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Lehman ' s  p o lychrome s t ain was us e d  t o  fo l l ow the 

fate o f  ge rmina l p l asm in e a r l y  de ve l opment o f  Bomb ina 

o r ien t a l i s  emb ryo s . Is l e t s  o f  ge rmina l p l asm app ro ximat e 

ly 6 um in d i ame te r we re ob s e rve d  in the ve ge t al p o l e  re 

gi on o f  the 2 - ce l l emb ryo . By the 4 - ce ll s t a ge ,  s ome o f  

the s e  i s le t s had c o a le s ce d  t o  form l a rge r one s s o  that 

two s i ze c l as s e s  of i s le t s  we re p re s ent ( ap p roximate ly 

7.5 an d 19.5 um in d i ame te r ) . 

As c le avage cont inue d t o  the 1 6- ce l l  s t age , the 

i s l e t s  we re move d fur th e r  up the c l e ava ge furrow an d we re 

a lways ob s e rve d  to remain in c l o s e  a s s o ci a t i on wi th the 

c le avage memb r ane . The i s le t s  a t  th i s  t ime had re a che d 

a d i ame te r  o f  app roxima te l y  3 2  um . In the 3 2 - ce l l  emb ryo , 

the ce l l s  tha t  cont aine d ge rmina l p la s m  and tha t  we re a l s o  

a djacent t o  the de ve lop ing b l a s t o c oe l ,  e xhib i t e d  a p ro tu

be rance of  cy t op l a s m  cons i s t ing of  p i gment , yo lk and ge r 

min a l  p l asm . 

At the mi d- t o  l at e  b l as t u l a  s t age , the ge rmina l 

p l asm wa s c on t a ine d i ri  a few ce l l s  l o c at e d in the l owe r 

one - th i r d  o f  the emb ryo . The p e riphe r a l  p o s i t i on o f  the 

ge rmina l  p l a s m  was ma in t a ine d in the s e  ce l l s . During e ar l y  

gas tulat i on , the ge rmina l p l as m  b e gan t o  mi gr ate from i t s  

pe r ip he r a l  l o c a t ion t o  a juxt anuc l e ar p o s i t i on . 

Examinat i on o f  ne uru l a  and e ar l y  t a i l  b ud s t a ge s  

d i d  no t reve a l any ce l l s  c on t a ining ge rmina l p l a s m . The 

imp l i c at i on was th a t  the ge rmina l pl a s m  may have b e en ut i l

i ze d  previ o us ly t o  the s e  s t a ge s . At the t i me o f  o pe r cular 



c l o s ure (wh i ch i s  an e quival ent s t age to Shumway s t age 2 5) , 

the re we re app ro xima te ly 61 p r imo rd i a l  ge rm ce l l s  in the 

dor s a l  me s en t e ry and gen i t a l  ri dge s . 
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INTROD UCT ION 

The p rob lem o f  anur an germ ce l l  o r i g in and de t e r 

minat i on has b e en a l on g  s t andin g  one . Al l en ( 19 07) was 

firs t to de mons t r a t e  th a t  the p r i roor di a l  germ ce l l s in 

Rana pip iens ar i s e  from the do rs a l endo de rmi c c r e s t .  He 

de s c rib e d  a p ro ce s s  wh ere b y  the p r imor d i a l  ge rm ce l l s 

we re p in che d o f f  an d carr ie d  b y  the do r s a l ly de ve l o ping 

me s en t e ry . E ventua l ly the s e p r imo d i a l  germ ce l l s c ame 

to re s t  a t  t he b as e  o f  t he do r s a l  me s en t e ry .  Fo l l owin g  

from Al l en ' s wo rk , Wi t s ch i  ( 19 2 9 ) a t t emp t e d  t o  di s t ingui s h  

p r imo r di al ge rm ce l l s  from o t he r  en do de rm ce l l s  in e ar l ie r  

s t ages  o f  Rana s yl va t i c a , b u t  was uns ucce s s ful . Bounoure 
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in 19 3 4  foun d  that jus t a f t e r  fe r t i l i za t i on in Ran a  t em

porar i a , many l o c a l i zed st a inab l e  cytop l as mi c  i s le t s  ap 

p e ar free o f  yolk an d as s o c i a t e d w i th c lus t er s  o f  mi to c hon

dr i a  in t he ve ge t a l  p o l e  re gion of the zygo t e . T he s e i s l e ts 

o f  c y t op l as m  we re ob s erve d t o  move dur in g the p ro ce s s  o f  

c l e avage , up the cl e avage furrow t o  b e  con t a ine d  e ven tua l ly 

in a few c e l l s  in t he b l as t o coe l f l o o r . Bounoure b e l i e ve d  

that t he ce l l s con t a in ing the s e i s l e t s were s p e c i a l i ze d  in 

that they wou l d  give r i s e t o  t he future p r imo r d i a l  ge rm 

c e l l s .  He gave th i s  s p e c i a l  i s l e t  c on t ain in g  cy t op l asm 

the name of  "ge rmina l  p l a s m, "  b e c aus e he t hought it  fun c 

t i one d  i n  s ome way i n  the germ ce l l  de t e rminat i on p ro ce ss .  



Bl ack l e r  ( 195 8 )  con fi rme d Bounour e 's findings in 

Rana t emporar i a  an d e xt en de d  them t o  Xeno ·p us l aevi s ,  an d 

Bufo b ufo . C oilllilon t o  a l l o f  th e se s p e c i e s  was t he app e ar 

an c e  o f  i s l e t s o f  germin a l  p l as m in the ve ge t a l  p o le a ft e r  

fe rt i l i zat i on an d t he in c o rp o ra t ion of t hi s  ma t e r i a l  in t o  
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a few ce l l s  a t  the b l as t u l a  s t age.  The s e i s le t s we re a lway s 

ob s e rve d t o  rema in in c l o s e  as s o c i a t i o n  w i th t he p l a s ma mem

brane t hroughout c l e avage . By the t ime gas t u l a t i on had b e 

gun, the s e  i s le t s  o f  ge rmin a l  p l as m  had move d from t he ir 

p e r iphe r a l  as s o c i a t i on w i th t he p l a s ma memb r an e  to a j uxt a 

nuc l e ar p o s i t i on .  The ce l l s c on t a i nin g ge rmi na l p l a s m  we r e  

then move d by morpho gen i c movemen t s  o f  gas tu l a t i on t o  a 

p o s i t i on de ep wi t hin t he en dode rm o f  the neurul a . From 

th i s  p o s i t i on the ce l l s  mi gr a t e d t o  the do r s a l  re g i on o f  

the endo de rm whe r e  t he s t aining c har a c t e r  o f  t he ge rmina l 

p l asm comp le te ly dimin i s he s .  

Fur t her s t udi e s  b y  D i  Be rar dino ( 196 1) h ave e xtende d 

Bo unoure ' s  (19 34 ) an d Bl ack l e r ' s ( 19 58 )  f in d i ngs t o  Rana 

p ip i en s . A quan t i t a t i ve app ro a c h  t o  t he s tudy o f  ge rmin a l  

p l as m  was un de r t aken by Whi t ingt on an d  D i xon (19 75) . They 

de t e rmine d t he vo lume o f  ge rminal p l a s m  an d  t he numbe r o f  

ce l l s  c on t a in in g i t  in many imp o r t an t  deve lopmen t a l  s t age s 

o f  Xenopus l ae vi s . The de t a i l s  o f  t he i r  re s u l t s  are d i s 

cus s e d  e l s ewhe r e  in th i s  p ap e r . 

S in c e  Bl ack l e r  ( 195 8 ) h a d  shown tha t RNA was a ri ch 

c on s t i t uen t o f  the ge rmin a l p l as m, C zo l owska (1969) though t  
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t ha t  i t  may be p r o duc e d  dur ing oo gen e s i s  when many impo r t an t  

RNA ' s are b e in g  s yn t he s i ze d .  S he l ooked a t  Xenop us laevi s 

ma t ure o o cyt e s  whi c h  ha d b e en t r e at e d  wi th ho rmon e t o  in 

duce ge rmin al ve s i c l e  b r e ak down ,  as we l l  as i mmatur e  oo cyt e s  

an d fe rt i l ize d  e ggs . Wi th t he us e o f  t he s t ain pyron in e  

( Bl ack l e r , 19 5 8 ) , s he w a s  ab le  to demons t r a t e  p a t che s o f  

RNA r i c h  c y t op l a sm in t he c o r t e x  o f  t h e  ve ge t a l  p o l e o f  

t he ho rmone t r e a t e d o o cy t e s . The s e  p at ch e s  howeve r , were 

muc h  s ma l l e r  than the one s s he ob s erve d in fert i l i ze d  e ggs . 

T hi s  s ugges te d t hat s ome o f  the comp onen t s o f  t he germina l  

pl asm we re p re s en t  e ven b e fore f e r t i l i za t i on . A t t emp t s  a t  

demonst rat in g  RNA r i ch cy t op l asm i n  imma t ure o o cy t e s  was 

ne ga t ive .  

The de t e rminat ive fun c tion o f  the ge rmin a l  p l a s m  

w a s  re a l i ze d from t he s tu d i e s  o f  Bounoure , Aubrey , an d Huck 

( 19 5 4 ) . T hey we re ab l e  to in duce p ar t ia l  or comp l e t e  s t e r i l 

i ty in Rana t empo rar i a  t a dp o le s  that h a d  b e en irrad i a t e d  in 

t he ve ge t a l p o l e  re g ion durin g  t he firs t c l e avage w i th ul t ra 

vi o le t  l i ght . The r e s ul t s  s ugge s te d  t h a t  t he u l t r avi o l e t  

l i ght de s t roye d o r  d i s rup t e d  the no rma l s t ate  o f  the ge rmina l 

p l asm s o  t ha t  i t  cou l d  no t  fun c t i on p rop e r ly . Smi th ( 19 6 6 ) 

a c hieve d comp le te s t e r i l it y  in Ran a pip i ens t adp o le s  by i r 

radi a t in g  t he ve ge t a l  p o l e  r e g i ons o f  four ce l l  emb ryo s  wi th 

ul t ravi o l e t  l i gh t . He wa s a l s o  ab le t o  p ro duce p ar t i a l  r e s 

tora t i on of t he germ ce l l s by mi crop ip e t ing ve ge t a l  p o le  

c yt op l as m  from un i r r a d i a t e d emb r yo s  in t o  t he ve ge t a l  pole 
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re g i on s  o f  irradi a t e d emb r yos . In add i t i on,  he foun d t ha t  

t he u l t ravi o l e t  li ght wave leng t h  th a t  w a s  t he mo s t  effe c t ive 

in p ro duc ing s t e r i l i ty was in t he ab s o rp t i on r e g i on for nu

c le i c a c i d .  Bue hr an d B l a ck le r  ( 19 70 ) induce d s t e r i l i ty in 

a diffe ren t mann e r. By p r i ck in g  t he ve ge t a l  p o le o f  Xenopus 

lae vi s emb r yo s , t hey p ro duce d t a dp o le s  t ha t d i s p l ay e d  a l arge 

re duc t i on in t he numb e r  of p r imor di a l  germ ce l l s  in t he gen i 

t a l  r i dg e s . Whe t he r  t he ge rmina l p l a s m  i s  de s t roye d by u l 

t ravi o le t  l i ght o r  de l e t e d ,  i t  i s  obvi ous t ha t  i t  i s  imp o r 

t an t  in t he de t e rminat i on o f  germ ce l l s in anur ans .  

T he u l t ras t r uc ture o f  Rana p i pi ens ge rmina l  p l asm was 

l ooke d a t  by Mahowa l d  an d Hennen (19 71 )  w i th the t r ansmi s s i on 

e le c t ron mi c r o s cop e . They found t ha t  i t  was c omp o s e d  of 

c lo uds o f  mi t o c hon dr i a  as was p r evious ly known . More imp or

t an t  was t he f in d ing t ha t  s c a t t e re d among t he s e  mi t o c hon dr i a  

we re e le c t ron dense b o d i e s  ab out 0 . 2  mi c romet e r s  i n  d i ame t e r  

whi c h  app ear e d  t o  st a in p o s i t i ve l y  wi th the RNA s t a in , indi um 

t r ic hlor i de . Simu l t ane ous ly,  Wi l l i ams and Smi t h  ( 19 71 )  a l s o  

di s cove r e d  t he s ame e le c t ron den s e bo di e s  i n  Rana pi pien s .  

S in c e  t he y  b e l ieve d  t he s e  dens e b o d i e s  t o  be t he main in duc

in g fac t o r , t he y  gave t hem t he name , ge rmina l  granul e s . 

Mahowa l d , Hennen , Wi l l i ams and Smi t h  b e l ieve t ha t  t he RNA 

c on t a ine d in t he germin a l  granule i s  a me s s enge r  type whi c h  

cont ains t he de t e rminat i ve in fo rma t i on ( as w a s  p o s t u l a t e d by 

Smi t h ,  1 9 6 6 ) . C zo l owska ( 19 7 2 )  ha s e xtende d t he s e  ob s e rva

t i ons to Xenopus l aevi s emb ryo s . 
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Much o f  t he wo rk on ge rmina l p l asm in e a r l y  de ve l op 

ment ha s be e n  re s t r i c t e d  t o  a few s pe c ie s  anur an s . Tabl e  5 

l i s t s  t he s e ven spe c i e s in whi ch work has be en re p o r t e d .  I 

fe e l t ha t  e xtending t he se e ar l i e r  obs e rva t ions t o  o t he r  

s pe c ie s ,  wi l l  c on t r i bute va luab le info rma t ion c once rning 

t he o c curre nce of t hi s  imp o r t ant s ub stance , in t he germ 

c e l l  de t e rmina t i on p ro ce s s  o f  aunur ans . Bomb ina o r ien t a l i s  

wa s a s ui t able o rgan i sm fo r t his s t udy , b e caus e it s us e in 

l a bo r a t o r i e s ha s been incre as ing and emb ryo l o gic a l  ma te r ia l  

c o u l d b e  e a s i ly a c qui re d t hrough the us e o f  ho rmone s . 
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MAT ERIALS AND METHOD S 

The adul t Bomb ina o r i en t a l i s  us e d  in thi s s tudy were 

p ur chas e d  from the amp h ib i an fa c i l i t y o f  the Un iver s i ty o f 

Mi ch i gan . Ovu l a t i on an d amp l e xus we re induce d by inj e c t -

in g t he fema l e  wi th 3 0 0  I.U . an d the ma l e  wi th 5 00 I . U .  o f  

human cho r i on i c  gonado t rop in . A f t e r  a p e r i o d  o f  app ro xima t e 

ly 8 hour s i n  the b re e ding tank , e ggs we re c o ll e c t e d  and 

t r an s fe rre d t o  c l ean p e t r i  d i she s con t a in ing ae r a t e d  t ap 

wat e r . Deve l opmen t o f  a l l  o f  the emb ry o s took p l ace at  

room t emp erature . 

The fo l l owing deve l opmen t a l  s t ag e s  were emp lo y e d :  

2 - ce l l , 4 - ce l l , 8 - ce l l , 1 6 - ce l l , 3 2 - c e l l , mid- b l a s t u l a , l a t e  

b l as t ul a , e ar ly gas t u l a , neurul a , e ar ly t ail b ud , and a 

s t age wh i ch i s  c omp arab l e  t o  Shumway's s t age 25 for Rana 

p ip i en s . A l l  mat e r i a l  fo r th i s  st udy was f i xed and p os t 

fi xe d  accor ding t o  Bounour e ( 1934 ) .  The me tho d co ns i s t e d 

o f  f i xa t ion in ho t 10% fo rma l in ( made n eut r a l  b y  add i t i on 

o f  marb l e  chip s ) fo l l owe d by p o s t - f i xa t i on in a s a t ur at e d  

s o l ut i on o f  p o t as s i um d i chroma t e .  Po t assium dichr omate i s  

a goo d p r e s e rve r o f  mit o chondr i a  ( Humas on , 1 9 7 2 ) and thus 

i s  imp o r t an t  in ma in t a in in g the gr an�l ar i ty o f  the ge rmina l 

p l asm . Dehydra t i on was c ar r i e d out i n  t er t i ary-b ut y l  al co

ho l b e c aus e it  give s  b e t t e r  r esul t s  ( B l a ck l e r , 19 58 ) . The 

s che dule for f i xa t i on , dehydrat i on an d emb e dding app e ars in 



7 

Appendix IA . 

Af t e r  the e mbryos we re e mb e dde d, th e y  we re s e r i al 

s e c t ione d a t  1 0  mi c rome te rs on a S p ence r lens  mi c ro t ome . 

The r ibb ons we re then c o lle c te d and moun t e d on s t andard 1 

b y  3 inch mi cros cope s l i de s . The mo unt ing me di a con s i s te d  

o f  four dro p s  o f  Maye r ' s  alb umin (Huma s on , 1 9 72 )  t o  4 0  ml 

o f  b o i le d  di s t i lle d wa te r .  

Lehman ' s  p o ly chrome s t ain (Lehman , 1965) was em

p loye d in thi s s t udy . This p ar t i cular s t a in wa s de s i gne d 

as a gene ral s c re ening s t ain .  Mo re s p e c if i call y , Lehman 

s t at e s , "C e le s t ine b lue s t ain s nuc le i  s te e l b lue an d c y t o 

p lasmi c RNA lavende r . Nap tho l  ye l lows s t ains his t one s , 

he mo glob in , kerat in ,  an d o the r bas i c  p ro te ins o r  p ro te ins 

r i ch in S -H group s  ye llow . Ani l ine b lue s t ains a l l  muco p o ly

s ac chr i de s  vario us s h a de s of cle ar blue . Chromo t rop e 2R 

s t a ins a c i d  an d ne ut ral p ro te ins s c arl e t . When two o f  the 

ab ove mo le cul a r  c omp onent s are concent rate d in the s ame 

ce l lular re gion , the mul t ip le dye b inding wi l l  re s ul t  in 

c omp leme n t a ry co l o r s . For e xamp le , mit o t i c  chromo s ome s 

app e ar gre e n  b y  vi r t ue o f  ce le s t ine b lue s t a in in g  o f  nucle i c  

ac i ds an d nap tho l ye llow S s t aining o f  chromo s omal h is t one s . "  

The p ro ce dure us e d  for Lehman ' s  p o l y chrome s t a in c an b e  

found i n  App en dix II . 

S ince s ome o f  the ab ove re s ult s c an b e  a l te re d  by 

us in g fo rma l in ( p e r s onal c o mmun i c a t i on from W .  S .  Jame s ), a 

comp ar i s on was ma de again s t Kahle ' s  f i xa t ive ,  wh i ch c an be 



us ed wi t h  Lehman's p o l ychrome s t ain . The p ro ce dur e i s  de 

s c r i be d  in App endix IB. 

Me as ur emen t s  throughout th i s  s t udy were made us ing 

8 

a Baus ch an d Lomb mono cul ar mi cro s cop e fi t t e d  wi t h  an op t i cal 

mi c r omet er l en s  wh i ch was c al i brate d us in g a s t an dard c ali 

brat i on s l i de . Pho t o  mi crograp hs we re t aken on P an at o m i c  

X b l ack an d wh i te fi lm wi th a P en t ax S PSOO 3 5 mm  c amera a t 

t ache d t o  a S p en c e r  b in o c u l ar mi c ro s c op e .  Wi th e a ch n ew 

ro l e  o f  fi lm o r  a change in mi cro s cop i c  p ower , a p ho t o mi cro 

graph was t aken o f  the c alib r at i on s li de t o  us e a s  a r e fe ren c e . 



2 - c e l l  t o  8- c e l l  emb r yo 

RE S ULT S 

The yo lk p l a t e l e t s  in the 2 - c e l l  emb ry o  app e ar 

b ri gh t ye l l ow due t o  the nap tho l ye l low S s t a in . The em

b ryo is s urrounde d by the vi t e l l ine memb r ane whi ch i s  

s t aine d re d by chromo t rop e 2 R . Ce l e s t in e  b l ue s t ain s the 

nucl e i  s te e l  b l ue an d the RN A  ri ch i s l e t s  o f  g e rminal 

p l asm deep l avende r . 

The i s le t s  o f  germina l  p l asm are s e en in areas 

fre e  of yo lk an d are as s o c i a t e d  wi t h  mi t o chon dr i al aggr e 

gat i ons . They are app ro ximat e ly 1 0  mi c rome t e r s  from th e 

c o r t e x  in the ve g e t a l  p o l e  r e g i on ( Fi g . 1 ) , and exten d up 

t o  6 5 0  mi crome t e r s  from th e  mi dp o in t  o f  the cle avage fur 

row . At th i s  t ime the i s le t s  are about 6 mi c rome t e rs in 

diame te r  (T ab l e 3). 

The 4 - c e l l  emb ry o e xhib i t s  th e s ame s taining char

act e r i s t i c s  as the 2 - ce l l  emb ry o  do e s . The i s l e t s o f  g e r 

min a l  p l as m  a r e  s t i l l  l o cat e d  about 1 0  mi crome t e r s  fr om 

the co r t e x ,  a l though s ome c an b e  s een jus t b e l ow i t  ( Fi g . 

2 ) . Two di f fe ren t  s ize s  o f  i s l e t s  are app aren t :  ab out 7 

mi c rome t e rs an d 1 9  mi crome t e rs in d i ame t e r  ( T abl e 3). 

9 

Th i s  may s ugge s t that the i s l e t s o f  germin a l  p l as m  co a l e s ce 

t o  form l ar ge r  i s le t s .  As the s e con d cle avage fur row fo rms , 

the s e  i s l e t s  o f  ge rmin a l  p l asm are divi de d  among the fo ur 
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re s ul t in g  b l as t ome re s ( T ab l e  2 ) . Fi gur e 3 s hows a gr oup o f 

the s e  i s l e t s  o f  ge rmin a l  p l asm in the ve ge t a l  r e g i on o f  one 

of the s e  four b l as t ome r e s . Al s o  th e i s le t s  o f  ge rminal 

p l asm are move d, p robab l y p as s ive ly by the fo rce s  o f  cle av

age , cl o s e r  t o  the mi dp oin t o f  the cle avage furrows . S ome 

i s le t s  o f  ge rmin al p l asm we re ob s erve d  t o  have move d as far 

as 3 0  mi crome t e r s  up the cl e avage furrow . S uch is le t s  we r e  

no mo re than 10  mi c rome t e r s  from t h e  cle avage membrane . 

During the th i r d  cl e avage , the is le t s  o f  germinal 

p l asm p rob ab ly con t inue to co ale s ce s ince the i r  d i ame t e r  i s  

gr eat e r  than in the 4-ce l l  emb ryo ( Tab le 3 ) . As t hi s  thi r d  

cl e avage r e a ch e s  i t s  f in i sh , t h e  i s l e t s  o f  germinal p las m 

are ob s e rve d much further in t o  the cle avage furrows . On 

comp l e t ion o f  th i s  cl e avage , t he emb ry o  i s  divide d in t o  four 

an imal p o l e  b l as t ome re s an d four ve ge t al p o l e b las t omer e s . 

Each o f  the four ve g e t al p o l e  b las t ome res con t ains i sl e t s  

o f  ge rmin al pl as m  ( T ab l e 2 )  that are l o cat e d  10 mi crome t e r s  

b e l ow t h e  co r t e x  near t h e  cle avage furrow t o  app ro ximat e ly 

10 0 mi c rome t e r s  up the furrow in clo s e  p roximi t y  wi th the 

memb r�ne ( Fi g. 4 ) . The d i ame t e r  o f  the s e  i s l e t s  i s  given 

in T ab le 3 .  As b e fo re , the s t aining app earance o f  the em

b ryo i s  con s i s tent w i t h  the 2 - ce l l emb ryo . 

16 ce l l - emb ryo t o  3 2 - ce l l  emb ryo 

The ge rminal p l as m  in the 16- ce l l  s t ag� emb ryo i s  a 

ve ry den s e l avende r .  The d i ame t e r  o f  th e i s le t s o f  germin a l  

p l asm i s  given i n  T ab l e 3 . They a r e  diver s i f i e d i n  the ir 
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l o c at i on a t th i s  t i me . So me are se en in the co r t e x , 3 5  mi cro 

me t e r s  from the c le avage furrow, o thers  have moved by the 

ac t i on o f  c l e avage t o  a p o s i t i on a s  de ep as 3 0 0  mi crome t er s  

from t h e  s ur face o f  t h e  ve ge t a l  p o l e  r e gi on ( Fi g . 5) . 

B e c aus e the ge rmin a l  p l a s m  i s  l o c a t e d  p e r ipheraly 

t owar d one s i de of the c e l l  memb rane , it  is  d i s t r ibute d t o  

on ly one o f  the daugh t e r  ce l l s dur ing mi t o s i s .  Thus a s  

cle ava ge p rogr e s s e s  an d t h e  3 2 - ce l l  emb ryo i s  forme d , the 

i s l e t s  of germina l p l asm are include d in on l y  four bl as t o 

mer e s  ( T ab le 2 ) .  The r e  are us ual ly two t o  thr e e  i s l e t s  p er 

ce l l  an d the i r  s i ze i s  given in T abl e 3 .  The granul ar i ty o f  

t h e  ge rmina l  p l asm at th i s  s t age i s  p rominen t i n  t h e  deep 

l aven de r i s le t s  ( Fi g . 6) . Each i s l e t  i s  l o ca t e d  in a p e r i 

pheral p o s i t i on i n  the ce l l  ( Fi g .  6) . Two o f  the four 3 2 -

c e l l  embryo s  e xamin e d  e xhib i t e d  an in t e re s t ing phenomenon . 

Tho s e  c e l l s that p o s s es s e d  germinal p l a s m  and wer e  next to 

the bl as t o coe l deve lop e d  p r o t ub e ran ce s o f  cy t op las m  con t a in 

ing one l ar ge i s l e t o f  germin a l  p l asm a l on g  w i th p i gmen t and 

yo lk p l a t e l e t s  ( Fi g .  7) . 

Mi d- b l as t u l a  t o  e ar ly- gas t u l a  

Al l through t h e  b l a s t u l a  t o  e ar ly ga s t u l a  s t age s , 

the s t a in in g  app e aran c e  o f  the embryos was a s  b e fo re , wi th 

the e xcep t i on th at the nuc l e i  o f  th e e ar ly gas t u l a  var i e d  

i n  the i r  mo rpho l o gy a s  we l l  as  i n  s t a ining chara c t e r i s t i cs .  

The nuc l e i in the invagina t ing en do de rma l ce l l s were ova l 
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an d s t a ine d s t e e l  b l ue ,  wh e r e a s  t h e  nuc le i i n  the region o f  

the b l as to coe l f l oor we re lobulat e d  an d s t a ine d b rown i s h  to 

gr e en. 

The p r o ce s s  of c l e avage has gre a t ly r e duc e d  the 

vo lume o f  c yt op l as m  in the ce l l s  of the mi d-b l as t u l a , s o  

that the ge rmina l  p l asm in i ts p e r ipheral  p o s i ti on ha s in 

d i re c t ly move d c l o s er to the nuc l e us ( Fi g .  8 ) . The is le ts 

o f  germina l  p l asm a t  th i s  time are s pher i c al , s urroun d e d  by 

s ma l l y o lk p l a t e l e t s ,  an d ve ry granul a r  in app e aran c e  ( Fi g . 

9 ) . The re we re from four t o  s even ce l l s  ( T ab le 2 )  in the 

l owe r one -thir d of the emb ryo tha t p o s s e s s e d  one t o  two i s 

l e t s  o f ge rmina l  p l as m . The i r  diame te r  was r e c orde d  in 

T ab l e 3 .  

By the l a t e  b l as t u l a  s t age , the c e l l  vo lume has  b e en 

fur the r r e duce d an d the ge rmin a l  p las m  o c cupi es a c l o s e r  

p o s i t i on wi th t h e  nuc l e us ( Fi g . 10 ) . The numb e r  o f  c e l l s  

con t a in in g  ge rmina l p l asm do e s  no t drama t i ca l ly incr e a s e 

( T ab le 2 ) ,  as a r e s u l t  o f  i ts p a s s age to on ly one o f  the 

daugh t e r  ce l l s  dur ing mi t o s i s .  Al s o , the s e ge rmin a l  p las m 

contajn in g  c el l s  are s ti l l  l o c a t e d in the lower one - th i r d  

o f  t h e  ve g e t a l  hemi s phere . 

At the ons e t  o f  gas t u l a t i on , when the re i s  a we l l  

deve l op e d  do r s a l  l ip , the germin a l  p l a s m  b e g ins  t o  mi gr at e 

from i t s  p e riphe r a l  as s o c i a t i on w i th the ce l l  memb rane ( F i g. 

1 1 )  t o  a j uxtanuc l e a r  p o s i t i on ( Fi g .  12 ) . Al l phas e s  o f  th i s  

mi grat i on c an b e  ob s erve d  o c c urr ing in t he s ame embryo .  There 



13 

are about s i x ce l l s  con t aining ge rminal  p l as m  at th i s  s t a ge 

(Tab le  2 ) .  

E mbryo s from l a t e r  gas t u l a  s t age s we re no t e xamine d 

an d thus i t  can on ly be p o s tulat e d  as  t o  the fate o f  the s e  

ge rmin a l  p l asm con t a in ing ce l l s  dur ing l a t e  gas t ul at i on. 

As the movemen t s  o f  gas t u l at i on cont inue , the ce l l s  con t a in

in g ge rminal  p l asm are p as s ive ly moved from t he i r  p o s i t i on 

in the l owe r ve ge t al p o le ( Fi g . 12 ) t o  a re g i on that i s  mi d

way b e twe en the ar chen t e ron f l o o r  an d the ven t r a l  s urface o f  

the endo de rm . E xamin a t ion o f  thi s r e g i o n in neurula an d 

e ar ly t a i l bud emb ryo s d i d  n o t  reve a l  any endo dern c e l l s 

con t ain ing ge rmi nal p l as m .  Fi gur e 1 3  i l lus trat e s  thi s  th e 

o r e t i ca l  r e g i on in an e ar l y  t a i l  bud emb ryo . 

The r e s u l t s  o f  t he comp ar i s on in s t a in ing charact er 

i s t i cs o f  Lehman ' s p o lychr ome w i th Kan le ' s  f i xe d  and formal in 

( 10%) f i xe d , p o t as s ium di chroma t e  p o s t-fi xe d  t i s s ue ,  are r e 

co rded i n  T ab le 4. 

At Shumway s t age 2 5 whe n  cl o s ure o f  the o pe r cul um i s  

comp l e te , the p r imor d i al ge rm ce lls ar e l ine d up a long the 

gen i t al r i dge ( Fi g . 14) . He re  they o ccupy p o s i t i ons at  the 

do r s al roo t o f  the dor s a l  me s en t e ry ( Fi g . 15 ,  16 ) , or in the 

l at e r a l  an d me d i an r i dg e s  ( Fi g . 17). Since the nucl e i o f  

t he p r imo r d i a l  g e rm ce l l s  are ve ry p r ominen t dur ing this 

p e r i od ( Fi g . 18) , i t  was e as y t o  de t e rmine the numb e r  o f  

p r imo r d i a l  germ ce l l s  (Tab l e  2 )  occurring in thi s s p e ci e s . 
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DI S C U S S ION 

S t ain ing o f  e mb ryon i c  t i s s ue wi th Lehman ' s p o ly chro me 

i s  in f l uen ce d  by the fixat i on e mp loye d .  In Kahle 's f i xe d 

t a dp o le mus c l e  ce l l s (wh i ch c on t a in myo sin an d a c i d  p ro t e in ) ,  

the cy t op l as m s t ain s re d due t o  chr o ma t rop e 2 R . I f  ne ut r a l  

fo rmal in an d chr o ma t i on a r e  us e d  ( as B o urnour e ( 19 3 4) an d 

o t h e r s  foun d  ne ce s s ar y  t o  p r e s erve the ge rmina l p l asm) , the 

mus c le c e ll s  of the t a dp o l e  s t ain a r e dd i s h - p urp le (Tab l e  4) . 

Other s t a ining abno r ma l i t i e s  are app aren t in T ab l e  4 us ing 

ne ut ral fo rmal in f i xa t i on an d chromation. Al though the s e  

s t a in ing abnorma l i t i e s d i d  o c c ur i n  mus c le c e l l s  an d nuc l e i 

o f  o t he r  c e l l s , the s t ain ing o f  the germina l  p l asm wi th c e l e 

s t ine b l ue was con s i s t en t  wi th wha t Lehman ( 19 65 ) rep o r t e d  

for cy t op l asmi c  RNA ,  tha t i s  a deep l aven der co l o r . The s e  

deep l aven der i s l e t s  were comp ar e d  wi th s l i de s  that  h a d  b e en 

s t aine d with pyron ine y an d p rove d t o  b e  i den t i c a l  w i th the 

deep r e d  i s l e t s  in the s e  se c t i on s  ( Fi g . 1 8 ) . 

The i s le t s  o f  ge rminal p l a s m  in the 2 - c e l l  emb ryo 

we re l o c at e d  abo ut 10 mi c r o me t e r s  b e l ow the cor t e x  in the 

ve ge t a l  p o le re g i on. Thi s  is c ongruen t w i th wha t  Whi t ington 

an d Di xon ( 19 7 5 )  rep o r t e d  in Xenopus l aevi s .  The fac t that 

the i s le t s  of ge r minal p las m ar e s p r e ad out a s  far a s  65 0 

mi crome t e r s  from the c le avage furr ow in Bo mb ina o r i en t al i s , 

may b e  t o  in s ure that at the b l as tu l a  s t age the ce l l s  
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c on t a ining the ge rminal  p l asm wi l l  b e  s i t ua t e d i n  the l owe r 

one -th ir d o f  the e mbryo . Xe no pus l ae vi s , in wh i ch the i s l e t s  

o f  ge rmin a l  p l a s m  .are sp re a d  o ut a t  the 2 -ce l l  s t a ge a s  far 

as se ve ral hundre d mi c rome t e r s  from the c l e ava ge furrow 

(Whi t ington and D i xon ,  1 9 75) , als o e xh ib i t  the ce l l s  c on t a in 

ing ge rmina l p l asm i n  the lowe r  one - th i r d  o f  t h e  b l as t ul a . 

In c on t rast , t he ce l l s  con t a in in g  the ge rmina l p l a s m  in Rana 

p ip iens are l o cate d in the b l a s t o co e l f l o o r  (Di B e r ar dino , 

19 6 1 ) an d a t  the 2 -ce l l s t a ge ,  the i s l e t s  o f  ge rmin a l  p l a s m  

are c on cent ra te d i n  are a s  much clo s e r  t o  t h e  cl e avage furrow 

( unpub l i she d ob s e rva t i on s ) .  

The ob s e rva t i on tha t  the i s l e t s  o f  ge rmina l p l a sm 

c o a le s ce int o l a r ge r  i s l e t s  and move b y  the act i on of cl e av

a ge , c l o se t o  and up the cl e ava ge furrow i s  in a greemen t wi th 

the findings of B l ack l e r  ( 1 9 58 )  and Wh i t in g t on and D i xon 

( 1 9 75) . The ge rmina l p l a s m  a lway s rema in s  in clo s e  ass o ci -

a t ion w i th the c e l l  memb r ane through out cl e avage and i s  us u-

a l l y  p a ss e d t o  onl y  one o f  the daugh t e r  ce l ls dur ing mi t o s i s  

( a l so rep o r t e d b y  B l ack le r ,  1 9 58 ;  Whi t t ing t on and D i xon , 1 9 75) . 

Thus b y  the 3 2 - ce l l  s t age ,  the ge rminal p l a sm i s  con t a ine d in 

on ly a few ce l l s .  

B l a ck l e r  ( 1 9 58 )  fir s t  de s cr ib e d  the phenomena o f  e x-

t rusi on o f  ge rminal p l a sm in ce l l s  tha t  are l o ca t e d next to  

the forming b l a st o c o e l in the 3 2 -ce l l  emb ryo . He b e l i e ve d  

i t  t o  b e  s ome kind o f  e l imina t ion p r o c e ss p e cul iar on ly t o  

Bufo b u fo. Th i s  phenomenon has a l so b e en re p o r t e d in D i s-

c o gl o ssus ( B l a ck l e r , 1 9 6 6) .  Why i t o c cur s  in Bomb ina 
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The numb e r  o f  c e l l s  con t a in ing ge rmin a l  p l asm from 

e ar l y c l e avage up to gas tul a t i on , an d the numb e r  o f  p r imo r 

d i a l  germ c e l l s  in Bomb ina o r i en t a l i s  c an b e  comp are d  wi th 

o ther s p e c i e s  l i s t e d  in Tab l e  5 . 

As c l e avage cont inue s , the numb er o f  ce ll s c on t a in ing 

germinal p l asm or  "th e p re s ump t ive p r imo r d i a l  ( p . p . )  germ 

ce l l s "  as wbi t in g t on an d D i xon ( 19 7 5 )  r e fe r  t o  them , doe s  

no t ap p re c i ab ly incre as e .  At t h e  mi d - to l at e  b l as t u l a , the 

c e l l s  are con c en t ra t e d in t o  one r e g i on , an d the germin a l  

p l asm i s  l o c a t e d  much cl o s er t o  the nucle us a s  a r e s ul t o f  

the r e duc t i on in ce l l  volume . Dur ing the onse t  o f  gas tula

t i on , the germinal  p l asm b e gins t o  mi gra t e  t o  a juxtonuc l e ar 

p o s i t i on ( a l s o  rep o r t e d  by B l ack le r , 1 9 5 8 ; Di  B e r ar dino , 

1 9 61; Whi t in g ton an d D i xon , 1 9 7 5 ) . 

Bl ack le r  ( 1 9 5 8 , 1 9 66 ,  an d 19 7 0 )  as s ume d that thi s 

juxt anuc l e ar p o s i t i on o f  the ge rmina l p l asm p reven t e d any 

fur ther mi t o s i s  in the s e p . p .  germ ce l l s , an d as a r e s ul t  

the ce l l s  wo ul d r ema in i n  an emb ry on i c  s tate . Th i s  theory 

was l a t e r  shown t o  b e  in corr e c t  by D zi a dek and D i xo n  ( 19 7 5 , 

19 7 7 ) . They p e r forme d e xp e r imen t s  that invo lve d p u l s ing 

emb ry o s  of Xenopus l aevi s wi th t r i t i a t e d  thymi d in e  an d 

t r i t iate d ur i din e . Wha t  they foun d , was that in ce l l s  o f  

the gas t u l a  that e xh ib i te d  ge rmin a l  p l asm i n  the juxt anu

c l e ar p o s i t i on, the nuc l e i  showe d a h i gh leve l of incorp o r 

at i on o f  the t r i t i at e d  thymi dine . Th i s  demons t ra t e d  tha t 
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the c e ll nuc le i  were no t qui e s cent,  but were act ive ly s yn -

th e s i zin g DNA . Als o c e lls in the p ro c e s s  o f  mi t o s i s  we re 

ob s erve d . The germin al p lasm in th i s  cas e was dis t r i b ut e d  

t o  b o t h  daugh t e r  c e lls . The in trace llular mi gr a t i on o f  the 

ge rminal p lasm was found t o  be in dep en dent o f  RNA s ynth e s is , 

as they were unab le t o  a ch ieve any t r i t i a t e d  ur i dine in cor-

p o r a t ion in t o  the cytop la s m. 

From e s t imat e s  o f  r at e s  o f  ce ll d ivis ion an d numb e r  

o f  p . p . germ ce lls in the gen it a l  r i dg e s  o f  Xenopus laevi s , 

Wh i t in gton an d D i xon (1975) s ugge s t e d  tha t  the r e  we re two 

c e ll d ivis ions o c cur r ing in the s e  ce ll s b e twe en gas t ulat ion 

an d the t ime o f  the ir mi gr a t i on from the endo derm. B e c aus e 

o f  the juxt anucle ar p o s i t i on o f  the germinal p l asm , b o th 

daugh t e r  ce l ls r e ce i ve a p o r t i on o f  the germinal p lasm dur-
' 

in g mit o s is . Thus , the n umb e r  o f  p.p .  ge rm ce l ls can now 

be  increas e d  (Whi t in g t on an d Di xon , 1975) . Th e s e  divi s ion s 

have b een t e rme d " cl oning divi s i on s ' ' b y  Whit ing t on an d Dixon 

(1975), b e caus e the numb e r  o f  ce lls i nc re ase s  w i thout chang

ing the i r  cy t o lo g i cal s t a t e . Dzi adek and Di xon (1977) have 

r e cen t ly foun d  that there are actually thr e e  cloning divi-

s ion s that o ccur ins te ad o f  only two . 

Ge rminal p la s m  was b e l ieve d  b y  Ke rr and Dixon (1974) 

t o  ini t i a t e  the migr a t i on o f  the p .p .  ge rm ce ll s from the 

en do de rm. Th i s  s e eme d ve ry log ic al s in c e  the s t aining 

ab il i t y of th e ge rmin al p lasm di s ap p e ar s  dur ing thi s t ime 

( B lackle r , 1958; Wh i t in g t on an d D i xon , 1975; Mi ch ik@, e t  al . , 

1976). 



In the p re s ent s t udy , no de t e c t ab le s ub s t ance r e 

s emb l ing ge rmin a l  p l a s m  was s e en in ce l l s  o f  the neurula 
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or e arly t a i l  b ud emb ryo s .  I t  may b e  th at  in Bomb ina 

or i ent al i s , there is a p re co c i ous d i s ap p e aran c e  o f  the 

germinal  p l asm , or  the amoun t p re s en t in the p . p .  ge rm c e l l s  

coul d have b e en sma l l  an d thus was ove r looke d . B l ack l e r  

( 1 9 66) has men t ione d t h a t  i t  i s  the s t ain in g charact e r i s 

t i c  o f  the germin a l  p l asm whi ch mak e s  ob s e rva t ion o f  germ 

c e l l s  in the endo de rm e a s y .  If i t  we r e  n o t  p re s en t , i dent i 

f i ca t i on wou l d  b e  mo s t  d i f f i cult . 

Mo s t  inve s t i gat o r s  ( B l ack l e r , 1 9 5 8 ; Whi t in g t on and 

D i xon , 19 7 5 ; and Mi ch iko , e t  a l . ,  1 9 7 6 )  agr e e  that the mi gr a

t i on o f  the p . p .  ge rm c e l l s  t o  the do r s a l  c re s t of  the en do 

derm i s  an act ive one , p o s s ib ly by s ome kin d o f  ameb o i d  

movemen t .  The f i r s t de f in i t e  in d i ca t i on that p . p .  germ 

c e l l s  may move by a typ e o f  ameb o i d  movemen t came from a 

s t udy by Mi ch iko ( et a l . ,  1 9 7 6 ) . Th e y  e mp l oy e d  the t e ch 

n i q ue o f  embe dding the emb ry os i n  ep on an d t hen s e ct i on ing 

them at one mi crome t e r . As a r e s ul t , the ce l lu l ar membran e s  

o f  t h e  endo derm ce l l s  we r e  much mo re d i s t inct .  Ob s e rva t i on 

reve a l e d  that the p .p . ge rm ce l l s  that we re in the p ro ce s s  

o f  mi grat i on , s howe d  c e r t a in mo rpho l o g i ca l  charact e r i s t i cs . 

Fo r e xamp l e , they we r e  very r ound in app e arance comp are d t o  

the p o lygon a l  shap e  o f  t h e  o th e r  en doderma l ce l l s .  Al s o , 

the in t e r c e l l u l ar s p ac e  b e tween the p .p . ge rm c e l l s  an d the 

endoderm c e l l s  was gr e a t e r  an d mo re irre gul ar than the s pace 
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be twe en adja cen t en do derm ce lls . Th i s  s ugge s t e d  that the 

p . p .  germ ce l l s , we re a c t ual ly i s o l a t e d  from the o ther en 

do derm ce l l s . 

On ce the p.p. germ ce l l s  have b e gun t o  mi gr a t e , 

the re i s  the que s t i on o f ,  how thi s mi grat i on i s  c on tro l le d . 

G i p o uloux ( 1 9 70 ,  as de s cr ibe d by Gi o r g i , 1 9 74 ) has s ugges te d 

that the mi gr at i on o f  the p . p .  germ c e l l s in the endo derm 

t ake s p l ace un de r the at t rac t i on o f  the do r s a l  me s en t e r i c  

t i s s ue . Evi dence t o  s upp o r t  th i s  came from gra f t ing e xp er i 

men t s  b y  Gi orgi ( 19 74 ) . H e  foun d  that by graft ing dor s a l  

r e g i on s  from one emb ry o  o f  Bufo b ufo t o  the ven t r a l  r e g i on 

o f  another , s ome o f  the p . p .  ge rm c e l l s  from the en do derm 

mi gra t e d  in t o  the gen i t a l  r i dg e s  o f  th e vent r a l  gr aft . I t  

app e ars that dor s a l  me s en t e r i c  t i s s ue doe s p l ay an imp o r t an t  

ro l e  in c o ntroll in g th i s  mi grati on . 

The r e  are c on f l i ct in g  op in i on s  as  t o  how the p . p .  

ge rm ce l ls leave t he i r  po s i t i on in the do rsal cre st o f  t he 

endo d e rm , an d make the i r  way t o  the gen i tal ridge s . B lack 

l e r ( 1 9 5 8 , 19 66 , 1 9 7 0) b e l i eve s that t h e  mi grati on o f  the 

p .p .  ge rm ce l l s  out o f  the endo derm is b o th an act ive an d 

p a s s i ve p r o ce s s .  Whi t ingt on an d D i xon ( 1 9 75 )  are in agr e e 

men t wi th B l ack l e r . The y  have de s c r ib e d  a p r o ce s s  in Xeno 

pus l aevi s whe reby the l a t e ra l me s o derma l s he e t s  mee t an d 

fus e in the mi d l ine , p in ch in g  o f f the p . p .  g erm c e l l s wh i ch 

are then carr ie d  wi th the deve lop in g me s en t e ry . As thi s 

l at t e r  p r o c e s s ·  t ake s  p l ace , the p . p . germ ce l l s  a c t ive ly 
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move up the mes en t e ry t o  i t s  do r s a l  roo t .  I t  has be en sh own 

(Wy l i e an d He asman , 1 9 76) w i th the a i d  o f  the t r ansmi s s i on 

e l e c tron mi c ros c op e , tha t the r e  are no c e l l  junct i on s  b e twe en 

the p . p .  germ c e l l s  an d the me s en t e r i c  ce l l s  in Xenopus l aevi s . 

Mi ch iko ( e t  a l . , 19 76) have ob s e rve d p . p .  g e rm ce l l s in the 

do r s al cre s t  r e g i on o f  Xenopus laevis  wh i ch app ear to b e  

a c t ive ly p us h ing the ir way through th e s urrounding me s enchy 

ma l she e t  in to the me s en t e ry . Due to the l ack of any addi

t ion a l  e vi denc e , i t  s e ems that th i s act ive mi grat i on of th e 

p .p .  germ ce l l s  that was ob s e rve d i s  not rep r e s en t at ive o f  

the no rma l p r oce s s . 

From th e i r  p o s i t i on a t  the dor s a l  r o ot of th e me s en 

t e ry , the p r imo r d i a l  germ ce l l s  are b e l i eve d t o  mo ve act ive ly 

un de r a chemo t a c t i c  a t t r act i on from s omat i c  cel l s  wh i ch con

s t i t ut e the l a t e r a l  gen i t a l r i dge (Wy l i e , e t  al . ,  1 9 76 ) . 

T ime l ap se pho t o graphy o f  d i s s o c i a t e d  pri mordial ge rm ce l l s  

(Wy l i e  an d Ro os , 1 9 76) from the gene t al r i dge s  of Xenopus 

l ae vi s have s hown , at le as t  i n  vitro , that the s e  ce l l s  are 

cap ab l e  of ac t ive movemen t .  

As was d i s cus s e d in the in tro ducti on of thi s p ap e r , 

RNA i s  a majo r con s t i t uen t o f  the g e rmina l  p l as m. It i s  th i s  

fe ature o f  the ge rmin a l  p l as m ,  that al lows i t s  eas e o f  ob s er 

va t ion o f  s e c t i on s  s t a ine d  wi th RNA s p e ci f i c  s t a in s  s uch as , 

py ron in Y o r  s t ains l ike ce l e s tin e b l ue wh i ch r e a c t s  with 

cy t op l a s mi c  RN A .  S in ce thi s s t ain was emp loye d in the p re 

s ent s t udy , a c omp ar i s on was made wi th s l i de s  that had b e en 
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s t a ine d p r evious ly wi th th e RNA s p e c i fi c  s t a in ,  pyron ine Y. 

Tho s e  ar e a s  th at reac t e d  wi th pyron ine ( Fi g . 1 8 )  were i den 

t i c a l  w i th the are a s  r e ac t ing wi th c e l e s t ine b l ue . Thus 

are as rep o r t e d to be i s l e t s  of ge rmina l  p l a s m  in the re 

s ul t s o f  th i s  p ap e r , rep re s en t  t r ue are as r i ch in RNA .  

From the u l t ras t ruc t ur a l  s t ud i e s  o f  Mah owal d an d 

Hennen ( 19 71) , Wi l l i ams an d Smi th ( 19 71 ) , an d Czo l ows ka 

( 1 9 72 ) , it  was reve a l e d  that th e RNA s t a in in g  chara c t e r i s 

t i c  o f  the ge rmin a l  p l a s m  was ma in ly due t o  a large aggr e 

gat i on o f  r ib o s ome s i n  the germi n a l  p l asm r a th e r  than t o  

any s pe c i fi c  con c en t ra t i on o f  me s s enger RNA. Th e e l e c t ron 

den s e  bo die s or  "ge rmin a l  gr an u le s "  as Wi l l i ams an d Smi th 

( 19 71 )  re fe r  to them , ap p e ar t o  s t a in w i th in d i um t r i ch lo r i de 

(Mahowa l d  an d Hennen , 19 7 1) an RNA s t a in . Th i s  r e act i on 

c o u l d  repre s en t  me s s enge r RNA wh i ch i s  c a l le d up in s ome 

way in s i de the germin a l  granul e , as was s ugge s t e d  by Maho 

wa l d  an d Henn en ( 19 7 1 ) , Wi l l i ams an d Smi th ( 19 7 1 ) , an d Smi th 

an d Wi l l i ams ( 1 9 75 ) . Th i s  wou l d  e xp l ain why there are mas s e s  

o f  r i b o s ome s in the are a . Th e germin a l  gr anule i s  thought to 

be comp o s e d  of a fibrous ne two rk of p rot e in (Mahowa l d  an d 

Hennen , 19 71; Wi l l i ams an d Smith , 19 7 1; an d Smi th and Wi l 

l i ams , 1 9 7 5 ) . The fun c t i on o f  th e p r o t e in p ar t  o f  the gr an 

u l e  c ou l d  be t o  p ro t e c t  o r  mask the me s s enger RNA un t i l  the 

s p e c i fi e d  t ime that it i s  to be r e a d  by the r i b o s ome s . 

A s ub s t an ce ana l o gous t o  ge rmina l  p l asm o c cur s in 

many species o f  Dro s o phi l a  (fo r  review , s e e  Mahowald , 1971). 
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Th i s  s ub s t ance , p o l e pl a s m, induce s p o le ce l l s  in t he ve ge 

t a l  p o l e  re g i on o f  the e mb r yo .  The p o le ce l l s s ub s e quent ly 

give r i s e t o  the ge rm ce l l s  o f  the adul t f l y . U l t ras t ruc

t ua l ly , p o le p l asm i s  ve ry s imi lar to ge rmina l p l a s m . It 

c ons i s t s  o f  a ggre ga te s o f  mi t o chondri a and e l e c t r on dens e 

b o die s (p o l ar granule s )  whi ch are as s o c i a t e d wi th large 

numb e r  o f  r ib o s ome s . 

I l lmen s e e  e t  al . (1976) have p e r fo rme d e xpe riment s 

invo lving a t rans fe r o f  p o l e p l a s m  ( cont a in ing p o l a r - granule s )  

from p o s t e r i o r  p o l e  c e l l s  t o  ant e r i o r  c e l l s  in D ro s oph i l a  

emb ryo s .  I f  the po le p l a s m  c on t a in s  t he ge rm de te �mina t e , 

i t  should i nduce an ant e r i o r  s o ma t i c  ce l l  t o  b e come a p o le 

ce l l . Thi s  i s  e xa c t ly wha t  o c c ur re d in the e xp e riment a l  

e mbryo s . The ante r i o r  ce l l s  showe d a p r e co cious mi t o s i s , 

whi ch s e p arate d them from the o the r ce l l s in tha t re g i on . 

In no rma l de ve l opment ,  p o le ce l l s a l s o  b e come s ep arate d e ar ly 

from the o the r s oma t i c  ce l l s . Fur ther evi dence , that the s e  

ant e r i o r  ce l l s  we re b e coming p o le ce l l s  came from t r ans fe r a l  

o f  the s e  ce l l s  t o  t he ve ge t a l  re g i on o f  t h e  e ar l y  emb ryo . 

Wi th the us e o f  an enzyme de f i c iency a s  a marke r ,  i t  wa s 

found t hr o ugh s ub s e quent ma t ings , th a t  the t ran s fe r re d ce l l s  

in f a c t  we re cap ab l e o f  b e c oming ge rm ce l l s . 

T he p re s ence o f  mi t o chondria in the ge rmina l de te r 

minate has b e en a p uzzl ing one . I n  b o th anurans ( Mahowa l d  

an d Hennen , 1971; Wi l l i ams an d Smi th , 1971; and C zo l ows ka , 
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19 72 ) an d Dro s ophi l a  (Mahowa l d , 1 9 62 )  the e l e c t r on dense 

b o d i e s  app e a r t o  b e  fus e d  to the out e r  memb r ane o f  the mi t o 

chon dr i a  a t  ce r t a in t ime s  i n  e ar ly deve l opmen t . Wi l l i ams 

( p e r s onal commun i c at ion )  has no te d  that in hi gh ly magn i fi e d  

e l e c t ron mi crograph s , the ge rmin a l  granu le s a r e  no t a s  

c l o s e l y app l i e d  t o  the out e r  mi t o ch on dr i al memb rane as  was 

b e l i eve d. She has a l s o  men t ione d that thi s  aggr e ga t ion o f  

mi t o chon dr i a  coul d rep re s en t  s ome h i gh ene r gy requiremen t 

in the ge rmina l  p l as m  r e g i on . 

D awi d  an d B l a ck l e r  ( 19 5 8 ) have p rop o s e d  a mor e con 

vin c ing e xp l ana t i on . Dur in g e ar ly oo gene s i s , the r e  i s  an 

amp l i f i c a t ion o f  a s ma l l  group o f  mi t o chon dr i a  t o  form the 

Balb ian i b o dy . As the ge rmin a l  ve s i c l e  bre ak s  down , the 

mi t o chondr i a  are d i s p e rs e d. Tho s e  mi t o chondr i a  tha t aggr e 

gat e i n  the ge rmina l p l a s m  r e g i on are s ub s e q uen t ly incorpor 

a t e d  into the p r imor d i a l  germ ce l l s  an d g i ve r is e to  the 

ne xt gene rat i o n  o f  mi t o chon dr i a . Thu s mi t o chon dr i a  are 

ma t e rn a l ly inhe r i t e d  in th i s  manner . 

Bounour e ( e t  a l . ,  1 9 5 4 ) , has shown that i r r a di a t i on 

o f  the ge rmin a l  p l asm w i th ul travi o l e t  l i gh t  at  the t ime o f  

f i r s t c le avage , c aus e s  s t e r i l i t y i n  Ran a  t emp orari a .  Th i s  

ob s e rva t i on h a s  b e en e xtende d  t o  Rana p i pi ens ( Smi th , 19 66) , 

Xenopus l aevis ( Inken i s k i , e t a l . ,  1 9 74 ) , an d B omb ina o r i en 

ta l i s  ( Odom an d  Jame s , unpub l i sh e d  ob s erva t i ons ) . Iji r i  

( 1 9 76) h a s  r ep o r t e d ul t ravi o l e t  l i ght s en s i t i vi t y  in Xenop us 

l aevis  a s  ear ly as t en minute s aft e r  fert i l i za t i on. Fr om the 
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s t ud i e s  o f  Tan ab e  an d Ko t an i  (1971), there app e ar s  t o  b e  a 

quan t i t a t ive re l a t i onship b e twe en the amoun t o f  ge rminal 

p l a sm that is i r radi a t e d an d the numb e r  o f  p r imor d i al germ 

c e l l s in the gen i t a l ri dge s o f  Xen o pus l ae vi s . Irradi a t i on 

o f hal f o f  the ge rmina l p l asm , r e duce d the numb e r  o f  p rimo r 

d i a l  germ ce l l s by one - ha l f .  Ijir i  an d Egami (1976) have 

s t ud i e d the e f fe c t s  o f  u l t r avio l e t l i gh t  i r r a d i at i on on the 

ge rm ce l l  de t e rminat i on p r o ce s s  in Xen o pus l ae vis . They 

have a l s o  p rop o s e d  a ma thema t i c  mo de l for th i s  de t e rminat ion 

p r o ce s s . 

The r e  are s eve ral theo r i e s  on how ul t ravi o le t  l i gh t  

i rradi a t i on induce s s t e r i l i ty . Smi th ( 1966) p o s t ulat e d  from 

h i s  s t udi e s  on Ran a pi pi ens , that the re i s  de s t ruct i on o f  

s ome type o f  in format i on mo l e cul e , s uch as a me s s enger RNA. 

Th i s  woul d e xp l ain the f a c t  tha t  the mo s t  e ffe ct ive wave 

l en g th us e d was in the region of ab s orb ance fo r nuclei c ac i d .  

Fragmen t a t i on o f  germinal granul e s  i n  Xe nopus laevi s e ggs as 

a r e ·s ul t  o f  the ir e xp o s ur e  to ul t ravio l e t  l i gh t , has b een 

rep o r t e d by Ikeni skh i  ( e t  a l . ,  1974). S uch a phenomenon 

wo ul d obvious ly p reven t the ge rminal granul e s  from fun c t ion

ing in a no rma l manne r . On the o th e r  han d , Smi th an d Wi l l i ams 

(1975 ) have neve r  ob s e rve d th i s  phenomenon o f  germina l  granule 

fra gmen t a t ion in Xeno pus l ae vi s , an d s ugge s t  that i t  coul d b e  

at t r ibut e d  t o  a f i xat i on p rob lem . 

Zus t an d D i xon (1975 ) h ave p re s en t e d  an a l t o g e ther 

d i f fe r en t  e xp l an at i on . They f in d  that u l t ravi o l e t  l i gh t 
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c aus e s  a de l ay in c l e avage in the ve ge t a l  p o le . A s yn cy t i um  

i s  fo rme d a s  a re s ul t o f  inhib i t i on o f  cy t o kine s i s  wi thout 

di s rup t i on o f  karyokine s i s . At ab out b l as t u l a , the s yn cy 

t i um b re ak s  do wn . T here  i s  no no t i ce ab le di f feren c e  in 

gro s s mo rpho l o gy o f  the ce l l s  in the ve ge t a l  p o le from tho s e  

i n  the norma l embryo s . It i s  p o s t u l a t e d  tha t thi s  de l ay may 

mo di fy the no rma l  even t s o f  comp artme nt a l i zing o f f  the ger 

min al p l as m ,  an d thus p r imo r d i a l  germ ce l l s a r e  never fo rme d . 

Th i s  s yn cy t i um may b e  caus e d  by the ul travi o l e t  l i gh t  e f fe c t 

ing the mucop o ly s ac chr i de adhe s ive s ub s t ance b e tween the 

b l as t ome r e s  ( Be a l  an d D i xon, 1975). 

As a f in a l  n o t e , Wi ll i ams ( p e r s on a l  c o mmtmi c at i on ) 

re cent l y  has fo tmd tha t u l t r avi o l e t  l i ght may no t ac tua l ly 

c aus e s t e r i l ity . The us ua l a s s ay for s te r i l i ty i s  t o  che ck 

the gen i t a l  r i dge s when the p rimordi a l  germ c e ll s  are p r e s en t . 

If the gonads o f  the me t amo rpho s i ze d  fro g le t  are e xamine d ,  

the y con t ain germ ce l ls . It s e ems tha t t he p r imo r d i a l  germ 

ce l l s  are de l ay e d  in the i r  mi gra t i on from the endo de rm, and 

arr ive at a l a t e r  t ime in the gonada l rudiment s . 

The o r i gin o f  ge rmin a l p l a s m  has b e en inve s t i ga t e d  

b y  C zo lows k a  ( 1969) i n  Xenop us l ae vi s . She fotmd RNA r i ch 

p a t ch e s  o f  cy top l as m  in the ve ge t a l  p o l e  cort e x  o f  hormona l ly 

t r e at e d  o o cy t e s .  S imi l ar areas have been fo tmd in Rana p ip i en s 

by Wi l li ams an d Smi th ( 197 1). The ul t ras truc t ur e  o f  the s e  

are as con s i s t e d  o f  mi t o chon dr i a  s urrotmde d b y  e l e c t r on dens e 

bo die s re s emb l ing ge rmin al gr anule s ,  b ut much sma l l e r  in s i ze .  
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Thus s ome o f  the p re curs ors  o f  t he ge rmin a l  p l asm are p re s en t  

even b e fore fert i l i zat i on . Aut oradio gr aph i c  s t udi e s  b y  Wi l 

l i ams ( p e r s on a l  co mmuni cat ion )  in whi ch she us e d c3H] ur i d ine 

an d c3H] le ucine a f t e r  ho rmone treatment o f  o o cyt e s  was nega -

t i ve . The comp onen t s  tha t comp o s e the ge rmin a l  gr anu l e s  mus t 

be s yn the s i ze d  e ar l i e r  in o o gene s i s . 

The p r e s en ce o f  an in t e rmi to chondr i a l  e l e c t ron dens e 

granul ar s ub s t ance o f  "nuage, " has b e en de s cr ib e d  in p r imo r -

d i a l  germ ce l l s o f  Rana p i pi ens (Mahowa l d  an d Hennen , 197 1) 

an d  Xenopus laevi s (A l - Muk t ar an d Web b , 197 1) . Nuage ma t er i a l  

ha s a l s o  b e en rep o r t e d  in; o o gon i a  an d e ar l y  me i o t i c  oocyt e s  

o f  Rana p ip ien s  ( Eddy an d It o ,  197 1) and Xeno pus l ae v i s  (Al 

muk t ar an d Webb , 197 1) an d p r imary s p e rma t o cy t e s  and s p e rma t o 

gon i a  (Ke rr an d D i xon, 1974) o f  Xeno pus l aevi s . 

The nuage mat erial in the p rimordi a l  germ ce l l s  i s  

l o cate d in a juxt anuc lear p o s i t ion . .  Th.is mat e ria l  coul d 

repre s en t  the rema in s  of t he p r o t e in c omponent o f  the germi 

n a l  granule (Mahowa l d  and Hennen , 1971). As the p rimordi a l  

ge rm ce l l s  deve lop i nt o  o o gen i a  (A l -Mukt a r  and Web b ,  197 1) 

an d s p e rma t o gen i a  (Ke r r  an d D i xon , 1974) , the nuage ma t e r i a l  

kee p s  i t s  clo s e  as s o c i a t i on w i th t h e  nuc l e us .  In p r imary 

s p e rma t o c yt e s , the nuage ma t er i a l  de gene r a t e s  ( Kerr an d D i xon ,  

1974) , but in oo goni a ,  i t  has b e en ob s erve d a s  l a t e  as the 

l a t e  lamp b rus h chromo s ome s t age ( Smi th an d Wi l li ams , 1975) . 

The mi t o chon dr i a  whi ch inhab i t  th i s  juxt anucl e ar r e g i on ar e 

thought t o  give r i s e  t o the B a lb i an i  b o dy ( D awi d  and B l ack ler , 
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19 7 0 ; an d A l - Muk tar an d Web b , 19 7 1 ) . Long b e fore the mi t o 

chondr i a  i n  the B a lb i an i  b o dy are di s p e rs e d , the nuage ma t e 

r i a l  di s appe ars , the re fo re n o  evi den ce e xi s t s t h a t  th i s  nuage 

ma t e r i a l  i s  con t inuo us wi th the ge rmina l gr anul e s . 

I t  i s  ap p aren t from the fo rego in g  d i s c us s i on that 

ge rm c e l l  de te rminat i on i s  an act ive ar e a  of r e s earch an d 

fut ure inve s t i gati ons shoul d prove ve ry in t e r e s t ing , e s p e ci 

al l y tho s e  de al in g  wi th i s o l a t ion an d de t e rmin a t i on o f  the 

c omp o s i t ion o f  the den s e  ge rmin a l  granule s .  Ge rm ce l l  de t e r 

mina t i on in the anur an als o  o f fe r s  an i d e a l  s y s tem i n  whic h 

t o  s t udy the in t r i c at e  int e r act ions b e twe en the cy t op l a s m  

an d the nuc leus i n  emb r yon i c ce l l s . 

To con c lude , I b eli eve that the in forma t i on ga the re d 

from the p re sen t s t udy con t r ib ut e s  t o  the p re s en t  know l e dge 

of the under s t an d ing of germ ce l l  deve l opmen t i n  the anur an . 

Fur the r , i t  i s  e vi den t that th i s  p ro ce s s  i s  fa i r ly con s i s t en t  

among anur ans thus s t udied , in cludin g  Bombi n& o r ient a l i s  us e d  

i n  th i s  s t udy . Fina l ly , i t  was imp erat i ve t ha t  th i s  s tudy b e  

co nduct e d  s o  tha t fur ther re s e arch o n  germ ce l l  deve lo pmen t 

us ing Bomb in a  o r i en t a l is cou l d  b e  p o s s ib le . 
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SUMMARY 

1 .  Le hman's p o l ychrome s t ain was us e d  t o  fo llow the fate 

of ge rmina l  p l a s m  in e ar l y  de ve l o pmen t  of Bomb ina o r ien

t a l i s  emb r yo s . The re s ul t s  we re c on s i s tent wi th e a r l ie r 

findings . 

2. Is le t s  o f  ge rmina l p la s m  app r o ximate l y  6 um in d i ame te r 

we re ob s e rve d in the ve ge t al p o le re gi on o f  the 2 - ce l l  

emb r yo .  B y  the 4-ce ll s t age , s ome o f  the s e  i s le t s had 

c o a l e s ce d  t o  fo rm l a r ge r  one s s o  that two s i ze c l a s s e s  

o f  i s l e t s  we re pre s e n t .  

3. As c le avage con t inue d t o  t h e  16-ce l l  s t a ge , the i s le t s 

were move d fur ther up the c le avage furrow an d the y a l 

ways rema ine d in c lo s e  as s o c i a t i on with the c l e avage 

memb r ane . The i s le t s  h a d  rea che d a di ame ter o f  ap proxi

mate ly 32 um . 

4. Be c aus e o f  the i r  pe ri phe r a l  lo c a t i o n  o n  one s i de o f  the 

ce ll s  c ont aining them in the 32 -ce ll emb r yo ,  t he i s l e t s 

o f  ge rmina l pl a s m  we re p as s e d  t o  only one o f  the daugh te r  

ce l l s dur ing mi t o s i s . Als o tho s e  c e l l s  wh i ch cont aine d 

ge rmina l  p l a s m  and we re adjacent t o  the deve lo ping b l as t o 

c oe l ,  e xh ib i t e d  a p ro tub e rance o f  c yt op l a s m  c ons i s t ing o f  

p i gment , yo lk an d ge rminal p l a sm. 
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5. At the mi d-to l a t e  b l as tula s t age , the ge rminal p l a s m  

wa s con t a ine d in a few ce l l s l o c ate d i n  the lowe r one 

th i r d  o f  the embryo . The p e riphera l p o s it ion o f  the 

ge rmina l p l asm was main t a ine d in the s e  c e ll s . 

6. During e ar ly gas t u l a t ion , the ge rmina l p lasm b e gan t o  

mi gr ate from i t s  p e r i phe r al l o c a t i o n  t o  a juxt anuc le ar 

p o s i t i on . I t  was p o s tu l a te d tha t  t he movemen t s  o f  

gas t u l a t i on wou l d  de l ive r the s e  c e l l s  con t aining 

ge rmina l p l asm to a mi d - po s te r i o r  re g i on of the en

do de rm . 

7 .  Examina t i on o f  ne urul a an d e ar ly t a i l  b ud s ta ge s  d i d  

no t re ve a l  any cell s  c on t ain ing ge rminal p l as m . The 

imp l i c a t i on was tha t  the ge rmin a l  p la s m  had b e e n  ut i l 

i ze d  p revious ly t o  the s e  s t a ge s . 

8 .  Pr imo r di a l  ge rm ce l ls we re ob s e rve d in the dor s a l  

me s ente ry and gen i t a l  r i dge s o f  s t a ge 2 5  t adp o l e s . 
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APPEND IX I 

A .  Embryo s  we re co l l e c t e d  a t  de s i r e d  s t ag e s  an d dej e l -

l i e d  wi th wa t chmake r for cep s .  They we re then t r ans ferre d t o  

c arrying t ub e s ma de out o f  s ma l l  s e c t i on s  o f  g l as s t ub ing 

wi th l ens  p ap e r  fa s t ene d t o  one end . Th e s e  c arrying tub e s  

a l l owe d the ma t e r ial t o  b e  p as s e d through s o l ut i ons w i th 

re l at ive e a s e . F i xa t ion was in ho t ( ap p roxima t e l y  6 0 °C )  10% 

ne ut r a l  forma l in for 5 minut e s , fo llo we d  by p o s t - f i xa t i on in 

a s at ura t e d  s o l ut i on o f  p o t as s i um d i chroma t e  for 48 hour s  at  

45 °c .  After r in s ing in r unn ing wa t e r  ove r  n i ght , the embryo s 

were dehydrat e d an d emb e dd e d  a c c o r d ing t o  the fo l l owing pro -

ce dure: 

Grad. N o .  

l '  
l ' I 

2 
3 
4 
5 
6 
7 
8 
9 

1 0 ' 
10 '  I 

1 0  I I I  

1 1  
12 

1 3  

14 

9 5% E thano l T e rt i ary D i s t i l l e d  
b ut ano l Wa t e r  

( T BA )  

5 ml 9 5  ml 
5 ml 9 5  ml 

1 0  ml 9 0  ml 
2 0  ml 8 0  ml 
3 0  ml 7 0  ml 
40 ml 10  ml 5 0  ml 
5 0  ml 20 ml 3 0  ml 
5 0  ml 3 5 ml 1 5  ml 
40 ml 5 0  ml 1 0  m l  
25 ml 7 5  ml 

1 0 0  ml 
1 0 0  ml 
1 0 0  ml 

5 0  ml TBA - 5 0  ml p araffin o i l  
T BA - p ar a f f in o i l  from 12 and 
s o l i d i fie d p ar a  l a s t 
Tr an s  fer t i s s ue through 4 
chang e s  o f  p arap l as t  
Emb e d  in p arap l as t  

T ime 

15 minut e s  
15 minu t e s  
1 5  minut e s  
15 minut e s  
1 5  minut e s  
1 5  minut e s  
1 5  minut e s  
1 5 minut e s  
1 5 minut e s  
15 minut e s  
1 5  minut e s  
3 0  minut e s  
3 0 minut e s  

3 0  minut e s  
un t i l  me l t e d  

3 0  minut e s  
e ach 
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Ap pen d i x  A ,  cont ' d . 

B .  S i x  t a dp o le s , mo rpho l o gi c a l l y e qui �a lent to  Shumway 

s t age 2 5 , we re f i xe d  in Kah l e ' s  f i xat ive for comp ar i s on w i th 

the forma l in p o t a s s i um d i chroma t e  f i xat i on me thod . 

Comp o s i t i on o f  Kah l e ' s  f i xat ive (Hen l ey and C o s t e l l o , 

1 9 5 7 ) : 

c o mme r c i a l fo rma l in ( 40% )  
E thanol ( 9 5% )  
Ace t i c A c i d  ( g l ac i a l )  
D i s t i l l e d  wat e r  

1 6  c . c . 
32  c . c . 

2 c . c .  
6 0  c . c .  

Aft e r  f i xa t i on in Kah le ' s  f i xa t ive for 12 hour s , the s e  

s i x embry o s  we re p as s e d  thro ugh 3 changes  o f  7 0% e thano l ,  then 

through 2 change s o f  80% e thano l  an d s t o r e d  in fr e s h  8 0% 

e thano l .  D ehy dr a t i on an d  emb e dding was carr ie d out b y  b r ing 

ing the mat e r i a l  do wn t o  7 0% an d s t ar t in g  a t  grade numb e r  6 

in the T BA  s e r i e s . 
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APPEND IX I I  

The Lehman ' s  p o l ychrome s t a in was formu l at e d  after 

t he deve l op e r ' s de s c r ip t i on (Lehman , 1 9 65 ) . Al l s l i de s  us e d 

in th i s  s t udy we r e  t r e a t e d in the fo l l owing manner:  

1 .  
2 . 
3 .  
4 .  
5 .  
6 .  
7 .  
8 .  
9 .  

10 .  
1 1 . 
12 . 
1 3. 

14 . 

15 . 

1 6 .  

1 7 . 

1 8 .  
19 . 

Two change s o f  Xy l ene 
Two change s of ab s o l ut e  e thano l 
9 5 % e thano l 
8 0% e thano l 
70% e than o l  
Was h  in two change s  o f  di s t i l le d  wa t e r  
0 . 5  a c i d  ce le s t ine b lue , pH 1 . 6  
Was h  in two chan g e s  o f  di s t i l l e d  wa t e r  
D i f feren t i at e  i n  1% chroma l um 
Was h  in d i s t i l le d  wat e r  
0 . 5% nap tho l ye l l ow s ,  p H  2 . 7  
D i fferen t i a t e  in 1% a c e t i c  a c i d  
Mo rdan t in mi xtur e o f  1% pho s p homo ly b 
di c  ac i d  an d 1% p ho s pho t unas t i c a c i d  
1% a c i d  an i l ine b lue an d 1% chromo t op e  
2 R  
Rin s e w i t h  one qui ck d i p  i n  1 %  ac e t i c  
a c i d  
D i f feren t i a t e , thre e  t o  f ive dip s ac i d  
e thano l an d t e r t i ary butano l 
Dehydrat e in 3 change s o f  ab s o lute 
e thano l 
Two chan g e s  o f  Xy l ene 
Moun t  in Euk i t t  

2 min . ( e ach ) 
2 min . ( e a ch ) 
2 min . 
2 min . 
2 min . 
2 min . ( e a ch ) 
2 min . 
T o t a l  o f  1 min . 
3 0  s e c . 
1 min . 
1 min . 
1 min . 

30 s e c . 

9 0  s e c . 

2 min . ( e ach ) 
2 min . 
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TABLE S AND F I GURE S 



S t age o f  de ve l opmen t 

2 - c e l l  
4 - ce l l  
8 - ce l l  

1 6 - ce l l  
32 - ce l l  

Mi d- b l a s tula 
i..a t e  b l a s t u l a  
E arly gas t u l a 
Ne urul a 
E ar ly t a i lbud 
S t age 2 5 t a dp o l e 

S t age o f  deve l opmen t 

2 - ce l l  
4 - ce l l  
8 - ce l l  

1 6 - ce l l  
32 - ce 1 1  

Mi d- b l a s t u l a  
L a t e  b l a s tula  
E a r l y  gas t u l a  
Ne urul a 
Early t a i lbud 
S t age 2 5  t adp o l e  

* rep re s en t s  the me an 

3 8  

T ab le 1 

N umb e r  o f  emb ryos 
that we re e xamine d 

Numb er o f  emb ry o s 
con t a ining germ 
p l asm 

12  
5 
7 
8 
4 
4 
1 
1 
2 
6 
4 

T ab le 2 

5 
5 
4 
7 
4 
4 
1 
1 
0 
0 
4 

Numb e r  o f  ce l l s  
c on t ain ing germ p l as m  

2 
4 
4 
4 
4 
5 ' ±  1 . 4* 
8 
6 

none wher e  foun d 
none wher e found 

6 0 . 8  ± 3 . 8 6* 

± the s t andard devi a t i on 



S t a ge o f  deve lopmen t 

2 - ce l l  
4 - c e l l  

8 - ce l l  
1 6 - ce l l  
32 - ce l l 

Mi d - l a t e  b l as t u l a  
Gas tul a 

T ab le 3 

n 

15 
9 
5 
7 
7 
5 
5 
5 

3 9  

D i ame t e r  o f  ge rmin a l  1 i s l e t s  in mi crome t ers  

6 . 3 0 ± 1 .  0 7  
a .  7 . 44 ± 2 . 6 0 
b .  1 9 . 5 0 ± 3 . 6 2 

2 4 . 7 7 ± 5 . 45 
3 1 .  5 7  ± 6 . 12 
2 2  . 10 ± 7 . 0 8 
1 3 . 0 3 ± 3 . 5 4 

8 . 5 0 ± 9 . 9 6 

1 D i ame t ers  are e xp re s s e d  as the mean ± s t an dard devi a t i on 

n Numb e r  o f  ob s e rvat i ons 

T ab l e 4 

S t a in ing Char a c te r i s t i c s o f  Lehman ' s  P o ly chrome 

Type o f  ce l l 

B l o o d  ce l l  
Ne rve ce l l  

No t o chord ce l l  

Ce l l s con t a in ing 
y o l k  p l at e l e t s 

Mus c l e  ce l l  

Kah l e ' s f i xe d  

green nuc le i 
l aven der cy t o 
p l a s m  
green nuc l e i 
s ky b lue cyt o 
p l a sm 
p urp l e  nuc l e i  
ye l l ow 

re d  c y t op l a s m  
s t ee l  b lue 
nuc l e i  

Forma l in ( 10% ) f i xe d  
P o t as s i um di chroma t e  
p o s t - fixe d 

deep p urp l e  nuc l e i  
l i gh t  p urp le cy t op l asm 

p urp l e  nuc le i 
s ame 

s ame 

r e ddi sh p urp le cytop lasm 
s te e l  b lue nuc l e i  



T ab l e 5 

Numbe r o f  Ge rm C e l l s  Re c o r d e d  in Anuran Embry o s  
( T aken from Tab l e  5 ,  Wh i t ingt on an d D i xon , 19 7 5 ) 

4 0  

Sp e c i e s  
S t age o f  deve lopmen t 

C l e avage B las tul a Gas t u l a Gen i t al Ri dge 

X .  l aevis 

R .  t emp o r ar i a  

R .  e s culen t a 

R .  p ip i en s  

B .  buf o 

B .  vir i d i s  

D .  p i c t us 

4 . 5 ± 0 . 9  5 . 3 ±  1 .  9 

1 0 - 15  
5 - 7  

8 . 8 ± 2 . 7  

1 7 

8 . 7 ± 3 . 0 

1 1 - 2 3 

8 . 6 ± 4 . 4  

Numb e r s  are e xp re s s e d  a s  the me an ± S . D .  
* Rep r e s en t s  on l y  one o r two mea s uremen t s . 

2 2 . 4 ± 14 . 1 
2 9 . 4 ± 1 1 
2 2 . 4 ± 4 . 6  
1 3 . 9 ± 4 . 8 

45 . 9 ± 2 3 . 3 
39 ± 6 . 8 

6 5 . 7 ± 3 0 . 9 
2 6* 

6 1 ,  8 2* 

15* 

2 1 . 3 ± 2 . 1  
12 0 . 4 ± 3 1 . 8 

2 4 . 6* 
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Fi gur e s  1-6 

1 - C r o s s - s e c t i on thro ugh the ve ge t a l  p o l e  o f  a 2 - c e l l  s t age 
embryo . An i s l e t  o f  ge rmin a l  p l a s m  ( G )  is vi s ib l e ap 
p ro xima t e ly 10  mi cr ome t ers  b e low the ve ge t a l  corte x .  
C le avage membrane ( CM) , yo lk p l ate l e t  (Y) . 

2 - C r o s s - s e c t ion through a 4 - ce l l s t a ge emb ry o . 

3 - T angen t i al s e c t i on o f  a 4 - ce l l  emb ryo app roximat e ly 15 
mi crome t e r s  above the ve ge t a l  p o le . Many i s l e t s  o f  
germina l  p l asm c an b e  s e en d i s p e r s e d through o ut th e 
cy t op l a sm o f  one o f  the b l as t ome re s . 

4 - C ro s s - s e c t i on through an 8 - ce l l  s t age emb ry o . L arge 
yo lk free i s l e t s of ge rmina l p l asm are l o c a t e d  ne ar 
t he c l e avage memb r ane . 

5 - C ros s - s e c t i on through a 1 6 - ce l l  s t age embryo . An i s l e t  
o f  germinal p l asm i s  in c lo s e  p ro ximi t y  with the c le av
age memb r ane . 

6 - H i gh magn i fi c a t i on o f  an i s l e t o f  ge rmina l  p l asm in a 

32 - ce l l  s t age emb ryo . The gr anul ar i ty o f  the germina l 
p l asm i s  app aren t  at  thi s s t age . P l asma memb r ane (M) . 



1 4 0  µ. m  60 µm 

1 4 0  µ.m 1 40 µ m 

1 4 0  µ.m 60 µ m 
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Figures 7-12 

7 - Blastomere of a 32-cell embryo exhibiting a cytoplasmic 
protuberance of germinal plasm and yolk granules. Form
ing blastocoel (B). 

8 - Cross-section through mid-blastula embryo. An islet of 
germinal plasm can be seen lying in a position adjacent 
to the plasma membrane. Nucleus (N). 

9 - High magnification of an islet of germinal plasm in cell 
of mid-blastula embryo. The granularity of the germinal 
plasm is apparent. 

10 - Cross-section through late-blastula embryo. The germinal 
plasm is still in a position adjacent to the plasma mem
brane. The blastomere is undergoing mitosis. 

11 - Cross-section through early-gastula embryo . A cell con
taining germinal plasm is visible in the vegetal pole 
region of the embryo. 

12 - Same stage as in figure 11 . The germinal plasm has moved 
from its pheripheral location to a juxtanuclear position . 



B 

140 µ m 140 µm 

140 µ.m 1 1  1 40 µm 

9 60 µ m  12 140 µm 



43 

Figures 13-18 

13 - A sagittal section through an early tailbud embryo . The 
boxed area represents the region of the endoderm where 
cells containing germinal plasm theoretically should be 
located. Hindgut (H), midgut (MG). 

14 - A sagittal section through a stage 25 tadpole. The 
primordial germ cell (PGC) .are seen lying in the genital 
ridge (GR). Notochord (NC), coelom (C), intestine (I). 

15 - Cross-section through a stage 25 tadpole. Two primordial 
germ cells are located at the base of the dorsal mesentery 
(DM) in the genital ridge. 

16 - High magnification of figure 15. 

17 - Cross-section through a stage 25 tadpole showing primordial 
germ cells located in the median and lateral genital ridges. 
The primordial germ cells are surrounded by germinal epithe
lial cells (EC). 

18 - Cross-section through a 2-cell embryo stained with methyl 
green and pyronine Y. RNA rich germinal plasm can be 
seen located in the cleavage furrow in the vegetal pole 
region. 



630 µ.m 170 µ.m 

630 µ m 140 µm 

630 µ.m 6 0  µm 
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