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Abstract. 7S RNA sequences from the hagfish (Myx- Introduction
iniformes) and lamprey (Petromyzontiformes) were
cloned and analyzed. In both species, 7S L RNA (alsq/

. . . ertebrate phylogeny has been widely studied using
dgagnated SRP.RNA’ since !t. represe_nts the RNA ConFnorphological, physiological, and molecular criteria. As
stituent of the signal recognition particle) was clearly

S a result, extant vertebrates have been distributed into
detectable. The sequence similarity between the two SP8hree major groups: the Myxiniformes (hagfishes), the

cies was 86%, compared with about 75% similarity be-peymy7ontiformes (lampreys), and the Gnathostomata
tween either of these species and mammal.s. _75, K RN'?‘jawed vertebrates), reviewed by Janvier (1996). Among
was also cloned from the lamprey. The similarity be-iqce three taxa, the hagfish and lampreys were fre-
tween the 7S K RNA of the lamprey and that of mam- 4 ently grouped together within the monophyletic group
mals was 68%. Interestingly, several interspersed elegs Cyclostomata (Durivé 1806; Yalden 1985). Further-
m_ents were found with nearly 100% similarity comparedmore' Bjerring (1984) placed these jawless vertebrates
with mammals. In contrast to the lamprey, no 7S Kqre closely to Cephalochordata (lancelets) than to Gna-
RNA-related sequences were detectable among hagfishostomata. On the other hand, many characters were
RNA, neither in northern blots nor with the PCR assay.fond in common to lampreys and the gnathostomes that
In view of the significant conservation between the 7S.Koccurred neither in hagfish nor in cephalochordates.
RNA of lamprey and that of mammals (human), this gased on these lamprey—gnathostome synapomorphies,
unexpgpted result clearly separates lamprey and hagf'sﬁlﬂvtrup (1977) proposed a sister-group relationship be-
In addition, the lack of detectable 7S K RNA sequencesyeen Petromyzontiformes (lampreys) and Gnathosto-
in an outgroup, such as amphioxus, indicates that thesgaia (hoth together representing the “true vertebrates”),
results do not reflect an autapomorphy of hagfish. Thereyiih the Myxiniformes (hagfish) in turn forming a sister
fore_, our data prowgie ad_dltlonal support to the no_tlon Ofgroup of the Vertebrata (Janvier 1981, 1996; Gee 1996).
a sister group relationship between Petromyzontiformess separation of hagfish and lampreys is also supported
and gnathostomous vertebrates to the exclusion of Myxby a recent study on two fossil lower cambrium ag-
iniformes. nathans (Shu et al. 1999).

_ With the growing availability of nucleic acid se-
Key words: = 7S RNA — Small nuclear RNA — Ver- - q,ence data, the relationship between hagfish and Ver-
tebrate evolution — Cyclostomata — Gnathostomata teprata has been reassessed on the basis of molecular
phylogenetics. The Cyclostomata hypothesis was sup-
ported by studies of globin (Goodman et al. 1987) and
ribosomal RNA genes (Stock and Whitt 1992). In addi-
Correspondence toB.J. Beneckeg-mail: bernd.benecke@ruhr-uni-  tion, the analysis of the methylation patterns of chordates
bochum.de also seemed to establish a close relationship between
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hagfish and lamprey (Tweedy et al. 1997). A different 1988; Kleinert et al. 1990; Boyd et al. 1995; Sandrock et
tool for reconstructing the evolutionary history of taxa al. 1999).
originates from the use of mitochondrial DNA. Such  Up to now, no information was available on the oc-
analyses, for example, confirmed the status of the proeurrence and the primary structure of 7S K RNA species
chordates as a sister group to the vertebrates (Spruyt ét lower vertebrates. In view of the high sequence con-
al. 1998 and references therein). Recently, sequences &ervation observed among mammals, we started to look
protein-coding genes of mtDNA were used to reexamindor 7S K (and other small) RNA sequences within lower
agnathan (jawless vertebrates) and gnathostome relatiomertebrates, using human probes. Here we describe the
ships. In contrast to the Cyclostomata hypothesis mensequence of the 7S K RNA of the lamprelyanpetra
tioned above, these results placed the hagfish (Myxinifluviatilis). Compared to mammalian 7S K RNA, this
formes) as a sister taxon to the “true vertebrates”, i.e.Sequence shows significant conservation and clearly de-
|ampreys (Petromyzontiformes) and gnathostomes (Raéects the human h0m0|0gue. However, all attemptS failed
mussen et al. 1988). to identify any 7S K RNA related sequence in the hagfish
In contrast to ribosomal RNA sequences (see abovefMyxine glutinosa. This was particularly surprising,
few attempts have been made to use the repertoire 6finc€ 7S L RNA or the spliceosomal U6-snRNA re-
small cellular RNA molecules for taxonomic studies. V€aled no unusual loss in sequence conservation between

This is particularly surprising because these stable RNA1€S€ two species. Therefore, it appears that the 7S K
often reveal significantly diverged primary sequencesRNA sequence clearly differentiates hagfish from lam-
among different species, yet with strict conservation ofP'€Y and higher vertebrates.

their structural domains. Only the spliceosomal U6-

snRNA has been found to be remarkably conserved from

yeast to mammals [75% (Brow and Guthrie 1988)]. InMaterials and Methods

contrast, the sequence of the other small nuclear RNAs

(snRNAs) has diverged greatly during evolution (AreSCeIIuIar RNA was isolated from frozen tissue by the guanidinium

1986 Kretzner et al. 1987; Riedel et al. 1987: SilicianoMocyanate method (Chomczynski and Sacchi 1987). Ten to twenty
micrograms of purified RNA was used as the template for reverse

etal. 1987)- The most conspicuous example of this pr'nTranscription (10 U of AMV reverse transcriptase) in 5Mriiris—HCI
ciple of conserved structure rather than sequence is olypH 8.3), 50 nM NaCl, 8 "M MgCl,, 5 mM DTT, 4 mM d(AGCT)TP,
served with the small cytoplasmic 7S L (or SRP) RNA of and 0.4 pmol of the oligonucleotide primers specified in the legends to
the signal recognition particle (Larsen and Zwieb 1991)_the figures. Reactions were performed for 30 min at 46°_C in a total
. volume of 20 pul. Template RNA was removed by alkali (0.18
Here, for example, no conserved b'o?k (10 nuc_lem'des ORaoH, 68°C, 30 min) treatment and the remaining first-strand cDNA
more) can be detected between fission ye@shi{zosac- used for PCR. Amplified blunt-end fragments were cloned into the
charomyces pombeand human, although the proposed bluescript KS vector (Stratagene) and sequences determined by the

secondary structures of these two 7S L RNAs are |arge|yﬁde0xy chain termination method (Sanger 1981) in an automatic ALF
identical (Ribes et al 1988) sequencer (Pharmacia). The @nd 8-sequences were obtained by the

. . . . rapid amplification of cDNA ends (RACE) method, described by
Eukaryotic cells contain a large variety of small ribo- rrohman et al. (1988). Briefly, for'@nds cellular RNA was first

nucleoprotein (RNP) particles. These particles partiCi-polyadenylated in vitro and reverse transcription started with oligo-

pate in a diverse array of cellular processes in both the(T) carrying at its 5side an oligonucleotide sequence suitable for

nucleus and the cytoplasm. Most of these RNPs contribSubséquent PCR. In these cases, two rounds of PCR were performed
: with “nested” gene-specific primers, deduced from the central sequence

ute to the maturation of other classes of RNA mOIecmesamplified before. The Bends were obtained by oligonucleotide liga-

(such as mRNA, rRNA, and tRNA), but some have beenjon [T4-RNA-ligase (Tessier et al. 1986)] to thehds of first-strand

found to be required for genome replication or for tar- cDNAs (Schaefer 1995) and subsequent PCR amplification with

geting of secretory proteins to the endoplasmic reticu|urﬁ‘r_1_ested" primers as before. Northern blots (Thom‘a_s 1980) with immo-

(feviewed by Baserga and Steitz 1993). Among the mospiee? ¥VA (Veend: Amersian were pdzed i abeed|

abundant small eukaryotic RNAs, however, one speciesein 1984) using a pool of random-priming hexanucleotides (Boe-

(7S K RNA) remains of unknown function. 7S K RNA is hringer, Mannheim) and the Klenow enzyme.

331 nucleotides (nt) in length and has been shown to be

transcribed by RNA polymerase Il (Zieve et al. 1977,

Reichel and Benecke 1980). Genes encoding 7S K RNAResults

have been isolated from human (Murphy et al. 1986;

Kriiger and Benecke 1987), rat (Reddy et al. 1984), and

mouse (Moon and Krause 1991) cells and revealed dhe 7S K RNA Sequences in Lamprey

pronounced (98%) sequence conservation among manftampetra fluviatilis)

mals. Transcriptional regulation and promoter structure

of these genes has been studied extensively in vitro an®n our way to characterizing in detail the 7S RNA spe-

in vivo (Murphy et al. 1987, 1989; Kleinert and Benecke cies in lower vertebrates, first, reverse transcriptase-
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+14
Hom.sap. GGAUGUGA--GGCGAUCUGGCUGCGACAUCUG-UCACC~~-CCAUUGAUCGCCAGGGUUGA 55
Lam. flu. GGAUGUGCCGGGCGAUUUGGCAGCGACACCUUCUCACCAUCCAUUGAUCGCUAGGGCAAG 60

kok ok Kk ok ke hkkkhkhk kkkk kkkkkk kK * ok ok ok ke Kk kkhkkhkhkkkk Khkkk

Hom.sap. UUCGGCUGAUCUGGCUGGCUAGGCGGGUGUCCCCU--UCCUCCCUCACCGCUCCAUGUGC 113
Lam. flu. UUCGGCUGAUCUGGCUGCAUAGAUCGGUGUCCCCUCAUCGGCGCUCA----UCCGUGUUC 116

Kk ke ke k ok ok kK ok ok ok ok ok kK * Kk Kk ok ke ke ok Kk * * Kok ok ok Kk ok khkk K

4
Hom.sap. GUCCCUCCCGAAGCUGCGCGCUCGGUCGAAGAGGACGACCAUCCCCGAUAGAGGAGGACC 173
Lam. flu. GUCCCUCCCGAUGCUCUGCGCUCGGUGGCAGCGGACUCCGACCCCCGAGGGACCGGCAAC 176

Kkkkkhkhkkhkk kkk * ok kkokkkk ok kok  kk kK * ok kkkkokok * K * ok Kk

Hom.sap. GG--UCUUCG----- GUCAAGGGUAUACGAGUAGCUGCGCUCCCCUGCUAGAACCUCCAA 226
Lam. f1u. GGCUUCUUCGUCGAGGUCGCGGGUUUAGGCGUAGCGACGGCUCCCUGCUAGA~~~--CCAA 232

* ok * ok ok ok Kk * kK khkkk kk Kk Kkkkkk * % Kk ek ke ok ok Kk * ok ok ok

Hom.sap. ACAAGCUCUCAAGGUCCAUUUGUAGGAGAACGUAGGGUAG-UCAAGCUUCCAAGACUGCA 285

Lam. flu. AC----UC~CACGGGC-~---- GAGGCGA--GUAGGCGAGCUGGAACUCCGACUACAGCA 279
* ok hk kk kk ok hok ok ok ok * ok ok Kk *ok ok * kk ok ok *ok ok ok ok
5
Hom.sap. GACACAUCCAAAUGAGGCGCUGCAUGUGGCAGUCUGCCUUUCUUUU 331
Lam. flu. UCCACAUCCAGAUC—GGCACUGCACGUGGCAGUCUGCCUGUUU%{- 322

ok ok ok ko k ok ok Kokk hkkkk khkkkkkkkkhkkkdk Kk Ak

Fig. 1. Sequence comparison of the humatoo sapiensand lam- RNA polymerase Il transcription (White 1994Numbered arrows
prey (Lampetra fluviatili§ 7S K RNA sequences. Identical nucleotides above (human) and below (lamprey) the sequences indicate the length
are marked byasterisksPosition +1 identifies the initiator nt and four and position of primers used for the PCR analysis in Fig. 3.

U residues at the'3end represent the authentic termination signal of

coupled polymerase chain reactions (RT-PCR) werdinding is in good agreement with the strict sequence
used to amplify 7S K-related sequences from total cel-conservation observed among mammalian 7S K RNA
lular RNA isolated from lamprey tissue. For this, oligo- genes.

nucleotide primers were generated which corresponded

to sequences located near the &d 3-ends of human

7SK RNA,_ respectively. Earlier experiments in the Iat_Jo-No 7S K RNA-Related Sequence Is Detectable in
ratory (Klt_a|kgmper 1999) had revealed t.hat these reg'onﬂagfish(Myxine glutinosa)

showed significant sequence conservation when compar-

ing the 7S K RNA gene aKenopus laeviwith its human

homologue. With these primers, internal cDNA frag- Randomly primed oligonucleotide probes representing
ments as obtained by PCR were cloned and sequence@most the entire lamprey 7S K RNA sequence were used
That analysis gave rise to the central section (about 296pr northern blot hybridization with RNA from different
bp) of the lamprey 7S K RNA gene. Subsequently, thisorganisms. As expected, the probes clearly were able to
sequence was completed with respect to its véryahd ~ detect specifically the HeLa cell 7S K RNA (Fig. 2, lane
3'-ends by RACE (rapid amplification of cDNA ends) 1) and their own RNA, as internal control (lane 3). In-
reactions, as outlined under Materials and Methods. Figterestingly, however, these lamprey probes did not detect
ure 1 shows the entire 7S K RNA sequence of lampreyany 7S K RNA-related sequence among total cellular
(lower line) in comparison with the corresponding hu- RNA from hagfish (Fig. 2, lane 4). In this case, only a
man sequence (upper line). This result indicates that theveak hybridization signal was obtained with much larger
7S K RNA sequence has undergone some changes duRNA molecules, migrating in the range of ribosomal 18S
ing vertebrate evolution. In addition to a slight increaseRNA (see 18S rRNA). With lane 2 of Fig. 2, an RNA
in length of the human 7S K RNA (331 nt, vs. 322 nt in sample of a cartilaginous fish (the shavlustelus asfe-
lamprey), both sequences contain fairly short insertionsfias) was included in this northern blot analysis. As be-
deletions which encompass 37 residues and further diffefore, cross-hybridization to rRNA was again observed
by a total of 66 nt exchanges. Furthermore, near the 5 with the 7S K probes, but to a much stronger extent than
and 3-ends several nt blocks are detectable that ar@bserved with lamprey or hagfish. In addition, the RNA
highly conserved (near 100%) between both speciedrom shark also revealed a specific hybridization signal
whereas significantly divergent sequences appear to be&ith an RNA clearly comigrating with the 7S K RNA
clustered within the central parts of the RNAs. Togethermolecules. Although its exact sequence remains to be
an overall homology of about 68% is observed betweerdetermined, a partial 7S K cDNA was recently cloned
the two 7S K RNA sequences. In view of the large phy-from shark. An analysis of that fragment clearly identi-
logenetic distance between lamprey and human, thi§ied a well-conserved (both to lamprey and to man, at
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Fig. 2. Northern blot hybridization of 7S K RNA. Twenty micro-
grams of total cellular RNA isolated from Hela cells (lane 1), shark Fig- 3. RT-PCR analysis with different pairs of 7S K RNA-specific
(lane 2), lamprey (lane 3), or hagfish (lane 4) tissue was separated iRrimers.A Ten micrograms of cellular RNA isolated from frozen lam-
2% agarose gels containing 0.57formaldehyde and then transferred Prey tissue was used for reverse transcription and PCR amplification
to nylon membranes. After hybridization with randomly primed DNA (40 cycles) with sets of primers deduced either from the human (lanes
probes, the membrane was exposed to Fuji X-ray films for 16 h, usingl—3 and 5-7) or the lamprey (lanes 4 and 8) 7S K RNA sequence.
a Cronex intensifier screen. The position of large ribosomal RNA (18sCombinations of the primers indicated in Fig. 1 wer + 4(lane 1), 2
rRNA) is indicated, as observed in the ethidium bromide-stained gel.* 4 (lane 2) 3 + 4(lane 3) 6 + 7 (lane 4) 1 + 5(lane 5) 2 + 5 (lane
6), 3 + 5(lane 7), ad 6 + 8(lane 8), respectively. Electrophoresis of
fragments was in 2% agarose gels, stained with ethidium brorBide.
Same analysis as in A, but with 1@ of hagfish RNA as template. m,
about 85%) 7S K RNA sequence in that cartilaginousmarker DNA fragments.

fish. In summary, the lamprey 7S K RNA sequence did
not allow the detection of a 7S K RNA in hagfish.

Furthermore, RT-PCR analyses were performed,
which should be much more sensitive than northerncorresponding to authentic 7S L (299-nt) and U6 (106-
blots. For this, total cellular RNA from hagfish was used nt) RNA, respectively. However, human RNA (Fig. 4A,
as the template for reverse transcription and cDNA amiane 1) showed slightly stronger signals compared to
plification with different sets of 7S K-specific primers— lamprey (lane 2) or hagfish (lane 3). Therefore, prior to
deduced from either the human or the lamprey sequencéhe analysis presented in Fig. 4B, the concentration of all
respectively, as indicated in Fig. 1. A lamprey RNA con- three RNA preparations was adjusted in accordance with
trol was included in that experiment. The result of thesethe U6 hybridization signals of Fig. 4A. Now, these three
PCRs is shown in Fig. 3. As expected, with lampreyRNA preparations were reexamined, but with lamprey
RNA all 7S K primer combinations gave positive results, 7S K probes (as in Fig. 2) in combination with human U6
i.e., a 7S K cDNA band of the predicted length (Fig. 3A). RNA probes (as in Fig. 4A). This time, the U6 hybrid-
No differences were observed if human (lanes 1 and 5) oization signals were almost-identical. Yet, again, the
lamprey (lanes 4 and 8) primers were applied. In condamprey 7S K probe was not able to detect any corre-
trast, with hagfish RNA neither of these primer combi- sponding hagfish sequence (Fig. 4B, lane 3), whereas
nations, irrespective of whether the oligonucelotides repspecific hybridization was clearly obtained again with
resented human or lamprey sequences, resulted in ghe human (lane 1) and the lamprey (lane 2) 7S K RNA.
amplified cDNA fragment (Fig. 3B). It should be noted that the absence of 7S K RNA in

To exclude the possibility that the negative resultshagfish is in agreement with the failure to amplify ge-
with hagfish RNA were due to extraction efficiencies, nomic hagfish DNA fragments, as opposed to lamprey,
the RNA samples were first analyzed by hybridizationwith the different sets of 7S K primers (data not shown).
with different probes. For this, northern blots were Besides, in terms of the biological role of 7S K RNA, a
loaded with the same amount of total RNA of HeLa cells,nonexpressed gene would have made no difference.
lamprey, or hagfish and the blots probed simultaneously By itself, the nonexistence of 7S K RNA might con-
with human U6 RNA and 7S L RNA gene sequences. Asstitute an autapomorphy of hagfish, which does not allow
is evident from Fig. 4A, with either of these probes theus to draw any conclusions on the relationships with
three RNA samples gave strong hybridization signalsJamprey. Therefore, another group of relevance was
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Fig. 4. Northern blot hybridization of low molecular weight RNA

speciesA Twenty micrograms of cellular RNA from Hela cells (lane 1 2 3 4

1), lamprey (lane 2), or hagfish (lane 3) tissue was hybridized simul-

taneously with random probes obtained from cloned human 7S L or UgFig- 5.  Comparative northern blot analysis of U6 and 7S RNA se-
RNA sequences. Details of northern blots, hybridization conditions,duences in prochordates.( lanceolaturh and lower vertebrates.

and film exposure were as in the legend to FigB%Same analysis as  Twenty micrograms of RNA isolated from frozen tissue of shark (lane
in A, however, in this case simultaneous hybridization was with labeled1), lamprey (lane 2), hagfish (lane 3), and amphioxus (lane 4) was
probes derived from the lamprey 7S K and the human U6 RNA se-separated in agarose gels, blotted, and hybridized as before. Labeled
quences. Furthermore, prior to electrophoresis, the amount of RNAandomly primed oligonucleotide probes were obtained from either
applied was normalized for the intensity of the U6 signals (determinedamprey (7S K) or human (7S L, U6) cDNA.

by Phospholmager quantification) obtained in A. It should be men-
tioned that even prolonged exposure (48 h) of the blot in part B did not
reveal any 7S K RNA signal of hagfish.

tested and we selected the lancelet amphioBar(- 596
chiostoma lanceolatumas an outgroup. As shown in

Fig. 5, as with hagfish (lane 3), a northern blot of total

RNA from amphioxus did not give any signal with the 265-
highly specific probe of lamprey 7S K RNA (lane 4),
whereas shark and lamprey RNAs (lanes 1 and 2) wer 190-
found to be positive again. As before, all RNA samples
analyzed allowed the immediate detection of 7S L anc

U6 RNA sequences, respectively. This result indicates

that the absence in hagfish of 7S K RNA does not reflecf:'g' 6. Agarose gel electrophoresis of 7S L RNA-specific PCR frag-
. ments. Ten micrograms of cellular RNA was subjected to RT-PCR with
an autapomorphic state of that taxon.

two oligonucleotide primers deduced from the human 7S L RNA se-
guence. The Bprimer corresponded to the sequence between +49 and
+68 and the 3primer was complementary to the sequence between
+230 and +249 (see Fig. 7A).

1 2 3

7S L and U6 RNA Sequences Are Closely Related
Between Lamprey and Hagfish

(lane 2) and hagfish (lane 3) RNA molecules gave rise to
For the interpretation of the unexpected result that thea prominent PCR fragment, corresponding in size exactly
two jawless craniate taxa revealed such a dramatic difto that obtained with HelLa cell control RNA in lane 1.
ference with respect to the sequence of one small stableurthermore, it appeared that the relative amount of cel-
RNA, we examined to what extent comparable smalllular 7S L RNA was similar among the three species,
RNA sequences in general have diverged between thesdthough no rigorous control for quantitative PCR was
two organisms. Although the hybridization results shownincluded in this reaction. Additional RACE experiments
above for 7S L and U6 RNA seem to indicate significantallowed us to supplement the sequence of these internal
homology between the respective small RNAs of hagfishfragments with the authentic 5and 3-ends of both 7S
and lamprey, it is evident that such analyses cannot prot RNAs. The graphic presentation of the resulting full-
vide conclusive results as to the degree of divergencéength 7S L RNA sequences in Fig. 7A [shown in com-
that occurred during evolution. Therefore, cDNA se- parison to those dbchizosaccharomyces ponise-7sl)
guences derived from reverse transcription and PCR amand Homo sapienghs-7sl)] reveals a close relationship
plification of both 7S L RNAs were generated with one of this RNA species between lamprey (la-7sl) and hag-
set of primers corresponding to thé-%nd 3-ends of fish (hag-7sl), with an apparent homology of about
human 7S L RNA. As shown in Fig. 6, both lamprey (83%). Again, long stretches of extremely well-
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Fig. 7. Comparison between lamprey and hagfish cDNA sequences cloned from 7S L or U6 RNged to assign 7S L RNA sequences: Hemo sapiensla, lamprey; hag, hagdfish; s@chizosaccharo-

respectivelyA PCR products as presented in Fig. 6 were cloned and sequenced. These central regiyces pombd The central fragments of lamprey (U6-la) and hagfish (U6-hag) U6 RNA are compargi,

of the 7S L RNA genes were supplemented with the accompanying ends obtainedabhg 3-RACE

-

as obtained by RT-PCR with end-standing human primers (corresponding t& ted53-gaps). Due to

tle@ 5-ends were not

’
1

reactions, as outlined under Materials and Methods. To demonstrate the divergence of 7S L BAar-reaching identity with the human U6 sequence at the top (U6-hs)

between yeast and mammals, t8e pombe(botton) and human tbp) 7S L RNA sequences are determined further.

included, as determined by 'Rigker et al. (1999) and Kleinert et al. (1988), respectively. Abbreviations
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conserved regions are detectable among these twlar weight RNA species (reviewed by White 1994), in a
RNAs, as evident, for example, for the sequences benumber of aspects revealed considerable variation during
tween positions +1/+69, +93/+123, or +178/+266, re-evolution. Some of those features are directly related to
spectively. Furthermore, strong conservation of both sethe RNA polymerase 1ll enzyme itself (White 1994).
quences with human 7S L RNA (top) is observed, withFurthermore, the promoter structure of pol Il genes
homologies of 75.6% (lamprey) and 75.5% (hagfish),(genes transcribed by RNA polymerase Ill) has under-
respectively. In contrast, th8. pombe’S L RNA (bot- gone considerable modifications, with four distinct
tom) does not show any single consecutive block of 10 ntlasses of pol Il promoters found in eukaryotic cells
(or more) being identical to any of the three metazoan 7Willis 1993). Finally, one pol Il gene, coding for 7S L
L RNAs. RNA, revealed several switches in promoter class among

The observed high degree of conservation of 7S Lyeast 5. pombgRodicker et al. 1999)], trypanosomes
RNA sequences contradicts an assumption of a suddefiNakaar et al. 1994), plantéfabidopsis thaliangHeard
discontinuity in RNA primary structure in general, sepa-et al. 1995)], and mammals (Ullu and Weiner 1985;
rating lamprey and hagfish. This conclusion was substanBredow et al. 1990), with th&. pomb&S L RNA gene
tiated by a nucleotide sequence comparison of the repromoter very likely representing the minimal promoter
spective U6 RNA genes. That RNA has been found to beof a eukaryotic pol lll gene, in general. It appears that the
somehow exceptional in that it shows an outstandindRNA polymerase Il transcription system as a whole is a
degree of sequence conservation among eukaryotegry ancient one and might be highly suitable for study-
(Brow and Guthrie 1988). That is why we limited this ing phylogenetic relationships.
comparison with the human sequence to the central 63 Itis not the aim of our study to present here some kind
(of 106) residues of U6 RNA from lamprey and hagfish. of a systematic quantification of phylogenetic distances
The result is shown in Fig. 7B and confirms the extraor-between the hagfish and lampreys. Rather, the charac-
dinary position of U6 RNA. A difference of only two nt teristics of small RNA species were taken to manifest a
is observed between the U6 RNA sequence of lampreyualitative difference in RNA composition between
and that of hagfish. Furthermore, the lamprey sequencthese two extant agnathans. However, the described dif-
represents an exact match to its human homologuéerence in 7S K RNA between hagfish and lamprey
(100%). Therefore, aside from the results obtained for 7Snight be regarded as an additional argument against the
K RNA before, small RNAs do not establish a basic Cyclostomata hypothesis. In terms of molecular evolu-
difference between hagfish and lampreys, in general. tion, the most intriguing question arising from our data
on 7S K RNA is what new development in the area of the
invertebrate/vertebrate boundary required the thorough
redesigning of a preexisting (7S K) RNA into an essen-
tially new nucleotide sequence. Alternatively, one might
be tempted to speculate whether or not a small RNA,
Among the most abundant small RNA species of eukaryrepresenting a 7S K analogue, exists in hagfishes. A
otic cells, the 7S K RNA holds a unique position. Up to systematic search for 7S K RNA-related sequences in
now, no definite physiological role has been assigned twertebrate and invertebrate taxa is in progress and might
that particular RNA species. Some authors have sughelp to approach the fundamental questions, Why 7S K
gested an involvement of 7S K RNA in the transcrip- RNA?
tional control of oncogenes (Luo et al. 1997 and refer-
ences therein), while others have proposed a role imcknowledgments. We wish to thank Dr. K. Mewes (University of
splicing (Wassarman and Steitz 1991) or translationMainz) for providing frozen lamprey tissue and for numerous discus-
(Gunning et al. 1981) of mammalian MRNA. TogetherSiO”S ir?troducing‘ug to the arealofthe cyclostomes. Thanks are also_due

. . to O. Lindahl (Kristineberg Marine Research Station, Sweden) for in-
with the _hlgh copy _number of these RNA mOIeClj'les_valuable help in obtaining two specimens Mfxineand to O. Goe-
detected in mammalian cells, the extreme conservation ithann (Biologische Anstalt Helgoland) for shark and amphioxus mate-
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