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ABSTRACT. An in-situ polymerase chainreaction (ISPCR) procedure was applied to chromosomal localization
of the gene, Ig H, encoding the immunoglobulin heavy chain of channel catfish (Ictalurus punctatus). Metaphase
chromosomes were prepared by a replication banding procedure and subjected to ISPCR using biotin-labeled
primers. The hybridization signals were detected with an avidin-fluorescein isothiocyanate (FITC)-based method,
and chromosome bands revealed by simultaneous or sequential treatment methods. Standard fluorescent in-situ
hybridization (FISH) was performed on chromosome preparations to compare with the ISPCR procedure. The
Ig H gene was detected at the telomeric position of a chromosome with a relative length of 3.2 *+ 0.2%. The
IgH-bearing chromosome detected by the FISH method was identical to that found by ISPCR procedure. Visibil-
ity of chromosome bands was reduced by heat and salt treatments and could not be analyzed after thermocycling.
Therefore, specific identity of the chromosome bearing the Ig H gene remains unknown. Banding of fish chromo-
somes is difficult and poses a barrier for applying current molecular techniques to physical mapping of teleost
genomes. Application of the ISPCR to chromosomal mapping is new for fish species and is only in initial stages
of development for higher vertebrates. comp BiocHEM pHYsIOL 118B;4:793-796, 1997. © 1997 Elsevier Science
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INTRODUCTION

General acceptance of in-situ hybridization (ISH) for physi-
cal mapping of genes has occurred during the past decade,
led by the development of nonisotopic labeling techniques
and use of fluorescent or enzymatic reporters (1). Fluores-
cent in-situ hybridization (FISH) has become a standard
method for chromosomal localization of DNA sequences
(20) in higher vertebrates including humans (22) and mice
(16). Other than application in cytogenetics and gene map-
ping, FISH is commonly used for diagnosis of chromosomal
abnormalities (2).

However, an inherent limitation to the FISH technique
is that multiple copies of a target sequence are typically re-
quired for detection (17), resulting in limited application
for single-locus sequences. In-situ polymerase chain reaction
(ISPCR) is a newly developed technology that allows multi-
plication of target DNA sequences. Although ISPCR is the-
oretically useful in physical mapping, information on this
topic is currently limited (7) and only a few studies have
addressed chromosomal mapping (23). This is in part be-
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cause chromosome morphology is degraded by thermal cy-
cling, and it is difficult to retain PCR products in situ.

Identification of chromosome banding patterns is an ad-
ditional and required step of physical mapping. Several pro-
cedures have been proposed to allow simultaneous observa-
tion of chromosome bands and in-situ hybridization signals,
such as banding with 4, 6-diamidino-2-phenylindole
(DAPI) (9) and use of alkaline antifading and counter-
staining solutions (13). Alternatively, hybridization signals
and banding patterns can potentially be displayed in succes-
sive steps (11).

Compared with higher vertebrates, little information is
available about application of ISH for gene mapping and
cytogenetic studies of fish species. Ribosomal RNA genes
(18) and other highly repeated DNA sequences (10) have
been investigated in a few cases. Greater difficulty can be
expected in applying ISPCR to fish species because fish
chromosomes are small and numerous, and techniques for
identifying individual chromosomes are available only in a
few species (8,25). Most fish species do not have well differ-
entiated chromosome bands, and therefore, simultaneous
display of hybridization signals and banding patterns can be
difficult to achieve.

In this study, an ISPCR method was tested for chromo-
somal localization of the channel catfish Ig H gene, which
encodes the immunoglobulin heavy chain constant region
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(24). The objectives of this study were to identify the loca-
tion of the Ig H gene on channel catfish chromosomes and
to analyze the identity of the Ig H-bearing chromosomes by
simultaneous and sequential staining methods.

MATERIALS AND METHODS
Preparation of Metaphase Chromosomes

Leukocytes were isolated from peripheral blood of channel
catfish and cultured in 115 medium (Gibco BRL, Life Tech-
nologies Inc., Gaithersburg, MD) supplemented with 10%
fetal bovine serum (Gibco) and 5% catfish serum. Phorbol
ester (Sigma Chemical Co., St Louis, MO) and calcium
ionophore A23187 (Sigma) were added for stimulation of
mitotic activity (14). Metaphase chromosomes wete pre-
pared based on a replication banding procedure and stained
by the fluorochrome plus Giemsa (FPG) method to reveal
banding patterns (25).

In-Situ PCR (ISPCR)

Chromosomes were prepared on slides with a teflon-coared
border {Cel-line, Newfield, NJ). Pretreatments, including
RNase A digestion and denaturation of chromosomal DNA,
were based on a procedure developed for interphase nuclei
(25). Primers were synthesized with biotin labeling at the
3’-ends. The primer sequences were (5" to 3°): TCCCCAA
GGTTTACTTGCTCGCTCC and CGATGGATCTGG
ATATGTGGCGCAC and the ISPCR was carried out
with an initial denaturation step of 95°C for 4 min, and 10
cycles of amplification with denaturation at 95°C for 30 sec,
annealing at 58°C for 30 sec, and elongation at 72°C for
1 min.

Detection of Hybridization Signals and
Chromosome Bands

Hybridization signals were detected by staining with avidin-
fluorescein isothiocyanate (FITC) (25). Slides were coun-
terstained with propidium iodide (5 ug/ml) prepared in an
alkaline antifading medium (100 mg p-phenylenediamine
in 100 ml glycerol, pH 11) for simultaneous production of
chromosome bands. For sequential detection, after photo-
graphing the hybridization signals, slides were rinsed in
2 X SSC buffer to remove the antifading medium. Slides
were baked at 65°C overnight and processed by the FPG
method for displaying chromosome bands (25).

Fluorescent In-Situ Hybridization (FISH)

A standard FISH procedure (17) was performed on chromo-
some preparations for comparison with the ISPCR tech-
nique. Probe DNA was obtained by PCR amplification us-
ing biotin-labeled primers. Hybridization was performed at
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37°C in a humid box for 36 to 48 hr. The subsequent detec-
tion steps were the same as used in the [SPCR.

Chromosome Measurements

Chromosomes were photographed with a microscope-
mounted (Microphot-SA, Nikon Inc.) Nikon FX-35DX
camera (Nikon Inc., Garden City, NY) with Kodak Ekta-
chrome (400 ASA) color slide film for fluorescent images
or with Kodak Technical Pan 2415 film for black-and-white
images. The negatives were scanned into a computer with
a slide scanner (SprintScan 35, Polaroid scanner model
(CS-2700, Needham Heights, MA) for analysis. Chromo-
some length was measured by a “line measurement” func-
tion of the Optimas® computer software package (BioScan
Inc., Edmonds, WA), and relative length (percent of total
complement length: %TCL) was calculated by a standard
method (12). Replication banding patterns were analyzed
by densitometry (25).

RESULTS

Chromosomal location of the Ig H gene was revealed by the
ISPCR procedure (Fig. 1a and b) and was consistently found
on the telomeric position of a particular chromosome. Fluo-
rescent counterstaining (propidium iodide in alkaline me-
dium) did not reveal chromosome banding patterns, how-
ever; not did sequential treatment by the FPG method
performed after the ISPCR. Replication R-bands analyzable
by densitometry before ISPCR (Fig. 2a) were not analyzable
after thermal cycling (Fig. 2b).

Chromosomal location of the Ig H gene was displayed by
the standard FISH method (Fig. 1¢). Morphology of the Ig
H-bearing chromosome was identical to that identified by
the ISPCR procedure, but without banding information the
chromosome remained anonymous. The %TCL of the
anonymous chromosome was 3.2 & 0.2% (N = 10), which
was identified to be in the chromosome groups of medium
submetacentrics, medium subtelocentrics, small metacen-
trics, or small submetacentrics of channel catfish (25). Fur-
ther identification of the chromosome will require knowl-
edge of centromere position and banding.

DISCUSSION

Replication banding has been successfully coupled with ISH
(13}, and the banding technique is well developed for mam-
malian species (20). However, replication banding has been
reported only in a limited number of fish species including
Rutilus rutilus and Scardinus erythrophthalmus (8) and Salmo
gairdneri (3). Zhang (25) reported that replication banding
of channel catfish chromosomes could only be revealed by
harsh treatments such as the FPG technique. Fluorescent
stains including acridine orange, propidium iodide, Hoechst
33258, and actinomycin D did not produce analyzable repli-
cation bandings in this species. Overall, regardless of tech-
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FIG. 2. Replication banding of channel catfish chromosomes
prepared by the fluorochrome plus Giemsa staining method:
before (a), and after in situ PCR amplification (b). The repli-
cation R-bands were not analyzable after in-situ PCR ampli-
fication. Bars = 10 z.

795

FIG. 1. Chromosomal loca-
tion of the channel catfish
Ig H gene by direct in situ
PCR (a and b). Standard flu-
orescent in situ hybridization
procedure was performed for
verification (c). Arrowheads
indicate location of the target
gene. Bars = 10 u.

nique, the banding pattern of fish chromosomes are not as
resolvable as those of chromosomes of higher vertebrates
such as humans (20).

In this study, the channel catfish Ig H gene was mapped
to a preliminary chromosome location. However, the iden-
tity of this chromosome remains to be definitively estab-
lished because chromosome banding patterns could not be
analyzed after ISPCR or FISH. Although procedures have
been developed for simultaneous detection of replication
R-bands and hybridization signals in mammalian species,
most are not applicable for channel catfish chromosomes
because they do not yield banding patterns on chromosomes
without ISPCR or FISH treatments. Even when employing
sequential detection, the banding pattern was extremely
weak and not analyzable after performing hybridization pro-
cedures.

These problems could be cumulative effects resulting
from repeated exposure to heat and salt (buffer) in the
ISPCR or FISH. The contrast of chromosomes was poor
after 20 or more cycles of thermocycling, and the chromo-
somes were difficult to distinguish from background. High
concentrations of salt solution reduced nonspecific binding,
but also reduced the visibility of chromosomes. Potential
solutions for the low visibility of replication banding pat-
terns include densitometric analysis (4) of chromosomes or
immunochemical detection methods (19). Other methods,
such as restriction enzyme banding (15) or chromosome
painting (21) by repetitive DNA probes, could be used as
alternatives to replication banding for use with ISPCR.

Application of the ISPCR technique in chromosomal
mapping is still in its infancy for fish species and higher
vertebrates including humans. To our knowledge, this is the
first report using ISPCR for physical mapping of a single-
locus gene in a fish species. Although this technique is
readily available for use in higher vertebrates, it is hindered
in use with fishes. Less than 10% of fish species have been
studied cytogenetically, and only a handful of species have
yielded reliable banding patterns of any kind (5,6). It is
ironic that the success of newer molecular procedures in fish
is hampered by a lack of success with cytogenetic techniques
that are routine for higher vertebrates. The use of the
[SPCR technique in fishes thus awaits improvement of the
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procedure and supportive studies on the methodology of
chromosome identification.

This work was supported in part by USDA Grant 93-34310-9057 and
USDA-ARS Cooperative Agreement CRIS #6402-31000-002-02S.
We thank K. McDonough, B. Sawyer, M. Bates, and J. Ratcliff for
technical assistance, and J. Avault, R. Chabreck, D. Shih, M. Stine,
and W. Wolters for critical review. This manuscript was approved by
the Director of the Louisiana Agricultural Experiment Station as manu-
script number 96-22-0155.

References

1.

10.

11.

Bauman, J.G.J.; Wiegant, J.; Borst, P.; van Duijn, P. A new
method for fluorescence microscopical localization of specific
DNA sequences by in-situ hybridization of fluorochrome-

labeled RNA. Exp. Cell Res. 128:485-490;1980.

. Claussen, U.; Ulmer, R.; Beinder, E.; Voigt, FL.J. Rapid karyo-

typing in prenatal diagnosis: A comparative study of the pi-
pette method and the in-situ technique for chromosome har-
vesting. Prenat. Diagn. 13:1085-1093;1993.

. Delany, M.E;; Bloom, S.E. Replication banding patterns in

the chromosomes of the rainbow trout. J. Hered. 75:431-434;
1984.

. Drets, M.E.; Obe, G.; Monteverde, F.J.; Folle, G.A.; Medina,

LL: De Galvez, G.; Duarte, J.E.; Mechoso, B.H.; Computerized
graphic and light microscopic analyses of T-banded chromo-
some segments of chinese-hamster ovary cells and human lym-
phocytes. Biolog. Zentr. 111:204-214;1992.

. Gold, J.R.; Li, Y.C. Trypsin G-banding of North American

cyprinid chromosomes: phylogenetic considerations, implica-
tions for fish chromosome structure, and chromosomal poly-
morphism. Cytologia 56:199-208;1991.

. Gold, J.R;; Li, Y.C.; Shipley, N.S.; Powers, P.K. Improved

methods for working with fish chromosomes with a review of
metaphase chromosome banding. J. Fish Biol. 37:563-575;
1990.

. Gosden, J.; Hanratty, D. PCR in-situ: A rapid alternative to

the in-situ hybridization for mapping short, low copy number
sequences without isotopes. BioTechn. 15:78-80;1993.

. Hellmer, A.; Voiculescu, [.; Schempp, W. Replication band-

ing studies in 2 cyprinid fishes. Chromosoma 100:524-531;
1991.

. Heng, H.H.Q.; Tsui, L.C. Modes of DAPI banding and simul-

taneous in-situ hybridization. Chromosoma 102:325-332;
1993.

Kubota, S.; Kuro-o, M.; Mizuno, S.; Kohno, S. Germ line-
restricted, highly repeated DNA sequences and their location
in a Japanese hagfish (Eptatretus okinoseanus). Chromosoma
102:163-173;1993.

Larramendy, M.L.; Nylund, S.J.; Armstrong, E.; Knuutila, S.
Simultaneous detection of high-resolution R-banding and
fluorescence in-situ hybridization signals after fluorouracil-
induced cellular synchronization. Hereditas 119:89-94;1993.

15.

16.

17.
18.

20.

21

22

23.

24.

25.

Q. Zhang et al.

. LeGrande, W.H.; Chromosomal evolution in North Ameri-

can catfishes (Siluriformes: Ictaluridae) with particular em-
phasis on the madtoms, Noturus. Copeia 1981:33-52;1981.

. Lemieux, N; Dutrillaux, B.; Viegaspequignot, E. A simple

method for simultaneous R-banding or G-banding and fluo-
rescence in-situ hybridization of small single-copy genes. Cyto-
genet. Cell Genet. 59:311-312;1992.

. Lin, G.L.; Ellsaesser, C.F.; Clem, L.W.; Miller, N.W. Phobol

ester/calcium ionophore activate fish leukocytes and induce
long-term cultures. Develop. Comp. Immunol. 16:153-163;
1990.

Lloyd, M.A,; Thorgaard, G.H. Restriction endonuclease
banding of rainbow trout chromosomes. Chromosoma 96:
171-177;1988.

Matsuda, Y.; Harada, Y.N.; Natsuume-Sakai, S.; Lee, K.; Shi-
omi, T.; Chapman, V.M. Location of the mouse complement
factor H gene (cfh) by FISH analysis and replication R-band-
ing. Cytogenet. Cell Genet. 61:282-285;1992.

Nouvo, G.J. PCR In-Situ Hybridization: Protocols and Appli-
cations. New York: Raven Press; 1992.

Pendas, A.M.; Moran, P.; Garciavazquez, E. Ribosomal-RNA
genes are interspersed throughout a heterochromatic chromo-
some arm in Atlantic salmon. Cytogenet. Cell Genet. 63:

128~130;1993.

. Pinero, ].; Ortiz, T.; Cortes, F. 3-way differentiation of

chinese-hamster ovary chromosomes by immunoperoxidase
technique using a monoclonal antibromodeoxyuridine anti-
body. Biotech. Histochem. 68:215-221;1993.

Ronne, M. Synchronization, banding and in-situ hybridiza-
tion: A short laboratory manual. In Vivo 6:49-58;1992.
Schrock, E.; du Manoir, S.; Veldman, T.; Schoell, B.; Wien-
berg, J.; Ferguson-Smith, M.A.; Ning, Y.; Ledbetter, D.H.;
Bar-Am, [.; Soenksen, D.; Garini, Y.; Ried, T. Multicolor spe-
cial karyotyping of human chromosomes. Science 273:494~—
497;1996.

Trask, B.J.; Massa, H.; Kenwrick, S.; Gitschier, ]. Mapping
of human-chromosome Xq28 by 2-color fluorescence in-situ
hybridization of DNA-sequences to interphase cell nuclei.
Am. J. Human Genet. 48:1-15;1991.

Troyer, D.L.; Goad, D.W.; Xie, H.; Rohrer, G.A.; Alexander,
L.].; Beattie, C.W. Use of direct in-situ single copy (DISC)
PCR to physically map 5 porcine microsatellites. Cytogenet.
Cell Genet. 67:199-204;1994.

Wilson, M.R.; Marcuz, A.; Ginkel, F.; Miller, N.W.; Clem,
L.W.; Middleton, D.; Warr, G.W. The immunoglobulin M
heavy chain constant region gene of the channel catfish, Icta-
lurus punctatus: An unusual mRNA splice pattern produces
the membrane form of the molecule. Nucleic Acid Res. 18:
5227-5233;1990.

Zhang, Q. Cytogenetic and molecular analysis of the channel
catfish (Ictalurus punctatus) genome. Unpublished disserta-
tion, Louisiana State University, Baton Rouge;1996.



