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Xnvos o i p 'a t i o n s  on  t h e  Q -en e tio s  o f  Y e a s t  ( Saccharorrrv 'cos o o r e v i s  1

G e n e r a l  S iw a a ry  

T he m a in  o b j o o t  o f  t h e  ivozic r e p o r t e d  was t o  i n v e s t i g a t e  t l i  

p o s s i b i l i t i e s  o f  ( a )  c a r r y i n g  o u t  i n  y e a s t  a  t y p e  o f  g o h o t i c  

m a a l y s i s  o f  t h e  sai'ae k in d  a s  t h a t  o f  random  s a m p l in g  o f  g a m e te s  

i n  h i g h e r  o z 'g an i sms j, and (b )  u s i n g  i n t a c t  i n c o m p le t e  a s  c i  f o r  - 

t h i s  p u r p o s e 3 i . e .  c o n t a i n i n g  o n ly  one^ t n o ,  o r  t h r e e  i n s t e a d  o 

t h e  no m a l  f o u r  s p o r e s .

The in co m p le te  a s o i  u t i l i s e d  n o re  d e r iv e d  from  th ro e  geno

t y p i c a l l y  d i f f o r o n t  d i p l o i d  s t r a i n s .  One s t r a i n ,  was h o te ro sy g  

f o r  ad en ine  ro q ii irem en t ( Ap/ a d ) , a n o th e r  foi^ t ry p to p h a n e  re  q u i r 

ment ; e3id th e  t h i r d  f o r  b o th  th e s e  ro q u l r e ra o n ts ,

Sach s t r a i n  was h e te ro a y g o u s  f o r  th e  m atin g  ty p e  gene, ( a / a ) ,

A s t u d y  o f  i n d i v i d u a l  s p o r e s  d i s  s e c t  od f ro in  tw o -  and t h r e e  

s p o r e  a s o i  showed t h a t  eao li  s p o r o  was h a p l o i d .

I n t a c t  ono*-spoz"0 a s  c l  g ea v u ln a ted  t o  g iv e  I i a p l o i d  c o l o n i e s  

e a c l i  o f  w hose c a l l s  w ere  a l l  o f .  one m a t in g  and n u t r i t i o n a l  p h e r  

ty p e *  I n t a c t  tw o - s p o r e  a s o i  g av e  e i t h e r  d i p l o i d .  coI obI gs v;hoc 

c a l l s  Y/ero a l l  o f  one n u t r i t i o n a l  phono  t y p e ,  o r  h a p l o i d  c o l o n ic  

w hose c e l l s  w ore e i t h e r  o f  one o r  tY;o. n u t r i t i o n a l  phono t y p o s  * 

The h a p l o i d  c o l o n i e s  a r o s e  w hen t h e  tw o s p o r e s  y?or e  o f  t h e  seme 

m a t in g  ty p e ^ .  and t h e  d i p l o i d  c o l o n l o s  w han th e y  w ore o f  comple -  

m om tary m a t in g  r y p e  ’and ifTused hb g e r m i n a t i o n .

A p p ro x im a te  l y  one h a l f  o f  t h e  i n t a c t  t h r e e - s p o r e  a s  c i  gave 

c o l o n i e s  made up  o f  b o t h  h a p l o i d  and d i p l o i d  c e l l s  * The l a t t (



arqae follOY/iiig fu s io n  o f spo res o f ooraplomoïitary m ating ty p e , 

and the  form er from the  odd spore whioh %aa In v a r ia b ly  o f a matj 

typoo Prosumably the  odd spores o f a m ating type f a i l e d  to

gemiinEite. T his ooncltislon  i s  supported  by evidence from the  

a n a ly s is  o f in t a c t  one- .and tw o-spore aso i where approxim ately  

80 /  o f such spores f a i l e d  to  g erm in a te ,

The r e s u l t s  show th a t  b o th  one-spore a so i and hap lo id  c e l l  

a r is in g  from two- and th re e -sp o re  a so i are anaXagous to  random 

samples o f gametes in  h ig h e r organism s and can^ th e re fo re ^  be 

g e n e tio a l ly  analysed in  th e  same manner. Such an a n a ly s is  

showed th a t  th e  th re e  genes AP/ad ̂  TRYP/try p  ̂  and a / a  f r e e ly  

reoomblnod w ith  one an o th er,

. The p o s s ib i l i ty  o f u s in g  the  d ip lo id  c a l l s  a r is in g  from 

in ta c t  two- and th re e -sp o re  a so i f o r  g e n e tic  a n a ly s is  was a lso  

s tu d ie d . This type of an a ly sis^  however^' re q u ire d  the  working 

out o f an ap p ro p ria te  th e o ry  and the  f i r s t  s te p s  In  th e  develop 

ment o f t h i s  are p re se n te d ,

Xnfoa?mat.ion ob ta in ed  from th i s  id ip lo id ^  an-alysis confirme 

the  g e n e tic  r e s u l t s  o b ta in ed  from the  a n a ly s is  o f  one-spore asc 

mid th e  h ap lo id  c e l l s  d e riv ed  from two- and th re e -sp o re  as c i .

In  a d d i t io n 3 i t  y ie ld e d  in fo rm atio n  of lin k ag e  between the  gene 

lo c i  and t h e i r  cen trom eres,

Mmxx ta k en  jo in t ly ,  the two types o f g e n e tic  a n a ly s is  o f 

y e a s t ,  dem onstrated  f o r  th e  f i r s t  time in  th e  p re se n t vfork, 

achieve, a l l  th e  advantages o f random saiTipllng and te t r a d  analyj
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w ith  th e  e x c e p t io n s  o f  d i r e c t l y  d e te c t in g  any a b n o rm a lltlG s  o f

m o lo s ie  and p ro v id in g  ovM oboo o f  oh ro m atld  i n t e r f e r e n c e .

B oth  th e  ' t o t a l  i s o l a t i o n  ' and th e  * d e la y e d  en rlo h m en t a f t '  

s t a r v a t i o n ' te o ïm iq u e à  wore em ployed to  p ro v id e  g e n e t i c a l l y  

m arked ( a u x o tro p h ic )  s t r a i n s  n e c e s e a ry  f o r  th e  above i n v e s t i g a t

In  r e p o r t in g  th e  r e s u l t s  em phasis i s  l a i d  on a com parison  o f  t h  

spectamm o f  s t r a i n s  o b ta in e d  w ith  th o s e  o b ta in e d  by  v a r io u s  

w o rk ers  from  o th e r  s p e c ie s  o f  f u n g i .

T h is  com parison  ro v e a le d  th© fo llo w in g  p o in t s  o f  I n t e r e s t  :

th ô  ipara lloX lam  o f  yo 'ast.j igP & m U M g.) M ilaaÈ Sffiâ a

P é n ic i l l iu m  i n  th e  h ig h  p ro p o r t io n s  o f  a u x o tro p h s  r e q u i r in g  

a r g in in e ,  l y s i n e ,  and ad© nine| th e  h ig h  p r o p o r t io n  o f  m e tliio n i 

r e q u i r in g  azixotrophs common i n  y e a s t  and h e u ro sp o ra  ■ b u t n o t i n  

A sb C rg lllu s  and O phlostom a where a  o o rre sp o n d ih g ly  h ig h  p ro p o r t  

o f  p a r a th lo t r o p h ic  ty p e s  have b een  I s o l a t e d ;  and th e  o o cu rren c  

in  y e a s t  o f  a  g r e a t e r  v a r i e t y  o f  amino a c id  r e q u i r in g  ty p e s  thg 

OCOUÎ* i n  e i t h e r  on o g # # S m â '

Types o f  au x o tro p h s  i s o l a t e d  Y/liioh havo n o t h i t h e r t o  b een  

re c o rd e d  as h av in g  a r i s e n  i n  acme o r  a l l  o f  th e  o th e r  f o u r  spec 

in c  lucla th e  s © re  qui r in g  ty ro  s in© , h i s t  id  in© , se rim e o r  g ly c in e . 

a rg in in e  o r  o iv iith ln o  (n o t c I t  m i l  in© ) , and tryp tophan©  (o n ly ,

1 ,0 .  n o t re sp o n d in g  to  any loiown p r e c u r s o r ) ,

Types o f  au x o tro p h s  I s o l a t e d  w hich  may be o f  p a r t i c u l a r  

I n t e r e s t  to  b io c h e m is ts  a re  th o se  r e q u i r in g  ty r o s in e  and t h a t  

r e q u i r in g  a r g in in e  o r  o r n i t h i n e , The fo rm e r do n o t re sp o n d  t(



X>henylalanine àhd may t h e r e f o r e  In v o lv e  th e  b lo ck ag e  o f  a  

s i m i l a r  b io  Chem ical r e a c t i o n  a s '! © 'otipposecr t o  .be b lookod  i n  

himan phony Ike t o n u r l o s ,  The 1 a t t a r  does n o t  x"0 spend t o

o i t im X lln é  w hich  I s .  m  i n t o  m e d i a t e  betw een  a r g in in e  and o m i th :  

i n  th e  Krob.0 o y o lo , A lso o f  I n t e r e s t  may be th e  an x o tro p h s  ■ 

r e q u i r in g  a r g in in e  and aden ine  w hich  are  c o m p e t i t iv e ly  in h ib i te d  

by ly s i n e  and guan ine  r e s p o o t iv o ly i

Th© 'd e lay ed  anriolmient a f te r  s ta rv a t io n ' teciniiquo d id  n c  

prove anym ore e f f i c i e n t  th an  th© ' t o t a l  i s o l a t io n ' to  clinique 

fo r  th e  I s o la t io n  o f y e a s t auxotrophs* T his was p a r t ly  duo to  

the v a s t amount o f labou r necessary  to  weed out the  d iauxo troph  

from th e  slew growing s t r a in s  which, presum ably, were s e le c te d  

by th i s  te o to iq u o . The r e s u l t s  o f the  p re se n t work do not 

exclude the  p o s s ib i l i ty  th a t  t h i s  teClmlquoi weuld be su c c e ss fu l 

should a d i f f e r e n t  monoauxotrophlc .s tra in  be used*



]? R E P A C E

T h is  t l io a l s  i s  d iv id e d  i n t o  t h r e e  p a r t e .

P a r t  I  d e a l s  w i th  th e  g e n e t i c  a n a l y s i s  o f  I n t a c t

in co m p le te  a s c l  o f  y e a s t ,  t o g e t h e r  w i th  a r e p o r t  on

th e  fi3;^st s t e p s  i n  th e  devolopraont o f  a th e o r y  f o r  t h i s

s p e c i a l  ty p e  o f  a n a l y s i s , ,

The work r e p o r t e d  In  P a r t  I I  was n n d e r ta k e n  pzrlor 

t o ,  and as a  n e c e s s a r y  t)X’e r e q u i s i t e  f o r  th e  I n v e s t i r a -  

t i e n s  o f  P a r t  I  * I t  d e a l s  w i th  th e  p r o d u c t io n  o f  

g e n e t i c a l l y  'max?ked' mut mit ( a u x o tro p h ic )  s t  r a i n s  o f  

y ea s tj ,  and in c lu d e s  a com parison  o f  th e  epectrim i o f  

B lutants o b ta in e d  w i th  th o s e  o b ta in e d  by v a r io u s  w orkers  

fz-’ora o t h e r  f u n g i ,

P a r t  I I I  r e c o r d s  th e  x̂gs u i t s  o f  an u n s u c c e s s f u l  

a t te m p t  t o  d ev e lo p  an e f f i c i e n t  t e  clinique f o r  th© i s o 

l a t i o n  o f  Biutant s t r a i n s  o f  y e a s t .



AOKK)WtBDGBMEKTS

. The authox" w ish es  t o  th a n k  D r , G, P o n teco rv o  

o f  th e  G e n e t ic s  D epartm en t, Olasgov/ D n i v o r s i t y ,  fox? 

s u g g e s t in g  and s u p e r v i s in g  t h i s  ¥/ox?k.

P a r t  o f t h i s  work was c a r r i e d  ou t w h i le  u n d e r  

t e n u r e  o f  a P o s tg r a d u a te  M aintenance Allowance from  

th e  A g r i c u l t u r a l  R e sea rch  C ouncil  h e r e w i th  aclmowledged 

w i th  th a n k s  *
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s ta te m e n t  o f  P rob lem  

G e n e t ic  a n a ly s i s  o f  8 aocharom yces coi^Gvislae^^ i s  u s u a l  

b a se d  on t e t r a d  a n a l y s i s ,  t h a t  i s ,  on th e  a n a ly s i s  o f  a l l  t  

fou3? p r o d u c ts  o f  m e io s i s  o f  each  d i p l o i d  c e l l -  w hich  h a s  

undergone  m e i o s i s , I n  y o a s t  th e  f o u r  p r o d u c ts  a re  in c lu d e  

i n t o  a s p e c i a l i s e d  c e l l  ( a s c o s e o r e ) and k e p t  t o g e t h e r  i n  on 

aacu s  » The i s o l a t i o n ,  o f  th e  f o u r  as  o o sp o re s  from  one a s c r  

and su b seq u en t  a n a ly s i s  o f  th e  h a p lo id  c e l l s  w hich  a r i s e  

m it o t i c  a l l y  from  each  o f  th e s e  f o u r  a s o o sp o re s  h as  co r  t a i n  

d i s t i n c t  a d v a n ta g e s :  i t  pexmitG t o  l o c a t e  th e  c e n tro m e re s ,

t o  d o to o t  any a b n o r m a l i t i e s  o f  m c io s i s ,  and t o  s tu d y  o o r t a l  

d e t a i l s  o f  c r o s s in g  o v e r (e* g . c h ro m a tid  i n t e r f o r e n G o )*

I n  th e  c l a s s i c a l  o rgan ism s o f  g e n e t i c  s tu d y ,  such  as 

mal so and D ro s o p l i i la ,  t e t r a d  a n a l y s i s  h a s  n o t  y e t  been 

p o s s i b l e ;  g e n e t i c  a n a ly s i s  i s  b a se d  on p o o le d  random 

sam ples  o f  th e  h a p lo id  p ro d u c ts  o f many d i p l o i d  c e l l s  vdiich 

have gone th ro u g h  mo 1 os 1 s . In  o th e r  o rg a n ism s , such  as

îIOLirospo3?a, A sp e z 'g i l lu s ,  C o o rin u s , Ohlaaydomonas * some 

m osses , e t c * ,  b o th  ty p e s  o f  a n a l y s i s  aro  p o s s ib le . .

Ill y o a s t  th e  s i t u a t i o n  i s  d i f f e r e n t  ; random sample s o 

as CO s p o re s  can n o t bo o b ta in e d  s in c e  th e  as eus w a l l  i s  v e ry  

to u g h  and n o t e a s i l y  b ro k e n  w i th o u t  B h o ro d is s o c t io n .  Such 

a d i s a d v a n ta g e  h a s  p ro b a b ly  ac co u n ted  f o r  th o  f a c t  t h a t ,  a t  

pire s e n t ,  v e ry  few w o rk e rs  u se  y e a s t  as an ox^ganism f o r

^  f o r  s h o r t  i n  th e  p r e s e n t  v/ork th e  te rm  ' 'y e a s t ’' i s  u se d  
f o r  Saocharom vces o e r e v l s i a e
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g e n o t io  s tx idy . comparad w i th  th e  number u s in g  o th e r  m ic ro -  

o rgan ism s 0 l i i i s ,  i n  s p i t e  o f  tho  f a c t  t h a t  y o a s t  h a s  many 

d i s t i n c t  ad v a n ta g e s  from  th e  b io c h e m ic a l  p o in t  o f  viow 

(h in d o g re n ,  1 9 5 9 ) ;  i t  i s  i n  f a c t  th o  o rgan ism  th o  b i o -  

ohOBiistry o f  w h ich  i s  h o s t  known.

The developm ent o f  a meth.od w hich  would d isp e n so  w i th  

th o  l a b o r io u s  p r o c e s s  o f  t e t r a d  a n a l y s i s  i n  y o a s t  and th u s  

f a c i l i t a t e  s p e e d io r  g o n e t i c a l  a n a ly s i s  c o n s t i t u t e d  th e  main 

o b je c t  o f  tho  work r e p o r t e d  i n  t h i s  t h e s i s .

,ân abundance o f  as c i  c o n ta in in g  th e  f u l l  complement o f  

f o u r  sp o re s  i s  n e c e s s a ry  f o r  t e t r a d  a n a l y s i s .  Hovmver, i n  

p r a c t i c a l l y '  a l l  s t r a i n s  o f  y e a s t  sp o re  fo rm a t io n  z^osults i n  

many o n e - ,  tw o - ,  and t h r e e - s p o r e  a s o i  w i th  an abundance o f  

tivo- spo re  as c l  and v e ry  few com plote  a s o i , Even a f t e r  

p ro lo n g e d  s e l e c t i o n  t o  i n c r e a s e  th e  f re q u e n c y  o f  com plote 

a s c i ,  in c o m p le te  onos a re  s t i l l  fo rm ed . Such in co m p le te  

a s c i  i n  f a c t  c o n s t i t u t o d  a l a r g e  p r o p o r t i o n  o f  th o  a s o i  

p ro d u ced  by th e  d i p l o i d  s t r a i n s  a v a i l a b l e  t o  th o  a u th o r .

Tho o c c u rre n c e  o f  t h i s  h ig h  p r o p o r t i o n  pi'ompted th e  a t te m p t 

t o  BiukG use  o f  them i n  f u l f i l l i n g  th e  m ain o b je c t  o f  th e  

work r e p o r t e d .

T hus, th o  p r e s e n t  work aimed a t  e l u c i d a t i n g  (a )  th e  

n a tu r e  o f  th e  ascospoz^es p r e s e n t  i n  5.noomplotc as c l ,  and (b) 

w h e th e r  o r  n o t  t h e s e  a s c i  cou ld  be u t i l i s e d ,  w i th o u t  

d i s s e c t i o n ,  f o r  g e n e t l e a l  a n a ly s is *



c)

The reeu3 .ts  i n d i c a t e  t h a t ,  w i t h i n  l i m i t s ,  such  a s o i  ogï 

be s u c c e s a fu l l .y  u t i l i z e d  w ith o u t  d i s s e c t  io n .  T h is  r e q u ir e s  

how ever, th e  developm ent o f  a th e o r y  f o r  t l i i s  s p e c i a l  typo c 

a n a l y s i s , and a f i r s t  s t e p  i n  t h i s  d i r e c t i o n  i s  r e p o r t e d  h e 3

I n  o r d e r  t o  p u rsu e  tho  i n v e s t i g a t l o i i s  o u t l in e d  aboi'o, 

g e n e t i c a l l y  marked h a p lo id  s t r a i n s  had  t o  bo p ro d u ced . TIk 

r e s u l t s  o b ta in e d  i n  i s o l a t i n g  th e s e  b.tù o f  s u f f i c i e n t  

i n t e r e s t  t o  j u s t i f y  r e p o r t in g  h a re  ( P a r t s  I I  and I  h a  o f  

t h i s  th o  a i s  ) ,  I n  p a r t i c u l a r ,  i t  i s  o f  some ln te3?est t o  

eomi)are th e  sp ec tru m  o f  m u tan ts  o b ta in e d  i n  y o a s t  w i th  those 

o f  H o u ro sp o ra , A spe3?glllus, O phlostom a mud P e n ic i l l i im u  l i  

th o s e  f o u r  fu n g i  v a r io u s  w oilm rs, have ao cumul a t  od a l a r g e  

b o d y ■o f  d a t a .

An a t te m p t  t o  d e v e lo p  an e f f i c i e n t  tochniqu©  (b a se d  on 

d i f f e r e n t i a l  suz^vival u n d e r  s p e c i f i c  s t a r v a t i o n )  f o r  th e  

i s o l a t i o n  o f  a u x o tro p h ic  m u tan ts  was u n s u c c e s s f u l . The 

r e s u l t s  and th e  p o s s i b l e  re a so n s  f o r  f a i l u r e  a re  d is c u s se d *



ix *

G e n e ra l  I n t r o d i i e t l o n  emd î l l s t o r i o a l  Account 

The g e n e t i c 8 o f  y e a s t s ,  e s p o o i a l l y  s t r a i n s  o f  Bacoha3?o- 

Biycod c e r o v l s i a e ,  have been  th o  s u b je c t  o f  many i n v e s t I g a t l c  

s in c e  th e  d is c o v e ry  o f  t h e i r  s e x u a l  c y c le  and i t s  use  f o r  

e x p o r iin e n ta l  b re e d in g  by Winge and L a u e ts e n  (1938, 1939).

The a n a l y t i c a l  p ro c é d u re  lias fo l lo w e d  th e  same l i n e s  as 

t h a t  f i r s t  employed by th o se  w o rk e rs ,  nam ely , t h a t  o f  t e t r a c  

a n a l y s i s .  T h is  ty p e  o f  a n a ly s i s  h a s  ahovm c l e a r l y  t h a t  

ih].ior;ltûiiCO i n  y e a s t s  fo l lo w s  th e  c l a s s i c a l  Monde 11 an ru3.es* 

Clones deto im iin ing  m ating  ty p e  s p e c i f i c i t y  (L in d ag ro n , • 

1945a, 1943b, 1 9 4 3 e) ,  a f f e c t i n g  f e r m e n tâ t iv o  oiid v i ta m in  

s y n t h e s i s i n g  a b i l i t y  (h ln d o g ro n ,  1945, 1949a; h in d e g ro n ,  

Spiog lem an and h ln d e g ro n ,  1044* L indog’r e n  and Linclogran, IG 

W lnge, 1049; Winge and R o b e r ts , 1048, 1950; G i l l i l a n d . ,  194 

g row th  requ irem G iits  (h in d a g ro n ,  1949 a , 1949b; Pomp o r  and 

B u rk h o ld e r ,  1949; Pompor, 1950; Loup o ld  and I lo t t in g iu e r ,  

1 9 5 4 ), iuo.T'phology o f  th o  c o l l s  oi.id c o lo n i e s  (Winge and 

L a u s ts o n ,  1939; D i t le v s o n ,  1 9 4 4 ) , have a l l  been  u t i l i s e d  an 

shown t o  be ix ih e r i to d  i n  a raoro o r  l o s s  s im ple  Monde 11 an 

manner* F u r t h e r  th e  g e n e t i c s  o f  a  respii^atoi^?' d o f ic io n c y  

(Chen, Eph:eu68i and H o tt in g u e r ,  1 9 5 0 ), o f  f lo c c u le n e e  (Thorn 

1 9 6 1 ) ,  and o f  th e  a b i l i t y  o f h a p lo id  c e l l s  t o  d ip lo M lz G  

spontanoousT,y (Wingo and R o b e r ts ,  1949 ), have b een  worked or 

A ca se  o f  cOBiplamentax^y gen© a c t i o n  i n  y e a s t s  h a s  a l s o  boon 

r e p o r t e d  (M agni, 1 9 4 9 ) .
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S e v e r a l  o a se s  o f  l in k a g e  betw een  gèn es  and be tw een  them 

and t h e i r  c e n tro m e re s  have b een  r e p o r t e d  by D indeg r en  (1949a , 

1949b, 1952) i n  S ao oharomy oe a oe re  v i  c l  no, and maps o f  a t  

l e a s t  f o u r  chromosomes have b een  c o n s t  m e t  o d . The s t a t i s t i 

c a l  tz^eatm ents f o ‘r  c a l c u l a t i n g  l in k a g e  r e l a t i o n s h i p s  from  

d a t a  o b ta in e d  by t e t r a d  a n a ly s i s  o f  uno3xl0red as c i  have b ee n  

d ev e lo p ed  by  Lindegi%n (1949a , 1949b), P e rk in s  (1949, 1 9 53 ), 

WhitehoiiSQ (3.950, 1954), P a p a s !a n  (3.952a, 1952b), and 

S p iege lm an  (1952)* By bio ans o f  t h e s e  t r e a tm e n t s  map d i s 

t a n c e s  be tw een  genes and be tw een  genes and cen tro m e re s  can  

be c a lc u la te d *

O b v io u s ly  th e  p r o d u c t io n  o f  l a r g e  ramibers o f  f o u r - s p o r e  

a s o i  i s  n e c e s s a ry  f o r  t e t r a d  a n a ly s i s  o f  y e a s t*  That i t  i s  

n o t  e a sy  to  o b t a i n  them i s  shown by th e  many i n v e s t i g a t i o n s  

on th e  e f f e c t  o f  en v iro m B en ta l fac to3 ;s  on spo re  fo rm a t io n  

(Roes, 1869; E n g o l,  3.872; Hanson, 1883; B o i j e r in c k ,  1804* 

darodowka, 1908 * We I t  on , 1914; B a l t  a t  u , 1959; droJaam and 

H astingsj, 1941 : M c k e re o n  and Thimann, 1941, 1943; ibrak,

P h a f f  and D o u g las , 1942; L indogren  and L ln d o g ren , 1944; 

Fov/o ll, 1952) * The te c h n iq u e  o f  L ln dog ran  and L ihdegron  (sec 

page 13) h a s  boon u sed  w i th  c o n s id o ra b lo  su c c e s s  i n  th e  p r o soi 

w ork. But even  t h i s  te c h n iq u e  l e a d s  t o  th e  p r o d u c t io n  o f  a 

h ig h  p e rc e n ta g e  o f  in co m p le te  a s o i  and i n  some s t r a i n s  

a lm ost e z o lu a lv e ly  so .

S tu d ie s  on th e  naturce o f  a s c o sn o ra s  w i th i n  th o se  incom-
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p l e t o  asG i and t h e i r  p o s s i b l e  u se  i n  g e n e t l o a l  a n a ly s i s  hax^e 

b een  e x tre m e ly  l lB i i t e d .  î h  view o f  t h i s  th e  p r e s e n t  an tho 'r 

has  i n v e s t i g a t e d  th e  natu:ae o f  th o  a s c o sp o re s  v / l th ln  incom

p l e t e  a s c i  o f  S acoharom jcea  o o r e v i s i a o ,  and t h e  p o s s ib l e  

u t i l i z a t i o n  o f  th o s e  a e c i  f o r  g e n e t l e a l  a n a l y s i s ;  th e  

f i n d i n g s  a re  r e p o r t e d  h e r o . The f i r s t  s t e p s  i n  th e  

doveloxmient o f  a  th e o r y  f o r  t h i s  s p e c i a l  ty p e  o f  a n a ly s i s  

a re  a l s o  r e p o r t e d ,

F o r  th e  s tu d i o s  on inco m p le te  a s o i  i t  was n e c e s s a ry  t o  

c r o s s  s t r a i n s  d i f f e r i n g  i n  g e n e t i c  m a rk e rs .  The ch o ice  

f o i l  on m i t r i t l o z z a l l y  m utan t s t ra in ©  (a u x o tro i f is )  p roduced  

by u 3 ,t ra  v i o l e t  i r r a d i a t i o n .  These . m u tan ts  were i s o l a t e d  

by th o  ' t o t a l  i s o l a t i o n '  te c lm iq u e  f i r s t  e v o lv e d  by B ead le  

and Tatum ( 1041, 3.945), u s in g  s p e c ie s  o f  h e u r o s n o r a .  T h is  

te c h n iq u e  h as  S ince  boon u se d  w i th  su c c e s s  t o  px’oduce 

au x o tro p h s  o f  o t h e r  moulds such  as Onhiostom a m u ltim in u la tu ra  

{ P r i s 3, 194-7), (R âper e t  a l , ,  1945),

( s o n n e r , 1946; P o a te c o rv o , 

1947 ), Aspsï’f f l l l u a  n ld u la n s  (P o n to co rv o , 1949a: H ocken im ll,

1 9 4 8 )  ̂ Ï ÏB ti lag o  m aydis (P e r k in s ,  1949 ), and b a c t e r i a  such  as 

^8C hei% lo^^  (A ndersen , 1944; C ray and Tatum, 1944;

T a tm i, 1945, 1946; Roopkfô e t  a l . ,  1944; Dome ro c ,  !L946; 

L ed e rb e rg  and Tatixm, 19 4 6 ), Ace t  ob ac t  e r  ma 1 ano genuBi (Gray and 

Taivmti, 1944 ), B ap te r l nia. jaerogenes (D sv i, P o n teo o rv o  and 

H igg lnbo ttoB i, 1947, 1 9 5 1 ), B ao terlum  svtbülliQ  (B u rk h o ld e r



and G i l e s ,  1 94 7 ), Azotobactex? a g i  11 a (K a r ls s o n  and Barkozn 

1048) and S a lm o n e l la  tjphimuid.um (P lo u g h , I 9 6 0 ) .

T h is  te c h n lq u o  was chosen  to  ixrodncQ m u tan ts  In  th e  

p r e s e n t  work b ecau se  i t  was o f  i n t e r e s t  t o  comp a re  th e  

Spectrum  o f  y o a s t  au x o tro p h s  o b ta in o d  w i th  th o s e  o f  

heu ro B p o ra , A s p o r g i l l i i s * Ophlootoma and P e n i c i l l i n  i s o l a t e d  

by v a r io u s  o th e r  w orkora * S in ce  most o f  th e s e  auxo trop lis  

v/ero i s o l a t e d  by th e  ' t o t a l  i s o l a t i o n '  t e c lm iq u e ,  th e  

B e l e  011 on o f  ■ d i  f f e  r e n t  k in d  a o f  ye as  t  auxo t roplis ow In g  t  o 

d i f f e r e n t  te e lm iq u a e  was ex c lu d e d  (se e  F r i e s ,  1947; L e in  

M i t c h e l l  and Ho u id"}.an, 1948; and P o n to e o rv o , I960 ) *

F or th e  same r e a s o n  tho  s p e c t r a  o f  y o a s t  auxo trop lis  

i s o l a t e d  by Heum© and Tatum (1 9 4 9 ) ,  and Pomper and 

B urkhoW or (1949 , I 9 6 0  ) wore xrot In c lu d e d  i n  th e  com parison. 

They used  th e  'd o u b le  p l a t i n g  t e c h n iq u e '  (L e d e rb e fg ,  1946) 

w h ic h , as can  be s e e n  by com paring t h e i r  r e s u l t s ,  in v o lv e s  

a h ig h ly  BG3.octivo p e r s o n a l  f a c t o r .  Out o f  a t o t a l  o f  14 

axxxotrophs c h a r a c t e r i z e d  by th e  fo rm e r  w o rk e rs ,  o n ly  3 were 

monoaixxotrophs ; o f  19 c h a r a c t e r i s e d  by th e  l a t t G 3:g a l l  

e x c e p t  one were m onoauxo tropha„ Those d i f f e r e n c e s  a re  

p ro b a b ly  i n  p a r t  duo t o  th e  enormous s c a t t e r  i n  th e  germlna^ 

t i o n  t lm o s  o f th o  i r r a d i a t e d  c e l l s . Such a  s c a t t e r  was 

shown t o  o c c u r  by D ev i, P o n téco rv o  and H ig g in b o tto m  (1951) 

who u sed  t h i s  te c h n iq u e  f o r  i s o l a t i n g  a u x o tro p h s  o f  

Aez'^obactor a e ro g e n o s .



D uring t h i s  work on th e  p r o d u c t io n  o f  au x o tro p h s  th e  

employment o f  a  more e f f i c i e n t  t e  c lin ique th m i t h a t  o f  ' t o t  a' 

i 8o l  a t i o n  ' was i n v e s t  i g a t e d . Be ad lo  and Taturrd s ' t o t  a l  

i s o l a t i o n '  too lin iquo  h as  been  m o d if ie d  mid irmiroved upon in  

s e v e r a l  ways by l a t e r  w orke rs  u s in g  m ioroorgan lam s o t l ie r  

t h a n  y e a s t*  Such m o d i f i c a t io n s  have re  s u i t e d  b o th  i n  

i n c r e a s i n g  th o  numbor o f  a u x o tro p h s  ro  cove‘re d  p e r  number o f 

t e s t e d  i s o l a t e s ,  and i n  an o p p o r tu n i ty  t o  s e l e c t  th o s e  

a u x o tro p h s  r e q u i r i n g  a s p e c i f i c  u u t r i l X l t o  fo:o grow th  

( L o d erb erg  and Tatum, 1946 1 .F r ie s ,  1947, 1948a, 1040b;

L e in  M i tc h e l l  and Houlfdxan, 1948; D a v is ,  1948, 1949a, 19491 

L o d erb erg  end b in d e r ,  1948; P o n te c o rv o ,  1946; Macdonald 

and p o n ta c o rv o ,  I960 ; A dolberg  and M yres, 1952; Woodward., 

Do Zeom i  and Orb, 1952; Fozkos, 1952; Led o rb e rg  end 

L ed o rbo rg , 1962; M a rg a l i th ,  Oozuiontl, end S i l v e s t r l ,  1955 ] 

Among th e  more e f f i c i e n t  o f  t h e s e  m ethods a re  th o se  o f  

F r i e s  (1947) m:id DaviS' (1948, 1 9 4 9 a ) . But no i t  h e r  o f  th e s (  

m e th o d s 'c a n  r e a d i ly ,  be a,x>plled t o  th e  iso 3 -a t io n  o f  y o a s t  

a u x o tro p h s .  .F r i e s 's  method depends on th o  d i f f o r 6 . i i t i a l  

f i l t r a t i o n  o f  prototz^o%zhiG ■niould s p o ro s ,  w hich pz'»oduce hyplu 

on g e rm in a t io n  i n  m inim al medium, and a u x o tro p h ic  sp o re s  

u n a b le  t o  do so* Y eas t c e l l s  g iv e  no such  hypliao on 

g e rm in a t io n , D a v i s 's  method w hich  h a s  boon a p p l i e d  t o  

s p e c ie s  o f  b a c t e r i a  s u s c e p t i b l e  t o  p e n i c i l l i n  doponds on the 

f a c t  t h a t  t h i s  m i t i b i o t i c  w i l l  on ly  k i l l  p r o l i f e r a t i n g  c e l l s
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aûd n o t  e f f o o t  th o  n o n -p ro l i fo r a t5 m g  cello*. Ho subotaiico  i 

known vdiich k i l l s  d i v i d in g  y o a s t  c o l l s  h u t  n o t  n o n -d iv id in g  

ones i n  th e  same niamier as p e n i c i l l i n  k i l l s  b ac te r ia* .

A te o lm iq u e  wliieh was th o u g h t  may be a p p l ic a b lo  t o  

i n c r e a s e  th e  e f f i c i e n c y  i n  i s o l a t i n g  y e a s t  auxo tropho  was 

t h a t  ev o lv ed  by Macdonald and P o n teco rv o  (3.960, 1953) i n  

A s p e r g i l l u s  i i id ti lan s*  T h is  work was o rom pted by th e  work 

o f  P r i e s  (1940a, 1948b) who daraonstro ,ted  t h a t  p o ly au x o tro p h ]  

c o n id i  a  o f  Opliiostoma m ult i  armizl a t  urn s u rv iv e  lo n g e r  th a n  

H on oauxo troph ic  (h a v in g  one grow th  2?equirem ont ) i n  m inim al 

medium* Macdonald and P on to co rvo  b e a r in g  t h i s  f a c t  i n  mine 

oombined a d e la y e d  e n r i c im ent te c h n iq u e  w i th  t h a t  o f  

d i f f e r e n t i a l  s t a r v a t i o n  and o b ta in e d  a  y i e l d  o f  a lm ost 7 0 /  

pol^ï'aiLxotrophs among th e  t o t a l  c o lo n ie s  i s o la t e d *

I n  view o f  t h e s e  ro s u i t  s i t  was d e c i d o d ' t o  i n v e s t i g a t e  

th e  p o s o i b i l i t y  o f  u s in g  t h i s  te c h n iq u e  f o r  th e  i s o l a t i o n  ol 

p o ly  aux o t  r  opiis o f  y e a s t*



to  -

Goner a l  Matoz^ials mid Mot hod a 

1 . Media and o t h e z v a u b s t r a t a  u sed

The p r r in c ip a l  m edia  u sed  i n  th o  I s o l a t i o n ,  m a in tonajice 

and oompai'ison o f  a l l  s t r a i n s  i s  g lv o n  ho low . The coiiipletc 

medium was f i r s t  u sed  by P on to co rvo  and Roper ( m ip u b l is h o d ) . 

I t  c o n ta in e d  most o f  th e  known g ro w th  f a c t o r s  and was u se d  

th ro u g h o u t  th e  s t u d i e s  f o r  th o  i s o l a t i o n  and m alntenm ico o f  

s t r a i n s  whose g én o ty p es  wore imknown*

Tho m inim al medium, ' c o n ta in in g  a m ix tu re  o f  m in e ra l  

s a l t s ,  g lu c o s e  and t h r e e  a c c e s s o ry  gi^owth f a c t o r s ,  was a 

m o d i f i c a t i o n  o f  th e  m in im al medium ev o lv ed  by E p h ru s s i  

( p o r s o n a l  communlcat1o n ) .  The medium was m o d if ie d  a f t e r  

some p r e l i m i n a r y  s t u d i e s  on th© grow th  ro q u iro m o n ta  o f  th e  

■St.rains employed i n  th e  p r e s e n t  work*

B oth  h a p lo id  and di%)loid au x o tro p h s  wore m a in ta in e d  on 

m inim al medium sup;plemented w i th  th e  g ro w th  f a c t o r s  w hich  

th e y  re  q u i r e  d * T h is  was done t o  decï^ease s e l e c t  io n  o f

s t r a i n s  o f  d i v e r s e  g e n o ty p e s ,  r e q u i r i n g  a d d i t i o n a l  g row th  

f a c t o r s ,  w hich  cou ld  a r i s e  from  th e  m a in ta in e d  s t r a i n s  by 

mut a t  i  0 X1 *

C om position  o f  com ple tg medium;

G lucose 10 gms*
P ep tone  5 gms*

' D lfoo  y e a s t  e x t r a c t  5 gms,
H ydro ly sed  y e a s t  n u c l e i c  a c id  3 ml*
H y dro lysed  thymus n u c l e i c  a c id  2 ml*
H y dro ly sed  c a s e i n  6 ml.
V itam in  s o l u t i o n  2*5 ml*
C ase in  d i g e s t  2 ml*
Tap w a te r  1 l i t r e

B u f fe re d  a t  pil 6
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O o n c o n tra t io n  o f  v a r io u s  c o n s t i t u e n t s  o f  com plete  modiim:

C o n s t i tu e n t  o f  Cone o n t  r a t  i  on o f  s o l u t i o n  use
o OBipla t o liiodiiijE

H y d ro ly sed  y e a s t  n u c l e i c  a d d  E q u iv a le n t  t o  100 mgms* of yea;
n u c l e i c  acid, p e r  ml*

H ydro lysod  thyraus n u c le ic  a c id  13 qu i v a l e n t  t o  100 mgms,of

H y d ro ly sed  c a s e in  

C a se in  d i g e s t

thymus n u c l e i c  a c id  p e r  ml

S o /  w i th  r e s p e c t  t o  c a s e in

E q u iv a le n t  t o  125 mgms. of 
c a s e i n  p e r  ml*

C o n s t i t u e n t s  o f  ndxod v i t  main s o l u t i o n s

25 gammaB - b i o t i n  
i - i n o s i t o l  
C alcium  B -p a n to t l ie n a te  10 mg, 
A neurin

00 nig

10 mg

H i c o t i n i 0  a c id  
H ib o f l a v in  
p -am ino  benzoic t 
D i s t i l l e d  w a te r

10 mg 
10 mg 

5 mg 
10 ml

C om position  o f  m in im al medium : 

G lucose
Ammonium c h lo r id e
P o t as 6 ium d ih y d ro g e n  plio sp h a t  e
lihigno B ium s u lp h a t  e
C alcium  c h l o r i d e
S o lu t io n  o f  t r a c e  e lem en ts
S p e c i a l  v i t a m in  s o l u t i o n
D i s t i l l e d  watez’̂

20 gmso 
2 gms o
X « 5 gm s* 
0 * 5 gms * 
0 .5  gm s *
0 * 25 ml * 
2 m l.
1 l i t r e

Gom-oosition o f  t r a c e  e lem en t s o l u t i o n :

F e r ro u s  s u lp h a te  7 HgO 30 mgms.
P o t  as slum  po vimiig an a t  e 3 mgms „

g in c  s u lp h a te  7 HgO 42 mgms *
C o b a lt  n i t r a t e  6 EgO 5 xngsns,

P 0 1 as B Ima 1 od id e 10 mgms*
D i81 i l l e d  w a t  e r 26 mi *
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Goiûîposition o f  s p e c i a l  v i ta r a in  soX utloxu

D™b l o t  t o  25 gmmna
1 - In o  s 11 o1 50 mgms *
C .alciuBi D-p an t o t  hen  a t  0 10 Bigme,
D ls t l lX o d  w a te r  10 mi*

Wiion s o l i d i f i e d  medium v;as needed  20 gms* o f  a g a r  \Yore 
added p e r  l i t r e  o f  llqx.iid medium*

Sp o r u l a t  i  on modi a 

Two k in d s  o f  p ro  s p o r u l a t i o n  m edia  were u sed  t o  induce  

s p o r u l a t i o n  o f  th o  d i p l o i d  s t r a i n s . The u se  o f  m o d if ied  

G arodkavm 's medium (1903) r e s u l t e d  i n  a v e ry  h ig h  percen tage  

o f  in c o m p le te  as c l  and v e ry  few com plete  ones* Liadegren ai 

L in d e g re n ' s (1944) p3?es p o r u l a t i o n  medium was u sed  when a h i '  

p e r c e n ta g e  o f  c o im lc te  four-rjpo3?o a s o i  were needed*

E n g e l '8 (1872) gypsum b lo c k  method as m o d if ie d  by 

Graham and H a s t in g s  (1941) was u sed  t o  reduce  th e  t im e r e 

q u i re d  t o  o b ta in  m atu re  s p o re s  and t o  d e c re a s e  th e  d an g e r  o; 

c o n ta i to ia t io ru .  The , a d d i t i o n  o f  S ml* o f  a d i l u t e  s o l u t i o n  

o f  a c e t i c  a c id  (pH 4) t o  th e  gypsum b lo c k s  was made a f t e r  

I n o c u l a t i o n  o f  th e  y o a s t ,  th u s  fo l lo w in g  th e  rocoîm nendation 

o f  B a l t a t u  (1 9 3 9 ) .

M o d if ied  G arodkaw a 's  p r o s p o r u l a t i o n  mediüm:

P ep tone  10 gms «
G lucose 2*5 gins *
Sodium c h l o r i d e  6 gms*
D ifoo  y e a s t  e x t r a c t  20 gins *
Agar 20  gms *

D i s t i l l e d  w a te r  1 l i t r e
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L in d eg re n  and L in d e g re n 's  p ro  s p o m l a t  1 on modlum :

10  m l .Boot l e a f  eztvÊLùt 
Boot r o o t  e x t r a c t  
Or ape j u i c e  
Apaulcot j u i c e  
D ried  y o a s t  
G ly c e r in
G a le iu m  c a rb o n a t  o
Agar
D i s t i l l e d  Yjatez"

1 6 .6  m l.
55 m l.

2 gms*
2 * 6  m l .
5 gms.
2  g m s *  

added t o  g iv e  a f i n a l  
volume o f  100 ml.

The b e e t  l e a f  e x t r a c t  vms p r e p a re d  by g r in d in g  a p p ro x i 

m a te ly  200 gnis. o f  b e e t  le a v e s  i n  a moat g r i n d e r  and oqueos- 

in g  th e  ju ic e  ou t o f  th e  ground mass th ro u g h  a  choose c lo th »  

The b o a t  ro o t  e x t r a c t  was p re p a re d  i n  a  s i m i l a r  fa sh io n *

B oth  th e  apxrloot and g rape  ju ic e  være coriBierclal p i 'oduets*  

p3?epara tion  o f  gypsum s lo p e s  :

E qua l w e ig h ts  o f  d i s t i l l e d  w a te r  and p l a s t e r  o f  P a r i s  

were r a p i d l y  m ixed i n  a  250 m l. f l a s k  and th e  m ix tu re  p o u red  

i n t o  t e s t - t u b e s  whore i t  was a llow ed  t o  s o l i d i f y  i n  a s l a n t 

in g  p o s i t i o n .  B efo re  s t e r i l i z i n g  th e  s lo p e s  were d r i e d  f o r  

24 h o u rs  a t  50 ̂  C*

S a l i n e  a o l u t 1on 5

S u sp en s io n s  and d i l u t i o n s  o f  y e a s t  c o l l s  were made i n  

noxmial ( 0 .8 5 / )  s a l i n e  s o l u t i o n .  To f a c i l i t a t e  d i l u t i o n  o f  

c e l l s  th e  s a l i n e  s o l u t i o n  was p r e p a re d  i n  9 m l. am ounts, 

p i p e t t e d  i n t o  and s t e r i l i z e d  i n  s t a n d a r d  c o n t a i n e r s .

D i l u t i o n  by a f a c t o r  o f  t o n  cou ld  t h e n  be done e a s i l y  by 

t r a n s f e r r i n g  1 ml * o f  th e  s o l u t i o n  t o  bo d i l u t e d  i n t o  th e  

p re p a re d  9 ml* o f  s a l i n e  s o l u t i o n .
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S t e r i l i z a t i o n :

A l l  m ed ia , gypsum s lo p e s  and s a l i n e  vmre s t e r i l i z e d  by 

au to G lav in g  a t  10 pounds p e r  sq u are  in c h  p r e s s u r e  f o r  a  

p e r io d  o f  15 .minutes* A ll  g la s sw a re  was s t e r i l i s e d  by d ry  

b o a t  i n  an oven m a in ta in e d  a t  160^ 0*, f o r  1*25 h o u rs  »

2* Method o f  I s o l a t i o n  o f Ascl and A scospores

S in g le  ascospox’O c u l t u r e s  ware al-ways u se d  i n  o r d e r  t o

g u a ra n te e  as f a r  as p o s s i b l e  th e  p u r i t y  o f  oacli s t r a i n *  T1

i s o l a t i o n  and d i s s e c t i o n  o f  a l l  a s o i ,  t o g o th o r  w i th  th e  

i s o l a t i o n  o f  a s c o sp o re s  was c a r r ie d ,  ou t vnltli th e  a id  o f  a 

do Fenbruxio m io ro m an lp u la t  o r , us in g  m ièro-necd lG S  and micro» 

lo o p s  p r e p a re d  w i th  th e  a id  o f  th e  do Fonbrune m ic r o f o r g e . 

(do Fonbruna, 1934, 1957; Oomandon and da Pohbruno, 1938) 

U sing  a s e p t i c  te c h n iq u e s  a s c i  wore removed from  tho  

gypsum s lo p e  o r  re  sp o r u l  a t  io n  medium end suspended  i n  s a l i i  

t o g e t h e r  v i l th  th o  ao o omp any in g  c l ip lo id  v o g o ta t iv e  c o l l s  whi< 

hall n o t  s p o r u l a t o d , A d r o p l e t  o f  such  a s u s p e n s io n  was 

t r a n s fo rm e d  t o  a  3 /4  in c h  sq u a re  cove r s l i i )  and i h v c r to d  ova : 

a  m o d if ie d  van  T leghm i cham ber. Such a chamber was con- 

s tim ictod  by p l a c i n g  a 1 /4  in c h  l e n g t h  o f  t u b in g ,  5 /8  in c h  'h 

d ia m e te r ,  In  th o  m idd le  o f  a g l a s s  s l id e *  B efore  p l a c in g  

th o  tu b in g  i n  p o s i t i o n ,  about 1 /4  in c h  o f  i t s  c ircum xbronce 

was c u t  out* T h is  was done t o  a llo w  th e  i n s e r t i o n  o f  

m i c r o - to o l s  i n t o  th o  chaaifoeiu B efo re  i n v e r s i o n  o f  th e
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cov erslip  over tho chamber, a drop of s t e r i l e  water was 

placed in  the base; th is  prevented the droplet containing  

the yeast a sc i drying out.

— with
Kiwyiy dlrof yml&lmiy «.«lU

GUm Ck&mkwr

OIam blui«

Micro 'tool 
to Ml* tvwun«pulolcir

HICRQDISSECTION CHAMBER*.

With the aid of the low power lens o f a corç>cund micro

scope both droplet and m icro-tool were centred in  the f ie ld  

of v is io n , and by means of the coarse adjustment screw on 

the nose o f the micromanipulator, the m icro-tool was brought 

in to  approximately the same plane as the c e l l s  in  the droplet 

of sa lin e  before changing to  the liigh power le n s . D issec

t io n  of an ascus was performed by tran sferrin g  i t  very 

quickly from the frin ge of the droplet to  a dry part of the 

co v ers lip . The rap id ity  of th is  tran sfer  i s  e s s e n t ia l  

since surface ten sion  forces operate to  prevent the separa

t io n  of the ascus from the fr in ge of the d rop let.

To rupture the w all of the ascus, i t  was gently  ro lled



about on tlio pai^t o f  th e  o o v e r$11%) by a H iiero-loop  u n t i l  

th e  v ja l l  eo llap ee d «  D i r e c t  p r e s s n r o  on th e  aeons r o s a l t e d  

In  a lo w er pei^contage g e m i n a t i o n  o f  tho  a soo sp o res^  probohl^  

due t o  in ju ry *  “ The l i b e r a t e d  s p o re s  were l i f t e d  away 

in d iv id u a l ly ; ' from  th e  c o v e r  s i  ip  vd ,th in  th e  m ic ro ^ lo o p  w hich  

was th e n  .low ered from  th e  .s u r fa c e  o f  th e  c o v o r g la s s .  Tho 

c o v e rg la s s  c o n ta in in g  th o  d r o p l e t  was th o n  r e p la c e d  by 

a n o th e r  o o v e rg la s s  c a r r y in g  on th e  u n d e r s id e  f o u r  s e p a r a te d  

s p o ts  o f  m o lted  s t e r i l e  coraplote medium a g a r ,  Tho m ic ro -  

loop  v/as th o n  g e n t ly  r a i s e d  tow ard  th e  s u r f a c e  of one o f 

th o s e  a g a r  d r o p l e t s  and th e  asGos%)o%'0 d e p o s i t e d  on i t s  s u r 

f a c e  * T h is  o p e ra t io n  was rope iitod  u n t i l  a l l  th e  as oospore  a 

o f  an asoue had b e e n  t r a n s f e r r e d  each  t o  a d i f f e r e n t  ag a r  

d r o p l e t , Tiio o o v e r g la s s  was th e n  removed from  th e  cham ber 

and p la c e d ,  a g a r  downward, o v er  p l a s t i c  c o n c a v i ty  s l i d e s  

i n t o  th e  c a v i t i e s  o f w hich  had boon p la c e d  a d rop  o f  s t e r i l e  

w a te r  t o  p r e v e n t  d ry in g  out o f tho  a g a r  d r o p l e t s  * The 

c o n c a v i ty  s l i d e s  wore in c u b a te d  u n t i l  m lc ro e o lo n ie a  o f  y e a s t  

v i s i b l e  t o  th e  naked eye a p p e a re d .  Such m ic ro c o lo n ie s  

cou ld  u s u a l l y  be seen  a f t e r  24 h o u rs  i n c u b a t io n ,

Tho i s o l a t i o n  o f  whole I n t a c t  a s o i  was c a r r i e d  out as 

d e s c r ib e d  above e x c e p t  t h a t  th e  whole a s eus was t r æ a s f e r r o d  

t o  th e  a g a r  d r o p l e t s  I n s t e a d  o f  th é  i n d i v i d u a l  ascospo res*

To f a c i l i t a t e  th e  l a t e r  t r a n s f e r  o f  th e  v e g e ta t i v e  c e l l s  

a r i s i n g  from  th e  u so o sp o rea  t o  a n o th e r  medium f o r  p ro p a g a tio n -
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th e  a g a r  d r o p l e t s  d e p o s i t e d  oa th e  u n d e r  s id e  o f  th e  c o v e r -  

g l a s s  were p re p a re d  a c c o rd in g  to  a method o f  Hemmons (unpi-ih- 

11 shed -  p e r s o n a l  coB im unlca tion). T h is  method c o n s i s t e d  .of 

u s in g  t h i n  p e m e a h le  c e llo p h a n e  s t r i p s  a p p ro x im a te ly  l / 8  in c h  

s q u a r e , w hich  a f t e r  s t é r i l i s a t i o n  were d ip p e d  i n t o  m o lte n  

com plo te  a g a r  mediimi and im nod^iately t r a n s f e r r e d  t o  th o  

u n d e r  s id e  o f  a o o v o rg la s s  .whore., th o  a g a r  s o l i d i f i o d  around 

th o  oollox>hQno and s tu c k  t o  th e  c o v e r g la s a .  T h is  ce llophane- 

BgùT s l i p  was t r a n s f e r r e d  a f t e r  th e  d e p o s i t i o n  o f  th e  asco - 

spo re  o r  a s e u s , o r  a f t e r  th e  v e g e ta t i v e  c e l l s  had a r i s e n ,  by 

l i f t i n g  th e  s l i p  from  tho  c o v o rg la s s  u s in g  a s t e r i l e  f o r c e p s  *

S. Method o f  i l ro d u c in g  H ete rozygous D ip lo id  S t r a i n s

Til© p ro c e d u re  adop ted  f o r  t h e  c r o s s i n g  of., two g e n e t i c  a l l ]  

d i f f e r e n t  h a p lo id  s t r a i n s ,  i n  o rd e r  t o  p roduce  a d i p l o i d  

Xieteroaygous s t r a i n ,  was. t h a t  u sed  by Chen (1 9 5 0 ) . T h is  

oomblnod th e  m ethods adop ted  by L in d eg ro n  and L in d eg re n  (19431: 

ingo  and L a u s ts o n  (3.938) and Pomper and B u rld io ld e r  (1 9 4 9 ), 

S in g le  h a p lo id  v e g e t a t i v e  - c o l l s  d e r iv e d  from  s in g le  

a s 0 0 sp o re  c u l t u r e s  o f  e a c h  o f  th o  s t r a i n s  t o  bo c ro s s e d  were 

p la c e d  s id e  by  alcio on a c e l lo p h a n o - a g a r  s l i p  by a  m ic ro - lo o p  

a t t a c h e d  to  th o  do Fonbruno lu lo ro - 'm a n ip u la to r , Tho c o v e r -  

g l a s s  c o n ta in in g  th e  o o llo p h an e - .a g a r  s l i p  was th e n  t r a n s 

f e r r e d  t o  a van  Toigham c e l l  and, th e  c e l l s  r e l o c a t e d  and 

c e n t r e d  i n  th e  low power f i e l d  o f  v i s i o n  o f  a  oomnound micro™



s c o p e ,  Tlia c e l l s  were examined u n d e r  tl ie  h ig h  power lozis 

e v e ry  lo  m in u te s  f o r  e v id en c e  o f fu s io n *  Should  one o r  

b o th  o f  th e  hax')loicl c e l l o  ropr*oduC0  v o g o ta t iv o ly  h o fo ro  

f u s i o n ,  th e  c o l l s  ware d i s c a r d e d  and a n o th e r  s i m i l a r  a ttem p 

made a t  c r o s s in g  th e  s t r a i n s  * C o l l  f u s i o n  to o k  p la c e  

u s u a l l y  from  4 t o  8 h o u rs  a f t e r  p l a c i n g  th e  c o l l s  s id e  by 

s i d e ,  tho  avo rage  tim e f o r  f u s i o n  b e in g  4 ,2 5  h o u rs  *

Most h a p lo id  s t r a i n s  u sed  i n  th e  ex p o rim o n ts  t o  bo 

d e s c r ib e d  were a u x o t ro p h a , lac îc lng  th e  a b i l i t y  t o  s y n th o s i s t  

d i f f e r e n t  g row th  f a c to r s *  Tlie d i p l o i d  s t r a i n  r e s u l t i n g  

from  tlm  f u s i o n  o f  two such  a u x o tro p h ic  h a p lo id  s t r a i n s ,  

eacXi w i th  d i f f e r e n t  r e q u iro m e n ts ,  sh o u ld  t h e r e f o r e  be a  

p r o t o t r o p h ,  a b le  t o  grow on m in im al medium vdiioh l a c k s

th e  g row th  f a c t o r s  ro q u i ro d  by e a c h  o f  th e  h a p lo id  auicotropl 

from  w hich  i t  was d e r iv e d .  To e n s u re  t h a t  th e  d i p l o i d  

sygo to  had a c t u a l l y  a r i s e n  from th e  f u s i o n  o f  th e  two auxo

t r o p h i c  h a p lo id  c e l l s ,  a  sample o f  c e l l s  a r i s i n g  by v e g e ta 

t i v e  p r o p a g a t io n  from  th e  dix>loid f u s i o n  c e l l  was t e s t e d  fo i  

g row th  on m in im al medium. T h e i r  g row th  showed t h a t  th o  

c r o s s  had boon s u c c e s s f u l ,

Such a  method o f  h y b r i d i s a t i o n ,  as we 11 as onsurlz ig  as 

f a r  as p o s s i b l e  t h a t  th e  h e te ro z y g o u s  d i p l o i d  i s  fo rm ed , h as  

th o  d i s t i n c t  ad van tag e  o v e r  Winge and L a u s t s o n i s  method (195 

o f  c r o s s i n g  a sc o sp o ro a  i n  t h a t  th e  on ly  c o l l  o f  th e  s t r a i n  i  

n o t  conauïiiod i n  th e  m atin g  p r o c e s s ;  c o l l s  o f each  h a p lo id



s t r a i n  a re  t h o r o f o r e  a v a i l a b l e  f o r  o th e r  c roosos*  Ih i r th e r ,  

t h e r e  i s  no gamble w i th  re g a rd  to  th e  m a tin g  ty p e  o f  th e  

c e l l s  t o  he c ro s s e d  bo cause a sm̂ ipX.e o f  e a c h  h a p lo id  s t r a i n  

can  be t e s t e d  f o r  m a tin g  ty p e  b e f o re  th e  c r o s s  i s  undortalcon* 

Tho metliqd a l s o  overcom es Winge and Hoborets'^ o b j e c t i o n s  

(1948) t o  h indogren^  s (1943b) mass m a tin g  p ro c é d u re  o f  

v e g e t a t i v e  c e l l s ^

The d i p l o i d  c e l l s  u se d  I n  th e  e x p e r im e n ts  were prevezated 

from  fo rm in g  e s c l  by t r a n s f e r  t o  a now m in im al medium ag a r  

s lo p e  e v e ry  7 d a y s ,

4., O r ig in  o f  S t r a i n s  Used

A ll  th e  s t r a i n s  o f  y e a s t  u sed  i n  th e  fo llov/:lng  e x p e r i 

m ents o r i g i n a t e d  from, f o u r  s in g le  a so o sp o re  c u l t u r e s  o f

k ln a iy  su irp l le ü  by P r o f e a s o r  B. 

B p h r u s s i * Two o f  th e s e  c u l t u r e s ,  nam ely B15 and. C53-0d, were 

o f  m a ting  t y p e , th e  o t h e r  two, B26 and 0 2 4 -13b, o f  ^a* 

m a tin g  t y p e , A ll  f o u r  s t r a i n s  o r i g i n a t e d  from  two s t r a i n s ,  

naiaoly, ^^Boulangex'ie w hich  was made a v a i l a b l e  t o  P ro fe s s o z  

K p h ru ss i  from  th e  y e a s t  c o l l e c t i o n  o f  th e  h a b o r a to i r o  cle 

Ferment a t  io n s  o f  L* I n s t i t u t  F a c te u r  do P a r la ^  and ^^Yeast Poa#f 

a s t r a i n  o f  American b a k e r s  y e a s t  s u p p l ie d  by P r o f e s s o r  Ü* 

Vhlnge o f  th o  O a r ls b e rg  L a b o ra to r ie s ^  Goponhagan, A ll  auxo- 

t ï ’ophs u se d  wore i s o l a t e d  and i d e n t i f i e d  i n  à s e r i e s  o f  

e x p e r im e n ts  d e s c r ib e d  l a t e r  ( P a r t  I I  o f  t h i s  t h e s i s ) .
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PART I

The G o n o tic  a n a l y s i s  o f I n t a c t ,  Incom plo to  Asci o f  X oast 

I  lit r  odu c t  i  on

Tho fo rm a t io n  by d i f f e r e n t  y e a s t  s p e c io s  o f  a s c i  con

t a i n i n g  l e BO th a n  f o u r  aBOosporoa, 1 *0 * in co m p le te  a s c i ,  has  

boon m en tion ed  c a s u a l l y  by a number o f  w ozkora, O e r ta in  

apoo ioa  o f Saocharom ycea and had son ! a “a o i iu a l ly  prodzxce on ly  

one sp o re  poor as eus (ïCostka, 1926; S t  e 11 i  ng- De kko r , 1931), 

b u t  g e n ê t  i c a l  i n v e s t i g a t i o n s  on th o  n a tu r e  o f  th o  as oo sp o re  s 

o f  th e s e  s p e c io s  have b ee n  few and in co m p le te  *

\7ingo (1944) showed t h a t  th e  as  c o sn o re s  o f  Saccheromyce 

u n i 800m s  gave co lo n ie ,a w hich  d i f f e r  i n  form  from ' th e  m othei 

ty p e  g %) r e  su itab ly  owing to  s e g re g a t io n ^  The so o n e -sp o re  •• 

c u l t u r e s  d ip lo id lE 6 d  e a r l y  i n  developm ent and th e  c e l l s  were 

c a p a b le  o f p ro d u c in g  a s c i  * S im i la r ly ^  Had son and Eonokot Inc 

(1926) w ork ing  w i t h  Had so n !  a  a lo n g  a t  a  and H* f lu v e  sc o n s ,  and 

Bkovstecl ( 1943) vm rking w i th  H* R l c h o t r i  cozisldorod t h a t  

me I d s  i s  and. s e g r e g a t io n  to o k  p la c e  a t  spo re  fo rm a tio n  w hich  

was fo l lo w e d  by th e  d e g e n e r a t io n  o f  t h r e e  n u c l e i .

I n v e s t i g a t i o n s  o f ascoBporos w i t h i n  in co m p le te  a s c i  o f  

s p e c ie s  ■ ca p a b le  o f  p ro d u c in g  corap3.ato a s c i  have boon even 

fewer* L in deg ron  and L ind eg ron  (1944) and L ln d eg re n  (19401: 

s tu d ie d  th e  as  o o sp o res  w i th in  two- and o n e -sp o re  a s c i  o f  a. 

d i p l o i d  s t r a i n  o f S* e o r e v i s i a e  w h ich  th e y  re g a rd e d  as 

i l le g ; i t i î ï ia t© , i *e* form ed by f u s i o n  o f  h a p lo id  c o l l s  o f  th e



samo raatiUig ty p e *  The tw o -ap o r©  a s c i  w ere  I n v i a b l o  * The 

one-spox'^o ■ a s c i  p r o d u c e d  d i p l o i d  c o l o n i e  a w h ic h  r e s e m b le d  th< 

m o th e r  d i p l o i d ;  t h e  a%)ore was t h o  r e f  o r e  n o t  a  p r o d u c t  o f  

l u o io s i a  «

T h r e e - a p e  r e  a a o i  h a v e  o c c a s i o n a l l y  b o o n  u t i l i z e d  f o r  

g e n e t i c a l  a iu 0 .y a i s  o f  S* c e r e v i s i a e  ( L i 3:idog3/e n ,  1 9 4 9 a ,  19491 

Poinpox* and  B u r ld io l d e r ,  1949)*  T h e se  w o r k e r s  assum ed  t h a t  

t h e  m i s s i n g  s p o r e , i f  i t  h a d  b o o n  p r e s e n t ,  w o u ld  h av e  

c o r rG s p o n d e d  t o  th o  f o u r t h  g e n o t y p e .

The p r o  s e n t  s t u d y  l a  c o n c e r n e d  w i t l i  f i n d i n g  o u t  th o  

natux^e o f  t h e  s p o r e  à w i t h i n  i n c o m c l e t e  a s c i  o f  8 .  o e r e v i s i e x  

and w h e t h e r  o r  n o t  t h o s e  a s c i  ca n  b e  u s e d ,  w i t h o u t  

d i s s e c t i o n ,  f o r  g o n o t l o a l  a n a l y s i s *  T h i s  ty p o  o f  a n a l y s i s  

r G q u l r e d  t h e  a o v o lo p m e n t  o f  a  s p o c i a l  ty p o  o f  t h e o r y  end  

t h i s  i s  p r e s s n t e d .

I n  v ie w  o f  c e r t a i n  m i s t a k e s  o f  p r e v i o u s  w o r k e r s , i t  wa; 

n e c e s s a r y  t o  b e  s u r e  t h a t  t h e  d i p l o i d  c o l l s ,  f ro m  w h ic h  t h e  

a s c i  w e re  d e r i v e d , w e re  l e g i t i m a t e  z y g o t e s .  The u s e  o f  

s u i t a b l e  B ia rk e rs  t o o k  c a r e  o f  t h i s *

M a t e r i a l s  and M ethods

The d i p l o i d  c o l l s  u s e d  i n  t h e  e x p e r i m e n t s  w ere  p ro d u co c  

b y  c r o s s i n g  h a p l o i d  s t r a i n s  o f  o p p o s i t e  m a t in g  t y p e  w h ic h  

w ore  c o m p l e t e l y  h o t o r o t h a l X i c ,  p x '^ a c t i c a l ly  n e v e r  p r c d u c i n g  

a s c i  i n  c u l t u r e s  d e r i v e d  fx^om s i n g l e  siscosporGS* The 

g e n e t i c  m a rk e r s  u t i l i z e d ,  bo s i d e  a m a t in g  t y p e , w ero  e i t h e r



o r  b o th  o f th e  fo llow iz ig  ^îionogonio ( l l f fo ro n c e B  i n  n u t r i t i o n ;  

re q u iro m o n ts  * , Indopo-idexioo o f  v e r s u s  roqu iro iuon t f<

ad en ine  ; indopenclonce o f  v e r s u s  r e  qu lrem ent f o r

txyp tophone*  The a c tu a l  h a p lo id  stx^ains xised, t o g e t h e r  

w i th  t h e i r  d e r i v a t i o n ,  a re  shomi i n  th o  fo l lo w in g  ta b le *

H ap lo id
s t r a i n

D e r iv a t io n nox>xnm

C24-13b

B15

1 0 /2 0 ,  lb

1 9 /2 0 .8

R ece ived  from  P ro f .  B. 
Ephxmssl

R ece ived  from  P ro f  * B. 
B p h ru ss l

A siri£;le a sc o sp o re  c u l t u r e  
f ro m :a  c r o s s  A7 x Bio 
( s t r a i n  Â7 w hich ro q i i l ro s  
ad en in e  f o r  grow th  was 
o b ta in e d  by u*v . t i 'o a tm e n t  
o f  0 0 4 -16b) ,

A s i n g l e  aso o sp o re  c u l t u r e  
from  a c r o s s  D Î4/18 % 024- 
13b ( s t r a i n  D14/18 w hich  
r e q u i r e s  t ry p to p h a n e  f o r  
g row th  was o b ta in e d  by 
u.V* t r e a tm e n t  o f  B16)

0 .

a

a

a

Hut r î t  5, on a i  
req u irem en ts

none

none

aden in e

tryp top lxane

G rosses  were made vnlth th e  do Fonbruno 3i i lc roH ian ipu la t0 3 : 

as do s c r ib e d  on 17 o f  t h i s  t h e s i s .  I f  b o th  h a p lo id

s t r a i n s  usod  i n  a  c r o s s  wore m izo tro p h s  o f  d i f f e r e n t  t y p e s ,  

th o  r e  s u i t  in g  d i p l o i d  was t e s t e d  f o r  p ro to t ro p l iy  by p l a t e -  

t e s t i n g  on m in im al zmdlum; t h i s  p ro v id e d  an e x t r a  chock 

t h a t  th o  c r o s s  was l e g i t i m a t e  * I f  o n ly  one o f  th e  s t r a i n s  

c r o s s e d  -was an au x o tro p li ,  th e  re  s u i t i n g  d i p l o i d  c e l l s  wero
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i n d u c e d  t o  f o r m  f o u r - s p o r e  a s c i . A 'fev; o f  th o s o  a s c i  v i q t o

d i s  s e c t  eel and  t h e  c e l l e  r e s u l t i n g  fro%% e a c h  o f  t h e  f o u r  

a s  CO op o r e  8 t e s t e d  fox ' n u t x ' i t i o n a l  requlX'emezat * A z z e s u l t iu j l  

r a t i o  o f  1 r e q u i r e r  t o  1 n o n - r e q u i r e r  p e r  a s c u s  i n d i c a t e d  

t h a t  t h e  c r o s s  w as l e g i t i m a t e .

The m e th o d  o f  ix id u c in g  t h e  fo x m ia t io n  o f  o n e - ,  tw o -  and

t h r e e - s p o r e  a s c i  f ro m  d i p l o i d  s t r a i n s  I s  d e s c r i b e d  u n d e r  

^^Genoral M a t e r i a l  and  Methods**. I n c o m p le t e  a s c i  w ere  

i s o l a t e d  i n d i v i d u a l l y  on t o  c e l l o p h a n e - c o m p l e t e  a g a r  medium 

s l i p s  and a l lo w e d  t o  g e r m i n a t e  i n t a c t  a t  2 8 The  c e l l s  

o f  t h e  o o l o n l o s  o b t a i n e d  a f t e r  24 t o  48 Iioux's i n c u b a t i o n  

w e re  a n a l y s e d  f o r  p lo ic iy  and g e n o ty p e *  The m e th o d  o f  

a n a l y s i s  o f  c e l l s  a r i s i n g  f ro m  o n e - s p o r e  a s c i  d i f f e r e d  f ro m  

t h a t  o f  c o l l s  a r i s i n g  f ro m  tw o -  and t h r e o - s p o r ©  a s c i*  Eac3i 

ja e th o d  o f  m i a l y s l s  i s  d e s c r i b e d  bclovm

M ethod  o f  a n a l y s i s  o f  c e l l s  a r i s i n g  f ro m  g e r m i n a t i o n  o f

i n t  a c t  one -  sp  o r e  a s  c i  ^

H ut r i t  i  o n a l  t o  q u i  ren ie n t  s ;,

B a ch  o o lX o p h a n o -a g a i ’ s l i p  c o n t a i n i n g  t h e  c o lo n y  w h ic h  

h a d  a r i s e n  f ro m  a  o n e - s p o r e  a a c u s .w a s  rem oved  f ro m  t h o  

c o v e r g l a s s  and p l a c e d ,  c o lo n y  u p w a rd ,  on  a  p o t r i - d i s h  o f  

s o l i d i f i e d  c o m p le te  a g a r  m edium . T w en ty  euc li  s t r i p s  w e re  

p l a c e d  on e a c h  d i s h  and  th o  d i s h  I n c u b a t e d  f o r  tw o  d a y s  t o  

a l lo w  f u r t h o r  g r o w th  o f  t h o  c o l o n i c s , A s m a l l  in o o u lu m  o f  

c e l l s  f ro m  e a c h  c o lo n y  was t h o n  p l a t o - t o e t o d  f o r  n u t r i t i o n a l
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r© quircemozit,

A sm a ll  in o cu lirn  o f  c e l l o  from  oacix co lo n y  was a l s o  

traziofozu 'od  t o  each  o f  two tu b e s  o f  com plete  medium, one 

c o n ta in in g  a  s u s p e n s io n  o f  h a p lo id  v e g e t a t i v e  c o l l s  o f  

s t r a i n  G24-13h, raa ting  typo  a , th o  othex' a  su s p e n s io n  o f 

B id ,  m ating  ty p o  a* Such tu b e s  were oxemined a f t e r  IB 

hou:cs i n c u b a t io n .  I f  th o  t e s t e d  c e l l s  wore h a p lo id ,  m a tin g  

would have t a k e n  p la c e  I n  one o f  th o  t u b e s .  I f  m a tin g  d id  

n o t  o cc u r  i n  e i th e x g  th e  P o lony  was assumied t o  be d ip lo id *  

Two c r i t e r i a  we re  adop ted  t o  d i s t i n g u i s h  w h e th e r  o r  no t 

m a tin g  had o c c u r re d .  M ating was assumed t o  have ta l ie n  - 

p la c e  i f  t h e r e  c o u ld  be see n  (a )  a  c h a ra c to x v ls t ic  f l o c c u l a 

t i o n  o f  c o l l s  on shah:h.xg th e  tu b e  and (b) o h a r a c t o r i s t i c  

f e r t i l i s a t i o n  b r id g e s  be tw een  c o l l s  o f  o p p o s i te  m a tin g  ty p e  

on m icroB oopic  e x a m in a t io n  of a d ro p  o f s u s p e n s io n .  The 

m orphology o f  c o lo n ie s  and c e l l s  was a l s o  o h a r a o te x ' i s t io  of 

p lo i d y .

I f  any doubt a ro se  as t o  th e  p l o i d y  o f  th e  c e l l s  a f t e r  

such  t e s t s ,  an inocu lum  o f  th e  c e l l s  was g iv e n  an oppox'^tunit 

o f  fo rm in g  f o u r - s p o r e  a s c i  by t r a n s f e r r i n g  them  t o  L indeg ron  

and L in d e g re n ^ s  p ro  S p o r u la t io n  medium and th e n  t o  

s l a n t s , F o rm a tio n  o f any fo u i '- s p o re  a s c i  con firm ed  t h a t  t h  

c e l l s  were d i p l o i d .

Method o f  a n a ly s i s  o f c e l l s  a r i s i n g  from  go jun ina tio n  of 

i n t a c t  tv3o- and t h r e e - s p o r e  a s c i  :
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The co lo n y  o f  c o l l s  re  s u i t i n g  from  g e rm in a t io n  o f  an. 

I n d i v i d u a l  tw o- o r  t h r e e - s p o r o  asous  ( on th e  c e llo p h an o -ag a :  

s l i p )  was t r a n s f o r i 'o d  t o  0.1 ml* o f  com ple te  l i q u i d  medium 

d e p o s i t e d  i n  th o  form  o f  a  d rop  on th e  s u r f a c e  o f  co m zlo te -  

a g a r  medium i n  a p o t r i ^ d ia h *  Tlie ce llop lx ane- agas? s l i p  was 

a g i t a t e d  I n  t h i s  d ro p  and th o  d ro p ,  now c o n ta in in g  th o  

s e p a r a te d  c o l l s  o f  th e  co lo n y , sp re a d  o v e r  th e  s u r f a c e  o f  tl 

o o r p l e t e - a g a r  niedlmn* The d i s h  was in c u b a te d  f o r  t h r e e  

days a f t e r  w hich  a saiBplo o f  th o  c o lo n ie s  w hich had  grown 

on th e  p l a t e  was f i r s t  t e s t e d  f 03; p lo id y  and th e n  n u t r i t i o n  

re q u ira m o n t i n  th e  same msuxnoi' as d e s c r ib e d  f o r  th e  a n a ly s i  

o f  c o lo n ie s  a r i s i n g  from  o n e -sp o re  a s c i .

A m o d if ie d  m ethod o f a n a ly s i s  o f  c o lo n ie s  a r i s i n g  fro?n 

tv^o-spore a s c i  was adop ted  a f t e r  th e  f i r s t  two oscperim onts , 

The c e l lo p h a n e - a g a r  s l i p  on w hich  th e  ooloziy had grown was 

t r a n s fo rz re d  t o  th e  s u r f a c e  o f  c o m p l e t e - r a e d i u m  centa ine*  

i n  a p 0 tr i™ d is l i |  t h i r t y  Such t r a n s f e r s  wore mado p e r  d i s h  

and ea c h  d i s h  in c u b a te d  f o r  t h r e e  days  t o  a llo w  th e  c o lo n ie  1 

t o  become l a r g e lu  Each co lony  was th e n  t e s t e d  f o r  p lo id y  

and n u tx r i t io n a l  ro q i^ irem on t. Those found  t o  bo h a p lo id  

^non-roqzilI 'O rs* by th e s e  t e s t s  co u ld  bo co^nposod e i t h e r  o f  

b o th  Î r e q u ir in g *  and * non- re  quizzing ̂  c e l l s  o r  o f  * non- 

zrequiring* c e l l s  o n ly , A f u r t h e r  a n a l y s i s  o f such  h a p lo id  

c o lo n ie s  was n o t  u n d e r ta l ie n  and t h e r e f o r e  no d i s t i n c t i o n  wa; 

made be tw een  th o s e  c o n ta in in g  b o th   ̂rcqu izdng^  and * non- 

r e q u i r in g ^  c e l l s  and th o s e  c o n ta in in g  o n ly  h i o n - r e q u i r in g '



c e l l s *

The d i p l o i d  c o lo n ie s  were assxmiod t o  bo o f  one typo  o f  

c o l l  o n ly , an assu m p tio n  b a s e d  on th e  f a c t  t h a t  no d ixzlo id  

c o lo n ie s  o f  ^mixed c e l l s *  ( d i f f e r e n t  n u t r i t i o n a l  pheno ty pe) 

were d e t e c t e d  i n  th e  f i r s t  two exp e rizm m ts .

The o r o t i c a l l y  Expo c t e d  Ra s u i t  s

The f o l lo w in g  c a l c u l â t  lo n e  o f  th o  r e s u l t s  oxxzectod from  

th e  a i i a ly s i s  o f  i n t a c t  Incomplo t o  a s c i  a re  b ase d  on th e  f a c t  

t h a t  e a c h  a sc o sp o re  w i t h i n  them i s  a  h a p lo id  p ro d u c t  o f  

me i c e  I s ,  and on th e  a s s m m tio n  t h a t  t h e r e  i s  310 d i f f e r e n t i a l  

v i a b i l i t y  o f  n u c l e i  o f  c o r t a l n  g en o ty p es  a f t e r  m o ios is*

T hat th e  aseospox 'ès w i th in  two^ end t h r e e - s p o r e  a s c i  a r  

h a p lo id  was shown by a p re lim inazry  a e r i e s  o f  ex%)er im e n ts i n  

w hich  tw e n ty - f iv e  a s c i  o f  each  ty po  wore d i s s e c t e d . Each 

o f  th e  d issG C ted  a s c o s p o re s  gave r i s e  t o  a  h a p lo id  c u l t u r e  

( s e e  expo r im e n t  a l  r a  s u i t  s , p age 7 2 ) ,

a . O ne-spo re  A sci 

G o n s id e r  a  s i n g l e  gano B/b and th e  l'àating ty p o  gene .s /u

1, l i id ep an d en t a s so r tm e n t  o f  th e s e  two genes would be

e x p e c te d  t o  y i e l d  a g©3riotypic (and thez /o fo ro  a p h e n o ty p ie )  

r a t i o  o f  a s c i  o f  1 a  B s i  a B : 1 a b ; 1 -a  b from  b o th  th e

c r o s s  a B % a b and th e  rec iiD ro ca l  cx'oss a b x  a B, Such a

r a t i o  would a l s o  be ojppectod i f  b o th  th o s e  genes were 

s i t u a t e d  on th o  same cliromosozne and shov;ed f r e e  r e  com binat i c
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w i  t  h  onQ ano t  lie r ,

2„ Complete l in k a g e  betw een  th e  two genes  would bo 

i n d i c a t e d  when th o  co m b in a tio n  o f  a l l e l e s  e n t e r i n g  th e  c r o s s  

i s  alw ays s i m i l a r  t o  th o s e  re  cove rod  from  th e  a s c i  ; on ly  tw 

ty p e s  o f a s e i  would t h e r e f o r e  bo e x p e c te d  p e r  c r o s s .

3 . P a r t i a l  l in k a g e  betw een  th e  two g en es  i s  i n d i c a t e d  when 

th e  p h en o ty p e s  o f c e l l s  a r i s i n g  from  a s e r i e s  o f  o n e -sp o re  

a s c i  d e v i a t e s  z?rom 1 ; 1 :1 :1 ,  th e  r a t i o  e x p e c te d  i n  th e  case  

o f  f r e e  re  o ombIn a t  i o n .  The c a l c u l a t i o n  o f  t h e  amount o f  

l in k a g e  i s  s i m i l a r  t o  t h a t  employed i n  th o  a n a ly s i s  o f  

random s p o r e s .

The S0  0  0 X1 s id e  r a t  1 on s a l s o  app l y  t  o th e  a n a ly  s i s  o f  th e  

h a p lo id  c e l l s  o f  c o lo n ic s  a r i s i n g  from  th e  g e rm in a t io n  o f 

th r o e - a p o r e  a s c i  ( see  page 70),

b * Two-spore Asoi

I t  i s  e x p e c te d  t h a t  i n t a c t  tw o -sp o re  a s c i  would g iv e  on 

g e rm in a t io n  (a )  c o lo n ie s  o f  d i p l o i d  c e l l s  a l l  o f  one k in d  or 

(b) c o l o n i e B o f h a p lo id  c e l l s  w hich c o u ld  be a l l  o f  one ty p e  

o r  (c )  o f  two t y p e s .  D ip lo id  c e l l s  (c a s e  a) a r i s ô  when th e  

two s p o re s  a re  o f  o p p o s i te  m a tin g  typo  and fu s e  a t  ge rm ina- 

t io x i,  and h a p lo id  c e l l s  ( Gases b and c) when tho  two sp o re s  

a re  o f  t h e  sain© m ating  ty p e .  The e x p e c te d  r a t i o  o f  

d i f f e r e n t  ty p e s  o f  a s c i  v rlth  r e g a rd  t o  th e  m atin g  ty p e  o f  

th e  two s p o re s  i s  1 a  and a s 4 a  a n d ‘a ? 1 a and a .

The h a p lo id  c o f  exiles may c o n s i s t  o f  c e l l s  a l l  o f  th e
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a 81110 geno type  o r  o f  two c i i f f o r e n t  g en o ty p es  (o t l io r  th a n  f o r  

m a tin g  typo)*  The r a t i o  o f  e i ich .c l i f f o r e n t  k in d s  o f h a p lo id  

c o lo n i e s  depends on th e  imm'bor ond l in k a g e  r e l a t i o n s h i p s  o f 

th o  g en es  s e g r e g a t in g  from  a h e to ro s y g o u s  d i p l o i d ,  e . g ,  i n  

th e  c a se  o f  a one gene s e g r e g a t io n  a genotyip ic  r a t i o  o f  1 :

4 2 1 would he oxpeotocl among th e  c o l o n i e s ,  v i z . ,

Gene B /b s e g re g a t in g ?

( ( B) )  ( ( B) )  ( ( h ) )
A sci ( ) { ) ( )

( ( B) )  ( ( h ) )  ( ( b ) )

E x p ec ted  r a t i o  1 ; 4 % 1

I lap l o  ici c e l l s  o f
co lo n y  . B o n ly  B and h b on ly

Linkage r e l a t i o n s h i p s  betw een  two o r  more genes can  be 

c a l c u l a t e d  i f  oaoh o f  th e  h a p lo id  c o l o n i e s i s  c o n s id e r e d  t o  

c o n s i s t  o f c e l l s  d e r iv e d  froxu two s p o re s  o f  th o  saaao m atin g  

t y p o . C o lo n ie s  h av in g  two ty p o s  o f  h a p lo id  c o l l s  ( " d i - ty p o  

colonies**) d e r iv e  from  a s c i  w i th  two sp o re s  o f  d i f f e r e n t  

g e n o ty p e s ,  a p a r t  from  m a tin g  t y p e . The geno type  o f  e a c h  

sp o re  i s  deduced  by I s o l a t i n g  and c l a s s i f y i n g  th e  two k in d s  

o f  c a l l s .  C o lo n ies  o f h a p lo id  c e l l s  a l l  o f  th e  one ty p e  

o n ly  ( "m ono-type colonies**) a re  assumod t o  d e r iv e  from  a s c i  

h a v in g  two g e n o t y p i c a l l y  i d e n t i c a l  s p o re s .  I n  th e  c a l c u l a 

t i o n s  t o  fo l lo w  th e  m ono-type c o lo n ie s  must be co un ted  tw ico

On th e  b a s i s  o f  t h i s  spore  c l a s s i f i c a t i o n  l in k a g e s  are  

c a l c u l a t e d  by t r e a tm e n t  such  ad'Tls u so d  f o r  random saxnpling
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o f  gam etes  i n  h ig î ie r  o rgan ism s (M athor, 1 9 5 5 ) .  The g r e a t  of 

th o  nimiboz' o f  gehoo oogregab lng  th e  h ig b o r  th o  oxp ec tod  

p ro v )o r t lo n  o f  c o lo n ie s  w i th  th e  two ty p o s .  The u se  o f  more 

th m i one gene s e g r e g a t in g  makes i t  p o e a ib le  t o  d e t e c t  and 

e s t im a te  th e  m i s c l a s s i f i c a t i o n  due t o  tl io  f a c t  t h a t  Bomotime 

on ly  cno sp o re  g e rm iî ia te e .  I n  our c a l c u l a t i o n s  a  mono-tyx^e 

co lo n y  i s  t a k e n  as d o r iv e d  from  two i d e n t i c a l  s p o r e s . Ho 

in f o r m a t io n  w i th  r e g a rd  t o  th e  l in k a g e  r e l a t i o n s h i p s  o f  gene 

t o  t h e i r  cen tro m ere  a can  ho o b ta in e d  by a n a ly z in g  d a t a  from  

h a p lo id  c o l o n i e B i n  t h i s  wîay.

The p h e n o ty p ic  r a t i o s  o f  d i p l o i d  c o lo n i e s  a r i s i n g  from  

i n t a c t  tw o -sp o re  a s c i  g iv e  in f o r m a t io n  on th e  l in k a g e  

r e  1 a t i o n s h i p a  b o th  iDetweon genes  and be tw een  genes end t h e i r  

c o n tro m e ro e .

Tho p h e n o ty p ic  r a t i o s  o f  th e  d i p l o i d  c e l l s  o f  c o lo n ie s  

from  i n t a c t  t h r e e - s p o r e  a s c i  csii a l s o  g iv e  t h i s  in fo rm a tio n *  

Sxich i 'n fo rm a t io n ,  how ever, depends upon th e  ass.xm ption t h a t  

i n  th e  t h r e e - s p o r e  asous  th e  two sp o re s  w hich  fu s e  and g iv e  

d i p l o i d  c o lo n i c s  do n o t  f i r s t  g iv e  r i s e  t o  h a p lo id  v e g e t a t i v  

c e l l s  w hich  fu s e  l a t e r  t o  g iv e  two p o s s i b l e  c o m b in a t io n s . 

T h is  so u rce  o f  m l s c l a s s i f i c a t l o n  co u ld  bo avo ided  by 

i s o l a t i n g  a* s i n g l e  d i p l o i d  c e l l  ta l ie n  a t  random a f t e r  

g e r m in a t io n  o f  a  t h r o o - s p o r e  ascus* However, th o  p o s s i b i l i  

o f  d i f f e r e n t i a l  s u r v i v a l  o r  x n u l t i p l i a a t i o n  o f  c o l l s  o f  

d i f f e r e n t  g en o ty p es  w i t h i n  th e  co lo n y  a r i s i n g  froxu th e
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g e r m in a t io n  o f  th o  as e l  would have t o  he c o n s id e r e d .

Final3-y , f o u r - s p o r e  a s c i  co u ld  a l s o  bo usod  by i s o l a t i n g  a 

s i n g l e  d i p l o i d  c e l l  from  th o  co lon y  d e r iv e d  from each  asous* 

In  th e  fo l lo w in g  c a l c u l a t i o n s  o f  th e  r e s u l t s  e x p e c te d  

from  a n a ly s i s  o f  th o  d i p l o i d  c o lo n ie s  a r i s i n g  fz'om i n t a c t  

tiv o -sp o re  a s c i  u n d e r  d i f f e r e n t  g e n o ty p ic  conclitiox is , th o  

fo l lo v / in g  p o i n t s  sh o u ld  be h o m e  i n  mind :

1 . 33ach s e g r e g a t i n g ' g e n e , ex c e p t  t h a t  f o r  xnating t y p e , i s  

r e p r e s e n te d  by a f u l l y  dom inant and f u l l y  r e c e s s iv e  a l l o l o .

2,  I n  a l l  c a l c u l a t i o n s  x r e p r e s e n t s  th e  r e l a t i v e  frequonc]? 

o f  second  d i v i s i o n  s e g r e g a t io n  be tw een  th e  m atin g  ty p e  gene 

a /a  and i t s  c e n tro m e re ,  j  th e  r e l a t i v e ,  f re q u e n c y  bo two on 

gone B/b and i t 8 cen tro m ere  and z th o  r e l a t i v e  fre q u o n cy  

betw een  gene p / c  and i t s  cen troxacrc ; 1 -x ,  1 -y  and 1 - s  

r e p r e s e n t  th e  r e l a t i v e  f ro q u e n c ie s  o f  f i r s t  d i v i s i o n  

s e g r e g a t i o n ,

C alcu l a t i o 2i 1

Resul t . exp e c tq d when .. f wi t h
c e n t  rm m re^^SdJ'Ts indCp g/g ^
S53h Z i92£ îiZ ii j ï i I  recciÆfinoa i t s  oontrqiâero^ an
i s t l i p ' "  smie ^Hfromoio a/g. , ' b̂riû  <m t S f  opp o s i t e
g^Uie"^?F"th^ ...................................................  " " "

Those two s i t u a t i o n s  canno t be d i s t i n g u i s h e d  from  one

an o the  r  ' w 1 th o u t  th e  u se  o f  f u r t h e v  * m arkere  * .

From T ab le  1 ..(page 31) th e  e x p e c te d  pro%.)ortion o f

p h en o ty p e  b c o lo n ie s  i s  e q u a l  t o  (S% -r 2 j  -  5 x y ) /8 .

When gene _B/b show s f r e e  re  com binat io n  w i th  i t s  o o n tro -
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TABLE 1

Th® Type# and P paquono loa  o f  Four-spor®  à t o i .  T o g e th e r  w i th  th e  P r o p o r t io n s  
o f  D ip lo i d  P h e n o ty p e s ,  E x p e c te d  When th e  M ating Type G ene, a / a ,  and Gene B/b

a r e  On D i f f e r e n t  Chromosomes*

C r o s s :  8̂  B X a  b 
“  o r

oc B X a b

1 s t .  D i v i s i o n  
S e g r e g a t io n  
F o r  G ene( s )

2 n d .  D iv i s io n  
S e g ro g a t lo n  
For Gene( s )

Types o f  
A sci

Ï — n —

F req u en cy

B a
I

B“a
B a B a
b a b a
b a b a

B a
B

B"a
B a B a
b a b a
b a b a

B a
C 

B** a
b a b a
B a b ^x
b a B a

B a
D

B"a B a
b a b a b a
B a b  a b a
b a l a B a

1 : 2 t 1

m
P r o p o r t io n  o f  

^ P h e n o ty p es

a / a ,  B/b

B/b a / a

a / a B/b

a / a ,  B /b

( l - x ) d - y )  A l l

x(l-y)

Ii-x)y

3 /4

3 /4

1 /4

1 /4

xy 7/8 1 /8
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d i f f e r e n t  phonotypee  ex peo ted  undo;o th o  above c o n d i t io n s  i s  

e q u a l  t o s -

3. -  [T^x ^  2 x ) /8 | B and (2% f  y  -  S x ) /8  b

= ^  B and J- b

GalOuXation 2

and a/c f r e e ly ^  z'oo oiiibine 
c c ^ r o Æ r ^  " . - — - — - " — — • — '• —

I n  t h i s  s i t u a t i o n  on ly  a s c i  o f  ty p e s  lA and ÏÏA  o f  

T ab le  1 a re  e x p e c te d .  Thus, no d i p l o i d  phen o ty p es  o f  

c o n s t i t u t i o n  b a re  e x p e c te d .

Tho r e s u l t  vvould bo th e  emm  i f  th e  two go nos were on 

th e  saiiie cliromosome, e l t h o r  on th o  same s id e  o r  on o p p o s i te  

s id e s  o f  th© co n tro ii ie re*

C a lp u 1a t 1on 5

R e s u l t  expo c to d  whon _,is cpD:g)l0 t 0 l y  l in h o d  t o
i t  8 g en t r o t u r e   ̂and t ho f  j;!Q guency o e n d  d 1 v l  s r o i i " 
ê p & re g a t ic ^   ̂.ie

In  t h i s  s i t u a t i o n  on ly  a s c i  o f  ty p e s  I  A, IIA , IB and 

IIB  o f  T ab le  1 a re  e x p e c te d .  The e x p e c te d  p r o p o r t i o n  o f 

pheno type  b d i p l o i d s  I s  th e re fo r©  o q u a l  t o  ■ ^x (l-y ) .

Complete l in k a g e  o f  gone I ^ p  t o  i t s  cen tro m ere  ( i . o ,  

y =: 0) i s  t h e r e f o r e  i n d i c a t e d  when th e  p r o p o r t i o n  o f bÙ
ph en o ty p es  i s  e q u a l  t o  4}x.
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C a l c u l a t i  on 4

C a lc u là t lp n  o f  t h e . l i nkage reljdil^onph gone^ S/1
and i t  s OGgt TOine ro.  ̂ ’o f  ^conci d i v i s i c

). ozf̂  th h  p ià tlh rf  gbno^"‘̂ a7u ,  " is  " t e OTOr"‘’and

XXI t i l l s  s i t u a t i o n  a i l  ty p e s  o f  as c i  i n  Table 1 a re  

e x p e c te d . The o x p ec te d  p r o p o r t io n  o f  phenotype b d i p l o i d s  

i s ,  th e ro fo r© , e q u a l  t o  (2x -i- 2y -  3 x y ) /8 .

I f  b o th  % and th e  p r o p o r t i o n ,  p ,  o f  d i p l o i d  b phenotypej 

are  known, th e n  y , th e  frequcmoy o f second d i v i s i o n  s e g re g a 

t i o n  o f  gene B /b , may bo c a l c u l a t e d  u s in g  t h i s  e q u a t io n .

T h is  1 b m ost sim ply  done u s in g  th e  a l t o  m a t  ivo 

q u a n t i t i e s  X -  1 « and Y -  1 -  w hich  a re  r e l a t e d  t o  

tiie  p ro jpo rtion^  p ,  th u s?

1 -  6p = XY

I t  w i l l  be seen  t h a t  t h i s  r e l a t i o n s h i p  i s  fu ndam en ta l 

. in  work o f  t h i s  k in d  and w i l l  o ccu r  a g a in .  I t  i s  w o rth  

n o t in g  t h a t  th e  q u a n t i t i e s  X and Y ta k e  th o  minhnu^u v a lu o s  

of z e ro  fo23 f r e e  re c o m b in a tio n  o f th e  genes a /a  and B/b
WA.^ IWAf WW*

W ith t h e i r  c e n tro m e re s , and maximum v a lu e s  o f  1 f o r  Gom%)loto 

l in k a g e  t o  t h e i r  c e n tro m e re s ,

C a lc u la t io n  5

■ a t  ipn^ o f  ̂  t t o  r p l a t,ton.ship  betY/een gene
B/b I S S T t l i o y  "are
s a m o chromosoiae b u t  on" " . q p j j o é X ÿ of  The"’q qnt  roinero .

T ab le  2 (page 34) shows tho  ty p e s  and f r e q u e n c ie s  o f  

a s c i ,  t o g e t h e r  w i th  th o  p r o p o r t io n  o f  phenotype b d i p l o i d s  

e x p e c te d  u n d e r  th e  above cozidit i e n s .
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TABLE 2

Tho Typos and P roquono loa  o f  P o u r-sp o ro  A so l ,  T ogo th o r  w i th  tho P r o p o r t io n s  
o f  D ip lo id  P honotypoa . Expooted When th e  Two Linked  Genoa a/oc and B/b a re  
On O p p o s i te  S id e s  o f  th e  C en trom ere .

C ro s s :  a B

1 s t ,  D iv i s io n  
SogrogH tion  
For Q ene(s)

2nd . D iv i s io n  
S e g re g a t io n  
F o r  O ene(s)

Types o f  
Asci

I n ■■“ n i

A
B a n"oc
B a B a
b a b a
b a b a

B
B a
B a
b a
b a

0
B a
b a
B a
b a

D
I t .

B 3 4
B a B a b  a
b a b a b a
B a B a B a
b as. b a b a

1 1 2 t 1

Frequency  P r o p o r t io n  o f  
^ h e n o ty p o g

a / a ,  E/b

B/b

a/oc

( l - x ) d - y )  A l l

a / a

B/b

x(i-y)

y( 1 .x )

3/4

3 /4

1 /4

V4

a/oc, E/b xy 7 /8 1 /8

S t . “Ij- d e n o te s  u s c i  r e s u l t i n g  a f t e r  tw o , t h r e e  and f o u r  s t r a n d  o r o a a in g   ̂

o v e r .
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Tills  pro%)ortloii, p .  I s  e q u a l  t o  i [ (2i -i- j  -  I x y ) ,  o r ,

I f  X -  1 and Y -  1 -  - |y , i t  may be d e r iv e d  from ,

1 -■Op = XY

I t  i s  c o n v e n ie n t  a t  t h i s  s ta g e  t o  in t ro d u c e  a m easure , 

u ,  o f  th e  r e l a t i v e ,  f re q u e n c y  o f  t e t r a t y p o  and d i ty p e  a s c i  

w i t h ' r e g a r d  t o  th o  genes a /a  and B /b . Thus o f  th e  th r o e  

ty p o s  o f  a s c i

a  B a h  a B
a  B a  o a  b
a. b , a B , a  B , 
a b a B a b

th o  f i r s t  two a re  ta k e n  t o  com prise a  p r o p o r t i o n ,  l« u ,  and

th e  l a t t e r  a  p r o p o r t i o n ,  u .

In  T ab le  2 , th e  q u a n t i t y  u  i s  cl.oriVGd d i r e c t l y  from?

XX = X t  y -  è x y ,  o r ,  i f  II -  1 -  &u, from  U -  XY* Thus i t

may bo d i r e c t l y  e s t im a te d  from :

U -  .1 -  6p.

The append ix  shows (pap;e 67) t h a t  u  ( o r  IT) i s  r e l a t e d

t o  th o  moan number o f  o h ism a ta  b e tw een  th e  l o o i  o f  th e  two

g e n e s ,  and, th ro u g h  t h i s ,  t o  th o  re c o m b in a t io n  f re q u e n c y ,  f , 

be two on them, Tho fun d am en ta l r e l a t i o n s h i p  h e re  i s  :

f  = M l  -  u ^ ) .

G 02130 quo lit l y ,  tho  ra  combinat io n  f re q u e n c y  batwoon tho  

two l o c i  may be d i r e c t l y  d e r iv e d  f ro m :

f  = i g  » (1. ™ Gp)ii

-  S p  +  2 p^  ..............

Tho f i r s t  two te rm s  o f t h i s  G xpanaion w i l l  u s u a l l y  g iv e
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r  t o  a  s u f f i c i e n t  d eg ree  o f  a c c u ra c y .  F o r  in e tm io o ,  i f  p

(),]., th e  o .ccurate  foimimla g iv e s?

f  = i d  -  0 .4 ^ )
= 0 .8 9 9

The seriOB ex p a n s io n  t o  two te rm s g iv e  $ :

f  « 0 ,2  4:̂ 0 ,0 8
0  o 8 8

0,alculp.t i p i i , 0,

Ca l c u l a t i o n  o f  th e  3,inka^:^e re  1 a tio n .8 h ip  betw een  gone B/'
ÿ g  ̂ ,yd^h., t he^" ’ on "The s â m , " i id

o f  IS e  cq&t % nie'Rr', ' *"

T a b le s  3 and 4 (pages  37 and 38) shovi? th e  ty p e s  and

f r e q u e n c ie s  o f  a s c i  e x p e c te d  from  he tez ro zyg o tes  do r i v e d  from

th e  c r o s s e s  , B a x  , h a  (gone o r d e r  : c o n tro m e re -B /b -a /a  )

and . a  B x  . a b (gono ordozm e G n tro m e ro -a /o .-B /b ) .

I n  b o th  i n s t a n c e s ,  u  i s  u se d  t o  donoto  th e  fre q u o n cy  o:

t a t r a t y p o  a s c i .  I n  th o  f i r s t  i n s t a n c e ,  u ‘ i s  r e l a t e d  t o  x

and y  by th e  x"els:bionship ;

X =: y 4- u  -  -^uy 
o r

X =; YU

and, d n  th e  second i n s t a n c e ,  by th e  r e l a t i o n s h i p ?

y = X 4- u ^ ^ u x
o r

Y =" ÏÏX

111 b o th  i n s t a n c e s ,  th o  p r o p o r t i o n ,  p ,  o f  phenotyq)© b 

d i p l o i d s  oxpGctod i s  e q u a l  to  u., and hence

XI = 4p
o r

U -  1 6p«
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TAPLIS 3

Tti^^ Typmm mnd Prmqumnolem o f  Fonr-mporm Amo 1, Topobhor wlfch tho  Prof>ortlom  
o f  D ip lo id  Mionotypmw, Ex poo te d  When tho Two Llnkod Oenom a/ot and B/b a re

On tho  Same 3ldo oT tho Centrom oro.

Oroom ^ B A X .  b g

l o t  * D W iolon  
S o p ro fo tIo n

2nd, D iv is io n  
S oprogotIon

(gone B/b nonroo t tho oontrom oro) 

Types o r  Prequonoy

r
P ro p o r t io n  o f  
nionotypOB

a /« ,  f /b -
B a ^ a
B a B 01 
b a b a  
b a b a

( l - y ) d - u ) A il 0

V b a/ a

B
B a “  
B a  
b a 
b a

( l - y ) u 3 /4 1/4

- ( a / a ) ,  i /b

0
B a B"a 
b a b a  
B a B a
b a b a

y ( l - u ) A il 0

- a /a .  IVA> B a B a  B a  
b a b a B a 
b a  b a  b a  

1 : 2 : 1

yu 3 /4 1/4

(a/oc) donotoo Mint oeoond d i v i s i o n  ooprop tition  o f  pono a / a  r e s u l t s  from 
o ro o s in p  ovor botwoon pono B/b and the  oontrom oro and n o t  from o ro s s in p  ovor 
botvtfoon pono a B/b and a/oc.

S t .fy donotos  a so i obtiilnod  n f t o r  two, f.hroa and fo u r  s hr uid o ro n a ln p  ov^
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TABLE 4

Tb# Types and Prequenoias o f  foor-aporo A aol. T ogether w ith  the P roportions  
o f  D ip lo id  Phenotypes. Expected When the Tso Linked Genes B/b and a /a  are On 

the Sas» Side o f  the OontrosMre.

G rosst . a B x .  g  b (gene a /«  n ea rest the oentrom ore)

Types o f  Prequenoy1 s t .  D iv is io n  
Ségrégation  
Per QeneCa)

2nd. D iv is io n  
Segregation  
tor 0«n>(«)__

Proi>ortlon o f  
Phonotypog,.

•/*» Vb

(Vb)

A .a B 
a B a b
«  b g  B 
a  b a  B

a B sfb  
g  b g  B 
a B a b
g  b g  B

( l - x ) ( l - u )

x ( l - n )

A l l

A l l

•/a Vb

bAx. B/b

a B 
# b
g B
«  b

??h a b
g  B g  B g  b
a b a B n B
g b g b g B

1 : 2 : 1

( l - x ) u

XU

3 / 4

3 / 4

1 / 4

1 /4

(E /b ) d en otes th at second d i v i s i o n  segroputlon  o f  gone B/h r o a u l t s  from o ro n n ln g  
over between gene a /g  and tho centrom ere, not from c r o s s in g  ovor hotwoon 
genes a /g  and B /b .

S t .T 1  d en otes a s c i  o b ta in e d  a f t e r  two. th ro e  and f o u r  s t r a n d  orom slng o v o r .
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The BBxm r e l a t i o n s h i p  f o r  tho  re c o m b in a t io n  f r a c t i o n ,  

f , as was o b ta in e d  i n  C a lc u la t io n  5 th u s  h o ld s ,  namely :

f  = i  E - 

=  «  d '  -  a  -  Q p ^ D

= 2p •!- Sp'" . . , . .

A n o te  on C a lc ix la t io n s  6 and 6

H e it l io r  C a lc u l a t i o n  5 n o r  0 a llow  th e  d e r i v a t i o n  o f  

e i t h e r  x o r  j  ( th o  f r e q u e n c ie s  o f  second d i v i s i o n  s e g r e g a t lo i  

f o r  genes jya.? and ) ,  and, even when e i t h e r  x o r  y i s  

known, two p o s s i b l e  v a lu e s  always e x i s t  f o r  th e  o th e r .

The fo l lo w in g  c a s e s  need to  bo c o n s id e r e d ,  Suppose 

t h a t  % i s  known i n  each  in s t a n c e  and y i s  r e q u i r e d  t o  be 

fo u n d . A p r e c i s e l y  s i m i l a r  s i t u a i  io n  e x i s t s  i n  th o  r e v e r s e  

c a s e . 

a ,

Hero, X < 1 -  6p -  Ü, and hence th o  %)osslblo s o l u t io n s  

avé Y  = UX, and Y — X/ïï, i , o .  e i t h e r

y  ^ u X -  ^ u x

mid th e  gene B/b l i e s  on th e  same s id e  o f th e  cen trom ere  b u t

f u r t h e r  away th a n  gone a / a ,  o r

X =' n  T y -  'lu y

ond tho  gone B/b l i e s  on tho  same s id e  o f  th e  eentz^omere bu t

n e a r e r  th a n  gone a / a =

x<4p

Here X >  1 -  G%) = H, and hence e i t h e r  Y -  )Cu, o r  Y = h /1



do

1 .0 .  eJUhor

y = u  4’ X -  ixi^\

and th o  geno B/b l l o s  021 th e  saino s id e  o f  th e  centrom oro b u t  

fui'*ther away th a n  gone a / a ,

o r  II - X -J- J  -  y x y

and th e  gone B/b l i e s  on th e  o p p o s i te  a id e  of th e  cen tro m ere  

t o  gone .

Tho I)e t o o t  io n  and Mo a surem ent o f  /?wo _ 0 q n ea ,

The p r o p o r t i o n s  o f  cllploicl p h en o ty p es  a r i s i n g  froaa two- 

sporo  a s c i ,  f o m e d  from  a d i p l o i d  h e te ro z y g o u s  f o r  tho  two 

l in k e d  genes B /b and C /g , d i f f e r  a c c o rd in g  t o  how th e  I n i t i a l  

o ro s s  i s  made, i . e .  w h e th e r  th e  a l l e l e s  o f th e s e  genes e n t e r

th e  h e to ro z y g o te  i n  th e  ooxipliiig o r  i n  th e  r é p u l s io n  p h a se .

Such i s  n o t  th e  ease  i f  th e  genes a re  a s s o r t i n g  in d e p e n d e n tly

Rare c o l o n i e b o f  phenotype b j c  a re  e x p e c te d  from  th e  

a s c i  o f  a  h e té ro z y g o té  i n  which th e  a l l e l e s  a re  i n  th e  

r e p u l s i o n  p h a se ,  w hereas when th e y  a re  i n  th e  co u p lin g  phase  

such  c o lo n ie s  a re  oomaon. T h is  s i t u a t i o n  i s  in d ep en d en t o f 

th e  r e l a t i o n s h i p  o f  tho  genes t o  t h e i r  c e n tro m e re s ,  v i s . ,

a , a  B  ̂ 0  X a b  c
o r  - - - - -  Dlx>loicl b _ Ĝ phono ty p o s

a B 0 X a b  oormnon

b . a  X a B ^ c
o r  ' - - - - -  Diploic! b o pheno types

a ^  B__c r a r e

In fo rm â t lozi w i th  re g a rd  to  th e  amount o f  l in k a g e  betw een 

genes and betw een  th e s e  gone a and t h o i r  cen tro m eres  i s
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t la o re fo re  raoi^a a f f i o i e i i t l y  o b ta in e d  from  th e  a s e i  a r i s i n g  

from  a h e to r o s jg o to  i n  vhiloli th e  a l l e l e s  a re  i n  th e  c o u p lin g  

p hase  o

Resul tB  e%peoted Wjion  g en e ^  G/.9, and the^ m ating  typo
gene  ̂ a /a   ̂ undergo f re e  reeom hiiiatlorr w ith  another but 
nou n eco ssa ra iy  w ith  uh03.r centrotuores

T a b l e  6  (page 4 3 ) l l l x x s t r a t e s  th e  ty p e s  and f r e q u e n c ie s

o f  com plete  a s o i  w hich  a re  ex p e c te d  from  a  h o te ro s y g o te  i n

YJhlch th e  gone a B/bp O/o and th e  m ating  ty p e  gene  ̂ a re

each lin k ed  to  t h e i r  contromeroG but undergo f re e  recorsibina-

t i o n  w i th  one a n o th e r ,

a , R esu lts  epgpected wlm thzpe |^one3  ̂_reoom?Jine f r e e ly
bo th  iFltli \on0 an o t l j^  ̂ " '

When th e  th r o e  g ene3 s e g re g a te  in d o p o n d o n tly  o f  t h e i r

c e n tro m e re s  and of one anotho);^ th e n  y^ and x a re  eaiCh

e q u a l  t o  9 /3 .  The p n o p o r t io n a  o f  c l ip lo id  c o lo n ie s  e x p e c ted

unde r  th e s o  c e n d i t 1one a re  ?

Pa a a i
M  2  m  3 6  s  -S'- M  - •  i i ' ’ ‘3 Ï Ï  ^  ™ -

b , undei^jû
fhb  ohgjSir_j3n6 are o 5m:)lo te  ly "^Tinlied

o'F Sipji, f  foe,  ̂'r ocombina t io n  ~vf 1 t h  ' theT r 'cen trom ores 7

Tiie B 0 4/0 s u i t  8  ̂ c a l  e u l  a t  o d  I n  a s im i 1 av  manne r  t  o

th o s e  above  ̂ a re  shown i n  th e  fo l lo w in g  t a b l o :



ÛUÛ

Gene s ' o ompl o t o ly  
l in k e d  t o  t h e i r  
G0 n t  roBiore s ( no 
2nd d i v i s i o n  
s e g r e g a t io n )

G o no s unde rg o in g  
f  ro 0 re  e onib i n  a t  i  on 
w i th  t h e i r  c e n th o -  
3310 r e s

R a t io
ty p e s

BO ;

s o f  pheno- 
expGcted

Be : bC t be

1 , a /a^  I3/b and G/c 1

Ml

0 0 0

2 . à/a  and B/b C/c 5 1 0 0

3. a /a  and C/o B/b 6 0 1 0

4 . ■B/b and 0 / a a /a 0 1 1 1

5 , a /a B/b and 0 /c 25 5 5 1

6 , B /b a /a  and C/c 25 5 5 3,

7 . 0 /c a /a  and B/b 25 5 5 1

8, ** a /a  5 B/b and 0 /e 25 5 5 1

I t  can  be see n  from  t h i s  t a b l e  t h a t  th e  r a t i o  of 95 BO 

5 Be : 3 bC : 1 be  w i l l  be oxpoctod  i n  e v e ry  case  whore any

one o f  th e  genes ( in c lu d in g  t h a t  f o r  m a tin g  ty p o )  :1s com

p l e t  e l y  l i n k e d  t o  i t s  cen tro m ere  end th e  othei-» two show f r e o  

reoomiailnatlon w i th  t h e i r  cen tro m e res  ( c a s e s  5^ 6 and V) ; 

t h i s  r a t i o  w i l l  a l s o  bo oxpoctod -whon a l l  t h r e e  genes shov; 

f r e e  r e  com binat :l on w i th  t h e i r  c e n t  romo r e s  (c a se  0 ) .

As f o r  th e  two gene case  (C a lc u lâ t  io n  4 , page 33)  ̂ th e  

e q u a t io n s  d e r iv e d  i n  T ab le  5 may bo most a im ply exT^ressed i n  

te rm s  o f  th e  a l t e r n a t i v e  q u a n t i t i e s *

X -  1 - 2-^
i  -  1 “ -Ijr
% -  1  -  f  S
-V

I f  Pp and th e n  x^eproaent th e  xoreport Io n s  o f  phono-
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îàBli-l
fh* #md Pr«qtwBol«a e f  Four-#por# A#ol, Togathar « ith  tha P ro p o rtio rte f  D lplald  Fhew typee, Wgpaatail
#»am tha Vhraa Oanaa a / s ,  and 0/a Show Fraa Raoo«blnatlon With Ona Another bât Vwt W aaaaaarily With

Thair Oantroawraa.

Oroaai a ft g, *  9L fe l  
or

t  ft 2 X ft ft 1
le t*  D lalaion 8nd. D iaiaion Ooaihinationa Ooablnatlona of A llalaa Praqoonoy Proportion of
Sagragation Segregation of _ Oiaing Typaa of Aaai Phonotypaa
fo r  Oanatal Far QanaiaJ_______ f tU f t iU : ------------------  l U H l t f t --------------------------------------------------  W  »  ■ B -

a / h ,  ® /b, O/o

a/*» E/b C/o

a ^ ,  0/a

E /h . C/o

•A

n/b

O/o

Vb

aA

n /b ,  O/o

a A ,  C/o

aA, Vb

a A ,  V b ,  O/o

1 8  3 4 6 6 7 p

a oc B 0 o
a oc B 0 0
oc a b 0 0
# a b 0 P

a oc P 0 0
a oc B 0 0
oc a b 0 0
0Ç_ a b C 0
a a P B 0
a oc b b 0
oc a B b 0
f % b B a

# B 0 0
a B 0 e

« b 0 C
a b 0 0

oc B 0 0 0 0
oc b 0 e 0 0
a P 0 0 0 C
a b 0 0 0 0

oc B 0 0 0 0
e P 0 0 C 0

oc b 0 0 0 0
a b 0 0 0 0

« B B b b 0
a b b B B 0

C B b B b a
a  b B b B 0

oc a B B 0 0 0 0
•  « b b 0 0 0 0

ac a B b 0 0 0 0
aoc b B 0 0 9 0

U:î:ît:

lî:i:Sî: I!::;:!' 

Iî:î:îî: }î:5:îi‘ 

IWrîi: ü;:::)'

sCl-T)(l-a)

(l-a)ya

* U -y )a

%y(l.a)

1*3#*)#
î;î;êî:

( 2 ,4 , 6 ) ,»̂ *'»,«l, «9,3,0 
(2 ,3 ,7 ) ,  (2 ,4 ,7 ) ,

aya
,  ( 2 ,3 ,6 ]
, (9,4,0 ,
8 , 3 , 0 ) ,  ( 2 , 4 , 0 )

1 /4  9  0

0 1/4 0

1/0 1/0 i /o

3 /16  3 /16  V lO  

1 /8  1 /4  O

1 /4  1 /0  •

3 /38 3 /38  1/38

qhan  ramd a o r t i o o l l y  r a p ro a o n t  th e  a l l e l e a  « i t h i n  #aah n f  th e  fo u r  apor>a  o f  an eeo u e .



tfÀ.â,

b and re sp o c t lT O ly  ( l , o *  bC ^ b o . and Bc 4- bc)^ and 

i^bo r e p r e s e n t  a th e  p r o p o r t i o n  o f  p lionotypos b O;» th e  equa

t i o n s  may be \Yritte%i;

1 - Gpb -  XY
1 -  6pq " X%

:56(%q " pbPc) - Y 2 ( l  -  X)(9 4- X)

Those may bo so lv e d  d i r e c t l y  f o r  and g , and hence

f o r  y^ and

I f  . th e n  th e  s o l u t i o n s  are  g iv e n  byi
(i-Ô p-i3)(l-6po) " ' ;

1 -  -  X -  yBg±9i "1
^HS+l)

1 -  ^  Y l-6pt)
X

1 " =- Z = 1-Gpq
X

Those e q u a t io n s  g iv e  u n iq u e  v a lu e s  f o r  x ,  7? end s ( th e  

f r e q u e n c ie s  o f  second d i v i s i o n  s o g r e g a t io n  o f  oacli o f  th e  

t h r e e  gene s ̂  s/a^, S / Ih  and ,0/o ) .

h o c o s s a ry  and s u f f i c i e n t  c o n d i t io n s  t h a t  th o se  s o lu t io n s  

sh o u ld  have a r e a l  meaning are  t h a t  g

Bb -  %

Po ^  ^

and, P b c -  2 b  3.-2Pîo-4pe
2 P c ^ P b ^

% o  — 2 c  i f  n-u > 'o
Q

As an i l l u s t r a t i o n  o f  th e  a p p l i c a t i o n  o f  th e s e  fo rm ulae
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0  on s i  (lor th e  caso  where th e  fo l lo w in g  p r o p o r t  lo n e  o f  phono- 

ty p e s  o c c u r :  Be ==  ̂ bC = and be  =

Pb -  Pe “ Pbc ^

(5 /8 )^  ^

X = y iB xB ,56-^9] "1 _ .V .o p  
2 x 0 .bo

V  7  c= -&
*1* ^  ^  .Î*,, /T .  ,ifku . Duo

X = f (1 -  0.628) = 0 .85  

y =5 g = -§(1 - 0 ,600) = O.S

N e i th e r  3:ior x,)̂  may t h e o r e t i c a l l y  exceed  a v a lu e  o f  

%) b u t  as th e  t a b l e  on page 42 shows , th e  v a lu e  o f  ~t may bo 

a t t a i n e d  v7hon one o r  more (.(;enes f r e e l y  recom bine w ith  t h e i r  

oentromo.ros . The fo l lo w in g  s p e c ia l  c a s e s  may be

d l s t  in g u i  shed  :

a . I f  p '5  = -ÿ and pg<-^ th e n  y = „ i . e .  gene B/b f r e e l y

recom bines w i th  i t s  c e n tro m e re . H e re , f u r t h e r  in fo rm a t io n  

i s  r e q i i i r e d  b e f o r e  u n iq u e  v a lu e s  can  be o b ta in e d  f o r  x and 

ẑ  whioh s a t1Bf y :

1 “ 6po = (1 “ ) ( 1 - -^z).

b .  I f  pc  -  % and pb th e n  s = 2   ̂ i . e .  gen© C/c. f r e e l y  

recom bines  w i th  i t s  c e n tro m e re . îd i r th e r  in fo iv a a t io n  i s  

r e q u i r e d  b e f o r e  u n iq ue  v a lu e s  can bo o b ta in e d  f o r  x and y 

will ch  s a t  i  e f  y :

1 “ %% = (1 -  ( 1 -  &y ) *



c . I f  p]  ̂ = pq th e n  e l  th e  3? x = ^  o r  y z ^ y .  In  

b o th  th o s e  I n s t  onces f u r t h e r  in fo rm a t io n  i s  needed t o  obta.in  

a coraplete so lu t io n , .

In  a l l  t h r e e  o f  th e s e  in s ta n c e s ^  a  Imowledgo o f  one o f  

th e  v a lu e s  j  or z ( o t h e r  th a n  %) i s  needed  b e fo re  a l l  

X̂e com binat io n  v a lu e s  can  be e s t im a te d .

The m o d if ie d  equa;tions., d e r iv e d  from  th o s e  o f  T ab le  

a re  w o rth  r e -ex am in â t io n s

1 " Gpb =

1 -  epq = xz 

56(Pbo “ PbPc) = Y 2(l-X )(8 fX )

The f i r s t  two o f  th e s e  a re  r e p e t i t i o n s  o f  th e  eq u ation  

o b ta in e d  i n  C a lc u la t io n  4 (where on ly  th e  m ating  ty%)o gene , 

§/a^ and gene }|/b wore d e a l t  w i t h ) ,  and may have been  w r i t t e n  

dovjïi d i r e c t l y .  The t h i r d  e q u a t io n  re% )resents som ething new; 

i t  g iv e s  th e  e x te n t  t o  w hich  th e  p r o p o r t i o n ,  o f  double

r e c e s s i v e  phen o ty p es  d i f f e r s  from  what would be ex p ec ted  

from  a c o n s ic lo ra t io n  o f  t h e  p r o p o r t i o n s ,  pi^ and pq , o f  xfiono- 

ty p e s  b (be 4- bC) and c (be t  Be) ,

T h is  e q u a t io n  shows, f o r  in s tm ic e ,  t h a t ,  i f  e i t h e r  gene 

B /b o r  C/o f r e e l y  recom bines ?nlth i t s  cen trom ere  ( i . e .  i f  Y
ifrv** •rm‘f  *' '

o r  2 i s  s e r o ) ,  th e  p r o p o r t i o n  of double  r a c e s s iv o  p lieno typos , 

bo , i s  th o  p ro d u c t  o f  th e  p r o p o r t i o n s  o f  pheno typos b and c 

( i . e .  PBG -  PbPc)* T h is  I s  a l s o  t r a o  i f  gene a/a  i s  com- 

X )lotely l in k e d  t o  i t s  cen trom ere  ( i , o ,  i f  X 1) i r r o s p o c t i v o
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o f  th e  r e l a t i o n s h i p  o f  genos 13/b and O/o and t h o l r  cen tre--  

m eres >.

I n  o th e r  in s to n c o s  th o  p r o p o r t i o n ,  P b c 3 o f  doub le  

r e  0 0  0  8iv e  phonotype s wi 11 alway s 0 xoeed th e  p ro j)o r t  i  on

QXpocted from  a c o n s id e r a t io n  o f th e  p r o p o r t io n s  and ,

Table oa  may be u se d  to  s im p l i f y  th e  c a l c u l a t i o n  o f  x , 

y ,  and z from  any s e t  o f  d a t a  g iv in g  x>o Ppo- The

main s t e p s  i n  th e  c a l c u l a t i o n s  a3?G as f o l lo w s :

1 . C a lc u la to  g = 5 6 (pbg -  PpPc)
n .-6 p b )( l-6 p c T

2. E n te r  t h i s  v a lu e  o f  g i n  O?ablo 5 a  t o  o b ta in
v a lu e  s f o r  1/X and x .

3 . C a lc u la te  Y and 2 u s in g  th e  f  orraulao ;

Y -  1 X ( 1-GpB)
X

% = 1 X ( l -6 p o )
X

4„ C a lc u la te  y and z  from th e  fo rm u lae  ;

y = l(i-Y)
z ^  ^ ( 1 - 2 )

For oxamx:ile, t a k in g  th o  d a t a  tm alyeed  on page , 

g = 2 ,5 6 ,  and hence from  T able  5 a ,  1/X = l , 6 o  and x  = 0 .2 6 .  

0 in co  ( l - 6 p c ) = (1-Gpb) = 5 /8 ,  Y = 2 - x  I . 6 0  = O .ôo , and 

hence y -  a ^  0 .2 7 .

C a lc u la t io n  in v o lv in g  th r e e  o r  more in d ep en d e n t  genes i n  
a d d i t i o n  t o  t h a t  f o r  m a tin g  type

The above e q u a t io n s  (page 44) a ls o  show how i t  i s

p o s s ib l e  t o  d e a l  w i th  t h r e e  o r  more f r e e l y  rocom bin ing  genes



TAISLB 6a

Tablo t o  s im p l i f y  c a l c u l a t i o n s  of second d i v i s i o n  sogroga-
1 1 on f ro q u o n c ie  a

S 1/X X

0.0 1.000 0 .000
0 .2 1.064 0.040
0 .4 1.183 0.073
0 .6 1.170 0.101
0 .8 1.231 0.125
1.0 1.881 0.146
1.5 1.396 0.189
2.0 1.500 0.228
8 .5 1.596 0.240
3.0 1.686 0.871
4.0 1.851 0.306
5.0 8.000 0.555
6.0 2.157 0.555
V.O 2.866 0.372
0.0 2.386 0.387
9.0 8.500 0.400

10.0 2.608 0.411
12.0 2.836 0.432
14.0 3.000 0.444
16.0 5,176 0.457
20 .0 3.500 0,476
SO .0 4,195 0.500
40.0 4-. 784 0.527
50.0 5.306 0.541

100.0 7.321 0.576
200.0 10.028 0.600

oo Oo 0.667



( i n  a d d i t i o n  t o  t h a t  f o r  m ating  ty p o ) .  For oxam plo , w i th  

genes O/e, and f / d ,  tho  f r e c p o n ô io s  o f  second d i v i s i o n

s e g r e g a t io n  may be ro p ra so n to d  as y ,  a , and t ,  w i th  

c o r re s p o n d in g  p a ra m e te rs  :

Y -  1  -  ^

3 = 1 - 1 -2. S

T = 1  -  i t

I f  th e  v a lu e s  o f  1% , Pc; P a , p^c.- Pbd, Pod a re  th e n  

m easured , th e  above e q u a t io n s  may be r e p e a te d ,  g iv in g ;

1 -  6pi3 = XY

1 " 6po = XZ

I  -  Gpg = XT

56(Pbc -  PbPc) = Y2(1-X)(S+X)

56(Pbd -  PbPd) = YT(1-X)(S+X)

56(Pod -  PoPd) = ZÏ(1~X)(S+X)

A s e v e n th  é q u a t io n  may be added in v o lv in g  th e  p r o p o r t i o n ,

Pbod^ o f  t r i p l e  r é c e s s i v e s .

Axiy f o u r  o f  th e s e  e q u a t io n s  may be u sed  t o  so lv e  f o r  

y ,  s ,  end t , P ro b a b ly ,  th e  slm iplest p ro c ed u re  would be to  

c a l c u l a t e  f o r  each  of th e  phenotype a , b e ,  Ixl, and cd, 

and t o  us© th e  average  o f  t h e s e  t h r e e  g^s i n  c a l c u l a t i n g  X.

The v a lu e s  o f  Y, Z, and T th e n  fo l lo w  from  th e  flx^st th ro e

e q u a t i o n s ,

H ere , th e  f r e q u e n c ie s  o f  second d i v i s i o n  s e g r e g a t io n  

f o r  a l l  gonea ( i . o ,  y ,  s ,  and t )  may bo e s t im a te d
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provilded t h a t  n o t  moro th a n  ono o f  th e  gone a f r e e l y  ro  com

b in e  a w i th  i t s  c en tro m ere  ; i f  on ly  ona gone f r e e l y  recom

b in e s  w i th  i t s  cen tro m ere  a  com plete  s o l u t i o n  may s t i l l  bo 

ob t  a i n o d .

C a lc u lâ t  1 0 %% 8

C a lc u lâ t  io n  o f  th e  l in k a g e  r e l a t i o n s h i p  be tw een  two 
gone Si B/b and C/c^ when th e y  a re  in d e p e n d e n t  o f  th e  m ating  
ty p e  gene^ a /a^  and a re  on th e  same s id e  o f  th e  cen trom ere

T ab le  6  (page 50) shows th e  ty p o s  mid f r e q u e n c i e s  o f  

com plete  as c l  e x p e c te d  from  a h e te ro z y g o u s  d i p l o i d  i n  w hich 

th e  genes B /b and O/o a re  l in k e d  i n  th e  c o u p l in g  p h a s e /  and 

a re  in d e p e n d e n t  o f  th e  m ating  typo  gone ^ a .

F o r  s im p l i c i t y ^  th e  gone o r d e r  has  b een  talcen as 

c e n tro m e ro -B /b -C /c , The a l t e r n a t i v e  c a se  where th e  gene
«y*-» *Rip*

o r d e r  i s  c e n tro m e re - 0 / c -  1̂ /b can  be s iB i i l a r ly  d e r iv e d  by 

in t e r c h a n g in g  th o  a i ip ro p r ia to  sym bols.

As p r e v io u s l y j  y and z r e p r e s e n t  th e  f r e q u e n c ie s  o f  . 

second  d i v i s i o n  s e g r e g a t io n  of th o  gonea B/b and C/c 

r e a p o c t iv e ly ^  med u  i s  ta k e n  t o  r e p r e s e n t  th o  froqucn oy  of 

t e t r a t y p e  co m b in a tio n s  w i th  r e g a rd  t o  th o s e  two g e n e s .

The t h r e e  q u a n t i t i e s  y^ and u a re  th e n  r e l a t e d  by th o  

fo rm u la ;

^ = y -}' u « &uy . . . . . S e e  ap pend ix  (page 67) 

oig i f  Y = 1  -  yyg B - 1  -  and U = 1  -  yu^ b y ;

B = TtJ

I t  i s  th e  ro  f o r e  s u f f i c i e n t  t o  work i n  te rm s  o f  any two o f
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th e s e  v a l u e s ;  T ab le  6  employs j  and u .  . The q u a n t i t y ,  f^ 

i n  t h i s  t a b l e  r e p r o s e n t s  tho  froqiiGncy o f  re c o m b in a tio n  

be tw een  th e  genes  ly'b and O/Oy w h ich  may bo d e r iv e d  from  u 

u s in g s  as XDrovlously,^ th e  fo rm u la ;

f =  i [ i  - (1 - i i i f  J = S-(i - ïï^).
I f .  i t  wore p o s s i b l e  t o  so lve  f o r  j ,  and u^ th e n  z 

co u ld  bo d e r iv e d ,  Hov/evox% i n  t h i s  in s ta n c e ^  on ly  u  may 

bo c o m p lo te r /  d o r iv o d  ( and hence f ) .  The q i ia n t i ty  u comes 

from  th e  fo l lo w in g  fo rm u las  

u  s , «  m - j )
 ̂ where oi no ce s  a i r y  Pq > p ^ .

I f  p -|3 > Pq<, t h e n  th e  gene B/b l i e s  f u r t h e r  from  th e  

oentromez'o th a n  C/c., mid u. i s  g iv e n  by :

'i(P'o -  Pc)
1  -

T h is  f o i m i l a  co u ld  have been  d i r e c t l y  d e r iv e d  by n o t in g  

t h a t 5 as p r e v i o u s l y y

1  -  Gpb
1 -  6 p c  -

HoncG ^

^ TJ -  1 -  l u ,  o r  u  =: i illc_xh .E k i 
1  -  6pb I. 1  ^ Gpi^

t o  a d d i t i o n a l  f a c t . ,  how ever, comes from  th e  f u l l

a n a l y s i s .  From th e  e q u a t io n s  d e r iv e d  from  T ab le  6  i t  may

bo shown t h a t  :

1  Rpb -Pc V 1  I'Ll -  f  nrnviflmd in
1  -  6 pb - 1  -  u

i . e .  z > y .
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o r ,

Pbc -  Pc i _ 2 f E 2 .Z_.iEM X j p ro v id e d  P ] ,> P o ,
1  -  Gpc 1  ^  1 . 8 . y > i ;

S in ce  b o th  u  mid f  may bo d e r iv e d  from  p|^ and u s in g  th e

above fo n n u la o ,  t h i s  g iv e s  a b a s i s  f o r  th e  p r e d i c t i o n  o f

th e  p r o p o r t i o n  o f  d oub le  ro o e s s lv o  pheno type  s , b  j ) ,  on th e

a ssu m p tio n  o f  no i n t e r f e ronce  o f  one ch iasraa  by a n o th e r .

I t  Can th u s  bo u se d  as a laoasure o f  ch lasm a I n t e r f o r o n c o ,

A com parison  o f  th e  above fo rm u la  w i th  th e  c o n d i t io n s

In  C a l c u l a t i o n  7 shows t h a t  th e  c a s e s  where th e  genes B/b

and o / c  a re  on d i f f e r e n t ' chromosomes, and on th o  smie
« h iu /  *4t\*

chrom es03m on th e  smae s id e  o f  th e  oentromoxb may be 

ro  ad i  l y  d i  s t i r i g u i  s h e d .

I t  must f i r s t  be n o te d  t h a t ;

*1 *« Ï i  p'p-  .1 -i- i 0  a lw ays g r e a t e r  th a n  u-.1 -  u  2 2 ( l - u )

I t  t h e n  fo l lo w s  t h a t ,  i f  Pq > p%i, th e  r a t i o  :

f ^bc( a3, ways l e s s  th a n  & when th o  genes 
Pb(]' ^Po % c )

a ï’O on d i f f e r e n t  chromosoraos, and g r e a t e r  th e n  & when th e y  

a re  on th e  same chromos0311e , on th o  same s id e  of th e  c e n t r o 

m ere . The c o r  re  sp ondlng; r a t i o  :

P k a { 1  -  6 |)rt) , , .

•"’“r'ï— , must ÛO u se d  x.x pu ^  <P c ( l  -  4p-b -  Bv>ç) MX  ̂ c

B.lxould a f u r t h e r  in d ep en d e n t  gone D/d be in t ro d u c e d  

(on  a t h i r d  chromosome) ,  whose f re q u e n c y  o f  second d i v i s i o n  

s e g r e g a t i o n ,  t ,  i s  l e s s  th a n  -y, com plote s o l u t io n s  f o r  x , y



0 5

a, ànci t  a rc  p o s s i b l e .

I n  t i l l s  i n s t a n c e  th o  a p p r o p r i a t e  foxïiiulae a ra  ; 

1 -  Gpb = XY

1 “ 6pc  = XZ

1  -  6 pd = XT

S6 ( p m  -  PbPa) ^  %T(1 “ X )(S  i- X)

56(pcd  "  PbPd) = ST(1 -  X)(S + X)

w i th  th e  s o l u t i o n s  :

1 -  I s :  = X = y | 8g + 9 )1 -  1
8 (g f  1 )

i  ,4

X

1  -  I  z -  g -= 1  -  6 pe
X

X « ^  -  T -  1  -  6 pci

Hore, g may bo o a lo u la to d  from  :

36 (T 36{p«A «■ PûPf--})
, X rom * j;î“—Y?— 5 o r  x i?om any

( 1  -  o w r i  "  bixi)T r - z T p v

a v e r  ago ( o .g .  a r l t h m o t i c ,  w oig îitod , o r  g e o m e tr ic  ) o f  th e o e  

two v a lu eB , One o f  th e  B kiiplest and most a c c u ra te  i s ;

+  Prtr-̂  D'KP/E “  yirttVvl )g =  ^od " H'bPa “ PoPd
(1 -  5p^ -  3 P q )(1  -  6p̂ 3_)

The v a lu e  g can  be u sed  i n  c a l c u l a t i n g  X, and hence Y, 2 ,

and T. 'j.Txus, x , y , z , and t ,  th e  f r e q u e n c ie s  o f  second

d i v i s i o n  s e g r e g a t io n  f o r  each  o f  th e  gones „§/a, l / b ,  C /c ,

and I)/d  may be d e r iv e d .
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C a lc u lâ t  i  on 9

G alGul a t  i  on o f  th e  linkage.,
g e .wh^' x' l i hey/ ^^ t he

sEiiMsiÉ.ï>â "  ̂ ^

T ab le  7 (page 57) show a th e  ty p e e  and f r e q u e n c ie s  o f  

com plote a s c i  e x p e c te d  from  a h e te ro z y g o u s  d i p l o i d  i n  w hich  

th e  above c o n d i t io n s  p r e v a i l  and th,e two genes B/b and C/c
« .* - /  oww, ik n *

a re  i n  th e  c o u p l in g  p h a s e .

The s i t u a t i o n  h e ro  %)%)ears t o  be th e  most com pile  a t  od 

o f  th o s e  so f a r  e n c o u n te re d  i n  t h a t  i t  h a s  c h a r a c t e r i s t i c s  

i n  common b o th  w i th  th e  s i t u â t i o î a  e x i s t l : a g  when th e  genes 

g /b  and G/jc a re  on d i f f e r e n t  chromo a omes, and w i th  th e  

s i t u a t i o n  e x i s t i n g  when th e s e  genes ax’o on th o  same chromo

some on th e  same a id e  o f  th e  co n tro m o re ,

F o r  i n s t a n c e ,  when x 0 , i . e .  when th e  ?.uating typo  

gen© a /a  i s  c o m p le te ly ■l in k e d  t o  i t s  c e n tro m e re , th e  

s i t u a t i o n  i s  e x a c t l y  th e  same as f o r  genes  on d i f f e r e n t  

chromosom es, On th e  o th e r  h an d , vûmn y and z ujEO b o th  

s m a l l ,  th e  s i t u â t io<i a p p e a rs  s i m i l a r  t o  t h a t  when th o  o^enos 

a re  on th e  same chromosome on th e  same s id e  o f th e  c e n t r e -  

m o re ,

I n  g o n o ra l  i t  i s  t h e o r e t i c a l l y  p o s s i b l e  t o  s o 'v e  f o r  

X, y and z  u n d e r  th e  p r e s e n t  a ssu m p tio n s  (B /b and g /c  on 

o p p o s i te  s id e s  o f  th e  c e n t r o m e r e ) , a l th o u g h  t h i s  i s  r a t h e r  

in v o lv o d  o o m p u ta t io n a l ly , I t  w ould a p p e a r  t h a t  any s o t  o f  

d a t a  w hich  m igh t bo s u b je c te d  e i t h e r  t o  C a l c u l a t i o n  7 (B /b
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7
Hm Typ## *md Pr*qu«M Ua o f  P»ur«*por« a m I .  T»#«kh#r *l«h  %hm ProperAtoM # f  D ip lo id  MiomoAypoo, ftipooOod #*#m «ho ^  Llnkod 
#o#o# omd O/o oro On Oppoalfto Did## o f  th# Oonkronaro and y r o o lj  D#ao9blno o lth  kho DaDln# Typo Oono

Oroaai S  1— i —1  » # » # 1  *■ »  ^ •

la»* D lv la lan  tnd*  D lvla lon
Da#f#p#»l«n Dapropaklon

l i l l ______f r r - t t M l i ) ------

•M» V», «/•

•M,

V»>. 0/.

O/o

Oonblnaklona
o fêUlfft -

Ooablnaklona o f  A lla la a  
O lalng Typaa o f  Aaol 

 «WÈÊd-----------

( l . s , « ) ,  ( e ,9 ,4 )
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and G/o on d i f f é r e n t  chromosoraos) o r  t o  G a lc u la t io n  8 (I 

mid G/o on th e  smio s id o  o f  th e  c o n tro im re  ) ,  may a l s o  he 

e x p la in e d  u n d e r  th e  h y p o th o s is  o f  l in k e d  genes s i t u a t e d  on 

o p p o s i te  s i d e s  o f th e  coxitrom ore; th i s , ,  u n l e s s  " f u r th o r  

in d e p e n d e n t  in f o r m a t io n  was a v a i la h X e ,

The e q u a t io n s  wliioli %aay ho d e r iv e d  from  T ab le  7 may be 

s i m p l i f i e d  in to .  the. two f a m i l i a r  eq u a tio n s ;-

]. -  bph ^
1  -  6 pc  -  XE

t o g e t h e r  v / i th  one o t h e r  e q u a t io n  g iv in g  tho  p ro p o r t io n ^  P b o  

o f  d o u b le  r e c e s s i v e  pheno tyq ies . T h is  may be p u t  i n  th e  

a l t e r n a t i v e  fo ra is :

^ b c  ^  X ( 1  — y ) ( l  '** z )  t  i b  ( 1  “* lc)y£S t  X / Z
4: i  — U

Olb

S6 (p]3 o “ PbPc) == -  X)(S + X -i- h ) ,

where

h =  (1  -!■ 2X)(1 BZ)
( 1  t  2 YE)

Oonsoquontly^ th r e e  e q u a t io n s  a re  a v a i l a b l e  w hich  may be 

solved, f o r  X. and E .

The a c t u a l  s o l u t i o n  i s  most e a s i l y  c a r r i e d  out by u s in g  

a  ro u g h  v a lu e  f o r  h^ s o lv in g  f o r  X̂  3'h and E t o  g e t  a  more 

e x a c t  v a lu e  f o r  h^ r e s o l v i n g  to  g o t  a  s t i l l  more e x a c t  v a lu e  

and so on, Tim b a s i s  o f  t h i s  s o l u t i o n  i s  th e  e q u a t io n s  ;

X -  ' / E s  t  h ) i  4 (2  -I* h )g l  -  (X h)
2 ( 1  + g)



-  = 1  -  8 pb
“  X ■

z = 1  -  dpo
tr ^ifl

Where, as p rev iou sly , 8 = mMmwLZ:._EIÆ.G_L .
( 1  -  6 p ta ) ( l  -  6 P c)

As an i l l u s t r a t i o n , ,  wo may c a l c u l a t o  y , and z from

th e  ssme d a t a  u sed  i n  d e m o n s tra t In g  C a lc u l a t i o n  7 (on  page

45 )  ̂ b u t  now upon th e  as sum ption  t h a t  th e  genes B/b and C/c

a re  on d i f f e r e n t  s i d e s  o f  tho  c e n t r o m e re ,

A f i r s t  a p p ra x im a tio n  f o r  h  may ho o b ta in e d  u s in g  th e

v a lu e s  f o r  3: mid E c a l c u l a t e d  I n  t h a t  ex am p le . Tak ing

Y = E -  0 , 6  ̂ a  f i r s t  rough  e s t im a te  o f  h  i s ;

h -  X 2 .2  = /In
( 0 . 6 ] h  X  ;1 .4 B

and. g ■= S .56 . .

Thus the f i r s t  approximation to  the so lu tio n s  are given by:

X =  / ( I I O .M ) _ 5 ^
7 * llV

^  —"""̂ Trrr' 0  0 49
U « I / o

A b e t t e r  v a lu e  f o r  h  i s  oo iioequontly  ;

h ^ 1.9B X  1,98  ̂ . or
( r .~ î9 T ^ "T i7 4 8

w hich  .givea as a second a p p ro x im a tio n ;

. . . . . .  _Yg—yo —— -  0 ,7 7 9

0,779

h i s  la  near the f i r s t  aiapi'oxiraation end therefore may



be ta k e n  t o  g iv e  tlio f i n a l  s o l u t i o n siU Ï

% ^  1 (1  -  0 .7 7 9 )  = 0 .1 4 7  

y = 3 = - i d  -  0 .4 8 1 )  =. 0 .5 4 6 .

Thus, on th© a ssu m p tio n  tha.t gones B /b  and C/c a re  on th e  

same chroriiosomo on o p p o s i te  s id e s  o f  th e  c e n tro m e re , th e  

above v a lu e s  s u f f i c e  to  e x p la in  th e  o b se rv ed  p r o p o r t i o n s

Pb, Pcf and pijo.

To d e te rm in e  v/hat th e  s i t u a t i o n  may b o , i , o ,  w h e th o r  

th e  genes  a re  l i n k e d  o r  on d i f f e r e n t  chroniosomes^ i t  i s  ■ 

n e c e s s a r y  t o  .have a  f u r t h e r  gene l /d ^  p r e f e r a b l y  Imown to  be 

on an indeipondoht chromosome. W ith f o u r  genes i t  i s  

p o s s i b l e  t o  ca lcu la :bo  t h r e e  v a lu e s  f o r  g :  

g b c =  S6 (pi3Q .. PbPc)
(1 ~ CipbHl -  6pc)

S M =  36(.Pbd -• PlîPd)
1  “ )( 1  -  Spd)

S cd=  8 6 (P ea  -  ptjPti)
( 1  -  6 p o ) ( l  « 6 pd)

I f  tho  th ro e  g en es  B/b^ fi/fu' D/d a re  a l l  on d i f f e r e n t

chromosome8 , t h e n  th o s e  v a lu e s  o f  g w i l l  be tho  samo.

I f ,  on th e  o th e r  hand , two genes  a re  l in k e d  mid th e  

t h i r d  i s  on a d i f T o r e n t  ohromosomo^ th e n  one v a lu e  f o r  g 

w i l l  be g r e a t e r  th a n  th o  o th e r  tw o. T h is  v a lu e  w i l l  show 

w hich  two genes  a re  l i n k e d .  F o r o x a n p lo , i f  > ^ b d  ^ 9"cd 

th o n  gone© j V B  bxiû C / c  a re  l in k e d

F i n a l l y ,  i f  a l l  o f  th e  v a lu e s  o f  g a re  d i f f e r e n t  th e
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t h r e e  genes a re  on th o  smne chromosome.

F o r  oxmnplo, supT)os©,, as b e f o r e ,  t h a t  ;

Pb = Pc ” and ^ and t h a t  th o  I n t r o d u c t i o n  o f  th e  

e e i i e  D /d g i v e s  Pd = i  ? mid = Pod ="6,-

Sbc = f =  8 . 5 8

and
^ h.

Wo sh o u ld  t h e r e f o r e  conc lude  t h a t  genes  Ij/b and C/c 

a re  l i n k e d  and t h a t  gene I)/d i s  on a d i f f e r e n t  chromosome
—— kw/r«

Also , s in c e  th e  r a t i o  :

P b c O  “ 6 Pli) , ,
P b r i z r ? j p ^ “ -~4 PQ) ■? <  i ,  th e  p o s s i b i l i t y  o f  1

genas  B/h  and _G/o laeiiig. on th a  sain© s ld o  o f  th e  cen trom ere

can  be im raed ia te ly  r u l e d  o u t ,  ̂ (See page 54)

I t  i e  p o s s i b l e  t o  so lv e  f o r  X u s in g  th o  p r o p o r t i o n s  o f  

d i p l o i d  ro c o e s iv o  p h en o ty p es  f o r  any two o f  th e  genes B /b , 

9/p.s and l / d .  I n  th e  above example th e  s o l u t i o n s  f o r  X 

a re  0 ,7 7 9 ,  0 ,7 8 1 ,  and 0 P7 B1  r e a p e c t i v e l y . The d i f f e r e n c e  

be tw een  th e  f i r s t  s o l u t i o n  and th e  l a s t  two m ight be u sed  

a s  a m easure o f  c h ia a m a ta  i n t e r f o r e n o o ,

T aking  X == 0*781,, th e  o v e r a l l  s o l u t i o n  f o r  th e  above 

example i s  :
= f ( l - .X )  = 0 .1 4 6

=-0,480 and t h e r e f o r e  y = z ^  0 ,34^

Tho v a lu e  t  ( th e  f re q u e n c y  o f  second d i v i s i o n  s e g r e g a t io n  o f  

gen© D/d) i s  d e r iv e d  th u s  %
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T := 1  -  6 p(i ^  0 ,o 8 0 , and t h e r e f o r e  t  0<,463 
• ‘ X

Mao D is ta n c e  and I n t o r f e r a n c o

The mean numbex’ o f  clilasm a, in, be tw een  any two l o c i  

i s  r e l a t e d ,  b y  th o  fo rm u la  g iv e n  i n  th e  append ix , t o  th o  

f re q u e n c y  o f  t e t r a t y p o  a o c i ,  o r ,  when one lo c u s  i s  th o  

corrbromoro, t o  th o  froqiieiioy  o f second d i v i s i o n  s e g r e g a t io n ,  

BB.J %; as f o l lo w s  s

^  X 1 

o r ,  -flog^X»

T h is  g iv e s  tw ic e  th e  map d i  s ta n c e  be tw een  th e  two l o c i  on 

th e  a ssu m p tio n  o f  no i n t e r f e r e n c e  and , on th a  saine as sump t  loi 

map d i s t a n c e s  c a l c u l a t e d  i n  t h i s  manner a re  d i r e c t l y  

a d d i t i v e  ( s in c e  XY ^ U ) .

I f ,  howovGxg i n t e r f e r e n c e  o c c u r s ,  t h i s  r e l a t i o n s h i p  no 

lo n g e r  h o ld s  and i t  i s  n e c e s s a ry  t o  c o n s id e i ’ how t h i s  w i l l  

a f f e c t  th o  p r e v io u s  c a l c u l a t i o n s  and th e  c o n c lu s io n s  drawn 

from  thoxa,

F i r s t , i f  th e  c a l c u l a t i o n s  cloal w i t h  genes s i t u a t o d  on 

d i f f e r e n t  chromos s , t h e r e  w i l l  bo no change i n  th e  e s t i 

m a tes  o f  xc, y , 0 , e t c , The r e l a t i o n  betw een  th e  so e s t i 

m ates  end th e  map d i s t a n c e s 'w i l l ,  h ow ever, Imve changed «

To d e r iv e  th e  map d i s t a n c e s ,  furthox"^ In fo rm a t io n  o f  th e  

ty p e  c o n s id e r e d  by Haldane (1018) and M ather (1058) w i l l  

need  t o  be em ployed, th o  t r u e  v a lu e  m b e in g  c o n d i t io n e d  i n



a l l  i n s  t  aiico s by th e  In e  q u a i l  t i e s  :

% -  ra -  -•'fXogçjX. 

I f ,  i n  f a c t ,  th o  ac ld lt iv o  r e l a t i o n

( 0  ^ r  -  1 )“‘

may be shown t o  h o ld ,  th e n

m -  ” % r x ) .

S eco n d ly ,  i f  two o r  more genes  a re  l in k e d  th e n  th e  

r e s u l t s  g iv e n  i n  th e  t a b l e s  w i l l  s t i l l  h o ld ,  b u t  tlioy  need, 

t o  be s i m p l i f i e d  u s in g  d i f f e r e n t  s u b s t i t u t i o n s  f o r  u o r  f ,

F o r  ox m aple , i n  T ab le  2 th e  p ro ;p o r t io n  o f  phonotype b 

d i p l o i d s  expo e t  ed i s  s t i l l  J  ^  &xy) b u t  t h i s  i s  no

lo n g e r  e q u a l  t o  -ifu. I n  f a c t ,  now p ro v id e s  a low er 

l i m i t  f o r  th e  v a lu e  o f  u« I n  p r a c t i c e *  how ever, u n le s s  m 

i s  g r e a t e r  t h a n  ig  th e  d i f f e r e n c e  i s  u n l i k e l y  t o  be g r e a t  *

F o r In s ta n c e . ,  i f  x - y = ^  and xi = x t  y  -  xy , th e  map 

cilstmxce be tw een  th o  genes a /a  mid B /b  c a l c u l a t e d  on tho  

asGomiption o f  no in te r fo rc e n c e  would bo ^ log^B  -  0  *46, com pared 

w i t h  th e  t r u e  d i s t a n c e  o f  log^-z -  0 ,4 0 ,  w h i le  i f  x -  y ^ 

th o  o o r re s p e n d in g  v a lu e s  are  'ilog^-^ = 0*19 and loge-j -  0*18* 

S im i l a r  s i t u a t i o n s  e x i s t  i n  r e s p e c t  o f th e  o th e r  t a b l e s  

and no s o l u t i o n  can  be o b ta in e d  u n l e s s  e i t h e r  th e  manner i n  

w hich  th o  q u a n t i t i e s  x , y ,  and u  a re  r e l a t e d  i s  known o r ,  a t  

l e a s t ,  g enes  s i t u a t e d  on t h r e e  d i f fe x te n t  chromosomes a re  

in v o lv e d  i n  th e  c a l c u l a t i o n .  In  th e  fo rm e r  i n s t a n c e , d i r e c t

r  reejpresents th e  .ex ten t  o f  i n t o r f e r e n e e  /  i t  t a k e s  a 
v a lu e  o f  0  when i n t e r f e r e n c e  i s  c o m p l e t e a n d  1  when th e r e  
i s  no i n t e r f e r e n c e )



s u b s t i t u t i o n  p ro v id e s  a s o l u t i o n , I n  th o  l a t t e r  i n s t a n c e ,

th e  fo rm u lae  d e r iv e d  from  T able  5 mey bo u sed  to  p i 'ov lde  a 

s o l u t i o n  f o r  y and s e t c  « ( th e  f r e q u e n c i e s  o f  second 

d i v i s i o n  s e g r e g a t io n  o f  oaoli geno ) .  Tho se may th e n  be u se d

t o  e s t im a te  th a  p r o p o r t i o n s  o f  doub le  r e c e s s i v e  p h en o ty p es  

w i th  r e s p e c t  t o  g en e s  s i t u a t e d  on th e  same chromosomes, 

w h ich  by com parison  w i th  th e  expo r im en t a l l y  o b se rv e d  

p r o p o r t i o n  would g iv e  a m easure o f  ohiasina in to  in fe re n c e .

Ilmmnary and D is c u s s io n  o f  C a l c u l a t i o n s  1 - 9

I t  a p p e a rs  from  th e s e  c a l c u l a t i o n s  t h a t  i f  th e  f r e -  

cm enoies o f  second d i v i s i o n  s e g r e g a t io n  f o r  gones e/og B /b , 

c /o  are . d e n o te d  by  x , y ,  z . .  *, * * th e  fund  om ental

r e l a t i o n s h i p s  a re  iiiost s im ply  e x p re s s e d  i n  te rm s  o f :

X = 1  -  4x
Y = 1  ... 4y
V = 1 _ -l-r?« "f JL* K * t» Q p

The se v a lu e s  can  tales any v a lu e  be tw een  0  and 1  and can  

be d i r e c t l y  r e l a t e d  t o  th e  p r o p o r t i o n s  o f  t e t r a t y p e  a s c i ,  

(and hence t o  th e  re c o m b in a t io n  f r o q u o n c i e s ) ,  w i th  r e s p e c t  

t o  l i n k e d  genes*

The f i r s t  s e t  o f  fundeaiaental f o r a u l a e  g iv e s  th e  p ro p o r 

t i o n s  ̂  Pq, p^ ***, ,  o f  d i p l o i d  p h en o ty p es  e x h i b i t i n g  th e  

s i n g l e  r e c o s s iv e  c h a r a c t e r s  b ,  c ,  d * *. *,  Those a r e :

1  -  6 p̂ .̂  = XÏ
1 -  6pQ - XZ (Fon 'ixalae  ̂ )
1  -  6 p^ ^ XT

The second s e t  o f  fo rm ulae  g iv e s  th o  p r o p o r t i o n s  PBc?
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P o d ? , 0 * o f  d i p l o i d  phen o typos  e x h i b i t i n g  th o  doub le  ro c o s -  

siVO c h a r a c t o r s  b and e , b and d F o r  gones on

d i f f e r e n t  ohromosomoo^, th e s e  a re  ;

3S(pbe - P b P o )  = YZ(1-X)(S+X)
S6 ( p m  -  PbPd) = Y ï { l “X)(2+X) . .  . . t  \

When th e  gone e B /b and O/c a re  l i n k e d  th e n  fo rm u lae  B 

need  ho be m o d if ie d  and d i f f e r e n t  r e s u l t s  a re  o b ta in e d  

a c c o rd in g  t o  w h e th e r  th e  two genes a re  on th o  same s id o  o f  

th e  cen tro m ere  o r  n o t , C a lc u l a t i o n s  8  and 9 show how th e  

a n a l y s i s  may be c a r r i e d  out on th e  a ssu m p tio n  o f  n o n - in te j? -  

f c r e n c o  *

C o rro e p o n d in g ly  more c o m p lic a te d  r e s u l t s  may be 

obtaixiod when i n t o r f e r o n c o  i s  asoumod t o  occur* However, 

i n  t h i s  I n s t a n c e ,  f u r t h e r  p a ra m e te rs  need  t o  be In tro d u c o d  

as m easu res  o f  t h i s  I n t e r f e r e n c e ,  and g en e s  on a t  l e a s t  

t h r e e  d i f f e r e n t  chromosomes a re  needed  i n  o r d e r  t o  o b t a i n  a  

,G omp1 e 1 0  s o l u t i o n  *

Such a  s o l u t i o n  i s  most e a s i l y  o b ta in e d  u s in g  fo rm u lae  

A and 3 t o  e s t im a te  y ,  and s e tc*  F u r t h e r  a n a ly s i s  

t h e n  y ie ld B  e s t im a te s  o f  q u a n t i t i e s  such  as u and f ,  u se d  

t o  i n d i c a t e  th e  f r o  quoncie  s o f  t e t r a t y p o  and d i ty p a  as c l , 

w hich  i n  t u r n  may be u se d  t o  i n v e s t i g a t e  th e  e x te n t  o f  

c h i  asma i n t  o r f  e ronce  «

When no in to r fo rc m c o  o c c u r s ,  th e  sneasurem ents X, Y, Z 

may be d i r e c t l y  t r m a s l a t e d  i n t o  m apping d i s t a n c e s  -  

u  s i  ng t  ho f o rm u la o :



M logoX,

W ith Ù 01)# l e  t e  i n t e r f a r o n c a  . th e  o o r re  epondlng  fo rm u la  I s  :

Olid w i th  p a r t i a l  i n t e r f e r e n c e  th e  mapping d i s t a n c e  l i e s  

be tw een  th o se  two v a l u e s :

^  M ^  -  Xog^X

The fo rm u lae  A a re  I rm o r ta n t  i n  t h a t  i f  th e  v a lu e  o f  x  

i s  Imown^, th e  correspondolng v a lu e s  o f  y , a , e t c .  can  always 

be d i r e c t l y  c a l c u l a t e d ,  Formulae B a re  t o p o r t a n t  i n  t h a t  

t h e y  p ro v id e  a method o f  d e r iv in g  eu oh a v a lu e  f o r  

A ls o 5 i f  t h r e e  chromosomes ( in c lu d in g  t h a t  on w hich  th e  

m a tin g  typo  gone i s  s i t u a t e d )  a re  in c lu d ed ^  th e y  p ro v id e  a 

means h j  w hich  any f u r t h e r  l in k a g e s  can  bo c le to e ted  and 

m easu red . W ith  on ly  t h r o e  gone3  ( i n c lu d in g  t h a t  f o r  m ating  

ty p o )  t h e r e  a p p e a rs  however t o  be no g e n e r a l  method to  

d e te rm in e  th e  e x i s t e n c e  o f  l i n k a g e .  I n  t h i s  i n s t a n c e . on ly

(Pc > Pb)i f > Pb 1 *• Spb “ 4pq 
S Y T - 0 iS^~

can  I t  d e f i n i t e l y  be a t a to d  t h a t  th e  genes B/b and C/c a re

l in k e d *  ■

T h e o r e t i c a l l y  i t  i s  a l s o  p o s s i b l e  t o  c a l c u l a t e  th e  

fo rm u lae  t o  p r e d i c t  th e  t r i p l e  and h ig h e r  o r d e r  r e o e s s i v o ' 

p h e n o ty p e s .  These fo rm u lae  m ight be u sed  t o  f u r t h e r  increase 

th e  a c c u ra c y  o f  e s t i m a t io n .  Hov/evoi% s in c o  tlx© p r o p o r t io n s  

o f  such  p h en o ty p es  w i l l  u s u a l l y  bo v e ry  sm all^  th e  g a in  o f  

in f o r m a t io n  by t h i s  method i s  a l s o  l i k e l y  t o  be v e ry  sm a l l .



Appendix

Lot m̂, n,, and m n  be th e  moan xrainberas o f  o h iam aa ta  

betw oon gene B/b and i t s  centrom oro^ botwoon gene B /b and 

gone 0/G.i and be tw een  gono C/c and i t  a controm o 3?e ro a p o c -  

t i v e l y .

The aotna]. numbers o f  c li iaam ata  t h e n  fo l lo w  P o is so n  

d i s t r i b u t i o n s  and^, f o r  oxemple^ th e  p r o b a b i l i t y  o f  r  

o h ia a m a ta  oocixrring  be tw een  gene B /b and i t s  cen trom ero  i s  

g iv e n  by :

P ( r )  =
’"^r r  "  * ■

How/ l o t  Ap and 1 ^ Aj-> r e p r e s e n t  th e  f r o  que n o ie  a o f 

f i r s t  and second d i v i s i o n  s e g r e g a t io n  o f  th e  gene B /b when 

r  o h iaam a ta  o cc u r  be tw een  t h i s  gone and th e  c e n tro m e re ,

I t  i s  n o t  d i f f i c u l t  t o  show by em ploying  th e s e  v a lu e s  

t h a t  i f  a  f u r t h e r  cliiasm a occurs^  one h a l f  o f  th e  second 

d i v i s i o n  s o g ro g a n ts  become f i r s t  d i v i s i o n  sogregaxitSj w h ile  

a l l  th e  f i r s t  d i v i s i o n  so g reg sa its  become second d i v i s i o n  

s e g r o g o n t s .

H ence,

+ jl *= *i'(l Ajv) *

T h is  e q u a t io n  h a s  t o  bo so lv ed  w i th  t h e  c o n d i t i o n  t h a t  Aq = 1 

The s o l u t i o n  o f  t h i s  g iv e s  :

Ar = j  f

so t h a t ) as  r  Isocoiues l a r g e ,  t e n d s  t o  j .

I t  i s  now p o s s i b l e  t o  w r i to  down th e  o v e ra l l ,  f r o quéncy
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o f  f i r s t  d i v i s i o n  S Q grega tion  u s in g  th e  p r o b o b iX i t io s  o f  

d i f f e r e n t  numbers - o f  c lx iasm ata o c c u r r in g .  T h is  i s  :

F requ ency  o f  f i r s t  d i v i s i o n  s e g r e g a t io n  o f  gene B/b = X-y

A P ( r )
r=o

0 -m i  (-& )!')
p^o r î

s,m

Hence

= 5  t  5 e'-'-

V (:i
o r  %'

Y - 1  -  &y ==-

By p r e c i s e l y  s i m i l a r  re a s o n in g s  i t  f o l lo w s  t h a t  2

E -  1  ^ ^ x(m'î’B)
and) ^

Ü -  1 -    Form ula A)

and hence  t h a t

g -  YO
, o r

( 1  -* " ( 1  % y ) ( 1  "TU )
o r

s ^ y II «

M ather (1935) g iv e s  th e  foB iiu la  c o r ro sp o n d in g  t o  A 

(above) f o r  th e  recom biz ia tion  f r e q u e n c y ,  f^ betw een  two 

genes  I n  te rm s  o f  t l ie  moan number o f  ph iasm atU ) n .  T h is  

fo rm u la  i s  2

f  -  i ( l  «

?/hicIi i n  ou r case  i s  e q u iv a le n t  t o 2 

f  ^ 1 ( 1  -  U^).

The q u a n t i ty ^  above i s  n o t  e x p r e s s i b l e  i n  te rm s  o f
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f i r s t  and second  d i v i s i o n  s é g r é g a t io n  s in c e  i t  in v o lv e s  th e

l in k a g e  r e l a t i o n s h i p  o f  th e  genes g /b  and O /c . I t  g iv e s

i n s t e a d  th o  r e l a t i v e  f r e q u e n c ie s  o f  th e  clitypo a s e i  as

compaz^ed w i th  th e  t e t r a t y p e  a s o i .  Tims th e  as c i  o f

c o n s t i t u t i o n Î B 0 h 0
Ü C ,, Tb G
b c Slid Î3 g
b e  B o  o c c u r  w i th  a t o t a l

f r e q u e n c y  o f  1 -  Uj w h ile  th e  a s c i  o f  c o n s t i t u t i o n :  B C
B o 
b G 
b e

o c c u r  w i th  f re q u e n c y  u .  The f r e q u o n c ie s  o f  th e  two ty p e s

B O  b  0
B O  _ b 0  
b 0  B 0
b c B c a re  n o t  however s p e c i f i e d .  These may

be e a s i l y  d e r iv e d  i f  i t  n o te d  t h a t   ̂ f o r  one o r  more 

ch ia sm a ta )  th e s e  two ty p é e  o c c u r  w i th  e q u a l  f r e q u e n c y .

The o n ly  d i f f o r e n o e  i n  f re q u e n c y  th u s  a r i s e s  from  th o se  

i n s t a n c e s  i n  w hich  no ohiasm a occurs*  These r e p r e s e n t  

a p r o p o r t i o n  o f  th e  t o t a l *

Oonsoq u a n t l y  th e  f r e q u e n c i e s  o f  th e  two ty p e s

13 G b C
B 0  nnd b 0
b 0 GKKI B c
b c B o a re  i - ( l  -  u  *r and -jCl -  u  ^ o"'-)

r e s p e c t i v e l y .  The q u a n t i t y  ia^  o f  c o u r s e , r e l a t e d  to  

u by  th e  forrmxla A above^ i . e *  b y 2

ÏÏ ^ 1  - |u =

A s im p le  fo rm  f o r  th e  above two f r e q u o n o ie s  i s  :

( 1  izi -  f } and ( f  -  -Ju ) *
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Q o Threq -  spo re  As o:l 

I n d i v i d u a l  c o lo n ie s  from  i n t a c t  th ree* -sp o re  a s c i  a re  

e x p e c te d  t o  c o n ta in  tv/o k in d s  o f  c e l l s  : d i p l o i d  from  f u s io n

o f  two a s 0  0 s p o re s  o f  com plem entaty  m a tin g  typO) and i ia p lo id  

r e s u l t i n g  from  th e  odd as o o sp o re .

Tho e z p e c te d  p h e n o ty p ic  r a t i o s  ojuong th o  d i p l o i d  c e l l s  

a r i s i n g  from  th o s e  a s o i  a re  s i m i l a r  t o  th o s e  e x p e c te d  among 

th e  d ip lo id ,  c o l l s  a r i s i n g  fzxmi i n t a c t  tw o -sp o re  a s c i ,  u n d e r  

s i m i l a r  c o n d i t io n s  ( C a lc u la t io n s  1 -  9 ) .  The hap1o ld  c e l l s  

may be ana lysed , i n  th o  same manner as th o s e  a r i s i n g  from  

i n t  a c t  ono -  sp o re  as c l  »

E%nG3?iment a l  Re s u i t  s

Tho fo l lo w in g  r e s u l t s  show 3iow th e  th e o ry  o f  th e  

p ro V iOUÇ s e c t i o n s  may bo a p p l ie d  i n  p r a c t i c e  * As such  

th e y  a re  n o t  in te n d e d  t o  d e r iv e  h i g h l y  aocuz^ate e s t im a te s  

o f  map d i s t a n c e s  ( f o r  w h ich  many more o b s e r v a t io n s  would 

bo nèodéd) eo much as t o  i l l u s t r u t o  th o  p r a c t i c a l  a p p l ic a t io n  

o f  th o s e  s p e c i a l  ty p o s  o f  g e n e t i c a l  a n a ly s e s  *

1. Ono- sp o re  As c l

S t r a i n

The d i p l o i d  s t r a i n  u se d  i n  t h i s  ex p e r im en t was he t o r e - 

aygotxs f o r  m a tin g  ty p e  and adoiiine r e q u i r e  ment* I t  was

o b ta in o d  by c r o s s in g  s t r a i n  19/90 lb  w i th  s t r a i n  0 2 4 -15b 

and d e a ig n a to d  a ad / /  a  AD,
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Expo r im e n t  a l  a n à iy  se s  

Numbers o f  a s o i  i s o l a t e d  = 4o

Humber o f  a a c i  w h ich  g e rm in a ted  = 92

P o ro e n ta g e  m ort a l i t y  o f  as c i  -  45

a* P lo id y  and m a tin g  ty p e  

Humber o f  a s c i  p ro d u c in g  haxiXoid c o lo n ie s  -  99

Humbor o f  a s c i  p ro d u c in g  d i p l o i d  c o l o n i e o -  0

Humber o f  a s c i  g iv in g  Huiaber o f  a s o i  g iv ing  
c o lo n ie s  o f  a m a tin g  co lon  l e s  o f  o: mat in g

O b ta in ed ?  18 4

Euqieoted
( 1 : 1  r a t i o )  3 1 1  1 1

D e v ia t io n  h ig h ly  s i g n i f i c a n t  duo t o  s h o r ta g e  o f  a s c i  p r o 

d u c in g  c o lo n ie s  o f  a  m a ting  t y p o ,

b* n u t r i t i o n a l  plxenotygio 

1. In d e p en d en t o f  m a tin g  tyixe

P henotype o f  c o lo n ie s  

AD ad

Humber o f  c o lo n ie s
O b ta in ed ?  13 9

E x p ec ted  ( 1 : 1 ) ; 11 11

= 0*75
P -  0 .4

2 o C o lo n ie s  o f  u m a tin g  ty p e  on ly
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Phonotype o f  c o lo n ie s  

AD ad
Humber o f  c o lo n ie s
Obt a in e d  ? 2

Expected (1:1) i 2

2

2

5 , C o lo n ie s  o f  a  m a tin g  ty p e  on ly

Phenotype o f c o lo n ie s  

AB ml
Humber o f  c o lo n ie s
O b ta in ed  : 11 7

E x p ec ted  ( 1 : 1 ) :  9 9

X® = 0 . 8 9  
P =• 0 .3 5

c . M o r t a l i t y  o f  a m a tin g  ty p o  sp o re s

I f  i t  i s  assumed t h a t  each  o f  th e  o n e -sp o re  a s c i  w h ich

d id  n o t  p roduce  c o lo n ie s  c o n ta in e d  as o o sp o re s  o f  a m ating

typO) i t  can be c a l c u l a t e d )  as fo l lo w s^  t h a t  about 8 0 /  o f

such  a s c l  ave In v ia b lo *

Ho, o f  a s c i  n o t  p 3?oducing c o lo n ie s  = 18
w hich  gave c o lo n ie s  o f  matixig typo  ^ 4

T h e re fo re ^  t o t a l  numbez'’ o f  a s o i  o o n ta in ix ig  m a tin g  typo

s p o re s  on th o  above a s s u i i# t io n  -  92,

F o r c e n tage m o r t a l i t y  o f  such  a s c i  = 18 x  100/22 ^  8 1 ,8 ,

2 , Two- sp 0  re  As c i  

A, .D is s e c t io n  o f  as Cl t o  show p lo id y  o f  th e  ascosporovs. 

S t r a i n

Ho marked s t r a i n s  wore a v a i l a b l e  when t h i s  ex p e rim en t 

was c a r r i e d  o u t .  C onsequently^ th e  *w ild  type^ d i p l o i d
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s t r a i n  o b ta in o d  Iry c r o s s in g  s t r a i n s  B ib and 6 9 4 -I3b  was u sed  

t o  prodnoG th e  a sc i*

Expe rlïiio a t  a l  a n a ly  s i s  

Ho m o f  a s c i  diaaootOci = 25
tt ÎÎ u g iv in g  no V iab le  a sc o sp o ro s  =r i

u n tf Ü ono “ 5

ti two " -  2 1

M ating typ o  o f  a s c o sp o ro s  

A ll  ascosporoB  gave h a p lo ld  c o l o n i e s .  A l l  t h r o e  o f  

th e  as GO sp o re  8  d e r iv e d  from  th o  a s o i  w h ich  gave oaily one 

v i a b l e  sp o re  wez^e o f  o f  a  m a tin g  ty i)0 * The fo l lo w in g  r a t i o  

was o b ta in e d  among th o s e  a s c i  w h ich  p ro d u ced  two v i a b l e  

ascoBporoSo

Two a ty p e  One a and one Two a typo  
s p o re s  a  ty p é  sp o re  sp o re s

Ho. o f  a s c l  :

O bserved  6  12 3

Er/Toocted
( l l 4 : l )  3 ,6  14 3 .5

O v e ra l l ,  r a t i o  o f  a s c o sp o re s  o f  a m a tin g  ty p e  to  th o s e  o f  

a  m a tin g  t j p o  = 24 a t 1 0

Bo A n a ly s is  o f  i n t a c t  a s o i  

3 t r a i n s

F our e x p e r im e n ts  were u n d e r ta k en *  The d i p l o i d  s t r a i n



‘ >1 f *“

z i t i l l s e d  i n  th e  f i a / s t  end so c end ex p e rim o n ta  was ho to  r o 

sy g; on s f o r  aden ine  ro q u lro m en t as w e l l  as mating; ty p e :  i t

was o b ta in e d  by c r o s s i n g  s t r a i n  B15 w i th  s t r a i n  19/So lb  

and d e s ig n a te d  ©,■ ad / /  a  AD, The d in  1 o ld  s t r a i n  u t i l i s e d  

i n  th e  t h i r d  ex p e r im e n t was h e te ro z y g o u s  f o r  t ry p to p h a n e  

re q u ire m e n t  and mating; typo  ; i t  was o b ta in e d  by c r o s s in g  

s t r a i n  G19-94b w i th  s t r a i n  1 9 /2 0 ,8  and d e s ig n a te d  

a TRY? / /  a  t r y p .  In  th e  f o u r t h  e z n e r im e n t  a d i p l o i d  

h e te ro z y g o u s  f o r  b o th  ad en ine  and t ry p to p h a iio  re q u ire m e n ts  

b e s i d e s  m a tin g  ty p e  was u se d ;  i t  was o b ta in e d  by c r o s s in g  

s t r a i n  1 9 /2 0 .8  w i th  s t r a i n  19/2o lb  and d e s ig n a te d  

a Al.) try©  / /  a  ad TRY?*

Ezrpe r im e n t  a l  a n a ly s e s

Exp©rim e n t  1 and 2 ( r e  s u i t  s co m b in ed ) ,

Gross 3 o: ad x a  AD,

Number o f a s o i  i s o l a t e d

launbor o f  a s c i  p ro d u c in g  c o lo n ie s

P e rc e n ta g e  m o r t a l i t y  o f  as e l

-  125

-  1 0 0  

-  20

a , P lo id y  mid m a t in g  ty p e  

Himiber o f  a s c i  p ro d u c in g  d i p l o i d  c o lo n i e s  -  77 

Number o f  a s c i  p ro d u c in g  h ap1o ld  c o lo n ie s  -  25

M ating  typo  o f  h a p 1o ld  c o lo n ie s



O b ta in o d  :

liîxpe o to d  
(1*1 r a t i o )

75

Number o f  a s c i  g iv in g  Number o f  a s c i  g iv in g  
c o lo n ie s  o f  a m a tin g  c o lo n ie s  o f  o m a tin g
typo typ o

19

IX .6

4

1 1 ,5

/ .  S ig p a if ic a n t  s h o r ta g e  o f  a s o i  g iv in g  c o lo n ie s  o f  a mating

The r a t i o  o f  a s e l  g iv in g  hap 1 o ld  c o lo n i e s  t o  th o s e  g iv in g  
d i p l o i d  c o l o n i e s :

a . 0 ve r  a l  1 r  a t  1 o

Two â  t y i  
spore 's  
( hap 1 o ld  

c o lo n ie s )

One a  ty  
one a ty p e  sp o re  
(d ip T o id  c o l o n i e s )

Ihuiiber o f  a s c i  :

O b ta in e d :

B xpeoted
(1 ; 4 ; l  r a t i o )  :

19

16,67

Y Y

66.67

X® = 1 1 . 6  
P = 0.0055

Two a ty p e  
s p o re s  
(h a p lo id  
c o lo n ie s )

A

16 ,67

D e v ia t io n  h ig h ly  s i g n i f i c a n t .

b .  R a t io  o f  a s c i  g^iving d i p l o i d  c o lo n i e s  t o  th o s e  g iv in g  
h a p lo id  c o lo n ie s  o f  a m ating  ty p e  o n l y ,

Humber o f  a s o i t 

Obt a ln e d  g 

E x p ec ted  ( 1 ;4 )

Two a ty p e  
sp o re s  
(h a p lo id  

c o l o n i e s )

19

19*2

Ono a ty pe  and 
one a typo  spo re  
(d i p l o i d  c o l o n i e s )

77

76 .8
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T h e re fo re  ) d e v i a t i o n  i n  ovoz^all r a t i o  i s  due t o  a s h o r t  ago

o f  as c l  c o n ta in in g  sp o re s  o f  a  m a tin g  ty p e  *

0 , P e rc e n t  age m o r t a l i t y  o f  a s o i  c o n ta in in g  two eg m a tin g  
ty p e  sp o re s

The f o l lo w in g  c a l c u l a t i o n  i s  b ased  on th e  assum p tion  t h a t  

a l l  a s c i  n o t  p ro d u c in g  c o lo n ie s  o o n ta ln e d  two s n o re s  o f  a 

m a tin g  ty p e ,

Humber o f  a s c i  n o t  p ro d u c in g  c o lo n ie s  = 25

Huaizber o f  a s c i  p ro d u c in g  a m ating  typo  c o lo n ie s  = 4

T o ta l  rmmber o f  a  m a tin g  ty p e  a s o i  = 4-i'2G = 29

P e rc e n ta g e  m o r t a l i t y  o f  such  a s o i  -  25 x lo o /2 ï
-  80*2

b* H u t r i t i o n a l  p h en o ty p es  o f  c e l l s  dex^ivod
from  a s c i

C o l ls  o f  (11%) 1 o ld  c o lo n ie s  :

Phenotypos o f  c o l l s  
AD ad T o ta l

Numbe r  ox o o1o n ie  s :

O b ta in e d :  66 11 77

E xriec ted  ( 5 : 1 ) ^ :  64^2 1 2 ,8

C e l l s  o f  h a p lo id  c o lo n ie s  ; (o n ly  a matings ty p e  c e l l s  analysed

P heno types  i n  s a i # l 0  o f  c e l l s
a l l  AD AD mxl ad a l l  ad T o ta l

ï-fembor ci colaxios t .

O b ta in ed  ; 5 10 4 19

E x p ec ted  ( 1 :4 :1 )^ *  3 .2  1 2 .7  5 .2
X® = 1 .8

sr P 0 ■ 4E x p ec ted  I’a t i o s  a re  b a se d  on th e  a ssu m p tio n  o f  f r e e  rocom
b i n a t i o n  be tw een  a l l  th e  m arkers  and be tw een  them and t h e i r  
centromex^es,



y? -

E:q)0 r im e n t  3

C ross : a TEYF % a t r y o

î te ib o r  o f  a s o i  i s o l a t e d  — 93

Huiiibez'» o f  a s c i  p ro d u o in g  c o lo n ie s  = Go

F ero o n tag o  m o r t a l i t y  o f  a s c i  = (9 3 -00 ) x 100/95
= 46*5

do P lo id y  and m atin g  ty po  

Number o f  a s c i  p3?od.ucing d i p l o i d  c o lo n ie s  -  42

Humber o f  a s o i  xxroducinn; h a p lo id  c o l o n i e s  = 8

H a tin g  ty p e  o f  h a p lo id  c o lo n ie s s

o f  a s c i  g iv in g  Humber o f  a s o i  gjiving 
c o lo n ie s  o f  a m a ting  c o lo n ie s  o f  a m a tin gitef«
ty p e  ty p e

O b ta in ed  : 8 0

EXT30Ctod ( 1 :1 )  ; 4 4

D e v ia t io n  h ig h ly  s i g n i f i c a n t  due t o  s h o r t  age o f  a s c i  con

t a i n i n g  a m ating  ty po  s p o r e s .

R a t io  o f  a s c i  g iv in g  d lix lo id  c o lo n ie s  t o  th o se  g iv in g  
h a p lo id  c o lo n ie s  o f  a  m a tin g  ty p e  :

Two a typo  sp o re s  One a ty p e  and ono a 
(h a p lo id  c o lo n ie s )  typo'""sporo (d ip lo ic r"

c o lo n ie s )
Humber o f  a s c i :

o b ta in o d :  8 42

E x p ec ted  ( 1 : 4 ) ;  10 40

= 0 ,5  
F -  0 ,4 6



b , M u t r i t i  o n a l  Fhonotype 

Asci g iv in g  d i p l o i d  c o l o n i e s ;

Plienotyne s

lumboz’ o f  a s c i  ; 

O b ta ined?

Bxpo c te d  {5 ; 1 ) ^ ;

XX

56 6

V

T o ta l

42

Asei g iv in g  h a p lo id  c o lo n ie s  ;

E l t h o f  TEYP on ly  A l l  t r y p  
o r  TRYx-* ànd 'oiyp

Humbor o f  a s c i  s 

Obt aixaed ; 

E x p ec ted  ( 5 ; ! ) ^ ;

5

o
r  = 2 ,5  
p -  0*1

3

1 ,5 3

T o ta l

8

E xperim en t 4

C ross ; a AD t i y p  % a ad TRYP ' 

Xînmber o f  a e c l  i s o l a t e d  

Number o f  a s c i  p ro d u c in g  c o l o n i e b 

Pei’centa^xo m o r t a l i t y  o f  a s c i

:= DO

(60 -44 ) X 100/50

a* P lo id y  and m a tin g  ty p e  

Hiuibez’ o f  a s c i  p ro d u c in g  d i p l o i d  c o lo n ie s  -=̂ 57

E x p ec ted  r a t i o s  ax̂ o b a se d  on th o  a ssu m p tio n  o f  f r e e  recom- 
b iX m tion betv/oen th e  markez’S and b e tw een  thorn and t h e i r  
c e n t  romo re  s .

n o t  d l f f 0  r e n t i a t e d
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Humber o f  a s c i  p ro d u c in g  hap 'io ld  c o lo n ie s

M ating  typo  o f  h a p lo id  c o lo n ie s  :

ty p e

O b ta in o d :

Expo Gt  ed ( 1 : 1 ) ^ ;

Humber o f  a s o i  g iv in g  Humber o f  a s c i  g iv in g
c o lo n ie s  o f  a  m a tin g  c o lo n ie s  o f  a m a ting

5

3 ,5

2

3 ,5

R a t io  o f  a s o i  g iv in g  d i p l o i d  c o lo n ie s  t o  th o s e  g iv in g  h a p lo h  
c o l o n i e s :

two a oype
8%) o re s  
( h a p lo id  
c o lo n ie  s }

Humber o f  a s o i ; 

O b ta in ed  ;

Bxpe 0to d  (1 ; 4 ; 1 )^

5

7 ,3 3

One a ty p e  and 
one a ty p o  sjporo 
( di%)loid c o l o n i e s )

37

2 9 ,3 3
2X = 6*6 

P -  0

Two a ty pe
Sp03?0S
( haplo id . 

c o l o n i e s )

2

7 ,3 3

b , Hut r i t  i o n a l  phen o ty p ea  

Asoi g iv in g  d i p l o i d  c o l o n i e s^^s

Humber o f  a s o i

O b ta in ed  ?

B xpected
( 2 5 :S :5 : l ) '^ h

AD TRY?
Phenotype s 

#  t i ^  a d  T R Y ?

25 .7 5 ,1 5 ,1
PYA. = 2 ,5

ad t r y

1

■P 0 ,4 8

E x p ec ted  r a t i o s  a re  b a se d  on th e  assum ption  o f  f r e e  re-  ̂
co m b in a tio n  be tw een  à l l  th e  m ark e rs  u se d  and betw een  them  
and t h e i r  c e n tro m e re s .

A sci g iv in g  h a p lo id  c o lo n ie s  n o t  a n a ly se d  f o r  m x t r i t i o n a l
r e  a u t r e m e n t .
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3 , Tliï?ee-BT)oro A sci

A. D i s s e c t i o n  o f  a s c i  t o  sliow p lo lc ly  o f  ascosporeo*

8 t  r a i n

As f o r  th o  tw o -ST)o re  a s c i ,  th o  ^w ild  t y p e ’ d i p l o i d

s t r a i n  o b ta in e d  by c r o s s in g  s t r a i n s  B15 and 0 2 4 -13b was

u se d  b ec au se  no hîxarkodf s t r a i n s  wore a v a i l a b l e  when t h i s

e x p e r im e n t was u n d e r  t a k e n ,

Bxnor im e n ta l  a n a l y s i b

ilo , o f  a s c i  d i s  s o o te d  = 25
giving; no v ia b le  bo o v q b  -  0

o n ly  on© » 3
if u n tî u fî ÎÏ -  /}
ÏÏ n ÎÏ If t h r e e  -  IS

Mating; typo  o f  asoos-pores

A ll  sp o re s  g;avo h a p lo id  c o lo n ie s*  Tho th r e e  s p o re s

w hich  wGi^e th e  o n ly  viab3,o p ro d u c ts  o f  th e  a s o i  from  w hich

th e y  were d e r iv e d  were a l l  o f  a  mating; type* Of th e  f o u r

a s c i  w hich  p rod uced  o n ly  two v i a b l e  a s c o s p o r e s ,  t h r e e

y i e ld e d  one a  and one a  ty p e  s p o r e , and th e  o th e r ,  tv/o a

t'^rpe s p o r e s . Th© fo l lo w in g  r a t i o  was o b ta in e d  among th o s e

a s c i  g iv in g  th r e e  v i a b l e  sp o re s?

Two a ty p e  and Two a  typo  and Total!
one o: ty p e  spo re  one a ty p e  sno re«iCSV t f m U * K  t * -S.

Number o f  a s c i ;

O bserved : 11 7 18

Expo c te d  (1 :1 )  9 9

The o v e r a l l  r a t i o  o f  ex m a tin g  typo  as cos© o re s  t o  th o se
V  ^  -A-

o f  a m a tin g  ty p e  ^  28 a  : 37 a .
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B, A n a ly s is  o f  i n t a c t  a s o i .

S t r a i n

Tho d i p l o i d  s t r a i n  u t i l i z e d  i n  t h i s  ex p e rim en t was 

liotorozyg^oua f o r  m a tin g  typo  and adonine r e q u i r e m e n t , I t  

wao o b ta in e d  by c r o e s in g  s t r a i n  19/20  lb  w i th  s t r a i n  024-13b^ 

and d e s ig n a te d  a ad / /  a  A3),,

E xperim en t a l  m ia ly s i  s

HujiibéP o f  a s c i  i s o l a t e d  16

Humbez" o f  a s o i  p ro d u c in g ,  c o lo n ie s  ^  16

H ap lo id  c e l l s

a AD

a aci

a* P lo id y  end n u t r i t i o n a l  xfienotypo 

P h eno ty pes

a AD

a ad

Hot p r e s e n t

ro ip lo id  c e l l s

âa

Mi

ad

m

ad

AD

ML

AD

ad

îïimiber o f  a s o i

5

0

A

0 ( n , e » )

0

0

0

0 {n . 0 , )

5

o

T o t a l t

( n . o . )  d e n o te s  t h a t  such  a s c i  a re  n o t  e x p e c te d

16
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b * N u t r i t i o n a l  phenotypo  o n ly

Phono typo  s

ITuinbc) r  o f  a s c i  :
,AD ad T ot a l

W ith d i p l o i d  c e l l s ?  O bta ined? 14 S 16

E xpec ted  ( 5 : 1 ) : IS .S 2 .7

W ith h a p lo id  c e l l s  ; O b ta ined? 5 4 9

E x pec ted  ( 1 : 1 ) : 4 .5 4 .5

4 1 A nalyses  o f  P o o led  He s u i t s  fz'om I n t a c t
I 'h re e -a p o re  Aael

O no-, Two- and
tnTOfi»«n Till, »»i *,-■»■•■ 1 n#MTFw,f m *M e

A « The p o o le d  p liono types o f  h a p lo id c e l l s pi'odtacod by
ono-) tw o- and t h r e e - s p o r e  a s c i  w h ich  a ro se  fz’orn th e  h o to ro -  
zygous d i p l o i d  o\ ad / /  a AD.

T^rpo o f  as eus 
p ro d u 0 In g  c e l l s

One“ Spore ■

Two-

r e e - s p o r e

T o ta l s  :
KK .Expo o t  ed ( 1 Î l / l  : 1 )

a  AD
}?honotypo s 

a acl a  AD a ed T o t a l

11 7 2 2 22

20 18 (na) (na) 30

5 4 0 0 9

56 29 2 2 69

32*5 5 2 .5 2 2
)

9
X = 0 /7  G 
P = 0 ,3 8

b o th  s p o re s  o f  a l l  tw o-sporo  a s c i  a re  assumed to  have 
g e rm in a te d  ; i f  th e  c e l l s  o f  a co lo n y  a r i s i n g  from  such  an 
a sc u s  a re  a l l  o f  ono pheno type  th e  two s n o re s  a re  assumed 
t o  have ipossossod t n a t  pneno 'cype,

th e  1 : 1 : 1 :1  z^atio i s  n o t  ré  a l l  sod b ec au se  o f  th e  h ig h  
m o 'r t a l i t y  o f  a m a tin g  ty p e  s p o r e s , E xpec ted  r a t i o s  a re  
b a se d  on f r e e  r e c o i ih in a t io n  betw een  gene AQ/sd and th e  
m a tin g  ty p e  gene *

(na) d e n o te s  n o t  f u l l y  an a ly se d
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B. Tho p o o le d  pheno tji^os  o f  d i p l o i d  c o l l s  a r ie lrag  from 
two- end tlnr^ee-spore asc:U

1. Only gone AB/^d e o g ro g a t ln g  b e s id e s  m a ting  t y p e .

Type o f  ascu s Gross from  w hich Phono tyxiea
[producing c o l l s a s o i  ta l ien AD ad. T o ta l

Two-ST) o re a ad X a AD 66 11 77

Tw o-spore a ad TRY % a AD t r y 33 4 37

T h re e - s p o re ct ad t. a AD 14 2 16

T o ta l s  : 115 17 150

Bxpe e t od ( S ?1)^  ? 108*5
PX"' -

P -

21 /7

1 ,2
0*28

2* Only gene Z S S l/Z E m  a e g re g a t lu f); be a id OB m a tin g  t y p o .

Typo o f  a sc u s Gross from  which Phenotype s T o ta l
producing; c e l l s ' a s c i  ta k e n TRY?

«  y-K l*K\ ̂  *
t r y p

Tw o-spore a TRY 2C a t r y 56 6 42

Two-spore ic ad TRY. X a AD t i y 35 4 37

T o ta l s  : 69 ' 10 79

E xpec ted  (5 51)? 66*8

P ^

13*2

0 .9 5  
0 .3 5

SimmisATj and O o n c lu s io n s

a .  One-sjporo a s o i  

Of f o r t y  o n e -sp o re  a s e i  i s o l a t e d  from  th e  d i p l o i d  

a M  / /  a tw en ty -tw o  g e m i n a t e d  a l l  p ro d u c in g  h a p lo id  

c o l o n i e S) eiglxtieen o f  w hich  were o f  a  m a tin g  t y p e , I f  i t  

i s  assumed t h a t  th o s e  a s c i  n o t  p ro d u c in g  c o lo n ie s  c o n ta in e d

^  e x p e c te d  r a t i o  i s  b a se d  on fz'^oc r e  com binat io n  betw een  gone 
and th e  m a tin g  ty p e  gone and bo tw een e a c h  o f  th o s e  

genes end t h e i r  c e n tro m o re s .
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a s 0 0 8%)ora  s o f  a  mating; , I t  can  be c a l c u l a t e d  t h a t  about 

8 0 /  such  a s o i  a re  invlabXa* I t  I s  n o t  y e t  known w hetiior 

t h i e  low v i a b i l i t y  i s  due t o  tho  m a tin g  ty p e  a l l e l e  i t s e l f  

o r  t o  some c l o s e l y  l in k e d  locus*

Of th o  22 Imp1o ld  c o lo n i e s ,  13 were AD and 9 ad* t h a t  

iS )  th e  two a l l e l e s  a e g re g a to d  i n  a r a t i o  n o t  s i g n i f i c a n t l y  

d i f f e r e n t  from  1 : 1 *  There i s  no e v id e n c e  o f  linlcag;© 

betw een  t l f l a  gene and th e  m atin g  ty p e  g en e :  d e v i a t i o n  from

th e  1 a  AD : 1 a AD ; 1 a ad ; 1 a ad r a t i o  i s  c le  a r l y  due
■WMtpn'iri-s» K . 'n ^ u »  1 /

t o  th e  low v i a b i l i t y  o f  th e  as c l  c o n ta in in a ;  s p o re s  o f  a 

m a tin g  t y p e .

These r e s u l t s  d e m o n s tra te  t h a t  a g e n e t i c  a n a ly s i s  

s i m i l a r  t o  t h a t  o f  random sam pling  o f  gm nates i n  h ig h e r  

organ!sins i s  p o s s i b l e  i n  y e a s t*

b . Two- sp Ûre  as c i  

A ll  c o lo n ie s  p ro duced  by a so o sp o re s  d lssQ C tod  from  two- 

spo re  a s c i  were h a p l o i d .  F u 'r th e r ,  th ê  o v e r a l l  r a t i o  o f  

a m a tin g  ty p e  a so o sp o re s  t o  th o s e  o f  a  m a tin g  typ e  d id  n o t  

d i f f e r  s i g n i f i c a n t l y  from  th e  e x p e c te d  1 : 1 (18 a ;  24 a)*

I n t a c t  tw o -sp o re  a s c i  p roduced  e l  th e  3? c o lo n ie s  made up

o f  o n ly  di%)loid c e l l s  a l l  o f  one n u t r i t i o n a l  p h e n o ty p e , o r  

c o lo n ie s  o f  h a p lo id  c e l l s  w hich  we3.-e a l l  o f  ono typo  o r  o f

two types*  P resum ably  d i p l o i d  c o lo n ie s  a ro se  when th o  two

s p o ro s  wore o f  com plem entary m atin g  t y p e , and h a p lo id  

c o lo n ie s  when th o  s p o re s  were o f  th e  same m a tin g  type* The
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norm al fo rm a t io n  o f  di%)lold c o lo n ie  s from  tw o-cporo  ao o i 

shows t h a t  th e  low v i a b i l i t y  o f  ^  mating; ty p e  s p o re s ,  

d e t e c t e d  upon a n a ly s i s  o f  o n e -sp o re  a s o i  and con firm ed  by 

th e  p r o s e n t  r e s u l t s ,  i s  no t m a n ife s t  i n  th e  h e te r o z y g o te  o r  

i n  th o  h a p lo id  asoospoils i f  th e  l a t t e r  f u s e s  w i th  a sipoz^o o f  

coBïplementary mating- typo*

Phonotypos i n  sam ples o f  c e l l s  t a k e n  from  har>loid 

c o lo n ie s  o f  a  m a tin g  ty p e  oxvlgyinating from  tw o -sp o re  a s c i  

o f  th o  c r o s s  i n  w h ich  o n ly  gone A ï^ad was s o g ro g a t in g  ( i n  

a d d i t i o n  t o  m a tin g  t y p e ) ,  gave a r a t i o  among th o  c o lo n ie s  o f  

5 a l l  AD : 10 b o th  AD and ad : 4 a l l  ad ; t h i s  does n o t  

d i f f e r  s i g n i f i c a n t l y  from  th e  e x p e c te d  1 s 4 ; 1 r a t i o .

A n a ly s is  o f  th e  d i p l o i d  c o lo n ie s  o b ta in e d  from  two- 

spo re  a s c i  i n  th e  two c r o s s e s  i n  w h ich  o n ly  gone ^ ? /a d  ^^id 

on ly  gene THYP/tayyp were s e g r e g a t in g  b e s id e s  m a tin g  ty p e  

gave r e s n e c t i v o  z'*atios o f  66 Ai) ? 11 ad . and 36 TH'YP ; 6 t r y p  

T hese  r a t i o s  do n o t  d i f f e r  s i g n i f i c a n t l y  from  th e  5 i 1 r a t i o  

e^tpeoted when ea c h  o f  th e  n u t r i t i o n a l  genes  and th e  m atin g  

typo  Qone show f r e e  re c o m b in a t io n  w i th  one a n o th e r  end when 

a t  l e a s t  one gene  i n  e a c h  c r o s s  shows f r e e  re c o m b in a t io n  w i th  

i t s  c e n tro m e re ,  i*o* i t  i s  33*3 o r  more map u n i t s  away from  

i t s  00n t  r  cm© re  {0 a l  c u l  a t  Io n  1, p age 30)*

A n a ly s is  o f  th e  d i p l o i d  c o lo n ie s  o b ta in e d  from  tw o -sp o re  

a s o i  i n  w hich  b o th  th e  AlVad and THYlVtryp genes  were 

s e g r e g a t in g  gave a r a t i o  o f  30 AD TRY]? : 5 ad TRY? ; 3 AD
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tigm  : 1 ad t r y p ,  w h ich  does n o t  d i f f e r  s i g n i f i c a n t l y  from  

th e  25 ; 5 2 5 : 1 r a t i o  e x p e c te d  v/hen t h e r e  I s  f r e e  recom

b i n a t i o n  o f  th e  two g e n e s ,  o f  e a c h  o f  th e s e  and th e  m ating  

ty%)o g e n e , and o f  a t  l e a s t  two and p o s s i b l y  th r e e  o f  th e  

g è n e s and t h e i r  c e n tro m e re s  ( C a l c u l a t i o n  7 ,  page 41* S ee , 

hov/over, th e  o o n c lu s io n s  on tho  a n a l y s i s  o f  p o o le d  r e s u l t s ) *

0 . T h roe- spore  a s o i  

A l l  th e  a s o o sp o re s  d i s s e c t e d  from  t h r e e - s p o r e  a s o i  

y;ore s i im lla r  t o  th o s e  o f  one^ and tw o -s p o re  a s c i  i n  t h a t  

th e y  gave h a p lo id  c o lo n ie s*  A s l i g h t  b u t  n o t  s i g n i f i c a n t  

s h o r t  age o f  mating; ty p é  s p o re s  r e s u l t e d  ( o v e r a l l  r a t i o  ;

37 a Î 23 a ) . T h is  d e g re e  o f  s h o r t  a g e , how ever, was n o t  

anjn'diere n e a r  as g r o a t  as t h a t  e v id e n t  i n  th e  e x p e r im e n ts  

on i n t a c t  a s c i  whore hiiarkod^ s t r a i n s  ware u s a d ,  T aidng  

i n t o  c o n s i d e r a t io n  th e  o v e r a l l  r e s u l t s  o f  th e s e  expo r im en t s ,  

I t  w ould ap|)0 a r  t h a t  b o th  th e  ad a l l e l e  and. t o  a l e s s e r  

d e g r e e ,  th e  t r y n  a l l e l e  mihancod th e  m ort a l l t v  o f  th e  c 

m a tin g  ty p é  spores*

H a lf  th e  i n d i v i d u a l  c o lo n ie s  a r i s i n g  from' i n t a c t  t h r e e -  

sp o re  a s c i  o o n ta ln e d  two k in d s  o f  c e l l s  ; d i p l o i d  c o l l s  

r* o su it in g  from  th e  f u s i o n  o f  two a s o o s p o re s  o f  com plem entary  

m a tin g  ty p o , end h ap lo id . c e l l s  re  s u i t  ing; from  th o  odd asco -  

s p o re .  The o th e r  h a l f  o f  th e  c o lo n ie s  c o n ta in o d  on ly  

d i p l o i d  c o l l s ,  %)resumably becau se  th e  odd a sc o sp o re  w hich 

sh o u ld  have g iv e n  h a p lo id  c e l l s  was o f  a  m a tin g  ty po  and
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f a i l e d  to  gorm inato* TI1 0  d i p l o i d  c o l l s  from  ea ch  ascus  

ViOVQ i n v a r i a b l y  o f  ono ty p o ,  showing; t h a t  two a so o sp o re s  o f  

com plém enta ry  m a tin g  ty p e  fu s e  on g e rm in a t io n  w ith o u t  f i r s t  

d iv i d in g  *

A n a ly s is  o f  th e  h a p lo id  c o l l s  o f  th e  c o lo n ie s  y i e ld e d  

a p h e n o ty p ic  r a t i o  o f  5 AD : 4 ad , a  re  s u i t  n o t  sig^n lfioan tl:^  

d i f f e r e n t  from  t h a t  expected*

A n a ly s is  o f  th e  d i p l o i d  c o lo n ie s  y i e ld e d  a p h e n o ty p ic  

r a t i o  o f  14 AD ; 2 ad . The sm a ll  number o f  a s o i  a n a ly se d  

i s  n o t  enough t o  draw any d e f i n i t e  c o n c lu s io n s*  The most 

w hich  can  be s a id  o f  t h e s e  r e s u l t s ,  t a k e n  a lo n e , i s  t h a t  

th e y  do n o t  p ro v id e  any ev id en ce  o f  linka^'^e e i t h e r  betw een  

th e  m atin g  ty p e  gene and th e  AP/ad gone, o r  betw een  th o se  

genes  and t h e i r  cen trom eres*

d* P o o led  re  s u i t  s o f  o n e - ,  tw o - ,a n d  t h r e e -
spo re  a s c i .

The p o o le d  p h en o ty p es  o f  h a p lo id  c a l l s  jpr^oducod by o n e - ,  

tw o - * and t h r e e - s p o r e  a s o i  from  th e  d i p l o i d  a ad / /  a  AD 

c l e a r l y  i n d i c a t e  t h a t  th e  two genes  f r e e l y  z-^ecombine w i th  

one an o th e r*  Tho o b se rv e d  r a t i o  o f  p h e n o ty p e s ,  36 ; 29 ?

2 : 2 ,  d e v ia t e d  from  th e  e x p e c te d  1 : 1 : 1 :  1 r a t i o  f o r  

two r e a s o n s :  th e  h a p lo id  c e l l s  o f  a m a tin g  ty p e  a r i s i n g

fro ia  tw o -sp o re  a s o i  wore n o t  a n a ly s e d ,  and most o f  th e  a 

m a tin g  ty p e  sp o res  d id  n o t  g e r m in a te .

The a n a ly s i s  o f  p o o led  d i p l o i d  p h en o ty p es  a r i s i n g  from
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two- and t l i ro e -f ip o re  as c i  o f  b o th  o ro s so a  i n  w hich  tho  gone 

AQ/axl was 88g ro g a t in g  do n o t  r e f u t e  th e  h y p o th e s i s  t h a t  t h i s  

gone and t h a t  f o r  m a tin g  ty p e  f r e e l y  recom bine w i th  ono 

a n o th e r ,  and t h a t  a t  l e a s t  one o f  them f r e e l y  recom bines v j i th  

i t s  cen tro m ere  ( lloAD 2 17a d ).

S i m i l a r l y ,  th e  r a t i o  o f  d i p l o i d  p h en o ty p es  from  two- and 

t h r e e -  sp o re  a s o i  o f  b o th  c r o s s e s  i n  w h ich  gene T-RYP/tryp was 

s e g r e g a t in g  do n o t  r e f u t e  t h a t  t i l l s  geno f r e e l y  recom bines 

w i th  th o  m atin g  type gene , and t h a t  a t  l e a s t  one o f  them 

f r e e l y  recom bines w i t h  i t s  controm ero  (69TRYP ; lOtr'T 'p),

I t  w i l l  have boon r e a l i s e d ,  howevGx% t h a t  these , re  s u i t  s 

m ight e q u a l l y  w e l l  be e x p la in e d  on th e  b a s i s  o f  th e  model u sed  

In  Table 5 (page 43) : the genes &/u, TRYP/t.ryp.

allow f r e e  re c o m b in a t io n  w i th  one m io th e r  b u t  n o t  w i th  t h e i r

cen trom eres*

Prom th e  p o o le d  rCsiO/ae th e  b e s t  e s t im a te s  w hich  can  bo 

o b ta in e d  f o r  =• 0 .1 3 1 ,  f o r  P ti^ ïp  -  0 .1 2 7 ,  mid f o r

Pad' t iy p  = ^ =  0:087. Hence,

( 1  » P  % 0.131J ){1 -[6 X O.lS'tl )

Prom Table 5a: l /X  = 8,306, and. x = 0 ,377 , and hence

Y = 2 .306(1 - [6  X O.ISH) = 0.4935
Z = ,2.306(1 " £6 % 0 .1 2 #  = 0.5496

a n d ,
y = I d ' "  0 ,4 9 3 5 )=  0.338
a =  § (1  - 0.5496) = 0.300

Oonsoquenfcly, t h i s  d a ta  might bo exp la in ed  on the aseamip-
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t i û n  o f  fro© ro  com binat io n  o f  e a c h  o f  th e  t h r e e  gone a w i th  

one a n o th e r ,  and l in k a g e  v^ith t h e i r  cen tro m ere  a ( f r e q u e n c ie s  

o f  second d i v i s i o n  sog i^egatlon  o f  0*577) 0.338* and C%SOO).

On th e  üvSsum ption o f  com plete  i n t e r f e r e n c e  map 

d i s t a n c e s  o f  th e  t h r e e  ggenea from t h e i r  c e n tro m e res  arc  : 

q/q_ = 19) Ap/acl -  17 ̂  and T:R'YP/trvp ^  15 u n i t  s * On th e  

aaaom #tion  o f  no i n t e r f e r e n c e  th o s e  v a lu e s  a re  28, 24 and 

20 u n i t s  r e s p e c t iv e ly *

Of co u rse   ̂ w i th o u t  a  v e ry  l a r g e  number o f  d i p l o i d  

pheno type a (a b o u t 1 0 0 0 )  ̂ i t  i s  im p o ss ib le  e i t h e r  to  

d e te rm in e  accm vxte ly  w h ich  e x p la n a t io n  i s  b e s t  ( t h a t  o f  

f r e e  r e  o omb i n  a t 1on w i th  t h e i r  c e n tro m e res  o r  th e  ab ove)  ̂

o r  t o  o b t a in  good e s t i m a t e s  o f  map d is ta n c e s . ,  The above 

a n a ly s e s  a re  ' t h e r e f o r e  more o f  a d o m o n s tn a tiv e  n a tu r e  

t i ia n  o f  a c o n c lu s iv e  o n e ,

The r e  s u i t  s on i n t a c t  a s c i  oonfixTti th o s e  o f  d i s  sec to d  

a s c i  i n  showing t h a t  th o  a sco sp o ro a  w i t h i n  each  o f  th e  

ty p o s  o f  Inco m p le te  .a s c i  each  c o n ta in  one o f  th e  f o u r  

h a p lo id  p ro d u c ts  o f  m o io s ls  *

I t  sh o u ld  a l s o  bo n o te d  t h a t  (a ) none o f  th e  i n t a c t  

tw o -sp o re  a s o i  gave b o th  h a p lo id  and d i p l o i d  c e l l s ,  and 

(b ) none o f  th e  i n t a c t  th r o e - s p o r e  a s o i  gave c o lo n ie s  

c o n ta in in g  h a p lo id  and d i p l o i d  c e l l s  b o th  o f  w hich  were o f  

^ r e c e s s i v e ’ n u t r i t i o n a l  i ih en o ty p e* B oth  ty p e s  o f  such  a s c i  

v/oulcl have b ee n  exxieotod shou ld  two a so o sp o re s  o f  comp lemon-
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taZT mating; ty p e  w i t h i n  th o  some as eus d iv id e  ra it o t i c  a l l y  

h 0  f  o ro  fu  s In g  *

D is c u s s io n

G e n e t ic  a n a ly s i s  o f  y e a s t )  o f  th o  ty p o  r e p o r t e d  i n  th e  

p r e s e n t  work,, i s  in t e r m e d ia t e  i n  t e c h n i c a l  d i f f i c u l t y  

be tw een  t e t r a d  a n a l y s i s  and th e  a n a l y s i s  o f  random gametes* 

The l a s t  typo  o f  a n a ly s i s ^  n o t  h i t h e r t o  c a r r i e d  out i n  

y e a s t )  h as  boon shown t o  bo p o s s i b l e  by th e  u t i l i z a t i o n  o f  

e i t h e r  o n e -sp o re  a s c i  o r  h a p lo id  c e l l s  a r i s i n g  from  i n t a c t  

tw o- o r  t h r e e - s p o r e  a s o i  * T h is  method, g iv e s  more in fo rm a 

t i o n  th a n  t e t r a d  a n a ly s i s  b u t  f a i l s  t o  p ro v id e  d i r e c t  

e v id e n c e  o f  i ] ? r e g u la r  seg3?e(Rations, does  n o t  l o c a t e  th e  

c e n tro m e re s  ahci does  n o t  g i v e , i n f o  m a t  io n  about chrojiia tid  

i n t e r f e r e n c e  * T h u s , , th e  t e c l m l c a l  d i f f i c u l t y  o f  d i s s e c t i o n  

o f  sp o re s  from  an a s c u s .  In h e re n t  i n  t e t r a d  a n a l y s i s ,  can be 

overcome w ith o u t  s e r io u s  l o s s  e x c e p t  f o r  s p o o ia l  p u z # o s e s *

Should  th e  o b je c t  o f  th e  p r e s e n t  work have been  to  c a r r y  

ou t forxaal g e n e t i c  a n a l y s i s ,  i . e ,  l o c a t i n g  gjenos, work would 

have c o n t in u e d  on one-S pore  aaci*  Gl a a r l y ,  t h i s  i s  a  more 

e f f i c l e x i t  way o f  mapping th a n  t e t r a d  a n a l y s i s  * Howovor, 

h a v in g  sho\m t h a t  an a n a ly s i s  o f xr^andom a so o sp o re s  i s  

p o s s i b l e  by u t i l i z i n g  o n e -sp o re  a s c i ,  t h e  a u th o r  was more 

i n t e r e s t e d  i n  f i n d i n g  w h e th e r  th e  d i p l o i d  c o lo n ie s  a r i s i n g  

from  i n t  a c t  two- and t h r e e - s p o r e  a s c i  co u ld  a l s o  be 

u t i l i z G d  ixi g e n e t io  a n a ly s i s  « I t  h a s  been  shown t h a t  such



c o l o n i e 8 can  be u t i l i s e d  and t h a t  t h e i r  a n a ly s i s  p ro v id e s  

in f o r m a t io n  as t o  th e  l o c a t i o n  o f  c e n tro m e re s .

The p r e s e n t  r e s n l t s . Bviggost t h a t  a n a l y s i s  o f  i n t a c t  

spo re  a s c i  may be s u i t e d  t o  s t r a i n s  o f  l io m o th a l l lc  

y e a s t  S; # h e re  i t  would be e x p e c te d  t h a t  e v e ry  such  as eus 

would on ge im ilna tio n  p roduce  d i p l o i d  c e l l s  a l l  o f  one k in d  

i l \ ,  as  i n  tlx© p r e s e n t  vmrk, th o  as c o sp o re s  fu se d  im m ed ia te ly  

0 X1  g e rm in a t io n  w i th o u t  f i r s t  d i v i d i n g .

A lthough a n a ly s i s  o f  i n t a c t  foxxr-spore as c i  h a s  n o t  

boon ixnclertakon i n  th e  p r e s e n t  workj t h e r e  l a  no obvious 

r e a s o n  why i t  cou ld  n o t  be done. I f  p ro g e n ie s  from  d i p l o i d  

c e l l s  i s o l a t e d  a t  random from ea ch  o f  a s e r i e s  o f  ooi o n lea  

a r i s i n g  from  th e  géimilnatloxi o f  i n d i v i d u a l  f o u r - s p o r e  ' a s c i  

were analysed ., tho  same re  s u i t  s would be e x p e c te d  as th o s e  

from  th o  a n a ly s i s  o f  d i p l o i d  c o l l s  a r i s i n g  from  i n t a c t  two- 

and t h r e e -̂8%] ore a s c i  o f  th e  same he to  3.̂ 0 sy go t a ,  A s im p l i f i é e  

ta c lm iq u e  f o r  such  an a n a ly s is , ,  w hich  would avo id  th e  t r o u b le  

o f  d i s s e c t i o n ^  may bo v i s u a l i s e d ^  Such a te c lm iq u e  would 

In c lu d e  s t r e a k i n g  th e  co lon y  p3?oduced by e a c h  as eus on 

n u t  r i e n t  a g a r  and l a t e r  i s o l a t i n g  and t e s t i n g  a  s in g le  

c o lo n y  a r i s i n g  as a r e s u l t  ox? th e  s t r e a k .

The g e n e t i c  a n a ly s i s  o f  two-spox-e a s c i  from  a c r o s s  

in v o lv in g  th e  i n h e r i t a n c e  o f  a s i n g l e  * n u t r i t i o n a l ^  go no 

c o u ld  be 81 x1%) 11 f l e d  by  ig n o r in g  th e  p lo M y  o f  th e  c o lo n ie s  

a r i s i n g  from  su c h  a s c i .  I n  th e  case  o f  com plete  dominance^ 

p h e n o ty p ic  c l a s s i f i c a t i o n  cou ld  th e n  bo cexui^iod ou t d i r e c t l y .
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C o n s id e r  a co lo n y  a r i s i n g  from  an ascuo c o n ta in in g  two asoo- 

s p o re s  o f  th e  same m a tin g  type^ one car3?2ring th o  d o in in m t 

a l l e l e  j th e  o t h e r  th e  r e c e s s i v e  a l l e l e .  Qxi p l a t e - t o  s t i n g  

( g row th  o f  c o l l s  on m in im al medium)^ su ch  a c o lo n y  even  

tho ugh  c o n ta in in g  h a p lo id  c e l l s  o f  o i t l i o r  one c r  two lu/peSj, 

would g iv e  th e  same re sp o n se  as a  co lo n y  co n ta in in g , on ly  

d i p l o i d  c e l l s ^  such  as v;ould have r e s u l t e d  i f  th e  a sc o sp o re s  

had b een  o f  complement any m ating  t y p e . A s i m i l a r  s i t u a t i o n  

Yjould e x i s t  i f  th e  txvo a s c o sp o re s  e a c h  c a r r i e d  th e  r e c e s s iv e  

a l l e l e .  An example i l l u s t r a t i n g  t h i s  ty p o  o f  a n a ly s i s  i s  

shown i n  th e  f o l lo w in g  t a b l e .  I t  sh o u ld  be borne  i n  mind, 

howGveig t h a t  i f  an a n a ly s i s  i g n o r in g  th e  p lo id y  o f  th e  c e l l s  

was u n d e r ta lcen j th e  t h e o r e t i c a l l y  e x p e c te d  r e s u l t s  would bo 

d i f f e r o n t  from  th o se  - worked ou t f o r  d i p l o i d  c e l l s  a lo n e  : 

th o  e f f e c t  o f  th e  m atin g  typo  gene would bo e x c lu d e d .

I I  l u s t  3? a t  i o n  o f  th e  ty p e  of  genet i c  a n a ly e i s  o f  i n t a c t  two- 
spo re  a s c i  i n  w hich  th e  p lo id y  o f  th o  c e l l s  a r i s i n g  a t  gor* 
m ln a t io n  o f  auch  a s c i  i s  i g ripxxed

Tho m a tin g  ty p e  gene , j^/a^ and th e  ^ n u t r i t i o n a l • gene ÿ /h  
s e g r e g a t in g  from  tho  d i p l o i d  a B / /  a b ;

Sample o f  d i f f e r e n t  ( ( a  B)) ({ a  B)) ( ( a  B)) ( ( a  b ) )  ( ( a  h ) )
ty p e s  o f  a s c i  ax -  ( ) { ) ( ) ( ) ( . )
p e c te d '’' : ( ( a  B) ) ( ( a  h ) ) ( ( a  B) ) {( a  b ) ) ( (d b ) )
P1o id y  o f  c o l l s
p ro d u ced  by as  eus 5 Xi n  2n n  2n
Growth o f  c o l l s  on
m inim al faediiaiiî i
G enotypes o f  c e l l s  
w hich  grow on rfiini-
lual medium a  B a B a 'Ey/a. b

^  f o r  s i m p l i c i t y  n o t  a l l  ty p e s  o f  a s c i  aix5 shown^ e . g . ,  th o s e  
c o n ta in in g  two a ty p e  s p o re s  a re  om it t o d .
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I f  a s e m i - l e t  lie], all©  le  o lo a e ly  l in k e d  t o  th e  a m ating  

ty p e  a l l e l e  was d i s c o v e r e d  and u t i l i s e d  i n  c r o s s e s  w i th  

s t r a i n s  carryixxg tho  a m a lln g  ty p e  a l l e l e ,  u se d  i n  th e  

p r e s e n t  c ro s s e s ^  th e  a n a ly s is -  o f  i n t a c t  tw o- and t h r e e - s p o r e  

a s c i  would y i e l d  more in fo rm a t io n  p e r  t e s t e d  c o lo n y ;  two- 

sn o re  a s c i  from  such  c r o s s e s  .¥; on Id  y i e l d  a h ig h e r  p e rc e n ta g eW 'vp/ *(, VvJ

o f  d i p l o i d  c o lo n ie s  p e r  number o f  a s c i  goxxmlnatIng, axid 

three-spo3?o a s c i  would y i e l d  a h ig h e r  p e r c e n ta g e  o f  c o lo n ie s  

c o n ta in in g  o n ly  d i p l o i d  c e l l s .  I t  sh o u ld  be remembered, 

however^ t h a t  v e ry  few o f  th e  îiiore e a s i l y  a n a ly se d  o n e -sp o re  

a s c i  3?rom su ch  c r o s s e s  would g em n in a tc .



A. o f .. B ip lo id .  t o a e t l c  and Tot r  an Ip  Id  , ZygcyblG R a tio s
PXP e c tpd from  toto tp traplo^^^ w i th . , th e  P te n p ty p ic
R a t io s . .expootod. muo.iig.. D ip lo id  0o lo n le s  d o r iy o d  f y o f j . a c t
Inooxuplete AsQi P f  Yo a s t .

I n  a p r o p o r t i o n  o f  caooa v a ry in g  from  s p e c la s  to  o p e o le s ,  

tlio f o u r  a l i o  l a s  o f  a gone p r e s e n t  i n  a n t o t o t r a p l o i d s  s e g r e 

g a te  random ly I n to  th e  gam etes i n  p a i r s  d u r in g  m e io s is*  i n  

a y e a s t  t e t r a d ;  one. a l l e l e  i s  p r e s e n t  i n  ea c h  o f  th e  fotu"  ̂

spo re  B w hich  l a t e r  fu s e  i n  p a i r s  i n  f o u r  ou t o f  tlio s i x  

xxossible ways. D ip lo id  p ro d u c ts  r e s u l t  i n  b o th  o ases  : i n

th e  fo rm e r  d i p l o i d  gam eteS; i n  th e  l a t t e r  d i p l o i d  x y g o te s .

Tlio dixDlold g am etic  r a t i o s  o f  a u t o t e t r a p l o i d s  and th o se  

o f  d ix^lo id  c o lo n ie  a a r i s i n g  from i n t a c t  tw o- and th ree-spoxre  

y o a s t  a s c i  a re  th e  sane when (a ) a s in g le  gene i s  s o g re g o t in g ,  

and (b) two genes  w hich are  s i t u a t e d  on d l3?fo ren t chromosomes 

a re  s e g r e g a t in g ;  t h i s ,  p ro v id e d  a t  l e a s t  one gene i n  tho  

case  o f  y G as t  ; ' show s f r e e  re  o oïnb i n  a t  i  on v/ i t h  i  t s  c g n t  roime re  

and b o th  show f r e e  re  co m b in a tio n  w i th  th e  mat in g  ty p e  g o n e , 

Compare th e  fo l lo w in g  two c a s e s  :

Case 1

A u to to t r a p lo id  genotyx3e 2 B B b b? S, 5. ^  f.

(d u p le x  and h e te ro z y g o u s  f o r  th e  two g en es  w hich  show f r e e  
re c o m b in a t io n  w i th  each  o th e r )

D i |) lo id  g am etic  r a t i o s  from  t h i s  a u to t e t r a p lo i c l  are  d e r iv e d  

in  th e  fo l lo w in g  t a b l e  :
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1 BB 4 Bb 1 bb

1 00 1 BBGG 4 BbGG 1 bbec

4 Co 4 BBGe 16 BbOc 4 bbCc

1 oc 1 BBCO 4 Bboc 1 bboc

D ip lo id  g orne t i c  ^phonotyplo^ r a t i o  (w i th  f u l l  dom inance) ;

25 BO : 6 Be : 5 bO : 1 be  

The t e t r a p l o i d  z y g o t ic  p h e n o ty p ic  r a t i o  w i l l  be tho  smne 

when t h i s  a u t o t e t r a p l o l d  i s  c roaaec l w i th  a m i l l i p l e x  a u to -  

t e t r a p l o i c l  ( d i p l o i d  gam etes o f  o o n a t i in r t lo n  aabb)«

Case 2

Genotype o f  d i p l o i d  y o a s t  p ro d u c in g  a s c i 2 a  a., B h ,  ^  

( a l l  genes in d ep en d e n t o f  t h e i r  c e n t r o m e re s ) .

P h e n o ty p ic  r a t i o s  among d i p l o i d  c e l l s  e x p e c te d  from  two- and 

t h r e e - s p o r e  a s c i  : 25 BG ; 5 Be : 5 "bC s 1 bo { C a lc u la t io n  7a.

page 4 1 ) .

I f  o n ly  one gene l a  segregatin('S  a r a t i o  o f  5 :1 would be 

e x p e c te d  i n  each  c a s e .

The above r a t i o s  would d i f f e r  as be tw een  t e t r a p l o i d  and 

y e a s t  when. I n  th e  l a t t e r  ; th e  m a tin g  ty p e  gene i s  l i n k e d  to  

e i t h e r  o r  b o th  o f  th e  genes B /b and 5 /o «  They w i l l  a ls o  

d i f f e r  when th e s e  two go nos a re  l i n k e d  to  one a n o th e r ;  t h i s  

i s  due t o  th e  s p e c i a l  f e a t u r e s  o f  t e t r a p l o i d  m e i o s i s .

I n  an  a u t o t e t r a p l o i d  e i g h t  ch ro m a tid s  a re  ip resont d u r in g  

d i n l o t e n e  o f  m e io s is  end each  ch ro m a tid  can  c r o s s  o v e r  w i th
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any o f  i t s  s i x  n o n - s i a t o r  c h ro m a tid s ,  v i s  :

Di%:)loicl
pjamotes

(Tho d lag rm n cloos n o t  mean to  im ply  t h a t  a l l  cM asraa shown 
can o c c u r  i n  th e  a aim  ̂ootadd , o r  t h a t  o e t  ads r e g u l a r l y  o ccu r)

I n  y e a s t  o n ly  f o u r  c h ro m a tid s  a re  [p resen t d u r in g  d i p l o -  

tone  o f  m o io s is ;  e a c h  can c r o s s  o v e r  w i th  two n o n - s i s t e r  

chrom ât i d  a, v i z  :

Ha%)loid 
gam etes 

- W h ic h  th e n  
fu s e  to  g iv e  
d ip  10  id  ay go t  © s

In  th e  c a se  o f  l i n k a g e ,  t h e r e f o r e ,  th e  th e o r y  o f  th e  fo rm a tio n  

o f  d i p l o i d  gam etes i n  po lysom ia  i n h e r i t a n c e  as d ev e lo p e d  hy 

h a th e r  (1036) and F i s h e r  (1947) canno t be a p p l ie d  as i t  s ta n d s  

to  th e  fo rm a t io n  o f  d i p l o i d  zy g o tes  from  i n d i v id u a l  y e a s t  a s c i ,
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PART I I
itfÿiewev'i et

The P r o d u c t io n ,  I s o l a t i o n  and Char a c t  o r l z  a t  i  on o f  Auxotrophic 

S t r a i n s  o f  Saooharomycee ce rev isX ae

I n t  r o d u o t1on*4&M. W# < * I, <W W

O e n o t i c a l ly  marked s t r a i n s  vmro n e c e s s a ry  f o r  th e  s tu d ie  

on in c o m p le te  a s c i  a l r e a d y  d e s c r ib e d ;  th e  fo l lo w in g  e x p e r i 

ment 8 were u u d e r ta k o n  t o  o b ta in  them . The m u tag en ic  agen t 

u sed  was u l t r a  v i o l e t  l i g h t .

I t  was a l s o  o f  i n t e r e s t  t o  Compare tho  d a t a  o b ta in e d  

w i th  s i m i l a r  d a t a  o b ta in e d  by o th e r  wo3rkor8 i n  h o u r  o so o r  a , 

A s 'o e rg i l lu S ;  Gphiostoi^ia and P é n i c i l l i u m ,  Buch a ooiriparison 

h as  b ee n  made and th e  more i n t e r e s t i n g  p o i n t s  o f  s i m i l a r i t y  

atxd d i s s i m i l a r i t y  be tw een  th e  s e t s  o f  d a t a  have been  

d isc u sso d *

Pïothods

a . P r e p a r a t i o n  o f  c e l l  su sp e n s io n

An inocu lum  from  a s i n g l e  a so ospo ro  c u l t u r e  o f  h a p lo id  

c o l l s  m a in ta in e d  i n  m in im al medium ( o r  m in im al medixm p lu s  

th o  (p?owth f a c t  o r  ( s ) needed i f  an a u x o tro p h  was u sed  as 

s t a r t i n g  s t r a i n ) ,  was t r a n s f e r  re d  t o  o. s lo p e  o f  com plete  

modlum and in c u b a te d  f o r  5 d a y s .  Two 03.'* t h r e e  p la t in u m  

w ire  l o o p f u l s  o f  th o  r e s u l t i n g  c u l t u r e  were added t o  1 ,5  ml, 

o f  s a l i n e  mid th o  clumped c e l l s  o f  t h i s  s u s p e n s io n  b ro k en  

up by d raw in g  i t  i n t o  and f o r c i n g  i t  ou t o f  a  P a s t e u r  p ip e t t e
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Very l i t t l e  fu rth er separation  o f c e l l s  was accomplished

a fte r  approximately f i f t y  such * in  and out* movements* The

number o f c e l l s  per ml, of th is  suspension was determined by 

a haemocytometer count. Each c lu s te r  of c e l l s  was recorded 

as a s in g le  c e ll*  The presence of c lu s te r s  probably 

decreases the e f f ic ie n c y  of the te  clinique sin ce mixed 

c o lo n ies  r e su lt in g  from c lu s te r s  of auxotrophic and proto

trop h ic c e l l s  are c la s s i f ie d  as prototrophs. However, at 

the doses of ir r a d ia tio n  used (su r v iv a l of the order o f 10 

the chances o f su rv iv a l of two c e l l s  in  a c lu s te r  i s  low.

From an o r ig in a l d en sity  o f 10*̂  c e l l s  per ml . ,  s e r ia l  

d ilu t io n s  were made to  a working d en sity  of not more than 2

X 10^, and not l e s s  than 7 x 10^ c e l l s  were ml. For an

estim ate o f the percentage v ia b i l i t y ,  a fu rth er d ilu t io n  to  

between 7 x 10^ and 10^ c e l l s  per ml. was made. One tenth  

ml. o f th is  la s t  suspension was spread on each of f iv e  

p e tr i-d ish e s  o f complete medium. Percentage v ia b i l i t y  was 

estim ated  from a colony count a fte r  three days incubation .

b . Irra d ia tio n  of c e l l  suspension

Nine ml. o f the suspension, contain ing not more than 

2 X 105 and not le a s  than 7 x 10"̂  c e l l s  per m l . , were poured 

in to  a p e tr i-d is h  ( in s id e  diameter o f base .  3 .5  inches) and 

the suspension irra d ia ted  w ith  u ltr a  v io le t  fo r  3 minutes 30 

seconds at a d ista n ce  of 4o centim etres from the tube.

During exposure the d ish  was ag ita ted  fo r  three seconds every
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f i r t o o n  second©. T h is  dose gave appx’o x im a te ly  0,96;S s u r v i 

v a l .  The so u rce  o f th o  u l t r a  v i o l e t  was a H anovia XX low 

proBSuro j a c k e t  t e d  jnex’c u iy  lamp w i th  00/1 o u tp u t  a t  2537 A.

0 , The r e c o v e ry  and i s o l a t i o n  o f  a u x o tro p h s

A f te r  i r r a d i a t i o n  th e  s u s p e n s io n  was th o ro u g h ly  mixed 

w i th  a 1 m l. p i p e t t e . 0 ,1  m3., o f  t h i s  au spans io n  was spreac

on e a ch  o f  6 t o  12 p e t r i - d i s h e s  o f  com plete  medium. A f te r  

4 d ay s  i n c u b a t io n  t h e r e  were be tw een  25 and 100 c o lo n ie s  p e r  

d i s h .

At f i r s t ;  c o lo n ie s  r e s u i t i n g  from  c e l l s  s u r v iv in g  th e  

i r r a d i a t i o n  v/oro t e s t e d  i n d i v i d u a l l y  as fo l lo w s  ; v e ry  sm all  

. i n o c u la  from  eacli co lo n y  were t r a n s f e x 'ro d  i n  d u p l i c a t e  t o  

co rro sp o n c lin g ly  marlced p o s i t i o n s  on one d i s h  o f  com plote  

medium and one o f  m in im al medium. T h i r t y  c o lo n ie s  co u ld

bo t e s t e d  i n  ea ch  p a i r  o f  d i s h e s , The i n o c u l a  were alvmys

v a ry  s m a l l  ( s t r a i g h t  p la t in u m  w ire )  and were t a k e n  from  t h o  

t ip p e r  p a r t  o f  th o  co lo n y  i n  oxyder t o  avo id  as f a r  as 

possib3 .e  t h e  c a r r y i n g  o v e r  o f  any com plete  medium t o  th o  

m in im al mecllum p l a t e  s ,

As i n  th e  f i r s t  e x p e r im e n ts  (E x p e rim en ts  B, Cg, and D) 

(Tab3.e 10; page 105) no v i t amln r e q u i r i n g  au x o tro p h s  were 

o b ta in e d ,  t h e r e  was th e  p o s s i b i l i t y  t h a t  t h i s  f a i l u r e  would 

be t h e  r e s u l t  o f  c a r r y in g  o v e r  v i t a m in s  w i th  th e  inocu lum .

A v e v j  sm a l l  q u a n t i t y  o f  v i ta m in  c a r r i e d  o v e r  i n  t h i s  way 

m igh t bo ample t o  sup%)ort enougii growtJi on m inim al medium as
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t  o lo  od 10 3ïîi 8 G1 as s i  f  :l c a t  i  o n , Ao c ord  in g  1 y , i n  a e o c ond 

s e r i e s  o f  e x p e r im e n ts  (E x p e r im e n te Dl and E, T ab le  9 ) ,  

i n s t e a d  o f  d i r e c t  t r a n s f e r  o f  c e l l s , i n o c u l a  from  s a l i n e  

s u s p e n s iozi8 wore u s e d .  These s u sp e n s io n s  were made by 

t r u n s f e x r i n g  a sm a ll  inocu lum  of th o  co lo n y  t o  be t e s t e d  t o  

a p p ro x im a te ly  0 ,1 5  m l. o f  s a l i n e  in. a  c o n c a v i ty  s l i d e .  Ever 

w i th  th e s e  * sem i-w ash ed ’ in o cu la^  c o n ta in in g  lo s s  contaznina- 

t i n g  n u t r i e n t S ;  no v i ta m in  r e q u i r i n g  a u x o tro p h s  were i s o l a t e d  

n o r  wore moi^e auxotx^oplis o f  o th e r  ty p e s  r e c o v e re d ;  t h i s  more 

l a b o r i o u s  pxrooodure was t h e r e f o r e  d is c o n t in u e d »

d . O h a ,r a e to r lz a t io n  o f  au x o tro p h s

Two m ethods were employed t o  ic ioz itify  th e  g row th  

req u ir 'cm o n ts  o f  th o  a u x o tro p h s .  When a  sm a ll  zuzmbor were t o  

bo i d e n t i f i e d  th e  auxano g rap h io  method ( B e i j e r i n c k ;  1389; 

P on to co rvo ;. 1949b) was ado p ted  t o  d e te rm in e  t h e i r  b ro a d  and 

s p e c i f  i c  g row th  ro  qu i l ’ornent a * When th e  number o f au x o tro p h s  

exceeded  f iv O ;  t h e i r  b ro a d  re  qu i r  erne n t  s were d e te rm in e d  by 

t h e  p l a t e - t e s t  method ( F r i e s 1 9 4 8 a ) ;  and t h e i r  s p e c i f i c  

r e q u ir e ra e n ts  by th e  azixanograpliic snetliod,

Ao Atzxanographic method 

D ishes  were p re p a re d ;  each  h a v in g  some 10̂  ̂ c o l l s  

suspezidod i n  Bo ml* o f  m in im al a g a r  modlum* At marked p o in t  

on ea c h  d i s h  one lo o p f u l  o f  each  o f  th e  fo l lo w in g  su b s te n c o s  

wore added : 1) c a s e i n  h y d r o ly s a te  p lu s  try p to p h a n e ^  2) ye.a,s'
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m c lG io  aoicl IiydroXysatO; 3) a d i l u t e  s o l u t i o n  o f  y e a s t  

e x t r a c t  ”y o a s t r ô l '^ ;  and 4) com plete  m e d i u m  as c o n t r o l .

The p o t 2? i-d iaheB  were th e n  in c u b a te d  f o r  IB t o  24 h o u r s .

Tho ap pearan ce  o f  a  t u r b i d  zone of c e l l  g row th  around any o f  

th e  added s u b s ta n c e s  In d io  a t  ed th e  b ro a d  n a tu ro  o f  th o  gro¥/tl 

f a c t o r ( s )  r e q u i r e d  by th e  auxotreoph. The fo l lo w in g  t a b l e  

shows th e  b ro a d  c h a ra c ta - r iz a t io ra  o f  au x o tro p h s  by t h i s  t e s t .

Growth re sp o n se  t o  : I n d io a to d  g row th  f a c t o r s

C aso in  h y d r o ly s a t e  p lu s  An amino a c id
t ry p to p h a n e

; H ydro ly sed  y e a s t  n u c l e i c  A n u c le o s id e  o r  n u c l e o t id e

*T oastro l*  A v i t a m in  o f  th e  B group

Complete medium C o n tro l  re sp o n se

F u r th e r  c h a r a c t e r i z a t i o n  o f  an a u x o tro p h  was c a r r i e d  

out by  th e  u se  o f  s i n g l e  s u b s ta n c e s  b e lo n g in g  to  th e  group 

i n d i c a t e d  by th e  f i r s t  t o s t .  F o r example^ i f  a g row th  

re sp o n se  was o b ta in e d  from  c a s e i n  h y d r o ly s a t e  p lu s  t r y p t o -  

phene^ in d iv id iz a l  amino a c id s  ( a  few C3?ystals o f  each ) were 

t e s t e d  by th o  au x an og raph ic  t e c h n iq u e ,  A t u r b i d  zone o f  

groY/th around th e  inocu lum  o f  any one o f  th o s e  amino a c id s  

i n d i c a t e d  a  re q u ire m e n t  f o r  a p a r t i c u l a r  amino a c id .

S im i l a r  a d d i t i o n a l  t e s t s  we re  th e n  u n d o r ta k o n  t o  d e te rm in e  

as f a r  as p o s s i b l e  th e  a l t e r n a t i v e  grow th  f a c t o r  roqu irom on ts
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A l t e m a t i v o  g i’oivtli f a c t o r s  t*hloh vioro to  steel, a re  shown i n  

T ab le  8 ,

TAKLE 8

F ur tho  r  t e s t s  w hich wore c a r r i e d  out t o  f i n d  th e  
a l t e r n a t i v e  g row th  f a c t o r  ro q u lre m e n ta  o f  au x o tro p h s

I f  a u x o tro p h  roepondod t o  : A lso t e s t e d  f o r  grow th
re sp o n se  w ore :

â3?ginizio

Ti’yp tophane

M eth ion ine

T y ro s in e

Iso le u c in ©  p lu s  l e u c in e  
( n a t u r a l  m ix tu re  )

S e r in e

O ^niith ine ; o i t r u l l i n e   ̂ p r o l i n e

'Indole ; s e r i n e  ; o n t h r a n i l i c  
a c id  ; kynux’onino   ̂ n i  co t  i n i c  
a c id

B odium eu l%)hit o , p o ta s s  imn 
t h i  o s u lp h a t  e

P h en y la lan in ©   ̂ p a ra -h y d ro x y -  
p lzonylpyruv io  a c id ;  phonyl-» 
p y ru v ic  a c id ;  d ihydroxyphony- 
lal& m ine

I  s o lo u c in e  * leu o  ino  , v a l in o

G lyc in e

B, P l a t e - t e s t  method 

Tho b ro a d  re q u ir e m e n ts  o f a  g roup  o f  au x o tro p h s  were 

d e te rm in e d  by th e  p l a t e - t e s t  method (P rd e s ;  1940 a) ,

Re qu i 370 ment 8 w^em d e te rm in e d  s im u l ta n e o u s ly  by i n o c u l a t i n g  

ea ch  a u x o tro p h  on t o  a  s e r i e s  o f  p e t r l - d i s h o a  c o n ta in in g  

(a )  m in im al medium^ (b) m in im al medimti p lu s  c a s e in  h y d ro -  

l y s a t e  ; p lu s  t ry p to p h a n e  (0 /1  ml, o f  a s t a n d a r d  s o l u t i o n  pep  

p l a t e ) ;  (o ) miîxunal modiuîiz c o n ta in in g  y e a s t  n u c l e i c  a c id



hydro  l y s  a t  o (0 ,1  ml* o f  a  s ta n d a r d  s o l u t i o n  p o r  p l a t o ) ;

(d) rnlziiinal Biodium p lu s  v i t omlns (0 ,0 6  ml* o f  a s t a n d a r d  

s o l u t i o n  p o r  p l a t e ) ;  and (a )  oomploto medium* A f t e r  th ro e  

days  i n c u b a t i o n  th o  g row th  o f  an, a u x o tro p h  on any cno o r  

more o f  th e  aupploinontod m in im al medium p l a t e s  i n d i c a t e d  

t h a t  such  p l a t e s  c o n ta in e d  th e  grow th  f a c to x ’( s )  I 'O qu ired , 

F u r t h e r  c h a r a c t a r i z a t i a n  o f  th o  a u x o tro p h  w i th  r e g a r d  t o  i t s  

s p e c i f i c  g row th  r e  qu i x"© ment s was d e te rm in e d  by th e  aiucano™ 

g ra p h ic  method*

Exp0  xd-iiient a l  Ro s u i t  s and Ob se rv  a t  1 ons

T ab le  9 (page 104) g iv e s  th e  v i a b l e  c o u n ts  b e f o r e  and 

a f t e r  i rz^ ac lia t io n  i n  7 out o f  B e x p e r im e n ts ,

A lthough  îcnown c o n d i t io n s  o f  i r r a d i a t i o n  woro th o  same 

f o r  each  e x p e r im e n t;  th o  v i a b l e  c o u n ts  v a r i e d  v a s t l y  bet\7eon 

e x p e r im e n ts ;  g iv in g  s u r v i v a l  r a t e s  between. 0 *017^ and. 0o525;f< 

Tho v a r i a t i o n  was p ro b a b ly  due t o  (a.) ohmigos i n  th e  m ains 

v o l t a g e  and (b) v a r i a t i o n  o f  c e l l  d e n s i t i e s  i n  d i f f e r e n t  

e x p e r im e n ts ,  V a r i a t i o n s  due t o  p h o to re  a c t i v a t i o n  cou ld  be 

e x c lu d e d  becau se  i n  evsrji' ea se  ex p o su re  t o  s tx ’ong l i g h t  vjas 

a v o id e d ,

T ab le  10 (page 105) suimviarisos r e s u l t s  o f  th e  i s o l a t i o n  

and b ro a d  t e s t i n g  o f  c o lo n ie s  f o r  a u x o tro p h y . T ab le  11 

(page 107) sum m arises r e s u l t s  o f  f i n e r  o h a r a o t o r i z a t l o n .  The 

p o o le d  r e s u l t s  gave 48 a u x o tro p h s  out o f  a t o t a l  o f  9 ;117  

i s o l a t e s ;  i * o , 9,95/;( o f  tho  i s o l a t e s  t e s t e d  were a u x o t r o p h ic ,
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TABLE 9,

C e lls  g iv in g  o r ig in  to  co lon ies  b efore  and a f te r  irra d ia tio j  
w ith U.V.

S x p t, C u l tu r e
Irrad iated

Ho* o f  c e l l s  
p e r  în l. i r r a 
d i a t e d  ( v ia b le  
co u n t)

I ’o , o f  c o lo n ie s  
a f t e r  i r r a d i a 
t i o n

p e r  p l a t e  t o t a l

V ia b le  couni 
a s  p e r c e n t  
o f  i n i t i a l  
v i a b le  couni

G 053"3d
p ro to t ro p l i

1 .4  jx 10 5

D G53~8d
p ro to t ro p h

2.05 X 10^

D1 053-86
p ro to t r o p h

7 .7  X 10k

1.62
2.54
3 .78  
4 .9 8  
5.62 
6 . 8 2
7 .79  
8.76 
9.77

3-0.61_

1.27
2 .35  
3.30  
4 .29
5.27
6.28
7.18
8 .35
9.18

1 .18
2.18
3 .16
4 .2 3
l:g
7.18  
8 .1 4  
9- 24 

10.27 
13. .JP-

0 .53

735

0 .51

247

0 .2 6

219

E B7/20
a d i s n i n e i e s a

1 X 10:

1 .17  
2.11 
3 .19  
4 .27  
5.14  
6 .1 2  
7 .16

0,02



9.25
10.15
11.15  
12 ,

l e s s

205

H D l/2 - 2 .15 X 10^ 7.20 0 .12
tryptophane- 
l e s s

D l/2  2 .33  X 10^ 6. 9 0 .05
tryptophane-

K D l/2  2.88 X 10-̂  6.101 0 .27
tryptophane-
le s s

1.21
2,18
3.18
4 .19
5.23
6 .20  
7.20
8 .24
9.25  

10 .26  
11.27  
12.20
13.31 ____

319
1.11
2.13
3 .1 6
4 .12
5 .14
6. 9
7.11
8. 7
9. 7

10. 9
11.12
12.11

132

1.76
2 .8 2
3 .54
4 .6 4
5.71
6.101
7 .82
8 .78
9.67

10.91
11.94
12.97

937

B G2i+-13b not recorded not recorded 
prototroph

Mean^: 0 .2 2

^ fo r  seven o f the e ig h t experiments



o

I
I
I
I

I
d)^ 43 *
i l
H

■ 4
m *

- { s ;
g
?ri

• P p
q <
H < 1

KO

« I
W W U o4̂  A CQ -P

§

+3 ^ *

s  & s
8*g,ë g0 ,o

O'

o

0%
cJ

\0

i

I
I
O A

- O

r~î

CJ

Jd"
c i

CO

g

j 'I #
5  s
O A

0

o

o

■.4*

o

o*
C\J

,4-

§

I#K1 o
Q m

o

o

H

-4*

Q

m
K>

m

H

.100 o

p  Pi

Q

O

o

6

H
cv!

-4*

H

8

O

o

CM

tn

o

CQ
êCM

IfCM

CO
Î

ÎCM pik#

y—V CM CMm hn O H
f » * •o* . o o o O O

m o . 0  .' . A m E4



106 •“

o f  th o  48 auxotropIiB; 45 wore f u l l y  t e s t e d ,  Each o f ■ th e  45 

ro q u i ro d  a s i n g l e  o p o c i f l c  g row th  fa c to r* .  I n  th o  case  o f  6 

axzxotropliB no o u o c o b s  was o b ta in e d  i n  d e te rm in in g  a s in g le  

s p e c i f i c  ro qu irom o n t by means o f  th e  t e s t s  u sed  f o r  a l l  th e  

o th e r s  o - I f  a l l  f i v e  were c a s e s  o f  .m u lt ip le  r e q u i r e m e n t s , 

t h i s  would c o n s t i t u t e  10)4 of th e  t o t a l .

The most f r e q u e n t  re q u ire m e n ts  a re  f o r  amino a c id s  and 

o f  th e s e  m e th io n in e  ( 9 ) ;  t ry p to p h a n e  ( 7 ) ;  l e u c in e  and 

i s o l o u c i n e  ( 6 ) ;  a r g in in e  (4) and ly s i n e  (5) a re  i n  th e  

m a jo r i ty *  However^ th e s e  q u a n t i t a t i v e  d a t a  a re  n o t  homo- 

gone cue bo cau se  i n  h a l f  o f  th e  expo r im e n t  s (K, H, J  and K) 

th e  s t r a i n  I r r a d i a t e d  was e i t h e r  t ry p to p l ia n e -  o r  ad e n in e -  

r e q u i r i n g .  Only two ty p e s  o f  a u x o tro p h s  r e q u i r in g  n u c l e i c  

a c id  ooBiponenta wore i s o l a t e d  ̂  nam ely ad e n in e  -  re  qui r i n g  (5) 

and u r a c i l - r e q u i r i n g  ( 8 ) ,

Ho Vi t  emin- re  q u i r i n g  a u x o tro p h s  were i s o l a t e d  i n  s p i t e  

o f  th e  m o d if ie d  te c h n iq u e  {page 109) ad o p ted  i n  ex p e r im e n ts  

D1 and E w h ich  su p p o sed ly  would have made p o s s i b l e  th e  

i s o l a t i o n  o f  such  a u x o tro p h s  sh o u ld  tlie  r e a s o n  f o r  t h e i r  

p r e v io u s  n o n - d i s c  e v e ry  have been  duo t o  c o n ta m in a t io n  by 

g ro w th  f a c t o r s  from  com plete  medium. I t  sh o u ld -b o  h o m o - i n

mind; howovor; t h a t  th o  m inim al g row th  re q u ire m e n ts  o f  y e a s t  

in c lu d e  izan to th ena tO ; b l o t  i n  and i n o s i t o l .  I n  o t h e r  micro™ 

organ ism s such  as H o urospcra . A s p e r g i l lu s  u ld u la r i s ,  

OphiostomG. m ult i  annu l a t  urn mid B s c h o r l  c h i  a c o l i ,  a u x o tro p h ic.. i #Wite *..**6 *•



11

S u b s ta n c e s  to  w hloh am cqtropbs- ga-y© a  gjpowtk re^ p o n se ,

S^eperiment T o ta l  aumbej? Sul3stsaiG e(s) to  wM eli 
Qt auxotrophs aiixota?op3a reapoWa 
recov^ered

Zfwiber of
atuEotropho
reapondlfig

r é s i g n a t i o n  o f  
a u x o t2?opii(s)

B

D

D1

a

K

8

k

11

ad en in o  momoli^dypolUonid#
I* ly sin o  monoïîjrdnoQlUonido 
1% m e th io n in e  
D:L tn;yptopiiano 

tynoBlne 
amlmown

adon ino  m onohydnoeJilonide 
Xi a n g in ln o  m onoliydpooM onide 
p o ta sa in m  t l i io s u lp h a te '
DB B on ino /g ls^o ine  
BL t nyp to p h a n o /a n th n e n l l  l e  

a o ld / in é o lo
luilmown

lo n o ln e  and  iso lo n o in e .
, ( n a t u r a l  m ix tu re )

BB tryptophane 
BB tr^ tophano/indolé
adenine m o n o liyd roeh io rlde  
h  l y s i n e  m ono liy d ro eh lo rid e  
KB methionine
BL try p to p h a n e

DL inetlilGhiae- ,
DL try p to p h a n e
L a r g in in e  m o n o h y d ro o lilo rid e /

‘ BL o r n i t h in e  m o n o liy d ro ch lo rid e  
(n o t o l t r a i l i n e )

DB ti^yptbphane pins:
u r a e i l  /.
BL m e th io n in e  
L h i s t i d i n e  
lenolhe and  is o lo u c in o  

( n a tu r a l  m ix tu re )

DL tryptophane pliie:
a d e n in e  m onohydrochloridQ  
le u c in e  and  i s o le u e ln e  

(natural mlacture)
unimown

DL try p to p îia n é  p lue ,;
L a r g in in e  m o n b h y d ro eh lo rid e  
BL m e th io n in e  
L l y s i n e  m on o îiy d ro eh lo rid e  
L M a t i d l n e
a d e n in e  m onohydroehlorid©  
le u c in e  and i s o le u c in e  

( n a tu r a l  m ix tu re )
Unknown

1
1

A7
1
1

iBlha

1 #7/28
1
*r mo•M

2
2
1

VtÇ
03 & 06 
01 a  Oh 
03

1 07/27

1 K3
2 Klh/18 «% D1
1 m i/9
1 D l/7
1 B l/6
2 B l/8  & B l/3
1 D l/2

"  2'
1 0^B 3 _

1 G^Eh

o

1
31
1
1
2

00
D l/h l & B1/K7 
Kl/h3 &. Bl/mi

D l/2 ,. J9 

Bl/2; A

Dl; #
Bl; K2; D1,X6 & D1,K9 
Dl, E3 
Dl  ̂ ElO 
Dl; E ll
D l, E12 & D l, E13 
Dl; E8 & D l, El



m it  a n t  a r e q i i l r i n g  one o r  o th e r  o f th e s e  v ltm iiin s  q.:c1 bq f r o -  

Q u en tly ,

A- d i r e c t  coinparison o f .the  q u a l i t a t i v e  y i e l d s  o f  auxo- 

t r o p h s  o b ta in e d  In  y e a s t  w ith ,  th o s e  o b ta in e d  by th e   ̂t o t a l  

i s o l a t i o n  to o h n iq u e   ̂ i n  o th e r  mica?oorganisiuS r e v e a l s  some 

s t r i k i n g  d i f f o r o n c e s  and s i m i l a r i t i e s .  T a b le s  12 and 13 

(p a g es  109 and 111) show l i s t s  o f  a u x o tro p h s  w hich havo boon 

i s o l a t e d  i n  A S D org illu s  n id u la n s  (P o n to co rv o  e t  a l , ,  1933). 

OpM ostom a m u lt ia m iu la tm u  ( F r ie  a ̂  1 9 4 7 ) , Mourospora, e r a s  s a  

(TatuBi; B a r r  a t  t , F r i e s  and B o nner, 1 9 5 0 ) , and P é n ic i l l i u m ,  

n o ta tu iï l ich ry so g em m  (B onner, 1946); t o g e t h e r  w i th  th o se  

i s o l a t e d  i n  .yoact p t J n fo r tu n a to ly  thex'’© l a  no g en e ra l ,  axirve^j 

p u b l i s h e d  o f  a l l  th o  au x o tro p h s  o f  heuroaporea. The most 

comDrahCneivo l i s t  o f  h e u ro e p o ra  auxotrcophs i s  t h a t  . :

p u b l i s h e d  by Tat uni; B a r r a t t   ̂ F r i e s  and Bonner (1 9 5 0 ) , Those 

i m m a t i g a t o r a  s tu d ied , th e  .m utagenic e f f e c t  o f  d i f f e r e n t  

ag en tS ; i n c lu d in g  u l t r a  v i o l e t ;  X -rayS ; m o t h y l - b i s - ( - c h l o r o -  

e t h y l )  amino ; m e th y lch o la .n th ren o  and t r i o -  ( - c h lo ro o th y  1 ) 

amino ; on « ïïic rocon id ia  o f  Hoiix'’o sp o ra  and found no s i g n i f i c a n t  

d iffex-’enco among e i t h e r  th e  q u a l i t a t l v o  o r  q u a n t i t a t i v e  

S730ctra o f  au x o tro p h a  i s o l a t o d  a f t e r  t r e a t  mont w i th  th o se  

d i f f e r e n t  a g e n t s . A oordparison o f  th e  :c e su i ts  o f  Tatum 

e t  a l .  (1950) w i th  th o s e  o f  o th e r  ivo rkers  i n d i c a t e s  t h a t  

t h e i r  l i s t  i s  f a i r l y  t y p i c a l  o f  th e  sp ec tru m  o f  auxotroph© 

gone r a l l y  o b ta in e d  i n  H eurospora* e x c e p t  i n  th e  p e r c e n ta g e  of
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I l l

TÂBIB 13
- Type s o f enzotropLe is o la te d  froiii N eurospora e ra s  sa  by 

Tatum* B a rra tt*  P r ie s  and Bonner (1950) by means o f "6he ' t o t a l
i s o la t io n ' to .cim iqae. Those types not i s o la te d  by those 
vfdrlcers bu t which have been I s o la te d  by o th e r  workers are  a lso
In d ic a te d , '

Type o f ansvotroph Humber Ifliether i s o la te d  by
i s o la te d  w orkers o th e r  than

Tatum e t  a l .  (1950)

Hot f u l l y  te s te d le
P a r.a th lo t roph ie  

S u lp h ite  
Thio su lpha te

la ra n ltro tro p li lo
H i t r l t e
Amüionlum

Amino Acids 81
A rginine
A rg ln in e /o ih ith in e  
A rg in in e / b i t  r u l l in e  
A rg in in e / o m ith in e /p ro l in e  
ly s in e  
P ro lin e  
C ysteine 
M ethionine 
M eth ion ine/oyate ine  
H ethioninè/hom ocysteine 
M eth ion lne/cyat a tliion ine  
T y ro sin e /p h en y la lan in e  
Pheny lalan ine  
Iso louc ino  
I s  o le u c in e /v  a lln o  
V aline 
ThreoninebOUOlllQ
TâVpi:êpl;]iêné-' . '
Tryptopliane/ indo le
Tryp t  ophaoe/n l o o t  i n i  o /indo  lo
T ry p to p h an e /n io o tin lc  ac id
B erlne /g lyo ino
Homosbrlne
E ia tid in e
A ap artic /g iu tam ic  ac id

2 0 
0 
0 .

19.00
25
1900

see m u ltip le102006

H ucleic  ac id  
Adonlne

components
91

C y tid ln e /u r ld ln e 0
Ul^qcii 4

Ltamihs 17
B io tin (x)
p-am inobensoic ac id 3
P an to th en ic  ac id 1  .
H ic o tin ic  ac id 5
H io o t in ic /a n th r a n i l ic  acid 1
H icot i n i c /  tryp tophane/an thrànili c 0 ■Î*
R ib o fla v in  ■ 1
P y rld o x j^ 5
Oholine S
Aneurln 1
I n o s i to l 0 . 4'

M u ltip le^  and O th e r s ^

T o ta ls  145
From la o la te s  19,218

(x) deno tes p resence  o f growth f a c to r  in  minimal medium.

^ two m u ltip les*  one re q u ir in g  para-am inobensoic ac id  and 
u r a c i l ,  th e . o th e r  parà-am inobensolo a c id , a n th ra n i l ic  ac id , 
ph eny la lan ine  and ty r o s in e .

two o th e r s , one re q u ir in g  a c e ta te  and th e  o th e r  asparagine,



a r g in l î i o - r e q u i r i n g  au xo trop lis  w hich ; f o r  some unknovai re a so n , 

i s  lo w er  th a n  t h a t  a t t a i n e d  by o th e r  a u th o rs  (Horov/itS; 

B enner; M i t c h e l l ;  Tatum and B oad lô . 1945)*

To com plete  th e  q u a l i t a t i v e  sp ec tru m  o f  au x o tfo p h s  

a l r e a d y  o b ta in e d  i n  Ho'aroaporaj T ab le  13 i n d i c a t e s  th o se  

ty p e s  o f  auxotropliQ n o t  i s o l a t e d  by Tatum o t  al* (1950)*

T h is  t a b l e  a l s o  r e f e r s  t o  th o s e  ty p o s  o f  auxotrop}:iB n o t  

i s o l a t e d  by tho  ^ t o t a l  i s o l a t io n ? ’ tochniou©  i n  A s p e r g i l lu s  

o r  O phiostom a; su ch  auxo tron lis  wore i s o l a t e d  i n  b o th  

o rgan ism s by a e l e e t l v o  t e c h n iq u e s  and in c lu d e  i n  A s p e r g i l lu s  

b o th  a g uan ine  and a t r y p to p h a n o - r e q u i r in g  au x o tro p h  and i n  

Ophio stom a a p a r a -  am inobenzoic  a c id  and gu an ine  -  r e  qu i r in g  

a u x o tro p h  ( F r i e s ;  1947; P on toco rvo  e t  a l . ^  1953).

,,:.. : E x am in a tio n  o f  T a b le s  IS and 13 r e v e a l s  t h a t  the^ h ig h

|.7 r  Op o r 1 1 on 8 o f  a r g in in e  -  ; l y  s in o  -- and; .adonJ no -.re qu 1 r i n g  

.au x q tro p lis  a m  common t o  a l l  f i v e  s p e c ie s  * Olio h ig h  p ro -  

p o r t i o n  o f p a r a t M o t r o p h i c  au x o tro p h s  i s o l a t e d  from  

Asperp’il.lUB and 0 p h iq s to m a  i s  n o t  p a r a l l e l e d  by y e a s t  o r

I Beui’ospora* I n  th e  ca se  o f P é n i c i l l i u m  I t  i s  n o t  c l e a r  

,, from  th e  p u b l i s h e d  a c co u n ts  w h e th e r  o r  n o t  th e  h ig h  p ro p o r 

t i o n  o f  aiuxotrophs w hich r-espond t o  m e th io n in e ,were t e s t e d  

•fox;' r e sp o n s e  - t o  sinup ler compounds such  as t h i o  s u lp h a te  or  

s u lp h i te *  S hou ld  th e y  n o t  re spond  t o  su c h  compounds^ 

P é n i c i l l i u m  would resem ble  y e a s t  i n  t.he h ig h  p r o p o r t i o n  o f  

me t h i  onino -  r e  q u i  r i n g  aux o troph a  rocovex'od* I t  shou ld  be



11 o

n o te d  t h a t  th e  ocm plete  medium u se d  i n  th e  i s o l a t i o n  o f  

auxotroph© i n  y o a s t  and A sporrg illu s  was I d e n t i o a l ,  The 

d i f f e r e n c e s  i n  th e  q u a l i t a t i v e  y i e l d s  o f  auxotroph©  ootwoen 

th e s e  two s p e c la s  càm io t th e re fo r©  he due t o  any s e l e c t i v e  

a f f e c t  o f th e  medium used*

TABLE 14

Types o f au x o tro p h s  i s o l a t e d  i n  y e a s t  h u t  no t i n  
some o r  a l l  o f  th e  o t h e r  fo u r  s p e c ie s

Tvpe o f A. n ld*  0 . m u l t i . - lu  e r a s  s a ,  P. n o t  , - c h r y
a u x o tro p h  
i s o l a t e d  
i n  y e a s t

T y ro s in e  - -  -

8 0  r  i n e / g l y c i n e  -  -  *j*

P a r a t h i o t r c p h i o  4-

Try |)tophano 't- t

H i s t l d l î i e  -  -* "î* 4-

Aï'ginizie/ornidxlne ‘? « '
(n o t  c i t r u l l i n o )

% i s o l a t e d '  o n ly  by s e l e c t i v e  te o lm lq u e s

M ention  o f  th o s e  ty p o s  o f  au x o tro p h s  n o t  found i n  y e a s t  

b u t  found  com parat 1 v e ly  f r o q t i e n t ly  i n  some o r  a l l  o f  th e  

o t h e r  f o u r  s p e c ie s  does  n o t  seem t o  be j u s t i f i e d  a t  t h i s  

t im e i n  view o f  th e  number o f  au x o tro p h s  i s o l a t e d  i n  y e a s t  

eoRpared v /itîi  th e  numbers i s o l a t e d  i n  th e  o t l io r  sp ac ie s*

However; th e  r e v e ra e  doe's n o t  h o ld  ; t h a t  is ^  m en tion  i s



■ 114 -

j u s t i f i e d  o f  th o s e  ty p o s  o f  au x o tro p h s  found i n  y o a s t  and 

n o t  i n  some o r  a l l  o f  th e  o th e r  sp e c ie s*  E x am in a tio n  o f 

T ab le  14 (%)age 113) r e v e a l s  t h a t  among th o s e  ty p e s  a re  

t y r o s i n e  ; s e r i n e / g l y c i n e   ̂ l i l s t i d ln O ;  and t ry p to p h a n e  ( on ly  ̂  

1*0.,; n o t  re sp o n d in g  t o  o t h e r  known r e l a t e d  g row th  f a c t o r s  ; 

f o r  example in d o le  o r  a n t h r a n i l i c  a c i d ) *

W hether th e  cliffea^encoa shown i n  T ab le  ti*- a re  r e a l  o r  

a re  s im p ly  clue t o  th e  range o f  n u t r i e n t s  u sed  t o  c h a r a c t o r l z e  

aiu:otro 'phs i s  n o t  c e r t a i n  from  tho  p u b l i s h e d  a c c o u n ts .

One ty p e  o f  a u x o tro p h  ̂  t h a t  r e q u i r i n g  L - ty ro  s in e  f o r  

grovrbh; shows n o v e l  p r o p e r t i e s .  Two au x o tro p h s  o f  t h i s  ty p e  

have boon i s o l a t e d ;  one by th o  * t o t a l  i s o l a t i o n ’ te c lm iq u e  ; 

th e  o t h e r  i n  th e  expo r im en t s on tho  * s t a r v a t io n *  te c h n iq u e  

( P a r t  XIXA), B o th  th o se  s t r a i n s  wore t e s t e d ;  w i th o u t  

sueCOS3; f o r  g ro w th  reo p en so a  to  each  o f  th e  fo l lo w in g  

BUbst ance s : L -pheny la lan ix io  ; p a ra -h y d ro x y p h e n y la la n in e  , 

p a ra -h y d ro x y p l ie n y lp e m v ic  a c id ;  p h e n y lp e ru v io  a c id  and 

d i - l o d o t y r o s i n e , These m u tan ts  cou ld  be b io c h o m ic a l ly  

ana logous  t o  p h e n y I k e to n u r ia  i n  xaaii; i n  w hich  th e  s y n th e s i s  

o f  t y r o s  in o  from  p h e n y la la n in e  i s  supposed  to  be p a r t i a l l y  

b lo c k e d  ( P o l l i n g 1934  ̂ P en ro se  and Q u a s te l  , 1957 ; J e r v i s  ; 

1947).

The o c c u rre n c e  o f  au x o tro p h s  r e q u i r i n g  t^ /ro s in o  as w e l l  

as o ther- a ro m a tic  compounds in  Heurosno;ra h as  been  re p o r te d  

by Tatum o t  a l ,  (1 9 5 0 ) ,  Tho b io c h e m ic a l  s i t u a t i o n  has  been
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o lo a re d  by D avis (1950.) f o r  B s c l io r ic l i ia  o o l l  by tho  demon- 

s t r a t  ion. t h a t  sh ik ira io  a c id  i s  a p r e c u r s o r  o f  a l l  th e  aromat:' 

Gompoimds r e q u i r e d  by th e s e  m utants*  Oleax-ly th e s e  ty p e s  

o f  aux o tro p lis  a re  n o t  s i m i l a r  t o  th e  t y r o s i n e  r e q u i r i n g  ones 

i s o l a t e d  i n  y e a s t  « Mo b io c h e m ic a l  i n v e a t i g a t i o n s  wore 

c a r r i e d  ou t on th e s e  m u tan ts  b ecause  th e  i n v e s t i g a t i o n  o f  

seq u en ces  o f biochomloaX r o a c t io n s  was o u ts id e  th e  scope o f  

th e  p r e s e n t  work, F o r  th e  a aim reason ,, none o f  th e  o th e r  

m u tm ta  was i n v e s t i g a t e d  beyond th e  miniimm no ce a s a ry  f o r  

u s in g  thorn as m ark e rs  i n  g e n e t i c  a n a l y s i s .

i t  i s  i n t e r e s t i n g ;  to  n o te  t h a t  th e  a r g in in e  ^requ iring  

auxo tro p li  w hich  re sp o n d s  a l s o  t o  o r n i t h i n e  do es  n o t  re spo nd  

t o  G it p u l  l i n e  w hich  i s  an. I n t e r m e d ia te  be tw een  o r n i t h i n e  

and a r g in in e  i n  th e  Krebs c y c l e . I n  th i s . ,  y e a s t  re  comblas 

A sporp ;illu8  n ick ilan s  (P on tooorvo  o t  a l . ,  1953) b u t  d i f f e r s  

r  roh'i Meur o ap o r  a  and B s ciio 3?i e lii a c o i l .

h o s t  o f  th e  a u x o tro p h s  r e q u i r i n g  a r g i n i n e . /  o r n i th in e ^  

o r  a r g in in e  a lo n e  were oxarai^aod a u x a n o g ra p h ic a l ly  f o r  i n t e r 

a c t i o n s  w i th  l y s i n e . I n  n e a r ly  a l l  c a s e s  (T ab le  15) l y s in e  

C o m p e t i t iv e ly  i n h i b i t s  g row th  on exogenous a r g in in e  (Doermaimi 

1944g P cn teo o rv o  o t  a l * ,  1953)* Only one s t r a in ^  B7/20* 

r e q u i r i n g  a r g in in e  o r  o r n i th in e ^  w hich  was iisdd i n  th e  

Î s t a r v a t i o n -  ex p e r im en t a o f P a r t s  I I I  and IIIA ^ was f u l l y  

t e s t e d  f o r  th e  r a t i o  o f  m o la r  c o n c e n t r a t i o n s  a t  w hich  t h i s  

o o m p e t i t lv e  i n h i b i t i o n  ta k e s  p lace*  I t  was found t h a t  a



116 . ™

s l i g h t  I n h i b i t i o n  o c c u rre d  a t  îuo lar  r a t i o s  of 2 Xysino ; 

a r g in in e  and. t h a t  com ple te  i n h i b i t i o n  o c c u r re d  a t  m o lar  

r a t i o s  o f  3 l y s i n e  ; 1 a r g i n i n e 3 ? a t l o s  s l i g h t l y  h ig h e r  th a n  

th o s e  found  i n  ai\girrlne ro  qui r i n g  a u x o tro o h s  o f  Asper/d. l l u s  

by P o n to co rv o  a t  a l .  (1 9 5 3 ) . Mo p r e c i s e  t e s t s  were u n d e r 

ta k e n  t o  d i s c o v e r  wliotlier o r  n o t  th e  l y s i n e  r e q u i r in g  

auX otrophs wore ç ompe1111v e ly  I n h i b i t e d  by a rg in in e *

Ho?/ov'aih th e  330 was no i n d i c a t i o n  o f  su ch  i n h i b i t  io n  on 

auxanogr ap h i c p 1 a t e s .

TABŒ 15

C o m p e tit iv e  i n h i b i t i o n  o f  a r g in in o  r e q u i r in g  a iixo trophs 
by l y s i n e

S t r a i n  H equ irem en t( a ) C o m p e t i t iv o ly  i n h i 
b i t e d  by l y s in e

B 7/2o^ a r g i n i n e /  o r n i t h i n e  4-

05 a rg in in o  4-

06 a r g in in e

-Ü1/2/K4 a r g in in e  ? (n o t  noted)

a s i n g l e  a sco sp o ro  c u l t u r e  from a c r o s s  C3/E4 ( a r g i n i n o /  
o r n i t h i n e  p lu s  aden ine  r e q u i r in g )  x 0 2 4 - lo b  ( p r o to t r o r ^ h ic ) .

Of th e  f i v e  au x o tro p h s  r e q u i r in g  aden ine  f o r  growth^ 

t h r e e  were c o m p o t i t iv e ly  i n h i b i t e d  by  g u a n in e 'o n  auxano- 

g r a p h ic  p l a t e 3 1 th e  o t h e r  two were n o t .  îlo t e s t s  were 

u n d e r ta k e n  t o  d i s c o v e r  th e  r a t i o  o f  m o la r  c o n c o n t r a t io n s  

a t  w h ich  th e s e  c o m p e t i t iv e  i n l i i b i t i o n s  t a k e s  p l a c e .
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TABLE 16

C oiupetltlvo  i n h i b i t i o n . o f fcvie n i n e - r e  q u i r i n g  a iixotroplis  by
guan ine

S t r a i n  Koquirom ento  G o m p e ti t iv e ly  i n h i b i t e d  by
gu an ine  r  "

A7 aden ine  f

02 aden ino  -i'

D l/7  ad en in e  *!-

D l /2 , J 2  aden in e  and t ry p to p h a n e

D l/2  J io  ad en ine  end t33yptophene

Summary and Gonel u a io n

Haplo^ld v e g e t a t i v e  c e l l s  o f Saccharom ycos c o r e v ia i a o  

t r o a t o d  w i th  u l t r a  v i o l e t  and ac ro en ed  by * t o t a l  i s o l a t i o n ^  

y i e l d e d  48 auxoti^ophs. T h is  numbei' was s u f f i c io n t  t o  

p ro v id e  huarhera^ f o r  f u r t h e r  g o n e t i c  w ork. The ty p e s  and 

y i e l d s  o f  t h e s e  auxo trop lis  a re  d e s c r ib e d  and a compas^iaon 

made w i th  th o s e  I s o l a t e d  by a s i m i l a r  te c h n iq u e  by o th o r  

w o rk e rs  i n  Asperppl'llua n id u lan s , .  Onhiostom a im il t ia n n u la tu n i . 

M ourosnora o r& ssa and F o n ic l l l i t a n .  notatum-Ghirysogonim . T ills  

com parison  lias Tevoa led  s im i l a i d  t i e s  and c i i f f a r e n o e s  betw een  

th e  ty p e s  mid y i e l d s  o f au x o tro p h s  re c o v e re d  i n  8 acoharom yoes 

and th o s e  re c o v e re d  i n  th e  otho3? f o u r  s p e c i e s .  I n  p a r t i c u 

l a r  :

a . tlio v a r i e t y  i n  th e  ty p o s  o f  a m in o -a c id - re  qu i rd,ng
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aw m tro n h a  re c o v e re d  i n  Baocliaromyoos i s  g r o a t  on? th a n  t h a t  

3:̂ 0 cove rod  i n  App03y^iJ.Ine and (n)l:ü.p3tcmia b u t  lo o s  t h a n  t h a t  

ro co v o ro d  i n  M ourospora and P o n ic i l l l im u

b . no v l iu r r J s o - re q u ir in g  am cotroplis hurvo boon roco'vorec 

i n  Sac c h a r  onwcoB i n  s i ) i to  o f  tlao a d o p t io n  i n  aomo oxne r im e n t  ; 

o f  a  m o d if ie d  te c lm iq u o ;  a  h ig h  p r o p o r t i o n  o f  ouch ouxo- 

t r a p h s  a re  oorimon t o  a l l  f o u r  o t h e r  s p o o io s ,

0 . th e  h ig h  p r o p o r t i o n s  o f  a r g i n i n o - l y s i r i o - ^  and 

a d e n in e - r e q u i r in g  auxotroplio  a re  common i n  a l l  f i v e  s p e c ie s .

d . th e  h ig h  p r o p o r t i o n  o f  a u r o t r o p h s  re sp o n d in g  t o  

m e th io n in e  ro  cov ered  I n  Saocharoiinrces i s  common i n  b o th  

H ouroapora  and P é n i c i l l i u m  b u t  n o t  i n  A s p e r g i l lu s  and 

0-ohiostoma where a c o r r e s p o n d in g ly  h ig h  p r o p o r t i o n  o f  n a r a -  

t i i i o t r o p h i c  au x o tro p h s  h a s  boon r e c o v e re d .  In  ,PpnlcÜ 1 ^

however^ t h e  p u b l i s h e d  accoun to  t o  n o t  p e rm it  t o  d e c id e  

w h e th e r  t h i s  h ig h  p r o p o r t i o n  d e n o te a  a re q u ire m o n t f o r  

m e th io n in e  o r  f o r  s i jn p lo r  s u b s ta n c e s  su ch  as t h i o s u l p h a t e ,

o* th e  h ig li  %)rOi)ortion o f  eux:otrophs i n  Saccliaro-myoos 

re sp o n d in g  t o  t ry p to ïd ia n e  b u t  n o t  t o  othea? i n t o 3?modiatea i n  

t ry p to p h a n e  o r  n i c o t i n i c  a c id  s y n t h e s i s  i s  n o t  pa3:*allelod 

by  any of th e  otiies;* f o u r  spGOios.

f \  o n ly  Ppiiio lX liuoi i s  s i m i l a r  t o  y e a s t  i n  th e  h ig h  

p r o p o r t i o n  o f  au x o tro p h s  ro  qui ring; Ix ic t id ln o *

The ty p e s  o f  au x o tro p h s  i s o l a t e d  from  SaGc h a r oniycos 

b u t  n o t  from  some 05? a l l  o f th e  o th e r  f o u r  spec l e s  have b een
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l i s t e d ^  t h e s e  in c lu d e  th o s e  r e q u i r i n g  ty ro s in e , ,  h i s t i d i n e ,  

t ry p to p h a n e  o n ly ,  s e r lx ie /g ly c in e  end a r g i n i n e / o r n i t h i n e  (n o t  

c i t r u l l l n o ) ,

A numbar o f  p o i n t s  are  o f  i n t e r e s t ;  th e s e  in c lu d e  th e  

oGcuiTonce o f a t y r o s i n e - r e q u i r i n g  au xo trop li  wliicli does n o t  

rcGspond t o  th e  known p:r6 cu ré  o ra  o f  t y r o s  ino  and wiiich up t o  

th e  p ro  s e n t  h a s  n o t  boon i s o l a t e d  i n  any ono of tlio  above 

m en tio ned  o t h e r  s p o o ie s ;  th e  c o m p e t i t iv e  i n h i b i t i o n  by 

ly s in o  o f  exogenous a rg in in e ,  s u p p l ie d  t o  a r g i n i n e - r e q u ir i n g  

auxo trop lisg  and th e  c o m p e t i t iv e  i n h i b i t i o n  by g uan ine  o f  

exogenous aden in e  s u p p l io d  t o  ac lo u in o -req u ir in g ; a u x o t ro p h s ,
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PART.II I

Tho Det examinât io n  o f  th e  D i f f é r e n c e s  betw een  th e  

S u r v iv a l  R a te s  o f  a  Mono a u x o tro p h ic  and a Di auxo t  ro o h i  c  r ■ '■‘■- ■"'«---■ -f f— -f* -- r*-"-    .!> — —" •**• f - 1- « -fc j- —r^-—— ~ I ' .1 “ri r  r i-iinin i rr  r — i r i i i u .ifr .'̂ i n 11 _i>mjnii nu ri ,#,i «i-ffiip *i---iti .i.ni ■ *

S t r a i n  o f  Saoolmromyqes c e r o v ia l a e  u n d e r  S t a r v a t i o n  Conditions 

Xntr^ocluôtion#»tiT » 11 .irfk#i™#V n '|Wf

F r i e s  (1948a, 1946b) and Macdonald and P on teco rv o  (1950, 

1955), w ork ing  w i th  OuhlostoBia m ultiaxm ula ttim  and A sp errd .l lu s  

n id u la n s  r e s p e c t I v e l y ,  found t h a t  c o n id l a  w i th  two a d d i t i o n a l  

n u t r i t i o n a l  re q u ir e m e n ts  ( d i a u x o t r o p h i c ) ,  a r i s i n g  as a ooxxse

quence o f  in d u ced  m u ta t io n  among I r r a d i a t e d  c b n id i a  w i th  on ly  

one re q u ire m e n t  (m onoauxo tr 'oph ic ) , s u rv iv e d  lo n g e r  u n d e r  

s t a r v a t i o n  c o n d i t io n s  th a n  th e  p a r e n t  m onoauxotroph ic  

c o ï i ld ia .  By a p p r o p r i a t e  T>oriods o f  s t a r v a t i o n  i n  m inim al 

medium th e  l a t t e r  w o rk e rs  obtai^aOd y i e l d s  o f  up to  6 9 /  

d ia u x o t ro p h s  among c o lo n ie s  a r i s i n g  from  i r r a d i a t e d  mono- 

auxot r o p h i  c c o n id i  a ,

I t  was hoped t h a t  t h i s  te c h n iq u e  c o u ld  be a%)pliod to  

8 accharom yces c e r o v i s i a e  i f  monoauxo13?ouIiio c e l l s  were found 

t o  d ie  o f f  g x io k e r  th a n  d ia u x o t ro p h ic  c o l l s  u n d e r  s t a r v a t i o n  

c o n d i t io n s  (8 .  ee33ôvlsiae h as  no c o n i d i a l  s t a g e ) .  To d e t e r -  

mine t h i s ,   ̂r e c o n s t r u c t io n ^  Q xperim en ts , s i m i l a r  t o  th o se  o f  

A s p o rR i l lu s  and Ophlostom a, wore c a r r i e d  o u t . C o l ls  o f  b o th  

a  m onoauxo troph ic  s t r a i n , a n d  o f  a d ia u x o t r o p h ic  s t r a i n  

d e r iv e d  from  i t ,  were s u b je c te d  t o  s t a r v a t i o n  o v e r  d i f f e r e n t  

p e r io d s  t o  d e te rm in e  w h e th e r  th e r e  was a  d i f f e r o n t l a l  su rv iv a ]
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w i th  th e  same t r e n d  as i n  th e  o t h e r  two a p o e ie a .

I n  A. i i id u la n s -  th e  Go l o u r  o f  th e  coniclia. o f  t h e  mono- 

m ix o tro p h lo  s t r a i n  d i f f e r e d  from  t h a t  o f  th e  d ia u x o t ro p h ic  

s t r a i n 5 th e  mimbers o f  c e l l s  o f  each  s t r a i n  s u rv iv in g  

s t a r v a t i o n  c o u ld ,  t h o r o f o r o ,  bo sc o re d  v i s u a l l y . îîo 

c o lo u re d  c e l l s  o f  B. c o r e v i s ia o  wore a v a i l a b l e  t o  servo  th eil W ây fV>" 4*»™ ittew iSV,!, letW W1*

same p u r p o s e . To av o id  th e  l a b o r io u s  p ro c e s s  o f  s c o r in g  

s u r v iv in g  c o lo n ie s  by t e s t i n g  t h e i r  g row th  ro q u iro m o n ts , a  

m o d if ie d  te c lm iq u o  was ev o lv e d ;  t h i s  i s  d e s c r ib o d  below . 

F o llo w in g  th e  c h o ice  o f  a u x o tro p h ic  s t r a i n s ,  t h r e e  

e x p e r im e n ts  wore unde i t  aken : th e  f i r s t  t o  d e te rm in e  th e

s u r v i v a l  r a t e  o f  th e  mono a u x o tro p h ic  s t r a i n ;  th e  second and 

t h i r d ,  u t i l i z i n g  th e  knowledge g a in e d  from  th e  f i r s t ,  t o  

d e te rm in e  th e  p e r io d  o f  s t a r v a t i o n  a t  w h ich  th e  g r e a t e s t  

d i f f e r e n c e  e x i s t e d  be tw een  th e  s u r v i v a l  p e r c e n ta g e s  o f  th e  

mono a u x o tro p h ic  and d lax ixo trop liio  s t r a i n .

Oho i c e  and o r i g i n  o f  s t r a i n s i

A p e r s o n a l  co w m u iica tio n  from  P r o f e s s o r  Ih E p lm xssi 

i n d i c a t e d  t h a t  tho  ^w ild  type^ s t r a i n  B15 r e q u i r e d  t h r e e  

v i ta m in s  f o r  norm al g row th . I t  was re a so n o d  t h a t  i f  one 

o f  t h e s e  re q u ire m e n ts  was a b s o l u t e , a  * read y  made’ monoauxo- 

t r o p h  Would be a v a i l a b l e .  To detexmdne t h i s ,  washed c o l l s  

o f  a  s i n g l e  spore  c u l t u r e  o f  t h i s  s t r a i n ,  h a r v e s t e d  a f t e r  

t h r e e  d a y s  i n c u b a t io n  on com plete  modiimi, ?/ôre p l a t e d  on a 

s é r i é s  o f  m o d if ie d  m in im al a g a r  m ed ia , Each medium was
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o n e , two o r  a l l  t h r e e  o f  th e  fo l lo w in g  n o m a l  c o n s t i t u e n t è  

o f  m in im al medium: D - b io t i n ,  i - i n o s i t o l ,  c a lc iu m  D -p an to -

th e n  a t e . A pprox im ate ly  1 x 10*̂  c e l l s  were sp re a d  on each  

o f  f o u r  d i s h e s  o f  e a c h  medium. Okie d i s h e s  wore in c u b a te d  

f o r  f o u r  days a f t e r  w hich  tim e any v i s i b l e  c o lo n ie s  were 

c o u n te d ,

T ab le  17 (page 125) g iv e s  th e  r e s u l t s  o f  th e  t e s t s .  I t  

shows t h a t ,  i n  s p i t e  o f each  o f  th e  f a c t o r s  b e in g  n e c e se a ry  

f o r  norm al g row th , a sm a ll  amount o f  g row th  w i l l  o cc u r  

W ithou t t h e i r  p r e s e n c e .  St33ain B15 co u ld  n o t ,  t h e r e f o r e ,  be 

u se d  as e i t h e r  th e  mono a u x o tro p h ic  o r  d l  a u x o tro p h ic  s t r a i n  In  

th o  ’ r e c o n s t r u c t i o n ’ e x p e r im e n ts .

I t  had  b een  n o te d  p r e v io u s ly  t h a t ,  i n  o r d e r  to  s u r v iv e , 

s t r a i n  B 7/20, ro q u izd n g  a r g in in o  o r  o r n i t h i n e  f o r  g row th , 

needed  s u b c u l tu r in g  more o f t e n  th a n  any o t h e r  s t r a i n  

r o u t i n e l y  s u b c u l tu r e d  i n  th e  l a b o r a to r y .  F o r  t h i s  r e a s o n  

i t  Y/ao u sed  as th o  mono a u x o tro p h ic  s t r a i n  i n  th e  ’ re c o n 

s t r u c t i o n ’ e x p e r i in o n ts .  The d i  a u x o tro p h ic  s t r a i n ,  0 12 /2 9 , 

0330se as an Induced  m utan t among u l t r a  v i o l e t  i r r a d i a t e d  

c e l l s  o f  B 7/20; i t  r e q u i r e d  aden ine  i n  a d d i t i o n  to  a r g in in e  

o r  o r n i t h i n e

’ K e c o n s t ru c t io n ’ Fxperim en t s

Methods

Known mxmbors o f  v;ashed a u x o tro p h ic  c e l l s ,  h a rv e s te d
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TABLE 17

Tho nujribe33 and oom penatlvo s i z e  o f  coXonins a r i s i n g  a f t e r  
In o t ib a t io n  o f  s t r a i n  B16 on m inim al agar, m edia  from  w hich  were 
o m it te d  ono o r  more o f  th e  u m ia l  v i ta m in  suppleraontB *

S e r i e s  Crrovrth f a c t o r s  Mo. o f  c o lo n ie s
o m it te d  from  a f t e r  4 days
^minimal meclium^ in c u b a t io n

{per p l a t e ) ( t o t a l )

1

2

o

5

none

i - i x i o s i t o l

D - b i o t i n

82
76
89

D - b io t in
i - I n o s i t o l
G a  o D-p cmt 0  t l ie n a t  a

90
70

0a . D-p an t  o t  h o n a t  e 77
86

355

n o t  Counted

70

78
86

525

n o t  co u n ted

Approximate s i s e  o f  
c o lo n ie s  r o 1a t  ivo  
t o  th o s e  o f  s e r i e s  I

norm al

a  fo\Y p i n - p o i n t  
c o lo n ic s  v i s i b l e  
t o  th e  naked eye

c o l o n i e s t iv o - th irc ls  
norm al s i s o

c o lo n ie s  tw o - t h i r d s  
norm al s i z e

p i n - p o i n t  c o lo n ie s  
on th e  average  
tv ;ice  th e  s i s e  o f  
th o s e  on d i s h e s  
o f  s e r i e s  2

tliG amount o f  each  o f  th e  groY/th f a c t o r s  p e r  p l a t e  when added 
was as  fo l lo w s  ;

D - b i o t i n ,  0 .0 6  ml<i o f  a s o l u t i o n  o f  25 gaimna p e r  10 m l. d i s 
t i l l e d  w a te r ;  i - i n o s i t o l ,  0 .0 5  m l. o f  a  so lu t io 3 i  o f  50 mgms. 
p e r  10 m l. d i s t i l l e d  wates?; ca lc iu m  D -p a i i to th o n a te ,  0 .0 5  m l. 
o f  a s o l u t i o n  o f  10 rngTms. p e r  10 m l. o f  d i s t i l l e d  wateir.
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from  th r e e - d a y  o ld  o u l tu r e s  on comp l e  to  ag a r  medium, were 

spread, on th e  s u r f a c e  o f  15 ml. amounts o f  m inim al a g a r  

medium i n  p e t r i  d i s h e s  ; t h i s  medium la c k e d  a r g in in o ,  

o r n i t h i n e  and a d e n in e , th e  g row th  f a c t o r s  r e q u i r e d  by th e  

a u x o tro p h s .  F our m l. o f  m o lten  m inim al a^sar medium, co o led  

to  4 0 ^ 0 . ,  were p o u red  o v e r  th e  sp re a d  c e l l s  t o  p re v e n t  t h e i r  

d e a th  by d e s i c c a t i o n  and to  on euro t h a t  an.y pro,tot3?ophlc 

c o lo n io s  a r i s i n g  by b ack  m u ta t io n  would n o t  be sps^ead o v e r  

th e  p l a t e  when th e  en richm en t v;aa ad d ed .

Snrichm ont i n  th e  form o f  e ig h t  d i c e s  o f  m o d if ie d  

com plete  ' a g a r  medium^, & in c h  In  diametox^ and t  in c h  t h i c k  

were p la c e d  a t  e q u i d i s t a n t  p o i n t s  on th e  s u r fa c e  03? th e  

m in im al a g a r  medium. These e n r lc h n e n t  d i s c s ,  usod  i n s t e a d  

o f  a l a y e r  o f  com plete  a g a r  medium, p re v e n te d  c ra c k in g  o f  

th e  a g a r  when c o lo n ie s  . a ro se  a f t e r  e n r ic h m e n t , A to p  l a y e r  

o f  com plete  a g a r  medium w ould, i t  was th o u g h t ,  encourage  

r a t h e r  th a n  p re v e n t  such  c r a c k in g .  i l i r t h o r ,  th o  u se  o f  

d i s c s  made i t  e a s i e r  t o  i s o l a t e  sam ples o f  th e  c o lo n io s  

w hich  a ro sc  a f t e r  e n r ic h m e n t .

Colony c o u n ts  w ere made f i v e  t o  seven  days a f t e r  e n r i c h 

ment d epend ing  on th e  p e r io d  o f  s t a r v a t i o n .  S u rv iv a l  r a t e s

^  s to c k  com plete  medium m o d if ie d  by th e  a d d i t i o n  o f  e a c h  o f  
th e  f o l lo w in g  p e r  100 m l, : 2 ml ,  L - a r g in in e  monOhydrochlo
r i d e  ( e q u iv a le n t  t o  24 mg, p e r  m l* ) , 0 /1  gm. o f  ye a s t r a l ,  4 
m l. o f  c a s e i n  hydro  l y s a t e  ( e q u iv a le n t  t o  125 ingms. o f  c a s e in  
p e r  m l , ) ,  and 2 m l. o f  h y d ro ly s e d  y e a s t  n u c l e i c  a c id  (equiva* 
l e n t  t o  100 mgms, o f  y e a s t  n u c l e i c  a c id  p e r  m l.)*
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wore G à lo u là te d  from  th o  a if fe x ie n o e s  betY^oon th e  numbers o f  

o o lo n ie s  a p p e a r in g  after* enric lm iont and th e  mmiber o f  c o l l s  

p l a t e d ,  The n rn tbers  o f  V ia b le  c e l l s  p l a t e d  were known from  

th e  lum bers  o f  c o lo n io s  a p p e a r in g  cm th e  isim iediately  e n r ic h e d  

s e r i e s  o f  d i s h e s .

In  E xperim ent s 2 and 5 , mono a u x o t ro p h ic  and d i  auxo

t r o p h i c  c e l l s  were p l a t e d  on. d i f f e r e n t  d i s h e s  and c o u n ts  o f  

c o lo n ie s  mado d i r e c t l y .  T h is  av o ided  t e s t i n g  th e  grov;th  

re q u ir e m e n ts  o f  e a c h  co lony  a r i s i n g  a f t e r  enric lm ien t ; such  

t e s t i n g  would have t o  bo done i f  o n ly  m ixed su sp o n s io n s  wo^o 

p la te d *  I t  was n o t  Imown, how ever, w h e th e r  t h i s  p ro c éd u re  

would g iv e  th e  same r e s u l t s  as th o s e  o b ta in e d  from  p l a t i n g  

mixed s u s p e n s io n s , I t  was p o s s i b l e  t h a t  ono s t r a i n  

i n f lu e n c e d  th e  d y in g  o f f  o f  th e  o t h e r  when b o th  were p l a t e d  

t o g e t h e r .  To f i n d  w h e th e r  t h i s  was so ,  a d d i t i o n a l  s e r i o s  

o f  d i s h e s  were p l a t e d  w i th  m ixed s u s p e n s io n s  and s t a r v e d  f o r  

p e r io d s  s i m i l a r  t o  th o se  p l a t e d  w i th  s i n g l e  s t r a i n s .  The 

numbers o f  c o lo n ie s  w hich  app eared  on th o  mixed s u s p e n s io n  

d i s h e s  were th e n  compared w i th  th o s e  on th e  s in g l e  s t r a i n  

d i s h e s  s t a r v e d  f o r  a  s i m i l a r  p e r io d .  I f  one s t r a i n  

in f lu e n c e d  th e  s u r v i v a l  r a t e  o f  th e  o t h e r  when b o th  were 

p l a t e d  t o g e t h e r ,  e i t h e r  more o r  fe w e r  c o lo n ie s  would have 

r e s u l t e d  on th e  m ixed s u s p e n s io n  d i s h e s  th a n  éx p o c ted  by 

c a l c u l a t i o n  from  th o  r e  s u i t  s o f  s i n g l e  s t r a i n  d i s h e s ,

A b r i e f  summary, o f ' t h e  th r e o  e x p e r im e n ts  i s  as fo llov m  :



E xperim en t S u s p e n s io n s ( s ) o f  B o rlo d s  o f  îtonbor o f  d ishes
c e l l s  s t a r v e d  s t a r v a t i o n  ( p e r  su sp e n s io n

(d a y s)  p e r  p e r io d )

1 M onoauxotrophic 6 , 6 and 7 4

2 Mono a u x o t r o p h ic , 3 and 6 5
D iauxo t r o p h i c ,
and Mixed

3 Ivïono auxot r o p h i c , 1, 2 and 3 5
D iâuxot ro p h i  c ,
and Mixed

Ex]3 0 r im e n t  a l  Ro su 'l t  s

Tl'ie r e s u l t s  a re  shown i n  T a b le s  18 -  21 (pag es  127 , 128 , 

129 and 131) and F ig u re s  1 -  3 (p ag es  132 and 133 ) .  They 

may be suimnarised as fo llo v /s  :

1. The m ajo:o lty  o f  monoauacotrophlc c o l l s  d ie d  o f f  w i t h i n  

tho  f i r s t  t h r e e  days o f  s ta ir-va tion  i n  m in im al medium, 

( S u r v iv a l s  o f  4 . 8 /  i n  th e  l o t ,  6 . 1 /  i n  th e  2nd, and 9 5 /  i n  

th o  3 rd  e x p e r im e n t . ) The f a c t o r s  ao c o u n tin g  f o r  th e  

d i f f e r e n c e s  i n  th e  r e s u l t s  o f  th e  th r o e  es'iper im e n ts rem ain  

unlniown,

2.  The d ia u x o t r o p h ic  c e l l s  d ie d  o f f  a t  a  s lo w er  r a t e  th a n  

th e  m onoauK otrophic o n es .  ( S u r v iv a l s  a f t e r  t h r e e  days 

s t a r v a t i o n  o f  2 5 /  v e r s u s  6 /  i n  th e  2nd, and 5 3 /  v e r s u s  1 6 /  

i n  th e  3 rd  e x p e r im e n t , ) The re  s u i t  s a re  t h e r e f o r e  i n  f u l l  

agreem ent V)ith th o s e  o f  F r i e s ,  and Macdonald and P o n te c o rv o .
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'Jf/iBLïï 18

Tho poroôntagG  s u r v i v a l  o f  monoa\ixot r o p h i c  c e l l s  o f  s t r a i n  
B7/20 ( a r g in in o  r e q u i r in g )  a f t e r  p e r io d s  i n  m inim al medium o f 
5 , 6 and 7 d a y s ,

P e r io d  o f  
s t a rv a t io n ^ '

(d ay s)

0
( c o n t r o l )

Ho* o f  c e l l e  Ho. o f  c o lo n ie s  co u n ted  
p l a t e d  
( haemooytGiii- 
o t e r  c o u n t )

/  s u r v i v a l
5 days a f t e r  o n r i e t a e n t  o f  ee lls^ -^  

( p e r  p l a t e )  ( t o t a :

1 .7  X 10.2
130
134

179

'̂ l*.

100

Ù

6

7

1 .7  X 10

1 ,7  X 10'
o

1 .7  X 10

o
8
8
7

0
1
0
0

0
0
5
0

5

4 ,8

0 .1 7

0 . 8 6

3 .4  X 10
o 1

0
2

A 0 .3 4

p e r io d  o f  s t a r v a t i o n  means th e  l e n g t h  o f  t im e e l a p s in g  b e fo re
en r ic h m e n t was added .

b ase d  on 10o /  s u r v i v a l  o f  c e l l s  a f t e r  im m ediate e n r i c h m n t
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The percentage survival of mono auxotrophic cells of strain Ü7/20 (arginine requiring î 
of strain Cl?/29 {arginine and adenine requiring: ad arg) after, 3 and 6 days in minimal me
Strain or mixture Days of starvation Colonies expected with no starvation 

(based on control viable cell counts)
(no. per plate)

Cplonies counted 
after enrichment

(no. per plate) (mean)

arg
(control) 218

arg ad 0(control) 145

arg - arg ad 156

arg 4,360 265

arg ad 2,900 582

arg - arg ad 3.630 468

arg 65,380 752

arg ad

arg - arg ad

48,450

46,490
7)5

1,079
677
788

1423

1156

936

* Calculated from the number of colonies obtained from each of #ie simultaneously enriche< 
dishes. i

-c* denotes that the plate became contaminated.
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A compariaoB o f  th o  aui*viyal poveeu tages 
v a r io u s  p e r io d s  l a  minimal medium.

o f  anoîioauxotrophle' and d l a t

S t r a i ï f P e r io d  o f 
s t a r v a t i o n

fo- surv:

«*w*e*rM»fci»»**HWK*ww-!ir#dih*«wi«*h#aeefcW=AKiy>»Ttt*i

(days)

Experiment 2:

a rg ,
arg,. ad.

0 100
100

arg,
a rg . ad. 3 ,,,.6.1

arg .
arg,' ad. ) ’ 6 l . ,§

2 .3

Experim ent 3:

a rg ,
a rg . ad. 0 IQO 

, 100

a rg .
arg ., ad. 1 6 6 .8  

9k.Q

arg .
a rg , ad. 2 31.8

72.8
a rg . D

15/6
5 à .7

% s u rv iv a l , . a rg  ad 
a rg

1 .0

4 .1

l . S

1.0

1*4

2. j

3 .4

The ne 
oh s e r t  
t  ha t   ̂
auepel 
s j  {

166

arg  . d en o tes  mqnoauxotrophie s t r a i n  BT/SO r e q u i r in g  a r g in in e  ; a rg ,  ̂
t r o p h ic  s t r a i n  012/29 r e q u i r in g  a r g in in e  and ad en in e .
3BÊ ■ " ■■ -  ■■ ' - 'd ish e s  j ) la te d  w ith  hot3i tho  mpnoauxotrophie- and d la u x o tm p h ic  s t r a i n s  
c o lo n ie s  expee ted  on. th e s e  d ish e s  i s  o a leu i.a ted  from, th e  r e s u l t s  o f  0ihg3 
s ta rv ed , f o r  a s i m i l a r  p e r io d .  : I  '



1.0.

0.6

F ig u r e  1 .  Rate o f  d y in g  
o f f  i n  m in im al medium o f  
m onoau xotrop h ic  c e l l s  o f  
s t r a i n  B 7 /2 0  w h ich  r e q u ir e  
a r g in in e f o r  grow th .

F ig u r e  2 .  The r a t e s  o f  d y in g  
o f f  i n  m in im al medium o f  th e  
m on oau xotrop h ic  s t r a i n  BV/20  
( a r g in in e  r e q u ir in g )  and t h o s e  
o f  th e  d ia u x o t r o p h ic  s t r a i n  
C 12/29  ( a r g in in e  and ad en in e  
r e q u i r i n g ) .  For com p arison  
th e  r a t e  o f  d y in g  o f f  o f  a 
m ix tu r e  o f  th e  two s t r a i n s  i s  
a l s o  shown.

I
I

S
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O.T,

8

o.e

e
I o.«

I 0 .9

Î
I
I
I

0.1

0 .1

F ig u r e  3 . The r e l a t i v e  r a t e s  o f  d y in g  o f f  i n  m in im al  
medium o f  c e l l s  o f  th e  m onoauxotrophic  
s t r a i n  B 7 /2 0  ( r e q u ir in g  a r g in in e )  and 
t h o s e  o f  th e  d ia u x o tr o p h ic  s t r a i n  0 1 2 /2 9  
( r e q u ir in g  a r g in in e  and a d e n in e ) .



5a Thus, f o u r  t im e s  as many d ia u x o t r o p h ic  as monoauxo» 

t r o p h i c  c e l l s  s u rv iv e d  th r o e  days i n  m inim al medium In  

ex p e r im e n t 2^ and th r o e  and o n o -h a l f  t im e s  as man^  ̂ In  

oxporim ont 5 , H e i th e r  a f t e r  ono^ tv/o n o r  s i x  days s t a r v a 

t i o n  ( t im e s  l a 4^ 2 ,5 .  and 1 .5  r e s p e c t l v e l y ) d id  th e  d i f f e r e n 

t i a l  s u r v i v a l  r a t e  exceed  t h a t  r a a n i f e s t  a t  t h r e e  days 

(T ab le  21),

4 , When b o th  ty p e s  o f  c e l l s  wore p l a t e d  t o g e t h e r  as a 

mixed s u s p e n s io n ,  up t o  a t  l e a s t  t h r e e  d ay s  s t a r v a t i o n  each  

typo  o f  c e l l  d ie d  o f f  a t  a s i m i l a r  r a t e  as when p l a t e d  on 

i t s  own. I t  was t h e r e f o r e  t o  be e x p e c te d  t h a t  i n  th o  

e x p e r im e n ts  t o  fo l lo w  ( P a r t  I I IA )  th e  d ia u x o t r o p h ic  c e l l s ^  

a r i s i n g  as a conséquence o f  ind uced  m u ta t io n  among monoauxo- 

t r o p h i c  c o l l s ,  a l s o  would d ie  o f f  a t  a s lo w er  r a t e  u n d e r  

s t a r v a t i o n  th a n  th e  mono a u x o tro p h ic  c o l l s ;  t h i s  i n  s p i t e  o f  

b o th  ty p e s  b e in g  n e c e s s a r i l y  p l a t e d  t o g e t h e r .

D iscu s s i on

The Imowlodge t h a t  a  d i f f e r e n t i a l  s u r v i v a l  r a t e  d id  

e x i s t  betw oon tho  tu o  s t r a i n s  and t h a t  i t  was h ig h e s t  

sometime betwoon th r e e  and s i x  days s t a r v a t i o n  v/as e o n s id e ro d  

s u f f i c i e n t  f o r  th e  p u rp o se  o f  u n d e r t a k i n g  th e  n ex t  s e r i e s  o f  

i n v e s t i g a t i o n s  i n  w h ich  th e  c e l l s  would be i r r a d i a t e d  b e fo re  

s t a r v a t i o n  ( P a r t  I I I A ) . A f u r t h e r  e x p e r i m e n t  to  dote rm in e  

w h e th e r  o r  n o t  a  h i g h e r  d i f f e r e n t i a l  s u r v i v a l  r a t e  e x i s t e d
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sometime b e t  we on t h r e e  arid s i x  days s t a r v a t i o n  w ould , i t  v;as 

th o u g h t   ̂ c o n t r i b u t e  Yeir^r l i t t l e  a d d i t i o n a l  in fo rm â t  io n ;  t h i s  

i n  view o f  th e  d e la y  i n  th o  g e rm in a t io n  o f  u l t r a  v i o l e t  

i r r a d i a t e d  c e l l s .  I f  t h i s  d e la y  i s  ca u sed  by f a o t o r ( s )  

in d e p e n d e n t  o f  th e  s t a r v a t i o n  f a c t o r ( s ) ,  th e n ,  f o r  tho  some 

d i f f e r e n t i a l  s u r v i v a l  r a t e  a  lo n g e r  p e r io d  o f  s t a r v a t i o n  

would be n e c e s s a ry  f o r  ixu-^adiated th a n  f o r  n o n - i r r a d i a t e d  

c e l l s .
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PART I I IA

The S t a r v a t i o n  H ates  i n  M inimal Medium o f  U l t r a  V io le t  

indnood  1)1 anxo t r o p h i c  C e l l s  and t h e i r  p a r e n t  Mono a u x o tro p h ic  

C e l l s

I n t r o d u c t i o n

Two oxporirAantrj were u n d e r ta k e n  to  d e te rm in e  w h e th e r  

o r  n o t  d ià u x o t ro p M c  c e 3.1s, a r i s i n g  by im ta t i o i i  frora u l t r a  

v i o l e t  i r r a d i a t e d  mono aux ot3:^ophio ce l3 ,e , behave i n  th e  same 

mannoz" ac th o s e  u sed  i n  th e  ' ro c o n s tz 'u c tlo n *  expoz^imonte 

(P a r t  I I I ) ,  i . e .  d ie  o f f  more s lo w ly  th a n  th e iz '  p a r e n t  mono- 

auxotz^o%)hic c e l l s  im d er  s ta rv a t io z z  c o n d i t i o n s .  T h is  would 

be shown by a p r o g r e s s iv e  r i s e  i n  th e  p e rc e n ta g e  o f in d u ced  

d ia u x o t ro p h s  raoovez'ed f i f t e r  s u c c e s s iv e  poxhods o f  s t a r v a 

t i o n .

I t  had  been  n o te d  i n  p r e v io u s  expo r im en t s ( P a r t  I I )  t h a t  

th e  gz^owth o f  u l t r a  v i o l e t  i r r a d i a t e d  c o l l s  i s  d e la y e d ;  

c o lo n ie s  a r i s i n g  from  such  c e l l s  a p p e a r  on th e  average 48 

hoixi’s a f t e r  th o s e  from  n o n « l r r a d ia to d  c o l l s  « I f  t h i s  d e la y  

i s  cau sed  by a d e c re a s e  i n  th e  g e n e r a l  mot a b o l i e  r a t e  o f  th e  

c o l l a ,  i t  i s  probab le  t h a t  t h e i r  r a t e  o f  d y in g  o f f  u n d e r  

s t a r v a t i o n  i s  a l s o  slowed down., Boa3zing t h i s  i n  mind, a t a r -  

v a t  Io n  i n  t)ze fo l lo w in g  e x p e r im e n ts  was n o t l i m i t  od t o  a 

t h r e e - d a y  p e r io d  (when tho  maxiimm d i f f e r e n t i a l  s u r v i v a l  r a t e  

was re c o rd e d  be tw een  m oiioauxotropliic and d ia u x o t ro p h ic  c e l l s  

i n  th e   ̂r e c o n s t r u c t io n ^  expezdmoxits o f  P a r t  I I I ) ,  b u t  was
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a ls o  e x ten d e d  t o  4 , 5 and 6 days r e s p o o t i v e l y ,

Methods

The monoauxotx?ophio s t r a i n  u se d  was th e  same as t h a t  

u sed  i n  th e   ̂r e  c o n s t  zmzctlonl e x p e r im e n ts ,  nam ely, B7/20 

r e q u i r i n g  a r g in in e  o r  o r n i t h i n e  f o r  gz^owth. Tho m ethods o f  

s t a r v a t i o n  and o n r  1 climent o f  c e l l o  woro a l s o  th o  same.

P r i o r  t o  s t a r v a t i o n  9 .m l. su s p e n s io n s  i n  s a l in e '  o f  

app 3?ox im at a ly  2 x  10^ c e l l s  p e r  m l. were i r r a d i a t e d  f o r  3 .5  

m in u te s  a t  40 oms. from  th e  u l t r a  v i o l e t  t u b e .

I n  th e  f i r s t  e x p e r im e n t , tho  p e r c e n ta g e  o f  v i a b l e  c e l l s  

s u r v iv in g  i r r a d i a t i o n  was d e te rm in ed  from  p r G - i 2? r a d ia t io n  

plpfuings on coîapleto  a g a r  medium and p o s t -1  r r a d i ai;io n  

p l a t i n g s  {embedded) i n  hm nod ia to ly  onzd-ched m inim al medium.

I t  became Imown b e f o re  tho  second, ex p e rim en t t h a t  

i r r a d i a t e d  c e l l s  embecMod i n  i m m d i a t è l y  e n r ic h e d  m inim al 

modtom gave lo w er v i a b l e  c o u n ts  th a n  c o l l s  p l a t e d  on com plete  

medium. T h u s , i n  th e  second e x p e r im e n t ,  th e  p e r c e n ta g e  o f  

c e l l s  suz’v iv in g  i r r a d i a t i o n  was d e te rm in e d  from p ro -  and 

p o s t I r r a d i a t i o n  embedding i n  Im m odlato ly  en^ziched m inim al 

medium. The m o r ta l i t y  e f f e c t  duo t o  em bedding was th u s  

e x c lu d e d .

At th e  aamo t i m e , toown d i l u t i o n s  o f  p ro -  and p o s t -  

i r r a d i a t i o n  c o l l s  were embedded i n  com plete  a g a r  medium.

T h is  in v o lv e d  v e ry  l i t t l e  e x t r a  l a b o u r  and se rv e d  t o  d e t e r 

mine w h e th e r  m o r t a l i t y  duo to  embedding i n  m inim al medium
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fo l lo w e d  by enrciolmont tvds in d ep en d e n t  o f  t h a t  due t o  

:l3zrad:lat:lon. I f  i t  was n o t ,  tho  p a r  c o a t  ago m o r t a l i t y  o f  

c e l l s  duo t o  i r r a d i a t i o n  as c a l c u l a t e d  from  m inim al modiimi 

p la t in g ;e  would bo d if fo rco n t from  t h a t  c a l c u l a t e d  f3?om 

0 omp l e 1 0  mo diuiai p 1 a t  1 ng s .

I n  b o th  czEper im e n t8 c e l l s  were s t a r v e d  f o r  5 , ' 4 ,  5 , and 

6 days* Samples o f  c o lo n ie s  a r i s i n g  6 t o  9 da.ys a f t e r  

enri'clmmnt wore tran sfo ia^o c l t o  com plete  medium and l a t e r  

t e s t e d  f o r  t h e i r  [çcovrbh re q u ir e m e n ts  * The unchanged mono- 

a iixo troph s  wore i d e n t i f i e d  by  t h e i r  a b i l i t y  t o  grow on 

m inim al raodiuiu l u s  • L -a rg in in e  m o n o h y d o h l o r i d e  ( 0 ,2  m l. o f  

a 0 ,2  M. s o l u t io n / 2 0  ml, medium) * The i s o l a t e s  w hich  d id  

n o t  grow on. such  medtem wore, p re s iu n ab ly , d ia u x o t ro p h s .

Those were p l a t e - t e s t e d  f o r  t h e i r  a d d i t i o n a l  requizroment by 

th e  same te c h n iq u e  as t h a t  u sed  i n  P a r t  XI o f  t h i s  t h e s i s ,  

e x c e p t  t h a t  f o r  ra ln im al medium re ad  h e r e  raini.iual medium p lu s  

aZ 'g in ino ,

I n  a d d i t i o n ,  p l a t e - t e s t o  were c a r r i e d  out on th e  

fol3.owing two m e d ia 3 (a )  m inhim l medium p lu s  a r g in in o  r>lus

B L -m eth ionine (0*1 ml* o f  a 0 .2 5  M. s o l u t i o n ) , and (b) m in i

mal medium p lu s  arg izzine p lu s  D L -tryp top hane  (0 ,2  m l, o f  a

0 .0 2 5  M, s o l u t i o n ) .  These m edia s e rv e d  to  ' scroerB m e th io 

n in e  and try p to x > h an o - 'req u ir in g  ax ixotrophs, w hich c o n s t i t u t e d  

th e  l a r g e s t  p r o p o r t i o n  o f  a l l  th e  au x o tro p h s  i n  th e  ^ t o t a l  

i s o l a t i o n ^  ex p e rim en t a *
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I n  t h é  f i r s t  e x p e r ira e n t ,  dlanxotz^^ophs o th e r  th tm  th o s e  

ro  quizzing th o s e  two $ub a ta n c e s  were i d e n t i f i e d  auxanographi- 

c a l ' i y .  In  th o  second ezcpar im en t d i a u x o t r o p h s , o t h e r  th a n  

th o s e  r e q u i r i n g  met h i  oizlno , v m r e  n o t  chazzac to r iaed  f u r t h e r .

hxpo 3?iiiiont a l  Ho s u i t  s and Oboe z^vat io n s

T h e  r e s u l t s  o f  th e s e  oxpoz^imezzts a re  shown i n  T a b le s  

22 26 (ïzages 140, 141, 142, 145 and 147) and F ig u re s  4 and

5 (page 143 ) ,  They may be summarisod as fo l lo w s  :

1. Tho i i i o r t a l i t y  o f  c o l l s  due t o  embedding i n  m inim al 

rdOdiiUTi (a s  compared w i th  embedding i n  com plote medima) i s  

in d ep en d e n t o f  t h e i r  m o r t a l i t y  duo to  i r r a d i a t i o n .  T h is  was 

shown i n  th e  second  ex perim en t by a Com parison o f  th e  ro  s u i t s  

o f  p ro  - and po s t  -  i r r a d i a t  io n  p i  a t  i n 2;s i n  m inim al medium 

(e n r ic h e d )  w i th  th o s e  i n  com plete  medium. O f? /  o f  th e  c e l l s  

s u rv iv e d  i i r r a d i a t i o n  as c a l c u l a t e d  from  m inim al medium 

p l a t i n g s  and 0 * 0 /  as c a l c u l a t e d  from  com plete  medium p l a t i n g s  

(T ab le  23, page I4 i)  * 7 6 /  m o r t a l i t y  en su ed  owing to  embedding 

th e  c e l l s  i n  m inim al medium (T ab le  22, page 140),

2 , Sm ^vival p e rc e n ta g e s  o f  c e l l o  fo l lo w in g  p e r io d s  in  

m in h aa l  ' mocllimi o f  4 ,  5 , and 6 days i n  th e  f i r s t  oxperim ont 

( 2 5 .6 ,  1 4 .8 ,  and 4.7  r e s p e c t iv e ly )  c l o s e l y  resem bled  th o se  

a f t e r  3 , 4 , and 5 daq/s i n  th e  second ezqoer im en t (22 , 3.6,7, 

and 11 r e s p e c t i v e l y ) , S u r v iv a l  p e r c e n ta g e s  a f t e r  t h r e e  

d a y s ,  how ever, d i f f e x ’ôd g r e a t ly s  95 i n  th e  f i r s t  and 22 in
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TABLE 22

The p e r o 0 n ta g 0  m o r t a l i t y  o f  non»i r r a d i a t e d  c a l l s  o f  
s t r a i n  BV/20 ( a r g in in e  re q u ir ia ig )  when embedded i n  
im m e d ia te ly  e n r ic h e d  minimal, a g a r  medium r im an t  2)^^

B e r io s  o f  
p l a t e s  and 
modixim i n  
w h ich  c e l l s  
embedded

Cl.-03 
Compléta

Ml» MS
E n r ic h e d
m inim al

Haeiiio cy t  ome t a r  
coun t o f  no . o f  
c e l l s  p l a t e d

( p a r  d i s h )

39

391

Mo, o f  c o lo n ie s  
fo l lo w in g  4 days  
in c u b a t io n

(pe r  d i s h )  (mo a n )

% m o r t a l i t y  
o f  c o l l s

41 
' 50

112

123

50

100»( IB lzlO O / 
50 2C 10) 
= 76121

assum ing lOO^Ï v i a b i l i t y  o f  c e l l s  when embedded i n  com plete
a g a r  medium.
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TABLE 23

The p o re e n ta g o  s u r v i v a l  o f  mono am yotroph ic  c o l l s  o f  
s t r a i n  BY/20 (a rg o n in o  re  qui r i n g  ) f o l lo w in g  (lilxjpori-
m ont8 1 and, 2 X

S e r i e a  o f  
p l a t e s  ■ mid 
medium i n  
w hich  c e l l s  
embedded

C o lon ies  
e x p e c ted  
w i th  no 
i r r a d i a t i o n  
{per s e r i e s )

C o lo n ie s  co u n ted  
a f t e V i n c u b a t1on

( p e r  (p o r  
p l a t e )  s e r i e s )

E xperim ent

A ll  » Aia 
E n r ic h e d
m in im al

1 ,0 6  X 10

19
9

13
12
17

63

P e rc e n ta g e  
s u r v i v a l  o f
c o l l s  fo l lo w in g  
u ,v \

0 .0 0

Experim ent 2

o n  » CIO
Ooïüüiote 4

43
49 
33
50 
56 
54

238 0.8

Mil MI6 
E n r ic h e d  
m inim al

7 .3  X 10
Æ5C 99

79
112

64
61

510 0 ,7

1ft* f.

c a l c u l a t e d  from  p r e « i r r a d i a t i o n  p l a t i n g s  i n  m in im al a g a r  
mediiuiio
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TABIÆ 24
The pôrbeategef aurv lV al o f I r r a d ia te d  monoGiucotrophlG 

o e lle  o f  a t r a l a  W/SO (a rg in in e  re q u ir in g )  a f t e r  pério d e  In  
mlniiilal Wdlùm d f  3 , 4 , 6 qhd G days (Experiment 1 ), and 3^
4^ 5, G end 7 days (Experiment 8 ) .

S e r ie s  o f p la te s  Ifo. o f v ia b le  C olonies counted ^  sb rv lV ai
and p e rio d  o f I r r a d ia te d  a f t e r  enrichm ent o f c e l l s
s ta r v a t io n ^  c e l l s  p la te d

(p e r  (p e r  
(days) (p e r  s e r ie a )  p la ta  s e r ie s )

Experiment 1: 

A ll -  AIS

A1 -  A5

B1 -  B5

Cl -  05

D1 y D6

0 6.S X 10
c o n tro l)

3 .2  % 10^

6 .3  X 10'

6 .3  X 10

1 X 10"̂
( 4 'd ish e s )

Experim ent 2 : .

Mil .  MI6 0 5 .1  X 108
(c o n tro l)

M5/1 -  M5/G 1 X 10'

2 X 10'

M5/1 » M5/6

M6/1 _ M6/6 6
:M7/l -  M'Z/G 7

2.1 3 10̂
(5 d iah es)

1.1 X 10'
6.8 3 10'

12
9

13 65
12
17

56
68
61 299
88
42 -

57
32
24 163
38
52

24
17
11 94
22
20

13
10
10 47

.1 4
c

99
92
72 510

112
64
61

38
28
36 219
38
39
40

58
59
71 353
48
53
50

39
56 250
68
41

no co lo n ies

100

96.0

85.6

14.8

4 .7

100

82.0

16.7

11.0

0

0 .04

p e rio d  o f s ta r v a t io n  means the  len g th  o f tim e e la p s in g  b e fo re  
enrionmen-c i s  added.

'o (  means th a t  p la te  became contam inated.
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1.0

T o

F ig u re  4 .  The r a t e s  o f  
d y in g  o f f  i n  m inim al medium 
o f  u . v .  i r r a d i a t e d  c e l l s  o f  
th e  m on oau xotrop h ic  s t r a i n  
B 7/20  ( r e q u ir in g  a r g in in e  o r  
o r n i t h i n e  f o r  g r o w t h ) .

F ig u r e  5 .  The d e c r e a s e  i n  
th e  p e r c e n t a g e s  o f  m e th io n in e -  
a r g in in e  r e q u ir in g  a u x o tro p h s  
among th e  t o t a l  d ia u x o tr o p h s  
i s o l a t e d  a f t e r  s u c c e s s i v e  
p e r io d s  o f  s t a r v a t i o n  in  
m inim al medium.

CMT& ur  S.'AHV.rK'R



th é  soconci o>cpe r im en t ( T ab le  94^ p ago 14S ) ,

5 .  Ont o f  a t o t a l  o f  B165 i s o l a t e s  t e s t e d ^  60 p roved  to  bo 

d i a u x b t f o p h s « The mimbor o f  I s o l a t e s  t e s t e d  p e r  e ta in ^ a t io n  

p e r io d  are  g iv e n  i n  T ab le  S5 ( p a g e  1 4 5 ) Many o f  th o s e  

i s o l a t e s  were slow grow ing s t r a i n s  (p resum ab ly  s e l e c t e d  by 

t h i s  toom riqno) * th e y  wore s c re e n e d  from  t r u e  c liauxo tro phs  

by a f u r t h e r  p i  a t e - t o  a t .

4 .  The f i r s t  o xp  o r  :lmo n t  g ave a t o t  a l  l y  une xpe c t  e d ro  s u i t  

xiameljj, th e  I s o l a t i o n  o f  9.5JÏ d i  a u x o tro p h s  from  c o n t r o l  

( im m ed ia te ly  onrichecl) p l a t i n g s ^  a  d ro p  to  1.5)^ from  p l a t e s  

s t a r v e d  f o r  5 d a y s ,  and a p r o g r e s s iv e  r i s e  t o  3^8/^, 7.5/? 

and 6o4fi a f t e r  4^ 6 , and 6 clays s t a r v a t I o n  r e s p e c t iv e ly »

These r e  s u i t  s wore n o t con firm ed  by th o s e  o f  th e  second 

expor i m e n t , Hero th e  p e r c e n t  ago s o f  d ia u x o t ro p h s  re c o v e re d  

a f t e r  d i f f e r o n t  s t a r v a t i o n  p e r io d s  d id  n o t  d i f f e r  s i g n i f i 

c a n t l y  from  one a n o th e r  o r  from  th e  c o n t r o l  p l a t i n g s .  They 

were w i t h i n  a p p ro x im a to ly  th e  same range  ( 1 ,34  -  3,81/o) as 

th o s e  o b ta in e d  by th e  ^ t o t a l  i s o l a t i o n ^  too lm ique  ( P a r t  I I  

o f  t h i s  t h e s i s ) ,

5p III t h e  f i r s t  expo rim en t 5 ou t o f  th e  s i x  d i  au x o tro p h s  

i s o l a t e d  from  th e  c o n t r o l  ( Im m ed ia te ly  e n r io h e d )  p l a t e s  

r e q u i r e d  H L-m ethionine • Ihiï’t h e r ,  2 ou t o f  3 o f  th o s e  

i s o l a t e d  a f t e r  t h r e e  days  s t a r v a t i o n ,  and 2 ou t o f  6 a f t e r  

f o t i r  days  s t a r v a t i o n  r e q u i r e d  t h i s  g row th  f a c t o r  (T ab le  26,
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T m n s , %

The p e r c e n ta g e s  o f  cl:lauxotrophs I s o l a t e d  from  u l t r a  v i o l e t  
i r r a d i a t e d  c o l l s  a f t e r  s t a r v a t i o n  p e r io d s  o f  0 ,  3 , 4 , 5 and 6 
days  (E xperim ent X), and 0 ,  S, 4^ 5 , 6 and 7 days (E xperim ent r

Soi’io a  o f  p l a t e 8 
and p e r io d  o f  
s t a r v a t i o n

G oIon ias  i s o 
l a t e d  and 
p l a t e - t e s t e d

Di auxo t  ro p h s  
i s o l a t e d  
a f t e r  r a t e a t

P e rc e n ta g e  o f  
d ia u x o t  ropha

(a ays ) ( n o . ) ( no • )

ExpGflinQnt 1 :

A l l  -  A15 0 63 6 9 .5

Al -  A5 6 239 3 1 .3

B1 " B5 4 150 6 3 ,8

Cl -  C5 5 04 7 • 7 .5

Dl D5 G_ 47 3 . 6 , 4

Bxporlinont 2

O il  -  016^= 0 137 3 2 ,2

0X7 -  Cll2^‘-“‘ 0 210 8 3 ,8

M il -  M16 0 444 ■6 1 ,4

M3/1 -  M3/6 3 218 5 2 ,3

M4/1 » M4/6 4 333 7 2 ,1

M5/1 -  M5/6 5 216 6 2 .8

M6/1 “ M6/6 6 0 O' 0

Î17/1 -  M7/6 7 3 0 0

T o ta l St 2163 GO

^  c o l l s  p i a to d  on tlio s u r f a c e  o f com ple te  a g a r meditun,

c e l l s  ovabeddod i n  com plete  aga:r medium.



-  146 ,

ID age 147), Prasum ablyg t h e r e f o r e   ̂ a  m u ta t io n  a f f e o t i n g  th e  

aJDllxty t o  synthes5.Êso lOL-metMonina had o c c u r  rod  w i t h i n  th e  

c lo n e  o f  m onoatixotrophic c o l l e  p r i o r  t o  t h o l r  i r r a d i a t i o n ,  

T h is  h y p o th e s i s  c o u ld  have been  t e s t e d  by i s o l a t i n g  

and t e s t i n g  c o lo n ie  a from  p r o - i r r a d i a t i o n  c o n t r o l  p la t in g s »

In  view o f  t h e  low sp o n tan eo u s  gene m u ta t io n  r a t e  o f  most 

organism s;, however,, c o lo n ie s  from  such  p l a t  os wore n o t  

t e s t e d  f o r  d im x o tro p h y ^  and by th e  t im e  th o  above r e s u l t  

was d i s c o v e r e d  such  p l a t e s  had boon d i s c a r d e d  »

Should  th e  o c c u r re n c e  o f  such  a m u ta t io n  be tho  t m e  

e x p la n a t io n  o f  t h i s  re  s u i t   ̂ i t  i s  s u r p r i s i n g  to  n o te  t h a t  

such  d ia u x o t r o p h ic  c e l l e  d i e d  o f f  a t  a  fasten? r a t e  th a n  th e  

E ionoauxotrophic c e l l s  from  w hich th e y  a r o s e .  T h is  i s .  shown 

g r a p h i c a l l y  i n  F ig u re  6 (page 143),

Out o f  a t o t a l  o f  100 c o lo n ie s  i s o l a t e d  from  p r o 

i r r a d i a t i o n ,  p l a t i n g s  I n  th e  second ex p e rim en t no d i  a u x o tro p h s  

were r e c o v e re d .  T h is  does  n o t  r e f u t e  th e  m u ta t io n  h y p o th e 

s i s  o f  th e  f i r s t  experim en t*  th e  m u ta t io n  c o u ld  have a r i s e n  

on th o  th r e e - d a y  o ld  c u l t u r e  o f  mono a u x o tro p h ic  c e l l s  u se d  

on ly  f o r  th e  fix^st e x p e r im e n t .

6 , I t  i s  n o t  a p p a re n t  t h a t  t h i s  te c lm lq u o  s e l e c t s  a t  a l l  

and i f  i t  does so l o o t  a s p e c i f i c  ty p o s  o f  au x o tro p h s  (T ab le  26̂  

page 147) o The sp ec tru m  o f  ty p e s  was s i m i l a r  t o  th o s e  

i s o l a t e d  by  tho  ^ t o t a l  i s o l a t i o n ^  to o lm iq u e  w i th  tho  e x c e p t I oj 

o f  th o s e  w hich  when f i r s t  i s o l a t e d  were s t im u la t e d  by a
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8 j.bstances to wMoh aiauxotjg ôpW gave a growth response
S e r ie s  o f p la te s  
and p e r io d  o f  
s ta rv a t io n recovered  

(p e r  a e r ie s ) (no. )

E xperim ent 1 :

All  ̂ A15 0 6 I^-lysine mbnohydroohlorlde 
Dir-msthlonlne

1
3

XAl
%A2, 3, 6

Al." A5 3 3 Adenine monoi^ydrochloride 
nhrmet^lpnlnB

1
2

%A14
%A11 , 13

B1 -  B5 4 6 Adenine monohydroohlorlds 
Aneurin
Deneine^ isoleuclne ) 
Unknown ( 0 . H. ) 
Dii'T'methionine

1
1
1
1
2

m?
XB9
YB5
YBl, 2

01 " 05 3 T DL-tyroslne
h-lyslne monohydrochloride 

,Uracil
1
2
1
1
1-
1

%C2
X04 ,
%C7*rnA

5
—/Æiji il— 01Ü.1aw
Adenihe monohydroehlorlde 
Unknown (O.M.;

XCIO
XG9

Dl -  D5 6 , 3 Uraçil
Deuclne & isoleuolne (N.M. )

1
2

%D3
XD4 . XD6

Experiment 2-TV " V
o i l  -  016 0 3 Casein hydroïysate 

Yeast nucleic held hyd.
2
1

XEl,
;m2

3 ■

017 ~ 0112 0 8 Dh-methionine 
Casein hydrolyaate 
Yeast nucleic acid hard. 
Oornplete medium 
Mixture of vitamins (stim.)

2
3
1
1
1

XPl,
W
XP7
%

6, 8

Mil -  MI6 0 6 D h-ïîiethioniaç 
Casein hydrolysate 
Yeast nucleic acid hyd, 
Gomplete medium

2
2
1
1...

XC2,
XCl
XC6

:

M5/1   ̂ M5/6 3 5 Casein hydrolysate 
Yeast nudlelo' acid hyd. 
Mixture o f vitmtins (stim. )

3
1
1

m s
4 , 5

Mh/l -  Mh/6 4 7 Dh-methlonlne 
Gaséln l^drolysate 
Yeast nucleic acid hyd, 
Coicplete medium 
Mixture of vitamins (stim. )

1
2
2
1
1

XII,

XI7

2 ■ 
6

M5/1  -  M5/6 5 6 Db-methlonlne 
Oaseln hydroiysate 
C(*iïPlete medium

1
3
2

XJl, 2, 6
5

* In a d d itio n  to  arginine/ornithine

d iau x o tro p h s, other th an  th o se  r e g a i r in g  D h-m ethionine, were n o t f u l l y  c h a ra c te r is e d .

(H.M.):  n a tu ra l  m ix tu re ,
only  to  com plete medium, 
m ix tu re  o f  vitamins.

(O.Ii. ) :
(s tiin . ) :

responds to casein hydrolysate. (O.M, ): responds
slow grower s tim u la te d  to  normal growth by a
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v i ta m in  m ixture-. One such  auxo trop li  was i s o la . to d  In  th e  

f i r s t  oxperiîiiont and t h r e e  i n  th e  seco n d . When f u r t h e r  

t e s t e d  f o r  t h e i r  s p e o i f l o  r e q u l r o m e n t s t h r e e  showed g row th  

/over ea c h  i n d i v i d u a l  t o s t  p l a t e  and th o  o th e r  responded  t o  

a n o u r in .  P ro  sum w ily  th e  t h r e e  had a d a p te d  betw een  t e s t s  to  

grow w ith o u t  th e  v i t a m in  i n i t i a l l y  r e  qu i r e d . Such a d a p ta -  

t i o n  mavy accoun t f o r  th e  f a c t  th .a t no su ch  a u x o ti’ophs were 

i s o l a t e d  by th e  * t o t a l  iso ], a t  io n  ̂ t e c h n iq u e  i n  w hich  go m il-  

n a t i o n  t a k e s  p la c e  on com plete  modium on w h ich  th e y  co u ld  

-adapt b e f o r e  th e y  wore t e s t e d .

The t y r o s i n e  r e q u i r in g  auxot3?oph was s i m i l a r  t o  th o  one 

i s o l a t e d  by th e  H o t a l  i s o l a t i o n ’ te c h n iq u e  ( P a r t  I I )  i n  t h a t  

i t  d id  n o t  respond  t o  any Imown p r e c u r s o r  o f  t y r o s i n e .

D is c u s s io n

Ho iho r 'oase  i n  th e  o f f ic : lo n c y  o f  i s o l a t i n g  au x o tro p h s  

was shown even  i n  th e  f i r s t  o f  t h e s e  expe^rdmonts. The 

l a b o u r  in v o lv e d  i n  s c re e n in g  th e  slow growing s t r a i n s  from  

th e  t r u e  d la u x o t ro p h s  g r e a t l y  d e c r e a s e s  th e  o f f i o i o n c y ,

■ C lea rly ; ,  th e  d i f f e r e n c e s  i n  s u r v i v a l  r a t e s  shown i n  th e  

■ ’;,r0  c o n s t  ru c t io n ^  e x p e r im e n ts  o f  P a r t  I I I  be tw een  non- 

i r r a d i a t e d  m onoauxo troph ic  and d ia u x o t ro p h io  c o l l s  wore n o t  

m a n i f e s t  t o  th e  same e x te n t  :in th o s e  o x p o r im o n ts .  The 

d i f f o r o n c q s  co u ld  have b een  masked by tlio  onoxmious s c a t t e r  

i n  th e  g e rm in a t io n  t im e s  o f  th e  c o l l s  a f t e r  l 3? r a d ia t lo n  

(Devi^ }?ontoco3rvo^, and H lgg inbo tto iin  1 951 ),



Tho ro  s u i t  8 o f  tho  p ro  s e n t  work do n o t  exc lu do  tho  

p o s s i b i l i t y  t h a t  i n  f u r t h e r  e x p e r im e n ts  u s in g  d i f f e r e n t  

m onoauxotrophio  s t r a i n s ,  in o ro a s e d  e f f i c i e n e y  i n  th e  

i s o l a t i o n  o f  au x o tro p h s  by t h i s  te c h n iq u e  may bo r e a l i s e d
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