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ABSTRACT The physical location of the 28S ribosomal RNA gene (28S rDNA) was localized to the short arm of chromosome 

number 1 of the eastern oyster ( Crassostrea virginica) by fluorescence in situ hybridization. The existence of a single locus of the 28S 

rDNA in the genome of the eastern oyster was concluded based on the findings from metaphase chromosomes prepared from gill, 
mantle, and embryos and from meiotic chromosome bivalents prepared from ripe gonad tissue. The region of the chromosome occupied 

by the gene was found to be GC-rich, and the location of probe DNA used to identify the 28S gene corresponded exactly with the 

location of the nucleolus organizer region. The transcriptional activity of the gene did not vary among different cell types but chauged 

with different phases of mitosis. This study is tbe first report of physical mapping of a specific gene in mollusks and provides 

techniques for detection of integration of foreign DNA in the oyster genome. 
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INTRODUCTION 

The ribosomal RNA genes are a group of DNA sequences that 
produce structural rRNA to support protein synthesis. For ex­
ample, the 28S ribosomal RNA gene (28S rDNA) encodes a major 
component of the large subunit of the eukaryotic ribosome. The 
nucleotide sequences of these genes are polymorphic, which has 
enabled taxonomic investigation of organisms with ambiguous 
phylogenetic relationships (Littlewood 1994). 

In addition, 28S rDNA is useful for the initiation of physical 
genome mapping, because the gene exists in multiple copies, 
which improves the ease of detection. There are various methods 
for verifying the chromosomal location of 28S rDNA. Fluores­
cence in situ hybridization (FISH) {Pendas et al. 1993) or in situ

polymerase chain reaction (Zhang et al. 1997) can be used for 
direct assignment of gene location. The 28S rDNA loci can be 
revealed indirectly by chromomycin A3 staining to target Ge-rich 
regions (Amemiya and Gold 1987). Moreover, the 28S RNA genes 
are associated with the nucleolus organizer regions (NOR) (Long 
and Dawid 1980). By use of silver staining, which targets protein 
components associated with RNA synthesis (Howell and Black 
1980), the active 28S rDNA loci can be detected. 

The eastern oyster has been harvested commercially in the 
United States for hundreds of years. An organized system of oyster 
leases has been maintained in Louisiana for over 100 years, and 
harvest in Louisiana was valued at more than $50 million in 1997 
(Louisiana Summary of Agricultural and Natural Resources 1997). 
Overall, genetic improvement in this species has been hampered 
by the absence of basic genetic information. Study of the physical 
location of DNA sequences in oysters is still preliminary, and 
reports are restricted to nonspecific DNA elements derived from 
the mammalian genome (Guo and Allen 1997) or oyster genome 
(Clabby et al. 1996). The procedures for physical mapping of 
specific genes must be developed and validated in this species. 

The chromosomal location of the 28S rDNA in the eastern 
oyster has been preliminarily investigated using FISH techniques 
(Zhang et al. I 999a; Xu et al. I 999). Our goal was to use the 28S 
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rDNA as a first step to verify techniques for physical mapping of 
genes in oysters. Specific objectives of the present study were to: 
I) localize the 28S rDNA on eastern oyster chromosomes by fluo­
rescence in situ hybridization; 2) compare these sites of the 28S
rDNA to those detected by silver staining and chromomycin A3
staining; and 3) evaluate tl1e transcriptional activity of the 28S
rDNA in different cell types.

MATERIALS AND METHODS 

Probe Construction 

Nuclear DNA was isolated from hemolymph collected from 
adnlt oysters (n 5) using a QIAamp blood kit (Qiagen [nc., 
Chatsworth, CA). Probe DNA was synthesized by polymerase 
chain reaction (PCR). A pair of primers was designed to target the 
oyster 28S rDNA gene based on a published sequence (Littlewood 
1994) and was synthesized by the Gene Probes and Expression 
Systems Laboratory, Louisiana State University, Baton Rouge. 
The primer sequences were (5' to 3 1

): GCTAAATACITCCCG­
AGTCCGATAGC and GCACCTTCCTCCAGCTCTTCTGAC. 
Conditions for PCR were initial denaturation at 94 °C for 2 min; 
35 cycles at 94 °C for 30 s, 52 °C for 30 s, and 72 °C for I min, 
with a final elongation step at 72 °C for 7 min. The PCR products 
were labeled by inclusion of biotin-16-dUTP in the reaction mix­
ture. Labeling was visualized by agarose electrophoresis, in which 
the shift of band size was detected because of incorporation of 
label into the PCR products. 

Chromosome Preparation 

Ten ripe oysters (five males and five females) were used in this 
study. Chromosomes were prepared from gonad tissues, embryos 
at 5 h after fertilization (Paniagua-Chavez et al. 1998) and gill 
tissues with methods reported elsewhere (Zhang et al. 1999b ). For 
obtaining bivalent chromosomes. the gonad tissue was not treated 
with colchicine, but a prolonged hypotonic treatment in a I% 
sodium citrate solution (-5-7 h) was used to promote separation or 












