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A family of short interspersed repetitive elements (SINEs), desigmadaid,is present in the genomes of
fish, amphibian and primates, but absent in the mouse genome. We have demonstrated that the sequences of tl
mermaidfamily are highly polymorphic in the zebrafish genome as in the human genome. We have also shown
that themermaidsequence can be used to recover zebrafish specific DNA from zebrafish—-mouse cell hybrids by
usingmermaidspecific oligonucleotides as PCR primers. Thus,rttemaidfamily serves as a valuable genetic
tool for the zebrafish genome mapping.© 1996 Academic Press, Inc.

The zebrafish is an attractive organism to analyze the early development of vertebrates
systematic approach, based on large-scale mutagenesis followed by characterization of mi
(1,2). The methodology to induce mutations in the zebrafish has already been established us
chemical mutagenN-ethyl-N-nitrosourea, which introduces point mutations in the zebrafish g
nome at high rate (3,4,5). To clone genes carrying point mutations, both a high-resolution gel
linkage map and appropriate genomic libraries are indispensable. The first genetic linkage m:
the zebrafish has been constructed with random amplified polymorphic DNA (RAPD) markers
and efforts are under way to generate another linkage map with, (@#&)yosatellite markers (7),
which are abundant and highly polymorphic in zebrafish and other vertebrate genomes (8). +
ever, as it has been shown in the construction of the human linkage map (9), various type
informative markers will be required to achieve a high-density genetic map of the zebraf
Indeed, once tightly linked markers are found near a gene of interest, large genomic fragments
to be isolated from this region. This process is greatly facilitated if chromosome-specific libra
are available since they reduce the numbers of clones to be screened. Stable somatic h
between zebrafish and mouse that may allow the construction of such libraries of the zebrafish
produced (10).

Since short interspersed repetitive elements (SINES) appear to be inserted irreversibly, they
been successfully used as genetic markers for population studies, evolutionary analysis, ar
mapping of vertebrate genomes (11,12,13,14). For exarpleepeats were utilized to construct
human chromosome-specific libraries in combination with somatic hybrid cells that retain
human chromosome or subchromosome in a rodent cell (15,16). Clones containing human |
can be isolated from genomic libraries of hybrid cells with the us&lefPCR products as probes.
These clones can be aligned according to the hybridization patterns of restriction digested
ments withAlu probes Alu fingerprinting) (17).

We have found a novel family of short interspersed repetitive elements (SINEs), maared
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maid, that are present in the genomes of fish, frog, and primates (unpublished). In this study
show that the sequences of theermaidfamily members present in fish and human are highl
polymorphic. We also demonstrate tlmérmaidsequences can be used for recovery of zebrafis
specific DNA from total DNA of zebrafish-mouse hybrid cells. Timermaidfamily should offer

valuable information on vertebrate evolution and facilitate the genome mapping of the zebra

MATERIALS AND METHODS

Cell lines.The somatic cell hybrids were derived by fusing a ZF4 zebrafish cell line (18), which contained the APH ge
with the mouse melanoma B78 cell line, followed by selection in the presence of G418 and ouabain. The detail
described elsewhere (10).

Primers and PCRThe PCR was carried out in a total volume of gDwith 50 ng of genomic DNA, primers at &M,
in 50 mM KCI, 10 mM TRIS-HCI pH 8.0, 1.5 mM MgGJ 0.01% gelatin, 20@&M dNTPs, and 2.5 units of Taq polymerase
(Promega) for 30 cycles of 94°C denaturation (1 min), 55°C annealing or 63°@damaidPCR (45 sec), and 72°C
extension (1 min) in an automated thermal cycler (ASTEC, model PC-700). Amplification om#renaid family-
containing loci was performed using primer pairs flanking thermaidinsertions:
5'-CCTTCCTTTCTACAAGATGC-3 and 3-CCTAAATTTCTCTCCAACATG-3 (Z. merl);
5-CAGACATGACGTGACACTCC-3 and 3-TTGCCAACTTCACAGAGGC-3 (Z. mer2);
5'-TGTCCTTATTAAGCCCAGCG-3 and 3-TATCAAATGACCCAGCCGAG-3 (Z. mer3);
5-TTGTTATGTGTCGCCACCG-3and 3-CGCATGTGACCTCATTCTCC-3(Z epd).

The sequences of the degenerated nucleotides, oligoA and oligoB, are
5-AGAA(CIT)(A/G)TGCAAACTCCACACAGA-3' and
5’-CCTGGAG(G/A)AAACCCAC(G/A)CA(G/A)ACA-3, respectively.

Southern blot analysisThe mermaidPCR probe derived from the somatic cell hybrids, ZFB 42-2, was labeled wit
[32P]dCTP by the BcaBest labeling kit (Takara).§ of zebrafish DNA and 1@.g of mouse DNA were digested witral
and loaded on a 1% agarose gel and transferred to a nylon membrane (Hybond-N plus, Amersham). Hybridizatiol
carried out at 65°C in 5XSSC, 0.1%SDS (w/v), 208/ml sonicated zebrafish DNA, and 5xDenhardt. Posthybridizatior
washes were done in 2xSSC, 0.1% (w/v) SDS at room temperature for 15 min, 2xSSC, 0.1% SDS (w/v) at 65°C for 2C
and 0.1xSSC/0.1% SDS (w/v) at 65°C for 20 min.

RESULTS

The Mermaid Family Serves as Informative Polymorphic Markers

We have first found a sequence that belongs to a novel family of short interspersed repet
elements (SINEs), designatatermaid,in the genome of the Japanese medaka fish (18, GenBa
accession number: D78164). In addition to the genomes of other fish such as zebrafish, ray
shark, sequences related to the medalkamaidwere found in the human genome (19). Interest
ingly, most of the humamermaidsequences were originally published as sequence tagged si
and used as markers to map the human genome because of the highly polymorphic naturg of
repeats (L30507, M98545, 717075, G02317, L0O0843). In fact, these humamaidsequences
contained distinctive (GT,)repeats at the middle of their sequences, indicating that the hum
mermaid sequences are highly polymorphic in the genome and can be used as polymor
markers. The (GT)dinucleotides were not clustered but frequently occurred withgrmaid
sequences in fish and frog. We thus tested the possibilityttleatnaidsequences could be used as
polymorphic markers. Using primers flanking four differenérmaidloci, we amplified genomic
DNAs from two distantly related zebrafish strains C32 and SJD (20). Fragments containing
merl, Z. mer2, and Z. epd sequence could be produced from both the C32 and SJD strains,
the fragment that span Z. mer3 was not generated from SJD DNA with our primers. Since fragr
size polymorphisms of the amplified products could not be observed on an agarose gel, t
products were then subjected to digestion with restriction enzymes. As shown in Fig. 1, we dete
RFLPs in the PCR products of Z. mer2 and Z. epd, but not in Z. merl. These results indicatec
three of the foumermaidsequences could be used to detect polymorphism between C32 and
strains.
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FIG. 1. RFLPs of themermaidcontaining fragments derived from C32 and SJD zebrafish strains. Two individuals
each strain were used. PCR-amplified products containingnirenaidfamily derived from three loci were digested with
the restriction enzymes presented and were fractionated on a 3% agrose gel biaglhdigested pBR322 DNA as a
size standard. One locus containing Z. mer3 sequence could not be amplified from SJD strain.

Mermaid PCR on Hybrid Cell Line DNA

In order to provide rapid assignment of genetic markers to specific chromosomes, a pan
zebrafish-mouse somatic cell hybrids were produced (10). To assess whether the isolatic
zebrafish chromosome-specific sequences from these hybrids was possible, we attempted PC
three such hybrid cells, ZFB14, 33, 42-2, by using one of the two oligonucleotides, termed oli
and oligoB, complementary to the zebrafisermaidas a primerifhermaidPCR). Fig. 2 shows that
each primer generated fragments amplified from the three DNA sources, and that the bar
patterns are distinct for different hybrids. Both primers amplified a smear of fragments fr
ZFB33. OligoB generated a large number of fragments from ZFB14 and ZFB42-2, while olig
could only amplify few bands from these two hybrids. These results suggested that each h
cells used in this study retained different zebrafish chromosomal elements, a result consistent
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FIG. 2. Amplification of DNAs from three types of zebrafish/mouse hybrid cell, zebrafish ZF4 cell, and mouse B78 c
with oligoA and oligoB primers. PCR-amplified products were fractionated on a 3% agarose gebtbidigested lambda
DNA as a size standard (M).
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the assignment of these hybrids to different linkage groups using specific markers (10). To a
tain that the amplified sequences were derived from zebrafish DNA, we hybridized one of tt
sequences to zebrafish and mouse genomic DNA. A PCR fragment of 1.4 kb that was gene
from hybrid ZFB42-2 with the oligoA primer was used as a probe. The hybridization was a
carried out in an excess of the zebrafish genomic DNA to block hybridization of the probe to
numerousmermaidsequences present in the PCR products. Fig. 3 shows that the probe hybrid
to a fragment of DNA present in the zebrafish (Fig. 3, lane3) but not in the mouse (Fig. 3, lan
The fragment was masked by the smear of hybridization signal attributable to the muikipteaid
seqguence when zebrafish carrier DNA was omitted from the hybridization mixture (Fig. 3, lane
This result demonstrated thaiermaidPCR could produce zebrafish-specific DNA from zebrafish
mouse cell hybrids.

DISCUSSION

We found that sequences of theermaidfamily are highly polymorphic in the zebrafish and
human genomes. In contrast to dinucleotide repeats whose polymorphism is detected by |
denaturing polyacrylamide gel and radiolabeled probes, the polymorphism of the zebnafish
maid were readily detected by PCR alone, or by PCR followed by restriction enzyme digesti
Polymorphism due to differences in the numbers of the (Gilfucleotide repeats may also be
detected within the zebrafismermaidsequences as they are in humans. Besidesmaid,a
number of SINEs have been found to be associated with microsatellite repeats (21,28) bad
been postulated to be a source for the genesis of primate microsatellites (23).

In addition to the degree of polymorphism, the availability of a genetic marker for a linkage
largely depends on its abundance and distribution in genome. Although the extent to whick
zebrafishmermaidsequence are dispersed in the genome is unclear, the average distance bet
the sequences was estimated to be 140 kb (18), corresponding to about 0.2 cM in the genonr
Assuming that they are randomly distributed in the genome, the distance is close enoug!
high-resolution linkage mapping of the genome and one can expect one or mdawaidse-
quences in every insert of P1 and YAC vectors, respectively (24). Since such moderately repe
sequences if. elegansand human have been proven to help to assemble contigs of those vec
using them as hybridization probes (17,25), a linkage map generated by the zebrefishid
sequence may be efficiently integrated with a physical map.

Finally, we used the absence ofermaidsequences from mouse DNA to directly amplify
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FIG. 3. Southern blot hybridization ahermaidPCR products from ZFB42-2 hybrids to genomic DNAs from zebrafish
cellline, ZF4 (lane 1, 3), and mouse cell line, B78 (lane 2). Hybridization was performed in the absence (lane 1) or pre:
(lane 2, 3) of zebrafish genomic DNA added as carrier DNA to eliminate hybridization ohémmaidsequence.
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zebrafish sequences from zebrafish/mouse hybrid cellmdaynaidPCR. This technique provides

a simple method for the isolation and analysis of specific chromosomal regions of the zebra
Thus, the zebrafismermaidsequences will facilitate the construction of linkage and physical ma,
of zebrafish, and eventually the positional cloning of genes affected in zebrafish mutants.

mermaidfamily will also be useful for the genome analysis of other organisms where this fam
is found.
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