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Negative Heterochromatin, Positive Heterochromatin, and Chromosome Condensation in Vicia 
]aba 
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Summary. In  Vicia ]aba, cold t r e a t m e n t  d is turbs  more  effect ively t he  vanish ing  f rom late  p rophase  on of tile - - H  
(negatively he te rochromat i c  segment)  t h a n  t h a t  of the  + H  (posit ively he t e roch roma t i c  segment) ,  and  eventua l ly  
produces  the  - - H  and + H  revela t ion on me taphase  chromosomes.  

Various m e thods  to  d i f ferent ia te  the  he te rochromat i c  
(H) segments  of me taphase  chromosomes ,  such as Q-, 
G-banding,  have  become very  useful tools to  probe  the  
longi tudinal  d i f ferent ia t ion  of ch romosome s t ructure .  
Character is t ics  of each H segmen t  wi th in  a ka ryo type  are 
being disclosed t h rough  unde r s t and ing  the  d i f ferent ia t ion  
mechan i sm in each method .  Among  these  various band ing  
me thods  the  cold t r e a t m e n t  has been known  for decades  
as the  m e t h o d  to  reveal  nega t ive ly  he te rochromat ic ,  i.e., 
fa in t ly  s ta ined  segments  (negative he te rochromat in ,  -- H) 
on me taphase  chromosomes .  Dif ferent ia t ion  of - - H  
b rough t  about  by  cold t r e a t m e n t  is considered to  be due 
to  the  different ia l  ch romosome condensa t ion  be tween  
he t e roch roma t in  and  euchromat in  (E)~-5. In  Vicia [aba 
t he  exis tence of cold- induced - H has  been  well known 6, L 
However ,  some s-~0 repor ted  the  s imul taneous  occurrence 

of -- H and  @ H (posi t ively he te rochromat ic ,  i .e.,  more  
dark ly  s ta ined  segments  t h a n  E) in the  cold t r e a t m e n t .  
OCKEY s claimed t h a t  t he  t ight ly-coi led  + H occurred a t  
the  expense  of loosely-coiled - - H .  Fo r  b e t t e r  under -  
s t and ing  of t he  mechan i sm of cold- induced H revelat ion,  
it  is i m p o r t a n t  to inves t iga te  w h e t h e r  or no t  the  + H 
occurrence is - - H  occur rence -dependen t  as OCKEY sup- 
posed, and  to  know how the  dif ferent ia l  ch romosome  
condensa t ion  correlates  wi th  t he  s imul taneous  + H and 
-- H occurrence.  

Materials and methods. Since it has  been  shown t h a t  ill 
Vicia ]aba the  + H in t he  middle  of t he  long a rm of t he  
5th chromosome of the  haplo id  c o m p l e m e n t  appears  
clearlyS, 1~ the  re la t ive pos i t ion  and the  occurrence fre- 
quency  of + H and - - H  in t he  5th ch romosome  was in- 
ves t iga ted  a t  la te  p rophase  and at  me taphase ,  respec- 
t ively.  In  t he  s t an d a rd  ka ryo type  of Vicia ]aba, it  is dif- 
f icult  a t  p rophase  Correctly to  d is t inguish  the  5th chro-  
mosome among  the  10 S chromosomes  which  are ve ry  
similar  in size and  shape.  Thus  the  r econs t ruc ted  karyo-  
t ype  ACB 11,1~ of Vicia tabs, which  was p roduced  b y  
MICHAELIS and 1RIEGER, was used in this  exper iment .  In  
ACB the  + H  and  - - H  of t he  5th ch romosome  of t he  
s t an d a rd  ka ryo type  are in the  s t ruc tu ra l ly  changed  5th 
chromosome,  which  is easily ident i f iable  among  the  12 
chromosomes  of the  complemen t  ~. Seedlings of Vicia 
]aba ka ryo type  ACB were co ld- t rea ted  a t  0 • 0.5 ~ for 
2 days.  Main root  t ips  were excised, p r e t r ea t ed  wi th  
0.05% colchicine a t  0~ for 2.5 h before f ixa t ion  wi th  
La Cour 2BD at  0~ for 30 min.  Af te r  b leaching in 0.05% 
H20 ~ for 5 rain, roots  were hydro lyzed  ill 1 N HC1 at  
60~ for 20 min,  s ta ined  by  Feulgell'S, and  squashed.  

Cutouts of the 5th chromosome in the complement of cold-treated 
Vicia ]aba karyotype ACB. Upper two, chromosomes at late pro- 
phase; lower two, at metaphase. C, centromere; single arrow, +H;  
double arrow, --H. The numbers indicate the share of Chromosome 
segments in the total length of the 5th chromosome, 
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Frequencies of the cold-induced + H  and --H on the long arm of the 5th chromosomes in Vicia [abe karyotype ACB 

Cells observed % of 5th chromosomes showing 

+ H a n d  - -  H O n l y  + H O n l y  - -  H N e i t h e r  + H n o r  - -  H 

Late prophase 22 52 25 9 14 

lV[etaphase 40 21 22 34 22 

La te  prophases and metaphases  in which 12 chromo- 
somes of the  complement  were interdis t inguishable  and 
well  spread were chosen and photographed.  Count  and 
judgemen t  of + H and of -- t t  were made  on the  posi t ive  
prints  wi th  magnif ica t ion  • 2600. 

Results and discussion. The cold t r e a t m e n t  revealed 
t h a t  the  5th chromosome possessed one + H  and one 
-- H on its long a rm (Figure). The  frequencies of the  + H 
and those of the  - - H  a t  la te  prophase and a t  metaphase  
are summar ized  in the  Table.  A t  late prophase,  the  + H 
and the  - - H  appeared wi th  similar  frequencies ( +  H, 
77~o; - - H ,  61~o ). The  chromosomes showing nei ther  
+ H nor  - - H  increased in number  a t  metaphase  more 
t h a n  a t  la te  prophase.  This  implies t h a t  bo th  + H and 
- - H  become less recognizable when the  cell cycle ap- 

proaches metaphase .  F r o m  late  prophase to metaphase ,  
the  -~I-t frequencies decreased more rapidly  than  the  
- - H  frequencies ( + H ,  f rom 77% to 43~o; - - H ,  f rom 
61% to 55~o). This explains, a t  least  in part ,  w h y  m a n y  
researchers who s tudied cold- t reated Vicia ]aba have  
described only - - H .  Through  chromosome condensat ion 
f rom late  prophase to metaphase ,  the  re la t ive  posit ion 
of t he  + H and t h a t  of the  - - H  along the  chromosome 
did no t  change as shown in the  Figure.  If  the  t igh t ly-  
coiled + H occurs at  the  expense of loosely-coiled --I-I, 
the  chromosomes  showing only + H are no t  to be ob- 
served. This, however ,  was no t  the  case, as shown in the  
Table.  The  occurrence of the  chromosomes showing only 
+ H supports  the  v iew t h a t  the  occurrences of + H and 
-- H are mu tua l l y  independent  mat ters ,  bu t  not  t h a t  the  
occurrence of + H is -- H occurrence-dependent  as OCKEY 
suggested. 

In  Vicia/aba the  chromocenters ,  i.e., he te rochromat in  
regions a t  interphase,  decondense t rans ien t ly  to a euchro-  
mat ic  s ta te  twice dur ing mi to t ic  prophase ~8. The  H 
disappears  first  a t  the  beginning of prophase ('Zerst~iu- 
bungss tad ium'  ~a), and reappears  at  the  stage subsequent  

to the  'Zers t~ubungss tadium' .  As prophase proceeds, 
chromosomes  undergoing spiral izat ion become recogniz- 
able separa te ly  as e longated threads  (spiral-prophasel~). 
A t  an ear ly  stage of this spiral-prophase,  the  dis t inct ion 
be tween  H and E becomes impossible again;  i.e., H 
disintegrates  to ]?;. I n  this exper iment ,  the  prophases 
which corresponded to the  ear ly  stage of spiral-prophase 
did not  show any  H different iat ion.  As chromosome con- 
densat ion proceeds, H reappears  (late prophase in this  
paper).  I t  was known t h a t  w i thou t  the  cold t r e a t m e n t  
bo th  + H and - - H  became apparen t  a t  this  la te  pro- 
phase ~0,1~. Afterwards,  in the  case of non-cold- t rea tment ,  
this  H different ia t ion vanishes  up to metaphase .  I t  is 
considered t h a t  cold t r e a t m e n t  dis turbs the  vanishing of 
the  H different ia t ion f rom late prophase on and even-  
tua l ly  brings about  the  + H  and - - H  revela t ion on 
metaphase  chromosomes.  

The  cold-induced - - H  has been shown in Trillium4, ~5 
and in Vicia ]aba ~6 to be a di f ferent ia l ly  darker  stained 
segment  by  Giemsa banding  methods.  The present  results 
showed t h a t  + H and -- H were independent  phenomena.  
I n  Chinese hamster ,  the  darker  Giemsa bands were the  
t ight ly-coiled,  i.e., + H chromosome segments  ~v. In  
Vicia ]aba, too, some of the  Giemsa-posi t ive segments  
revealed by  Giemsa banding methods12,15,16,1s,19 m a y  
correspond to cold-induced + H  segments.  This, how- 
ever, is a t  present  an open question.  
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G e n e t i c  C o n t r o l  of  L D H  I s o z y m e s  in  t h e  Rana esculenta C o m p l e x  
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Summary. Studies of L D H  isozymes in the  European  green frogs showed t h a t  the  synthesis  of the  t3 subunits  is con- 
t rol led by  3 alleles a t  a single genetic  locus. The genetic  evidence supports  the  hypothes is  t h a t  Rana esculenta is the  
hybr id  of R. lessonae • R. ridibunda. 

Hybr id iza t ion  exper iments  and b iomet r ic  studies of 
the  3 types  of European  green frogs indicate  t ha t  Rana 
lessonae and Rana ridibunda are 2 d is t inct  species, while 
Rana esculenta represents  thei r  hybr id  ~-6. Cytological  
analysis of the  karyo types  7, as well  as e lect rophoret ic  
examina t ion  of the  serum proteillS s-11, suppor t  th is  
conclusion. In  order  to ob ta in  fur ther  in format ion  abou t  
ti le t axonomic  relat ionships  of these 3 frog types,  we 

carried ou t  a detai led s tudy  of the  genetic  control  of the  
lac ta te  dehydrogenase  (LDH) isozyme. The  present  paper  
is a brief  repor t  of this  s tudy.  Tile detai led results will be 
publ ished later.  

Materials and methods. Adul t  frogs were collected f rom 
the  v ic in i ty  of Ziirich and kep t  in running wate r  in the  
laboratory.  The different  crosses, which were pa r t l y  made  
by  art i f icial  fert i l izat ion,  are summar ized  in Table  I. 


