
Chromosome Research 1996, 4, 77-79 

SHORT COMMUNICATION 

G-banding and chromosome condensation in the ant, 
Tapinoma nigerrimum 

P. Lorite, E. Chica & T. Palomeque 

Received 19 July 1995; received in revised form 29 August 1995; accepted for publication by H. C. Macgregor 29 August 1995 

Well-defined G-bands were obtained on metaphase 
chromosomes from Tapinoma nigerrimum using tryp- 
sin and warm 2 x SSC in sequence. The G-banded 
pattern allowed the identification of all chromosomes. 
Evidence for asynchronous condensation of the chro- 

mosomes  of this species is provided. Different band- 
ing patterns were obtained when metaphase 
chromosomes were stained with DA/DAPI alone and 
with DA/DAPI after a standard G-banding procedure. 
The G-banding phenomenon is discussed using the 
result obtained. 

pattern.  Chromosome  s tudy  using fluorescent s taining 
with  d A  + dT- specific DAPI f luorochrome dye  has also 
been carried out. The G-band ing  phe nome non  is dis- 
cussed using the results  obtained.  In previous  cytoge-  
netic s tudies  we have app l ied  the C-banding  and si lver 
impregna t ion  techniques to this species (Palomeque et 
al. 1988, 1990). 

Mater ia l  and  m e t h o d s  
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I n t r o d u c t i o n  

Previous cytogenetic studies in ants have been carried 
out by  Crozier  (1975), Pa lomeque et al. (1988, 1990, 
1993), Hirai  et al. (1994) and Imai  et al. (1994), among  
others. Until  now only C-banding  and nucleolar  orga- 
nizer region (NOR) band ing  have been app l ied  in ants. 

Since G-banding  was discovered,  reports  have pro-  
v ided clear evidence only for me taphase  chromosomes  
from warm-b looded  vertebrates.  In insects, G-band ing  
has been appl ied  in var ious  orders;  in the major i ty  of 
these a few bands  occur in the chromosomes,  but  in A. 
domesticus (Warchalowska-Sl iwa et al. 1978) and in E. 
berlesei (Odierna et al. 1993) a good pa t te rn  of G-band-  
ing has been obtained.  

The aim of this paper  is to de te rmine  the pa t te rn  of G- 
band ing  in the ant, Tapinoma nigerrimum. Our results  
confirm previous  reports  of G-bands,  showing that  it is 
possible to obtain G-bands  in metaphase  chromosomes  
from invertebrates.  This staining, a l lowing accurate 
identification of all pairs  of chromosomes  and their  
linkage gene groups,  is useful  in basic as well  as more 
advanced genetic studies.  This s tudy  also shows that, in 
T. nigerrimum, chromosomal  condensa t ion  is an asyn-  
chronous process that  apparen t ly  follows a precise 

Chromosome preparations were made from testes using the 
technique described by Meredith (1969). G-banding was per- 
formed essentially following the method of Burgos et al. (1986). 
These slides were decolorized and stained with DA/DAPI 
using the technique described by Schweizer (1980). Slides that 
did not receive G-banding treatment were also stained with 
DA/DAPI. The chromosome length and the length of G-bands 
were measured using an image analyzer (Videoplan Kontron) 
in 20 metaphases with different chromosomal condensation. In 
chromosome 8, various stages (from a to d) were considered in 
relation to the degree of chromosome condensation and ex- 
isting numbers of bands. 

R e s u l t s  and  d i s c u s s i o n  

After  G-banding ,  the chromosomes  of Tapinoma niger- 
rimum showed a dis t inct ive and reproducib le  pa t te rn  of 
bands .  An id iog ram of the band ing  pa t te rn  is shown in 
Figure 1. All  centromeric  regions show a negat ive  G- 
band ing  response.  The telomeric regions show a posi-  
t ive G-band ing  response except the telomeric regions of 
chromosome 8. Figure 1 also shows a composi te  G- 
banded  ka ryo type  with  different  degrees  of chromo-  
some condensa t ion  and different  band ing  pat terns.  The 
number  of bands  per  ch romosome decreases as the 
degree  of condensa t ion  increases. This s tudy  shows 
that, in T. nigerrimum, chromosomal  condensa t ion  is 
an asynchronous  process  that  appa ren t ly  fol lows a 
precise pa t te rn  that  changes the ba nd ing  pat terns.  

P. Lorite, E. Chica and T. Palomeque (corresponding author) are at the Departamento de Biologfa Experimental y Ciencias de la Salud, 
Area de Gendtica, Universidad de Jadn, 23071 Jadn, Spain. Tel: (+34) 53-222156; Fax: (+34) 53-212141. 

1996 Rapid Science Publishers Chromosome Research Vol 4 1996 77 



P. Lorite et al.  

The condensa t ion  of ch romosome 8 has been ana- 
lyzed in detail .  In Figure 2a several  chromosomes  8 
wi th  different chromosomal  condensa t ion  and different 
band ing  pa t te rn  are shown. The cor responding  band  
id iograms  for each of the chromosomes  are also repre- 
sented.  This figure depicts  the relat ion be tween  band 
number  and chromosome condensat ion.  Late meta-  
phase  chromosomes  show almost  uniform staining. 
The lengths of each chromosomal  region (short arm, 
centromeric  region and long arm) in the var ious  stages 
considered are also represented  in Figure 2b, expressed 
as fractions of the length measured  at the least con- 
densed  stage. The short  arm is more  r ap id ly  condensed  
in the first s tage of the condensa t ion  cycle wi th  the 
cor responding  band  fusion; little condensa t ion  in other  
s tages was observed.  In contrast ,  the centromeric  region 
is especial ly condensed  at the final s tage of the con- 
densat ion  cycle. A more uniform condensa t ion  was 
observed in the long chromosome arm. Chromosome  
8 of T. nigerrimum carries C-banded  he terochromat in  in 
par t  or a lmost  all of its short  a rm (Palomeque et al. 1988, 
1993). We suggest  that  the faster condensa t ion  observed 
in this region may  be due  to the presence of a C-banded  
heterochromat ic  block. Differential  a rm condensa t ion  in 
chromosomes  wi th  heterochromat ic  block has also been 
repor ted  by  other  authors  (Ponce de Leon et al. 1992; 
Kakeda  & Fukui  1994). 

After  s taining wi th  d A  +dT-specif ic  DAPI fluoro- 
chrome dye,  the chromosomes  of T. nigerrimum appea r  
s ta ined uni formly  fluorescent apar t  from a region of the 
short  arm of chromosome 6 (Figure 3a). However ,  a 
s imilar  G-band ing  chromosomal  pa t te rn  was observed 
fol lowing staining wi th  DAPI after t ryps in  + 2  x SSC 
t rea tment  (Figure 3b). 

In spite  of many  years '  research, the functional  sig- 
nificance and the molecular  mechanism of G-band ing  
and other classes of ch romosome bands  are still un- 
known  (reviewed by  Sumner  1994). It has been sug- 
gested that  in non-ver tebra te  metaphase  chromosomes  
G-banding  is poor  because  the genome does  not  a l low 
compar tmen ta l i za t ion  into discrete domains  or bands  
(Holmquis t  1989). Recent scanning electron microscopy 

Figure 2. a Chromosome 8 showing different chromosomal 
condensation and different G-banding patterns, the corre- 
sponding band idiograms and a possible sequence in the 
process of band fusion, b Representative graph of the 
lengths of each chromosomal region in the various stages 
considered expressed as fractions of the length measured 
at the least condensed stage. I I ,  stage A; IB, stage B; 17, 
stage C; 17, stage D. 

of t ryps in-pre t rea ted  insect chromosomes  has shown 
that these chromosomes  are segmented into blocks, like 
m a m m a l i a n  chromosomes  (Wolf et al. 1994). Further-  
more, composi t ional  compar tmenta l i za t ion  has also 
been found in non-ver tebra tes  (Isacchi et al. 1993). It 
has been p roposed  that  G-banding  is a result of local 
rear rangements  on the chromat in  a n d / o r  al tered pro- 
teins (Babu & Verma 1987). G-banding  has also been 
expla ined as a consequence of the division of the chro- 
mosomes  into segments  that  are A + T  rich or G + C  
rich, cor responding  to G-posi t ive  and G-negat ive  bands  
respectively. 

To explain  our results we suggest  two possible hy- 
potheses.  In the first hypothesis ,  we suggest  that only 
one segment  of the short  arm of chromosome 6 is 

Figure 1. Idiogram and composite G- 
banded karyotype of Tapinoma niger- 
rimum showing different degrees of 
chromosome condensation and dif- 
ferent banding patterns. Bar = 5 #m. 
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Figure 3. Staining with DA/DAPI. a Stain in untreated 
chromosomes showing a bapd on chromosome 6 (arrow). 
b Haploid karyotype of chromosomes stained with 
DA/DAPI after treatment by G-banding showing a similar 
G-banding pattern. Bar=5/~m. 

sufficiently AT rich to produce a differential fluores- 
cence. In this case the G-bands observed could be 
considered to be the consequence of local rearrange- 
ments of the chromatin a n d / o r  altered proteins. Ac- 
cording to the second hypothesis,  which we favor, the 
positive G-bands could also be related, at least in part, 
to a selective accumulat ion of dA § dT-rich sequences, 
but they would  be inaccessible to the f luorochromes 
owing to the chromosomal  structure a n d / o r  the pre- 
sence of associated proteins. We suggest that in T. 
nigerrimum the standard G-banding procedure  would  
cause structural changes in D N A  a n d / o r  associated 
proteins, which could favor the binding of the dye to 
the DNA. This hypothesis is also in accordance with the 
results of other authors. Prosperi et al. (1994) have 
observed that the ability to stain DNA with base-spe- 
cific fluorochromes depends  on the DNA topology in 
situ. In addition, human metaphase chromosomes  
stained with DAPI or CMA3 after other banding pro- 
cedures show a different banding pattern from those 
obtained with f luorochrome staining alone (Bella & 
Gos~lvez 1994). Similar results have also been obtained 
in some grasshoppers (Bella & Gos~lvez 1991). 
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