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a t t e m p t e d  to  d e m o n s t r a t e  r epa i r  r ep l i ca t ion  us ing  t he  
m e t h o d  of REaAN et  al. 11. F igure  2 shows t he  resu l t  of a 
p r e l i m i n a r y  e x p e r i m e n t  us ing  UV-l ight .  Pol + bac t e r i a  
were g rown in m e d i u m  c o n t a i n i n g  3 H - t h y m i d i n e  for 
severa l  genera t ions  to  labe l  t he  D N A  uni formly .  T he  cells 
were r e m o v e d  f rom rad ioac t ive  m e d i u m  a n d  r e suspended  
in  m e d i u m  c o n t a i n i n g  B U d R  or t h y m i d i n e ,  where  t h e y  
were i n c u b a t e d  for 5 m i n  a t  37 ~ t h e n  chilled, cent r i fuged,  
r e suspended  in water ,  and  i r r a d i a t e d  w i t h  U V  w i t h  b u l k  
of r a d i a t i o n  a t  254 nm.  T h e y  were t h e n  r e t u r n e d  in da rk -  
ness to  t h e  a p p r o p r i a t e  m ed i um ,  where  t h e y  were a l lowed 
to  r epa i r  for 1 h o u r  to  i n c o r p o r a t e  B U d R  in to  s t r e t ches  of 
p rev ious ly  labeled  DNA.  I sopycn ic  cen t r i f uga t i on  of th i s  
D N A  a t  t h i s  s tage conf i rmed  t h a t  t he  B U d R  molecules  
were ac tua l ly  i nco rpo ra t ed  in to  t he  celI d u r i n g  t he  r ecovery  
phase.  Ea r l i e r  e x p e r i m e n t s  h a d  also suggested  t h a t  a 
s emiconse rva t ive ly  syn thes i zed  B U d R - c o n t a i n i n g  daugh-  
t e r  s t r a n d  (in t he  u n i r r a d i a t e d  control)  h y d r o g e n  b o n d e d  
to  t h e  labeled  s t r a n d  r ende red  t he  p a r e n t  s t r a n d  more  
suscept ib le  to  b r eakage  b y  313-Ilm i r rad ia t ion .  Therefore ,  
alI cells were grown for a n  a d d i t i o n a l  gene ra t ion  (1.0 h in  
th i s  med ium)  before  photolys is .  T he  cells were c o n v e r t e d  
to  p ro top las t s ,  t h e n  exposed to  313-nm i r r ad i a t i on  
(1.0 • 10 ~ erg mm-~) .  The  sh i f t  in  single s t r a n d  molecula r  
we igh t  was  m o s t  p r o n o u n c e d  in t h e  D N A  f rom ceils 
repa i red  in t he  presence  of B U d R ,  a l t h o u g h  some b reakage  
also occurred  b o t h  in ceils r epa i r ing  in t h y m i d i n e  and  in  
u n i r r a d i a t e d  cells i n c u b a t e d  in B U d R .  T he  we igh t  average  
molecula r  we igh ts  f rom th i s  a n d  t he  fol lowing experi-  
men t ,  s u m m a r i z e d  in t h e  Table ,  are ca lcu la ted  f rom 
s u m m a t i o n  of t he  e q u a t i o n  d ~ a M  x for all  f rac t ions ,  
where  d = f r ac t iona l  d i s tance  s e d i m e n t e d  a n d  M -~ 
molecu la r  we igh t  ~5. The  va lues  of a a n d  x (0.0145 and  

Change in average molecular weight caused by 313-nm irradiation 
(1.0 x 105 erg mm -~) 

Condition Pre. 313 nm M.W. Post Reduction 
( • 10 -6) 313 nm M.W. of M.W. (%) 

UV, thymidine 85.1 72.7 14.5 
no UV, BUdR 73.2 62.6 14.4 
UV, BUdR 93.6 49.2 47.4 

X-ray, thylnidine 97.2 83.2 14.4 
no X-ray, BUdR 99.3 80.1 19.3 
X-ray BUdR 104.9 84.0 19.9 

0.316, respec t ive ly)  were der ived  f rom s e d i m e n t a t i o n  d a t a  
f rom D N A  samples  of k n o w n  molecu la r  weight .  W h e n  a 
s imi la r  e x p e r i m e n t  was  car r ied  ou t  us ing  X - i r r a d i a t i o n  
(Figure 3), no  such  decrease  in t h e  ave rage  molecu la r  
we igh t  was  observed.  Since th i s  dose of X - r a y  in our  
s y s t e m  resu l t s  in  b r eakage  of D N A  down  to  a t  m o s t  ha l f  
of t h e  u n i r r a d i a t e d  we igh t  ave rage  molecu la r  weight ,  if t h e  
f r ac t ion  of r epa i red  regions pho to lysed  were 0.33 to  0.5, as  
ca lcu la ted  b y  REGA~ e t  al. n in t he  case of UV, t h i s  shou ld  
h a v e  y ie lded  a r ead i ly  a p p a r e n t  change  in t he  s e d i m e n t a -  
t ion  p a t t e r n .  W e  h a v e  also used t h e  r a d i a t i o n - r e s i s t a n t  
m u t a n t  B / r  a n d  a larger  b u t  accep t ab l e  X - r a y  dose (30 kr) 
and  aga in  fai led to de t ec t  apprec iab le  pho to lys i s  in  cells 
repa i red  in B U d R .  The  dose of 313-nm i r r ad i a t i on  was 
va r i ed  in severa l  e x p e r i m e n t s  be tween  0 . 2 3 •  s and  
2.3 • 105 erg r a m - "  w i t h o u t  e n h a n c e d  resolut ion.  

A reasonab le  i n t e r p r e t a t i o n  of these  d a t a  is t h a t  D N A  
repa i r  syn thes i s  is a necessa ry  s tep  in t he  c losure  of s t r a n d  
b reaks  caused b y  X - r a y  in  E. coli, b u t  t h a t  i t  involves  m u c h  
sho r t e r  s egmen t s  of D N A  t h a n  in U V  excis ional  repair .  
Th i s  e x p l a n a t i o n  is also cons i s t en t  w i t h  t he  fa i lure  b y  
others ,  excep t  a t  t he  h ighes t  doses, to  de tec t  r epa i r  
syn thes i s  b y  isopycnic  c en t r i f uga t i on  in CsC1 gradients~% 

Zusammen/assung.  Nachweis ,  dass  be i  e iner  E. coli- 
M u t a n t e  m i t  f e h l e n d e r  D N S - P o l y m e r a s e  eine DNS-  
<~ R e p a i r  ~>- Syn these  m6gl icherweise  ein no twend ige r  Sch r i t t  
vo r  d e m  Schl iessen der  v o n  R 6 n t g e n s t r a h l e n  v e r u r s a c h t e n  
Chromosomenbr i i che  ist. 
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N u c l e a r  D N A  A m o u n t s  in P o l y c h a e t e  Anne l ids  

R e c e n t  work  on e v o l u t i o n a r y  t r e n d s  in t he  specific 
a m o u n t  of nuc lea r  D N A  has  been  l imi t ed  m a i n l y  to  
v e r t e b r a t e  groups  1-3. Much  less is k n o w n  a b o u t  in-  
v e r t e b r a t e  genome  sizes 4. W e  r e p o r t  here  t h e  resu l t s  of 
m e a s u r e m e n t s  m a d e  on  36 p o l y c h a e t e  species. These  
worms  c o n s t i t u t e  a n  i n v e r t e b r a t e  group of p a r t i c u l a r  
e v o l u t i o n a r y  in te res t .  Morphologica l ly  some po lychae t e s  
are  v e r y  close to t he  p o s t u l a t e d  ances t r a l  b o d y  p l a n  of t h e  
s e g m e n t e d  coelomates .  Th i s  bas ic  p a t t e r n  ha s  been  
modi f i ed  in va r ious  ways  b y  a d a p t a t i o n  to d iverse  m a r i n e  
h a b i t a t s .  There  are  f ree-swimming,  e r aMing ,  bur rowing ,  
and  t e m p o r a r i l y  or p e r m a n e n t l y  sessile species, r a n g i n g  
f rom genera l ized to v e r y  special ized morphoIogy .  

Nuc lea r  D N A  a m o u n t s  were d e t e r m i n e d  b y  e i the r  of 2 
me thods .  D a t a  on  some species are based  on  micro-  
d e n s i t o m e t r i c  d e t e r m i n a t i o n s  of Feu lgen  dye  c o n t e n t  of 
i n d i v i d u a l  somat i c  nuclei,  o the r s  h a v e  been  o b t a i n e d  b y  
f luoromet r i c  q u a n t i t a t i o n  of t h e  D N A  of a k n o w n  n u m b e r  
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Haploid nuciear DNA content of polychaetes. Fluorometric determination on sperm cells and microdensitometrie determination on Feulgen 
stained somatic ceils 

Haploid DNA content in picograms 
Fluorometric Microdensitometric SE (%) No. of slides 

Order Amphinomorph a 
Family Amphinomidae 

Pseuderythoe ambigua 

Order Eunicenmrpha 
Family Olauphidae 

Onuphis erem#a oculata 
Onuphis magna 
Onuphis sp. 
Diopatra cuprea 

Family Lumbrineridae 
Lumbrineris tenuis 
Ninoe nigripes 

Order Phyllodocemorpha 
Family Phyllodoeidae 

Nereiphyll~ peretti 
Family Polynoidae 

Lepidonotus squama~!us 
Lepidonotus sublevis 

Family Hesionidae 
Podarke obscura 

Family Nereidae 
Nereis succinea 
Laeonereis culveri 

Family Nephtyidae 
Nephtys incisa 
Nephtys sp. 

Family Glyeeridae 
GZycera americana 

Order Spiomorpha 
Family Orbiniidae 

Scoloplos /ragilis 
Scoloplos rubra 

Family Cirratulidae 
Cirri/ormia [iligera 
Cirri]ormic~ luxuriosa 
Cirratulus grandis 
cirratulid 

Family Chaetopteridae 
Chaetopterus variopedatus 

Family Paraonidae 
A ricidea Jragilis 

Order Drilomorpha 
Family Arenicolidae 

A renicola cristata 
Family Maldanidae 

Clymenella mucosa 
Family Sealibregmidae 

Scalibregma inflatum 

Order Terellomorpha 
Family Peetinariidae 

Peciinaria gouldii 

Order Serpulimorpha 
Family Sabellidae 

Branchiomma nigromaculata 
Myxicola i~]undibulum 

Unidentified different species 

5.3 

1.5 
2.2 

2.1 

7.2 
2.2 

3.4 
0.7 

1.0 

4.0 

2.4 5.5 3 

1.7 6.7 8 
1.2 1 
1.7 7.3 2 
2.0 3.0 16 

2.4 6.6 6 

2.7 1.6 2 

1.6 9.9 3 

2.2 4.0 13 
0.8 10.1 5 

3.5 1.9 3 

2.3 4.7 6 
3.1 3.4 3 

1.0 2.2 19 

1.0 1 

4.6 2.3 3 

0.9 3.3 13 

2.7 2.2 15 

1.4 1.3 7.2 6 

3.1 

1.1 
1.9 
2.3 
2.8 
2.8 
2.9 

1.3 1.2 3 
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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  

P~ 6 haeta [ -~  

5 10 15 
Genome size (picog rams) 

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  


