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homomorph ic  (subtelocentric).  This  seems to f avour  the  
hypothes is  t h a t  the  2n = 38 'popula t ions  are  in tercon-  
nected  by  the  same sys tem t h a t  is responsible for the  
ubiqui tous  diffusion of the  species, which is t h a t  asso- 
c ia ted  wi th  the  b lack ra t ' s  condi t ion  as man ' s  com- 
mensal '  (CAPANNA et  al.V). Moreover ,  t he  probabi l i ty  
t h a t  ' cent r ic  fusion has occurred be tween  the  same pairs  
of au tosomes  independen t ly '  (CAPANNA et  al. 7) in 3 
widely  separa ted  2n = 38 popula t ions  is r a ther  remote .  

Ano the r  in teres t ing  po in t  is t h a t  the  longest  au tosome  
in t he  Asian (2n = 42) popula t ions  of Rattus rattus seems 
to  possess a readiness for aberra t ion.  H e t e r o m o r p h i s m  
has been repor ted  for t he  J a p a n  and Korean  t a x a  (Yo- 
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Fig. 2. Normal metaphase of Rattus rattus diardii with 42 chromo- 
somes. 

SIDA et  al.9,10), Malayan  t a x o n  (YONG and DHALIWAL 4) 
and also the  Vie tnamese  t a x o n  (T. C. Hsu, personal  
communica t ion) .  In  t he  present  report ,  the  longest  
au tosome is invo lved  in centr ic  fusion. On the  o ther  
hand,  t he  longest  au tosome in the  2n = 38 popula t ions  
is homomorphic .  

I t  is no t ewor thy  t h a t  these 2 ma jo r  popula t ions  exh ib i t  
d i f ferent  ch romosomal  po lymorphism.  This  is p robab ly  
no t  a resul t  of env i ronmen ta l  condi t ions  as ch romosomal  
po lymorph i sm  has been  found in the  Malayan  house 
shrew, Suncus murinus, in which  Robe r t son i an - type  
t rans loca t ion  is responsible  for t he  exis tence of 2n = 38, 
39, and 40 indiv iduals  wi th in  t he  same popula t ion  
(YONG, Exper ien t i a ,  in press). 

As s ta ted  by  CAPANNA et  al. 7 ' t he  s tudy  of the  poly-  
morph i sm of Rattus rattus appears  h igh ly  promis ing ' .  
I t  would  be exci t ing if there  should exis t  o ther  popula-  
t ions in addi t ion  to  t he  exis t ing 2n = 42 (Asian) and 
2n = 38 (European,  S. American,  Oceanian) populat ions .  

Zusammen/assung. Bet e inem MAnnchen yon  Rattus 
rattus diardii aus Kua la  L u m p u r  (Malaysia) wurden  41 
Chromosomen  (normal 2n = 42) gefunden,  was mi t  der  
Rober t son ' schen  Trans loka t ion  in Zusammenhang  s tehen 
dtirfte, welche die Fusion 2 e inarmiger  Au tosomen  in ein 
grosses, zweiarmiges  Chromosom vollzieht .  
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S t u d i e s  on  r l I  R e g i o n  of  T2L P h a g e  

GANDHI, MEHTA and MODI l repor ted  t h a t  r l I  region 
of phage  T 2 L  consists of one cis tron and t h a t  in crosses 
be tween  the  m u t a n t s  s tudied  the  m a x i m a l  f requency  of 
r ecombinan t s  does no t  exceed 0.13%. In  the  course of 
the  compara t i ve  genet ic  research of r -mu tan t s  of phages 
T 2 L  and T4B, we ob ta ined  results con t ra ry  to  t h a t  of 
GANDHI e t  al. 1. I t  is ev iden t  f rom our  results  t h a t  r l I  
region of phage T 2 L  consists of two cistrons, the  length  
of which corresponds to  t h a t  of r l I  region of phage  T4. 

Materials and methods. Bacter ia .  S t ra in  of Escherichia 
colt B was used as a hos t  for t he  t i t r a t ions  of phages and 
for p la t ing  the  p rogeny  of crosses be tween  r l I  m u t a n t s ;  
E. colt BB  was used to  ob ta in  r l I  m u t a n t s  in high t i te r  
as on B cells t he  t i t res  of r m u t a n t s  a re  no t  as rule high. 
E. colt K12 (4) and E. colt B ().) were  used as a p la t ing  
ind ica tor  for assaying the  r eve r t an t s  and r ecombinan t s  
and also in t he  exper iments  on complemen ta t ion .  S t ra in  
B (4) was k indly  suppl ied by  Dr.  ARBER. 

Bacter iophages.  Phage  T 2 L  of t he  wi ld  t y p e  was 
obta ined  f rom labora to ry  of Dr.  GOLDFARB ( Ins t i tu te  
of General  Genetics,  Moscow). Dele t ion  m u t a n t s  of r l I  
region of phage  T4B r l i 6 3 8 ,  r l i 1 6 8 ,  r l I W 8 - 3 3  were  
obta ined  f rom Dr. BENZER. M u t a n t  r i i 6 3 8  carries t he  
delet ion of the  whole r I I  B cistron, r I1168 and r I I W S - 3 3  
conta in  the  small  delet ions in r I I A  and r I I B  cistrons 
of phage T4B, respect ively .  

The  phage  T 2 L  r + was t rea ted  wi th  0 . 2 M  solut ion ot 
HCl -hyd roxy lamine  in the  1/1~M Na-phospha te  buffer  
p H  = 6.0 a t  4--10h. Mutagenic  reac t ion  was s t o p p e d  
by  di lu t ion of sample  in 2% solut ion of acetone in broth.  
Mutagenized  phage  was p la t ed  on Pe t r i  dishes and the  
select ion of r -mu tan t s  f rom the  pure  and mot t l ed  p laques  
was carried out.  The  sample  was no t  e l imina ted  f rom 
m u t a t i o n a l  he te rozygotes  and thus  the  independen t  
occurrence of eve ry  selected m u t a n t  was provided  3. The  
med ia  used in our  exper iments  is t ryp t i c  digest  of m e a t  
( 'broth ' ) ,  and  b ro th  wi th  agar  (1.2% aga r -bo t tom layer,  
0 .7% agar - top  layer).  

.Complementation methods, a) Qua l i t a t ive  complemen ta -  
t ion.  The  drops of suspension of the  inves t iga ted  mutan t s ,  
t aken  w i t h  t i t r e  of 1 × 107 phages /ml  were  placed on the  
newly  p la ted  lawn of B (4) bac ter ia  ( approx imate ly  
1 × l0  s cells) in t op  layer  w i t h  t es te r  phage  (mul t ip l ic i ty  
of infect ion is 0.1). Af te r  incuba t ion  for 1 8 - 2 0 h  the  
occurrence of spot  ot lysis was es t ima ted  as a comple-  
menta t ion ,  b) Q u a n t i t a t i v e  complementa t ion .  Bac te r ia  
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o1 E. coli B (2), 2 x l 0  s cells, were  in fec ted  w i t h  t h e  m i x t u r e  
of p h a g e s  u n d e r  i n v e s t i g a t i o n  w i t h  t h e  m u l t i p l i c i t y  of 
in fec t ion  w i t h  e a c h  p h a g e  e q u a l  to  7.0 a n d  a f t e r  10 m i n  
a d s o r p t i o n  t h e  in fec ted  b a c t e r i a  were  s e d i m e n t e d  b y  cen-  
t r i fug ing ,  r e su spended  in a f resh  m e d i a  a n d  i n c u b a t e d  
for  1 h a t  37 °C. T h e  yie lds  of e ach  m u t a n t  were  a n a l y z e d  
as controls .  Crosses were  ca r r ied  o u t  acco rd ing  to  t h e  
m e t h o d  descr ibed  in  work  of STEINBERG a n d  EDGAR 8. 
T h e  genera l  m e t h o d s  of work  w i t h  p h a g e s  co r r e s ponded  
to  t hose  desc r ibed  b y  ADAMS 4. 

Results and discussion. O n  s t r a i n  of E. coli K 12  (~L), 
p h a g e  T 2 L  of t h e  wild t y p e  p roduces  sma l l  t u r b i d  p l aques  
w i th  decreased  eff ic iency ot p l a t i ng .  I n  o rde r  t o  a v o i d  
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The genetic map of r l I  region of bacteriophage T2L (map units). 

Table I. Qualitative complementation between the mutants of T2L 
and rli638 

Mutants 

567 624 492 604 486 543 527 581 590 561 539 

567 0 0 0 0 0 0 + + + + + 
624 0 0 0 0 0 + + + + + 
492 0 0 0 0 + + + + + 
604 0 0 0 + + + + + 
486 0 0 + + + + + 
543 0 + + + + + 
527 0 0 0 0 0 
581 0 0 0 0 
590 0 0 0 
561 0 0 
539 0 
rl i638 + + + + + + 0 0 0 0 0 

Table II. The results of quantitative complementation with r lI  
T2L mutants 

Phage or mixture 
of phages under experiment 

Yield of 
phage per 1 
infected cell 

rW8-33 T4B-cistron 0 
r 168 T4A-cistron 0 
r442 T2L 0 
r527 T2L 0 
r543 T2L 0 
r168 + r W8-33 38.4 
r442 + r527 29.1 
r442 + r543 0 
r527 + r543 30.0 
rW8-33 + r543 27.8 
rW8-33 + r527 0 
r168 + r543 0 
r168 + r527 24.3 
r168 + r442 0 
rW8-33 + r442 29.3 

i n a d e q u a t e  e s t i m a t i o n  of q u a l i t a t i v e  c o m p l e m e n t a t i o n  
(as a r e su l t  of poor  d e v e l o p m e n t  of phage)  a s t r a i n  of 
E. coli B (2) was  used in  t h i s  e x p e r i m e n t .  O n  cells of 
B (~) wi ld  p h a g e  T 2 L  fo rms  specif ic  r + p l aques  w i t h  t h e  
s ame  eff ic iency of p l a t i n g  as  t h a t  of on  E. coli B, a n d  
r I I  m u t a n t s  of  p h a g e  T 2 L  do no t  grow on  t h i s  lawn.  
Fo r  t he  c o m p l e m e n t a t i o n  we used r l I  m u t a n t s  of T2L,  
p rev ious ly  local ized on  t he  gene t ic  m a p  (see Figure)  a n d  
de le t ion  m u t a n t s  of p h a g e  T4B.  The  cross ing ot end  
m a r k e r s  showed  t h a t  t he  m a x i m u m  l e n g t h  of r I I  region 
of T 2 L  is equa l  a t  l eas t  to  7.0 m a p  un i t s .  

S tud ies  of 11 m u t a n t s  t a k e n  in pa i r s  a n d  m a p p e d  
(Tab le  I) and,  bes ides  t h e  e x p e r i m e n t s  w i t h  23 m u t a n t s  
no t  as ye t  m a p p e d  m a d e  i t  poss ib le  to  c lass i fy  t h e m  
in to  2 g roups  of c o m p l e m e n t a t i o n .  A m o n g  34 r I I  T 2 L  
m u t a n t s  u n d e r  expe r imen t ,  18 m u t a n t s  be long  to  
A-cis t ron ,  i.e. t hose  c o m p l e m e n t e d  w i t h  r l i 6 3 8 ,  al l  t h e  
r e s t  be long  to  B-c is t ron .  On  t he  gene t i c  map ,  t h e  b o u n d -  
a r y  l ine  b e t w e e n  t h e  m u t a n t s  of t h e s e  2 g roups  of com-  
p l e m e n t a t i o n  is s i t u a t e d  b e t w e e n  r543  a n d  r527.  

F u r t h e r  ev idence  in  f a v o u r  of d e t e c t i o n  of t h e s e  2 
g roups  is f ound  in t h e  resu l t s  of t h e  q u a n t i t a t i v e  com-  
p l e m e n t a t i o n  w i t h  t he  m u t a n t s  a d j a c e n t  to  t h e  b o u n d a r y  
l ine b e t w e e n  t h e  c i s t rons  presupposed .  T h e  re su l t s  of t h e  
e x p e r i m e n t  are  g iven  in Tab le  I I .  Thus ,  m u t a n t s  r 5 2 7  
a n d  r543  be long  to  d i f f e ren t  g roups  (cis t rons)  a n d  t h e  
f u n c t i o n s  of r l I  c i s t rons  of p h a g e  T 2 L  m a y  be  com-  
p e n s a t e d  b y  t h e  f u n c t i o n s  of T4  p h a g e  r I I  c i s t rons .  T h e  
m i n i m a l  d i s t ance  b e t w e e n  t h e  m u t a n t s ,  b e l o n g i n g  to  
d i f f e ren t  c is t rons ,  m a k e s  0.42 m a p  u n i t s  for  T 2 L  phage ,  
w h i c h  is p r ac t i c a l l y  equa l  to  t h e  c o r r e s p o n d i n g  d i s t a n c e  
for  r l I  region of p h a g e  T 4 B  s. 

The  gene t ic  d i f ferences  b e t w e e n  t h e  closely r e l a t ed  
species m a y  b e  t h e  consequence  of va r i ous  n u m b e r s  of 
genes,  d i f f e r en t  f ine s t r u c t u r e  of genes  or  d i f f e ren t  local iza-  
t i on  of homologous  genes  in  t h e  c h r o m o s o m e s  of closely 
r e l a t ed  species. Accord ing  t o  ou r  da t a ,  r l I  region ot  T 2 L  
does n o t  differ  in  size f rom t h a t  of p h a g e  T 4 B  a n d  con- 
sists  of 2 c i s t rons  t h a t  a re  f u n c t i o n a l l y  homologous  to  
r l I A  a n d  r l I B  c i s t rons  of p h a g e  T4B.  

T h e  resu l t s  of GANDHI e t  alY m a y  be  e x p l a i n e d  b y  t he  
insuf f i c ien t  v o l u m e  of t h e  m a t e r i a l  u n d e r  e x p e r i m e n t ,  
b y  t h e  f ac t  t h a t  cells  of K12  (2) were  used as  ind ica tor .  
F i n a l l y  t h e r e  is a poss ib i l i t y  t h a t  some  of t he se  m u t a n t s  
were s o m e h o w  repea ted ,  as  t h e s e  a u t h o r s  on ly  s tud ied  
t h e  m u t a n t s  i nduced  in v ivo  w i t h  acr id ine ,  so t h a t  i t  
looks  qu i t e  poss ib le  t h a t  a c lone of m u t a n t s  was selected.  
T h i s  l a s t  a s s u m p t i o n  m a y  exp l a in  t he  resu l t  of GANDHI, 
as t h e  f requenc ies  of r e c o m b i n a t i o n  in crosses of 4 
m u t a n t s  a re  low a n d  do  n o t  d i f fer  g rea t ly  f rom t h e  
f requenc ies  of r e v e r t a n t s .  

BI,IBOA~. r l l  06naCTb ~ a r a  T2L COCTOHT H3 AByX UHCTp0- 
HOB, dpyHKIiHOHaJlbH0 FOM0.rl0rBqHblX tmerpoHaM A . B 
r l l  o6aacTa dpara T4B. O6maa aanHa r l l  o6aacTu dpara T2L 
C00TBeTCTByeT JlaBHe r l l  06aaCTM dpara T 4 B .  P a c c T o a H x e  
Mea<ay 6aaa<at~muMa MyTatmaMX B coce/1HXX t~rlCTpOHaX dpara 
T 2 L  COOTBeTCTByeT MaKcHMaabuoMy Me)REeHHoMy paCCTO~- 
HXlO B r l l  o6nacTa ~bara T4B. 
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