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Why Plant Chromosomes Do Not Show G-bands 
d. G r e i l h u b e r  
Bo tan i sches  Inst i tut  de r  Universit~it  Wien (C3rtologie),  Wien ( O s t e r r e i c h )  

S u m m a r y .  G i e m s a  techniques  have  r e fu sed  to r e v e a l  G-banding pa t t e rns  in plant c h r o m o s o m e s .  Whatever  has 
been d i f f e ren t i a l ly  s t a ined  so fa r  in plant c h r o m o s o m e s  by va r ious  t echn iques  r e p r e s e n t s  cons t i tu t ive  h e t e r o -  
c h r o m a t i n  ( r ede f i ned  in th is  p a p e r ) .  P a t t e r n s  of this  type must  not be confused  with the G-banding pa t t e rns  of 
h igher  v e r t e b r a t e s  which r e v e a l  an addi t ional  c h r o m o s o m e  segmen ta t i on  beyond that due to cons t i tu t ive  h e t e r o -  
c h r o m a t i n .  The absence  of G-bands  in plants  is  expla ined  as fo l lows:  1) Plant  c h r o m o s o m e s  in m e t a p h a s e  con-  
ta in  much m o r e  DNA than G-banding v e r t e b r a t e  c h r o m o s o m e s  of c o m p a r a b l e  length.  At such a high d e g r e e  of 
con t r ac t i on  v e r t e b r a t e  c h r o m o s o m e s  too would not show G-bands ,  s imp ly  for  opt ical  r e a s o n s .  2) The s t r i k ing  
c o r r e s p o n d e n c e  of pachytene  c h r o m o m e r e s  and mi to t i c  G-bands  in h igher  v e r t e b r a t e s  sugges t s  that pachytene  
c h r o m o m e r e s  a r e  G-band  equ iva len t s ,  and that th is  may a lso  be the c a s e  in p lants .  G-banded  v e r t e b r a t e  c h r o -  
m o s o m e s  a r e  on the a v e r a g e  only 2 .3  t i m e s  s h o r t e r  in m i t o s i s  than in pachytene ;  the c h r o m o m e r i c  pa t t e rn  
t h e r e f o r e  s t i l l  can be shown. In c o n t r a s t ,  plant c h r o m o s o m e s  a r e  app rox im a te ly  10 t i m e s  s h o r t e r  at mi to t i c  
m e t a p h a s e ;  t h e i r  p a c h y t e n e - l i k e  a r r a n g e m e n t  of c h r o m o m e r e s  is t h e r e f o r e  no longer  d e m o n s t r a b l e .  

Key w o r d s :  Plant  c h r o m o s o m e s  - G-bands  - C h r o m o m e r e s  - H e t e r o c h r o m a t i n  

E v e r  s i nce  G i e m s a  banding techniques  have been ap-  

p l ied  in plant cytology it was i r r i t a t i n g  that nothing 

could be d e m o n s t r a t e d  which was c o m p a r a b l e  with the 

G-bands  in h igher  v e r t e b r a t e s .  In fact ,  any of the 

bands s ta ined  in plant c h r o m o s o m e s  h i the r to  can be 

ident i f ied  as cons t i tu t ive  h e t e r o c h r o m a t i n  ( spec i f i c  

banding: C-band ing ) ,  if  we define it c o r r e c t l y  as in-  

he r i t ed ,  unconve r t ab l e  c h r o m o s o m e  s e g m e n t s  which 

do not decondense  dur ing t e lophase ,  so fo rming  c h r o -  

m o c e n t e r s  during in t e rphase ,  including al l  such v e r y  

s m a l l  bodies  ( h e t e r o c h r o m o m e r e s ) ,  which a r e  con-  

subs tanc ia l  with c h r o m o c e n t e r s  as  r e v e a l e d  by s t a i n -  

ing behav iour  o r  c y t o c h e m i c a l  t e s t s .  ~ Whenever  c y -  

to log i s t s  have  c l a i m e d  to have  d e m o n s t r a t e d  G-bands  

in p lants ,  this  was due to a mi sunde r s t and ing  of what 

G-banding r e a l l y  m e a n s :  Visua l iza t ion  of c h r o m o s o m e  

This def ini t ion c l o s e l y  r e f e r s  to the c l a s s i c a l  u n d e r -  
s tanding of h e t e r o c h r o m a t i n  (Hei tz  1932), but omi t s  
the dubious p r e c o c i o u s  p rophase  condensa t ion  as a 
c r i t e r i o n ,  and c l a r i f i e s  the d i s t inc t ion  of eu-  and 
h e t e r o c h r o m o m e r e s .  Widely used  c h a r a c t e r i s t i c s  
of cons t i tu t ive  h e t e r o c h r o m a t i n ,  l ike  la te  r e p l i c a -  
t ion,  content  of  s a t e l l i t e  DNA, highly r e p e t i t i v e  DNA, 
should be avoided  in def in i t ions  of h e t e r o c h r o m a t i n ,  
s i nce  excep t ions  a r e  known in each c a s e .  F u r t h e r -  
m o r e ,  e u c h r o m a t i n  can  a l so  have  s o m e  of t he se  
c h a r a c t e r s ,  e . g .  la te  r ep l i c a t i on ,  and highly r e p e -  
t i t ive  DNA. 

segmen ta t ion  in con t r ac t ed ,  dividing c h r o m o s o m e s  

along t he i r  whole length,  and consequen t ly  a l so  in 

o the r  r eg ions  than those  occupied  by cons t i tu t ive  he -  

t e r o c h r o m a t i n .  The s o u r c e s  of this  t e r m i n o l o g i c a l  

vagueness  have  a l r eady  been out l ined ( G r e i l h u b e r  

1975) - the use  of banding t e r m i n o l o g y  acco rd ing  to 

the t r e a t m e n t s  appl ied,  o r  acco rd ing  to the band po-  

s i t ion,  i . e .  c e n t r o m e r i c  o r  n o n - c e n t r o m e r i c .  

The inabi l i ty  to d e m o n s t r a t e  G-bands  in plants  was 

expla ined  e i t he r  by a consequence  of the d i f ferent  mode  

of c h r o m o s o m e  p r e p a r a t i o n  in plants  o r  by a genuine 

absence  of G-banding c h r o m a t i n  in the plant kingdom 

( G r e i l h u b e r  1975), or ,  in t e r m s  of m o l e c u l a r  biology,  

by the high r a t io  of m o d e r a t e  r e p e t i t i v e  DNA in plants  

(Nagl 1976). It was not r e a l i z e d  that the im pos s ib i l i t y  

to d e m o n s t r a t e  G-bands  in plant c h r o m o s o m e s  might  

s imply  be due to t he i r  high d e g r e e  of con t r ac t ion .  It 

is evident  f rom Fig .  1 that human c h r o m o s o m e s  would 

not show G-bands  s imply  for  r e a s o n s  of opt ical  r e s o -  

lut ion,  if they w e r e  c o n t r a c t e d  to the s a m e  extent  as  

bean or  r y e  c h r o m o s o m e s .  The ob jec t ion  can be made  

that G-bands  in p lants ,  if  they ex i s t ,  might  be l a r g e r  

than those  in man,  and on p r i n c i p l e  t h e r e f o r e  demon-  

s t r a b l e  by a p p r o p r i a t e  t r e a t m e n t s .  However ,  the above 

explanat ion is  cons i s t en t  with another  cons ide ra t i on ,  

which is  out l ined  in the fol lowing.  It has been demon-  
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Fig .  1. a - c  the usual  s i z e  r e l a t i ons  in cy to log ica l  
p r e p a r a t i o n s  of the C-banded  M - c h r o m o s o m e  of V i c i a  
faba (a;  Gre i l hube r  1975), the C-banded  c h r o m o s o -  
m e  no. 1 of Seeale  eer, ea le  (b;  W e i m a r c k  1975),  
and the G-banded  human c h r o m o s o m e  no. 1 (c ;  Lu- 
c iani  et al .  1975). d, e the s i z e  of the human c h r o -  
m o s o m e  no. 1, if c o n t r a c t e d  as s t rong ly  as bean (d) 
o r  rye  (e)  c h r o m o s o m e s ;  under  such condi t ions  no 
G-bands  would be d e m o n s t r a b l e  

s t r a t e d  in Ch inese  h a m s t e r  (Okada and Comings  1974) 

and man  (Luciani et al .  1975) that G-bands  in p r o m e -  

t aphase  and c h r o m o m e r e s  in pachytene  show c l o s e  

c o r r e s p o n d e n c e .  We may t h e r e f o r e  look fo r  c o r r e s -  

ponding s t r u c t u r e s  in p lants :  t he se  a r e  obvious ly  the 

long known pachytene  c h r o m o m e r e s .  The c o m p a r i s o n  

of r e l evan t  f ea tu r e s  in man,  i n sec t s ,  and plants  

(Table 1) makes  the fol lowing evident :  human c h r o -  

m o s o m e s  a r e  the l eas t  c o n t r a c t e d  c h r o m o s o m e s  at 

m i t o s i s ,  have  the l a r g e s t  c h r o m o m e r e  d i s tance  at 

pachytene  and the s m a l l e s t  r a t io  of p a c h y t e n e / m i t o t i c  

c h r o m o s o m e  length.  This r e s u l t s  in a d i s tance  of c h r o -  

m o m e r e s  (=G-bands)  of a p p r o x i m a t e l y  0 .6  ~m at p r o -  

m e t a p h a s e  of m i t o s i s .  P lan t s  show a c o n s i d e r a b l e  

s i z e  d i f f e rence  of pachytene  and mi to t i c  c h r o m o s o m e s .  

This r educes  a hypothet ica l  c h r o m o m e r e  d i s tance  

( f rom c e n t e r  to c e n t e r )  at mi to t i c  m e t a p h a s e  to 0 .1  ~m 

or  l e s s ,  which i s ,  of c o u r s e ,  not r e s o l v a b l e  at the 

light m i c r o s c o p i c a l  l eve l .  If we accept  the c o m p l e -  

m e n t a r i t y  of pachytene  c h r o m o m e r e s  and G-bands ,  it 

b e c o m e s  obvious that we cannot s e e  G-bands  at m e t a -  

phase  in plants ,  again  s imp ly  for  r e a s o n s  of c h r o m o -  

s o m e  condensa t ion .  

Then a r e  G-bands  in plant c h r o m o s o m e s  v i s ib l e ,  

if we look at them with the e l e c t r o n  m i c r o s c o p e ?  

Supposedly not. F i r s t l y ,  any a r r a n g e m e n t  o the r  than 

in a s t r a igh t  l ine  (co i l ing ,  folding of the c h r o m a t i d )  

would make  the pa t t e rn  ind is t inc t .  Secondly,  it was 

r e c e n t l y  a rgued  that G-bands  in man  a r e  no longer  

d e m o n s t r a b l e  when c h r o m o s o m e s  pass  through t r u e  

m e t a p h a s e  (Sumner  1976).  This p r o c e s s  of genuine 

(not s imply  opt ical!  ) fus ion of G-bands  obviously  is 

brought about a l r eady  by only a twofold con t r ac t i on  

f rom prom e taphase  to m e t a p h a s e .  It could be expec ted ,  

t h e r e f o r e ,  that G-bands  in plants  would be v i s u a l i z e d  

at best  in mi to t i c  p rophase ,  if  at a l .  

It has been d e m o n s t r a t e d  in man that many bands 

a r e  p r e sen t  in e a r l y  mi to t i c  p rophase ;  by p r o g r e s -  

s ive  and o r d e r l y  fusion they com pose  the typical  G- 

banding pa t t e rn  of p r o m e t a p h a s e  (Yunls  1976). It is  

l ikely  that a s i m i l a r  fusion a l so  o c c u r s  in plants  

f rom in t e rphase  to p rophase  of m i t o s i s  and m e i o s i s .  

If we accept  the concept  of a genuine band fusion,  the 

c ruc i a l  ques t ions  a r e  at which momen t  such a fus ion 

o c c u r s ,  and at which moment  the bands a r e  no longer  

d e m o n s t r a b l e  by spec ia l  t r e a t m e n t s .  

It is of s o m e  s ign i f i cance  that c h r o m o m e r i c  c h r o -  

m o s o m e  o rgan iza t ion  has  been d e s c r i b e d  in me io t i c  

p rophase  II and mi to t i c  p rophase  of s e v e r a l  p lants ,  

and that the p ropor t iona l i ty  of c h r o m o m e r e  number  

and s tage  dependent c h r o m o s o m e  length has been 

shown ( L i m a - d e - F a r i a  1975). H o w e v e r ,  " c h r o m o -  

m e r e s "  of this  type a r e  much l e s s  dis t inct  than pachy-  

tene c h r o m o m e r e s ,  and obviously  open to di f ferent  

sub j ec t i ve  i n t e r p r e t a t i o n s ,  e . g .  as  c h r o m o n e m a t i c  

c o i l s .  F o r m a l l y ,  such s t r u c t u r e s  can  be i n t e r p r e t e d  

as fused  pachytene  c h r o m o m e r e s .  Respec t ing  t he se  

r e s u l t s ,  it should be r e c a l l e d  that the p a r a l l e l i s m  of 

G-banding pa t t e rns  and v a r i a t i o n s  in DNA base  c o m -  

pos i t ion  is  well  e s t ab l i shed  in h igher  v e r t e b r a t e s  by 

base  spec i f i c  f l u o r o c h r o m y  (Schwe ize r  1976). In 

consequence  of the s t r u c t u r a l  c o r r e s p o n d e n c e  between 

G-bands  and c h r o m o m e r e s ,  the pachytene  c h r o m o -  

m e r e s  must  be c o n s i d e r e d  as morpho log ica l  s t r u c -  

t u r e s  d e t e r m i n e d  f rom the m o l e c u l a r  l eve l .  With r e -  

g a r d  to a def ini te  solut ion of the p rob lem of G-banding 

in plants ,  it is  t h e r e f o r e  of u tmos t  i n t e r e s t  to find out 

whe ther  pachytene  c h r o m o m e r e s  and i n t e r c h r o m o -  

m e r e s  in plants  a l so  show d i f f e r ences  in base  c o m p o -  

s i t ion  o r  not.  So fa r ,  no f l u o r o c h r o m e  banding has  

been found in the e u c h r o m a t i c  pa r t s  of mi to t i c  plant 

c h r o m o s o m e s .  

The p r e sen t  explanat ion for  the f a i l u r e  of G-ban -  

ding in plants  is  a l so  appl icab le  to those  an imal  groups  

where  G-banding has  not been found or  has been q u e s -  

t ioned,  i . e .  e spec i a l l y  in Urode le s  (Amphib ia ) ,  and 
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Table 1. Dependence  of G-banding f rom c h r o m o m e r e  d i s tance  at pachytene  and length of mi to t i c  r e l a t i v e  
to pachytene  c h r o m o s o m e s  

C - v a l u e  (pg) 2 .53 2 .00 13.33 

pg DNA pe r  ~m 
c h r o m a t i d  length in 0 .02 0.06 0 .24  
mi to t i c  ( p r o - )  m e t a p h a s e  

mi to t i c  c h r o m o s o m e  
con t r ac t i on  r e l a t i v e  to 1 • 3 • 12 • 
human 

a v e r a g e  c h r o m o s o m e  s i z e  
in mi to t i c  ( p r o - ) m e t a p h a s e  (~m) 4.7 2 .7  9.1 

pachytene  length (m ale) 
r e l a t i v e  to mi to t i c  length 2 .3  • 6 .9  • - 

c h r o m o m e r e  d i s tance  in 
m a l e  pachytene  ( ~m ) 1.43 1.10 - 

hypothet ica l  c h r o m o m e r e  
d i s tance  in mi to t i c  0 .62 0 .16 - 
( p r o - )  m e t a p h a s e  ( ~m ) 

G-banding expec ted  yes  hard ly  no 

13.28 8 .29  5.28 1.60 

0 .15 0 .15  0 .33 0 .07 

7 .5  x 7 .5  x 16.5 • 3 .5  • 

6.1 7 .8  5.3 2 .8  3 . 0  

14.8 x 10.8 • 18.3 • 8 .0  • 9.6 • 

0 .84  0 .89  1.07 0 .50  1.06 

0 .06 0.06 0.06 0 .07 0.11 

no no no no no 

Re levan t  p a r a m e t e r s  a r e  c o m p a r e d  in man,  an insec t ,  and p lants .  If the c o r r e s p o n d e n c e  of G-bands  
and pachytene  c h r o m o m e r e s  is  accep ted ,  t he r e  is no t h e o r e t i c a l  poss ib i l i ty  to d e m o n s t r a t e  m e t a p h a s e  
G-banding in p lan ts .  Data compi l ed ,  ca l cu la t ed ,  o r  e s t i m a t e d  f rom Nagl 1976, Luciani et a l .  1975, 
Schnedl 1971 (on human c h r o m o s o m e s ) ,  L i m a - d e - F a r i a  et al .  1973a, b (on Achaeta domestica), Bennett  
and Smith  1976 (on DNA contents  in p l an t s ) ,  Schwe ize r  1973 (on Vicia faba ), L i m a - d e - F a r i a  1954, 
Sha rma  and Mukhopadhyay 1963 (on Agapanthus u r~e l l a tu8 ) ,  L i m a - d e - F a r i a  1952, Heneen  1962 (on Se- 
cale cereale), L i m a - d e - F a r i a  et al .  1959 (on Ornithogalum virens ), E r n s t  1939, 1940 (on Antir- 
rhinum marius), L i m a - d e - F a r i a  and S a r v e l l a  1962, Afza l -Ra f i i  1975 (on Salvia v ir~dis) .  

Or thop te r a  ( I n s e c t a ) .  There  is  only one r e m a r k a b l e  

c a s e  of m e t a p h a s e  G-band ing  in a locus t ,  f fhor to ice-  

tes ter~dnifera (Webb 1976).  Howeve r ,  it is  qui te  

poss ib l e  that th is  "G-banding"  ac tua l ly  r e p r e s e n t s  a 

c a s e  of i n v e r s e  C-banding ,  because  s t r u c t u r a l  eu-  

c h r o m a t i n  appea r s  homogeneous ly  darkly  s t a ined  

a f t e r  a t r yps in  t r e a t m e n t ,  while  only cons t i tu t ive  

h e t e r o c h r o m a t i n  shows dark and pa le  s e g m e n t s ,  r e -  

vea l ing  a h e t e r o g e n e i t y  of h e t e r o c h r o m a t i n  r a t h e r  

than G-banding.  

It should be e m p h a s i z e d  that the p re sen t  i n t e r -  

p re t a t ion  of G-bands  in plants  - even  if it appea r s  

obvious - is s t i l l  specu l a t i ve ,  and r e q u i r e s  e x p e r i -  

menta l  ev idence .  The c r u c i a l  t e s t  would be to demon-  

s t r a t e  banding within s t r u c t u r a l  euch roma t in .  In this  

r e s p e c t  we ev ident ly  have not s u c c e e d e d  ye t .  
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