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in  t h e  ep i the l i a  of r e p r o d u c t i v e  accessory  g lands  d u r i n g  
t h e  pe r iod  of t h e  t r e a t m e n t  7,s. T h e  m e t a p l a s i a  in  t h e  
a n i m a l s  of t h e  p r e s e n t  e x p e r i m e n t  was  st i l l  v is ib le  11 
m o n t h s  a f t e r  t h e  l a s t  i n j ec t i on  of es t rone .  F u r t h e r ,  t h e  
processes  of t h e  s q u a m o u s  s t r a t i f i c a t i on  seem to  be  in-  
d e p e n d e n t  of t h e  p resence  of t e s t e s  a n d  ad rena l s  a n d  t h e i r  
s t e ro id  ho rmones ,  a l t h o u g h  corn i f i ca t ion  m i g h t  be  a f fec ted  

Fig. 3. Seminal vesicle of a neonatally estrone-treated rat sacrificed 
at 360 days of age. Epithelium stratified but no cornifieation. × 150. 

Fig. 4. Seminal vesicle of a rat which received estrone treatment 
from day 21-50. Epithelium normal. × 150. 

b y  t h e  r e m o v a l  of these  endoc r ine  glands .  T h u s  t h i s  
m e t a p l a s i a  a p p e a r s  to  be  caused  b y  t h e  n e o n a t a l  t r e a t -  
m e n t  of a h i g h  dose of e s t rogen  a c t i n g  a t  l eas t  in i t i a l ly  
u p o n  t h e  ep i the l i a l  cells of t h e  r e p r o d u c t i v e  accessory  
g l ands  a n d  m i g h t  be  p e r m a n e n t .  I t  shou ld  be  m e n t i o n e d  
t h a t  p e r m a n e n t  h y p e r p l a s t i c  lesions in t h e  v a g i n a  a n d  
u t e r u s  p r o d u c e d  b y  n e o n a t a l  e s t rogen  t r e a t m e n t  was  
r ecen t l y  r e p o r t e d  in mice  a n d  r a t s  9-13. 

Rdsumd. L ' i n j e c t i o n  de  larges  doses  d ' e s t r o n e  ~ des  
r a t s  ma les  au  d 6 b u t  de  la  p6r iode  p o s t n a t a l e  cause  u n e  
s t r a t i f i c a t i on  d a n s  l '6pi th61ium des  g landes  de coagu la t i on  
e t  d a n s  les v6sicules s6minales .  Ce t te  m6tap la s i e  a pers is t6  
1 1 mois  apr~s  la derni~re  in j ec t ion  d ' e s t rone .  
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R a d i a t i o n - I n d u c e d  R e s i s t a n c e  t o  D o d i n e  i n  Hypomyces 

R e s i s t a n c e  to  ag r i cu l t u r a l  fungic ides  in  p l a n t  p a t h o -  
genic  fungi  h a s  n o t  so fa r  c r ea t ed  p r o b l e m s  c o m p a r a b l e  
to  b a c t e r i a l  r e s i s t ance  to  an t ib io t ics ,  or to  r e s i s t ance  to  
c e r t a i n  o rgan ic  insec t ic ides  in  insects .  E v e n  u n d e r  f avour -  
ab le  l a b o r a t o r y  condi t ions ,  well  def ined  re s i s t ance  to  t h e  
m a j o r i t y  of i m p o r t a n t  fungic ides  ha s  n o t  been  ach i eved  1 
T h e  non-speci f ic  m o d e  of a c t i o n  of m o s t  a n t i f u n g a l  com-  
p o u n d s  in  use, is cons idered  as  t h e  m o s t  i m p o r t a n t  f ac to r  
for  t h i s  r a r i t y  of r e s i s t a n t  s t ra ins .  T h e r e  are,  however ,  
m e c h a n i s m s  b y  w h i c h  re s i s t ance  to  non-speci f ic  t o x i c a n t s  
c an  arise.  Hence ,  su i t ab l e  m u t a g e n i c  t r e a t m e n t s  shou ld  
be  ab le  to  i nduce  re s i s t ance  to  m a n y  i m p o r t a n t  fungicides .  
Th i s  v iew is s u p p o r t e d  b y  our  r ecen t  successful  use  of 
UV-  a n d  7 - r ad i a t i on  to  o b t a i n  res i s tance  to  n -dodecy l -  
g u a n i d i n e  ace ta t e ,  c o m m o n l y  k n o w n  as dod ine  or  Cyprex .  
Th i s  c o m p o u n d  is one  of o u r  m o s t  successful  ag r i cu l tu r a l  
fungic ides  a n d  p a r t i c u l a r l y  effect ive  a g a i n s t  Venturia 
inaequalis. Like m o s t  of t h e  p r e s e n t  d a y  fungicides,  dod ine  
is n o t  k n o w n  to  ac t  b y  specific e n z y m e  inh ib i t ion .  I t s  
fung i tox ic  effect  seems to  be  due  to  b lock ing  v i t a l  an ionic  
s i tes  a t  t h e  cell  sur face  or  i n h i b i t i n g  i m p o r t a n t  e n z y m e s  
loca ted  t h e r e  2,3. Th i s  c o m m u n i c a t i o n  r epo r t s  t h e  deve lop-  
m e n t  of r e s i s t ance  to  d o d i n e  in  Hypomyces solani f. 
cucurbitae, a p l a n t  p a t h o g e n i c  p y r e n o m y c e t e  su i t ab l e  for 
genet ic  work,  a n d  gives some f i rs t  d a t a  on  i t s  na tu r e .  

Conid ia  (Fusarium type)  were o b t a i n e d  f rom p o t a t o  
dex t ro se  a g a r  s l a n t  cu l tu re s  k e p t  a t  room t e m p e r a t u r e  
a n d  in diffuse day l i gh t .  F o r  t h e  U V - i r r a d i a t i o n  of t h e  
spore  suspens ions  a 15 W a t t  Ph i l ips  T U V  germic ida l  l a m p  
was used. Th i s  p r o v i d e d  a f lux of 20 ergs m m  -2 sec -1 a t  
t h e  t a r g e t  d i s t ance  employed .  E i g h t  ml of suspens ion  
c o n t a i n i n g  a p p r o x i m a t e l y  32 × 105 of con id ia  were  p laced  
in a n  open  Pe t r i  d i sh  a n d  a g i t a t e d  d u r i n g  i r r ad ia t ion .  
E x p o s u r e  for  6 m i n  was  r equ i r ed  to  give a r o u n d  9 5 %  
le tha l i t y .  I n  o t h e r  a t t e m p t s  spore  suspens ions  in sma l l  
t e s t  t u b e s  were exposed  to 180,000 rads  of 7 - r a d i a t i o n  
f rom a ' G a m m a c e l l  200' Cobal t -60  source  of app rox i -  
m a t e l y  3000 curies.  This  i r r ad i a t i o n  reduced  co lony  fo rma-  
t ion  b y  90%.  Fo r  t h e  se lec t ion  of m u t a n t s  a p o t a t o  dex -  
t rose  a g a r  m e d i u m  of p H  5.1-5.4  c o n t a i n i n g  a b o u t  5.0 
t tmoles  dod ine /100  ml  was used. Th i s  c o n c e n t r a t i o n  was  
1.5 t i m e s  t h e  c o n c e n t r a t i o n  r equ i r ed  to  p r e v e n t  f o r m a t i o n  
of colonies b y  wild t y p e  con id ia  p l a t e d  a t  v e r y  h i g h  
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Fig. 1. Five-day-old growth of 2 dodine resistant mutants of Hypo- 
myces solani f. cucurbitae on potato dextrose agar containing 20 
/*moles dodine/100 ml. Blocks (6 mm in diameter) from water agar 
cultures were transferred to this plate. The picture shows that a 
similar transfer from the original wild type did not produce a colony. 
x 0.66. 

Fig. 2. Conidia of a dodine resistant mutant of Hypomyces solani f. 
cucurbitae placed opposite to conidia of the original wild type by 
micromanipulation. The medium contains 2/*moles dodine/100 ml. 
Incubation for 18 h at 25 °C. × 350. 

100 

t ~  

,~ 50 

0 

DoOine concentration(p moles/lOOInt Of meaium) 
Fig. 3. Dodine dosage-response curves of conidial germination of a 
wild type strain of Hypomyces solani f. cucurbitae and 2 dodine 
resistant mutants obtained from i t .  Incubation for 18 h at 25 °C. 

dens i ty  (2 × 106 conidia  per  Pe t r i  dish). P u t a t i v e  r e s i s t an t  
colonies could be observed  b e t w een  5 and  10 days  af ter  
pla t ing.  

Two wild t y p e  s trains,  10 (mat ing t y p e  a) and  14 
(mat ing  t y p e  A), were used and  a few mill ions of conidia  
were i r rad ia ted  in each case. So far  13 s t ra ins  r e s i s t an t  to  
dodine  have  been  obta ined .  Of these  10 deve loped  a f te r  
UV- and  3 af ter  y- i r radiat ion.  No re s i s t an t  s t ra ins  were  
ob ta ined  f rom equal ly  high n u m b e r s  of non- i r r ad ia t ed  
conidia  p la t ed  and  incuba ted  similarly.  The r e s i s t an t  
s t ra ins  ob ta ined  af ter  i r rad ia t ion  have  been  t r ans fe r r ed  
to  fungicide-free media  w i t h o u t  loss of dodine  res is tance.  
Some of these  s t ra ins  h a v e  been  crossed to  wild t ypes  of 
t he  oppos i te  ma t i n g  t y p e  and  r a n d o m  ascospores  as well 
as t e t r ads  have  been ob ta ined  as descr ibed  previous ly  4. 
Analyses  for dodine  res is tance  have  shown t h a t  in each  
case res i s tance  resul ted  f rom m u t a t i o n  of a single chromo-  
somal  gene. W h e t h e r  all m u t a n t s  ca r ry  the  s ame  gene for 
res is tance  is now unde r  inves t iga t ion .  Ev idence  of l inkage 
to  t he  m a t i n g  t y p e  locus has  been  ob ta ined .  

Dodine  res is tance  in Hypomyces  solani f. cucurbitae is 
ve ry  c lear-cut  and  easy to  recognize in the  l abora tory .  
Mass t rans fe rs  f rom wa te r  agar  cul tures  of t he  r e s i s t an t  
m u t a n t s  give good size colonies on concen t r a t ions  of 
dodine  on which  similar ly t r ans fe r red  wild t y p e  c a n n o t  
grow a t  all (Figure 1). Scoring for res i s tance  can  also be 
done  ve ry  effect ively w i th  conidial  ge rmina t ion  tes ts .  F o r  
such  t e s t s  we have  used ex tens ive ly  p la tes  of p o t a t o  
dex t rose  agar  con ta in ing  a p p r o x i m a t e l y  2.0 pmoles  
dodine/100 ml of med ium.  On these  p la tes  wild t y p e  
conidia  are unable  to  s t a r t  ge rmina t ion  while those  of t he  
m u t a n t s  ge rmina te  normal ly  and  prac t ica l ly  100% 
(Figure 2). By  va ry ing  the  concen t r a t i on  of t he  fungicide,  
the  dodine  dosage response  of var ious  s t ra ins  has  been  
s tudied .  The resul ts  of a typ ica l  e x p e r i m e n t  are shown  in 
F igure  3. S t ra ins  R D  4 and  RD10 r ep re sen t  UV- induced  
m u t a t i o n s  f rom wild t y p e  10. 

I t  is k n o w n  s,5 t h a t  dodine  is r ap id ly  c o n c e n t r a t e d  f rom 
a m b i e n t  s o l u t i o n s . b y  fungal  spores  so t h a t  the  toxic  
effect  of a cer ta in  ex te rna l  concen t r a t i on  largely d ep en d s  
upon  the  a m o u n t  of spores /un i t  med ium.  In  our  spore  
ge rmina t ion  exper iments ,  e i ther  on the  surface of poisoned 
agar  or in dod ine -con ta in ing  l iquid media,  t he  toxic  effect  
to  a pa r t i cu la r  s t ra in  was also d i f fe ren t  for d i f fe ren t  spore  
densi t ies  but ,  on the  basis  of EDs0 (median effect ive dose) 
values  in each exper imen t ,  t he  m u t a n t  conidia  were  
usual ly  2-3 t imes  more  r e s i s t an t  t h a n  the  wild t y p e  
conidia.  Such differences  in sens i t iv i ty  are no t  necessar i ly  
u n i m p o r t a n t  f rom the  prac t ica l  v i ewpoin t  1. 

S tudies  on the  phys io logy  and  pa thogen i c i t y  of dodine  
r e s i s t an t  m u t a n t s  of Hypomyces  solani f. cucurbitae are 
unde r  way.  

Rdsurnd. Les au teurs  on t  6tudi6 la r6sis tance de Hypo-  
myces solani f. cucurbitae au fungicide Dodine.  La  r6sis- 
t ance  a 6t6 indu i te  en s o u m e t t a n t  les spores  ~ l ' i r rad ia t ion  
UV ou y, e t  contr616e g6n6t iquement .  Les m u t a n t s  6 ta ien t  
env i ron  2 lois plus r es i s t an t s  au Dodine  que  les souches  
sauvages  cor respondan tes .  
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