim?® the result of Irradiating 

fertilised «gg» and isi^eoti^s than irith saline solutios* (l»iil no m*5lst») «t 

different tims «ft«r l®2dns* '%* *iB» tapo«*«4 laafore positraotion l;$m all 

Issooiae arrested as late blast-olao* but those in the oontvaoted state 

developed &a n»ll as haloids usually &o» in thoso tre^^l after tbs 

trasted state, tlie t^; nusleus lias had tJu^e to stiik iMlMr tlie surfsoe'i these 

have therefore become diploid anl all are riorir^l. It sessis th&t there .is 

assoeiKted mth this oontraetloB SB insrssjMd resistance to tsehrdoal later- 

fereuoe suoli as persetratian by a pipette (text-fig* k)* It is not olear 

whetlior this oontraotion of ffpnflffis. e;;;c;s is ooiapaapabl© to the aotivstlon of

& Hing# 1953)* *h® iwesent autism* has also found

(Gurdon, 19-^> a) that experimental aaaipulat-ions, siash as entsgleation with a 

needle, result ia developmental a^onaalities if oorriod out on eg::s 

ly after they have been laid, but can be o»h less hrmaful if oarried out 

abeut 15 aatoutes after laying* TWLs applies to both fertilised and unfer­ 

tilised eggs* ^or this reason recipient e^gs QTL »ie4 for nuclear trans­ 

plantation about 15 niiuites after layingy ^ien they are issuaHy in the oon* 

tracted staim.

The above teat® have aliowii that there .ia ao reason to 'believe that 

the usual treafcwnt of good recipient eggs, during tranaplantatioei, in 

way reduoes their oapaoity to develop aonaally* 'ihough tlJLft seem to a
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©ggs, u*v» irradiated at different intenrals after

litre -all treated as for nucrlear tstms^Umtatioa; thsy 

"by a pipette szxl iaj^atod ?/ltli soiae saliae soluticm
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to the @gS» of noat ovulations there esay lit aom eaaoaptions, sinoe tl» quality 

egga varies (aee next scctioiO,

Innate variation in the quality of recipient eggs,

There eee:r# to be a oonsi&era&Xe discrepancy ir* the results

from r0a&$&etifc egg* «? different fe-uale frogs, in sspit® of using 

the saga donor oeHa. Tfeia wau tested by transplanting nuclei from a 

donor enteryo ioito groups of eggs from two frogjs laying..; at tlae sseae tlL* 

The results of tlses© &&; >eria*ntft aae« shorn in text-figure 5» fe thaae 

rasas there arr» '.TTO ^roi^wa of edtiryoa) yader o«oa donor* The left-Iiand

m the c^jy of otie frog^ a^ the ri^xt hand 0roi^ froa tliose of 

•« In ©a^ii o®^ a wry ciarlwd di^erenoe "be-tt?o@n the two i^raupo of 

eutoyoa oan be seen, tddoii mmt show a difference in egg tniaOity sii^e thero 

ims no other vai-iaulo in these e^er5r»ats« The poor egge differ frc^i the 

getft ones not or0y in the greater proportion of developmental 

but e3^o in the aBaHer nudber of regular late Mastulac obtairiied 

text-fig, 5o;» f-^is dlffere^oe in the ojuality of eggs persists 

aaaor stace lo used (ooq^nre text-fiijaroa 3b and 5o)* r̂ he eggs of one 

female aw nasally of the san» quality throughout one ovuletion though there 

ia a, tenierKii" for the laat eg:.;n laM to give norse reaults ? preauoabl^' 

beoauae aoae aggie are ijaoature, ^3jie fetaaU ?wy lay ^.Dd e.^a at one ovulation 
Iwtt bad ones at the naatt, end it lias not !3@en fowid that certain feraales oan 

he relied upon to give good or baa eg^a e^vwry tioe tl^ey lisy,

Ifeny afttaa^ts JuKve "been m^^e to inwove the quality of eggs, ao 

for instaaoe \$ vtsryii^ the aiet t Imt aofor none haevv keen successful* ^ro^js 

recently i^xnrted from the wild do not always give r*iuoh better e^r^ then once



g at l> t c
experiments *in i&ioh tharc WHU uo variation in technique, 

tor traa&plmt^J3&bi-,yo development zoay vary acaor^ing to tho qmlity 

* rodpioat e^gs* la a.acsh figure tlie eggs of two rsoipiont f ro^s have 

teen used, sad nuclei frora cacsli donor os^jryo liavo been transplanted into

the es^s oT tx>tli rro^is* S^ f %^J^s are set out oooordiiig to t&0 oxder in

e. i^oclei fro,:, tho donor on tines lefttranaplantat .Ions wore . .

rnaaplaatal first said those from tho donor on. ths a?

/bout 30 ti«ss8pl«mt«tioiis ?iere n^de from early, m&3&le,

the mggp oC eac^froj^ nw e^gs of both fr^gs

, but tlae ratio o£ mm&£ to aamoj^^Ol e&bxyos 

- for th» eggs a? th@ feraale on tfa® rl^it oCeech sscriea



Jfeout 25 transplantations T&ere made fronm gastrula, serial blastula, 

and neural folds donor, to the eggs of each recipient frog* One feiaale gave 

consistently worse results than the otlier,

Text-fi.n^tre 5c«

--- ^

About 30 transplantations were made from a blastxaa, hatobed tadpole, 23 

and fa»t«iMe£ gastrula donor into the eggs of each frog. One female gave

exceptionally good and consistent results while the eggs of the other gave

*• *?* deteriorated in quality.
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bred ija our laboratory* Hggs are obtained from each female by injeotian of 

geeiadotropio hormno at two to three monthly intervals,

This variation in the results obtained from the eggs of different 

feajftlea is rotber •MrprUias In view of the fast that naturally fertilised egg* 

from lionar/ne injected frogs nearly altm^s Awe-lop ve:!y well | usually over 

$0 of suoh fertiliaed e.~£B develop into normally feeding ta&ooles* It is 

possible that the in^eotioa of a imsle'ua brings about d*velo$ramt in aowi 

eggfi ^iioii, o\-/ijQii to i>oor qualit;?, w>uH not have '^en fertilised, or have 

developed aboorBially if tliey iaad been fertilised, it is found an the 

average that a higher pevoentdge of eaga cleave rusulv'srly after tran&$la»~ 

t«U«a t**B after fertilisation. Q& t^ other liaM it may be that eggfl can 

develop quite nonaall; ^(hen fertilised, but are nevertlielesa very variable 

ia their ability to witli3tK*I exxsrirje.ital maai|mlation@« In eitl^r case 

fbe o arise oT v^iatlon is egg quality, this observation does not ap^ly only 

to nualear traBO^lantatias exr>oriacn1» *inoe it id known that enuryos 

derived from the e 330 of diff erent frogs ere also very variable in their 

ability to heal up after tissue grsf ting.

Ko tray haa yet been found of diatinguiaMng recently laid egs» 

iriiioa will dt^velOi? r^ell after mwlear transplantation f roua those uhidh will 

not. It vnas oesxtionad mi pa^0 9 that reoipient eggs are not tisually used 

for transplantation until they have v®3®v%&m certain chants reoogoi^ed by 

oontraotion of the area of azdiaal hendsphore pigment. Ml© the selection 

of oontraotod eggs gives fewer itoOEnaalit:l0a (tet-^ijjure 4) » it is not 

fmmd that all oontraoted eggs s^^ equally good results. It is <foite

possible for tUe eg^s of one frog to cleave trcll, fitf»a ovaa oaatgulato v/
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and even jjili'iiilnti welt, but later to suffer from a«ny more alinoriasllties 
than those of anott*:? fro£» 2t» quality of eggs is therefore judged entirely 
by the proportion of nonaal tadpoles obtained f rom then. This mem it is 
neocs^ar*" to start ar*2 end all oxrttri&aala} with a oontrol series •» that is 
with aonor nuola.i, tl* tewiogrontdl potentialities of witi&h are lOreedy . 
known, OiJLy if tboa© oontrol tr&ni^laiit&tioxo develop well oaa attention 
be paid to tise s^milta ootatadft from other donor nuclei,

ai« four nain f aotom whioh dBtaaradne the wagr ia whioh 
from transplantod nuolel develop | the©© ict^ i^e teohnioal treatment
innate qualities, of - donor mwlei and recipient egg»* Ufee jaaa-c«rity of the

out to&w oonsiatad of n^eltar
thia la tl* aoat direM, way of i^wstigating these

The taohoiAal traatMnt of donor auolel oan "be oaxried out la attoh 
a way that it 10 UareCtaae* ^o aohlo :̂2 this oeHis slK^uld "bo thoroughly fiis* 
aggrcgAted ^ ea^>o0iare -bo vorsane- f o,r 10 * 20 mintatos aoo&rciiiag to t!^ ataji 
of the donor erfcryo, .-l^ri suoked up into a pipette donor oalla should be

so tliat their length is 2 * 5 tiines their dlamiter* In practloe,, 
variations t^.thin this range of cell distortion are vaavoidal>10| tl^aoe 

do not aff oot the further d*v03opc*xrt of blaatidLa trasiS|4ant-*«Ba««3pftiif tait
aoooxmt for up to 20, of variation in t2ae mwber of total tra^aplantatioiiei 
h fo*m reguliir blast _.,„

T!fc3 effect^i of th® too'ri-iloal trc tiaent «wi innate <iualitioa of 
recipient 63^1 will be aiaouaaed toa»th«sr sinoe it is difficult to distinguish
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different

under

^ to tha fcoaale**
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«f nwolsij «C3>eriaertt« «f tlds kfc£ lahidfe m descried elcmlMHW (Chattel,

can cfci3«' be Cloae intion tlie eT.."" ' . of otJsor f a-^tors haw* "beta asnaliiied*

She cfC<?3to of all four- "' x.- 1. r> w.iku i^li^;^« tran^slani 

hftv© now iiecn considered) a standard techni<ju» has Iseen 

whloh easper.Uae*its osa be oorrie-I out &;$ .aeial^acd la suali a tra^ that the 

factor la the ismate -quality or donor ntaolei, TJds is 

by the following oxperiiaant ia ^.ildi earl^ ^asianala en^oderm 

nuslel ^ero \ised as donors* Fourteen nuolelvere transplanted j tliree clid 

not oleavs but tlic naaaiziing elemn all cloai^d no*tiel2^% ;ri-300e oleven 

regular late- blustvlae all for;ac?a oo.., ' '1^~ normal fecd:I:Tc toi^olcft, ifcich 

would s3jno.'st oortal'jl^ ' ' = " J'\ifia?pii»aed aa xiai^al if they had not been 

fixed, "These jwarilts 3lve Jpod reasons f or believing thaf? the* eadoaerro cell

of " ,,.. .-ulac aaa earl^r ^astriSLae aro all totipot€:-nt # or capable of 

lag aortas! ^a^laitHSzijryo d cvclojjrjent* It sliocrs that if all oonditiosis 

are -perfect 'raaot ey:/i:3ially tl'ie ^ualit^ of r«oipiflnt scse), ever^' iwdif* 

ferer&i&ted iitisleuc rfxls^i Initiates cl©£W ;̂^ tsdll bri^s dbout rioi-aal develop* 

laent. "..is e^periaent is atypical, sSjvoe in taosw CSJBQS a few abtaoasaal

iii sc^*jj2s dbiflh otlifisrwise coiaist of ?ior::«l tadpoles, Howwr^ its 

:;:cc i... ..: n e^rr.^-;cl by its tttiquondao, oirsoe the failure of 

experiroenta to ^ivr »suoli ole^ar restilts aeexss to "bo d-is to the quality
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1« An analysis hte beaa naaAe of Hiotors is&tiiesh can asuse a^nonm! 

meat of eutsr^s© derimd from trani^imtea nuclei .in

A dist i?«tim is ss&a® fcettsean test© a^ technical faetors, and between 

those tfrdoh affect Aonor mwl^l anrl twolf>l4i!.'jt eg--:©. 

• 2he iimscte dftvelo^v»t«Ll potentlalitias of enftoderm donar' nuolei

Ap not appear to be llolt«a, «ife lM»t tip to tlse early gasteiia

?Ri to i)e A-ut to d-lffosHantiatod clc^ir nuclei ftroni

stages ftp® cBsdrl"be<5. ©Isjn-lier®, 1^» teokiioal iroatoat of dmior nualei 

Ixs earrled dut ^o ®s ?wt to ^anaAge the% even if this is purposely 

sei«i*e than tBRzal*

3. 'Sl» irmat^ eaj>aoity for deirolopoiexit of incipient ef^ja watt 

to wj cons-lfterably frcws ana sn*wmln£ to another; this v«a?ija.ti0a 

to "be ^^^? to an inability of tlw «g^ of on© frog to mdthstand teohnioal

flfci-ah was 0h^®n to "fee hermlesB to the egg* of other 

the qpiisllty of rsolpiant «ggs ean only b© Jiicli^ froia

^, e.^gs aboulf? lie aoooi^ui©d % control tram*

plant at ions 9 tseinc ^.onor xmolei the de^slopo^iital oepaoity of whloh Is 

y fencwan* With these oozitrol transplant at iona for ooi^arisoni, the 

Is suitable f oa? testing «n?w!own Aev9l«ipr!0ntal potentialities of

different teiatis of donor nuclei or reoi5,ent

author has pleasityo in tharUdus ^'VoCea^r .^bE* 4,0* !^o^yf f *R»S. 

for haviag F^oriaea, facilities for this work in his de&artsK^. The autlior
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mass.

M iSjXxrtmit question

ter tte aatslei of somatic odls i» different parts of an es&ryo 0009 to 

differ gpaitio&Uy from each oi)»r dirJuig developsaent* It ha® 13000330

possible to iaveijtig,sd;« this aatter sinae i-4o^ w Briggs (1953J haw showi 

that saaoleor traa^laxttation ia a aatiaf aotory teohniqus f *>r testing Ms®

poteiiticlitiea of eaJbryowio insxjlsi. Iboao autiiors (1957) 

o.^; for traosplantatio.. ^xp&rit30itt@ irrith endodom 

and he#e f ou:^d tbact -iieac aoaoXoi tocoine upoapossiwly lisdte-il i

nt al oepao.lty after tlie late

carried out

mm a*

^ is

admiral ooncl'u&ion that

asr^ iioseirer <xraa:id6rab!lA

in the tin* of ooaet of

ausleer

if ioecxse oi' auoloor

i^ako it oaai&r to

duriog ei^

the

.

*m I>OMQR
The teaa-dx.: u:.,. 1 in tbeae cxperii^rit,; \v:Vt^* 

frau ti.at o. -ri^.;o and ;'la^ (1953)* and ia u 

jaethod of

Fiaahtotrg, in prepn).

has
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Donor cells haw been prepared by dtsaeotiag out part of the 

t*ith thi help of needlea. Cell® ere disaggregated by placing the 

Isolated tissue in Bertb-Veroene solution for between 10 mid 20 Liluutea 

(&urdon i960 0)5 they arc ttei transferred to standard Berth solution 

(Berth & 3srthf 1959) and kept until required for transplantation*

the dowlorjBsaental stages of donor erstwyoa tern been identified 

•ooording to iTtetinfcsap and Faber's (195&) normal table for

the expcrtetjtts described below have been oarriM out with vegetal or 

endoderm donor cells. In blasttdae and gastrulae donor cells mere taken 

fron the centre of the w®etal ooll iia®a, ana In later stages from the 

floor of tiio girt lumen. In hatched tadpoles , oello were taken from the floor 

of the anterior part of t!*e gut| these colla are ratJier larger and core easily 

disaggregated than tliose forsaing the outer ^all of the gut. In hatcliad 

tadpoles the presujs^tiw 3»na cells do not lie in that part of the gut f root 

^ilch donor oellc nere t aleenV

rodf that the m^cslci of a tran%lant-*@i^ryo have all been 

derived from tfc» i eus aone ia TarovMed by tlie uae of saarked 

donor n-oclei. l^hoae are diploid and were obtained from the one**xsu01eolated 

•tewln of -fopflpMft {.^ladalc, Fisohbern;, «5$ Stesith, 1953)* ^he preseno© of the 

nuclear carte1 can be rcoogniaed in & aw^saah |B?eparati<m o£ part of the 

donor es&ryo, aino© the nuaber of nuoleoll per ntjelotis can bo cpdofcly 

oounted under tl» piiase«*oontaE^st sdoroswope

in prepn*), 3ino® irfflrkea, dornor nuolei have been injected into unrnarhod 

and cnuoleatcl rooiiicnt eg^Q^ all trsLiSplant-enbryos should have aarkcd 

nuolei (^ith on© nuoleolus)* in some cases trariaplarit-esaihryoB are obtained



or EOS** nuolooXt in wwfc nucleus. If the aate^o's ploidy 

nudeoler msaber is known, ths origin of lt» nuclei la at OBOO 

, Gordon & ,;'iacdd»rg, in prepD. !itotra&laid0 resulting 

the doubling of the injected nucleus toe boon olstaiiied quitt 

arc not <vp«p«2itly «n^ nor© ataaonaftl vimn caia:^a."abic diploid

1960 a}* ikwrewr, boo«u«« it IB often troubl©sora» to di»ti«guiaii 

triploiu froci tatraOUxu! cubryoo, oru^' QiW-nuclealated diploids iiave lx>en 

in tlie result* be!ov/«

Iiave O&QJI oatcdmjti by injootioi^ s'rogi; with,

diploM frogs were tided wliich did not ti^ere-

fare oarry ths maclear i^ai'ker* *hB3e froga ^oro either thooc wLich

ke^t in x;ho labar^tory «iDGt« the^r nwre im^oi^ed 5 01- elae thooe T*hloh 

be*n raarod in tiie ifiux>ratory i'rcsa ia^»ort«a I'rogs. xiie quality of 

laid by r«oartUy iiaparted froge doeo i%>t seem to differ consistently 

that ou. *-'ug» rcarod in the laboratory.

in whioh traaspIai^-eEftjryos develop is detcrnninod by 

dtftforttot ftwtora, ifcloh f nil into the f aw catc^orisa bclotr. She 

of tlieae ag.jst be knovm before it is pooGible to relate ixansplant*

to ifo fir'Ot of tl«9&« faotorsi ^o> Ii^mt® qualities of 

(b) 7ack.iioal danttgi to donor nuclei; ,c) Innate qualities

of recipient e,.^;.^? (d) Vtohaiocl daamgo to reoipient ©g;,s« utiaiy o£* 
In tha Iftst thPit of tb»ae haa'Aflim that t



4

aay fee affected is* u^Oy two wag?s other then t$r innate donor 

(0w8*m» 1960 o). *l2C first concerns variation in the iegree of 

donor oell distortion, ana the secoiicl co^erna variation in egg quality* 

Vhfla Sonar oella of a similar voltsas are transplanted with

different tdsed pipettes, this vcrios tht extent to ^Liah tJ» donor cell 

wall to diaruptad. 1$ is fou^l that the degree ord-:=.icr can distortion 

clire«itly related, to tae proportion o* total trai^plarttatiosas vSU.oh form

late blastuia-c (uurdon 19^0 c). It s&va* tliai, if tha donor cell 

wall is inBuff Iciently mti&®, the injected nualoud i» wi£u>le to co 

,u>-waril^- \/i-jja the iwoipiesat e^; o^^lasni. Ehtfagfc tbe degree 

cell dis-Uxt'-Miari li/m been Jaept oxLuteit &a fc^' aa ^ossibls, 

variations in tl^is reject are luavolaoble cum oan jaiuae a variation of up 

to 2Gt<> i-i the proportion of late IxUatulco AOTECU.. '^or this reason it is 

beat to baee the aeln oouoluaions fron trmifjplajits.tiim experiments on t- ,e 

tieveioptLont o~ •^r^^ivL^-it-ecla-yos oxps?Qi*aed a^ a proportion of regular late 

blastulae, a^d not aa a propoartioii oT total transplant at ions ,

When niiclei froo the s©Ki3 clo-xxr ^^n^o &:-e tra'-wplacated (v/ith 210 

in teohnique} ^to ogga of' different frag:^ it i^tbund tliat

developaeat of trozisplant-fliEbryoa In appreciai)!^ nwi-:; ?iom^l trith 

r«oij»iaat eg^a of eoiao frogs than with those of otters ((VjKdon, 1?60 b} 

A teat (ibid) ir4 v^/doli fertilised •«$?» -vser© treated just as far nii

U*aa^j3jtfitatiaa treatmrit siagr reeult In alxwriaal d evolcqBBnt v/ith the

aut say oauae no hartt eo „>,.•-.•. , :,; ,ii\,» 'JI»is 

^. ~^^ of different fswsgs v^ry oo..«.*,wyoUly ia their 

ability to uithetaad ^hc experinental laiBipulfttiona towhioh they are
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subjected. It AE tt^ajrtuaately not possible to recognise the quality of 

rteipiciit Ci^s other than l^y the dcrvelopaeat to isfhioh they give rise. Hufl 

•talces it nooesear^^ to do oontrol experiment* uaing do.?«r nuclei OA* Jenown 

o^vclopaontal poter.tialit^S) auah as unOifferentiated blaatula nuclei, 

Coufcrol traaa

only thaw

in wuaa

os»n * giviog a

iimt eggs

of ;imiase riiwiear ojualities* -.1*3 quality of 

tiiraui^iOFUt an ovualtion, but It aojaeti^e

doteriorato lit 9;uai^t»y maeii a fro,g ii^j ali^ad^r "b@@n laying for ftovaral ito

is roaaosi control tranB^lfi£-tei.«li>;^ CL : . IT possible oarrioi! ox^ at the

of

(Ourdon

b of

a

olaatula sta^,o

tlmi

ocused by aay of 01 dooor

af OIK; frog^ ti^y :^,LVG voi-y airdlar £®&uit3 figt 4 ^» -lias 

that blaatula noslei do not differ in tb&lr c^vaoil^1 to give norsaal 

pl&nt-embryo development , aaA are tiiarcrore suitable fear ooutrola with 

to test tl')o qiialit^ of :^oipient tgga* it is «i0w evida,.-^ that

the only

variable

donor nuclei*

a

t^azaiaplaait^KBlwyo devGlopneat is the ixuaate quality of

*ablc 1 

oarried out sinoe

il eacperiucnts idth i^ nuolcl

booaiae «tandftrdi««dj it inoludes



JX»CR li 3QW&E3
kjfiWUI t

!EMS?t4»f.
And nornal staler
ntffiibers of iliew- T^TICHSl
fcOQp (1956)* |.. . . ...,......_-............. i

Blaatulae j 533
i 100,0 j

(7-9) !

•

i

Late i
Blastula

172 I
32^ |

i

Late ;» •
[ Gkxstn&A ' llonaal

Bsrly • & Ileural 3wi£ffsing Feeling
&astrula Folds taapc^Le tadpole

163 I t47 1^6 109
31^ r iffl^ 22^i 21>;ii

(10-13)

Muscular

(23-26)

1014 432 421 354 242

236

229

Nmirulac

(14^2)

469 t f 8®
10<# | 3^

!
i

135 | f» ' 53 51 ', |gg€ I <^^ . -fj^ f^
! i ' -,* * •:

26

ffe art-beat 
Tadpoles 
(29-34)

i 54 i 15 12

Hatching 

(35-37)

-70 20

Tadpoles 
(39-41)

681
I 10Q>

11 54 2? 20 13

TABIff 1. Total re.gulta with ejadoderm, jogugleJU ^*e 

70 survival In terms of total transplantations

reja^eseat transplant-
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TABLE 2.

DOCOK 72.18X0 J£E
GROUP *

And normal stage
nu i-Jbers of IHmwr- 
koop (1956) '

Blastulae
4

(7-9) ',

OteMlM
I

(10-13)
'

Neurulae
(!<*•**)

Muaoular j
Response •
* W(B4*^>*d CM^ Vt^LOK?

(23-26) ,

Heart-best sod
tetehing I 
tadpoles •
(29-34) t

Sffimning f

^»S) i
t

S£3IE 2f Selected

TOTAL 3T#
mrj K*fc*X9T «,T:* »
U&IICEI3 ; Late i 

Blastula
t

327 ! 113
A rW^ ; *r»i^4 UUF,:^ | 35^:--

J 10C^ i

502 221 i
10GBS T 44^ *

i 100^ i
* I

1J!|JD 50
<• ?*fV? ff-' :tw/-.j , 3w~ i

* it

i<

152 , 53 |
10^ ( • jy^s f

! 100 j
/

4*71 C 1 T«/4 | 4/ i
* I 1 

? i CK^, „-

| t
» •

436 I ^ J

! 1CX3^ !*

ex-oortei98ts only. The

5; 3 OF 2S^e:l^.Ari!):-®MHe20 IQBVELOR J-S1T i
-n-r-rm-^nr^r -^-vrxr,-. !- L , , i, L , -n «,«.».,TTm —— -i ———————— - - ————————— *~

T -l-JB>. '

j G-astrulae • IToaaoal ;
Basely 1 & Hmxral '^rtotdng J?ee*d.-lng ' 

G-asttrasla Folds I'sdpole Tadpole ',
-

110 I 106 ! 96 ! 91 1
•»! ,-J1 f *• fJl ft"V'' f^f^-'f *3^^ J»3/-! 34- 24^ *

220 1 216 j 175 169 i
j^t^yt f Zfajij 's ' ^L^i^ i J*4»! '& *

j| f^Pfi?* T, O^ *!IQr* . ' ^Tf^^'A J

i i • !
48 ) 40 27 i 2& I

•*BV* £ #%r*-''* <t ."V^1 » Jt Q*f35?^ | 23^-* • *3^* i 1«F
^»/s 1 7%d •! 53/^ i 5«v^

? ? ' :

50 j 1*0 j 25 !22
32^ i 2^i i 1^5 , 15>

i l t |
I < ;'*^^C * ®sft ' 4 *V • -4 1£

-* .„ i *^ f .- ' ^ •
7$c i 59 - ^ ^ ' 27-

! S
1 i

71 i 4S I 1? i 13
1W% j 1t;^ . ( lii^ : 3,-> ^

^ • f

! percentages in the oJUMle of oaoh scj^jsare

represent transplant ̂ inis^ra mirviwl in tenas of total transplantations; the percen­ 

tages *t the "bottom of eaoh square indicate tranaplant«*ez:tir^ sisrviml in terras of the 

of late blastula© for that donor stage.
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fro© first transfer <»ep«riiaeat» ** 3oes not contain 

the results of esrlel traiaafors, In the sucnriiral ourws of fig, 1, there

i^ ;:;i <^>,,,^;.;le i.^i-t^at;;; oi~£cv; tr^.,nlr...v';^:;:'.,;rv-oj .?— : r^l ;..r.iors; it 

tugpeos that & ULgh0r proportion of late V • "Ic^ ware obtained froa . 

gpetrula a«a amartaa aoesore than frora blastisla donm'3, but tl:

x»t sslfTifies.'srt. ^nr* ft*nn tMa if: sfffi ^ wsen that the- oldur

:.ior is the ppooortioai of late blc^tulae cad

tadpoles obtaiae£ from tliair inaalci. It is not- profitable to c:;c,..ln8 

gD->cr5l trends i- ossy 3ctnil, siacc they iacltide eapestosnto done tm bafl 

recipient e^s, ; .^r of t^iich developed akaora&?3y Irrcapeotivi of the 

of iiijeoteJ nuo"'.

Teb-le H ooat^is o.ily t;~jc rr .:3-.-?.wC of "cslootc-1 1* cxpci-Irxnts in 

^>.l^i the reorient eg:;B ti©r^ nf go-Del (xuelit;-. "T^-ro is no olear-aw* na^r 

of olaesif^in^ • . - __ _. '->:1 or' bn^., si;i0e all 6yegreo0 of egg 

quality are f /. :. "" Txjst, t!:at ocm be done is to •-• • to^other all thoot 

cac:-crl-::cat£ in ifriich aoatr^l ^laa-Jrola »iu^ioi hav^ ^ivou ^i.'ed:::-iliUiitly nonael 

deve?-op:;x'nt t llMMBe earoerimcnts shottld p?ovrt» a clearer ir^.ioatlo-i of

a tliat !%nv3 alresd: T^on s^cn in flj. 1, but . :/, oerc t^en dbocisred

p^sor -. " ' ;\ In fi^. 2 S the point at 'if--' •" ?a.^i .r^rvival 

starts ahovro -ihc -jxjrac^tajc oi' total li'aL.-^n

In fig 3 trarjsplcnt-oribr;^ ^.a-v-vrl is shoan a& a 

blastula ttan^lant'-eialcT'aa oafi not as a proportion of total

Tbis lasthod of presentation avoids tr^e coi'jse^~v.ijdii of

* V. S «.
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50

320

response

055.
Late Early 

blastula gaatrula.
Keurula

tadpole
Feeding 
tadpole

21KES IN TRANSPLJ\KT^123RYO DEVELOPl.ENT

curve

cwvss for all experizoexits (figures from xable 1}» 

the aiorvival of tr^n^laiit-^iixr^'os for one donor

groiro. V/ithizi eooh donor group, survival is 

of total transplantations.

as a
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a.

DOHCR
AGE

GROUP

I

Heart-beat 
hatching

Late Early 
blaatula gastrula

Heurula Swimning 
tadpole

Feeding 
tadpole

STAGES OP TRANSPLANT-EMBRYO DEVELOPMENT

Survival for

Table 2), 2raasplsat-i©na>ryo survival is

total transplantations for eaoh. donor ag© group.

aaly (figures from 

a& a .p©ro^nta of



V. 6 « -

5,

Late Early 
blast ul a gaatrula tadpole

lii'AJEia OP 'n.AjrJl'LA.IT-K].lil{yO DKVKLOPM..W

Feeding 
tadpole

Survival csurvos for tse looted experiments only (f igures from 

Table 2), •Irarisplaiit-en^Kryo survival is expressed as a t^ei^^ittage of

tlie nuciior oi1 regular blast ula traiisplant-ei^ryosi obtained from 

donor age group*
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technical wieticm in th© ae^?ee of donor cell distortion, tout <mly

swviml fceoiia the 1st© blastula
owves in fig, 3 are therefore toeli/aved to *b© a good rapareaentaUoKi of tbe 

i:ina,t© qualities of different donor nuclei, since the effects of oilier 

factors vhtah nl^t affect these auric* have been resa&ved, aaia Oi' th»

"selected" «a^crla-aty oanoerzxxl luxiro boea ahonci in dia@pflffl0mti«s 

(flg3* 4-9 )j aad v,<ill be diaci^^ed b@l<m with the survivaL curves* 
A.

jaost ncmaal tra:i3pl^it--eB4Mf7O iimdepnst that lm@ been

n-.-^slei ie auofi'm in fi^« 4b» 6 mad 9» In theae 

nuolei froa «igi^- dilTaront blaatislae ham be«n tested, in the second aeries 

af fic» 6 all trar^ipl€mfe*«^a3s^>s Iseeam nonoal tad|>ole©| in the otfeer 

aeries ffloat «akr>i>3 were normal, Vat in a&sh oase a fow developed a{

«f tl^ae aljnoxmalitios is not clear. It fsagr be t$*at tlw quality 

e; :; ;.a ia rarely gooa enough to witiiataad tran^plmtation; ...t is often 

f ouxxl in «iis lafcortrfccry ^iat ur* to 10 * of naturally fertilised 

obtained af tor IIOWMIM ir4eotionf dc-'/olop

ptreauBttbly bo attributed to poor og;;; quality, '^as sa»ll porc^ntc^e of 

d«v3lopsatni obtained from blaatula auolei coi-taL-Jy doea not 

the ontwlu«icm tbat ftoae of these nuolsi are different! at od, or lack

the poteistxai^ty for nomai devolopca&ntt -lie- present transplantation 

experiiaenta art' tlaerefove believed to be entirely consistent with the view 

that blaatula nuclei ar^ unaiifferentiated* il^ ^arrival curw for blaatula 

nuclei in fig. 3 will be uaed for ounpariacm with the othar 3«rvlTBl cnjrvae 

for nuclei of later donor stages.

nuclei have gUan th© residts ahOHn in fi0»» 4as 5, 6,
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a,

C)

2-m

of derived fron the endoderni 

nuclei of mi early gcustx-ola (fig. V a) , oaa, f rora tl» nuolei of three late 

blastulae (fic» 4 "&)• Ivooipient eg;js from tJie sains frog v/erc taaed for all 

throe series in fig,. 4 b, v/iJLoh have £jLvon very s iatdlar results. 'i3» total 

m^ber of traiis^lustatioias carried cait for £%- 4^ "Kras 14? snd for each 

series of fig* 4 b, aboub >0»

In tliia aM all following diagram* only tloc^o trari&pla

i rogulrn* late blast ulac arc ohcRTn; transplanted eggs 

have- tlierefore been omitted. /Iso in tliis and

s, the- series are arraagod a;coi^Ling to tlrje ardor in vthiah the

done; that is s the aeries on the left 

last*

do first, and. tliat an tlie right
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_J

frssa nuclei of a i 

tadpole s a hoart-4)eat tadpole, and a late gass^rula* ,%ont

for eissh series, isnfl roeiplent «gc^ ^roo the 

frog T^er© ^s©d tliroughout*

In t3iis isid all following dla(3rGn8t ndoroocplialio €^id oedeiaatcms 

tadpoles are rspi'es^nted diagracmatioally t?ith a smell e^ and heart 

oedesia in contrast to isonaal tadpoles (irith a large o^e}* Qtae sicro- 

<»phalio and t\'/o normal tadpoles are sho^n uodsr the stage 29
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2 ******

iTom a inM*-lato blastula, late blastula, 
early gastxnjla, a hataliing tadpole, and a swiiacdn^ tadpole, all from 
recipient egf^s of the &es& frog. o. 30 tranaplciatatioas per series.
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PJLgurg 7*

from a Beural-fold a

taipole, a sta^€ 39 sr/ijacdog tadpole, a h0art<*bftat tadpole , another 

fold stage, asil a nTusonilar-reapariso stag©| all into the crggs csf one 

obmit 35 transplantations per series,
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^_^>-><crici> C^S^E^^

<^i^i*>

20

original

laio three

obtained fro:.; erilodarai nuolci of aa 

atfigo tadpole, »Slion tteso cs3brjos hai l3eoc«ao- 

«so*l ta proT^los nuslel for serial

tat ions, llie throe reoulting c1^»a»» differ stroixgly fros oaali other 9 but 

the traasnla:"it-ei7tjryoc witloiii eaoli clone aro -very ^isiltxr. ^otrb 50 

transplantations vi^rc isode for cooh of the four series, Ilie sorlcii clones 

(but »ot the first transfers) v«re mode trltii the eggs of one frog,
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First transfers were Ej&do from two late blastulae, two wrisiaing 

tadpoles, a late gaatrula, a late biastula and a hatching tadpole. 'Satire 

is a marked uifrcreuae in the results fret* the two proceeding tadpoles, in 

spite oT ooaasiaterAfcly good quality recipient eg/^s (all rrom one frog) as 

"* by tSie three late bldctuLa series* ?ivo £^erial clones T?cre rnade iisto 

of a scaaiii frog, issing late blastula transplant-eEiiryos &a doaiosrs* 

It ae::^ears that tho eggs of t&ls aeioand frog deteriorated towards tba end 

the cxporlnent, sinoo tho proportioii of ait^aorz>icd tra

j&i i2ra;fc:£^>£»eiJiv8 of durior ago. About 50 transplantations v, 

for QStah spritsst boUi s*aor*g ths first trarisfors as Boil aa in aerial 

^Jie serial transplantations like the first transfers are arranged acoording 

to tine arder In ^"Juoli tboj *K*T3 done, tiicu^i i«:*s serial aloncs ware of 

ooizrr^e not csccLnerioc^L uitil all first i^'&risfers iaaa been
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9» In t&* experiment depicted in fig, 4 a, 14 nuclei were transplantedt 

3 eggs failed to cleave at all, but the remaining 11 cleaned regularly and 

all foircd nornal tadpoles, which, had the eacpertEarat been oontiniaed, would 

elraost oertainly have r*»taiaerphasocU Since the results of this experiment 

did not contain any abnormally cleaver"! e;; ;s it constitutes particularly 

clear evidence that the endoderm nuclei fror: early gastrulas are totipotent 

and tmdifferentiatoa. In the other series with gostrula nuclei a few 

transplant*ec&c708 ore ifomrml, thorjgH ao rxyre than froo blaetula nx^3lei. 

The survivea ourve for gastrula niiolel in fig. 3 is within 5,- of that for 

blastula donors at each point s a difference tfcioh ia oertainly not 

si^ifioant. There is ao indioation of any decrease in nuclear potentialities 

during ^strtilation, since late blastula® and late gastrt&ae giis? sindlar 

resxilts (of the @eoond and fifth series of fig, 9)»

It is worth 3rssdng attention here to the oonsistent results that 

have been obtained when nuoloi from several different blosttda anci gastrula 

donors arc tranarolawled into the recipient eggs of one frog, as in figures 

4b, $, 6j and 9* 2he proportion of total transplantations whloh beooiae 

late blGstulae is very sicdlar in these experiments, as shown by the number 

of esfcryos under eaoh donor; also the i?a?oi>ortion of late blastula* ^iloli 

beoma noroal tadpoles is abotit the aaino in each o$&a« f̂ he sinilarity in 

results is irost raarkod anorxg series in which reoipient eggs of the saoe frog 

were used, that is araong all those shown in one figure, these consistent 

r«wlts wmild be exacted from totipotent, tandifferentiatcd nuclei,

Ifaolei from older donor ejalsryos appear to I^BOODB progresiively 

UBA-tod in tlieir develo|Kaental potentiality* This differentiation is 

reflected *ot only in the proportion of total transplantations which f am
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regular late blastulae, but also in th» proportion of late blastulee tahioh 

level op nonaally, 2he point at Tsrhioh survival oiarves com* onoe in fig* 2 is 

lower, the older the donor stage j this illustrates the deolin© in the 

fro^ortion of lato blasttalae forced from older donor nuclei* it was pointed

•at above (p. v) that the teotalqpe softy eause qp to 20, of variation in the 

frepoi lion of blaotula tranaplant^^isryoa, Ouoh variation in teohni<|ue is 

probably ree^wneible for thi f aot thafc a greater proportion of blaatula 

trannplant-erJjryoG \?ao obtained front neitrula and gastrula donors than f ron 

earlier Bto@&8t In donors later than the heart-beat stage thero ifi a 

9V0oounoed reduotion in tho nuB^bers of lalaottala tra:i«splant-ei-3iryoo. This 

differenoe is too lorg^ to b® aoaount®d for lay technical variation, soS.

•net ttarefere represent a real differonoe in nu^.toor potentialities. In

•oat experiments the proportion of blastulae forffled decreases progressively 

from the henrt-twat etc^e, the older the donor | t io topical oondition is 

aeen in fi^3« 6f 7 end partiotilarly olearly in fig. 5» ^iO^ever, this trend 

la not always oor&istent* n may happen tlmt nuolei from two donar enbryoe 

of exactly the eaoc a^c, wi^on transplanted into eggs of the 3ai;c fro,_;, vrill 

giire entirely different rceulto; this can be seen by oox^isring tlw 1st and 

5th series of fig. ?, and partioulariy olear^ $r<m a oor|>ari9on of the 3rS 

and 4th aeries of fig* 9* One oay collude frcx . these results that the 

ability of eixloderm n'^jlei to form regular blastulac after transplantation 

becorws progrescively reduced the older are the donor eiabryos beyond the 

heart-beat stage I on tho other hand, the rate at v/hioh this opacity is lost 

is not always qlosel^ correlatod with tJse developsae ital otage of the donor

ooooM reapeot in v/uioh endodem nuclei appear to boccoo
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ttrir fomutta®, oap^lty for
iewlo^saemf* Blft»ti)la tran^ilont^^n^tMi derivtil fro® 

less likely to momm late gaatrulfte *»3 aoml

fro® young* Aware (fig* J*J, TMs lota 
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differentiate until after the late gasteala atag©f thus if a 

«9toryo is used for serial transplantation before it has developed beyond a 

blastula or gwtrula, all its ©nflodona nuoloi should hav© the ®mm potentiality 

as eacli other, If a blastula transplant-efte^t) derived from a nonsal nucleus 

is used as a donor, serial transplantation of its nuoloi should yield a 

high proportion of nonssal dfsvclop&mt* On the other hard, if the original 

nucleus was diiTcrontiated so that it would iiaw developed abnormall;/, tl^on 

aerial tranj^lairtatioii tei© it •heuld (if the ^nanaaili^ is inherited) 

provide ettay «ntoryos (a olorio) all s^fferins froo the »e&a© kind of 

abnonaality*

Tao rxjinte can be inveBti^ated t>y serial transplantation of ntelei 

from traisplent-ecibryoa whioh have not developed beyond the blastula or 

gastrula sta^o* First, ®u£gi eacperiaaents stiow i^ether the lack of potentiality 

of differentiated nuolei is inhoritod or not, and ooeondlv tfhetbw tla* 

differentiation of nuclei ie reversible.

The extent to wliioh nuole^r dhan^es are inherited is apparent frcna 

a ooBparison of or* clou© with anotbor* If thsy aro oon«i»tontly different 

from each other this oan only be attribute:! to heritable

between the origlzial donor nuclei* .In fig, 8, ziuolei r^cre ta-ceri from an 

original rmiaoulpr response tadpole, a^t three trarmplani~ernhryos were tssed 

at the blastula sta£9» to provide donor rn^lei for serial oloues. In the 

left hand aloa® th© great isajority of es&ryoQ were nonanl| tte proportion 

of abnonaal oalsryos is very aaall and not -:'jore tlia^i is obtained with first- 

transfer blastula msolai. Thi^ olone tl-toraf or© ahows that the original a., onor
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nucleus was norael. In the s&ldle oloas every transplmt^rJaryo was 

arrestod as a late blastula. The third clone on the ri^ht contains a range 

of abnormalities, but none of the tadpoles shown were quite nonaa!, all 

being miorooephalio and aedaaatous. 2he variation within thic'oloz* is 

discussed below. The three dorses in this experiiaent are consistently 

different from each other > end so demonstrate clearly that the abnorraalitie* 

in the 1st transfer series arcjheritable*

In tliis exportoemtf three blastula treiusplant^sdbr^os were used 

to provide serial donor nuclei. It was not of course known how these three 

blastulae would have developed if they had been allotted to differentiate 

further, 'lowever, en indication of the TOC/ they rdj$it haw developed can be 

derived from the developsaent of the otlasr 17 1st transfer embryos, 33* 

three serial donor en2jryo8 vm&$ chosen at rondon from 20 blaotiila transplsnt- 

eabtryos, and woold tlaercfore be expected to have developed in the smse kind 

of way as did the 1? which i®r© left. The potentialities of the 3 serial 

donors turned out to be oorisistent with the 17 1st transfer ©jabrsros. This 

result suggests that oil the abnoniialitieo present in the first transfer 

group are heritable in the way that the absnorsaalities of the three e^ryos 

used for serial transplantation have been found to be,

The second Idnd of information nMoh serial transplantation can 

give concerns the reversibility of nuclear differentiation. This is shown 

by the variation within a clone as opposed to the variation between clones. 

Clones from original blactula donors arc shown in fig. 9* Since the great 

Majority of entoryos in the first temsfer seri«3 were normal, nuclei from 

embryos selected at random for serial donors wouM also be expected to be
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totipotent in the majority of instances* £h© first and second clones of 

t ig« 9 are prvAonfaantly normal, the olon© from the sixth series contains 

nor® abnormal caaaryos then would be avpootod, but this serioo ivas carried 

out on the lest tgga laid in one frog'e ovulation* and acrae of theae may 

haw® bean insaatett*. The first two clones of fig, 9 and tha first of fig, 8 

that totipotent nuclei have no obvious teadenoy to a$® or beooa»

after continued tawttplantation, These series also oonf inae that 

technique aM egg quality oarsnot ca^lain the abnormalities found in 

other clones. Sjare is very little variation in closes from normal ataolei, 

and no variation in ones with wry abnpyqftfr nuslei (2nd clone of fig, 8)5

aooe are nearly ao, are v«ry vciri^le, J.:-ic !:• aeen in tlse third clooa 

of fig, 8, and in th» two olon®» from tlje fourth series of fig, 9? in both 

oaaas the original donor was a&vmnoed sol would therefore liave contained 

differentiated suolai, IMa variation a^ia be explained in two way^« It 

sd^rt be that the potentiality of the original donor vim 123m that of the 

worst or best es&ryo in the clone derived from it, and that «Pter serial 

transplantation sorae nuoloi inoreaae or decrease their potentialities* Or 

it might be that ca&ryos obtained from abnorzaal nuclei ar© much a»re sen­ 

sitive to teolmique eto, tlian ezteyos witii nonaal nuolel. In oonneotion 

with the latter^ haplold ess&ryos, wJhioh haeve abnonaal nuolei, differentiate 

vary variably («3urdon 1960 a) j thou^ti tills variation might bo due to gemtio 

difference 3 froa one haploM nuolw-us to another ? it eight also be dx^ to tha 

aff oat of various environgmstal factors on nuclei suf feriag froa the aa&e 

atononaality (haploidy), Sufficient esmerloonts have not yet boon cwsrried out
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to show ^^»tber variation in abnormal traaaplmit-^ialaryo oloms

a change in nuslear 'potentiality or not* Until other

been eaeoluiled, tills limited variation aarawt be mgsrdcjd ©s evMena® that

nuclear differentiation is reversible,

8* Sojroluaiona conoernina the PQtezitiaXltles of l

Huclear differentiation in relation to the 

of donor

2he amlei of differentiating tModsssm oells

lindtcd in their developrasntal oa|/aaity» This differentiation is evident 

sot only from the proportion of transplant ations tdiioh beoofae late 

but also from the pro^ortiosi of blastuXa trensplsBit-esa 

normally. The proportion of Isfc© blastt^asa obtainad froe the awl®! of 

embryos up to tlie im»aular-rea^<m«M5 st-:.^c d-cms not v^-y, but 

progressively r^dt»©d froa nticlei of lioart^^at ar^. later 

variation in tcolini.^10 oan atfeot the proportiim of lat© blaotudae^ it 

oantiot aooount for the great diff®r®i^© in tliia rospeot bet^e-ea duolei from

derived from blastula and gastrula miolei develop noriaally a^ far a® 

swtazdng tadpoleai lio»ev«r^ the sore advanced tlie donor9 the 

embryos develop abiaorEially<» mid the raare severe are the 

•which they suffer*

These remalts iiidioate that the enio&drm ixuolei of ^saqagi^ only 

^e^ia to beooiae differentiated in ojabryos older tlian lat© gasti*\3lae» From 

the astamla sta$® onnerds there is a prop-essive increase in the proportion 

of differentiated nuclei, but even in swta&ng tadpoles there reimin a few
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eModern nuclei with entirely unrestricted igiilifjjttaiital

These conclusions haw been baaed on tip vaults of soleoted 

experiments, It was, however, pointed out ^;>,£ ) that the same oonolusioas 

can be drawn, though loss obviously, fwt ajyi estperliaents* .?i«2iibarg, 

Swion, & Bladale (li>i*3) reaabad tiduniiar ^aaeral ooasluaions frou aota© 

earlier cxpeotttt&t* with Jtypflflflqa*

Lirdtod applioatiati of results,

Attontiosi nrasi? now be dragsm ta oertain liiidtationa ihic^ apply to 

theat results, GfeOy endodoana zxuolei of ^.-aqgua ha\^ been i2W®atigatedf but 

MWable ohansss vdll probably be found to taloo place in the ni^lei df 

other dlfferaati&ti^ tiasuaa. Brigg* 4 Fdng (195?) te?$ dcaori3>^i specif io

trith nualei from diff ovtnt eBlbronio tieeuts of

potent ialities of msolei haim not be©n tost«sd for ajft.. 

singes up to that in T^ricli tlic eniModci-m ia differentiated « If a 

tranaalantations haeve been nfflcle fron nuclei of earlier ata^es than a oaid- 

blastula, but there io ao reason to bolieve that such 'atxslei f/ouia give ex*re 

devclorsaent than was obtained froLi late blastula and gaatrula nuclei. 

latest donor at age fron \7hioh nuolci ware transplant©*! wa« a swisssdag 

tadpole In which the gut had just f onoea two ri^t-^lod bend^. Xn 

to transplant from later atagos^ otlxsr mtetamea than voraene m>uM 

required for cell disaggrogation, and it is not certain that thdae vould be

potentialities of eadodotsa auolei tern therefore onl^ been

tested botwoon llieu^oop 1 a 0ta@90 6 and M , but soo» ^at oella rorain 

areatiatod uatil stage 4£> vivoral hours
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development of transplant«eiibii,?oa feft* oiHg been followed up 

to the formation of Denial tacbolea, I'trans^lanted nuclei have therefore 

been toatod for their ability to bring fibers onbrjanio develo$e*»fc i^p to 

the tadpole stage, Transplant-eiitjryos «tiie& beoatte normal tad*>olcs can 

roared into sexually saature frogs (Gm^dosi, Elsaale, & tfischbers, 1553) J the 

study cf these frogs gives acklitional information about -tin nuclei fron «hich 

am d»ri\^a 3 a»l win be dealt witln el»«wt»r«, 

T)M part of a ^luoleuo iii wliijah differentiation tal^es olacse,

diff«rentiatias ea?.oacn;i nuolei ware

abovo «» "iiiaate m^lo^ir qualities", Lliia torn refora to the 

oonclusiona l)M»c\ on twwplant-eo^yo developsiont \±en all effects of thlr 

trmn«5>3JMitAtiari toalmi^ue ar$3 egg*^imlit7 Iiavu '>jc.i removed from the results. 

transfer experineri^ have a: arm that the^e Iraiate niwlear clian^es 

en3| to & larje extent a* least, IrrevBrsible. ^licse two 

are aaaooifftetl with jszie ocsntrolled factors, ^reo^or, it 

ia ahotm oelow i^jat thcsre is no correlation between these aualear ch 

en& certain 0ejnoral A reversible nuclear qualities, srocii ca aise azsi 

in ndtoeia* o:3t ivocle^ ccs^onents other th^ii tlie cliroooftopes are changed

at caoh a&toeiaj m.Mlear ci^\y-^> ^liioh are heritable , ceiinot tiiereforc be

the nuolear E^abrano, zrjolear sap, or m^le^s* Thus there

strong reasons flwr Ijelierving, as in 2o«&l3rig©i & Kioci 195^» that 

the change* in eadodena nuclei have tal:@n place

The eaallGst •nfteejc.rm nuclei to have been -:r.-./..,... la^e" (.,4;.^T: V1) 

arc at least as large and aa «eH protected "by cyto.-^ -..~ - •.! from the 

bexnifirphere of a biast\jla| but, as aidml -.. .•aggetal blaatula
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good vtstiLts,, nu&lear changes can^t 1» associated «ith thi 

sice of nucOei (&H&ouf 12£0 c)* Xbe proportion or ©aloC^rCi nuclei "fe 

w (nuclear taectema diai^aewQd} lam fca*n aowted Sa er ,. - at

^s of dc^o^nt, reared at 21° C» 1(X3 e^oto^ ii^cdoi of 

tbe feln^ ui*ed as donors f oer msolear trao0:>lantation ^w?e oouat&d for 

donor staaet ^HB proportiari of nuslol in mitosis was 1?^ in a 

in & l&t» gastnOa, ^:i in a 

and 1/- in a sta^e -*1 

indicatioa of tliefteqptnoy

a heort-tooat

l>1»ae figure is giwi onlj" a 

j; nuolol in rd^osis TJOJPO uaad for

inftaoucnt ta affect the

ci'feot tld

far nuolear

la too

Ills ioanao of

is na obvious nualoar differentiation*

and
of nool0e«r arid little

to be known tbe state of oa of in

th» eada&izm of is lilsto-

y soL-e tia» before

my not lx? true of Aefrypua. ^s it is not kaotm whab tiu.;-ae,i andodena oas 

form nfean grafted into various regions of an (noteyo, it does not 

to oou^are tismw datcraination and nuclear differf-nti^iou* It 

poasiblo liCTv'^r/sr tl^a-t nuclear differentiation may be oc^nn0ot@d with o© 11 

differentiation. Jn ^ffflgag tlie raiolei used for trons^lantatioji liave oeen 

tak»n from the aOBt ua^LU'i'erontiated eModarsi oells of eaoL donor stage. As 

tho gut fceomaee f orssed, many of tlw peripiheral endodena oalls l>eoase 

differentiated * that, tb»y lewsw their taore or less i^tepioal ai^Cj &a& tlseir
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nuclei of tan beoosae elongated | these tells also beoorai very strongly 

«9«»oteu to each other* aad it is for this reason that nuclei have not 

been transplanted from fully diiTerc/^iated oells* what has in effect been 

done ia these experiments ia to transplant nuclei from ur&ifferentiatsd 

endodersKj oeHs, ar*l show taat the nearer tbi tiwe oT oaliular differentiation, 

the zaor* tiuolei nueooH& differentiated* Ttoaa results are oonaistent with 

the oonsiderable variation tisat hau been foimd in the degree of differentiation 

of nuclei froc late donor stages (p. tO }. ^3ose teior oella ^ere p 

nearer tills differentiated state tiifici otiiers, H ie tl'jerof ore 

toat niwlesKr differentiation aey pla^ a algntf ioant part in the prooea»e« 

whioh take olao« ffein individual oella attain their final funotional stato* 

Sbia hypotlnoisiB osa only be tested tsfean a iwthod is found by \shioh 

differentiated ocslls can

> ottg/goscgi _qg t
» uaing iigf^i gjfelffiQft* h£W© transplanted 

endoderm nuclei from donors ox' various ages between late blastulae ami tail** 

eirrftaryos, -iic survival ou' tran^laat-emot'^aa devived - ivoia

nuclei ia shown in "able 3 &n& bae been expr^saod &s a r>@ <̂oenta^o of late 

blasttda tr«tiS|?lmit'KJrJH7'oa for oaoh doiior ota^e; tliose figures aro tlwre-* 

fore oav./ar-aule to tliose taken from 'i'ajolo 2 for .i^sagus, ta« survival of

in ^osyx and i^B23aa is ooaapopid in ^ablc 3 am f ig» 10,

erivv... **u« jlaatula nuclei of I^iy^ are mostly 

nonaal| tl*orc ia iioww a ohaii> daoline in Uie developoontal pot^;atialit©0 

oi* endoderm maolel tvm fMtrulae and later ota@oo* -htJs in KS^SI the

of cnrlodersj nuclei starts at the beginning of gastrulation



-V. 18 a - 

MBE.J

TOTAL

(NCR OTA3E SPMJIES Late 
Blestulae Ctaatrulas'

Sarly

V» ir*****"-**1 *jevt «Tt"-,im
ivJ i/fj Vi-,{.»Ui.A*lJ*iJJl

ormal

etc bias- 
ula or 
arly gas- 
rula asii- 
al oells, 
undif f ei-en- 
iated nudei}.

10(3
57 37

327 !*

3? 33

ate 
astrula

Eana 79
li

I 75

502 100,.

140

16

79,

I : f ' 1eurula I *««, ^ A«v.-- o^v? ^ w^.^ .' 4 . 1

10

152

a ! 2iocr a?" 22,
AJ*p* *«•*» M*M« -CCWt

a:-
MM».'-v'75^

5. A of nuclear differentiation i:a K$na and ^nojrgs, ThB perceiitages

for eaoh donor

for

re expressed in term of the ms&er of late blastula 

tage. The figures for Hsna Ijave been tak»nf rom Brigga & I^dng 

Table 2 above.
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Xenopua 
tail-bud

20 ,,

10 ,*'

La 
blaa

\__Ji-:\

te Early lleurula Swimnin 
tula gaatrula tadpole

s \
\ \ Raoa 

^ ^^ * gaatrula

\\ 
\\
\ N X Sana 

N % neurula
^ Rana

g deeding 
tadpole

STAGES OP WAIKFLAiH'-ElHiYO DEVELOPMENT

CIETVO

Survival curves for endodens nuclei of Hma (dotted linos) 

(solid linos) ; tlie ntaabers havo been taken from Table 3. Bach 

the sxamTal in tcnos of th» Late blast ula transplant-ejiiapyos

of 01^ dond?
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continues from that stage oovaxdo; % the tadl«*at «l*^e all

m»lei are differentiated, sfcoae none ha#* given rise to normal transplant* 

dewlopsxmt* (Briggs & King, 1957)*

on the other banA, the differentiation of eMoto-m nuclei

doe* not begin until the neurula sta^©, aa& then oalj telm plaoe 

grachi ally from that stage omm^dsi ewn in sirlimdiig taapoios aoiae 

nuolei reiaain tnifliffor0ritiata<l* la l>oth K^gft anS a ®ir;ilar 

«sf noriaal transplaat-e^sija^os are obtained from ualif£ereatiat©& blastulft 

but in other reopocts tine rat© an&"'t&ae of omet of ©na.od©rsj®l auolear 

differentiation is very different for the two specie®,

ihe possibility that trai^splQiit-enAxryo survival is af footed by 

in tlio teolMii«|ue for the tv/o apooioD sooi^o

?i9oh^orgf in prepn, ). The only significant differenoe in 

tlie Bae^ioA of em*oleatiosi of roolplofit eggs. In ^'.ana tli© egg nucleus 

is rotioved, t?hilc in ^pffpu§ it is inaotivated by ii^rMIatiari and fallowed 

to demesne-rate in the egr; cytoplasm (Gurdoa 19^0 b), ia Xeinpgua. tlser© is no 

reason to supi>osc that the d^ing egg nucleus has any affect OB either th»^ 

injected nuoleus or the ©;;: > cytoplacn, but this question con: iot be f inally 

settled until it is possible to enucleate the eggs of both species l>j the 

sarae -jcthod*

twa«^2jiilalEiiB» used for fig. 10 ar© selected result o,

while the results for jjflrffi ere tine averse of all experiiasiits with endodena 

nuclei. !Hie us© of eeleoteil results for :C4mopua does not ho^.^vor affect t-ie 

oonolusioiis, sii^oe a aioilar aoL^oi-ison with f^a is obtsinod if tijc total 

results for .vcnorms (A able 1 j are used iiistead of selected results* it

appears that Brings ^ Kix^g liave not fouzid isuoli vm'iaticri in their results witli
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gfiga. corresponding t* the eggs of iiidiviAaal frogs. They have used frog* 

uhioh have been talasn from their natural conditions, ana this might aooount

Bor ths eggs of Hana being am consistent in quality than those of jjggngRKR* 

It could, on th© otlwr hand, be that tlie isuoh greater sla© of ^ana eggs 

renders them leas susceptible to dawgi lay experiaantal nianipi&atiGn, so that 

611 S^j^ egga are resistant to the technique Tfcile this is only trus cC ^^

•ggs in the case of X$nffi?q». vihiohever of thcoe ^xmsibilities is oorreot 

dooa not invalidate ®w very raarked diff ©renoe in nuclear differentiation 

between the trm secies*

Both Ka&a caid r̂ |^pypi t^sss throurji very ©iallar stages df

•orphologioftl differentiation* deava^y goatrtilatioB, anil, elongation of 

the embryo are jproportiosmtely faster in Xgp&mm^ but this is largely due to 

tlse higher tenparaiuro at *^iicii jljgj^ijs develop* Th0 rate of ezitoyonio 

development does not appear to affeot the rate of nuolear differentiation,
Jlh jAk

since nuclei from Xenorn^a enibryos nhiah ^ere reared sfe 18 0 and 26 G

proportion of nor-al and abxionml

iacperiiaenta lead to the conclusion that no oonsistent rel^ionahip exists 

bet\vees the rate of nualear differentiation and that of joarpholoaioal tissue 

differentiation. This OQnflnas the ooDalusion (p. 17 ) that there is no oat*se! 

qonntotion between the diTfereatia&ion of a tissue ami that of its coll

MJ.

1. . She dcveloposntal potentiality of esteyonic endoderm nuclei 

Xcnopuc jfygyJB, is shown to change SB tlie tissue to v^^hioh they 

beocmea differentiated* This ohanc^ has !>©en demonstrated by trJ 

iB»lei froia endoderm tissue in different stagos of differentiation, and
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transplanting them into enucleated unfertilised ©&,:sj the 

of the resulting trattsplant^riaryos indicates the dewlopoantal capacity 

of their nuclei.

2. Since the proportion of total transplant ations which beeoae late 

blastula© is affected by the technique , the ssala conclusions have been 

cirssm from the further devclopaent of late blastula transplant^a&ryotu 

qtuallty of recipient eggs, wliich is always variable, 120^ also affect

^iiar^o tfrvelopoent, sM donaluoions torn tlieref ore ^eon 

derived from sjcXooted experisiente in wliioh control -donor nuclei 

have slio^i tiiat egs quality was good. H*aeons have been ^ivm for 

believing that noil-hereditary nuclear qualities , such as thair sisse arid 

stage in mitosis, do not affect the co.iclusio:i£i dra^n from trai33plant- 

esbryo devclopoent ; tlieir developiaejit is therefore solely dependent 

the specific genetic -lualitica of Uie donor nuclei used,

3. *io deolino ia tlse devolopMantal potentiality of eateitaa nuclei was 

found in blaatulae and gaatrulae. However , the edacity of nuclei to 

form noriial tadpoles decreased progreaaivelv from after gastnilation 

until the beginning of torsion ia the gut of m&m&ng tadpoles 5 at this 

late stage there was still a small proportion of u^differentiated nuclei 

from whioh normal tadpoles have been obtained* Thus nuclear dlff er*n~ 

tiaticn affects an increasing proportion of nuclei to an increasing 

extent 9 as the endoderm l^eocsaes differentiated, 'serial

IMS sliswjl that tlio changes involved in nuoloar differontiation are 

heritable ana, at least to a lor^e extent,
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2hea* result® are ooqgMSped with those of Bri^s atii Flag 

transplanted nmlei f roa •ndodara oella of Kfiqs sfcajpaa« la both 

mat jvflft nuclei ar© un&Lffereatiated at tue late blastula

but sfter tills th*» rate aisd tioe of onset of nxsolear differentiation ie 

different for tSui endoderm of the te> species* These diff©re-ndi©8

that tl^ero is no oauoal conneotion b©t?ie«n m^lear differentiation 

tlMKi* aifferenti&tloiu It is eusgeatea that mjcls^p diffeventiation 

be cancemed in thu p£'Goei;se£ ^.ioli t^:e plstsse ^^ 

oells >j0GC3e» differesitiated into their final fuixytionat eta^e.

The author v/iahee to thank Profeaaar A,C. Hte^y, T%R*S» f for having 

it i>osaible to curry out this t?crk in his depisrtent, lie is siiK^rely 

grateful to Br» M» I'isohbar^ for ms%r v®r$ helpful aaggeations throughout 

tills vork and for .<JLQ oorjstcuit help arsa interest sir^e it wae started. The 

most ttsefUl advice of Or* A,w* Dlookler ha» been imioh apptreoiated, particularly 

in oonr^otion with this aanusorlpt. Mias A,Cr, Jenbas has kindly provided 

valuable technical assistance * Lastly tfa0 autlior wishes speoiall^' to thank 

Captain and 2.*a. G» Diver for the enooura^eDent they have given over r
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THE RBERQKBXIVK

EERIWSD :*

CJ-U5EUC2ER3

3

NUCLEI.

anexobryanic oe31 imoleus is transplanted into an unfertilised 

eisicleated egg, naaiy of the resulting trmisplant-^rJjryos develop into 

tadpoles and frogs* 1T» developraent of tl^se eoftxryoa aiid the oliaracters of 

the adult frogs ..ndicate the genetic qualities of the transplanted nucleus* 

Huclear trans^jantation is, in effect, a lagans of replacing tJw «ygote 

xaacleus oi' a fertilised egg by an ei^rifoniQ <3©11 nucleus. If eiribryos and 

frogs derived from transplanted nuclei are compared Taitii aonaol ei^t^o© 

and frogs from fertilised «sas, it o^n be seen how tiie transplanted nuclei 

differ genetically from nonaal cygote mslei.

She d€rv©lo|«a8ntal poteutialitios of endoderra nuclei have recently 

been investig^ed in ^ppp^ lacvls (Gurdony d), Uonalusions -wore based on 

the deipeloposnt of transplant-erribepyd^ t^s to the sta^0 "fihen tadpoles 

feeding, liastajr of those transplant«<siisrytm hove lueen reared into

f«pa-oduue themselfws (Ourton, Elst'lale, -: ''iaolibcrg, 1158 )| tliese

frogs, which sre described below, provide further ixkfanaation about the 

gmetlc qualities of cnidodsns nuclei,

u.
llie frogs des4^ribed belcw liave been I'eared f roia the sasae trai'isplant- 

as v«re used in MI analysis of the developmental potentialities of
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eadoderm nuclei (Gur&on, d). They j&re obtained by the standard 

tarart^ptaatation technique, and carry the .Xenopua nuclear narlser, 

proves that tlssir nuclei are d&riwd from the transplanted nucleus (I'- 

Gordon, & "'iaotiberg, :ln prepn,). ll%ae fro:*s are derived from ersdoderm 

nuolei of dcmor eetaryoa rar^inj^ from blastiOao to ssriiis.ina tadpoles*

Tba s»thod of rearing transplant-ei&ryoc into a:1ult fro^ 3ms 

b««n dessribed elsm^iharQ (Elsdato, Q«ra«sri, & Fisdfefeers, in fireprt.). Under 

these oonditiaraB «exua1J.y nmti2T€ fro£|s are obtained from fertilised eggs 

within oise y*vr* It is pro1>abl0 tliat tlie ^j^in^ ooMiticgis asi 

i»t Ideal, and that deficiencies of ace?ie TdLnd are responsible for a 

aterage fertility tfean would be escpeeted frc»s mdsia34i living in wild con­ 

ditions* For this reason trana^lant^ross aare c<^>ared to control frogs 

i^iich have been rciaped fross fertilised e^s tmder the &mm labcK*atoxv 

ditions, artrl aot to frogs recently imported froii tfe \7ild» ^t is, 

worth poijitinc out that there are only scoall dif ferco^fes (even in fertility) 

between iai>oratory-rearc^l fro^ aad tiioae that have grom \3|> ia a natural, 

wild environaent.

HI. DESGHIPnOU 0^ /jn^g^mS-pF^^^^QS^ 33D3IR

Thi gerioral aiipoarano© of tmuisplant-^ro^s is v cry siLiiliir to 

that of oontrols. Gro«i tfonanaalitics, Bush aa linis or orgm def is^srsses 

oox3ur very rarely, and are found as f refiuBaily (le^ ti3anO«5^) in control 

froga* Tharo arc also no flgspreciable d:lffer©i^jes betrmen
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and controls in body-^oportions, activity, and boliaviotsr; tbsae characters 

have not therefore boon described* Records and x»a«ireasnts of other charac­ 

ters of these frogs rail 'be found in Table 1 f which inolu&es all adult 

diploid frogs that have so far Men obtained from the transplantation of 

enftodero nualei* Ibtraploid frogs have been ejfel lifted from the results, since 

their gametog^Mesis is charactcristicly atoarsml owing to their polyp loid 

conditions; in other respects they are very similar to toir diploid 'brothers 

and aistera (iJurdon, 1960 a).

Sinoe all cell nuclei of on© cuJwyo are gsj^tically related 

if not identical, it is not surprising tliat traz^pl®fit«^rogs derlwd from 

one donor should ahov w®%? simllsrities not ahared ulth l^pogs from other 

donors, if all tra'taplarit-ffrag? from oas donoi* ordttyo ("braofcoted togpther 

in Table 1) suffer fraa the sonns IdJid of abnanaaHty, tlrds indioates that it 

is due to a ^onetic abnorm£»li^ In the sjgots ntKJleus f ran

was derii?e5.. On the other hand if s&set tranaplant^ro^ IVom a donor 

show an abnormality tlmt is not ^resent aiaaag otliers froj-i the donor ? 

tl-iis may be dise to either (i) ai^ abnonrtality in the oartioular eggs fron 

vitioli the s^mfaeTaal fro^ developed (see p,l*)» ox* (ii) to acxae ©nviromseiital 

factor affecting the frog's grofgfth^ oa* (ill) to nuclear differentiation in 

tdao endodem cells fron wiiioJi tte frogc ir?ere derived* Ko obvious similari­ 

ties havo yet TXJ^I observed among transplant-frogs derived fron the recipient 

eggs of aaqy one frog, whether a ooitpariaon is nado of tlic rosulta from 

laid on different occasions or Ofily of tliose from eggs laid during oa© 

ovulation.

height,

Xenopus lajavia tliere is a coiisMer^le variation in adult
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Sinoe the relative proportion of the body are very siid-lar in

s and controls, body sise is satisfactorily indicated by 

iseight* 3h0ug$i frogs inserted from Africa ar© by no smarts a rep?@s©ntativ« 

of these are jsor© than iasioe tho weight of others of the sase 

This shows that in this species adult siao is a variable gfeiarieteristic* 

At least 9O, v of frogs reared in the le^oratorj from fertilised eggs fall 

within the range of 79-135 088 for feoalef, and 35-55 cp& for males. The 

remainder ore «eKoeptice^all^ aosall9 aoiiastiiass issls&lng Isss than 20 ^as, 

do rs?t shmr secondary sox characters* Laj3oratca.*y frogs differ froia i 

'Srild11 frogs in having a sciallar avera-c siae, ana rxissibly by ir^luding 

a grea^»r nucefcaj 1 of dnarf iMivid-isals, thoi^i these isd^it fail to survive in 

nat'ural coiiditimis a*si so l» ov©rloolssd» Share arc two poaaible reasons for 

thl.n difference 'bot^sen wild and llsbczratcxry resred frog^* C^ie is %h® laboratory 

diet Tshidi is probeb2y def ioiesit in sozae lasMfiatified respeot; this €^>tild 

affect atlult size diroctly a£j Y«3ll aa by its effect on the quality of eggs fro® 

which transpla^it-fi'cs^a are derived, ThD ia-i^eatidr* of hormone to induce 

oviilation |xrobab3^r results in iasaature and o-verimtia*« eggs being laid as 

well as normal ones* f.£b@ae iavo fautora are apparently responsible fear the 

very variable quality of recipient eggs used f <a? ouolear transplantation 

(^urdon, o), aM taey way ^ve ria© to abckcxraaal adult frogs a» well as to 

abnornial transplant-erj&ryos,

The jaajorlty of transpl^eit-Crogs in tau>le 1 are within the nonaaal 

range of wight for controls* 'ilie exceptions to this are tlie five fomales 

from a gastrula donor, tho laale from a stage 13 gastrula, two of the six 

tattles from olastula vegetal nuclei, ani the 2$ niales aerived directly 

indirectly from a stage 26 tlssse entoryo (two of tliese "being very
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•nailer than the others); all these frogs arc be lew the noroal range of 

^ei^it for laboratory reared oontrols (dow* to ?0 gnas for females and 35
A^^H^^^^ £&4&^

tor n®les). Three of the donor enisryos from nhioh these frogs wav» derived 

(stages 12, 13, and 26) gave rise to ra> normally sisecl fro^, and it is 

therefore probe&Ls tliat the zygoto nucleus from tuhioh these donor enbryoo 

developed oarrled a Qe^^tio factor responsible for grail sise s aue^i that all 

transplant-fro^s derived frtsa tlscia t^ouia also be srzmll. On tho otj^r Imri 

the blastula donor aixl ti*e soi^ial stage Z6 donor eaoh gave rise to 

exceiJtionall^r saall individualo as wll as to otlior normally sised 

d»arf s oust tterof cs?e have arisen frora any one of the causes suggested on p. 3, 

but most likely from variable ©|?g~quality (see diaouaalon, p.»5). Owing to 

the great v&i'iati(Si in ^sig^it cooaag oontprol frogs, and to the relatively 

SBiiTl msdber of trafijjplant-fi*c)£5S so far reared to oottarity, it is not yet 

alesr whether tlu0^) dasrf transplant-Crogs hasm ocaxjrred with a 

IVequenoy than iR»iM be expected msang, controls9 cmfi tixus tdiether 

they arc really *&lB3ananlitiesH .

Two oonclusio-.is can be drarin from this stwly of adtxlt sise in 

tareaaf&ant-frogs. ftae o->noerns the 19 serial toansplaiit-Crogs derived froa 

a stage 26 donor enbryo, whioh sliOuld all be fjenstioally identical (see 

chapter IX) « u3ic»e *@enetic twins" .readable ©sail other ism^asash as aH are 

abnormally small, but otlicrwiso thero la considerable variation in sise 

ansanej them. 'H-jis .ndiowtes that the average' sisse of a series of frogs is 

genetically controlled, but tliat there is coiiaiderubla variation cjroxuid 

tto aver«@c, oaaaed by differeuoe in enviromaental f aotors or e^g «|uality.
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otlaer coziclxasion that can be town f ron tlie weight of tbesa 

is that there ia no obvious correlation between decrease in si&e arid 
increase in the donor stagp frcm which they were- derived. This shone that aa 

endoderm nuclei approach the differentiated sta$e, thay do not tuictergo a^y 

clianges which affect tlse sisc cxf the individual to which ti«y can give rise. 
3. Oolotar pattern,

'.There is considerable variation in the pattern on the dorsal 

atorfaoe of x^nop'ugi laciyiat i'lje ty. © of pattern appears to Iw gc.n©tioally 

inherited, aM tlx»re is a very noticeablo aisiilarity ia the pattern of all 

tz*aiisplant-frogs derived froci tlie saos2 donor ectoyo. No met;.od has yet 

been devised fcn^.the numorioal olasadfioation of -Ceng^ais colour patterns* 

G. S^ differentiation

Ths majority of transplant-frogs have i3a30rgons nonoal 

differentiation, and s0C!:>r^Lary sex**charaoter8 are ge:nerally ^ell 

Btw^ver, one frog from a blastula vegetal iiuoleiis at first had the external 
appearance^ of a f oriole, but lias siiioe became a nornal raaloj a case- of sosc- 

reversal in tliis direct ion was also observed in a f oiaale frog imported from 
the wild. In frogs ^iish arc abnormally stall (described above } y secondary 
sex characters are of tan poorly developed, but are guff io&antly clear to 

indicate the sex of the frogs.

As can be seen from Sable 1 t frogs froxs the sonse donor have 

nearly all become te sai,ie sex. Tills generaULBation lias 'been clearly 

oj3rr*onBtrated by 14 frogs, from blaatula anliaol cells, aud by the 25 frogs 

froia &t&£G 26 entoryo, ubioh develoi>ed late cialos* liss only exceptions arc 

two frogs from nuclei of a stage 54 tadpole, Ono of tl^es© frogs is a typical
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male aria the other a sterile female j sine® both -were derived f roa the 

donor, sex-reversal has presuroably taken plaoe in one of theia. The fast that 

the reversal from male to fondle has raswr been observed in this laboratory, 

end that in this case the female is entirely sterile tthile the male is 

fertile, indicates that it IB the laale that is Bex*grewraed from a sterile 

fejoale, rather than the other way round. If these frogs had both 'been 

genetically inale t there is no reason v&y one should have changed into a 

feejaJLe; but if both had been sterile fezaales, it is not unlikely that oiso 

should reverse its sex, sii^e genetio females of j^nogue in Trhioh ovar-ian 

developiasnt is si^resacsd idll often develop Into fmKrtionally nonaal nmles 

Witsohi, 195^)*

5^ro^ scared in the laboratory from fertilised, eggs are about 

males (98 females; 113 males), showing that t}ie labat*atory oo-ndltion» 

do not favour one ©«x loueth raore than the other* lioaever, the 

«aoog transplant-frogs is not as mar -equality as would "be expected. 

plant-frogs from. 000 donor (with the s -iigle exception above) are of the 

saiae sex, clearly implicating the genetic ^KS csP the donar embrs'o;; tlms tbo 

ratio of oelc^iroduoing to fenalo^irodiioing donor entxryos shouM bo 

equal, 'fit* tapazsBrples3totion of oitdoQarm nuclei has produced 39 

frogs from 23 different donosrsj, and 14 mlos from 8 donor eiifjryos. This is 

in contrast to frogs derived f rcaa the ect^jderm molei of blastulae said

ich consisted of 30 male* from 1lf. different donors but only

one female. Haas the ratio of female donors to sale donors ms t3?3 

•adoderm msclei, 1*14 for ectoderm nuclei.
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It seeajed worth testing tiae possibility tlmt ectoderm nuclei 

becoos differentiated, so that ovarian dovelopcent IB suppressed in tJ» 

restating transplaiit^ro^, t^iloli then becoue tfalc, f̂ iiis mis done T>y 

transplanting endodem and ectoderm nuclei fron three gastrula donors. 

Frogs derived froo both eadodera and eotoAena nuclei of tao of these donors 

\'<ere ell female a* Frau the -Uiird donor all "onaoden^1 traasp^artt-frofis 

vpere female, eoia one frog frcra on ectoderm nuoXsmj^ tiiiiah was killed soon 

after rwtaraorphosia, had uoSer-doveloped ovaries 5 hcmever, two oilier

frm.* octot^sa auKSlei of tlUa doivzr both ixioeee sales* Ttoa&

place .In os^e direction; it seessa soi-e likely

for the reasons given above that all three? donors ifsre by ohaaoe ge 

finale, and that the ectoderm nuolei of one gai/e ris^? to 

rather then the alternative explanation that all donors 

sale, and tl\at all endodcrm aad uost oototlersn nualei gave rise to oteplctely 

sex-reversed feiaales. ..M10 it is not tn^e that differentiating ectoderm 

nuslci al\mys give rise to imLe trarisplant-frogs, there seejos to b© a 

ten^enoy in this direction ^iJu^a needs fin'ther invest igfttlon with frog® 

derived from eotodena nuclei of older

The reproduotive capacity of tr.-insplont-fro^o has boon j 

from tteii11 fertilit;/ and the developig&nt of theix* off spiing. line 

tages for fertility given in Table 1 show tiM2 proportion of all 

nhioh ^Bgan reff-ilra* oleavtsge irrespective of ti^ir later deve lopiaont,

sliow ttie proportion of eggs fertilised* ±n control frogs tljero is

variation (5,-.. - 90,,) not orily in tine fertility of cliff erent frogs,

also in the fertility of tlw »«B;» frogs in consecutive roatings. Thus
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the fertility of trsnsplant-^rogs can only be considered abnonaal, eitto* 

ishen a lack or deficiency of garaetes is produced in several mtlnga^ or when 

ft oertain. frog consistently falls to gine ria© to any fertilised e<£fsa. 

Tins laajority of transplant-frogs have laid as onny eggs, and 

proved as fertile, as controls, Tfeclei 'frara four donor etnbryos have however 

given rise to sterile or nearly sterile fro^s. Six fcmle frogs derived 

from ono blastula donor are entirely sterile in a pcouliar WRy. Foia* of 

these frogs, vhix^i are of :ionml adult siac, responded to hormone as usual 

laid large mriaers of a -.^arently i^rrsal eggs. AH»ho«^-> ttese frogs nere

on six occasions to different males intiiah. ^^?re known to bo foa^ile, not 

&•• single eg<?, shovred nny si goa of cleavage» ^t -was also foind that 50 

unfertilised ©SL:S sl^o*sF0d no sign of development afterjfcblastula iniolei hs^l 

been transplanted into them. A oocplete laok «f oloava£«D of this kind lias 

never before been fo ; .nd after nuclear transplantation. These eg^ %^re 

normal in esstemal appearance (inoluding pi^neiitation, eto.), and sections of 

fijasd 63^3 fiAiOGMd that their yolk-^TOdient and strusot^jre was normal, iienc^ 

this pecyU^aar abntocractlity I clearly associated with the oj'i£jLtial donor enbryo) 

jUs probably di» to G relatively Braall ijsnetio defect, ooiioerning only a 

got ic n, sinoo a large part of the gprs<xr® of these fro:gB, controlling 

aeat, growth, and rjost a^ilt diaracterSj imist be normal* This oaso is a 

good ewwnple of the way travisplantHProgp can doirimistrate small f^netio 

tfbnorinftlities* Sirjoe this abnormrtLlty affects All transplfttit'-frogs tostod 

from the original ?.onor, it probably 2'^as nothing to do with mwsleasr 

dijPfcrentiotioa dtcring developraont u^iich would be osrnocted to afi'©<5t sosie
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nuclei more than others; it is probably due to a defeat in the z 

nuclet^s from nfciah the donor eirfbryo developed (see j>«3 ).

•Sorac f cxaelc frogs derived from ondodem nuclei of one

two heart-boat tadpoles suffer from a reproductive afcnornality whioh

to "be duo to deficient 0atlier taian absior-itxL g autogenesis. She 

three fenjalos derived from a stage 33 ta^^pole all have very poorly developed 

sox-c^agr^rters; they are tfcdn and hav?? the eactornal shape of large laales. 

In oae osf titteia tlie oloac^a is very siaall aivl did not resposx! to lionnono in 

the usual way 5 tluls female spears to Tie entirely sterile since it laid no 

•ggH *t all. The other two females both have reducer! cloacao, and laid 

appreciably aoaHer nurSxjrs of © ^^than u0u&l» One of tisese f eia^wa g£rFe r iso 

to offspring of nhioh (50>.- iiere ebnoannal; thsae st^ff^a^ed from a ^de ran^e 

of abimrxnaliti&s none of ^:ddh Yieere raore frequent tliar. others. ^

The other teart**b@at donor (0tage 34) gs^e rise to a conn?jetely 

sterile fensale, and also -to a functional r-iole ^rhicli is tliougjht to be sex- 

reversed from an entirely sterile fcnaalG (as disousscd abrn?®).

'Use only adult trar^aplatit-frog derived from a aninasLog tadpole 

is ooi^lctely sterile; this frog (frontispiece) has 1±a5 external aopearaaoe 

a feiaale, asnA the cloaca ?diirfi is smaller than n»t\al responded to 

injection in tbe usual way, but not a single egg WSs laid, 

These fro^s from the heart-boat and Mdocdng tadpole donor 

lar^ly or oaqpletely unable to ppodncsf jpawteo, but the

that rare jcroduood ware as nonaal as those of controls, ihsso frogs there* 

fore jscem to suffer free* a def ioienqy and not an atoontality of gornfoells. 

fact that tlae transplant-frags derived from eash of the bwrt-bsat donors
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differ asaonn tborssclves, suggests that tlifcir £e»a-cell deficienoy le not 

flue to an irmiefce character of the donor eribJTo* It score core likely that 

endodsrra nuclei fron isSiioh they <reere derived hat! lost th&ir totipotenoy

fo» gam-cell fcjrmation* rJhio suggestion is supported by the fast 

that gears-cell deficiency has only been found «s*o«g fro^s from rather late 

dooor stages. In XcnomyBU the germ-plaora is oontinually in contact with 

the prospective gerrxsell ntsc3.ei fron tho late blostxila a*ai5* (Bladder» 

1953). This relational-dp is the kind that inigfct be responsible for initiating 

th» ®ern>-liiw by tsreveiiting those nuclei ^-dch retiain in oosttoot with thi«- 

special cytaolassn .fron heooining differentiated {as in ^^Pffs-M3^ ^>cijara, eto»)» 

sr, xrasloi of cnrloderm colls sre entirely separated from the

from the blast'-da sta^e onwards. The fact that sa$» endoderci nuclei from 

hatching tadpoles can --.ive rise to transplant-frogs erasable of producing

germ-oells, slKroa tliat soos endoderm nuolei nmy rensain isndifferentiated 

separated from the '^erra-fplasni for a lon.~ per:Lod of development. On 

the other ha:iEl tirvre ia soms eviderjce that endoderm n'oaloi may lose their 

totipotent stafes so that they can ^ive rise to normal frogs but iK3t to

It "would ••>erha3r>3 Ixs expectod that diffcr©ntiatin<? nuclei

nould first lose their ability to form j^ens-oells arlnoe the latter recraire 

a complete corrpleracnt of genes for their forzs&tion, Tihile othor cell tyj^s 

n'ssK'f not«flf A* ifc fc/ ±tf*-*r t* ^

B. She DevelopMBt of offspring from transsplant-HTrogs.

Plaohberg (personal oomnaaiication) Im» pointed out that infor** 

Elation on tho i^netic constttatlon of transplant-fro.fra can be obtained 

a breading analysis of tliea and their «sSgspring. It is knovmthat
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endorlerm nmlei of both Ram*, and ^i^nopuu beoorse diffeswntiated by losing 

certain develojwaental potentialities (Brl^s and King 1957|j ttedon, d)« 

Though the exact nature of these changes is not known, they are probably 

alterations or deletions of (genetic mterial (Brings anfl King, 19f?6) wfaidh , 

like nutations, should be recognisable by appropriate breeding experiments* 

It the nuclei of a transplant-«fro3 ware to contain one or iiore abnonaal 

genes the effects of which are dominant to tho vdld-type ollelo, this 

should be evident during the life of the frog itself or ? if only its gaeaetes

are affected, from son® of its off^rin^* On the other liaad, if ths nuclei
not 

of a traispl ant-frog ^ere to stiffe^frsca a roc*:;ssive a^Bnge, this w&£U:H/b&

shown "by tbs transplant-frog or by any of the P. progeny of this frog mated 

to a tfHd-t;?pe individual. The purpose of the breeding analysis ^s to shotr 

tlie existence arid inheritanoe of smj rjenotic abnormalities tdiisli hehseve like 

recessive saltations* If suoh an anal^isis is to be taaie of a t3?artir)lmit-frog 

which eateries a rec^s^i-v^ nattation, it ia f :irst isated to a wild**type 

individual.; half its P. offsprijig id.ll be heteroaysotai fsr ^10 imitation ard

other half entirely nonaal. 2heae F offfrprins Q3-^ ^'^^ t^s^^ to each other

a cross is -^fiurle b«tween two of these individuals both of isliicli l^y^sen 

to be heterozygous for the mutation, a. quarter of their offspring will be

sygotss for, aai so ^Till suffer from the effoots of ̂  tixis rautation. Since

the P. pro^ny hateroaygous for this recessive i3utationa oannot be distinguisl^ed 

from their brothers and sisters whioh do not carry the raxtationf only ;->na

in fota* such ?> crosses will by ohanoe involve t^TO hoterosygous individuals

so produae reoessii?e homosygotcs abowinii tlx- * nutation! !Tho discovery 

of siach 'recessive Esutations 1 will be made :j.uiol3er aeid isore frequent (l) 

by ssating transplant-fi^ogs fcagether to provide the i^ generation, tsfiben tliesre
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i» a remote aliaaos tuat both will carry the scuae rocossive nutation, 

(ii) by using ti^wplrait-fross from tJ» racial of the latest donor stages, 

«hich ? by onalogy vd.th tiawloi>*aimt&l cujrjafrLieai-tics of txansplant-KJuiiJX'^s, 

should have the highest jaropartion of differentiated 0&ne loci, and (ill) 

"by stidyin& the ctevclopiaent of tfon£tpla£it-«oo&tt>y<»^ 1 and the ol«&r«^ters of 

adult trans^lant^frogs^ In great detail.

Aa 6bio\yri in Taplo 1 , traiis^lamt-^Trqgs from zmmj different 

stages IHKVG bocm satcc? to vrHfJ-tjipe inaivifl«als* oarap of those. Cro^af 

as tliosse der3.vsd from Ii0art<^beat and hatoMng tMpole noslei, hove., iihen 

a»ted to ndld-^ype i^ivMuals, prodtwwd offering ^ v/}ilalt onlj yyt l 

developed into ^oxiaetl tail^olc-s, *i3w re¥JEdnij^-t ©i^ryoa sufforod from a ' 

l-ango of differerrfc al-m^rf^filitiesj nnd there was no indlo^tion that Imlf of 

the offspring owed tlvsir abQQn!'ia.*U.ty &o tlM> ^taca ai>»oajiiial j^ene* llius all 

tliat has BO far baen ai*ow!i is that the nuclei of tbcao frogs did not contain 

ai\f dominant geaetio abrtormolited* The F. property of tlies© frogs are not yet old 

enough, to be ri^ecl to oaoli otlier so as to provide a -test for recess iw genetic 

* though tiiis }«asi boon done for ton bl&stulsl

(table 1).

iv. xxuspia:!
In ohfi^tcr EM an aaalyaia was matle of tlw factors responsible f csr 

the al>nonoal devclopGient of tra splant-ot*te7os, but the reaulta £30. tho 

«oaly»io cannot r^e diixctly a^Hod to alaa .?naalitie« of adult trasv 

fuogs. In R sixsilar Traj, the rat© wkJ time of onset of tho nuole&r

differentiation which affects devsloposnt (olispter V) nmy be ^uite different
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that of the&uclcar differentiation ^ntch affects adult ahaErsoters* It 

is quite possible for instance that somatic nuclei imy lose thoir potentiality 

for giving rise aft«r transplantation to normally reproducing adult frogs 

before or after they lose tlioir potentiality for giving rise to noroal 

•cfcryonic development.

Instiff ioiont transplant -frogs have so far besooe adult as isell as

abnorisal (in some respect) to identify the omssc of their abnormalities at ^ee 7^^^;
all precisely, rifion^iil effects of the trrmaplantation todmiqi^ 

resiilt in abnormalities isi'iich ssre r»e>t correlated <nith sny one donor 

or with the recipient eggs from any erne female frog» Bama^^ of the recipient 

eggs v;ould iia any csse bo likely to lead to relatively severe abnormalities, 

affecting dovelopsmt 1>efore the edxilt stage. It is quite possible that 

vi'M^i,.,^g5 tre-atment oould ^&ai to random <^a*ODO&oDBl cia^sage istjdU^i nd^it be 

expressed as sonll ai>noz^aelities of adult trmisplant-frogs^ but laftiioh is 

vt unlikely to affect all donor cells from ono edbryo in exactly tlie sasso

Jiny genetic abnormality carried "by all i-^joloi of a donor embryo 

tlieref ore probably present cm the aysote nucleus from n^sksli this donor 

eutsryo developed, should bo shorn in escactly tlie sorao ^say by oil tr£cis 

frogs derived from tlds donor* £his i± fact happosaed in the transplant-frogs 

c^kl of T/hicIi suffered frora the unusual abnormality of their eggs, /iaaonaal- 

ities due to the quality of recipient e^s should be shovm by all trensplant- 

frogs froia the eggs of one fernale if the abnormality ie gersetia and pre.so.at 

±n the parent f rogj no exang>le of this kind lias been obsei*wsd in the tr&is* 

plant-frogs deooribcd ]iere. If tlie alsrKjrsiality is environmental such as 

the state of maturity of eg^s, then this should effect SOLID eggs from one
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&neorofilit:Lof* of
table incites all

d@riv©d from
trazisplantHTrogs listed in ydble 1,

DOLTQK ?fO. V35I3K?
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SEJU FEKTILOT

? out
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13*

£& 25
aerial)

ICO.

53* 3 9s

4 out a" 6
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only.

Soccndary cox no
9s

reuoocd 
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v,«itli
sex-

4

i-, •,.. • to *> (
a aiusilar case vies observed

1} n^* not rci^aj 
®ocis imported.

as

(id). ^Voga which are aiaall oaonot lio soorod for
thoy us'ua.Tl:/ fall to ahow
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laore tlian others* In £ffl*ogus« eggs are only ovulatod when ataat to be 
laid (in contrast to the uterine atora,-^ of ovula&d eggs as in itana), but

%lj **^^»T "^

nevertheless vary o^isiaerafcty in quality (-Jliapter XV). Over maturity of 
can bring about sterility in the resulting frogs (v/itsohi, 1#2) t and it may 
be that ismaturity and overraftturity also have other affects on adult frogs*

due to nuclear differentiation, if ooc^arable to the effects
of nuclear differeritation cm aevelopraent, should affect tho eadoa,arm nuoslai 
frcte one donor esibryo in different ways; In other words suoh a&iionaalities 
should not be strongly donor specif io» 5!he ca'.y coapletoly certain conclusioa 
that can be drawn fron thia atidy is that nuolei Ydiidi give rise to nonaal 
adult-^rogs with aoroftl ^^setogenesis and offspring ra^at have been totipotent,

^e EBiii restilt of this investigation is that BO^IG ^ndo&orm miclei
04 {**•nay resiain con^slste^y undiffcrcntiated at least '^&& as the hatching

stags. Tliis f iijdijig is of pisi'ticiilea.'' re3Avanae is eoaoactiaa with
sinoo tl^esc jss^ ranain wiohai^ifiHS even thought mrfe in contact mtli the g era-
plasm in contrast to oells of the gcnse-lirte vdiioh usuaUy are, ^be fact tliat
tl^rola ver>' little saaa.-taLity betvx*en tlse earliest fe^dia; tadpole
the adult frog, shows ti*at tliere is no saarkod ^endencty for endodena imsc

fv
\viiioli are nonaal for <genes require^dav^loiHaent to beooiae diff©reixfeiated in 
respect of ^enes required for adult ohar alters and reprodiaotion* it is not 
of oourse possible to saj whetiior tlje latter kind of ^oncs bea-ssae lost or

later tliaij tliose reqiiireO, for development » sinoe traasplaat*«o&lir^os 

are abnonaal for devolopaental g&nss vrill not lmoc^@ adult* it is wost
lifesly tlsat s®nes required for adult life will haw otljsr functions oonnsotod

develop^aenti this is ooasistent iteksaaai with tlio ooaslusion reached above
that nan*? of the abnonaaUtioo of adult froa§ oofo be attributed to nucleor 
diff rjreatiation -elth any certainty,
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The frogs derived froci the serial transplantation of isxslei of mi original 

stage 26 donor (fable 1 ) show that there ore no effects on adult 

characters caused purely by the continue! transplantation of nuclei, The 

aerial transfer frogs are no smaller (on average) or more abnormal than 

the first transfer frogs from tte» saji® donor. 34nee tlneae frogs ore not 

affected by the tecliniqju© or by any ageing process of the soaatic macleif * 

tills raftans that nuclei can be serially transplanted for several ^pnerntiono 

between the eggs of two or aore different species, and tl© characters of 

the resulting frogs directly

V O»t* v*< ir»^^^ 
. Su. ̂ .^1

endoderm 
1. Mtilt frogs, derived from transplanted rmolei of differentiating /

cells of )fenqpus laeyis, Jr-ve been desaribed ¥?ith special I'Oferenoe to 

their size, £»sx differentiation, aad reproductive ctapasity. 'Ih§ sttjdy 

of these frogs shorjss to tsimt extent tlie donor msslei from i&doh they 

v«re obtained were normal in respect of geiies affecting adult Hf© 

and reprodixjtioiij all donor miclei vgildi give ri^s t^ frogs nn©t have 

been nn'zaal for gpaes concerned \7itli developmsnt, aixisse sdult f ro^ 

are^mly obtai^NI froia errtxryos trfiich d evelop nonaall^r.

2* jCransplaiitHTrogs vrtiioh are nonml in every respect have Iseen
W- 

obtainecl fron endodern nuclei^edbryos ranging from late blasttdae to

hatcliing tadpolos, /it least SOOQ ©Moderm nuclei therefore rezaain 

undifferentiated tr> to this late develotxaetstal sta^e* Since those 

frogs can give rise to normal offspring this desnonstrates that enao- 

3erm nuclei can give rise to normal 0orn-cells, even though they have 

been separated from the asocial germ^plasm sine© tliee lat© blastxxla stage,
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A few transplant«£ro3S hate been obtained which are abnormal 

in respect of siae or gMsstogemsisj SOB® of those abnarraaHties 

dua to a najtation fcn th5 zy ;ote niKjleais from which the 

entoryo developed; the afonomallty oonalstir^ of a lack or 

defiaieaoy of gen»-oeHa affected sane fro^ fraa tins most edvanoed 

dosior sta^ss, and ooy be dta© to rmslear differentiation or to 

B»tm*ity of tlio reoipient
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TETRAPLOID PROGS.

Polyploid animals have been obtained in various vertebrate groups, 

but so far very few cases have be«n recorded of tetraploid Anura, This 

paper describes some tetraploid individuals of Xenopus laevis, These, 

together with previous records of tetraploid Anura, are compared with!- 

(i) Tetraploid Urodeles, which have been obtained in several species. 

(ii) Haploid, diploid, and triploid individuals of ^BUQPUS laevis, 

This last conparison serves to distinguish the effects of an increase in 

cell size (seen most clearly in tetraploids) from the effects of an uneven 

sunfcer of chromosone sets per nucleus (as in triploids),

Xenppus is particularly suitable for studying the effects of poly- 

ploidy in Anura. since it is one of the few species which can be conveniently 

raised to maturity in captivity,

II. METHODS BY YJfflCH TE2RAPLOID AMUR A HAVE BEgK OBTAINED (Table 1) 

A« Spontaneous tetraploidy.

Tetraploids occur spontaneously from the offspring of diploid 

parents with a very low frequency, There seeni to be no published records 

for the frequency of spontaneous tetraploidy in Anura. but the following 

unpublished f igures apply to Xenopus laevis. From 992 analysed tadpoles, one 

was tetraploid and two were mosaics being partially tetraploid only 

(Pischberg, Slsdale & Smith, unpublished). In another series no tetraploids 

but two diplotetraploids \vere found among 135 analysed tadpoles (3, Smith, 

unpublished). Thus from 1127 enforyos, just under 0.1;' were pure tetraploids, 

This figure is very sirdlar to the frequency of spontaneous tetraploidy in
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RBWRDS o^ •asmmam r.;

totted of Speeiea of 
totraploido

Starvival aad 
abnormalities

Ipontaneous lacvio 2mn*t , Eladale, n

of

toaperatijre 
jfttije^it of 
iggat 
liot ahock

Cold «hook

ntedle 
blood cells

as talpdles Ssdth, 
or After

Mult frog*
Died ea tadpoles
or soon af ter

«oon after 
astaaornhosis

Died

and

1939.

adtilt* Jshn, 1

5 - 13 ;'
aooordiag to associated 

tetrs^loidyj

not See viable 2, below.

20 - 
aooordiiig to 
donor sta^e.

and King,

These iniivlduala easy have b -n aneuploixls or ;;oaaios as opposed to true tetraploida.
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nhioh wlea from 0,04 to 0.^ aaoording to the speoies (Faak-

B. Proquy 9jp ffiploMa aated to tri

A araall proportion of tetra^loMa or aem*«*tetrQploi&s result froo 

crossing a tr^ioid female vatli a cliploM male, or vice versa. 2h0 

agrplies to ^ppp\is Iaev:u3. and lias been |*rovid0el 

£he o>."t>l}"iea vaults of tliree crosses involving a triploi4

fomale and a diploM sml@ wire that two t©tre|ploi38 ?»r« f oiaiS 

analysed tadpoles (i«e, 3 ;j or* tl» other l*and, nftcr mating a 

feoale with a triploM male, 2 out of i?0 tadpole® frofi, three separate 

orosaes were tetr^loMa (t#?, ). Owing to the aiffioult^ of i^akiag exeot 

counts a^oztg so msa^/ ohr<%i»AOOBa, tiieac 'tetr^loids' my haw been aneu- 

ploids dJUTferiag by a few alxo-.iieoms from the tetra&loia ^xi.l>«i< (?2), /Oil 

if there tetr^tloiaB died before beootnteg aault,

.. of.

iiot abook tre«t£a»n(t of i^wts* 0^3 a few l^oura after fertilisation 

has given up to 93;.- tctr^lol^ aaorig thaae Tshioii developed furthest 

(Fisohberg) 1S53)* l^vwr hot and ooH aliocl: treatiaent deai^nod to 

produoe tetpc^loidfl by a siczilar raeaaoi iatvo proved unwwoesaTia in Jig^o 

th0ug^ hot aad cold treatramt designed to .prod-uce triploids (ahook 

a fe%? jaimitea after fertilisation; liaa psssduoed 6 tetraploids o«t of 1183

analysed tadpole** i«et 0*5^ (Sadth, unp>dbli0hDd) • Of theae only the
derivocl from tb» ooM treatraent boa*®* a3tslt» the others having

died.



ki (1953) fouoft one tetra^loid j

asaong 231 trijOoida obtained bjr oold shcwOc treatsfintj this 

beoai» aJmoyia&l after

A very fow r«xrth«j»g©iietio t«traplaia tad{»olest aosie of

by l^a^jora (1^3?) in Eana

«* iadiaoed b^ prioldag \jnfertlliaocl eggs v&th 

^shioh had pre\do-^ly b^ca dipped la blood

Oolohidisc and

Various 4i§ra«« of polyploidy iroo boon obtained ia 

ooloiiicine on£ sulphtttilasiide tstw«fas»nt of oarl^ ^laryo® (Jahn,

M1 firogs moulting frwa siaoh troatamt «i«m to haw baen 

oontaiaing di|>loid as well aa tctraploid

^T1 ffaw»"lA«w* * '*•«*• »»V*MyUifi?J --jt*-_V«

transplaiztatioa is a tecftniqpe in ^ieh a rasoleue fvtrn an 

cell i- tranafmvad to aii eiuiclsatod egg. It soaim to bo usual for

a certain proport^oii of t&e o^bsTOa resulting from thia kind of ^poriaeat to 

bo tctroploJU:, Instead of dlploM like tS*e iajootcd nucleus (l^igss & K&ng*

ladale, 1958 &,)»E

There ar» znaoy poaalblc r«aa0na for tlido oac^Teiia® of 

after aualear troaaplfititation, but ono or both of tho followii^g ofinaes are
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resporiaittle, rltetraplota^ edght O3ot*r vhttn nuclei to be 

planted are ta'wn at a pertloular sta^e in udto»i»t 2f this mm the ease,

the ; *«pdrtioa «£ tetraploJLOtt etHsateed veulrl be e&pooted to dear© see os 

later tkmor ata^s** are wsed, ftuxro later at«i®9$ fc*w° few* miolei under- 

going Bdtoalfi at any one tin, Uu tlse otiior hand tetraploic^/ r^Lgiit b© due 

to the smll aiie <^P ti*e donor nuolelj laeoause of their siaall wlios 

to that of the «5?®»te aaolei^jj tbM* a^g^ 1>® \malile to briii j about tlie 

first ole&vs^ in a large e^» ate protoots of the first KtLtotio 

rnight f uae, resulting isi a o&nsMerab^ laargsr tetragJloM nua3ma»* 

4<asor nuclei beoooe a0allar as ealaypiiiio da-^slo^iaat pirooeeaa, tbe 

tioa of tetr^plold^ abould i ̂ oreaae with later dojwr sta®»» if thia

(195?)

tion Is correct,

Table 2 c^oms tliat in M^p ^fe I5iag*a 

are obtained suoli raore freouontly frosa later donor sta@se* But in the present 

author's experisaftxrfca ^srith .^^pmi^ »lw hi^bsst ?rc-qucnoy of 'toi;ra£>loi<,lG ia

earliest eqd latoa tadpole ) t \v1ills

taiora (neural folds} gave the mnioiim proportion of tetraploids*

tm> resultfi are o-jne latent with tlic possible GKUSOS of 

desori^od above | in both ^fflttpps, ang iwana t!wr© i@ an

of tetrRplotds asaoc-.atod with Urn latest donor stages u&vd

tratisplaatation, nhioh oould bo coq^lained "by Urn apall sis© of the late stage 

donor nuclei in relation to the large volxsoe of the cytoplasm of an 

111 ^ttQP^» there id alao an ifiore&ae in the proportion of 

derived frou earliest donor «tegB£J, l>ufc this tejiaei^oy ia not in

oorc

core rapid than that of B^aqa and thi& should reaidt .in a
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Species Donor l?unbsr2 of

Diploids

fiqaa pjplo:^ I4tt« olaatula

dtntrula 52

at

23

5 

I 

1 

4 

I

<^f

* |

1t

13
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pro?5orti0n of noolei laeing la oitosl** Qae my oamltale that the

mitosis rsaafasa by a mioleiia at the tiiae of transplantation* as nell ao other

characteristics such as siae, etc, ssssy be to sons? extent »s^easl&l© for

can pr?^rM0 aotnft irfgmrsattei alsmit the

origin of tetraplott amtteJU In a nmilaar ttGar*^? is- kno 

ana dedtfi, 1958) in ^ai^h all diploM iKKOei b®m otOy

maolem inateaa of sam hmdzig tw* For mot 

with 2^^^^ thtd serlgBr haa been tresnnfc in domr m»l©l mid

resulting tetra&lol&a fo^sess two noc^lsoli p®r nuoleua* If 

donor miol«l ^« uae&f teltrapOolft* ^««e four nuoleon per

points alKisr that the tetrsploM oosiAitlon Jsa© arlaen m a result of tlie 

doubling of the injedfted mioleue, ami is not derlwa from the

ease prooei»9 iirobaKLy oomir® in B^§ rtlftfllli in ^WLoh
™ji p uw iiwv *^^^^MVMMmWMWVWF

begin tbeijr first a1«wia» T^^ fllploid© are stsrtli'sg their 

Kiisg, 1957)» ^isttaberg* a (1959) ayltonae o<nocrnttiG tte

of tetra^loidy in newfcs af"ter hot shock treaftasnt hae ahoim that in this 

case the dmsbllag of tfse diroossosse ms^er oootsrs fgf'ter th© first oltotlo 

division.

tadpoles hag* been r0<^:;;?iisea by

in tMoh the uwdJer of jsueleoli p«2r mselmss, ths mmibeir of

malei per area of epidermis, and also apppostegele oJ»ot»aoEB
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2h the case of frogs a«rlvsd from nualoar tra^lanftatlon, tetra** 

ploids proMaly jj©d t&s oxaat tetreplaM oJirataosoiaB n*doar siaae it is not 

likely that a hyper- or hj^oo^traploia condition oould he*« arisen m a 

result of transplantation, in order to exolu&e tiie possibility of

estimations of iimlaar -voltinB n*re laeae fosr severs! different

nuolei are wry flattened and as the aiffemias in thitikkness of 

these nualei in ai|>loida and tetrapl^ia® is vaapj ssaall, if it €>Kist$t it haa 

been iipaoredi tliu® tha volume of opHerraal nuoloi haa >3«en ooci^red l»y 

together the shcvtoat ana lonrpst dia^e^s»» 13ae mxAai of 

Imvs ^«ati res&nJefl as rotationcCi. elUpsoidla* As it ia 

diffiotslt to saaawe tins dcrath of thaaa- nnolal in sastl?ms ? it has been 

aaauoed that the depth is evpial to their S:-.orte0t difeaeter. The

a rotational ellipsoid is oalcmlafeed frtxtk the f orrola -jr K ? aa jt tr
3

not vwy aooordiag to tha sise of an ellipsoid * the volisae of ellipsoMs can 

IM coBpered Tjy r* * ^^<^-» 5-r> tMit dime is calculated % milt^^dng the

largest diaraeter t^ the square of the. shortest diesa&ter* IB *aoh oas© ten 

awolei were ta^^n at random for isecBureoent* ^alile 3 sSaows thi^ th> awra^e 

vol\aae> of tetri^>loM nuolei nas twioe that of dl^loMs, It also shows that 

tlse epi4eraBl oolla of totrG£>loi4 tadpoles increase ia aiae in tha sas» 

as tetreploid nuolei. 2he uaita of c«Mrap«Mint ar© iminportant for this 

purpose 3 of oo^arison* aM «r® not stated*

ol-
ate^r tatraploid ^iim?xis dewlop normally, those tMoh ao not

suffered from tlie saiatt kinds of abnormalities as diplaids also
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by nuolear tranaplaiitiifcianj tlxuB these eacperiiaenta give &® imlioatia* of

aasooiatod with tetraploidy* this c^nslimi&n

also readaed % Brlgg» & Ki»g (1937) from their tetn&loidffc in

from mKlaar traiwpXa^i&im*» Ietr%loia$ ::*S5s obtained "by otter n»«m 

neatly died oa tadpoloa or 'boooa;6 oeo^sat^us as ^wm0 f roga» «^t is not

to ftefc c^tont thi« aortality is aasooiatea t/ith totr«s>loi<ly, 

oethod» of «btaiztUig tetrs^laids ara liable to givo anmploida ana

in aaaitiem to tetnsE>loMa» Althm^bi siorssal di|>loda 

otber ^enus than *MnpjgUB are versr dJ^f iotult to r«gsr to satiirity, ©sd cay 

b««K»» alaortaal, tetra|>loM ^r^s otto? thm faitiftw® &®$® <^tc?n suffered 

mortality or abuonaaliti^s to an eKtaist th«E| would not be «Epoet«d of 3 

Xt is possible tiiat ttttraploia^ i^i ..cr^smts, are mofre viable than 

in pfay ogenetiaail^- lesic '•primitive 1 f ccailioo of -M^ra*
£v?M-

IClgwa. tetrs^laid froyi derived from tvanaplantad niaolei 

become adult • *&&&& appear eat^-el^ nozmal In «m*xy

certain •eoojidmr sex

C. . Kate, of

t»ra"*a^2jtrxtftti«m la a ver^r suitable tocthniqiae for 

a3jr»fit perfcnt «M!Xftrol@« "-'lie nuclei fr;>;n a presis^tiw organ aC a 

Wabryo aliowld toe gezi0tida31y identioal -mlaQs soas of the mxslei 

gone natural Aiffttreiitiatian 'Fisohde^g, •^wraon A llaatale 195^1 

, 1957)* <te young dorwr eistiryos tmr© \xooa far obtaining

diff ercrjoco bet^ioen the niiolei of tho original Amor wo 14 be 

to IM TOxy ssi^ill^ if ejcinti^ at all* natural differentiation is not
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believed to oouaena* untn after the blaatttlft «*a@»f tlaw all 

eeferjos derived froa tte -,aadiiTer0ntxat0a nualei of a siagl* esi«3r» 

'be aeaetioaHy ideatioal, or *t*ofe sd^it be oaUsd aaalear tsilm, 

between «uoh nualear trwdjss oould of oourae b« due to diffarwncea Isa the

of tlje reorient '®£sgi»t tfcou$i aa these are t aSsftr* froa t2ie 

frog, auoh diffeawiuwa would be smll,

tto groertli rate of tetraploid MS&B* was a«f>ared to that of 

keeping ua3er iaenfciaal oooditions tetraploM and diploid :ujol0ar twins, 

both having boca deri-v^d b^ riuclom- ti'a.plantation ^r^a tlio

i«ea0iBnNasnts cr* four suoh paira of tadpoles ^ore isaS.e every 

ffoin liead to emss 3 betwercn the eyes, oxC. a? total Icnetli* After

seasurcnaenta IWWP® ssa^a tjjr insight 1$ two sontlil^ intervals^ 

Though tetra^loids woro usuaH^- sli^ii^y saollar th&a di^loid a<atrol0» the 

difference «^j tMuall^ l«ao than 20, *» l^aoisg tUo progor^r Sif oo® original 

donort throe te-fera^loM LJ&&& -BRjiglied 53 g2.'»«» 50 gfn&«j awd 47 ^s»» (overagB 

50 0as*)» Huolear twin dlploids, nhioh ^®rt therefore also sisCies, t^ei^ed 6€ 

» 39 SES». icid 57 Sps» (fiKv^r@a® ^^ IP®*) * *^ ewcratjD mji^it of 

derived Troa nuclear traneplantation vdried betveon 7® gpa 

tiic mjl^it of four tetraploid feaales vcriod U&tne^a 50 

gpe, i<>st o£' thi» differei^se is due to the lacfe of e®s In 

females j tl^us tetra^loida ^i®igh l@s© thaa d%loids but with tto 

at present avru.lo.Alo, the diTfcrenco is not yet 

.uho siae of orgeao a» nell aB adult aige ia 3i^il«r i;i 

d^ploid Xanomis, ^it the si«e of tetra$>loM rsK»lei9 autl agporentty also
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oella, la twio* tiiat <tf dlpldiaa, Sms, MI in all otJb&r 

tetraploid frogs inust have heOf tin* ratritar of cells as are

One laay oonolute that in IfMfflaa thort 1ft no evitaioe at* a «%iif ioaat dif 

ference In growth' rate, though aiploiaa attain a sll^itly b«t not yet 

•Igtuf ioantly, greater adtat

haw so far beooos ad\ilt | f<w «^ ttoaw

are indlst i ng>iiahii>lff iu extorsial appaaranoe fro'rs nor!i%l ?^ales| the other 

four aj-jpom^ to be ^iietleally fea»d»« 

Hales,

.01 t*tva$ldli s«l«« ttai blaok mrptial »a?l on th» fore**«SRM» 

(2axt fig, 1)^ and the «nAition of tl'te olaaoa aw? idont:tel to tl;;iOa^ of 

diploma, Ulian tetraplold inales as^l oontrol aiploi4s of ttot »OT» a§» haw 

bean given a @oaadotTopjM»o feoiiaom injaction to ati(^ri'>te ?mti^> the 

tetraploids oroak zrsjoh leas 5 on oraly two cwonslojia out of nine haw tetrn- 

ploid nialoa olafl^ld a feaale v^iicli tms abm.it to 1^;, ev@n tiio-^^Ji ooiitrol 

diploicU haw imn»d4ataly cslam«8a. ti» aac» fon&lea. C^ri eaoh ocoasi 

a tetraploid oal© oXaspad a f«iaal« itttloh was laying eppaoevnUy goocl 

ivxew of tiie eg^ dervolopod* Unfliar s:k^ll«

ocmtrol dlplold ®al@a Mid deu^loped

t«trapl0i& malaa -haw "bean &lsse«t©d# In eaah tetra^loid It 

f ound that the teotes ware *i9ti0o«ibly smidler, arid tfat f at-4xfcay 

lobod aaft graator in relation to boa^ iwiglit, than to otmtrol diploias (see 

4 ant TWrt fig. 1)*

The tetraploid tostos -wr® seotiomd and oc^pared to diploia tastes
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OSf f^HKKfl Xtf TETR/ /u'lD ' IH/OI

Tctraploift 9 

Diploid 9

. Diploid

total body wi^xfc

85

of

35 ,pa- 

47 grans

a* 9
WO

_5_t 75 grass

I*o» of lobes
of fat-body

17

23

«f total

3.5

8.0

TETRAPLOID MALE DIPLOID MALE

nuptial pad on fore-arms

TETRAPLOID FEMALE DIPLOID FEMALE

spleen oviduct

ovary urinary bladder

1, Dlajjraaw of renr^xl^livo organs of diploid and 
; also of nuptial pais on rore-arne of malo».
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In tha tetrag&oid teatis ths typical *w»s$s of » •;-,.*.

(fig. 2a). in interphase before neiosia (fig. 3a>» and 

in preparation for ths first saaiotio division (fig* 4a), l^tesploid 

appear quite healthy. However after the first laeiotio division tetr&plold 

•jpeswmtooytes are variable in siae ana shape, while diplold nuclei are wry 

aiailar to others in the sisae noot at thia sta^ (of, figs* 5a and bj. /fter 

the aeoond miotio division *arly all dtplokl spertmtida 'became normal..

ishile tetraploia apermatMa are at thia st&o*2 laostly arraated 

nuclei , the reBtainder forming spensatosoa of very variable sisc a

shape (fig. 6a). 2heae findings indicate that teJraploid

behave normally up to the £ irat naiotio diviaion* During; Jaaiosis in tetra-

ploid oellc, olwcHaaaQiaas are not distributea equally, m^h that ir&st daygi'tter 

nuolei receive too ®a$f or too few cxhrorrooocsea undt only by ohonoe do

donal nuolei rcosive exaotly tte diplold nuot?er» This interpretation is

tha variation in slse of speiratooytes after ©aoh seiotio divi*

aion, and oould be brau,^jt about by abnormal O^OOOHOOD pa.a*ing. It is 

apparent that even after two irregular neiotlo divisionat ®a@a apenrnio^oa 

are fonaed, (fig, 6a)» It aeeiaed \sorth testing the ability of these wdiploidn 

apenaatosoa to brine about development tdth iioretal ur^ortlllaed eggs* 

vac investigated by ajtttificially fertilising the eggs of a di&loM 

with a sperm suspension from the testes of a .UploM ami tetra^loM inale* 

Of 22 eggs treated trith sperm from the diploid sale 13 developed normally. 

But of 18 eggs treated witli the ©perm from the tetraploid rsale, none 

developed at a!3.. The protmtstity of obtaining this d iff ©renew by ohanoe is 

and the differenoa lasy thavafore b© oouaidered ai&Ofioant. ^t ia not possible 

trith these sooll nu, ix»ro to ooiTolud© tJiat uo functional sperm is p*oauoed by
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Plate 2, fig. 3. Section of testts, shewing sperinatocytes before
entering meiosis.

Fig. 3A, Tetraploia. fig. 3B, Biploid. X 2*DO.

* fig. 4- Section of testis, showing spermtocytes beginning 
to condense in preparation for the first meiotic division*

Fig. 4A, Tetraploid, Fig. 2*B, Diploid. X 400.

" fig. 5« Section of testis, shov-diig spermatoojrtes after 
first Epeiotic division.

Fig, 5A, Tetraploid. Pig, 5B, Diploid. Note irregulai 
sise o:° these nuclei in the tetraploid testis oonpared to 
the triform appearance of these in the diploid testis. X 1$

m fig, 6. Section of testis, showing spenrntoaoa. Fig. 6A 
Tetroploid, F3^. 6B, Biploid, The diploid sperm is almost 
entirely normal, while that of the tetraploid consists moatl; 
of pycnotic post-sasiotic nuclei, with a few sperm of irreguli 
sise and shape. X /400.
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ft tetraploia :^ale; ljut it i» apparent that wry little aptns i» produoed, 

and that mat of that Aioh is, oannot Taring about deiralspaaesfe Tfith noitaal 

eggs. This experiment with artificial fertilisation ohotra that th© inferti­ 

lity of tctraploM zaalos is rot tftwlly dm to their ineffeotiw mating 

behaviour. It also e^aalti&es the peaj&Mllty that althois^i a few ftaiotioaal 

epens&toaoa iaay be paro&uaetl* tl»se are iiever actually released by tctra-doids 

which shew aore reluotance to clasp*

Tiie ail^'ororioes in the re-produotive oapscity between diploid and 

tetre^loid male® may be mamriaed as follows, lit caeternal ffloarpfeology tetra- 

ploMs have ^ell developed se03iida3?5v aesmal ohia-aate^s, ar^ are indiatiaguitfh 

able £roBi diploids. liossdever the rmting behaarioir <3f tetr^ploids is inferior 

to that of di^loids* OpernBtogeamift in tetr^loida IB vei*y al^Kwcaali it 

^ppMm that the pairing of ^sroiooaoEaes in tetraploid niploi in irregular* 

This secrao to result in an alioat random distribvtt.lon 

that only oooaaionaliy i» eaeaotly the diploM nuciter of

to an^r nucleus* Meat produots of i0aiosl@- in tetraploid mice result in 

pyonotlo mi8liei9 but a few aperme^ossoa m-c f onaeft* These ere variable in 

aizc anl onapc, and are noatly inoapaljle of bringing abotst any dcwlop;:ent 

witli aorrsal eggs*

Female*
Poiar aiult totraploid froggs are aiesilar to f esalea, 'i^iere ia no

«ifc 
nuptial |>ad on their foi*e*erra»| but Acloaaa is aaaller in «ii^ than that of a

normal feraale, and is aiiuilar to that of inaature frogn*

ihen injected Tyith gonaaotrop%lo honaone in the way that oatioe* 

normal females to lay, these tetraploid feisale© i^ro not olasped by raalas, 

Thus theae frog0 laoloed so» phyaiologioal fastor or behasrlow pattern
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Plate 3, fig. 7. Station of ovary of nonacd ai^loid frog, a fct?
after atttaEQars&oalfi, showing prazaeiotia ooaytea and

yaung auxocytes, X

3* Section of ovary of first tetraploid female* X 85.

>>. Secticm Of ovary of oa.e for.:,il.c t 
of ^?--»^*i at tli» **B* staB osei be so • -a on

fig* t0» iJeation oi' ovarv. of aasas fecalo tetroploM,'•' 340*

fig* 11. Saotion of ovsr^ of ^oo^flt tetrsoloid feiaalo, A
oo^.-t© ia ^en# Ii3i& atr^oot oleaar apaoes ore 

the result of dea^ed oooyteo* >» 35*

12. 3@3tion of ovary of aaoe tetraploid fen^CLe, 
a . ,roup of iicxnaal precaelotic nuclei. X

51 . 13. Seotion of ovary of earac t«traploid female, ahowlng 
four youaao i^ro??ing aa^ooytoa, ^ilofa appear quito normal.
Vory f^sr mcioa^aa dowlop beyond tt ..ia ata§o t X

fig* 14* 3eot£on of ovar^ of aace tetraploM female, showing
bagirmir\- to die, with pycnotio nuolei. A 340.
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induces males to olaap,

Two f ojualos have been disaooted, In eaoh oaa© th* fat-body 

oons'HereKLy ssore voluminous than in normal feiaoles (aee Xable 4)j tfe*» is 

tewwn to be associated with sterility (Gallta?, 1^6; » In 03ie female 

(18 months oH; the ovaries «*re represented only b<j| assail folded ridges such 

as are found in immature fenslas a few laanths after lartaaorphoaijs (text fig* 

1«). Bectioiis of tho ovaries of thia feiaale oihomd that only very yo\«& 

awKOcytea wwe preaent, %art from the tasual presaeiotio nuclei of very 

early oooytes only dying ooojtes oould be aeen (figs* ^10). *&& glar»a\ilar 

part of tho oviduct wall of this fomele tms poorly developed f tliou^li that of 

HM other tetraploid feisale to be dasoribeft was j-iomial,

A a»eoad tetraploid feimle vm^ killed after 14 monthsj it failed to 

lay any eggs after the usual injection of hom»r»o» The ovaries of this frog 

man almllsr in asaaral «L;)pearanoa to thoae of the pvevioua frog (teact, fig 1), 

but aeotions ahoiied that a few growing oocytes were pwoeiit^ 2^je xncjority 

of oocytea iiad died or v/ere dying at an early stage (fig. 14)* It seessed 

that ooeyte development had proceeded a little farther in tliio f eiaale tl^an in 

ths previous frog, 53*e ovMuct of thia f eoale tms like that of a norml

diploid*
Certain Terieraliaation;, oan be laade about tl«j oopacity for oo^eoeaia 

in tetraploid fooalea« In tl» ovaries of both females reforrod tof croups caf 

•eodenaed pren»iotio nuclei can be seen (fig« 12}, At tids stage the 

tetraploid fiaWB-o«lls aeem nomwl, and ere fwry similar to oon^araiale cello 

seen in tha ovary of & control diploid foisale killed a few laantfea nfter K»ta- 

Morphoaia (fig« 7)* In both tetraploida the ooo:/tes began growth, and fig, 15



• VXX. 13 -

ahows a group of three aiotoejfcea u?hioh still appear $£*• liw&tisr* ifewrwr 

at about this stn^e alsxwt all ®uxo<3grt0s f rom tetraploid ovaries aeon to die, 

thair maoiei beoosteg pjoaotio (f iga, 10 asst 14)* f£h© ovaries of both 

feraales aea&airecl large iioa~oellular vasuoles (figa* 10 and 11) \shich

result frora the contests of one or iam»e deoa^od ooojfcea. in oxie 

o a vtjr^- f«r/f exooptional! mscooyteo have survived the csritioal ®ts@® 

in their early growth ^'»n a»st diej th@^ have tlwn gronn into large oaqytea 

\rith normal yolk fonmtion (fig* 11}* In the other fa-ale 110 auxooytee mom 

to liavo QunrlTwa the oritloal stage, ami there is a al.i^it incSication of 

••Ji'roveraal towards t i*o L^ao oo'ndition* -his is siaggoated bj? lara@ 

of oells the nuclei of vhioh ore rll at tlie ««me &tn@@ (fig* '9)» It 

possible that this ooroly repre^enta dcl^od or arrested gosa&I

en tho other liai^d Qiang (1^J) from his work on hamone indvtoed sex-
>

rogacrd0 suoli nest© as the first atep toward0 reversal. In 

of this mnpetlcm it is fcmnm that testicular differentiation of & 

often toiida to increase et the expe.'ise of «t,voria.:i differentiation, as for 

itfien a gon*S has »uff*red a gemr&I, ii^iibitlon (WiteoM, 1936),

^*lS8i* * FanWwaier (1950) haw found that trirxloia females of 

t>ir>ieiM «MW unfltirgo reversal to sales as a result of trlploidy. It
WfcBN**^KXilPW*^^^P ^^ • **

that tetra^lold .Xonopus females will ahow a more olear teM^aoy f 
tewarda male diff««t(ttU«tion aa they become older,

Tho o dy tim IxJtraploia fbniales iMoh Iiav« been diooected so far 

have aliowi a ootttlOftrable differomy in tlwir powers of gi^»togeiies;is| on® 

vas oojapletely sterile, while the other produoed a very few nearly e*atisre 

and possibly aonaal eggat She reason for this difference i» not clear, and
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It *iH to* naoaaaapy to wait until swr« tetraploM f etaaies of dtff e**nfc agea 

Taeen saorif toed* A ^raatar variation m® f ouad aiaang triplold females 

(iSralth, uq^tibUahetl, see : tertian VI Iselw)* 

'-lie f ollaitag aaiafe»iam» aan be made aonoea-ii:^ oogeneeija in

ths gr»«t Eiajorltj of o^o^t^s b^cwsm irspested or at© «t

on early stage in oogenosis, i"htaa gansrtogei-ieaic is nsoatly arrested at en 

earlier »tg@s in femlos than in laalesi IB ths latter, gtwatofcrawls first 

boooi so abnormal <^isrin %h& f irst asiotic divisiaiu So far too f«w

have tieersrs

a few alroot

to Qtmm®kt on the fact that 030 fezaaXe

vhile «&**tli0r wm oor^letely sterile,

«aee imr^ ... -.,• ^r^idjous ^xjmints c^ tstrvploid frog^, 
(1939) has cleeoriliod fotzr totraploid t©dj>alea of gfiffi ii^g^^ag^I^.a* the most

AllA before . «taaaK?phoais, birt ! Ivsd longer thaii is lasual for 

: r>snlac, > t.'ioi^ shorter than trlplo'.-la* It IB probable that the 

parthenogenetio ori,gin of th»ae fro^s (with partial hosoaygosity) voulA

for aorac of tl^ abnoanaalitieaf Vhidh oay not hare boon ^iolly diae to 

tetraploia ooadition of their txuolei*

and a

an » tafipole graw abovit 10,-, faater tban ooapanibla diploida,

in&ividual dabed tso isissitha aftar raataiaorpi^j-ljs; ita tatraploM

jsor« normal than triple*!*! otariaa* IWBW •inf«odor to thoae

Thiaf rorj did not aeam likely toieaoli
it

fiaturity, haft/not

s tha faMrtOfiprseaia of tl^eaa is mora than that of
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tetraploMa, ahardns that m onr4«is««Bt a£ ilplota oeH0 can inparova
of tetraiOoid ^afsetas*

tTahn (1952) h**8 de&oribed tetra^loiA £an» tffgpararia though it 
appears from efar&maae waa&era given in that f>as*er that the**© tetraplat&a 
ware in faot di9loHwtrapld&& mssdas* ^bese totre^XoM frog® art Hftid to 
tare ^own faster and to haw roaohoA a greater Mutt siiws than theix* 
oontrols; it is Jsmievar stated that the aantarolfl produced inferior 
to t^pioal diplQMs. ^'h® perfcarawewe of theae tstra^loMa is different fro. 
all otliers that Imm ^e«n deaoEribe^,

In Urodelea 9 totrag>lojjdUi ®3?e in ^arieral IUBS viable than

a tetranloid
pyrrhoguster, thoi^i thia la a^areritV eaeoc^tiimal,
ffliya, 1957). 2atarac»loid maatis «ara ^parently Ei^sfe aore vi^le tban asi^r

•

tttraploid iBPsrtelea (l-iyRitoe^ arrit Faalda»!iaerf 19? 6), K«ww«ir» ana 
attribute this 'attar ferfarsaaBaee af tetraploid aawlotls coc^ai'od, to 

vroAales to M«N»t««gr .i» thia. specie® « Tetrs^loid asrolotls
viable t!iaa «^r other -%|5lii^iaj this i&

to the faet that these ^e-sies are uv-umml in la&li^g an aqcatle life 
as adults, anS oan thwa be leapt aasfeiafmtorily under Ia2>oratory

'r.ifi vialility of totraj>loia Aniara aee» in ^amral to lie 
to that of aiploaita, e^eolally after mtanssrphoslsi the ^tra^la

af fMffy. Jsfflsada ''^^^ *° ^ e . r "i»^J- &j this reject* Aa
-^^ta. raaaafele^ otlier tetragitia Anwra in boi?ig vety inferior 

to Olploida, as they are often aterile. With tha eaKse^tien of the Axolotl, 
tetraj>loia uroftalea e^«n to a «f f er frosi the aaoe def eotiw gaostogaueaia ae 
tetraploid /



~ VIX* 16 -

species are distinctly uMffnon in Vertebrates if they 

exist at all ana are unknown in tours* n?!»re&8 tetraploid speaisis are known 

to exist in many plants sad in ©3s» invertebrate saimelo. to has been shorn 

th» viability of artificially induced tetraploid vertebrates need not be 

less than that of diplo-dsj the reason for the scarcity of tetraploid speaiM 

in vertebrates is seat probably associated with their very abnorniil gau»to~ 

genesis. ta*o distribution aa5 behaviour of obros^sooss during r^iooia in 

tetraploid Xenomaa is very irregular,, \?Mle tctra|>loia ylants oan give a 

high proixartion of viable gacDtes* !Ehe reason for tl*is difference is not 

oloar, but inay be oonneoted with the paring of honalogous ohroraosanies during

f oHowiag inf aanoation ooaoemiag triploM jgnopua has been 

very kindly provided by 8* Ssdth (wipu&lished), asd the outl'ior is grateful 

for ->eing allowed to qpote tlie results of this m»rk before its publication,

rate of grwth of triploid ta«!3:poles snd frogs in /xenopiaa is 

from that of diploids* Mult sise is i-^sre variabls soft

slightly greater in triploida than in dlploids, but this d;lfferen.:3e 

l^y no zaeaiis significant , sesusa to be related to degree of sterility.

/iS r«gai^ds gapDto^neais, triploM fenmlt.;; arc of two kinds } tlisy 

ere either entirely sterile with no grossing oooytes (oa* 80,. of fexa&le* are 

of this ki^), or thoy ore capable of k?raduoing A few apparently mnaal eg^s. 

.After fertilisation by A nonaa! diploid male t oost eggs fro® a triploid 

fsaalc whioh begin devolopiasnt ^ive abnormal embryos, but a fevsr have developed 

into frogs. i.iost triplo^d nslsB are quite unable to fertilise aonaal
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some eggs fertilised by a triplold vale did howvsr start development, but 

nearly all died before i&tcaaarphoais* Thus the gaastogpneftia of triploid note a 

and females is jaueh inferior to that of diploids, ±t is probable that the 

aeiotic distribution of ohrcaaosoines is tsore or less random, so that only 

occasionally will a g&aete arise with exsstly the dipltiUI or haplo&d 

ohroiaosooe nudber*

•Dm may oonolude that the norphology and viability of tetraploid , 

triploid and diploid ^nomy is sl-41ar| this is in contrast to he^loid

. titiioh only wry rarely x^««h normal taapoles t aM az« usiiftlly stOBigly 

i, dying soo«i after hatohirjg (Gwion, unpublia ed}* The physiology

of tetraploids has not yet been invostig^ted* ^heir

is variable «sd is inferior to that of triploids* It is hoped, to inwstigat©

this ftarbher ^hen raore ^otaig tetraploids 'oeoocse adult «

2his oo^pa^ison of ^SSBSSS& }?olyploids shows that the aain f aotor 

causing sterility in polyplold ^^v^ is indopenSent of the 

- etcrmining meoJhanis&y but is 3ue to the ^usral increase in

This is shown by the f aot that tetrtsploids vrith the noi*nal ratio of 

are lesa effioic-nt at gfiueto^cnesis than triploids, whic}; in 

the brtarogarastio sex, have an abnormal ratio of 3ex-chro:;.O3oi:»^, (both r 

Xjl, and of

desori|)tion is giv^n of sons tetr^?loid individuals of 

^doh ?Jere obtained by niiolear transplantntion« In external"

morphology tliey are almost identical to normal iiploids* Their aise is 

slightly smaller than that of tUploids, but ti«ir rate of growth does
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not differ significantly. 

2, GasBtogonesia is wry abnonaal in tetrt^loid 2&»S2ZS&»

so far been entirely sterile* apmaatogeneaia beeooMi wore pjbraanaal at 

each selotia division, iw&iably dxa® to a rmtiem distribution of 

soraes to daughter nuslei, Oogenosi© becomes ebnoqnnal i»fe»n the , 

of oo<^rt«» &LB at «aa earl^r at age of their developmsat*

a *wry far; ooa^es Se-vslop l^yoM this eta^ teto alffliit 

normal eg^^a*

The results of :liff©reiit »tls0ds «^d to obtain tctroploift 

doaorlbed. All ^arevioualy recorded tetraploid frogs are

with t«traplo^l .g^K^xip^ -d-iioh appti^ to' be nnre nafm£L ^wm the fornsor*

oon|>«rad with hisploM mid trlploid frogs

the saaae «peeias» Hsploids nearly stlwiya die oa atoonaal tadpoles 

t«fospe feeding, tihll© triplotas aaud totraploids exdnly differ from 

diploli/e is their reprodtaoti^e ee^aoity; 0esr>?idary aesc ohRrflsiteifs are 

often well developed in these pol^plo'ld®. The gaooto^onealA of tc-tra*»

to that of trlploida* 3iia f aot shows that

the infertility of ^ol^ploida is r?u» to a general l-xsrease in ehroracn* 

son* mafeer and not to the ratio of

in contrast to plants, natural tetraploid species ape unknown in

probably do not exist in other vertebrates, lliis is

possibly dwe to the 'behaviour of chromooeBM tisriag 

(either XiTf or Xjaiitoso -.»»).
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VZII.

In biological eKperiaenta designed to analyse tha effeot on a 

process of a certain factor, it i» often desirable to reduce to a 

the variation .In results due to other factors* One way of doing this i* to

identical individiiala. It is not difficult to obtain

in OTymisnia vtee* em be reproduced wgetatively, or xdtotioall^y like

plants sal s&cro~organis&s* and many invertebrate animals. Vertebrates, 

«rf only reproduce by sternal ^seans* sad so nearly always giro rise to 

oi*f spring t&tah differ frojsjsaah other in some reapeots at least* Identical 

twins arise naturally and oan. be jaU-v^adijoad eaq^erliaentally ia Vertebrates 

by diviaior. cf an egg or eabryo, flM^k it is ^eiry unusual for ssorc tiisn t^o 

suoh individuals to bo obtained, though as i^any as oi^^t are kncmi« 

Continued inbreading can ?jLv& rise to a high degree of genetic hdao^ygosity, 

%ttl this is ustially associated with iseak* ebnoitaal, or evtm sterile

U It is tberef ore vory desirablo to be s&le tc obtain a stock of 

identical iadiTidtials araeag ths Yertetoatos, ^dthout the tiza3f

labourfand Iocs of vif-pur associs^d with inbroeding.

In Aog&ibia* suoh individuals oaH be obtained by nuclear transplant- 

ation, T/i-dch is in effect a zae&ns of replaoiag tl-o zygote nucleus of a 

fertilised egg by an eiabryoaio oell nucleus* If a nonasl (tindifferentisted) 

nucleus is transplanted to an unfertilised and enucleated egs, a normal
*L *,...- \ 1 ^ I

;-eai>ryo will often result (ton-; and Brlggs^ 1955)* In the ease

stioh trarisplant-«rDebr^T3s haw besn reared into adult sexually 

fro^s (uirdon, ^ladale, and FisoJ^eroil^^B)* '^iiere are good reasons 

for believing that endoderm cell .uolei in AO^Q,;^ do not be^in to differ 

•safe other witil after sastnaation has ended (Ckira<Mi,a) t <Zhm
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or -tfrogs deriwd Jay nuclear trariaplaatation fros* 

the eadod©rm nuclei of a single blastula or gastrmla Xe-pgua oiateyo a 

be iaenfcioal. ?4«y are, as it wre, tho prod«ots of ve$stative propagation. 

It doos not alter the result if the original eufcryo used to provide donor 

rroolei wan itaelf the prodt^jt of a transplanted mioleua, as in serial 
auolear transplant atitm (Ch#€an,a)«

I« oao experiiaeraft with Xepolp^p t the tranaplfidfctioa of blastula 

auolei ^ve rise to 20 regularly cleaving transplant-^oSxpyoa, o^ ^liiali 19 bee* 

nons*al reeding tadpoloa and »m>soguent3^r iaetaaoi'pliO0ed» '^beae 19 frog^ 

reareu uacter good laboratory ooriditlons wita ;.iccciiaal feeding and no 

but in opite of' thJ-G tliere is a considerable variation in 

aise* oi' wldoii ?<ei^lit Is a GOOC! ijiclicatian* -en frog3 v/eigheci between 26 

aa& 3c- 038f seven between 10 aiad 33 £?3&* ^^ tlsere \?ere two dwarfs v/liioli 

weig^d ocly 3i gm eccii, Ilie average ^eiglit of tiwae frogs, excluding 

the tire Avar? sf was 23 gpaa* T/idah is najuih lov^er tltaa the average of 52 .fjas 

for oonti"olt» iiowsver, azoo^g aontrolij tliere is elao a eoi^idcroble variation 

in ai£e^ and a few dwsr£' ijtdivMuals cKxmr (^yrdontk}»

(Gurdon,b> liavu ahoum that the &vsraffg, siac of traa»plant-f roga 

is often donor apeoifio, i«e» geaeMe^U^ aorita^aablod, v/litle inrlividual

v/ithin the progei^ of a single donor ia aif eoted by

f aotors. ^10 present ooriea <af geiietio tvdnb oom'inao the evidenee that 

the variation in »ise of laboratory reared j^pigqja is iiot only dti@ to 

individual gonotio dif f erenoea* Sbere are aeveral posaibl© oauaes of thia 

rango in adiat sisei porhajw tlie a»«t lifeelj of tineae is the variation in 

*gg quality (inolixlins intsaturitj and ovenaaturity) isiiioli seeras to be 

Inevitably aaaoclated tdtli unidentified deficiencies of a laboratory diet 

It cwat be bom in zaind that sotao of tiie aiae variation in
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genetic twins could be d*e to gene induced differences in the eggs from 

which they were derived? however, since genetic twins are usually all 

from the eggs of one frog, the differences between egg nuclei 

be amall and are unlikely to have any effect on the quality of eggs. 

In other respects than size these genetic twins are very similar to each 

other, ihey are all males except the two dwarf individuals, which have 

not yet shown secondary sex characters. The pattern on the body, which is 

variable and under genetic control, is essentially the same in aH 

individuals. In due course it is hoped to actually test their identity 

by experimental mean»#

These genetic twin frogs have been described merely to illustrate 

the principle ®£ the means by which they ?/ere obtained. In most series 

or clones of genetic twins one -would expect the average siae to be normal. 

A completely pure orea&Lng stock (apart from non-lethal mutatAAns) could 

be obtained by $®s reversing some of the tadpoles in a clone. This could 

be done in either direction by hormone treatment of tadpoles at the 

appropriate stage in their growth Y/hen sex determnation becomes fixed, 

i.e. in Xcnopua stage r>2 of Hieuwkoop anfl Paber,1956 (£allien,l956j Ohang 

and Witschi,1956). It, would in fact be necessary to treat separate 

groups of tadpoles for sex reversal into both males and femalea, since 

their genetic sex -would not be known at the time of treatment.

I am very grateful to Dr. M.Pischberg for having pointed out the possible 

use of multiple genetic twins.

For references, see next page.
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DISCUSSION OP CERTAIN POEITS ARISING FROI& CHAPTERS II TO VIII*

The direct conclusions have been discussed at the end of each 

chapter, but some further coinnents are required on three points not

adequately dealt with sofar: the technique, the specificity of nuclear 
changes, and the effects on nuclei of foreign oytoplasndo environments.

Haploid, diploid, triploid, and tetraploid :fen_o%>uff have been 

described in chapters II and VII. OJhese enibryos and frogs demonstrate,

within the same species, the effects of different numbers of chromosome 
sets per nucleus; this subject has already been brifly discussed at the

end of chapter VII, and does not require further coimaent.

The technique*

The technique and the results of its application have been described 

(chapters II to IV) | it now remains to consider whether these results are 

consistent -?d.th the belief that the technique does not cause any abnormal 

»r§ai»ii*ffi"«§Syy^Qdevelopcaent» Though blastula nuclei are believed to be 

undifferentiated, they nearly always seem to give rise to a few transplant•» 

embryos \rhich develop abnormally| similarly it is unusual for more than 80$ 

of all transplantations from these nuclei to cleave regularly. It is 

necessary to account for these abnormalities, T/hich are not due to the 

quality of donor nuclei. The technical handling of donor cells may be 

responsible for up to 20$ of variation in the proportion of transplantations 

•which cleave regularly, but in other respects the technical treatment of 

donor nuclei and recipient eggs has not been found to affect transplant- 

embryo development in any way (chapter IV). It t/as however found that the 

quality of ^0^^ eggg COuld account for some abnormalities; as this is 

the only variable that was found to be correlated with abnormal transplant- 

enibryo development, it is probably responsible for all abnormal development
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from blastula nuclei. It vms pointed out in chapter V that sometimes -well 

over half of all transplantations from blastula nuclei may develop 

abnormally, but that it is very rare for more than 20;> of fertilised eggs 

to do so. One would therefore expect, as is indeed found in practice, 

that the proportion of transplantations vfaich oomnencse development is 

higher than the proportion of fertilised eggs which do so. Many of the eggs 

laid by a laboratory feiaale with a clasping male fail to cleave* this is 

also true of artificially inseminated eggs, so is probably not due to 

deficient or abnormal sperm. £hus laboratory females seem to lay a variable 

proportion of abnormal eggs which are incapable of natiral fertilisation, 

but which commence developcjent -when injected ivith a nucleus (though fail to 

develop normally thereafter). The respect in which these eggs ore abnormal 

is not known, but it is almost certainly due to the frogs* laboratory 

diet •whish must be deficient in some ways. IMs variation in quality would 

not be expected in the eggs of animals taken frcaa their nfctural environtaentf 

and often 9<$ or more of e^gs laid by Hana pipiens are fertilised and 

develop normally. This accounts for the smaller variation in Briggs and 

King's results v.dth the latter species than has been obtained with Xenopus.

In chapter II considerable attention was paid to the fate of the 

irradiated egg nucleus, in order to find out whether it can affect 

transplant-embryo development. Any effect it might have xzuat bs by 

fra<3ments of the irradiated nucleus becoming incorporated into the 

developing nucleus. If these fragments are unspeoifio ( 7 small molecules), 

they would not be expected to have any effect. But if they are specific 

(? large molecules or chromosome fragments) they would be expected to have 

a disturbing effect on normal developoent; this is in fact nhat happened



after very short doses of u.v», Tshich presumably resulted in partially 

irradiated chromosomes becoming incorporated into the developing nuclei 

(chapter III), \Vith the usual u.v. dose, transplant-en&ryo development 

is laore normal, and a further increase in the dose has no effect on the 

frequency of abnormalities*PIUS there are theoretical reasons (see also 

chapter III) for believing the irradiated egg nucleus lias no effect on 

transplant-embryo development. However, this is only negative evidence 

and the question must be finally settled by coiaparing the results of 

nuclear transplantation into the eggs of the saae species sysie of which 

have been 1 enucleated* by u.v., and others by microdissection, Since 

Xenopus eggs enucleated by u*v, give better transplant-embryo survival 

than Kana pipiens eggs ©nucleated by microdissection, it appears that 

any effect of the irradiated nucleus would be to isprove transplant-embryo
A^*,

survival, dinoe u»v« afifea. causes less damage than ndcrodissection, this 

problem should be investigated by finding out whether ftana pipiens 

transplantations survive better -when enucleated by u»v. than by micro- 

dissection as used by Briggs and King.

Lastly it is worth dracadng attention to the lindtations of this 

technique. Though it appears to be satisfactory for the transplantation 

of living embryonic nuclei, it oannot be applied vdthout further modific­ 

ations and tests to the nuclei of differentiated cells.

She specifipity of nuclear changes.

In chapters V arid VI the main attention has been devoted to tbt 

frequency of normal and abnormal transplant-embryos ani -frogs, Very little 

has been said about the specificity of abnormalities in relation to the kind



of nuclei from -which they are derived, Briggs and King (1937) have 

described certain abnormalities as being cliaracterjjsstic for endodena 

nuclei and others for ectoderm or laesoderm nuclei. It appears hoover 

that it is not so mudft the nature of the abnormality as its frequency 

which is characteristic. For instance the most easily defined syndrome 

of abnormalities is that associated with embryos derived from endoftwam 

nuclei (ectodermal derivatives deficient or abnormal, and raesodermal 

derivatives often abnormal). OMs syndrome is found in a majority of 

end&jrra transplant**embryos, but is also found in some embryos derived 

frcd mesoderm and ectoderm (Briggs and &ing}l357)* -^n Xenopua no single 

type of abnormality lias been found more often among endodexc tranGplant- 

ezabryos than among embryos in which abnoxmalitxes are due to other 

causes, e.g, haploidy, A few unpublished experiments with gastrula 

ectoderm nuclei indicate that similar abnonaalities^aaong ectodena 

transplant •embryos. In Xenopua it seeas that all developmental abnormalities 

appearing betr??een the blastula and neurula stages depend upon the extent 

to which the yolk is invaginated during gastrulation. The differentiation 

of the head and central nervous system can be related to the degree of 

yolk cell invagination, vihich can also be influenced by purely environmental 

conditions such as the tonicity of the solution. i?or this reason it seems to 

the TTriter that several embryos which are genetically abnormal in exactly 

the same way (i.e., in respect of the ssse genes) may nevertheAless show 

a wide range of developmental abnormalities (of, chapter V). This is the 

same as saying that normal development is canalised so that all genetically 

normal embryos develop almost identically, while canalisation would not be 

expeoted to take place in abnormal development, These considerations have 

not been brought forward as evidence that nuclear changes are unspecifio



for the type of donor nucleus, bgfc merely to draff attention to the difficulty 
of demonstrating the specificity of changes by observing the type and 
frequency of abnormal transplant-embryos.

Specific abnormalities are muoft less likely to be found in adult 
transplant -frogs which, beaause they have reached the adult stage, must be 
normal for the greater part of their genotype. As vros pointed out in chapter 
VI, the abnormalities vdiich occur in adult frogs are presumably clue to 
relatively small abnormalities of the genotype; the expression of these will 
not be Esodif ied by lack of developmental canalisation && should therefore 
be much more constant. No clear exaaiples of endoderm specific abnormalities 
have yet been found in Xengpqs transplant-frogs, since the donor specific 
abnormalities described in chapter VI may not be related to the differentiation 
of endoderm nuclei.

The significance of nuclear changes is still a matte? for oronjeoture, 
and has been discussed towards the end of chapter V. Nuclear changes are 
pres"uj2ably causod by the particular oytoplasraie environment in which 
different somatic nuclei ccaae to lie. Examples of cytoplasciic effects on 
nuclei are quoted by Fischberg, Ourdon, & Blsdale,(l953,p.176)»*iiere it is 
suggested that nuclear changes are brought about by the inability of nuclei 
to synthesise copies of all their gene loci, Giving to the lack of the 
necessary substances in different cytoplasnss. This particular point has been 
investigated further by the experiments described ironiediate^y below.

%terospecifio nuclear

The principle of these jpperinients is to transplant an undifferentiated 
nucleus into the egg of a different species of frog; when the resulting 
transplant-embryo has becoiae a blastula, son» of its nuclei are transplanted
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back into eggs of its own original species. The development of these 

transplant-eiabryos, whose nuclei have replicated and sunthesised in foreign 

cytoplasm, is then compared with that of controls whose nuclei have only 

done so in the cytoplasm of their own species. This experimental design can 

be modified in verious ways, by serially transplanting nuclei into the eggs 

of both species for diffex-ent numbers of times. For instance, nuclei may be 

transferred to the eggs of a foreign species one, two, three, etc. times 

"before being transferred back to the eggs of their original species 9 as a 

nucleus divides nearly fifteen times between its first division and the late 

blastula stage. This experiment would show the effect on these nuclei of 

approximately 15> 30 45 etc. syntheses from foreign cytoplasm.

The first series of experiments were made with Xenopus lee vis and 

Raoa tenporaria. and are described in Pisohberg, Gurdon, & Elsdale, 1953* pp. 

170-175 (see appendix). These experiments are not very conclusive, since the 

nucleus of one species, having synthesised in the cytoplasm of the other,
.V

becomes changed and cannot after back transfer to its own species develop 

beyond a late gastrula. This means that the xaain criteria of the effect of 

foreign cytoplasm is the degree of gastrulation, which as pointed out above 

may be influenced by environmental factors. Because these species are too 

distantly related (that is, the nucleocytoplasirdc incompatibility is too 

great) for species characters to be developed in heterospecific transplant* 

eni>ryos, it was decided to try and repeat these experiments using more closely 

related species or subspecies.

2f Experiments have therefore been started making heterospecific 

nuclear transfers between ̂ er^Q^J^yi^^^f^ an<3. Xenoffus laevis victor Janus. 

These two subspecies differ in a number of small but consistent characters
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such as ad^ilt siae, colotr pattern, length of arias, etc, "fhere appears to 

be no nucleo-cytoplasnlc inconpatlbility between these species, and a 

nucleus frora one species with the egg fross the other will form adult Indi­ 

viduals, in which specif ic characters can be clearly seen. These hetero- 

specific transplant-frogs are not yet sexually mature, but all characters 

that have so fox beooias a-parent appeal- to be those cf the species from 

which the nucleus, rod not the egg, is derived* Thus irdividuals deriwsd 

fi^oir. a Xenopiis )Lacyis yjotoi'iaiius nucleus aiift Jfenopus Is.c-v:l5 lejcvyio egg 

are not yet distinguisliable from normal Xenpptia laG.vis rvlp:tjorie^UTg < showing 

that the nucleus of one subspecies is very little if at all affected by 

having to synthesise from tho cytoplasm of the other.

These expcrlxoents aii3. conclusilcns are very ii^-...:dcte at the 

present. !rhsv; shoiv so frr that nuclei are able to syritbeslse exact copies 

of theisselvos froi^. tlic cg£;-cytcpl83ja of a genetically sirrdlax' kiiil to their 

orcij but cannot do so from trie cvtoplasn of a genet:',cally vary different

species. Sd.s iss probably a reflectiori on the specificity of the precursors 
In ail egg required for chrozaosorae syrrbheBis; those ere "relieved to be

polynucleotides Tr/.ioh, it seems, do not differ qualitatively in £e-*-o£ufl^k£ 

laevis laevis and ^^^^^^S^^^^^^^i^^, ^^ ^° so ^ Xentypus laevis 

arid Rana tenporaria.
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(A sisoaary of the Main results and collusions trill lac four* 
at the end of chapters II to VII

1* In 1952 adLgjpi anft mag d«vis»d a method, of transplanting a 
living erjforvtmie nucleus into «m ««ooleated es&j the dewloptaent of 
the resulting es&ryo provides itf oanoaticm abcw* the dewlopsaental 
potentialities of the transplanted nucleus* Th^so authors \isad 
^ffBft Pip>icng for their e^periiaonts* The present thesis describes 
how tliis teoliai^ue liae "been laadif iea for tsse with
i*iloh is in aosm ro.speot3 nor® aidtabl® than gai^ |>ii>rie!T^ for the 
kind of problasw ^hioh oan be iiTwatlgatecl by this te<shni<iu0« The 
deeoription sen& anal^©i6 of the te^aaique i© aurfj^arised In Motion 
2 bolow, Seotion 3 fieaorilses th© results of transplanting

cells j it also stttmarises the
of eiabryos, as TI»H as the sdiilt characters and repro­ 

ductive oaTteoity of fra^s# deriwd from these nuclei* 3eotion 4 
oonoerns on ineoEaplete aerins of experis-aents in ighloh nuolei are 
transferred into e&-*s of different ^ecies az*a oubapeoles of frogs.

2, ItaBlear traru^lantation in jferp^p. ^vi^ is carried otit b^' a 
•taller laethod to tha* «f Brigge mjd Kdng for

cells liav© been disaggregated ohemioally, caoh ia ©ucked 
into a pipette Jwst narrow enough to break the cell wall and ie 

then injected into an enuo.leated eg^« The main differenoea in the 
tieetn i1 gnu for tlie two opeoies are? (l) & nuolear narker is
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«hiah praaftAM proof tliat the nuclei of tb& resulting transplant- 
entoryoa end frogs are derived froa tlra injeotM nuoietw aM not the
•gg nuoleua, (it) the recipient egge arc injected tshile jggfc imaereed

«

in a fluid raediumj this greatly- facilitates the operation, and is 
fee**le*ft to the egga ^ioh ere not exposed to the air long enough 
for their suxCtioe to beeon* dry, (lii) the «nferttli*ed reo3$*axsfc
•fl0i ere "enmleedea*1 b:/ a short eaepoewv of their animal hemiep3*re
to ultraviolet irradiation* There are oeny reo^ons for
the* thie irradiation treatnent ha» no effect on the egg
It has a mast vjaef ul result of weakening the vitclllne
sitffieLently to enable th» egg to bo penetrated ^ a Mcro-pipette.
Lastly it inactivate a the egg s»jHi3*tss nhioh docc not t:»:i
in tiie iinb«e»»^ ^wlepatnt of the e& > alia fate ca" the egg
has been followed* It sinks towards tlie centre of tiie egg and oouaes
to lie adjacent to tho developing nuoleua; it does not fuee with it
but eventually disappears ae a pyonotio olursp in the ocntre of the
spindle fonaed for th@ first mitotio division of the clevelopiii; nucleus.

is no reason to bclievw that the degenerating ®g•; nuoleiio hae 
effect on the subsequent development of the o^« lht)n eggs are u*%% 

irradiatod aoon after fertiliaaticci, they develop as androgaaetie 
fc^ilerlii^ MM of wliioii surtivc beymA typically ::dcraoe?Lalio and 
oedetnatous tadpoles*

l«9ii part of tlie teohnique hae been analysed in oxder to find 
out nhether it can aoount for any developmental ate^umlitiea of traas-\

l>Teiil eetiij'in This tras done by taking eaoh stc;? In the teohniq]ue in 
turn, varying ^» way it is oarrled out, and then looking for any
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aorrelatlon with developmental «&»OTaalities of

part of tho teohmoal ' i iHimut of donor nuolei aad recipient 

related to abnormal transplant -ecfcryo temlopaent* A direot 

correlation naa found to oclst toctnoen the degree of donor o©31 

distortion to the pipotto w& the proportion of total tra^plaatations 

isiiioh beoaue regular late blastuXae* M tli0 «iegr»e of o@il a 1st or- 

oannot bo fe»pt entirely oo jstant s a variation of \^> to SW^- in 

tion oT late bla^tulae formed ney be duo to un&voidal)ls 

in tt» teohniq e, 'Iliis effect oezi be exoluied from 

the resets by ar®rla;3 ooriclus&aas from tbe f w^her aev©lofB«wt of 

blastula ta^ei^splmt-^ateripos, ratther tlian free the ittelopnont of all 

transplant at io:-w.

Bgga laid by lal>or®fea»3ffs^p vary greatly in thair ability to 

withstsnd the treatiaent to wliich tijs:/ are subjected turing transplan­ 

tations thUB poor «gg quality is :int'ii*eotly re«pojmiblo for abnorroal 

transnlant-eiiiryo devolopraent, Sgg quality oan onS^" be 

by the frequency of n^orj-ialitioo mao^ the resulting embryos. 

the quality of all eg$s laia during one emila.tian of a frog is about 

the Mm | oontrol tvan^lantations using «ndlffert,r.tiated dor^r nuclei 

ahow whether egg quality was good in oaoh series of

clearest results oan therefore bo obtaiait by considering only those 

"selected" eacperiiaonts ia vhioh egg quality was subsequently found 

to have been good.

This analysis of the technique lias ai^gtfMMHy iKEH UMi, if 

attention is rest&cted to selected experiraents, thop the v&y in



develop givsa a good indication of the 

poterjtinlities of th® transplanted

3t A mxewy 1-100 been 10*3* of the dcwaiaiMMital
of mwlei f ram di£f«reatlatl3% erdodena or vegetal oellat taicr nuoloi 

nere takea from thia ro^lon of a 30rie& of o:4»?yo* ra^gi-ij f raia late 

KListalae to sirlmaln^ tu%ole®. All e*idoden& niiolei i^poar to resaain 

toti^otent *<^til tbe oarl£r neurula stao<3 a^aa tlicre ere atill a f orr atasloi 

in the odd-rut wglon of otrlfiBiing ti^olos Mhioli haw given rt»* to 

talpolea aad frogs. ~IWWVQ- oml'^torm maol»i tend to 

aotlio tiB9^j& fittt^iiioli they ar*

differentiated* 2bia ia atom by a pwjgressivo inaroaae la l^ 

and «ew?ity of develoinnital afibnonaalittee

nuoloi ; t!'^ aHcr th$ atagp fron tidaich they are 

The oapaoity of eniodam ^aolcl for noi^ml eleaim^B (i.o* «hs pi-oyor- 

ti'Oa 0^otal traotqplaatai&ians u!ii;is ^aoi-asi regidar late blaetulae} first 

a decline in MUgmto* r«»ixme« et^ryoet and 

this atfi^ onw«rd&« On t^ otl«r hand bls^r-la 

develop iiicrc&ain^ly abnoiiaally from tlic eai'lv 

£tere is r.o cloor i^dioation that tl^e Idnd of abaomaliti©® frora 

those tram^lont-oateyaa tfffer are ^polf -Jbo for ^e eislodcrmal 

origin of ^ieir nuolei, Serial t3c«ani^laatatioa «^>erl:aDnt0 h»v® shown 

that nuolear aiffereatHefcioa i» heritable, and at leeat to a large

^ili« ~^w rt^'olio are a^.^aa'otl \riii those of.™'
King «bo trok-isplaated end«a»«a nuolei ia |a
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oaosi&erable difference In the rat* art Une of onset of 

nuclear differentiation In the two apeoiaa* 2his diff eraioa 

nuclear Atfftwmtlation is not Aireetly related to the*

giool differ -tie., of doflmn tiaau* ighloh is >lrel1*r In the two 

apaoiea* it 10 BUggOBteu that m&le&r differentiation i« related 

the f ulltf 51frteroBt*€«»d »tate o* Individual

Nom»l transpl*jit-«3&Bnros derived from erdodcri. nuclei haw 

r««area into adult fra^sj tbe stiidy of th»«e ;f*Qg8 «ud their

reprodwtivo oapaoity gives further iiiTomatlou alx>ut the genetic 

qualiUea of the auolci f rv>:.i \/ydaIi tl.c;' are dtriwd* ^>»t of 

frogs are iiorml aM give r5jN? to iK^taal cCf spring, but a t m are

iu 30tf» v^, aiil iii tl*e^e oaao^ it ia found that all frogs

derived rraa the nuuei of CK» edjryo aiiff er from tb0 »an» typ« of

Xhes^ ia an ii^Lkiatimi tliat andodor^a auolei 

are dtf iolan^- for ger^oa o >i»wrn0a In oosonosia, so

of tiie resulting fru,^ ai-e either aterile or sex-*rcve ao-1 into

All ^raLis aa,it-4*i*og* derived froa the @IA^ or aerial 

plAota.tioii of icvUffdreritiated (@«g. blaatula/ ^u^lai aliemM l>e 

Mentioal. A series of 19 suol^ frogs have i-c^n reared to 

itv| the*/ diTfer to aooe extent in alee (v;:.iol. ia not only 

i^y tl» guietlo quality of tUe4r nuolc-ij, but in otlier 

;.1 tJ Ut identical,, This ia the oily v/ao" of obtaining

aev«ral Iftentlaal "fie^tio twins" In aalawla whioh oaa only

tiaeaawlvea aexoallyj they wo\*ld ba of value in ar^ ci

the aifeat of aonetio differenuca l»tw«n indivijduala neada to I»



In a variable proportion of transplantation, the transplanted 
nuoleus doubles itself •before undergoing its first s&totio division, 

so givos rise to a tetraploid individual. M tetraploid &iura 
been very seldom recorded, these tetraploxd 1

ha** been reared into adult f rags *hioh are noraal exoept t*iat they 
a*e sterile, During gsjnttegeneaia the pairing of ohnxaoscaws is mare 
or less rental}, giving rise to aaetiploid gsm-tea* As would

tetraploid .^eaopus are ocxre sterile tiian triploxds
osn sonetines produce a fev aonsnl gaastss* .^ploid Xgnonua have "been 
••••rtsii in oann&atioa with the u,v« irradiation oT e^^si ti^ua t£* 
effecrt of one, two, throe* and fmxr <^iraoosQ6» sets per nucleus iiave 
been aaaonati ateci witidn one speoies*

have been stax*ted wljicli are designed to 
the effect of makizig auoXoo. ^i^t^ux^^ a*«i roplioate ii* foreiga 
oytoplasn. £his has been done by serially transplanting nuolci into 
the eggs of different opocieo or suibspeo^Qii of f rc^p, @uid t he a l>ac : 
into the eggs of their oun speoies* la om atrit)^ of e^perimontu ^uold 
x?er« transplanted betTwen lionet te-;s>ort&u,.a oiid ^y^^^ lacviaf 
results are Inoonolusive but it a^poars that nuclei are
and reversible ohaa^d by tm foreign Ojtoplasm, In anoti»r series 
of experiments, nuclei were transplanted between two subspeaiec of 
JtaBBi JftXyb but ^ ̂ M0 tfac i*"®1*1 oopeared to be unaffected by the 
foreign cytoplasra. Thus qualitative differenoes in the substrates 
required for ohrouosoLtt synthesis do not exist between the two subspecies, 
but do oo betwsn the two
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(Reprinted from Nature, Vol. 182, pp. 61 65, July 5, 1958)

Sexually Mature Individuals of
Xenopus /aev/s from the Transplantation

of Single Somatic Nuclei
A METHOD of testing the potentialities of nuclei 

from embryonic cells has been described by Briggs 
and King1 . The method consists of transferring a 
nucleus from an embryonic cell into an enucleated 
and unfertilized egg of the same species. King and 
Briggs2 , who have performed their experiments on 
Rana pipiens, found that normal tadpoles resulted 
from eggs with transplanted nuclei in about 35 
per cent of cases in which the nuclei were taken 
from blastulse, but in only about 6. per cent of 
cases in which the nuclei were taken from late 
gastrula endoderm ; they have not reported normal 
development from nuclei of post-neurulse or later 
stages.

We have performed similar experiments on Xenopus 
laevis. In this species we do not enucleate the eggs, 
because the female pronucleus participates in the 
development of only a very few of the transplanted 
eggs ; these cases can be recognized by the use of a 
nuclear marker3 , and are excluded from our results. 
The marker is introduced by taking donor nuclei 
from a stock of mutant individuals having only one 
nucleolus in all cells, as opposed to wild-type indi­ 
viduals in which all cells contain potentially two 
nucleoli. Large series of observations and measure­ 
ments show no differences in the embryonic develop­ 
ment, viability, growth-rate, and fertility between 
mutant individuals and their wild-type full sibs. 
The host eggs are taken from the wild-type stock 
and the female pronucleus introduces an additional 
nucleolar organizer when it participates in develop­ 
ment. The origin of the nuclei in transplant-tadpoles 
can be interpreted with certainty by knowing the 
ploidy and number of nucleoli.

We have found that the great majority of normal 
tadpoles resulting from transferred nuclei pass 
through metamorphosis normally. The older frogs 
appear to be sexually mature males and females ; 
the rate of growth and sexual differentiation is similar 
in transplant-embryos and controls. In order to test 
the capacity of gametogenesis in transplant-indivi­ 
duals, we hope shortly to breed from these. Immature 
oocytes were found in one transplant-frog which died 
two months after metamorphosis.

As with liana pipiens, the proportion of normal 
development obtainable from transferred nuclei



Table 1. METAMOKPHOSED FROGS WHICH RESULTED FROM TRANS­ 
PLANTED KUCLEI

Donors

Stage

Mid and late
hlastula

Karly
^astrula

Late gastrula

Neural folds

Tail bud
Muscular
response

Pre-hatching
tadpoles

Germ-
layer

Transplants
Metamorphosed frogs

Total
transfers

Ectoderm
Endodenn
Ectoderm
Endodcrm
Ectoderm 
Endoderm
Ectoderm
Mesoderm
Endoderm
Endoderm
Endoderm
Endoderm

Total

5I»5
15S)

1)4
2S7
26 

185
9

325
137

No.

17
12

7
12

2 
11
0
4
7

163 t

287 1
357

2,594

Q-

77

Percent­
age of
total

3-0
7-5
7-5
4-2
7-7 
5-9
01-2
5-1
2-5

0-35
0

1'erccnt-
age of
normal

late
blastuke

12
10
40
15
33 16-5

0 out of 1
6

14
9

3
0 out of

70

decreases with increasing age of the donor embryo. 
Xenopus laevis gives a smaller proportion of normal 
development from blastula nuclei than Bana pipiens, 
but on the other hand normal development can be 
obtained from much later donor stages ; a pre- 
hatching tadpole (Nieuwkoop 4 stage 32, endoderm) 
was the most advanced stage of donor from which a 
normal individual was obtained, but this was acciden­ 
tally killed shortly before metamorphosis. We 
have also a few frogs from nuclei which have been 
transferred twice (serial transfers).

Table 1 gives the numbers of metamorphosed frogs 
that have been obtained from different germ-layers 
and developmental stages of donor embryos. When 
transplanting endoderm nuclei from post-neurula 
stages care has been taken to avoid using nuclei from 
the region of the presumptive germ-cells.

When considering our results it is important to 
appreciate that the normal development of eggs with 
transferred nuclei may mean either that the nuclei 
were undifferentiated and totipotent, or that they 
were differentiated, but were able to return to a 
totipotent state as a result of developing again in 
the cytoplasm of an uncleaved egg.

Our results may be summarized as follows : (1) It 
is possible to transplant nuclei without impairing 
their ability to bring about normal development. 
(2) Some nuclei are capable of giving normal develop­ 
ment very shortly before the organ of which they are 
part becomes functional; normal development was



obtained from presumptive somite nuclei nine hours 
before the first muscular responses. (3) Normal 
development results from nuclei of more advanced 
donor stages in Xenofws than in Rana pipiens. (4) A 
number of monozygotic frogs have been obtained 
from single donors.

It may now become possible to breed from our 
sexually mature individuals which have developed 
from single somatic nuclei, and to test their genetic 
qualities.

We gratefully acknowledge the technical assistance 
of Miss A. Jewkes. This work has been made 
possible by contributions from the British Empire 
Cancer Campaign (M. F. and T. R. E.) and the 
Medical Research Council (,]. B. G.).

J. B. GURDON 
T. R. ELSDALE
M. FlSCHBERG

Department of Zoology and
Comparative Anatomy,

University Museum,
Oxford.
May 9.

1 Briggs, K., and King, T. J., J. Exp. Zool.. 122, 485 (1953).
2 King, T. J.,and Briggs, E., Cold Spring Harbor Synip., 21, 271 (1956). 
8 Elsdale, T. B,., Fischberg, M., and Smith, S., Exp. Cell Reg. (in the
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Table 2

Total transfers 
Uncleaved 
Cleaved normal and abnormal 
Normal gaatrulto 
Normal at hatching 
Normal feeding tadpoles

No.
905 
387 
618 
193 
89 
61

Per cent
100 
43 
57 
21 
10 

7

small to relate the abnormalities of transplanted 
embryos to the origin of the donor nucleus.

We have obtained normal tadpoles from eggs 
injected with ectoderm and endoderm nuclei from 
late gastrulse. King and Briggs* obtained 10-12 mm. 
tadpoles from nuclei of ectoderm, chorda-mesoderm, 
and endoderm from late gastrulse of Rana pipiens ; 
but the majority of transplants from ehorda-meso- 
derm and endoderm gave embryos developing syn­ 
dromes of abnormalities specific for the origin of the 
donor nucleus.

We are continuing the work along two main lines : 
(a) to find the latest stages that provide donor 
nuclei which give normal development when trans­ 
planted into unfertilized eggs ; (b) to see if embryos 
develop syndromes of abnormalities specific for the 
origin of the donor nucleus.

this work has been made possible by contributions 
from the British Empire Cancer Campaign (M. F. 
and T. E.) and the Medical Research Council (J. B. G.).

M. FISCHBEBQ 
J. B. GURDON 
T. R. ELSDALE

Department of Zoology and 
Comparative Anatomy,

University Museum, Oxford.
1 Briggs, E., and King, T. J., J. Exp. Zool., 128, 485 (1953).
1 King, T. J., and Briggs, E., Proc. Nat. Acad. Set., 41, 321 (1855).

Printed in Great Britain by Fisher, Knight & Co., Ltd., St. Albans.



(Reprinted from Nature, Vol. 181, p. 424 only, February 8, 1958)

Nuclear Transplantation in Xenopus laevis
Briggs and King1 have devised a technique with 

which they were able to transplant nuclei from cells 
of early embryos into unfertilized eggs of Sana 
pipiens from which the female pronucleus had been 
removed. In this way they could test the extent to 
which a nucleus from embryos up to neurula stages 
could produce normal development when transplanted 
into an enucleated egg8 .

We have modified this technique to start similar 
experiments on Xenopus laevis. We have not so far 
removed the female pronucleus because it does not 
usually participate in development. This useful fact 
was discovered through the use of a nuclear marker, 
visible in interphase nuclei (Fischberg, M., Smith, S., 
and Elsdale, T., unpublished).

A survey of the number of chromosome sets present 
in 70 normal and abnormal tadpoles gave the results 
shown in Table 1. The tetraploid embryos are 
usually due to the doubling of the diploid chromosome 
number of the injected nucleus, and not to the 
participation in development of the female pro- 
nucleus1 .

Table 1

Diploids
Tetraploids 
Mosaics, etc.
Total analysed

No.
55
12 

3
70

Per cent
79
17 

4
100

Table 2 consists of the combined results from six 
of our more successful experiments, and shows the 
number of embryos that appear normal at various 
stages of development up to the feeding tadpole. 
The donor nuclei came from embryos between late 
blastula and late gastrula stages, and between these 
limits the proportions of normal host embryos and 
the types of host abnormalities at different stages 
are similar ; these appear not to be dependent upon 
the developmental stage of the donor nucleus and 
the germ layer from which it derives. Table 2 is 
heterogeneous, because it consists of the results from 
twelve different categories of donor nuclei (four 
temporal stages and three germ layers); we find 
that the nunabers in the individual categories,are too
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NUCLEAR TRANSFER IN AMPHIBIA AND THE PROBLEM
OF THE POTENTIALITIES OF THE NUCLEI OF

DIFFERENTIATING TISSUES1

M. FISCHBERG, J. B. GURDON and T. R. ELSDALE 
Embryological Laboratory, Department of Zoology and Comparative Anatomy, Oxford, England

THIS paper deals with the question of whether nuclear changes occur 
during the embryonic development of Amphibia. The stability and probable 
nature of those changes which have been observed after nuclear transfer will 
be discussed.

SINGLE, AS OPPOSED TO SERIAL, TRANSFERS OF EMBRYONIC
NUCLEI

King and Briggs [6] transferred single embryonic nuclei into unfertili/ed 
eggs of liana pipiens that had previously been activated and enucleated. They 
concluded from their brilliant experiments that many of the nuclei of late 
gastrulae had undergone some kind of differentiation which restricted their 
capacity to promote normal development. Post-neurula embryos derived from 
nuclei of different germ-layers showed different syndromes of abnormalities 
[1, (>]. The frequency and severity of these abnormalities increased with 
increasing developmental stage of the donors [1, 5].

We have adapted Briggs and King's nuclear transfer technique, introducing 
the following modifications: («) The eggs of Xenopus Ineuis were used instead 
of those of R. pipiens; (b) the eggs were not activated previous to the injection 
of the donor nucleus; (c) the pro-nucleus of the recipient egg was not removed.

This last deviation from King and Briggs' method needs some qualification. 
A mutation that reduces the number of nucleoli in A', laei'is has been discovered 
in our laboratory [',}]. Heterozygotcs for this mutation only differ from normal 
controls by containing one nucleolus in each nucleus instead of possessing 
potentially two nucleoli in all ceils. This mutation therefore supplies an ideal 
nuclear marker visible in interphase nuclei. If unfertilized eggs from the two- 
nucleolus strain are injected with single diploid nuclei possessing one nucleo­ 
lus, the origin of the nuclei of the developing embryos can, even in the case 
of fusion of egg pronucleus with the transferred nucleus, be determined with

1 We wish to thank the British Empire Cancer Campaign (M. F. and T. R. E.), and the -Med­ 
ical Research Council for financial help (J. B. G.).
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162 M. Fischbery, J. U. Gurdon and T. R. Elsdale

certainly. In our experiments with A', laeiris we found that the egg pronucleus 
only participates in development in about 1 per cent of the transfers. The 
other 99 per cent of the transfer embryos possess nuclei derived from the 
injected donor nucleus alone.

In Fig. t (<i, fo) an attempt has been made to summarize the results obtained 
by Briggs and King [•">, 6] from single transfers of endoderm nuclei in H. pi­ 
piens and to compare them with our experiments on endoderm nuclei of 
X. laevis. The curves representing King and Briggs' material have been con­ 
structed as exactly as possible with the help of their available published data, 
and we wish to apologise for any minor inaccuracies.

Fig. 1 a demonstrates how the proportion of recipient K. pipicns eggs, which 
develop into blastulae, decreases as the developmental stage of the donor 
embryo increases. The curve for recipient eggs which develop into apparently 
normal larvae falls more or less parallel to the curve for the blaslulae. No 
metamorphosed frogs developed from these larvae. This is probably due to 
the difficulties in raising R. pipicns to the adult stage.

By comparing our results with those of Briggs and King it may be seen 
(Fig. 1 a, b) that fewer of the nuclei of early donor stages of Xenojius lead to 
the development of apparently normal blastulae, ncurulae and larvae, but 
more of the nuclei of later donor stages lead to blastulae, iieurulae, larvae 
and even metamorphosed adult frogs than is the case for R. pipiens.

Donor nuclei from post-blaslula stages of R. pijiiens show a progressive 
decline in their ability to promote normal development. A similar decline 
in Xenopus only becomes apparent from the transfer of nuclei from post- 
neurula embryos and later stages.

These differences in the results are probably due to two factors, the first 
technical, the second of great importance to the question of nuclear differen­ 
tiation. First, many of our Xenopus eggs are of bad quality and do not develop 
normally after fertilization. This is probably due to the keeping and rearing 
of the frogs in laboratory conditions that can never quite replace the normal 
environment. At the time the eggs are used as recipients, not all the bad ones 
can be distinguished from the good ones.

Second, Xenopus develops three times as fast as H. pipiens at the tempera­ 
tures used, and because nuclei in mitosis can probably not be transplanted 
successfully, it is likely that more transfers will fail for this reason in our ex­ 
periments than in those of Briggs and King. Here are two situations leading to 
abortive transfers; both are likely to be more frequent in experiments on 
Xenopus than in those on H. pipiens, and must be borne in mind when results 
from the two species are compared. The low proportion of transplant late

Experimental Cell Research, Suppl. 6



Nuclear transfer in Amphibia 163

blaslulae of Xenopus that attain later embryonic stages is due, at least in part, 
to a tendency of the surface coat to disintegrate, causing the death of the late 
blaslula or the early gastrula. Immature eggs are particularly prone to this 
disturbance, and different batches of eggs are exceedingly variable with re­ 
spect to it.

.' \

Blasiula/ Early Lace Neurula Tail Prehatchmg Hatched
gastrula gastrula Bud 

-——————————————— Donor Stages ————— —————— - —*

Blastula Earl/ Late Neurula Tail Prehatching Hatched 
gastrula gastrula Bud

Fig. 1.—Development of transplant-embryos of Xenopus laevis (dotted lines) and liana pipienx 
(continuous lines), from different donor stages, a, Percentages in terms of total transfers made; 
b, Percentages in terms of all transplant-embryos which reached normal late blastulae.

These reasons can explain the differences between the curves for Xenopus 
and liana up to the point where the curves cross. The much better develop­ 
ment of our recipient eggs which received a nucleus from late donor stages 
can be interpreted on the assumption that nuclear differentiation in Xenopus 
progresses less rapidly than in It. pipiens.

The data on the survival of transplant embryos of Xenopus show the same 
fundamental trends as those for H. pipiens and can be interpreted according 
to Briggs and King's hypothesis of nuclear differentiation. At present we have 
no adequate observations to confirm Briggs and King's finding that the ab­ 
normalities of transplant embryos are as specific to the origin of the donor 
nucleus as these authors claim.

SERIAL TRANSFER OF EMBRYONIC NUCLEI

Embryonic nuclei from the same region of a single donor embryo, when 
transplanted into recipient eggs, give, rise to embryos exhibiting a considerable

Experimental Cell liesearch, Suppl.
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variation of morphological abnormalities. This variation is rather difficult to interpret in the material so far demonstrated. It is desirable to find out if this variation is the result of different degrees of injury to the nuclei during transfer, or if it is the expression of natural heritable differences between the

Fig. 2.—Serial transplantation of endoderm nuclei in Xenopus laevis; 1st (original), 2nd, and 4th donors: late blastulae. 3rd donor: incipient exogastrula. Endoderm nuclei were used for all trans­ fers. Dotted areas in Figs. 2-6 represent exposed endoderm.

nuclei of the same donor region. King and Briggs [5] tried to solve this question by transferring nuclei serially. They first transplanted endoderm nuclei of a certain donor stage of R. pipiens into recipient eggs. When these reached the blastula stage they transferred the nuclei from the animal pole region of one of these embryos into other recipient eggs. They were able to produce in this way a clone of embryos containing nuclei derived from one original nu­ cleus of the initial donor. This is the meaning of the term "clone" henceforth.
Experimental Cell Research, Suppl. 6
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This procedure can be continued at will to produce third and fourth transfergenerations of the clone derived from a single nucleus of the original donor.Briggs and King found that members of a clone were strikingly similar,and that clones differed markedly from one another in the developmental

Fig. 3.— Serial transplantation of endoderm nuclei in Xenopus laevis. 1st donor, incipient neurula; 2nd donor, late blastula; 3rd donor, incipient exogastrula. Kndoderm nuclei were used for all transfers.

stages reached by their members. The particular characteristics of a clone were maintained through a third and fourth transfer. Briggs and King con­ cluded from the results of their single and serial transfers that blastula nuclei are totipotent and that post-gastrula nuclei had undergone highly stabilized heritable changes.
The possibility that irreversible nuclear changes occur during development being one of such outstanding interest, it was decided to perform similar experiments on Xenopus.
The experiments are of two types, first, the production of parallel clones (see Figs. ."> and (>). Two or more blastulae from the first transfer generation are used to produce separate clones; the nuclei within each clone stem from a single nucleus of the original donor. Second, serial transfer through several
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generations as described above (see Figs. 2, 3, and 4). Only those embryos 
thai developed beyond the late blastula stage are represented in the figures, 
except for Fig. 6, which includes arrested late blastulae.

Fig. 4.—Serial transplantation of endoderm 
nuclei in Xenopus laevis; 1st donor, hatched 
tadpole; 2nd donor, exogastrula. Endoderm 
nuclei were used for all transfers.

Serial Transfer of Endoderm Nuclei
The initial donor nuclei of the first experiment were derived from endoderm 

of a late blastula; the result is shown in the upper part of Fig. 2. This result 
is typical for endoderm from early embryonic stages. The second and fourth 
generation donor nuclei were also taken from endoderm of a late blastula, 
the third generation from endoderm of an incipient exogastrula.

The variation in the second clone generation seems greater than the first 
or third generations. The third generation shows a deterioration, possible 
explanations for which will be dealt with later (p. 1B9).

Another series began with endoderm nuclei from a late gastrula. Three 
parallel clones were made from members of the first transfer generation; two 
of those donors were entering the neural plate stage, the third was an exogas­ 
trula. One of the clones from a neural plate stage was similar to the first 
transfer generation which ranged from exogastrulae to metamorphosed frogs. 
The other two clones showed a marked deterioration compared with the first 
transfer generation; the most advanced embryos in the clones were, in the case
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of the early neural plate donor, an abnormal young larva, and in the case 
of the exogaslrula, early postneural stages.

The third series is shown in Fig. 3. The initial donor was an embryo entering

o
D o
$3 "0s g^J

Fig. 5.—Serial and parallel transplantation of mesoderm nuclei in Xenopus laevis. 1st donor, late gastrula (mesoderm nuclei). 2nd donors for parallel series, 3 late blastulae (animal hemisphere nuclei).

the neural plate stage. The results of this transfer range from an/fxogastrula 
to a nearly normal tadpole. The clone derived from the endoderm of a late 
blastula is less variable and centres around abnormal gastrulae, some of 
which have developed appreciable inductions. A further generation of this 
clone derived from an incipient exogastrula is similar, but the range is greater. 

The fourth series shown in Fig. 4 began with endoderm nuclei from a young 
tadpole. The first generation consisted of exogastrulae; one of these was used 
to produce a clone, the members of which exhibited an even more extreme 
exogastrulation than the first transfer generation.

Serial Transfer of Chordamesoderm Nuclei
The initial donor of the first series shown in Fig. 5 was a late gastrula. 

Parallel clones were derived from the animal hemisphere nuclei of three
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late hlastulae from the first transfer generation. The three clones arc similar 
one to another, but their similarity to the first transfer generation is uncer­ 
tain, due to the small numbers in the latter.

The second series (see Fig. 6) derives initially from somite mesoderm nuclei 
from a neural fold embryo due to give muscular responses within nine hours. 
The first generation shows the greatest possible variation, ranging from arres­ 
ted late blastulae to metamorphosed frogs. Parallel clones from animal hemis­ 
phere nuclei from two late blastulae were produced. The right-hand clone 
in Fig. 6 exhibits the same range as the first transfer generation, but it is to 
be noted that, with the exception of one, all the embryos fall into two classes: 
those arrested before or entering gastrulation, and those developing into nor­ 
mal or abnormal larvae. The second clone showed almost no ability to enter 
gastrulalion. Judged on the number of primary axes produced, these two 
clones are significantly different from one another at the 1 per cent level.

Discussion

Some general comments on the results of serial transfer of endoderm and 
mesoderm nuclei can be made.

The donor embryos from which the clones derived can be considered as 
a random sample of their own transfer-generation that passed through the 
blastula stage. The variation within a clone is usually less than that within 
the initial transfer generation, and is limited by the range between the ar­ 
rested late blastula and the most advanced embryos. For this reason transfer 
generations are most readily compared by their most advanced embryos, and 
on this basis there arc obvious, marked differences between the clones pro­ 
duced by serial transplantation. Similar large differences between clones are 
found in Briggs and King's data, but here the variation within clones seems 
to be much less than in Xenopn.i. In many cases their clones form a homo­ 
geneous group of embryos, narrowly centred about a particular develop­ 
mental stage, the spectrum of less well-developed embryos of preceding stages 
being sometimes absent and often fragmentary.

Part of the heterogeneity within a transfer generation, which distinguishes 
the Xenopus results from those on li. pipiens, may be due to the variable qual­ 
ity of the eggs. It has already been stated that some eggs from our frogs fail 
to develop normally after fertilization. Gastrulation seems to be an especially 
critical stage for these embryos and most die at this time. The most significant 
effect of this on our experiments is that a variable proportion of transfers will 
fail to complete gaslrulation normally, regardless of the nucleus introduced,
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due to inherent deficiencies in some of the recipient eggs. This will account 
for at least a part of the greater variability within Xenopus clones compared 
to liana, but it would be quite unsound to account for all the transfers that 
fail to gastrulate normally by this cause. Consider for example Fig. 6 where
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Fig. 6. — Serial and parallel transplantation of mesoderm nuclei in Xcno[>us laevis. 1st donor, neural fold stage (mesoderm nuclei). 2nd donors for parallel series, 2 late blastulae (animal hemisphere nuclei)*

the two parallel clones represent a random sample of recipient eggs from 
the same ovulalion.

The decline in the ability of transferred nuclei from progressively older 
embryos to promote normal development could be due to damage during 
transfer. Briggs and King have argued that the reduced variability within a 
clone and the marked differences between clones and their stability on re­ 
peated transfer renders this possibility unlikely. If damage were invoked to 
explain the results of serial transfer experiments, certainly rather special addi­ 
tional assumptions would be necessary. This is not to say, however, that nuclei 
are not susceptible to injury during transplantation. It is notable from Briggs 
and King's material that clones never improved on repealed transfer and some­ 
times deteriorated, and this might be a measure of the incidence of damage.
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King and Briggs [5] claim that embryos derived from nuclei of the different 
germ layers develop somewhat differently and display different syndromes of 
abnormalities. A close examination of Xenopus transfers for such differences 
has not been made but, if Briggs and King's claim is correct, further additional 
assumptions would be necessary before a hypothesis of nuclear damage could 
be accepted. Briggs and King have injected cytoplasm from embryonic nuclei 
into fertilized eggs, and found that it has no effect on development. They have 
rejected on theoretical grounds the possibility that a portion of the cytoplasm 
adhering closely to the transferred nucleus might be responsible for their 
results. The assumption that the treatment lo which the nuclei are subjected 
during transplantation causes heritable changes requires to be proven as 
vigorously as any other hypothesis. It is a limitation of the nuclear transplanta­ 
tion experiments so far performed that, although they demonstrate differences 
in the potentialities of embryonic nuclei, they can shed no direct light on how 
these differences originate. Considering all Ihe evidence, it is our opinion at 
the present time that the most plausible origin of these differences is King 
and Briggs' hypothesis of a natural, progressive, nuclear differentiation during 
embryonic development, related in some way to the cytoplasmic environ­ 
ment of the nuclei. This conclusion could also explain part of the variability 
of members of those clones in Xenopus which derived from second and third 
donors which had passed the blaslula stage. In these donors additional nuclear 
differentiation may have occurred. This hypothesis is supported by the experi­ 
ments of one of us (J. B. G.), described in the next section, demonstrating 
that specific cytoplasms can induce changes in the potentialities of nuclei.

NUCLEAR TRANSFER BETWEEN SPECIES

Introduction

Homospecific transfers (transfers within a species) have shown that nuclei 
become differentiated. This is probably due to an effect of the different kinds 
of cytoplasm in which the nuclei lie. It seemed that the fact that cytoplasm 
can change nuclei could be most clearly demonstrated by hetcrospeciiic 
transfers (transfers between species); this would increase the contrast between 
nucleus and cytoplasm and so make any effect more easily seen.

Xcnopus laci'is and Raun tcnipor<iri<i proved to be suitable animals for this 
work; as has been said above emicleation is not necessary in Xenopfis, but 
it is required in liana and has been carried out by a modification of Porter's 
technique. The technique has been found to be 90 per cent successful. The
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few eases when the female pronueleus, through not having been removed, 

has participated in development, can be recognised by the approximate chro­ 

mosome number of such embryos; the female pronueleus appears not to 

double itself from the gynogenelic haploid state, and only diploid transplant-

k
Types of development

I 2'3'4

Fig. 7.—Tlie serial transplantation of nuclei between Hand temporaria and Xenopus laeuis. 
Experiments using three different donor stages of Hana temporaria as original donors. From 
each donor both homospedfic and heterospecific transfer series were made. Three heterospecifie 
series were derived from the blastula donor, when liana nuclei were left in Xenopus cytoplasm for 
1, 2, and 3 generations before "back-transfer" to Xenopnu. See also legend to Fig. 9 for explanation 
of diagrams.

embryos have been used as donors for serial transfers. When making serial

transfers only late blastulae \\ere used as donors, and all the remaining blas-

tulae of each group have been allowed to develop as far as they were able.

The results of these experiments have been expressed by using a histogram
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to represent the proportions of each kind of abnormality present in the direct product of each single donor embryo. The numbers of each developmental type are expressed as percentages of the total transfers done per histogram; this total is represented by the extreme left block of each histogram. The
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Fig. 8.—Example of way in which histograms are prepared. The percentage of embryos of each developmental stage is included in the percentages for all stages to its left.

developmental types that have been used are shown at the bottom of Fig. 7, and an example of the way in which histograms are calculated is shown in Fig. 8.
Rana temporaria seems to be less suitable material for nuclear transplanta­ tion than Xenopus or R. pipiens; the poorer quality of development typical for R. temporaria is seen from the homospecific transfers in the extreme left- hand column of Fig. 7.

Experiments
Proof that genuine heterospecific transfers have taken place

The Xenopus nuclear marker was found in Rana eggs which had been in­ jected with marked Xenopus nuclei. Those transplant-embryos resulting from homospecific transfers which reach the blastula stage usually gastrulate, while similar heterospecific transfers usually do not.
Effect of foreign cytoplasm upon nuclei

Rana nuclei transferred to Xenopus cytoplasm and then back to Rana cyto­ plasm (Fig. 7, 2nd column, 2nd row) do not gastrulate—shown by the fact that there is no black beyond the vertical line in the histogram; this line al Stage 5 (see developmental types, Fig. 7) represents late blastulae; but Rana nuclei transferred to Rana cytoplasm (Fig. 7, 1st column, 1st row) do show some gastrulation, since there is some black on the right-hand side of the verti­ cal black line.
This experiment shows that nuclei have been in some way affected by the
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foreign egg-cytoplasm. This effect has already been reported by J. A. Moore (unpublished) from work on heterospecific transfers between R. pipiens and R. sylvatica. This effect has been confirmed cytologically in Rana—Xenopus transfers, since the nucleoli of heterospecific transfers in both directions are
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Fig. 9.—The serial transplantation of nuclei between Rana temporaria and Xenopus laevis. Three experiments using three different late blastulae of Rana temporaria as original donors. On the right are shown the combined results of these three series with photographs representing typical nucleoli for each transfer generation. Arrows indicate new transfer generations. Black discs with white cross-markings = recipient eggs of Xenopus. Black discs with white spots = recipient eggs of Rana temporaria. Histograms represent the quality of development of the recipient eggs directly above them.

very small (Fig. 9, upper two photographs of nucleoli) while nucleoli in homospecific transfers are of the usual large size seen in normal late blastulae (comparable to bottom nucleolus photograph, Fig. 9). As nucleoli are consid­ ered to be concerned with RNA and protein synthesis, and as some protein
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synthesis seems necessary for gaslrulation but nol cleavage, this diminished 
nucleolar si/e is correlated with failure to gastrulale.

An analysis of the nature of tliis ci/toplasniic effect upon /'orcian nuclei
Nuclei which had been transplanted into foreign cytoplasm and then back 

to their own (1st "back-transfer") were then transplanted serially for several 
generations in their own kind of cytoplasm. As can be seen from Fig. 9, 
these nuclei became capable of causing gastriilation with their own kind of 
egg after about three or four of such transfers. Fig. 9 (columns 13) shows 
three of these experiments using original blastula donors, the results of which 
have been added to make a summary scries on the right of these figures. The 
quality of development in the fourth, fifth, etc. "back-transfer" (Fig. 7, 
column 2, row 5), appears not to differ from the fourth homospecific transfer 
(Fig. 7, column 1, row 4). This shows that, whatever the nature of the eil'ecl 
of foreign cytoplasm on nuclei, this effect could be removed, or was reversible. 
This was again confirmed cylologically, since by the fourth "back-transfer" 
nucleoli had increased to their normal size (Fig. 9, nucleolus-photograph, 
4th row).

The result of leaving nuclei in foreign cytoplasm for longer or shorter 
periods (number of nuclear divisions) has also been investigated. In Fig. 7, 
3rd and 4lh columns, Rana nuclei have been left in Xenopiis cytoplasm for 
two and three blastula generations respectively, before being returned to their 
own kind of cytoplasm. When these columns are compared with column 2, 
when a Ranti nucleus was left in Xenopus cytoplasm for only one blastula 
generation, it can be seen that no gastriilation has occurred in the 3rd and 4th 
columns even after five or six "back-transfers". This shows that the effect 
of foreign cytoplasm is cumulative, becoming more pronounced the longer 
a nucleus is left in foreign cytoplasm.

Lastly, the result of using different donor stages for these experiments has 
been investigated. When nuclei from tail bud Kana embryos are transplanted 
homospecifiely, the majority of the resulting blastulae do not gaslrulate and, 
as might then be expected, no gaslrulation took place after 4, o or (> "back- 
transfers" in the heterospecilic series (Fig. 7, 7th and >Sth columns). Similarly, 
late gastrula nuclei usually do gastrulale in homospecific transfers, and also 
do so in helerospccifie transfers again after about four "back-transfers" 
(Fig. 7, ,">th and (>th columns). These experiments confirm the results so far 
obtained and give additional proof that the improvements of the fourth "back- 
transfers" are nol simply a result of the participation of the female pro- 
nucleus.
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Conclusions
In these experiments the possibility that technical damage can influence 

the results can be excluded. This is because the technique lias been the same 
for all series (including the constant use of Hie same donor stage) so that any 
change which occurred would apply equally to all series; but the conclusions 
have only been drawn from a comparison of one series with another.

The only definite conclusions that can be drawn from these experiments 
are that nuclei are affected when made to divide and synthesis in foreign cyto­ 
plasm. This effect seems to be cumulative and eventually reversible, and has 
also been confirmed cytologically by variations in the size of nucleoli.

There are various considerations from these experiments and from the 
work of others that lead to the belief that this effect is not a loss but a replace­ 
ment of certain parts of the nucleus by other parts specific to the foreign cyto­ 
plasm. This effect would then be comparable to a kind of genetic transforma­ 
tion. This replacement-change is considered to be quite distinct from change 
resulting from natural differentiation; both kinds of change have occurred 
together as shown in Fig. 7, columns 7 and M.

GENERAL DISCUSSION

FofenfioKftea of fJmAryontc JVucfei q/fer
A transferred nucleus giving rise to a normal fertile individual is totipotent. 

Between SO and 100 adult or near adult A'tvw/w* 7«fws have so far been pro­ 
duced by nuclear transfer. Their donors ranged from blastula to prehatching 
stages [4j, although ectodermal and mesodermal donors leading to adult 
frogs were so far limited to pre-neurula stages. We can therefore confidently 
claim that at least some of the somatic nuclei of these donor stages were still 
totipotent in respect of somatic differentiation. So far only one male deriving 
from late blastula endoderm nucleus has been tested for its fertility. It gave 
rise to normal offspring when mated to a control female.

The results of single and serial transfer of nuclei of /?. /H/j/rji.s [J3] and Af/io- 
/wx show clearly that many of the nuclei are, however, not able to give rise 
to normal development after transfer. In /?. /;i/jicj:x the majority, if not all, 
of the nuclei of a blastula are totipotent but their potentiality declines drasti­ 
cally in later stages. I he experiments in Atv:o/ws are not conclusive as to the 
totipotency of all the blastula nuclei. Their potentiality after transfer only falls 
significantly in post-neurula stages.
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The serial transfers demonstrate clearly the heterogeneity of a nuclear 
population from a particular region of a donor embryo in respect of develop­ 
mental ability.

The Probable Nature of the Loss in Potentiality of Nuclei after Transfer
Damage to some nuclei during transplantation cannot be denied, but it 

is certain thai not all the nuclei suffered from it. Reasons have been given 
(pp. 109 and 175) why all the cases of abnormal development should not 
be interpreted in terms of damage. Our main conclusions are not invalidated 
by the fact that damage may have occurred in some cases. It can therefore 
be stated with confidence that natural progressive nuclear changes occur 
during differentiation. These are heritable and relatively stable.

Our experiments are unable by their nature to locate the site within the 
nucleus where these changes are produced. The herilability and relative 
stability of this nuclear differentiation suggest, of course, the chromosomes 
as the site. The chromosomes are, as far as we know, the only nuclear struc­ 
tures showing continuity through mitosis, all other parls of the nucleus being 
neogenic. It is therefore most likely that the nuclear changes occur in the 
chromosomes and, probably, at the level of genes.

More and more cases of irreversible nuclear changes induced by cytoplas- 
mic factors have been brought to our knowledge. They include examples 
from Protozoa [2, 7], Ascaris and Gallmidges 8]. Moore demonstrated that 
the cytoplasm of R. pipiens altered the nuclei of R. syltxtticti and our paper 
deals with the influence of Xenopu.i cytoplasm on R. temporaria nuclei(p. 172). 
There is therefore no doubt that cytoplasm can change nuclear qualities.

The nuclei of an amphibian embryo are derived by equational mitosis 
from the original zygote nucleus and are, as demonstrated by Spemann and 
also by King and Briggs [5] identical in early developmental stages. At later 
stages they are no longer identical. This can only be a result of the regionally- 
unequal distribution of the cytoplasmic qualities.

It is possible to think that the observed nuclear changes were brought about 
in the following way: initially identical nuclei reduplicate in cytoplasms of 
different composition. They have identical requirements for this synthesis 
but possibly not an identical supply of precursors. This might then lead 
to some of the genes not being able to reduplicate at all, by being starved of 
one or more necessary precursors. Other genes might synthesize a modified 
structure by the incorporation of substances of a similar, but not identical, 
kind. These genes will then be inactive or changed in their function.

The results so far obtained from homospecific transfers, that is, transfers
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within a species, provide no evidence of improvement in these developmental 
potentialities alter repealed transfer into the cytoplasm of uncleaved eggs. 
This rather points to an irreversible loss of capacity, perhaps due to gene 
starvation. This evidence is, however, weak as not enough generations of 
transfers have been carried out.

The results obtained from helerospecific transfers between R<tna and Xeno- 
f>iis show, however, clear evidence of an eventual reversal of the nuclear 
change acquired while in the foreign cytoplasm. This phenomenon could be 
interpreted as genetic transformation, similar to bacterial transformation, 
and an eventual reversal of it.

Results from nuclear transfers indicate that relatively stable, nuclear changes 
occur; these changes are reversible in the case of helerospecific transfers. It 
cannot, however, be decided whether, during natural differentiation, gene 
starvation or gene transformation or both of these types of change can take 
place.

SUMMARY

1. The possibility thai nuclear changes occur during embryonic develop­ 
ment ol amphibia has been investigated, using the technique ol nuclear 
transplantation. „

2. Nuclei taken from progressivelv/older embryos, show a decline in their 
ability to promote normal development when transplanted into unfertilised 
eggs. The results from XenojHis transfers are compared with those of Briggs 
and King, using Rana pipiens.

,'i. Clones derived initially from a single embryonic nucleus have been 
produced by serial transplantation. The variation within a clone is limited. 
Although the characteristics of a clone are relatively stable over several trans­ 
fer generations, clones can differ strikingly one from another.

'/. Serial transfers between R<m<i temporaria and Xcnopns laeuis have shown 
that liana nuclei are affected by Xcnopns cytoplasm. This effect was shown to 
be cumulative but eventually reversible. The effect is believed to represent 
a genetic transformation.

;). The results of these experiments demonstrating differences in the poten­ 
tialities of embryonic nuclei are discussed in relation to the technique.

6'. It is considered at present that these differences can be most plausibly 
attributed to a natural, progressive differentiation of embryonic nuclei in 
response to regional differences in the cytoplasmic environment.

7. The possible nature of these nuclear cytoplasmic interactions is dis­ 
cussed.
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