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of spe rm cells. Deta i l s  of b o t h  m e t h o d s  h a v e  been  pub l i sh -  
ed elsewhere 5, 6. Feu lgen  d e t e r m i n a t i o n s  on p o l y c h a e t e  
nucle i  were s t a n d a r d i z e d  b y  inc lud ing  Cirri/ormia/iligera, 
Diopatra cuprea, and  Arenicola cristata in  eve ry  series o f  
m e a s u r e m e n t s .  Two species were assayed  b y  b o t h  m e t h o d s  
a n d  al low a ca l i b r a t i on  of t h e  Feu lgen  d a t a  in  abso lu te  
t e rms .  This  ca l i b r a t i on  was re f ined  f u r t h e r  us ing  d a t a  on  
c rus taceans  and  Feu lgen  va lues  of v e r t e b r a t e  species w i t h  
k n o w n  a m o u n t s  of DNA.  All ca l ib ra t ions  agree closely 
a n d  t h e  pico-gram scale is p r o b a b l y  accu ra t e  to  w i t h i n  10 % 
or be t t e r .  

The  genome sizes expressed  as D N A  per  hap lo id  nuc leus  
are l i s ted  in t he  Tab le  in  t a x o n o m i c  sequenceL  T he  10- 
fold r ange  f rom 0.7 pg  for Cirratulus grandis to  7.2 pg  for 
Nephtys incisa is c o m p a r a b l e  to  t h e  ranges  found  for t he  
more  va r i ab ]e  v e r t e b r a t e  groups,  i.e. te leos ts  a n d  anu rans .  
The  f r equency  d i s t r i b u t i o n  of D N A  c o n t e n t s  is i l l u s t r a t ed  
in t he  figure.  Here  again,  as in  some v e r t e b r a t e  groups  a a 
l oga r i t hmic  n o r m a l  cu rve  descr ibes  t h e  obse rved  d i s t r ibu -  
t i on  r a t h e r  well. Th i s  m a y  be  t a k e n  to  i nd i ca t e  an  evolu-  
t i o n a r y  h i s t o ry  based  on m a n y  c u m u l a t i v e  smal le r  events .  
Occasional  1 :2  r e l a t ionsh ips  w i t h i n  a single f ami ly  of 
po lychae t e s  (Lumbr ine re idae ,  Sabel l idae)  m a y  ref lect  
r ecen t  po lyplo id  specia t ion .  Spec ia t ion  b y  polyploid iza-  
t i on  need  no t  af fec t  t h e  smoo thnes s  of t he  d i s t r i bu t ion ,  
if t he  doub led  s t a t e  is t r a n s i t o r y  and  soon reduced  b y  
delet ions.  

Like  m a n y  v e r t e b r a t e  groups  t he  po lychae t e s  show a 
s m o o t h  wide d i s t r i b u t i o n  of nuc lea r  D N A  a m o u n t s  
co r respond ing  to a c o n t i n u o u s  wide  v a r i a t i o n  of morpho l -  
ogical types .  Species in i n d i v i d u a l  famil ies  usua l ly  h a v e  
s imi la r  D N A  a m o u n t s  co r re l a t ing  w i t h  closer morpho l -  
ogical  s imi la r i ty .  Th i s  r e l a t ionsh ip  be t w een  genome size 
and  morpho log ica l  d ivers i t ies  is n o t  based  on  a one- to -one  
cor re la t ion  of D N A  a m o u n t  w i t h  a n y  morpho log ica l  
p a r a m e t e r .  The  l imi ted  size of t h e  sample  p rec ludes  t he  
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Diploid nuclear DNA amount of 36 species of polychaetes. The curve 
is a best fit logarithmic normal distribution for these data. 

more  de ta i l ed  cor re la t ions  wh ich  are  a l r eady  possible  in 
ve r t eb ra t e s ,  where  a s t r ik ing  co r re la t ion  b e t w e e n  smal l  
genome size a n d  special ized m o r p h o l o g y  ha s  been  n o t e d  
repea tedly1 ,  3. A m o n g  t he  po lychae tes ,  t he  more  general-  
ized e r r a n t  species (following DAY'S s e p a r a t i o n  s) h a v e  an  
ave rage  genome size of 2.5 pg, while  t h e  more  special ized 
s e d e n t a r y  species s ave rage  1.8 pg D N A  haplo id .  A m o n g  
t he  la t te r ,  t h e  v e r y  special ized f i l ter  a n d  t e n t a c u l a r  feeders 
a lone  ave rage  1.6 pg  D N A  per  hap lo id  nucleus.  These  
f igures sugges t  a co r re l a t ion  b e t w e e n  smal l  genomes  and  
spec ia l iza t ion  b u t  t h e y  are a t  t he  lower l i m i t  of s t a t i s t i ca l  
s ignif icance a n d  only  a la rger  s ample  could  ver i fy  th i s  
co r re l a t ion  for po lychae tes .  

The  r ange  in D N A  c o n t e n t  found  in t h e  po lychae t e s  
encompasses  t h a t  of t he  m a m m a l s  even  t h o u g h  t he  
m a m m a l i a n  m o d a l  va lue  of 4 pg  is twice  as h i g h  as t he  
p o l y c h a e t e  mode  of 2 pg  (Figure).  I t  is u n d e r s t a n d a b l e  
t h a t  r e d u c t i o n  of genome  size can  lead to  cons ide rab ly  
smal le r  D N A  a m o u n t s  in anne l ids  w h e n  c o m p a r e d  to  t h e  
more  complex  m a m m a l s .  I t  is more  d i f f icul t  to  u n d e r s t a n d  
w h y  even  a genera l ized p o l y c h a e t e  w i t h  a large a m o u n t  of 
e v o l u t i o n a r y  p o t e n t i a l  should  h a v e  as m u c h  D N A  as we 
f ind in some species. A p p a r e n t l y  one of t he  fea tu res  of t h e  
genome of more  complex  a n i m a l  groups  is a more  s t r i n g e n t  
con t ro l  on genome v a r i a b i l i t y  6. Cer t a in ly  t he  a m o u n t  of 
D N A  is u n d e r  se lect ive  con t ro l  a n d  t h e  s imi lar i t ies  in t he  
p a t t e r n s  encoun te red  in t he  po lychae te s  a n d  t he  v e r t e b r a t e s  
are s t r ik ing.  

Zusammenfassung. B e s t i m m u n g  des D N S - G e h a l t s  pro  
Zel lkern  in 36 P o l y c h ~ t e n a r t e n  e rgeben  eine H&ufigkeits-  
v e r t e i l u n g  der  Genomgr6ssen ,  die d u t c h  eine logar i th -  
mische  N o r m a l v e r t e i l u n g  besch r i eben  werden  kann .  E ine  
Kor re l a t i on  zwischen a d a p t i v e r  Spez ia l i s ie rung  u n d  
r eduz i e r t en  Genomen ,  wie sie be i  W i r b e l t i e r e n  ge funden  
wird,  i s t  a u c h  bei  Polych/~ten angedeu te t .  
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Endophenotype of Mysore (South India) Population of the Black Rat (Rattus rattus L.) 

KaryologicaI  s tudies  of Rattus rattus are in te res t ing ,  
c o n t r a d i c t o r y  a n d  in t r i gu ing  1-3. BADR a n d  BAnE 1 re- 
p o r t e d  3 coex i s t en t  c h r o m o s o m e  n u m b e r s  n a m e l y  38, 42 
a n d  :~ 54. Occur rence  of 38 ch r om os om es  w a s  r epo r t ed  
b y  BIANCI-II e t  al. a in  2 S o u t h  A m e r i c a n  popula t ions .  
CAPANNA et  al s-7 c la imed s imi la r  n u m b e r  in  I t a l i an ,  W e s t  
E u r o p e a n  and  Afr ican  popula t ions .  R e p o r t s  on t he  As ian  
popu l a t i ons  1 a lways  showed 42 chromosomes .  Karyo lo-  

gical s tud ies  of 3 s epa ra t e  popu l a t i ons  of Rattus rattus of 
Mysore  a rea  (Sou th  Ind ia )  showed  t h a t  t h e  d ip lo id  
n u m b e r  is 38 (11 pa i r s  of b i a r m e d  chromosomes ,  7 pa i r s  
of ac rocen t r i cs  + X and  Y b o t h  be ing  acrocentr ic) .  
F u r t h e r  2 5 - 3 0 %  of t he  f i rs t  pa i r  of ch romosomes  are 
he t e romorph i c .  Compar i son  of t h e  k a r y o t y p e  of Mysore  
p o p u l a t i o n  w i t h  those  of I t a l i a n  (CAPANNA et  al., MCN. 
70, 4 (1969), pe r sona l  cornmun. )  and  S o u t h  A m e r i c a n  and  
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Ital ian4,  5 shows t h a t  the  k a r y o t y p e  under  s t u d y  consti-  
tu tes  an in t e rmed ia t e  condi t ion  and  the re  is an inverse 
re la t ionship  of the  n u m b e r  of b i a rmed  chromosomes  to 
the  n u m b e r  of acrocentr ics .  F u r t h e r  the  ch romosomes  of 
Mysore popu la t ion  differs f rom the  s t a n d a r d  type  (Dr. 
T. C. Hsu ,  personal  commun.~ Ju ly  1971) w i th  2n = 42 
in a) absence  of 4 pairs  of acrocentr ic  chromosomes ,  b) 
absence of i pai r  of subme tacen t r i c  ch romosomes  and 
c) presence  of 2 pairs  of me tacen t r i c  and  1 pai r  of large 
subte locent r ic  chromosomes .  Whi le  s t ruc tu ra l  po lymor-  
p h i s m  exis ts  in d i f fe rent  popula t ions ,  i t  is the  au thors '  
cons idered  opinion t h a t  Robe r t son ian  centr ic  fusion and 
cent r ic  dissociat ion migh t  have  p layed  the i r  role in 
reducing the  n u m b e r  f rom 42 to  38 in Mysore popula t ions .  - 

Rdsumd. Cont r ibu t ion  k l '6 tude du p o l y m o r p h i s m  chro- 
mosomique  chez le ra t  noir  Rattus rattus L. 
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A) Chromosomes of Rattus rattus (female) 2n : 38.13) Karyogram of 
Rattus rattus (male) 2n = 38. 
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Evidence for a Transmiss ib le  Substance Affec~ting 

Among  the  numerous  chlorophyl l  m u t a n t s  of Pisum,  
alt is especial ly d i s t inc t ive  2-5. Homozygous  recessive 
p lan ts  (air~air) exhfbi t  no rmal  p i g m e n t  d e v e l o p m e n t  unt i l  
t hey  reach the  5 or 6 node  s tage;  t hen  above  a r a the r  
sha rp ly  def ined zone of t r ans i t ion  the  t issue is b leached 
whi te  (Figure 1), fu r the r  g rowth  is checked,  and the  m u t a n t  
p lan ts  die w i thou t  p roduc ing  seeds. 

In  order  to  inves t iga te  t he  na tu re  of t he  m u t a n t  we 
first  pe r fo rmed  graf t ing  expe r imen t s  using alt/alt and 
normal  (Alt/Alt)  plan ts  as par tners .  The  graf t  pa r t ne r s  
were placed in con tac t  a f te r  r emov ing  a t h in  t angen t i a l  
slice of nodal  t issue f rom the  normal  (Alt/-) donor  p l an t  
as well as f rom the  rec ip ient  alt/alt plant .  The si te of the  
graf t  for the  rec ip ient  p l an t  was in the  region of normal  
green tissue, usual ly the  3rd or 4 th  vege ta t ive  node.  

The basal  or axi l lary  buds  in the  f i rs t  3-4 nodes  of t he  
main  s t em of the  m u t a n t s  are ac t iva t ed  by  decap i t a t ion  
or by  loss of apical  dominance  fol lowing the  dea th  of t he  
apical  mer is tem,  b u t  such b ranches  - which are chlorot ic  
even  t hough  t h e y  arise f rom the  region of t he  p lan t  
which  is green - soon die. Successful graf t  t r ansmiss ion  of 
an act ive subs tance  resul ted  in the  fo rma t ion  of chloro- 
phy l l  in the  basal  or axi l lary  b ranches  of the  m u t a n t .  

Pigment  Synthesis  in P i s u m  1 

These b ranches  u l t ima te ly  p roduced  flowers, fruits,  and 
seeds. Seeds p roduced  in th is  m a n n e r  on alt/alt t issue, 
when  p lan ted ,  all gave rise to  p lan t s  wi th  the  m u t a n t  
pheno type .  

The m u t a n t  express ion was a t t e n u a t e d  by  low l ight  
in t ens i ty  ( <  500 It-c) in a g rowth  chamber .  The leaves 
above node 6 or 7 were only  par t i a l ly  chlorot ic  and  
suff icient  p i g men t  was p resen t  to  sus ta in  weak growth,  
the  p lan t s  even tua l ly  reaching the  f ru i t ing s tage of 
d e v e l o p m e n t  bu t  dy ing  before mature ,  v iable  seeds were 
formed.  

We  nex t  a t t e m p t e d  to ext rac t ,  isolate, and  chemical ly  
iden t i fy  the  gra f t - t ransmiss ib le  subs tance  p resen t  in 
normal  p lan t s  b u t  def ic ient  in the  m u t a n t .  Fo r  th is  a 
b ioassay  was devised (Figure 2). M u t a n t  p lan t s  were decap-  
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