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Abstract 

A tandemly repeated DNA sequence is v~sible as a ladder of bands on agarose gel eleclrophoresis of Hind 111- 
digsted Cypnnus carpto DNA. Several members of this repeated DNA family have been cloned and sequenced. 
~ g e  repeat."nit has amonomeric length of 245 bp and comir~ses about 8% ofthe fish genome. Sequence Bnalysis 
showed to be AT rich with some direct and some inverted-repeat nucleotide clusters. 

Xey words: Cyprinus corpio. Hind III family, tandem repeat, nucleotide sequence. 

1. Introduction 

Multiple copies of closely related DNA elements forming families of cross-hybridizing 
sequences are present in all eukaryotic organisms in proportions ranging from less than 1% 
to more than 66% of the g e n ~ m e ' ~ ~ .  These repetitive DNAs can be isolated as satellite bands 
by isopycnic centrifugation in CsCl alone or in some cases, in presence of base-specific 
ligands. Two types of highly repeated DNA families have been well characterized: the 
tandemly repeated satellite DNA, arranged as long stretches on specific chromosome loci, 
and the interspersed DNA comprised of long and/or short sequences throughout the 
genome as unlinked single c o p i e ~ ~ . ~ .  Wide variations in sequences are found between highly 
repeated DNAs from different species indicating a rapid rate of evolution. In spite of wide 
occurrence of such DNAs, their function is still a matter of conjecture. 

Highly repeated satellite DNAs have been extensively investigated in plants5, 
invertebrates6,', amphibians8 and mammals9-". Although fishes comprise a large class 
vertebrates, evolutionarily more ancient than amphibians, no studies on organization and 
cloning of repetitive DNA in these animals have come to our notice. We report here for the 
first time the cloning and characterization of a member of highly repeated DNA from a fish, 
namely, the common carp Cyprinus carpio. 

'Present address: Deptt of Chemistry and Biochemtstry, Southern Illinois University at Carbondale, Carbondale, 
Illino~s 62901, U.S.A. 
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2. Experimental 

2.!. Isoiario~i of DIVA 

Live specimens of the dish Cyprinus clarpio var-commnnis [Bangkok strain) were obtained 
from the local market. DNA was isolated from saline-EDTA-washed erythrocytes by 
phenol extraction method as described. First, chromatin was isolated from saline-EDTA. 
washed erythrocytes by osmolysis with five volumes of distilled water followed by the 
addition oi  NaCl solution to a final concentration of 0.1 PA and spinning down the 
chromatin. Pelleted chromatin was then suspended by homogenising in a buffer containing 
50mM Tris-HCi, pH 7.4, 150 mM NaCP and 25 mM EDTA in a loose-fitting Dounce 
homogenizer and lysed by adding SDS to 1% followed by I h protcinase k(50pgjul) 
digestion at 37°C. Viscous Iysate was heated at 65'C for 5min and cxtracted with equal 
volume of water-saturated phenol, phenol:ch:orororm ( 1  : I ,  v/v) and chloroform. To the 
final aqueous layer, 2.5 volumes of ethanol was added, incubated at -- 20°C and centrifuged 
the precipitated DNA. The DNA was dried, dissolved in TE(l0mM Tris-NCI, pH 8.0, 
1 mM EDTA) and reprecipitated with 0.3 M Na-acetate-2.5 volumes ofethanoi. The DNA 
pellet was washed with 70% EtoH and dehydrated ethanol, air dried and dissolved in TE to 
make a final concentration of 0.5-1 mg DNA/ml which was determined by measuring 
absorbance at 260nm. 

2.2. Restriction digestion and Southern blotting 

Five micrograms of total erythrocyte DNA was digested to completion with Hind 111, 
EcoRI and BamHI (Bethesda Research Laboratories, USA, under conditions prescribed by 
the supplier) and fractionated by electrophoresis through 0.8% agarose gel in 40 mM Tris- 
acetate, 2 mM EDTA, pH 8.0 and 1 pg/ml EtdBr, at 3 v/cm. The gels were photographed on 
a Fotodyne UV-300 transilluminator. Thc developed negatives were traced with an LKB- 
2202 scanning densitometer to quantitate the bands. The DNA separated on the gel was 
transferred on to nitrocellulose filter (Schleizer and Schnltz) as described by Southern1'. 
DNA blots were hybridized with 3ZP-nick translated "245 bp Hind 111 repcat fragments 
(mixed) of Cyprinus DNA or with labelled insert of pCchr-3 clone in the presence of 50% 
formamide at 42°C for 16-20h. Blots were washed once with 0.2 x SSC-0.1% SDS at 60°C 
and twice with the same washing solution at room temperature, dried and exposed to 
Agfa-Gevaert Curix RPI X-ray films at -70°C. 

2.3. Cloning of the repetitive DNA 

Total fish DNA isolated from erythrocytes was digested to completion with Hind I11 and 
the resilting fragments were separated by electrophoresis on a 0.8% low-melting 
temperature agarose gel in Tris-acetate buffer. The band representing repetitive DNA of 
about 245bp was eluted by phenol extraction14 and ligated with Hind 111-cut pBR322 
plasmid DNA. The recombinant DNA was used to transform E. coli HBlOl using standard 
methodsi4. The transformants were screened by colony hybridization'' using labelled 
245 bp monomer DNA isolated from low-melting agarose as a probe. Plasmid DNA from 
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the positive clones (designated as pCchr for Cyprinus cctrpio Hind 111 repeat) were isolated 
as described by Birnboim and D ~ l y ' ~ .  

2.4. DNA sequencing 

The nucleotide sequence ol the pCchr-3 and pCchr-63 plasmid incerts werc determined 
following Sanger's method' of d~deoxy cham termination sequencing, after recloni~ig of the 
repetitive DNA in the single-stranded M13-phage mp18. The colourlcss positivc clones 
containing pCchr-3 and pCchr-63 inserts were selected from the plate containing the 
chromogenic substrate X-gal (S-brorno-4-chloro-3-indolyl-/i-D-galactoside; Sigma). For 
each plasmid two phages containing inserts of the complemenlary strands were isolated and 
used for sequencing. The ddNTPs and dNTPs werc obtained from Sigma. Thc large 
fragment of E.  coli DNA pol I (Klenow fragment) was from BRL and 35S-dATP was from 
Amersham. The sequencing gel (8%) after electrophoresis was fixed in 10% M e O H - l w  
acetic acid solution for 30min, drained out the fixing solution, translerred the gels lo 
Whatman 3 mm paper, dried completely in vaccum gel drier (Atto) at 50"-60°C and exposed 
to Agfa-Gevaert Curix R P I  X-ray films at - 70°C using intensifying screen for varying 
times. 

3. Results and discussion 

3.1. Identification and cloning of thefish repetitive DNA 

Hind 111 digests of cyprinus DNA showed a visible ladder of about 245 bp fragments on 
EtdBr staining after separation by 0.8% agarose gel electrophoresis (fig. 1A). On the other 
hand, EcoRl  and RamHI digests did not show such prominent bands (result not 
represented). On deusitometric scanning of the negative ol  Hind I11 gel pattern, the fastest 
moving monomer band amounted to about 2.8% of the total genomic DNA (fig. 1B). When 
the 245 bp monomer hand isolated from low-melting point agarose was 3'P-labelled by 
nick translation and used as a probe in Southern blot hybridization of the Hind 111 digest, a 
ladder of 245 bp repeats was revealed in the autoradiogram (fig. lC), thus indicating a 
tandem repetition, the laddcr being produced due to loss of the Hind I11 site in some of the 
repeats. 

The 245 bp Hind 111 fragment of repetitive DNA was cloned in the plasmid pRR 322 and 
the clones were picked up by colony hybridization (fig. 2A). The recombinant plasmids 
were isolated from several positivc clones and mapped with several restriction enzymes 
(fig. 2B,C). When a Hind Ill digest of genomic DNA was probed with different clones 
identical ladder patterns appeared on Southern blotting indicating that the repeat units 
were very similar in size and sequence, except for an occasional base change (result not 
shown). 

3.2. Quantizntron of the Hind Ill-repetitive DNA 

Different amounts of pCchr-3 and Cyprinus genomic DNA were separately digested with 
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FIG. 1. Presence oi 245bp repeats In digests of 
Cyprinus DNA. (A) Flve fig of blood DNA was 
digested to completion (5 un~ts/pg DNA for 2h) with 
Hmd Ill, electrophoresed in 0.8% agarose gel and 
stained w~th ,EtdBr. (B) Densitometric scan of the 
stained gel as In A. (C) The Hind 111-digested DNA 
separated in the gel as m panel A was Southern blotted 
on to nitrocellulose filter and hybrid~zed with 
32P-labelled 245 bp Hind I11 repeat fragments(mixed) of 
Cyprmus DNA isolated from low-melting agarose. 

FIG. 2. Cloning of 245bp Hind 111 repeat of Cyprtnus 
DNA. The 245bp Hind Ill-monomeric DNA was 
lsolated from low-melting agarose, ligated to Hind I11 
cut pBR322 and used to transform E. coii HB101. (A) 
Colony screening of the transformants. (B) The 
recombinant plasmid pCchr-3 conta~nmg the 245 bp 
repeat. (C) Reslriction map of the 245 hp insert. The 
symbols are: A = AIuI; B = Bcll; Bm = BornHI; 
E =  EcoRI; H = Hind Ill; P = PstI: R=Rsal ;  
S = Suu3Al. 

Hind 111, separated on 0.8% agarose gel and blotted. The blot was hybridized with 
3ZP-labelled 245 bp insert of pCchr-3 and autoradiographed. By comparison of the 
densitometric scans (results not presented) the monomeric peak area given by 200ng of 
genomic DNA was equal to that given by 6ng of cloned-monomer insert of pCchr-3. Thus 
the amount of monomer is 3% of the DNA in the digest, a value comparable to that 
obtained by scanning of the EtdBr-stained gel (fig. 18). Again, the integrated area under all 
the peaks in the autoradiogram of genomic DNA digest was 2.65 times than that under 
the monomeric peak. This leads to an amount of 8% as the repeated DNA in Cyprinus 
genome, corresponding to a copy number of 6 x lo5, as cyprinus has a 'c' value of 1.7pg1: 

3.3. Nucleotide-sequence analysis 

The nucleotide sequences of two clones (pCchr-3 and pCchr-63) are presented in fig. 3. The 
repeat is 245 bp and contains several common 4-nucleotide restriction sites such as 
Dde I, Mbo I, RSAI and Sau 3AI. The two sequences are identical except for a few 
nucleotide changes. The DNA is A + T rich (63%) with clusters of T and A. There are several 
direct repeats and inverted repeats as indicated in fig. 3, but none is more than ten 
nucleotides long. No internal subrepeats were found. In this respect the fish DNA repeat 
resembles the repetitive Eco RI monomer-3 sequence of Xenopus DNA8 and Hind 111 repeat 
of Arabidopsis DNA5. An examination of open reading frames in the sequence following 
start codon ATG reveals frequent stop codons, suggesting that there might be no RNA 
translation even if DNA were transcribed. However, we failed to detect any RNA transcript 
corresponding to the repetitive DNA in Northern blots. 
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FIG 3 Nucleot~de scquencc of the monomeric m e r t  from the recomb~nant plasmida pCchr-3 and pCchr-63 The 
ssqucnccs arc presented from the 5' lo 3' dneclmn For the clone pCchr-63, only the nonhomologous nucleolides 
arc shown, the homologous onc? bnng indmted by hyphens. The Lhiee direct repeals (1. 1'; 2,2'; 3, 3') and three 
~nvcrted repcats (4: 4': 5, Y; 6.6') are ~ndicatad by arrows over and under the sequences respectwely. The restrlctmn 
sites and open reading frames as determmcd by cornputel analysis are not ~ndlcatcd ~n thc tigure 

a b c  d e f  

Frc. I .  Thc presence of repetltlve DNA sequences 

homologous Lo Cvprinus 245bp Hrnd Il l  repeats in 
other Bsh speacs. Five f ig ai  blood DNA from diflerent 
fishes was separately d1ge9tcd wrth IlindIll  (20 uniti, 
2h), Southern blotled and pr~tlcd wlh 32P-lahelled 
pCchr-3 DNA. ( 4  Silver rnrp (b) Cyprrnus carpio 
(c) Carla catin (dl Heferopnrustr .~ J o d i s  (e) Tilaprn 
mursnmh~n (f) Anahas femxiineur. 
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3.4. Species and sex specificity of the repetitive sequences 

The representation of the 245 bp repeat-like DNA sequences in the genome of a numbero[ 
fish was examined by hybridization of Southern blots of Hind 111-digested genomic DNA 
with nick-translated pCchr-3. Under the hybridization condition similar but less intense 
ladder patterns were obtained with DNA from several fishes but not with that of others 
(fig. 4). This observation suggests that the fish repetitive DNA can be used as a marker to 
follow the evolutionary closeness among fish species. 

As most fishes including cyprinus are sexually dimorphic but lack any differentiated sex 
chromosomes, we titrated the levels of the repetitive DNA in the genome of male and female 
cyprinus. There is no difference in copy number of the repeats in the two sexes (result not 
presented). 

We report here the characterization of a highly repetitive DNA in the fish Cyprinus carpio 
which appeared as tandem repeats of 245hp, each unit containing a Hind 111 site. The 
6 x lo5 copies of the repeat present per haploid genome comprised about 8% of the genome. 
The presence of direct and inverted repeat sequences was reminiscent of movable 
elementsz0. The fish sequences did not seem to be the result of amplification and divergence 
of a small consensus sequence, as are other common satellite DNAs in Drosophila or 
mousez. This is the first report on the characterization of a highly repetitive family of 
nucleotide sequence in a member of Pisces, a large class of animals. The cloned repetitive 
DNA should be useful in evolutionary studies of related groups of fish. 
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