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We have discovered a family of short interspersed repetitive elements (SINEs) that are present in the genome:t
of fish, amphibian and primates. The family of the SINEs, designatedmaid,is distinctive in each species
except for a conserved region of approximately 80 bp. Some members ofetreaidfamily were found in
transposon-like repetitive elements, including Tc1-like elements which are also distributed in the genomes of fish
and amphibian. This raises the possibility of horizontal transfer ofrteemaidfamily between vertebrates via
transposons. © 1996 Academic Press, Inc.

Repetitive sequences constitute a substantial portion of the genomes of eukaryotes (1). The
categorized into two classes: tandemly repeated sequence and transposable elements. Euk
transposable elements are further divided into two main classes, according to their moo
transposition: elements that move directly through DNA copies and elements that transpos
reverse transcription of an RNA intermediate. The latter elements are often referred to as r
poson. Short interspersed repetitive elements (SINES) are supposed to be members of retrop
although they do not encode proteins needed for reverse transcription. It has been propose
SINEs have originated from tRNAs because most of them contain sequences homologous to t
molecules at their'5end (2). Other structural characteristics of SINEs are tandem repeats of sl
oligonucleotide present at thé 8nd and terminal direct repeats.

Although all of the SINEs previously characterized were considered to be specific to a |
species, a genus or a family, we have found a novel family of SINEs, desigmatecaid that are
distributed in the genomes of fish, amphibian and primates. Mechanisms that could be involve
the wide distribution ofmermaidin the animal kingdom will be discussed.

MATERIALS AND METHODS

Computer sequence analysldentification of themermaidrelated sequences in GenBank was carried out using th
software Blastn (3). Sequences were aligned using GeneWorks (Intelligenetics) followed by manual optimization.

DNA samplesGenomic DNA from zebrafish and medaka fish were prepared from the whole bodies of adult fishes
standard procedures (4). Other genomic DNAs were purchased from BIOS Laboratories. For the clanigignafd
sequences from the zebrafish, a zebrafish genomic library was screened using'#Rglabeled medaka DNA fragment
that contains the medakaermaidsequence. Three independent positive clones were obtained and were designated Z. r
Z. mer2, and Z. mer3.

Mermaid PCR. mermai®CR was carried out in a total volume of pQ with 50 ng of genomic DNA, primers atdM,
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), 63°C annealing (45 sec), and 72°C extension (1 min) in an autol
thermal cycler (ASTEC, model PC-700). The sequences of the degenerated nucleotides, oligoA and oligéB, ar
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AGAA(CIT)(A/G)TGCAAACTCCACACAGA-3' and 3-CCTGGAG(G/A)AAACCCAC(G/A)CA(G/A)ACA-3, respec-
tively.

Zoo blot analysisThe oligoA and oligoB were 5end labeled with 4-*2P] ATP (Amersham, 5000 Ci/mmol) and
Megalabeling kit (Takara). DNA samples were denatured in alkaline buffer (0.4 M NaOH, 10 mM EDTA) and transfet
to nylon membranes (Hybond-N plus, Amersham) as described previously (4). Hybridization and posthybridization we
were performed as described previously (4,5). The hybridization was carried out in 5xSSC, 0.1% SDS (w/v) and 5x
hardt at 48°C for 12 h, followed by two washes at room temperature for 15 min, two washes at 48°C for 20 min anc
wash at 60°C for 20 min, in 5xSSC, 0.1% SDS (w/v).

RESULTS

Characterization of Sequences of the Mermaid Family

In the course of our efforts to isolate Tc1-like transposable element in the Japanese medakz:
we found a sequence similar to the C terminal region of the putative transposase of Tesl, a Tc:
repetitive element found in a hagfish (6, data not shown). However, sequences corresponding
N terminal region of the putative transposase were not observed within 1 kbp upstream from
segment. A search of the GenBank data base revealed that the upstream region contain
nucleotides that showed significant homology to sixteen sequences that are present in the ger
of medaka fish and other vertebrates, such as zebrdliahi¢ rerio), ray (Torpedo marmoratp
frog (Xenopus lavies and humanHomo Sapiens Of seventeen sequences, eight are present
introns and intergenic regions, five are found in human sequence tagged sites, one is detecte
human cDNA and three are associated with transposable elements. Of the latter three sequ
one is present in the insertion element causing the zebnadishil mutation (7), another is located
in a zebrafish Tcl -like repetitive element, named Tdrl (8), and the last one is adjacent
transposon, termed Xori, found in tienopuggenome (9). These sequences are shown in Fig.
with three additional sequences (designated Z. merl, Z. mer2, and Z. mer3) that were cloned
the zebrafish, based on their similarities to the 77 base pair consensus. An alignment of 1
sequences showed that they are distinct in each species outside the conserved region of 7
pairs. We designated these sequences as memberswétheidfamily, which can be divided into
subfamilies according to their hosts. Theermaidfamily of fish represented a typical SINE
structure (2): they had split promoters of RNA polymerase Il (10), called boxA and boxB at
5" end, a simple repeated unit of (AATG) (in medaka and zebrafish), (T) (ray), (GTTTCTT
(sandbar shark) at theé 8nds, and were flanked by direct repeats (medaka, zebrafish, and ray)
addition, internal direct repeats as common in other SINEs (11,12) were presentniretinaid
sequences of the zebrafish and the ray. The consensus sequence of RNA polymerase 11l pro
regions in zebrafisimermaidsequences showed significant similarity to some tRNAs (Fig. 2). |
contrast to the fish sequences, the humermaidsequences contained no sequences resembli
the consensus sequence of an RNA polymerase 11l promoter. However, two of the longest ht
mermaidsequences, designated H. FMR1 and H. t-PA, had terminal direct repeats and the H.
sequence ended in simple repeat of (The (AATG) motifs were also detected in the middle of
the humammermaidsequences. It should be noted that thermaidsequences of zebrafish and
human were variable in length probably due to deletions. Conservation afghmaidsequences
within each species was low compared to other SINEs characterized to date (12,13).

Distribution of the Mermaid Family in Vertebrates

To examine the distribution of thmermaidfamily in vertebrate genomes, we performed zoo blo
experiments using DNA from eight different vertebrates. Two degenerate oligonucleotides, ter
oligoA and oligoB, corresponding to conservegrmaidsequences were used as probes (see Fi
1). As expected from the results of the data base search, both probes hybridized to the genon
medaka fish, zebrafish, and human, and the oligoB hybridized to frog DNA (Fig. 3A and |
Moreover, both probes hybridized to the genomes of chimpanzee, gorilla, and orangutan.
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box A box B
TGGCNNAGTGG GGTTCGANNCC
M.uft “ITICATATRATCTITIR FraTCATTCTGCACAGTEETGCAGTGET TAGCGC TCTTGTCTCACAGCAAGAAGCCCC—-CCAGTTCARGTCCCAGCTGGGE 99
M. mer1 -ATACCAAAGQETTICARAATGTAATTTAATGATC TATAACACTGGGATGCACAACGATTTAGCGGTTAGCTGTTTTCCGTCACAGCARAAAGTT-~~CCTGTTTCGARTCCCAGTTGAGT 117
Zmhe ~TTTTT. TTTATATTTTATGAATTATGTCAGGCTGCACAGTGGCGCAGTGGGTAGCATGATTGOCTCACAG-———-~ GGCCA--CTGGTTCAAACCC--GCTGG-T 110
Zepd - A TTTTGTTATGTGTCGCCACCGCAGGCGACGCAGTGGCGCAGTAGGT TGTGCTGTCGCCTCACAGCAAGAAGGTCG- - CTGGTTCGAGCCTCGGCTGGET 113
Z men -BATCH GAACTTTAAGCTGTATGTTTT TARAAAGAAATTGTATTTATTCAGTGGT TAGCAATGTTTTCTCACAGCARGARAGT 95
Z mer2 - MTAAATCTGACAGAGTTCAGTAAGATGAACTTATTTCAGACGGCACAGTCTmnerGGTCAGCAcTGTGGCCTCACAGCAGGAAGGTCT——CTGGMTGAGTCTTGGCIGGGT 113
Zmer3 --TTAAGAAATTTIGATATATTTTT T TGTTTTTTGGGGGGCAGTGCGGTGGCTCAGTGGTTAGCACCATCATCTCACAGCAARAAGGTCG- - CTGGTTCGAGTCCCAGCTGGGT 111
T.AChe  —~---memommeooooel AAGAAGATGCRTGTAARCAHATGAGGGCGGCACGGTTGGCETGGCGGT TAGCACAACCCTGITACAGC GCCAGCGACCC-GGGETTCGAATCCGGCACTGTC 101
S.llc ~TTGGAAGTTCCGGGAGTGGCCTAGTACTICGIGICGGTGTGTGTGCTTGATCCTGGA GGGCGCCGCAACAGCTCGGTGACTCGCACTGCTAGCTGTGCAGATACATGGAT 119
H.IFNA ACTCCCCAC 10
H.STSUT TCGATTCCTAAGC 13
GGTGRIGGAATACAGCAGGTCCTCGTATAACATTGT T TCATTCARCAATGTTTCCTCATAACATCCATGAGG--~ARAARAATTGATTTICTGC 91
H.STSCA AGGTGGAGGTTGCAGTGAGGCGAGACTGCGCCATGGCACTCTAGCCTGGGTGATAAAGTTAGACTCCGTCTCARARAAAARATCAATTCCTGGT 9
H.t-PA --EEATCIr CAAARTACAGCAGGCCCTTCAATAATA- -~ TTCCATTCAGTGTCATTTCATTATAACT TTGATGAGGAAAACAARAATCAATTCCTGTC B
H.CAC TAGGTTGAGTTACAGCAGGTCCACAGATAGTGCTGTTTTGTTCAATGTTACTTTGTTATAAGGCTGATGAGG -~ ~ARAAAAAGGAT TGCCAGAC 91
H.STS1 GCTCATTTAATTACAGCAGGTCCTCANGTAACACCATTCCACACAACGTNGTGTCATTATAACACTGACAAGG--AAARAAAATGGNTTTNAGGT 93
H. DHFR TGTATTTATATACAACATGTCCTTGAATAA-————======--=~ CATCGTTTTCTTCTAACGTTGATGAG--~AAARATAATCAATTCCTGGC 76
H.STS4 GTGTGGGAGGTTCAGGAGGTCCTTGAATAA———=—=—= =~~~ GGCCATTTCATTATACCATTAATGAG---AARARAACCTGATTCTCAGC 76
M et [SLISCIAGCTICCIAGTITCTRG Y
T TCTCCCTGTECC TCTCCAGGGTCTCTGGCTTCCTCCCACTGTCCARAAACGTGCTTTATAGGTCAATTGGACACTCTA 242
M. tri2 T TCTCCC TCCGGCTTCCTGCCACTGTCCAGAAACATGCTTCGTAGGTTAAGTGGTTACTCTA 103
M. mert TTTTCTGTGTGGAGT TTGTGTGT TCTCCTCGTGCATCCGTGGGT T TICTCCAGGCATTCTGACT TCCTCCCGCAGTCC TAAAACATGGTACAAT TGTCTATATC ———————— 222
Zmhe CAGT--AGTGITCTGTGTG-AGT T-~CGATTTCTCTC! TC-TC: TCC-GTTACCCCCACGGTCCARAGACATGCGCTATAGGTGAATTGGGTAAGCTAR 221
Zepd CAGTTGGTGTTTCTGTGTGGAGT TTGCATGTTCTCCCTGCGTTTGCGTGGGTT ICCTCCAGGTGCTCCGGTTTCCCTCACATTCCARAGACATGTGGTACAGGTGAATTGGGTTGGCTAR 233
Z mer1 ---TTGGCAATTC' T TCTCCTCGTGTTCGC! TTCCTCCGGETGCTCC: 160
Z mer2 CAGTTGGTGTTTC! TTGCATGTTCTCCTC TTCCTCCGGGTGCTCCGGTT: \CAGTCCAAACACATGCGCTATAGGGGAACTGATCAACTACA 227
Zmer3 CAGTTGGCGTTTC TTGCATGT TTCCTCC -CAGTTCAMACACATGCGCTATAGGGGAATTGGAAARAACGA 212
T.AChe TCCCCGTGTCTGC GGGCGCTCCGCTTTCCTCCCACCGTTCARAACGTCCCGGGGGGTTGTAGGTTAATTGGGTG 208
S.lic TTGGCCCTGTGTCTG'].'G—GGAGTTTGTGCATTCTCCCTGTGGTTGCGAGGGTCTCCTCCGGGGGCTCCGGCTTCCTCOCACACCCCAM\GATGTGCTLTTAGGCTGATTGGTTTTACCAA 238
X.vit CCCCC TTCT! CCCTGACACACTCCAAAAGTATACAGACAGGTGACATGGTTCCTTAT 99
H.INA CAGGGC-CTTGIC TCAGTTTCCTCCTGCATCCCAAATATGTGCGCGTTAAGTTAATTGGTTTGTCTA 129
H.STSUT  TAGGGCCACTGTCTGTTTGGAGATGGCACATTCTCCCCG-———TCAGTGGGTTTNCTCAGGCTACTCTGGTTTCCTTCCAAACACCATAGATGTGCATGTAAGCTTICGTTGGTGTGITIC — 129
H.FMR1 CAGGACCACT ATGTTCCTCCCATATCTGC TTTCGC CTCCAGTTTCCTCCTACATCCAAAAGCTGTGCACCTTAGGCTCATTGGCCTGTCTA 211
H.STSCA  CGGCACCACTGTC TTGTTCTTCCCCTATC TC TGCTTTCCTCCCAC, AGGCACATGTGTTGGGTTCACCGGCATACCCA 214
H.tPA TGGGGACACTGTC! C GGTA CTTCCACATCCCAARGCT TGCACATTAAGCCAACTGAGGATGTATC 181
H.CAC CAGGGCTACTGTC ACGTTCTCCCCATATC' TT-CTCCAACTATTCTG--TT—CTTCCACATCC—AAAGATGTGCATGTTAGGTGAAC -~~~ ——=~~=~~ 195
H.STS1 GGGGGCCACTGTNTGTTTGGTGT TTNCNTGTCCTCTCC >CC TTTCC TC CTTCTACATCCCAAC --- 182
H. DHFR CAGGGCCACCGTC TTTCCCATGTCTGC TTCTCC CAGTTTCCTTCCACATCCCARAGACATGCAC == == =====~ === mmmm e 174
H.STS4 CAGGACTACTGICTATGTCCAGT T TG TACATTCTCCCCATGTCTGTGIGGGTTINCTCCAGGGACTCTGGTTTCCTCCCACATCCCARAGATC 169
oligoA oligoB
M.1rf1 AATTGTCCATA AGTGAAT —————~—— ~ATATGTGTTCCTACGACAGACTGGCGACCTGTCCAGGGTGTCCCCTGCCTTCGGCCACAAGTGGCGCGGATAGGC 373
M. tri2 AATTGTCCCTACAAGCGTGAATATGAGTGTGCATGGGTGTGTGAT TTGTGTGACCCTGCGACAGACTEGCGACCTGTCCAGGATGTCTCCTGCCTTCGCCCACGAGTGGCCGGGATAGGE 223
M. mer1 ACATGCTCAATCACACATACTCAAATGTGCGTACAC TTACACATGCACACTTACGGTAATCACATGTGCATAAGCACACATT TAGCCCCCATCTCACATATTTTTICTAG 342
Znt TTCCCAGTGATGGGTTGCAGCTGGAA TCCGCTGTGTAAAAATGTGCTAGATAAGTTGGCGGCT 68
Zmhe ATTGTCCTT. ATARAAAACAT ATCCCTGGATAAGTIGGCGGTT 276
Zepd AATGTAAAGTGIATGGTGTIGCGARTATGGTGTGCGARTA GGGTTTCCCAGTGATGGETTGCGGCTEGAAGGGCATCCGCTGCATAARACATATGCT - ~=——=~~ == GGIT 342
Z merl ATG! A TACTAATCCAAAAGAATAAATAARATTGACATTGGTATAAAAAATCTTTCTTATGGCAATGCTTCATTTTTGTTAGAATCTAACCRTTHIT. 280
Z mer2 CTGGCCGCCTCTGTGAAGTTGGCAAATATICCCCAAACTTTGCCATTCG TGTGCTGCAG- -~~~ 298
Zmerd AATTGTCTGTAGIGTGAGTGTGTGTGTGAACAAGAGTGTGGTGAACCCTGATAAAGAGAT TAAGCTGAAGGAAATTTAGTGARTGAATGTTTATTGGGCTAATACAGCAAGAAGGTCGCT 332
T.AChe TAATTGGGCGGGACGGGCTAGTGGGCCAGAA CTGTTACCGTGC! TGTCT, CATTACAGCACAGTARAGGCCCTTCGGCCCACGATGTTGTGCCGACCCA 328
S.lic ATTGACACTATTCTCCCCTGAATCTGGCTARGTTAGGGGTTCCATTCGGAGACACGCAGGGTAGAATAGG TG TAGGGTGATGCGGCGECGCEGGETCGTTGGECCAARGGECCTGTTTCC 358
Xvit TGACAAAAAC AT-——————- e 126
H.IFNA AATTTCT~-CCAGTCTC: GTGTGTGTGTGTGTGT TTGAATGTCCCTGTGATTARATAACTTCCTGTCCAGTGGGGGTTTCCACCTT 247
H.STSUT  aATc TCTAATCCC GTGTC TGTN CCTACAATGGGATGGCATCCTGTCCATGGATAGITGCTCTCTT 231
H.FMR1 CGTTGTCT GTGAGTGT CCCGTGATGGAATGCTGTCCTGGCCAGGGTAGGTTACTGCCTT 292
H.STSCA ca TACCC CCTGCAATGGGATGGCATCCTGTCTAGGGTGGCTC-CCACCTT 300
H.t-PA TACGTGGGCCCAGICT TAGTG -=-—-=-=-=-~-~-CTCTGCAATAGGATGGTGGCGTCTGTCCAGGGCTGGTCCCGCCT 263
H.CAC TACATGGTCCC T. CCTGAGATGGGATGGCGGCCTGTGCAGGGTTGGCTCCTGCCTT 287
H.DHFR - 174
M.t TCCAGCAGCCCCGTGACCCCAARAGGGATGAAACAGAA--GARAATGAATTARTCTATICTCRCCATTCTTT 443
M.t2 TCCAGCAGCCCCATGACCCCGAAAGGACAAA TTTAGAAGAT AACACAATTTTGTTGACAGTTCTATTACATGCAGTTTT 321
M. mert CAGAAGTAACAGGCGCTCAGGARTTCACGGTGACGGGTGT T TGTTCTGTTGGCATTACTGACCGTGTATGTGTGTCTGCACACGCATACACAGACATGCACACA AGITICArAAGRAT- 462
Zntl CATTCTGCTGTGGTGACCCTGGATTAATAAAGGGACTAAGCCGAAAAGRA AAGAAT: - 135
Z mhe CATTCCATTGTGGCAACCCCCAATTAATAAAGGGACTAAGCCAAAAAGAATAT TGTCATTA ARGTTACTT-—-—- 391
Zepd AATICCACTGTGGCGACCCCAGATTAATAAAGGGACTAAGCCAAAAAGARAATARATGAATGTATAACARTGTAATGACACAAGGAGAAAGTA ACTITGETG---——-—=--~- 451
Z ment TARATrCTCTAAATGTTACACCCTTTITGTAACAGAACAACATGTT AATTTAGGTTATAATTATTATTCAGGATTTCTGGA 368
Zmed GGTTCAAGCCTCGGCTGGGTCHAITIGATATII TCTGTGT 372
T.AChe TATATACCTAAGCAARAACTAAACCCTCCCTACCTCATAACCCTCTATTTGTACGTTCTCCCCGTGTCTGCCTGGGT TTCCTCCGGGCGCTCCGGTTTCCTCCCACCGTTCAARATGTAC 448
S.lic GIGCTGGGTTGTTCTTTGTTTCTTTGTTICTTTAT -- 394
H.IFNA ACACCCTGATCTGTGAGGATAGGTTCCTGCCACCCTTGACCCTGARATGGAATAAGTGCATTGGAARATGAATA AGAGT 335
H.STSUT  GAGTGTNAAGCTGCTGGAATGGGCTCTGGCCACCTGTNACCCCCARATGGAAAAAGTGGATTGAAAMATGANTAAGT TAATGANTATGAATTATTATAAAATTAAAATTTGTARAGTAT- 351
H.FMRt GCACCCTGAGCTGCAGGGATAGGCTCTGGCCCTCCAGAACCCTAAACTGGAATAAGTAGGATGGAAAATGAATGAATGAATGAGTACAAATTATGGTAAARTAAAAATTTGTARAGCCTA 412
H.t-PA GGCGCCCTGAGCTGCCAGGTGGCTCTGGCCACCCCACCCAAGACCCTGAACCGGAATAAGCACGTTGGAARATGAATGAAT -~~~ ACAAAGTGTTATAAAGTARAAATCTGTCTAGICTG 379
H.CAC GTGCCCTGAGCTGCCGGGATARGC TCTGGTCACCAGTGAACCTGAACTGGAATAAGTGAGTCAAGAATTATCT TGTTTTTAT TAATCAATGTATGTACA =~~~ == === == == = === ==~ 386
H. DHFR 174
T.AChe CAGGGGTTGTAGGTTATATTIGGGCGACACGGGCTCATGGGCCAGAAGGGCCTGTTACCGTGCTGTAGGTCTAAATTTTTTTTTTA CTGACTGTG-—--———==-—=~ 555
H. FMR1 CGGTAATCTTACACATACATGACAATACATGAAATGGTAAGARAGTGATCAGTGAGCCTGCCATATATGTTATTGCTTGTTTCTGAACTGAGTGGTGGGAGGAGGTGTTCCTARCAATGT 532
H.t-PA TGCTAAATACACGAATGCATGATAAACTGTGAGGTGTGGAGGCAG---TCAGGGAGCCTGCCCTATTTGTGA -~~~ TTGTTTT TGAACTTCATGGTAGTAAGAGGTGTTCCTTACCATIC 492
H.DHFR 174
H.FMR1 TCACTTTGCAGACATITATTTCTTTATTTAATCCATTATCACTATGACCACTGTCATTCAGTGATTCACCARAAATTGGGTAAATAA -~~~ ~TTATCTTGTTTTCATTAATCTTTTTARA 647
H.t-PA CTGCCTTGCAARCATT TATTCCCTGAATTARCCCACCACTAT TATGGCCGCCATCATCCACTTATICTCCARRARTTGGGTAARTARATACCATGTTTGTTT TTATTAACCT TICTTARS | 612
H.DHFR TTATTCTTCTTAAA 189
H.FMR1 ATGTAGGGATAGCTTGCATTCATTTCAGTGTTTAATATTAGAAGTGTTTGAGGTCTATATTTAAAAGT TTGGTGATGTTTTTGTGACCAGARATATACCATAGAAACTTGGCTCTIGTTT 767
H.tPA ~TGTTG-TATAGCTCACATITATTTCAATATTGAATGTTAGAAGTGTTTTGGGTCTTTATTTAGAAGTTTGCTGATGT T TT TATGACTAGAAATATTGCCACAAGAACTTCACTCTICTT 730
H. DHFR ~TGTATGTATAGCTCATATTTACTTCAGTGTT TTCTATTAGAAGTGTTTTTGGCCTICATTTAGAAGTTTGGTGATGTTTTTGTGACCAGCARTATGCCCTAGGAACTTAACTCTIGIGT 308
H.DHFR ACATCCAGTAGCCTATGGTAAAATTIGGTTTTGCTATACATTGTTTCACTTAAA-GTCACAGTTICCAAGAAC 380
H. FMR1 ATATCAGTTAGCCTGTGGTCAAATTGGCTTCATTGTACATAATTTCACTTTARAGTCACAGTTTCCAATAACTATCAACAACATTAAGTGAGGACTTACTGTATTTCTGCATTTGGATTT 887
HiPA TITTTIGTTTTTTTTTGTITTITIGTTTTGAGACAGAGTCTCACTCTGTCACCCACCCAGGCTGGAGTGCAGTGAECEATCTEAGC TCACTG -~ =~ === === === m - mm = 850
H.FMR1 CAGTGATGGTTACAAAAAATCTACACATGTGATCAHRTGGAATARAACTATATA -~~~ 941
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result indicated thatermaidrelated sequences also exist in nonhuman primates. Neither of th
probes, however, hybridized to DNAs from mouse, chicken, or snake. When we screent
zebrafish genomic library, whose average insert size is 14 kbp, with a DNA fragment that cont
the Z. mer2 clone, approximately 10% of the plagues gave positive signals of varying inten:
presumably due to the different degrees of homology of the genomic sequences to the p
Alternatively, these differences could be due to the presence of more thamemeaid like-
sequences/clone. This percentage of positive clones corresponds to about 12000 copies
mermaidsequence per haploid genome of the zebrafish whose estimated size is £.Bp«(18),
giving an average distance between copies of approximately 140 kb. The intensity of signa
both zoo blots showed that the copy numbers ofttezmaidfamily of primates were approxi-
mately 125 times smaller than that of the zebrafish. Assuming that all primates have a genome
of 3 x 1 bp, the copy number of theermaidfamily in primates was thus estimated to be 17C
copies per haploid genome under our experimental conditions.

Although the presumed average distance between the zehbrsdishaidsequences is far beyond
the maximum length that PCR can amplify, we performed PCR with one of the two oligonuc
otides described above as primer to examine whether we could obtain DNA fragments betweel
close mermaidsequences from each vertebrate genome (hereafter, we call this experimer
mermaidPCR). Unexpectedly, amplification of DNAs from medaka fish, zebrafish, and primat
with oligoA or B gave many distinct or smearing bands, while oligoB primer also gave bands v
frog DNA (Fig. 4A and B). Neither primers gave discernible bands with chicken, snake, or mo
DNA. The presence or absence of PCR products were not only consistent with the presen
absence of hybridizing signals in the zoo blots, but the number of PCR fragments also appeat
be correlated with the intensity of the signals on the zoo blots. To characterize the structure o
mermaidPCR products, we determined the sequences of six of them derived from the zebr:
with oligoB primer, and found that they all contained the primer sequence at both ends. Howe
sequences related to the zebrafisarmaidwere observed only at one end of these PCR produc
(data not shown). Similarly the shortestermaidPCR products= 300 bp) amplified from the
chimpanzee and orangutan using oligoA contained oligoA sequences at both ends, and h
mermaidrelated sequences at one end. These results indicated that both specific and non-sg
binding of the primer to genomic DNA were involved in the generation of these products. 1
amplified fragments were, therefore, not genuine im@rmaidPCR products and should be called
mermaidtagged, omermaidanchored PCR products.

FIG. 1. Sequences of members of theermaidfamily. M. merl is the nucleotide sequence of tiermaidfamily
member found in the upstream region of the Tc1-like element of the medaka fish (D78164; unpublished results). Z. 1
Z. mer2, and Z. mer3 are the nucleotide sequences of members mietineaidfamily from clones Z. merl, Z. mer2, and
Z. mer3, respectively (D78161, D78162, D78163). M. trfl, M. trf2, Z. mhc, Z. epd, Z. ntl, T. AChe, X. vit, H. FMR1, t
t-PA, H. CAC and H. DHFR are the nucleotide sequences of members of¢hmaidfamily associated with the genes
indicated: M. trfl and M. trf2, the transferrin gene in the medaka fish (D64033); Z. mhc, the gene for major histoc
patibility class Il protein in the zebrafish (U08874); Z. epd, the gene for ependymin beta and gamma chains in the zebr
whose upstream region contains Tdrl (M89643); Z. ntl, the insertion sequence, caused the zebrtdikimutation
(X71596); T. AChe, the gene for acetylcholinesteras€arpedo californica(X56517); X. vit, the vitellogenin A2 gene in
Xenopus laevisyhose upstream region contains Xori (Y00354); H. FMR1, the gene for fragile X mental retardation prot
in human (L29074); H. t-PA, the human gene for tissue plasminogen activator (K03021); H. CAC, the cDNA of RNA fr
human lymphocytes (U00954); H. DHFR, the gene for human dihydrofolate reductase (X00856). H. IFNA, H. STS UT
STS CA, H. STS1, and H. STS 4 show the nucleotide sequences of membersnadrinaidfamily associated with the
sequence tagged sites of human indicated: H. IFNA, human interferon alpha gene related dinucleotide repeat (M985¢
STS UT, Human STS UT7566 (L30507); H. STS CA, AFM238yf8 (Z17075); H. STS1, human STS STS1-cSRL-30
UA/cSRL-30b4-uZ (G02317); H. STS4, STS4-408 (L00843). Numbers in parentheses indicate GenBank accession nul
Terminal direct repeats flanking tmeermaidfamily are boxed. The two internal promoters for the RNA polymerase 11l are
shown as boxA and boxB. The conserved region of tiegmaidfamily is given in boldface in the second block. GT
dinucleotide rich regions and AATG motif are given in boldface in the third block and the fourth block, respective
Horizontal arrows present internal direct repeats.
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Z.mer cons
tRNA-Val
tRNA-Trp
tRNA-Met
tRNA-Gly

BCATT!
FIG. 2. Sequence comparisons between the RNA polymerase Ill promoter related region in the consensus seque
the zebrafishmermaidfamily and tRNAs from bovine and human (20).

DISCUSSION

We characterized a family of SINEs of vertebrates, which we nameatrhaid. The mermaid
family is the most widespread SINE currently known in the animal kingdom, with members pres
in the genomes of fish, frog, and primates, but not in the genomes of mouse, snake, or bird.
family thus do not follow phylogenetic lines, indicating that the broad distribution of this fami
is not due to evolutionary conservation. In addition, the structure of this family is considera
diverged between species. Of particular note is the observation that' taed5of the human
mermaidsequences exhibit no homology to any tRNAs. These findings would imply that t
mermaidfamily had arisen independently in each species, although we cannot exclude the p
bility that the family had followed phylogenetic lines, but for some reason has been only consel
in a subset of lineages. We found thmermaidPCR with primate DNA produced some similar
bands (Fig. 4A) and confirmed by sequencing thatrtitegmaidanchored PCR products sf300
bp amplified from the chimpanzee and orangutan using oligoA showed significant homology e
outside themermaidrelated sequences (data not shown). These facts suggest that the distribt
of humanmermaidsequences occurred before the primate radiation, and at leastrsem@id
sequences in the human genome are fixed at the equivalent chromosomal position in nonh
primate genomes following an expansion of this family in the ancestor of primates.

Another possible mechanism for the generation of termaid family involves horizontal
transmission across species borders. We found that the three fish and oneefrogidsequences
are located adjacent to or inside of transposon-like repetitive elements including Tc1-like elems
Tcl was first found irC. elegansnd is believed to transpose from DNA to DNA via excision anc
insertion (15). In recent years, a number of Tcl-like elements have been detected in fish and

A B

Human
Chimpanzee| =
Gorilla, &

Orangutan, &

Mouse |
Chicken;
Snake ‘
Frog| ; ‘i & °
Medaka S & = ®
Zebrafish » e ® @ .‘ &

50 10 2 04 50 10 2 0.4 (ng)

FIG. 3. Distribution of themermaidrelated sequences in vertebrates. The genomic DNAs from vertebrates were blof
onto the nylon membrane and hybridized with oligoA (A) and oligoB (B) probes directed to the conserved region of
mermaidfamily. Numbers indicate the quantity of DNA blotted.
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FIG. 4. Amplification of genomic DNAs from ten vertebrate species with oligoA primer (A) and oligoB primers (B;
PCR-amplified products were fractionated on a 1% agarose gel by 8¢jdigested lambda DNA as a size standard.

(8,16,17,18). However, phylogeny deduced from structures of Tcl-like elements in fish is
consistent with the established phylogeny of teleost fish that carry them (8,17, unpublished res
Based on these findings, horizontal transmission of Tcl-like elements has been sugge
(17,18,19). If this is the case, transposons such as a Tcl-like element might be a carrier @
mermaidfamily and allow horizontal transmission of this family through a DNA form. Horizon
tally transmittedmermaidsequences might have been shaped in each lineage to constitute dis
subfamilies during evolution. Another SINE, termitid repeat, is also found within a Tc1-like

element isolated from Atlantic salmon (11). Tcl-like elements may thus form a structure that
susceptibility to insertion of SINEs in a stably integrated state in the genome or during the pro
of transposition.
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