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Heterochromatin differentiation in the
characid fish Astyanax scabripinnis
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ABSTRACT

Chromosomes of a small characid fish, Astyanax scabripinnis, were submitted to several types of chromosome
banding. Three different types of C-band positive heterochromatin were detected: /) minute centromeric and
pericentromeric blocks in most of the chromosomes in the complement; ii) clearly visible blocks on the short
arm of pair No. 18, corresponding to Ag-NOR sites, and conspicuous fluorescent chromomycin Az (CMA3")
and mitramycin A (MM™), and iii) heterochromatic regions strongly stained with Giemsa after C-banding,
which were distamycin A /4’-6-diamidine-2-phenylindole (DA /DAPI") and MM /DAPI’, which showed no
differentiation by silver nitrate, CMA3, MM, or DAPI without counterstaining. The equilocal distribution of
these DA/DAPI" heterochromatins suggests a common origin for these chromosome segments in A.

scabripinnis.

INTRODUCTION

Fish cytogenetics has been mainly limited to
karyotyping and some routine chromosome bandings
such as C-banding for heterochromatin identification
and silver nitrate staining for the detection of nucleolar
organizer regions (Ag-NORs). Much of this information
has been interpreted according to an evolutionary
approach, representing a valuable tool for the
systematic and evolutionary understanding of the
different fish groups. Recently, higher-resolution

methods such as replication bands by 5-BrdU

incorporation (Almeida-Toledo et al., 1988; Venere,
1991; Hellmer et al., 1991; Vicente, 1994), G-banding
(Gold and Li, 1991; Bertollo, 1994), fluorescent stains
(Mayr et al., 1985, 1990), restriction enzymes banding
(Lloyd and Thorgaard, 1988; Sanchez et al., 1991;
Hartley, 1991; Maistro, 1996) and in situ hybridization
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with non-isotopic probes (Haaf et al., 1993; Pendas et al.,
1994; Galetti Jr. et al., 1995) have made important
contributions to the understanding of the compositional
and structural organization of fish chromosomes.
DNA-binding fluorochromes basically belong
to two categories: those that preferentially bind to
GC-rich sequences, the most common of them being
chromomycin A; (CMAj) and mitramycin A (MM), and
AT-specific ones such as quinacrine mustard, DAPI
(4’-6-diamidine-2-phenylindole) and Hoechst 33258
(Vermaand Babu, 1995). In lower vertebrates, especially
fish and amphibians, the combined use of these
fluorochromes can provide interesting information
about heterochromatin types. A close relationship
between Ag-NOR sites and the fluorescent bands
produced by GC-specific stains has been repeatedly
documented in these animals (Schmid, 1980, 1982; Mayr
et al., 1985; Amemiya and Gold, 1986; Rab and Mayr,
1987; Schmid and Guttenbach, 1988; Phillips et al., 1989;
Sola et al., 1992; Galetti Jr. and Rasch, 1993a,b; Galetti Jr.
et al., 1995). On the other hand, fluorochromes such as
DAPI produce very few bands along fish chromosomes.
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When combined with the counterstain distamycin A
(DA) (Schweizer, 1976), they have been useful for the
detection of sex chromosomes in a species of Poecilia
(Haaf and Schmid, 1984) and for the visualization of
some heteropycnoses coinciding with nucleoli (Mayr et
al., 1988). However, they often produce either negative
bands, coinciding with CMAj3 positive bands, or
uniformly stained chromosomes.

In the present paper, C-banding, Ag-NORs and
several fluorochrome staining methods have detected
different heterochromatins in the chromosomes of the
characid fish A. scabripinnis.

MATERIAL AND METHODS

The chromosomes of two specimens (female
and male) of A. scabripinnis collected from the Canta
Galo stream, Tieté river basin, Brazil, were subjected to
different banding methods. Mitotic chromosomes were
obtained from kidney cells as described in details by
Bertollo et al. (1978) and Moreira-Filho and Bertollo
(1991). Constitutive heterochromatin was identified
with the barium hydroxide method (Sumner, 1972) and
the nucleolar organizer regions were detected by silver
nitrate staining (Howell and Black, 1980).

Fluorescent bands were obtained using the
fluorochromes CMA;, MM and DAPI. Distamycin A
(DA), an AT-specific non-fluorescent antibiotic, was
used as counterstain for the three fluorochromes
(Schweizer, 1976; Schmid, 1980). The DA/CMA; and
DA /MM preparations were kept in the dark for at least
15 days before exposure to the UV light (Galetti Jr. and
Rasch, 1993b) and were analyzed with an excitation
filter in the blue zone (450-490 nm) and barrier filter 530
nm. DA/DAPI slides stored in the dark for one day
were analyzed under an excitation filter UV 360-390 nm
and barrier filter of 435 nm. For some DAPI
preparations, instead of distamycin A, mitramycin A
was used as counterstain. The chromosomes were
measured and classified according to Levan et al. (1964),

RESULTS

The A. scabripinnis specimens had a diploid
number of 2n = 48, with the karyotype consisting of
three pairs of metacentric chromosomes (M), 11 pairs of
submetacentrics (SM), four pairs of subtelocentrics (ST)
and six pairs of acrocentrics (A) , with a fundamental
number FN = 84, concordant with a previous report by
Souza et al. (1995).

The distribution of constitutive heterochro-
matin exhibited the following pattern: i) minute cen-
tromeric and pericentromeric blocks in most of the chro-
mosomes in the complement (Figures la and 2b); ii)
clearly visible positive blocks on the short arm of pair
No. 18 (Figure 2b), corresponding to Ag-NOR sites
(Figure 2a), and conspicuous fluorescent CMA3" and
MM" bands (represented by CMA3 staining in Figure
2¢); iii) large telomeric and subtelomeric C-banding
positive blocks plus some interstitial ones along six
chromosome pairs - one subtelocentric pair and five
acrocentric pairs (Figure 1a). In this latter, these hetero-
chromatic blocks were clearly shown as DA/DAPI
negative (Figure 1b). When used without the counter-
stain distamycin A, DAPI showed no differentiation
along the chromosomes (Figure 2d). The MM/DAPI
combination revealed broad MM/DAPI" bands coin-
ciding with DA /DAPI bands.

DISCUSSION

Three different types of heterochromatin with
different characteristics after banding procedures were
found to be present in the genome of A. scabripinnis. The
centromeric and pericentromeric heterochromatins
present in most chromosomes were not highlighted by
GC- or AT-specific fluorochromes, indicating that these
regions do not have clusters with GC- or AT-rich
sequences. In this heterochromatin, GC and AT
sequences may have an interspersed arrangement that
does not permit differentiation by any of the
fluorochromes utilized. This absence of differentiation
of centromeric heterochromatin submitted to
fluorochromes has been reported several times and it
seems to be the rule, rather than the exception, among
amphibians and fish (Schmid, 1980; Mayr et al., 1985,
1988, 1990; Schmid and Guttenbach, 1988; Sola et al.,
1990; 1992).

On the other hand, the positive C-bands of pair
No. 18 (Figure 2b), which were also stained by silver
nitrate (Figure 2a), representing chromosome regions
involved in nucleolar organization, were found to be
CMA3" (Figure 2c) and DA /DAPT, supporting a possi-
ble difference in the base ratio, with high predominance
of GC bases. No other chromosome region was detected
by CMA3 or MM in this species. The coincidence of
C"/Ag-NORs"/CMA3*/MM" bands has been fre-
quently reported in fish (Amemiya and Gold, 1986;
Mayr et al., 1985, 1988, 1990; Phillips and Hartley, 1988;
Phillips et al., 1989; Sola et al., 1990,1992; Galetti Jr. and
Rasch, 1993a,b; Galetti Jr. et al., 1995). In the Atlantic
salmon, both ribosomal cistrons and their flanking het-
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erochromatins were shown ¥ g . a
to be CMA3" (Phillips and Nl
Hartley, 1988). Recently, [ ? . @
Pendés et al. (1993) mapped M s/t
the chromosomes of these ! 2 s
salmon by fluorescent im situ s’ P ; o o
hybridization (FISH) and ob- SM | A ?'!‘”’” ﬁ% g g B - BE AR Bk
served that the ribosomal cis- 4 5 p - 8 g 10 11 12 13 14 .
trons, in addition to being le- —
cated in the secondary corn- k(" ‘
striction, were also inter- ST - iﬁ % AT Y 3:3%
twined with heterochro- i5 | 16 17 18

matin portions adjacent to
this constriction that were
not detected by AgNO3
staining. Among the probes

used by Pendas ef al. (1993),
there were two that hy-
bridized non-transcribed
spacer TDNA, suggesting
that the spacers, probably
rich in GC, may be respon-
sible for the coincidence of
C*/Ag- NORs'/CMAz'/
MM* bands.

The DAPI staining,
either combined or not with
the counterstain distamyecin,
did not produce any high-
lighted region on the chro-
mosomes of A. scabripinnis.
Previous studies using DAL
staining have also reported a
lack of flucrescent bands on
the chromosomes of several
other fish species (Schmid
and Guttenbach, 1988; Souza
and Moreira-Filho, 1995). [tis
strongly suggestive that AT
sequences are unclustered in
the fish genome. On the other hand, the occurrence of
large blocks of DA/DAPI heterochromatin lecated in
the terminal, subterminal and interstitial portions in six
chromosome pairs suggests the presence of long
stretches of AT-poor sequences in these regions. Con-
trary to what was expected, however, these same chro-
mosome regions were not highlighted by GC-specific
fluorochromes (CMA3 or MM). Moreover, DAPI
quenching was not observed when DAPI was used
without any counterstain. Thus, this peculiar result
might be due to the interaction between DAPI and the
counterstains, instead of compositional characteristics
of these DA /DAPT heterochromatins.

insets. Bar = 5.0 pm.

14

13

Figure 1 - C-banded (a} and DA /DAP] stained (b) karyotypes of Astyanax scabripinnis from Canta Galo
brook (2n = 48). Chromosomes bearing large positive C-bands and DA /DAPI negative portions, in the

Two major classes of interaction between pairs
of chromosome stains (primary stain and counterstain)
responsible for the effects of fluorescent banding are
basically transfer of energy excitation from one to the
other, or competition for binding sites in the DNA seg-
ments along the chromosomes (Sahar and Latt, 1980). A
conspicuous modification of DAPI banding has been
reported in human chromosomes when slides are pre-
stained with distamycin {(Schweizer et al., 1978). 1t is
assumed that distamycin strongly binds to DINA with
specific affinity for regions rich in AT bases, changing
some physicochemical properties of DINA and also al-
tering the gecmetric arrangement of these regions (Zim-



408 Souza ef al.

mer et al., 1971). In the DA/
DATT negative heterochro-
matins of A. scabripinnis, dis-
tamycin may strongly com-
pete with DAPI, reducing or
preventing the access of this
compound to DNA. How-
ever, the strong effect of
DAPI quenching, also cb-
served when mitramycin is
used as counterstain, sug-
gests that transfer of energy
excitation might also be an
important determinant of
these negative bands.

The orderly posi-
tioning of these DA/DAPI
heteroctromatins on the ter-
minal portions of the long
arm of some chromosomes
suggests a non-random dis-
tribution of these segments.
The heterochromatin se-
quences may have been
transferred to equilocal sites
from one chromoseme to an-
other (Schweizer and Ehren-
dorfer, 1983; John ef al., 1985),
facilitated by overlapping of most similar chromosome
arms, related to a possible circular arrangement of non-
homolegous chromosomes in the interphase nucleus
{(Bermett, 1982). The similar behavior of these DA/
DAPI heterochromatins when treated with fluore-
chromes, strongly supports a hypothesis of common
arigin. Amplifications of already existing sequences
{(Haaf and Schmid, 1984} or even substitutions or trans-
formations of the chromatin (King, 1980), inde-
pendently or in combination, may have resulted in the
arrangement and composition of the heterochromatins
found in A. scabripinnis.

pair 18. Bar = 5.0 um,
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RESUMO

Cromossomos mitdticos do pequeno peixe caracideo
Astyanax scabripinnis foram submetidos a diferentes tipos de
bandeamento cromoessomico e detectaram-se trés tipos de
heterocromatina banda C positiva: i} pequenas marcagies
cenfroméricas e pericentroméricas na raioria dos
ii} bandas

claramente visiveis no brago curto do par 18, coincidinde com

cromossomoes  do  complemento; positivas
locais Ag-NORs+ e evidentes cromomicina Az {CMA3z") e
mitramicina A (MM"); e i#) porcies heterocromaticas
fortemente coradas com Giemsa apds o bandeamento C, e que
mostraram-se  distamicina A /4-6-diamidina-2-fenilindal
(DA/DAPTy e MM/DAPI, mas sem nenhuma diferenciagio
pelo AgNO; CMAjz; MM, ou o propric DAFl sem
contra-corante. "ara este terceiro tipo de heterocromatina, sdo
discutidas as relagdes de competigio e/ou transferéneia de
energia de excitagdc entre o DAPI e os contra-corantes. A
distribuicdo  equilocal dos  blocos  heterocromaticos
DA/DAPIT pode sugerir uma origem comum destes

segmentos cromossomicos em A. scabripinnis.
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