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Detection by In Situ Polymerase Chain Reaction of a

Channel Catfish Gene Within Cells and Nuclei

Q. Zhang, Ph.D., R.K. Cooper, Ph.D., and T.R. Tiersch, Ph.D.

An in situ polymerase chain reaction (ISPCR) procedure was 
developed for analysis of single-locus genes of the channel 
catfish (lctalurus punctatus). Intact leukocytes, suspended in 
phosphate buffered saline (l.0 x 106 cells/milliliter), were dis­
tributed on microscope slides and digested with proteinase K (6 
µg/ml) for 1 h at 27°C. The PCR was performed on the slides
with a thermal cycler (PTC-100, MJ Research, l nc., Water­
town, MA). Primers were designed to target the gene lg H.. 
encoding the constant region of the immunoglobulin heavy 
chain. After amplification with biotin-labeled primers, the in­
tracellular PCR products were detected by color development 
or fluorescent methods. The cells on treatment slides were 
strongly positive for the target gene. This was verified by use 
of an indirect procedure, in which the ISPCR was performed 
using unlabeled primers, followed by use of a biotin-labeled 
probe. The ISPCR technique was also applied to the location of 
the gene in interphase nuclei. Two copies of the target gene 
were revealed in positive interphase nuclei. For validation of 
the TSPCR technique, we performed the technique on a mixture 
of channel catfish leukocytes and fetal donkey dermal cells. 
More than 90% of the catfish cells exhibited fluorescence as­
sociated with the presence of the target gene, whereas no tlno­
rescence was observed on the fetal donkey dermal cells. Liq­
uid-phase PCR was also included as a positive control in each 
experiment and yielded products of the expected size (303 base 
pairs) and DNA sequence. Localization of a single-locus gene 
by ISPCR is new to nonmammalian species and will provide an 
important tool for gene mapping and transgenic studies in 
fishes. 
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ln situ hybridization (ISH) involves a hybridization 

reaction between a labeled nucleotide probe and a 

complementary strand of target DNA or RNA in tissue 

sections or intact cells (13). Many refinements have been 

made in the past decade, changing the original [SH (8) 

into a technique that provides fast, precise, and sensitive 

localization of DNA sequences (11). The major technical 

variations of ISH include probe length and the types of 

labeling and detection methods. The size of probes can 

range from 25 to 500 nucleotides for DNA, and from 

hundreds to thousands of nucleotides for RNA (13). 

Probes can be labeled with radioisotopes (5), biotin, di­

goxigenin (6), chemiluminescence (17), or fluorescent 

markers (22). 

Fluorescent in situ hybridization (FISH) is a recent 

technique for visualizing DNA within cells, interphase 

nuclei, and on extended chromatin fibers (11). Although 

the innovation of FISH has enabled mapping of single­

locus genes (12), an inherent limitation of this technique 

is that it typically requires multiple copies of identical 

DNA or RNA sequences for detection (14). Fewer gene 
copies require a secondary signal amplification for de­

tection. For this reason, FISH has been employed to 

study mRNA present in high copy numbers (7) or highly 

repetitive DNA sequences (10,15). This difficulty has 

been gradually overcome with introduction of the poly­

merase chain reaction (PCR) into morphological and di­

agnostic fields (9). The PCR technique is capable of 

producing billions of copies of target DNA, although 

these products do not readily remain associated with the 

target tissue or chromosome. A combination of ISH with 

PCR has enabled detection of single copies of DNA or 

RNA molecules (1 ). Currently, applications of in situ 

PCR (ISPCR) are confined mainly to the detection of 

foreign or mutated genes (3,18). 
Direct and indirect methods are two important varia­

tions developed for the ISPCR (9). Direct ISPCR uses 
primers or free nucleotides labeled with biotin, digoxi­
genin, or protein molecules that allow direct visualiza­
tion of target sequences after amplification. Of the two, 
















