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C h r o m o s o m e  Structure;  Ha l f -Chromat ids  in Chloroform Treated Metaphases  ~ 

Several  hypo theses  on the  chromosome s t ruc ture  have  
been forwarded,  ye t  t h e y  differ as to  the  n u m b e r  of 
f i laments  wi th in  a chromat id .  Inves t iga t ions  using l ight  
microscopy (LM) ~ and e lec t ronmicroscopy (EM) 3-5 
indica ted  a c o m p o u n d  s t ruc ture  for the  chromosome.  
'Ha l f - ch romat ids '  in amph ib i an  l ampbrush  chromosomes  
were recent ly  descr ibed a t  the  EM 6. But ,  o ther  au thors  7, s 
re ject  th is  hypo thes i s  ill the i r  u l t r a s t ruc tu re  studies.  
According to DUPRAW 7, the  duplex  or quadr ip lex  aspect  
is an  a r t i fac t  ascr ibable  to  acid or enzymat i c  digest ion,  

inducing a secondary  aggregat ion  of c h r o m a t i n  f ibers of 
230 A which  enables  the i r  pe rcep t ion  at  the  LM. Such 
aggregat ions  were a l ready  d e m o n s t r a t e d  by  BARNICOT in 
1967 9 . 

This paper  is a t en t a t i ve  i n t e rp re t a t i on  of the  fibril 
complex i ty  a t  the  ch roma t id  level. I t  is based on a cyto-  
logical inves t iga t ion  of ch lo roform- t rea ted  p repa ra t ions  
by  l ight  and electron microscope.  A binemic  model  for 
the  ch romosome  s t ruc tu re  is proposed.  

The mater ia l  we used consis ted  of ch romosomes  of the  
te t rap lo id  (4n = 44) and diploid (2n = 22) Odontophrynus 
americanus, in which  the  D N A  con ten t  cor responds  wi th  
the  chromosome number~0-~2, and  Eleutherodactylus 
binotatus, a diploid species (2n = 22) w i th  large chromo-  
somes conta in ing  a fourfold D N A  co n t en t  in re la t ion to the  
o ther  species of t he  same genus and the  same diploid 
n u m b e r  ~3. For  the  LM, the  following t echn ique  was used:  
t he  animals  were inocula ted  wi th  a 1% colchicine 
solut ion (0.02 ml/g) 2 h pr ior  to t he  cytological  prepara t ion .  
Small  f r agment s  of t he  in tes t ine  were placed in cold 
dist i l led wa te r  for 15 mill, f ixed in 50% glacial acetic acid 
for 15 to 30 rain, and  immersed  in chloroform for 15 rain 
a t  room tempera tu re .  E a c h  f r ag men t  was t h e n  t r ans -  
ferred to  a slide covered wi th  a drop  of 50% acetic acid 
and squashed.  Tile coversl ip was r emoved  in d ry  ice. 
Af ter  hydrolys is  ill HC1 N at  60 ~ for 5 min,  the  slides 
were s ta ined  by  the  Feulgen  or Giemsa method .  Prepara-  
t ions  for the  EM were done on a 1% col lodium covered 
slide. Af ter  phase  microscope examina t ion ,  the  p repara -  
t ions  were d i rec t ly  t r ans fe r red  to  meta l  grids ~. The grids 
conta in ing  the  mater ia l  were s ta ined  in 2% uranyl  
ace ta te  d e h y d r a t e d  in t he  a lcohol  series and  examined  in 
an E lmiskop  I a t  80 K, ,  

Chloroform- t rea ted  m e t a p h a s e  chromosomes  showed 
u n c o m m o n  aspects :  1. The ch roma t ids  u n c o i l  e longate  
and are somet imes  d i s t inc t ly  separa ted  in to  'half- 
chromat ids ' ,  suggest ing the  quadr ip lex  aspec t  p roposed  
by  some authors  ~. B o t h  e longat ion  and  unfold ing  of 
only  one of t he  ch romat ids  were of ten  found.  The course 
of the  unfolded fibrils could be followed for a considerable  
d is tance  up to  the  l imit  of LM resolution.  Satel l i tes a t  
b o t h  ' ha l f -chromat ids '  were also observed (Figures 1, 
A - F  and  2). Chromat in  loops whose w i d t h  is a t  the  l imit  
of LM resolut ion were found along the  ha l f - ch roma t id ' s  
axial  fibres. (Figure 2). 

Fig. 1. Metaphase chromosomes from squash preparations of 
intestine treated with chloroform and stained with Giemsa: A) 
distorted chromosome in which one arm was pulled off; B) unfolding 
of ehromatids in half-ehromatids; C) localized separation of the half 
chromatids; D) separationin only one chromatid (O. americanus, 4n) ; 
E) 2 satellites at the right chromatid (O. americanus, 2n) ; F) chrom- 
arid separated in half chromatids (E. binotatus). 
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Fig. 2. Metaphase chromosome of O. ameri- 
canus intestine 4n, treated with chloroform 
and stained with Giemsa, showing separation 
of half-ehromatids and loops along the axial  
fibres. 

Fig. 3. Metaphase and anaphase circular chromo- 
somes from squash preparations oi intestine, treated 
with chloroform. A) The circle at right consists of 2 
half-ehromatids separated at  the centromere but  still 
connected at  the telomeres (0. amer@anus, 4n, Feul- 
gen) ; B) each circle of the eight-like configuration is 
formed by half chromatids connected by the telomeres 
but separated at the centromere (0. americanus, 4n, 
Feulgen); C} 2 anaphase chromosomes in an eight- 
like configuration. (E. binotatus, Giemsa} ; D) electron 
micrography of a metaphase chromosome of O. ameri- 
canus, 4n, treated with chloroform. At right, the circle- 
consists of half ehromatids separated at  the centro- 
mere hut  joined at the telomeres. Note the similari ty 
of the aspects with those of Figure A). 
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2. Each metaphase chromatid showed two separate 
filaments (half-chromatids) usually connected at the 
centromere and telomere regions. Depending on the degree 
of the separation at the centromere level, the metaphase 
chromosome may exhibit ring-shaped or eight-like 
chromatids. At the EM, a gap between both annular 
'half-chromatids' could be observed (Figure 3, A, B, C, D). 
Although the half chromatids showed longitudinal 
striae, the number of the component filaments could not 
be determined. There remains the question whether 
the striae end as free subfilaments at the telomere, or 
cons t i tu te  a p a r t  of a single, longi tudina l ly  b e n t  f i l ament  
a t  the  te lomere region. 

The morpho logy  of the  chromosomes  af ter  chloroform 
t r e a t m e n t  suggests  some s imi lar i ty  wi th  the  model  
p roposed  by  STUBBLEFI~LD and Wl~AY 4 for the  m a m m a l  
chromosome.  According to th is  model,  each anaphase  
ch roma t id  consists  of 2 ha l f -chromat ids ,  each of which 
has 2 deoxyr ibonuc leopro te in  r ibbons  l inked rio a single 
core and presen t ing  ep ichromat in  loops, la teral ly  a t t ached .  

The chloroform effect  has  been  followed up in several  
exper iments .  Figure 1 and 2 show aspects  usual ly seen, 
Figure  3 shows a mos t  u n c o m m o n  aspect .  In  p repa ra t ions  
t r ea t ed  over  iong per iods  of t ime,  as well as in p repa ra t ions  
t r ea t ed  wi th  chloroform prior  tO fixation,  t he  chromosomes  
were found to lose the i r  in tegr i ty  mak ing  any  analysis  
difficult .  

Our observa t ions  on the  morpho logy  of ch romosomes  
af ter  chloroform t r e a t m e n t  suggest  a mu l t i s t r anded  or a t  
least  a b inemic  model.  How could an uninemic  model  f i t  
the  observa t ions  of well def ined ha l f -chromat ids  w i th  
ev iden t ly  spl i t  te lomeres  ? We suggest  t h a t  the  in te rphase  
chromosome consists  a t  least  of two D N A  s t rands .  
Dur ing  D N A  synthes is  t h e y  uncoil and the  DNA helices 
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replicate.  The d i s t r ibu t ion  of s is ter  helices to t he  same or 
to d i f ferent  ch roma t ids  of the  me taphase  ch romosome  
can only be e lucidated by  an inves t iga t ion  of TH a 
incorpora t ion  pa t t e rns .  

The hypo thes i s  of an un ineme model  was favoured  by  
the  f ind ing  of T H  a heterolabel l ing in the  second genera t ion  
of D N A  repl icat ion of mi to t ic  chromosomeslS,  while an 
isolabelling p a t t e r n  has recent ly  been descr ibed by  
PEACOCt< ~6. Accept ing  the  b inemic  model ,  T H  a iso- 
labelling or heterolabel l ing w o u l d  depend  on the  d is t r ibu-  
t ion of the  sister  helices of each of the  Mt DNA molecule 
to  t he  very  same or d i f fe rent  chromat ids .  More recent ly  
it was shown t h a t  m a m m a l  sex chromosomes  become iso- 
labeled at  Me 4. 

Our au torad iographic  f indings,  discussing the  b inemic  
hypothes is ,  will be repor ted  elsewhere.  

The exis tence  of ~half-chromatids '  should no t  be 
in t e rp re t ed  as an ind ica t ion  tl~at dras t ic  var ia t ions  in 
D N A  con ten t  among  species wi th  s imilar  ka ryo types  are a 
consequence  of di f ferent ia l  po lynemy.  As a m a t t e r  of 
fact,  all species examined  by us p resen ted  'ha l f -chromat ids ' .  
Yet ,  th is  also does no t  necessar i ly  exclude po lynemy,  
since e lucidat ion wi th  respec t  to  the  n u m b e r  of f i laments  
wi th in  ttle ' ha l f -chromat ids '  sti'll needs be t t e r  resolution.  

The considerable  difference in DNA con ten t  in the  2 
anuran  species of Odontophrynus used in th is  inves t iga t ion  
is d e m o n s t r a b l y  the  resul t  of polyploidy.  The high DNA 
con ten t  in Eleutherodactylus binotatus is assumed to  be a 
consequence  of r emote  polyplo id iza t ion  and/or  in ters t i t ia l  
dupl ica t ions  ,a. 

Zusammen/assung.  Metaphasech romosome  lassen nach  
Chloroform-Behand lung  eine Aufte i lung in Ha lbch roma-  
t ide  erkennen.  Zytologische Befunde  der  Un te r suchungen  
(Licht-  und  Elekt ronen-Mikroskop)  weisen auf eine bine- 
mische S t ruk tu r  des eukaryo t i schen  Chromosoms hin.  
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C h r o m o s o m a l  Identity of Black Rats (Rattus rattus) f rom the Galfipagos Is lands,  Ecuador 

Considerable  in te res t  has been  given in recent  years  
to the  documenta t ion  of ch romosomal  var iab i l i ty  in the  
cosmopol i tan  h u m a n  commensa l  rodent ,  the  black ra t  
Rattus rattus (Linneaus).  Two ka ryo typ ic  morphs  have  
been descr ibed:  a 2n = 42 m o r p h  f rom eas tern  ~ and  
sou theas te rn  2 Asia and  the  Ind ian  subcont inentS;  and  a 
2 n = 38 m o r p h  f rom south  Ind ia  ~, wes te rn  Asia 5, Europe  6 

Africa v, N o r t h  Amer ica  s, South  Amer icaL and Austra l -  
asia *~ The exac t  cytological  re la t ionships  be tween  these  
va r ian t s  are now- known from Giemsa-band ing  pa t t e rns ,  
and  consis t  of two  Rober t son ian  fusions and  1 to 2 
per icentr ic  inversions11. In  add i t ion  to  the  general  poly- 
typ ic  na tu re  of var iab i l i ty  in diploid n u m b e r  summar ized  
above, i n t r apopu la t ion  po lymorph ic  sys tems  have  also 
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