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The  Mitot ic  C h r o m o s o m e s  of the  L a m p r e y ,  Petromyzon marinus L. 

Th e re  are  c o m p a r a t i v e l y  few records  of t he  c h r o m o s o m e  
n u m b e r s  of l a m p r e y s ,  m a i n l y  due  to  t h e  d i f f i cu l ty  of  
c o u n t i n g  t h e  large n u m b e r s  of ve ry  sma l l  c h r o m o s o m e s  
t h a t  are genera l ly  f ound  in th i s  g roup  1. T h e  l imi t ed  d a t a  
p r e sen t  a con fus ing  p ic ture .  Coun t s  for Lampetra ]luviatilis 
r an g e  f rom 60 s,3 to 1564, a n d  for Entosphenus reissneri 
t h e  r an g e  is f r o m  94-965 to 165-174% The re  is also va r ia -  
t i on  in  t h e  de ta i l s  of t he  cen t romere  posi t ion,  even  w i t h i n  
a s ingle  species.  E. reissneri is r ega rded  b y  NOGUSA 5 as  
h a v i n g  c h r o m o s o m e s  of ' t e lomi t i c  n a t u r e '  while  SASAKI 
and  HITOTSUMACHI 6 recorded  t he  occur rence  of ' s ome  
mediocen t r i c s ' .  POTTER, t~OBINSON and  WALTON 7 showed  
t h a t  t i le m a j o r i t y  of t h e  c h r o m o s o m e s  of t he  S o u t h e r n  
H e m i s p h e r e  species,  Mordacia mordax, were m e t a c e n t r i c  
or s u b m e t a c e n t r i c .  On  t h e  o the r  h a n d  t he  c e n t r o m e r e  was  
descr ibed as be ing  ' s u b t e r m i n a l  to t e r m i n a l '  in t he  ch romo-  
somes  of t h e  N o r t h  A m e r i c a n  l amprey ,  Lampetra aepy- 
ptera 8. 

I n  t h i s  s t u d y ,  t he  c h r o m o s o m e s  of s p e c i m e n s  of 
Petromyzon marinus L. fronl  t he  r ivers  T e m e  and  T a w e  in 
E n g l a n d  were s tud ied  u s ing  air-dr ied p r e p a r a t i o n s  of the  
gill e p i t h e l i u m  s t a ined  w i t h  2% aceto-orcein  s. A l t h o u g h  
over  200 p r e p a r a t i o n s  were e x a m i n e d ,  on ly  20 se ts  of 
c h r o m o s o m e s  were s a t i s f ac to ry  for coun t ing ,  one of w h ic h  
is sh o wn  in F igu re  1. The  d i s t r i bu t i on  of t hese  c o u n t s  f rom 
7 d i f fe ren t  a n i m a l s  is l i s ted in the  Table.  

Th e  m a j o r i t y  of c o u n t s  lie be tween  164 a n d  168 b u t  
the re  is no s h a r p  mode.  However ,  a diploid n u m b e r  of 168 
was  ob ta ined  in more  cases  t h a n  a n y  o the r  va lue  and  
p r o b a b l y  c o n s t i t u t e s  t he  t r ue  n u m b e r  for 2 o the r  reasons .  
Fi rs t ly ,  it  was  t h e  c o u n t  recorded for t he  3 be s t  sp r e a ds  
and  secondly  i t  r ep resen t s  a m o d a l  va lue  a t  t he  u p p e r  end  
of a d i s t r i b u t i o n  wi th  a p r o n o u n c e d  nega t i ve  skew. I t  

s e e ms  l ikely t h a t  t h e  p r o b l e m  of d i sce rn ing  a few of t h e  
over l app ing  c h r o m o s o m e s  in  s o m e  of t h e  sp r e a ds  is t h e  
reason  for t he  c o u n t s  b e t w e e n  163 a n d  167. Three  o the r  
sp reads  g iv ing  c o u n t s  of 140-150 p r e s u m a b l y  r e p re sen t  
ones  in  w h ic h  some  c h r o m o s o m e  loss h a d  occurred.  Tile 
c h r o m o s o m e s  of each  i nd iv idua l  c o m p l e m e n t  showed  con ,  
s iderable  v a r i a t i o n  in l e n g t h  w i t h  t he  l a rges t  c h romo-  
some s  be ing  as long as 2.7 tx while  t h e  sma l l e s t  were on ly  
0.7 ~x in l eng th ,  a r a nge  v e r y  s imi l a r  to  t h a t  f o u n d  in L.  
aepyptera s. 

The  pos i t ion  of t h e  c e n t r o m e r e  could  no t  be  resolved  in  
t he  v a s t  m a j o r i t y  of p repa ra t ions .  However ,  2 spreads ,  in  
w h ic h  t he  c h r o m o s o m e s  were vis ible  as c l l romat ids  a n d  
w h ic h  were no t  as c o n t r a c t e d  as in  o the r  p r e pa ra t i ons ,  
showed  t h a t  a few of t he  longer  c h r o m o s o m e s  were m e t a -  
centr ic .  Add i t i ona l  ev idence  for s o m e  m e t a c e n t r y  a m o n g s t  
t he  c o m p l e m e n t  was  ob t a ine d  f r o m  e m b r y o n i c  t i ssue ,  
whose  rod-l ike c h r o m o s o m e s  occas iona l ly  showed  a m a r k e d  
cen t ra l  cons t r ic t ion .  A l t h o u g h  it  was  no t  poss ible  to  
e s t ab l i sh  def in i te ly  w h e t h e r  a n y  of t he  c h r o m o s o m e s  were 
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acrocentr ic ,  some ind i ca t i on  of t he  presence  of a t e r m i n a l  
or s u b t e r m i n a l  c e n t r o m e r e  was o b t a i n e d  in severa l  cases. 

The  c o u n t  of 168 for  P. marinus appea r s  to  be  t h e  
h ighes t  d iploid  n u m b e r  ye t  recorded  for  a v e r t e b r a t e  
species for wh ich  t h e r e  are  a t  leas t  severa l  counts .  Th i s  
va lue  is close to  t h a t  o b t a i n e d  for Lampetra aepyptera s 
a n d  to  t he  3 coun t s  recorded  for  E. reissneri b y  SASAKI 
a n d  I~ITOTSUMACHI 6. The  c o u n t s  ob t a ined  for 3 Lampetra 
species f rom I t a l y  b y  ZANANDREA a n d  CAPANNA 4 are also 
e x t r e m e l y  high,  r a n g i n g  f rom 142 for Lampetra zanandreai 
to  156 for Lampetra fluviatilis. Whi le  t he  c h r o m o s o m e  
n u m b e r s  of l a m p r e y s  are  genera l ly  v e r y  high,  more  work  
is requ i red  to  e s t ab l i sh  t he  reason  for t he  v e r y  consider-  
able  in t raspec i f ic  d i f ferences  recorded  for L. fluviatilis 2-~ 
a n d  E. reissneriS, ~. T he  fac t  t h a t  far  h ighe r  diploid  
number s ,  t h a n  are a p p a r e n t l y  p r e s en t  ill a n y  o t h e r  ve r t e -  
b r a t e  group,  h a v e  now  been  recorded  for species f rom 3 
d i f fe ren t  genera  of l a m p r e y s  lends  s u p p o r t  to  the  v iew 
t h a t  po lyp lo idy  p l a y e d  a role in l a m p r e y  evolut ion ,  as ha s  
a l r eady  b e e n  sugges ted  b y  OHNO, WOLF a n d  ATKIN 9, 
HOWELL a n d  DENTON s, a n d  ROBINSON a n d  POTTER 1. 

The  d ip lo id  n u m b e r  of 168, a n d  the  presence  of a t  leas t  
a few m e t a c e n t r i e  c h r o m o s o m e s  in t he  k a r y o t y p e  of P.  
marinus, should  be  cons idered  in t h e  c o n t e x t  of poly-  
ploidy.  OHNO et  a l )  sugges ted  t h a t  t he  ances t r a l  ve r t e -  
b r a t e  genome  c o n t a i n e d  48 ac rocen t r i c  chromosomes ,  t h e  
s i t ua t i on  found  in hagf i shes  and  severa l  te leosts .  T h e y  

t h u s  p o s t u l a t e d  on  t he  bas is  of NOGUSA'S 5 counts ,  t h a t  E.  
reissneri was a t e t r ap lo id .  P. marinus m a y  the re fore  re- 
p r e s e n t  a n  oc toplo id  cond i t i on  in w h i c h  some r educ t i on  
in t he  t o t a l  n u m b e r  of ch romosomes  has  occurred  t h r o u g h  
cen t r i c  fusions.  Whi l e  t he  n u m b e r s  of ch romosomes  in 
l a m p r e y s  is now b e g i n n i n g  to  fo rm a p a t t e r n ,  i t  is di f f icul t  
to  m a k e  genera l i za t ions  a b o u t  t he  c e n t r o m e r e  posi t ion.  
This  is ep i tomized  b y  t h e  conf l ic t  b e t w e e n  t he  descr ip t ions  
for E. reissneri w i t h  respect  to  t h i s  cha rac te r ,  and  t he  
dif ference b e t w e e n  -P. marinus, which  possesses some 
m e t a c e n t r i c  ch romosomes ,  a n d  L. aepyptera which  
a p p a r e n t l y  does not .  I t  is qu i t e  ev iden t  t h a t  f u r t h e r  work  
is requ i red  on  t he  c h r o m o s o m e  m o r p h o l o g y  of l ampreys  
before  t he  s ignif icance of c e n t r o m e r e  pos i t ion  can  be  
conf iden t ly  discussed in t e r m s  of t he  overa l l  p a t t e r n  of 
k a r y o t y p e  evo lu t ion  w i t h i n  t h e  group.  

Rdsumd. L ' 6 t u d e  des ch romosomes  soma t iques  de la 
lamproie ,  Petromyzon marinus L. a m o n t r 6  que  l '6quip-  
m e n t  c h r o m o s o m i q u e  diplo~de de ce t te  esp~ce est  compos6 
de 168 ch romosomes  tr~s pet i t s ,  d o n t  que leues-uns  des 
plus  g rands  son t  m~tacen t r iques .  Le chiffre  semble  repr6- 
sen te r  le plus  g r a n d  h o m b r e  de ch romosomes  t rouv6  dans  
une  esp~ce de Ver t6br6 .  On a compar6  les ch romosomes  de 
P. marinus avec  ceux  des au t r e s  esp~ces de lamproies .  

I. C. POTTERI~ a n d  B. ROTHWELL 

Distribution of counts for the diploid chromosome number of 
Petromyzon marinus ill gill epithelium 

Diploid Nos.: 163 164 165 166 167 168 169 170 171 
No. of counts: 1 4 3 3 2 5 1 1 
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P r e d i c t i o n  a n d  E x p l a n a t i o n  o f  C h e m i c a l  M u t a t i o n  S i t e s  

I wish  to r e p o r t  a poss ible  cause  for t he  loca t ion  of s i tes  
on  nucle ic  acid molecules  pa r t i cu l a r l y  suscep t ib le  to  
chemica l  m u t a t i o n .  As a mode l  of the  approach ,  I p ropose  
a cons ide ra t ion  of t he  f o r m a t i o n  of m u t a t i o n s  in  t obacco  
mosaic  v i rus  (TMV) vu lga re  coa t  p ro t e in  b y  t he  ac t ion  of 
n i t rous  acid on  T M V  r ibonuc le ic  acid 1. 

Since one  qu ick ly  observes  t h a t ,  for example ,  of t he  
m a n y  a rg in ine  res idues  p r e s e n t  in  th i s  p ro te in ,  on ly  4 were 
replaced  in m u t a t i o n ,  i t  a p p e a r e d  the re fore  t h a t  on ly  t h e  
R N A  chemica l  e n v i r o n m e n t  a b o u t  t he  codon for  a rg in ine  
m i g h t  disclose a possible  e x p l a n a t i o n  for t he  r eac t ion  
specifici ty.  Th i s  s ame  a r g u m e n t  m a y  p r e s u m a b l y  ho ld  
t r ue  for all  o the r  chemica l  m u t a t i o n s .  

Since T M R - R N A  codes d i rec t ly  i ts  coa t  p ro te in ,  a 
knowledge  of t he  p r o t e i n  sequence  allows t h e  sequence  of 
the  R N A  to  be  w r i t t e n  - wi th ,  however ,  severa l  t r i p l e t s  
pe r  a m i n o - a c i d  s ince t h e  genet ic  code is degenera te .  
W h i c h  of t h e  a c t u a l  t r ip l e t s  compr ise  t he  R N A  can  on ly  
be  d e t e r m i n e d  in t he  l a b o r a t o r y  and  ha s  n o t  ye t  b e e n  
done.  

Clearly, ne ighbo r i ng  codon  p a t t e r n s  wh ich  f i t  t h e  
R N A  sequence  descr ibed  he re in  c o n t a i n i n g  all  possible  
codons  will obv ious ly  f i t  t h e  s ingle t r ue  sequence.  There -  
fore, t he  R N A  sequence  a b o u t  e ach  of t he  codon  corres- 

p o n d i n g  to  each  m u t a t e d  a m i n o  acid was e x a m i n e d  w i t h  
all  of t he  codons  listed. C o n t i n u i n g  w i th  t he  above  
example ,  in t he  case of TMV coa t  p ro te in ,  a rg in ine  unde r -  
w e n t  t he  la rges t  n u m b e r  of m u t a t i o n s  (4), all to  glycine. 

Cons ide ra t ion  of t h e  codons  of these  2 a m i n o  acids im- 
m e d i a t e l y  i nd i ca t e  t he  loca t ion  of t he  nuc leo t ide  which  
has  unde rgone  r eac t i on  w i t h  n i t rous  acid, as follows: 

A ~  G~ 

AGA GGU 

AGG GGC 

CGU GGA 

CGA GGG 

The  change  co r responds  to pos i t ion  one of the  t r ip le t s  a n d  
involves  a basg :pa i r  s u b s t i t u t i o n  of t he  t r a n s i t i o n  type.  

One  n e x t  l is ts  all  of t he  R N A  regions  co r respond ing  to  
t he  m u t a t i o n  in ques t ion.  Thus ,  in  t h i s  case, t he  R N A  
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