
Transactions qf' the American Fisheries Society 127:551-559. 1998 
© Copyright by the American Fishcnc, Society I 998 

Standardization of the Channel Catfish Karyotype with 

Localization of Constitutive Heterochromatin and 

Restriction Enzyme Banding 

QutYANG ZHA'.\IG 1 AND TERRENCE R. TIERSCH* 

Agriculture Research Station, Louisiana Agricultural Experiment Station 
Louisiana State University Agricultural Center, Baton Rouge, Louisiana 70803, l/SA 

Abstract.-Genctic research of fishes is hampered by lack of standardized karyotypes and reliable 
techniques of chromosome banding. The goal of this study was to develop a standardized karyotype 
of channel catfish lctalurus punctatus by a variety of handing techniques and computer-assisted 
analysis. Metaphase chromosomes were prepared from cultured leukocytes and kidney cells of 
adult and juvenile fish. Silver staining and alkali treatment methods were used to reveal nucleolus 
organizer regions (NOR) anti the location of constitutive hetcrochromatin (C-bands). Chromosomes 
were treated with IO different restriction enzymes, stained with Giemsa, and examined for banding 
patterns. The chromosomal data were analy,cd with two computer software packages. The 29 
chromosomes were classified into eight distinct groups based on morphology and .,izc. The NOR 
were located on a pair of medium-sized submctaccntric chromosomes (designated as D-· 1 1 ): this 
was consistent among cells from different specimens. The C-bands were small and restricted to 
centrorneric regions and were useful for homologous pairing. A standard karyotype of CHG-handed 
chromosomes (C-bands visualized by treating with barium hydroxide and staining with Giemsa) 
was developed. The restriction enzyme Msc I produced informative banding patterns with dark 
telomeric bands and clear centromeric regions. The enzyme Hind III was most informative. yielding 
linear banding patterns that were consistent between members of homologous pairs. Our study 
provides a fundamental step in genome mapping of fishes. Standardization of the channel catfish 
karyotype and chromosome banding will facilitate physical mapping of genes in this important 
culture species . 

The analysis of chromosome morphology is fun­
damental to genome mapping. In higher verte­
brates including humans, a variety of techniques 
have been developed to facilitate precise idcnli•­
fication of individual chromosomes (Verma and 
Babu 1989). The diffuse arrangement of chromatin 
along the chromosomes of fishes makes it difficult 
to obtain high-resolution banding, and the small 
size and large numbers of fish chromosomes have 
created additional difficulties in developing reli­
able banding techniques (Gold et al. 1990a). 

To date, the techniques that have worked most 
successfully with fish chromosomes are staining 
for nucleolus organizer regions (NOR) and con­
stitutive heterochromatin (C-banding, Gold et al. 
1990a). Distribution of C-bands is currently re­
ported for fewer than I 00 species of the estimated 
25,000 extant species of fishes. In most cases, C­
bands were dispersed throughout the entire chro­
mosome complement (Takai and Ojima 1988; Rab 
ct al. 1991) with concentrations on ccntromeric or 
telomeric regions. However, notable exceptions 
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appear in the channid fishes, such as Channa argus, 

C. asiatica, and C. maculata (Li et al. 1985), and
the percid species (Mayr et al. 1987) in which
constitutive heterochromatic regions appeared
small, well resolved, and primarily centromeric.
The C-banding technique can be used to identify
homologous chromosomes and, in some cases, sex
chromosomes (Haaf and Schmid 1984). However,
C-banding usually does not produce linear patterns
on the chromosome arms, and this limits its utility
for other studies such as physical mapping.

Difficulties encountered in banding techniques 
that rely on degradation of structural proteins have 
led fish geneticists to employ other techniques 
such as digestion with restriction enzymes (REs), 
which recognize and cleave at specific base sc-­
quences of DNA nucleotides. Digestion of whole 
chromosomes by REs causes removal of some 
DNA fragments, and Gicmsa staining can be used 
to reveal the relative amount and location of the 
remaining DNA yielding reproducible patterns in 
mammalian species (Miller and Miller 1990). Ap­
plication of RE-banding techniques to fishes has 
yielded some success. Reproducible C-band-like 
patterns have been observed in chromosomes of 
salmonid fishes (Lloyd and Thorgaard 1988; Hart-




















