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Table II. Geographical variation in phenotype frequencies at the Esterase-5 zone in Littorina littorea 

EXPERIENTIA 28/10 

Population sample (n) Phenotype numbers (%) 

1 2 3 4 5 6 

New England, USA 

1 Blue Hill, Maine (16) - 6 (37.5) - - 6 (37.5) 4 (25.0) 
2 Kennebunk Beach, Me (38) 2 (5.3) 20 (52.6) 2 (5.3) 5 (13.1) 9 (23.7) 
3 Halibut Point, Massachusetts (50) - 32 (64.0) 2 (4.0) 11 (22.0) 5 (10.0} 
4 Nahant, Massachusetts (15) 6 (40.0) 2 (13.3) 2 (13.3) 2 (13.3) 2 (13.3) 1 (6.7) 

France 
5 b Roscoff-25, Finisthre (44) 2 (4.5) 19 (43.2) 12 (27.3) - 6 (13.6) 5 (11.4} 
6 b Roscoff-26, Finist6re (28) 3 (10.7) 11 (39.3) 6 (21.4) 1 (3.6) 6 (21.4) 1 (3.6) 
7 Bailleron, Morbihan (25) - 25 ( 1 0 0 . 0 )  . . . .  

For description of phenotypes, see text. b See note in Table I. 

excep t  t h a t  no 7th p h e n o t y p e  was observed.  Such pheno-  
t ypes  could be expla ined  by  var ia t ion  at  2 loci, each hav-  
ing 3 major  alleles: fast, slow, and null or silent. D a t a  on 
p ro te in  concen t ra t ion  are be ing ga thered  to  t e s t  the  
hypo thes i s  of a null allele. 

At  Es t -2  (Table I) p h e n o t y p e  frequencies va ry  geo- 
graphica l ly  in the  USA. E i the r  p h e n o t y p e  6 (populat ion 1) 
or 1 (pop. 3) is the  mos t  f requen t  or else b o t h  p h e n o t y p e s  
are abou t  equal ly  f r equen t  (pop. 2 and  4). I n  F rance  on 
the  o ther  hand  p h e n o t y p e  1 is a lways the  mos t  f requent ,  
reaching 80% at  Bailleron. 

At  Est-5  (Table II) there  is, again, grea ter  var iab i l i ty  
among  Amer ican  t h a n  among  F rench  samples :  t he  com- 
mones t  p h e n o t y p e s  in US  popula t ions  are e i ther  1, 2 or 5, 
whereas  phe l lo type  2 is a lways the  mos t  f requen t  in 
France,  reaching 100% at  Bailleron. In  addi t ion  to  th is  
pa t t e rn ,  p h e n o t y p e  6 decreases f rom abou t  25% in Maine 
to  7-10% in Massachuset ts .  

These da t a  suggest  the  following conclusions and 
hypotheses .  1. A l though  the  qua l i ta t ive  p a t t e r n  of bio- 
chemical  var iab i l i ty  is s imilar  be tween  US  and  F rench  
popula t ions ,  the  former  (recent colonists) are more  
var iable  geographical ly  t h a n  the  lat ter .  BtJMPUS' con- 
clusion iv is a p p a r e n t l y  subs tan t i a t ed .  

2. The n o r t h  to  sou th  cline of decreas ing f requency  of 
p h e n o t y p e  6 a t  Es t -5  in the  U S A  could be corre la ted wi th  
the  no r th  to  sou th  coasta l  cur ren t  =2,2a. Correlat ion be- 
tween  clinal var ia t ion  a t  b iochemical  loci and  environ-  
mental gradients has been shown by KOEHN 2~ and 
SCHOPF and GoocH ~2. 

3. The greater phenotypic uniformity (and probable 
greater homozygosity) of the Bailleron sample may be 
correlated with its isolation in the Gulf of Niorbihan, which 
is partially cut off from the strong coastal currents of 
southern Brittany (personal communication of R. MAHgO). 
Thus the larvae carried along such currents 2~, 2~ might not 
enter the Gulf or do so in small numbers, thereby reducing 

gene flow and favor ing inbreeding in the  Gulf popula-  
t ions  =7. 

Rdsumd. La s t ruc tu re  g6n6tique de 7 popula t ions  du 
gast6ropode mar in  Littorina littorea a 6t6 6tudi6e p a r  
analyse  de ph6no types  d 'es t6rases  r6v616s par  61ectro- 
phor6se sur gel de polyacry lamide .  Les popu la t ions  des 
U S A  (Maine, Massachuset ts) ,  d 'or ig ine  r6cente,  on t  da- 
van tage  de var ia t ion  g4ographique que celles de France,  
d 'or ig ine  ancienne.  De plus, parrot  ces derni6res il y a 
r6duct ion de l 'h6t6rozygot ie  dans  l '6chant i l lon semi-isol6 
du Golfe du Morbihan.  

F. VUILLEUMIER 28 a nd  MARTI-IA B. 1VIATTEO 

Institut d'Ecologie animale et de Zoologie, 
Universitd de Lausanne, 19 Place du Tunnel 
CH-IO05 Lausanne (Switzerland), and 
Department o/Biology, University o/Massachusetts, 
100 Arlington Street, 
Boston (Massachusetts 02176, USA), 21 February 1972. 

22 H. B. BIGELOW, Pap. phys. Oceanogr. Met. 2, 1 (1933). 
23 A. R. MILLER, W~oods Hole oceanogr. Inst. Techn. Rept. 53, 1 

(1952). 
24 R. K. I(OEHN, Science 163, 943 (1969). 
25 H. B. MOORE, J. mar. Biol. Ass. U.K. 2J, 721 (1937). 
36 V. FRETTER and A. GRAHAM, British Prosobranch Molluscs (Ray 

Society, London 1962). 
~ We thank Mr G. Cook for technical assistance, Dr R. MAH~O for 

collecting the Bailleron sample, Dr R. C. LEWONTIN for comments, 
and the University of Massachussetts/Boston for support (Faculty 
Research Grant No. C 78-71-1). This paper was presented at the 
Colloque sur le polymorphisme ehez les rnollusques, Paris, Sep- 
tember 1971. 

2s Present address: Station de biologie marine, Roseoff, Nord-Finis- 
t6re, France. 

M u t a t i o n  i n  Schizophyl lum commune f o r  R e s i s t a n c e  to  p - F l u o r o p h e n y l a l a n i n e  

Mutan t s  res i s t an t  to chemicals  can be f rui t ful ly  used in 
devis ing techniques  for the  select ion of vege ta t ive  segre- 
gan ts  in fungi1, 2. A t t e m p t s  were m a d e  to isolate p-f luoro-  
pheny la lan ine  res i s t an t  m u t a n t s  in t he  bas id iomycete ,  
Schizophyllum commune, for the  purpose  of s tudy ing  so- 
ma t ic  r ecombina t ion  in d ikaryons  3. 

The minimum concentration of the chemical inhibiting 
the growth of any of the stock cultures was found to be 
25 mg/l. It was observed that any sensitive strain, ino- 
culated on agar medium containing the chemical, showed 
light background growth which ceased completely after 
2-3 days of incubation. Microscopical examination at this 
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Table I. Analysis of the cross pfp~-~ x wild type sensitive strain 

1243 

Behaviour of the Analysis of basidiospore progeny 
dikaryon on 
agar medium ~ Segregation Remarks 

No. of basidi- No. of spores Germination No. of progeny No. of resistant No. of sensitive 
ospores germinated (%) tested on agar type type 
isolated medium~ 

Sensitive 540 510 94.4 504 246 258 Shows 
1:1 ratio 

Table II. Results of testing the dikaryons arizing from crosses between the pfp~-i and each of the other 4 mutants 

Crosses Morphology of the 
resultant dikaryons 

Behaviour of the dikaryons 
on agarmedium~ 

Fruiting (observed 
upto l month) 

1. pfp~-i • pfp,-2 Wild type Sensitive 
2. pfpr-1 • pfpr-a Wild type Sensitive 
3. pfp~-~ • pfp~-4 'Flat' (like the parents) Resistant 
4. pfp~ 1 • pfp,-5 Wild type Sensitive 

Did not occur 
Did not occur 
Did not occur 
D~d not occur 

- Agar medium containing p-fluorophenylalanine (500 mg/1). 

s tage  revealed  t h a t  the  h y p h a e  ini t ia l ly growing on the  
m e d i u m  became  dis~orted and  the  ceils became  abnorma l  
in size. These p roved  to  be the  cons t an t  p h e n o t y p i c  cha- 
rac te rs  of all the  sensi t ive  s trains.  

E t h y l  m e t h a n e  su lphona te  (EM S)- t rea ted  mycel ia l  frag- 
m e n t s  of 2 s t ra ins  of S. commune were separa te ly  spread  
on comple te  agar  m e d i u m  a con ta in ing  p- f luorophenyla la -  
n ine  a t  a concen t r a t ion  of 500 mg/1 (added to  the  m e d i u m  
before steri l isat ion) to  select  r es i s t an t  colony, if any,  fol- 
lowing incuba t ion  for 7 days.  5 res i s t an t  isolates were ob- 
t a ined  and  t e rmed  pip" 1 (derived f rom one parent) ,  
p fp r -~  pfpr-a, pfpr--4, pfpr ~ (derived f rom the  o ther  pa-  
rent) .  E a c h  of the  res i s t an t  isolates, unlike the  respec t ive  
paren t ,  lacked aerial mycelia ,  showed s o m e w h a t  f lat  
g rowth  and  p roduced  bigger h y p h a e  wi th  b l u n t  t ips  which  
t ended  to r ema in  on the  surface of agar. These  charac te rs  
were d i s t inguishable  in the  m u t a n t  s t rains,  even if grown 
on agar  m e d i u m  no t  con ta in ing  the  chemical .  

The m u t a n t  pfpr-1 was crossed wi th  a sensi t ive wild t y p e  
s t ra in  and  the  r e su l t an t  d ika ryon  was found to  be sensi- 
t ive.  An analysis  of t he  bas idiospore  p rogeny  of th is  di- 
ka ryon  showed a 1:1 segregat ion  of the  res i s tan t  and  the  
sensi t ive types .  These resul ts  ind ica ted  t h a t  the  pfp~-~ 
,strain carr ied a recessive gene conferr ing res is tance  to  p- 
f lu rophenyla lan ine  (Table I). This  was fu r the r  conf i rmed 
while some of the  p rogeny  were back-crossed wi th  the  pa- 
r en t s  and  the i r  r e su l t an t  d ika ryons  and  p rogeny  were 
analyzed.  I t  was  observed  t h a t  m a t i n g  be tween  any  two 
res i s t an t  p rogeny  arising f rom a cross resul ted  in the  pro- 
duc t ion  of a res i s t an t  bu t  steri le d ikaryon.  

E a c h  of the  r emain ing  4 res i s t an t  isolates was crossed 
wi th  the  pfp~-~ s t ra in  and  sensi t ive d ikaryons  were ob- 
ta ined,  excep t  the  cross pfp,'-~ x p f p r  4, which  p roduced  a 
res i s t an t  d ika ryon  (Table II).  The d ikaryons  resul t ing 
f rom all the  crosses were, however ,  steri le and  hence  the i r  
p rogeny  could no t  be analyzed.  Thus,  the  l imi ted  t es t  on 
the  func t iona l  allelism in the  m u t a n t s  showed e i ther  t h a t  

more  t h a n  1 gene locus were concerned wi th  res is tance to 
p - f lu rophenyla lan ine  or t h a t  intra-al lel ic complemen ta -  
t ion  was  t ak ing  place. As all the  d ikaryons  resul t ing f rom 
crosses be tween  res i s t an t  s t ra ins  were sterile, the i r  p rogeny  
could no t  be analyzed and  the  d i s t inc t ion  be tween  inter-  
and  in t ra-genic  c o m p l e m e n t a t i o n  could no t  be made.  Iso- 
la t ion of m a n y  more  r e s i s t an t  m u t a n t s  and t e s t ing  t h e m  
for the i r  c o m p l e m e n t a t i o n  p a t t e r n s  or, a l te rna t ive ly ,  the i r  
r ecombina t iona l  p a t t e rn s  w i th  d i f fe rent  genes m a y  th row 
more  l ight  on this.  

A sensi t ive  d ikaryon,  developed f rom a cross be tween  
the  p ip  r-1 s t ra in  and a sensi t ive  one, was mace ra t ed  and 
spread  on agar  med i u m conta in ing  p- f lurophenyla lani l le  
a t  a concen t r a t ion  of 500 mg/1 and  incuba ted  for 7 days.  
I t  was  found t h a t  the  res i s t an t  monoka ryo t i c  p a r e n t  could 
be recovered roughly  a t  a f r equency  of 2-4/100 colonies. 
This ind ica ted  t h a t  t he  pipr-1 s t ra in  could be su i tab ly  used 
in a select ive t echn ique  for the  isolat ion of somat ic  re- 
c o m b i n a n t s  f rom d ikaryons  of S. commune. 

Rdsumd. I so lemen t  de m u t a n t s  r6s is tants  h la p-flu0ro- 
pheny la l an ine  et  son analyse  chez Schizophyllum commu- 
his.  
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