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　 　Abstract　 　Th rough const ructing a specialized cDNA lib rary based on small RNAs isolated from partial purified nuclei of Schizosac-

charomyces pombe , two novel noncoding RNAs , t ermed Sp15-70 and Sp18-61 , have been ident ified.Bioinformat ics analysis reveals that

both the novel RNAs possess a typical secondary st ructu re of box H/ACA snoRNA and antisense elements to rRNAs.According to the re-

lationship between the st ructure and function of box H/ ACA snoRNA , Sp15-70 w as predicted to direct pseudouridylation in 25S rRNA at

U2401 and U2298;Sp18-61 was predicted to di rect pseudouridylation in 18S rRNA at U208 and 25S rRNA at U2341.The four predict-

ed pseudouridylation sites w ere all verified experimentally by the CMC-primer extension analysis.Both S p15-70 and Sp18-61 w ere encoded

by single copies which w ere located in the intergenic regions betw een the CDS of tw o p rotein-coding genes on chromosome Ⅰ and Ⅲ of

S .pombe , respectively .Putative TATA-like elements can be found upst ream from the 5′end of these snoRNA genes , suggesting that

they could be t ranscribed from their ow n promoters.Comparison of the tw o snoRNAs and their functional homologues in diverse organisms
reveals that extensive recombinations among dif ferent snoRNAs have occu rred during the evolution f rom thei r primi tive progenitors.

　 　Keywords:　box H/ACA snoRNA , RNA pseudouridylation , gene evolution , Schizosaccharomyces pombe .

　　In eukaryotes , a large number of small nucleolar

RNAs (snoRNAs)accumulated within the nucleolus

play impo rtant roles in precurso r ribosomal RNA

(pre-RNA)processing and maturation[ 1] .All snoR-
NAs , with the exception of RNase MRP , can be

broadly divided into tw o expending groups , box C/D
and H/ACA snoRNAs , based on conserved sequence

elements[ 2] .Box C/D snoRNAs contain two con-
served short sequence mo tifs , box C (UGAUGA)and

box D (CUGA), located only a few nucleo tides aw ay

from the 5′and 3′ends , respect ively , generally as

part of a typical 5′-3′terminal stem-box st ructure .
Guiding of 2′-O-methlation involves base-pairing of

10 to 21 nt-long sequence positioned upst ream of box

D (or D′)to the target RNA , w ith the nucleot ide po-
sitioned 5 base pairs upst ream of the D/D′box being

selected fo r methylation[ 3 ,4] .Box H/ACA snoRNAs

are characterized by the presence of a “hairpin-hinge-
hairpin-tail” secondary st ructure and tw o conserved

sequence mot if s , the H (ANANNA)and ACA box-
es , located in the sing le-st randed hinge and tail re-
gions , respectively .Most of known box H/ACA
snoRNAs are rRNA pseudouridylation guides and

possess bipartite guide sequences in the internal loop

of one o r bo th of the tw o hairpin domains .The guide

sequences complementary to target RNAs can form a

9 —13 bp duplex that defines the site of pseudouridy-
lation

[ 5 , 6]
.Recent studies show ing the diversi ty and

complexity of tw o snoRNA guide families continue to

expand with the discovery of snoRNAs possessing

novel st ructure and function .A novel type of RNAs ,
exhibit ing structural features of bo th box C/D and H/
ACA snoRNAs , have been demonst rated in mammal

to function as a guide to RNAs in site-specific synthe-
sis of 2′-O-ribosome-methylated nucleo tides and pseu-
douridines in spliceosomal small nuclear RNAs (snR-
NAs) transcribed by the RNA polymerase Ⅱ

[ 7 , 8]
.

However , these guide RNAs exclusively accumulate

w ithin the cajal bodies rather than nucleolus and

hence are termed scaRNAs (small cajal body-specific
RNAs).Homologues of the tw o families of snoRNAs
have been recent ly identified in Archaea[ 9—11] and

even a box C/D snoRNA homolog from Archaea play s

a role in tRNA methylation[ 12] .In addition , an in-
creasing number of novel members of “orphan snoR-
NAs”[ 11 , 13 —16] , imprinted snoRNAs and tissue-spe-
cific snoRNAs have been identified and character-
ized

[ 17 ,18]
.It is certain that the st ructure and func-

tion of snoRNAs are far more abundant and complex

than what have been anticipated .



Schizosaccharomyces pombe is a single-celled
free-living org anism .Although both S .pombe and

S .cerevisiae belong to Ascomycetes , many findings

show that S .pombe differs f rom S .cerevisiae but

resembles higher eukaryo tes in some aspects such as

pre-snRNA processing and modif icat ion[ 19 , 20] .So it

has been served as an excellent model o rganism fo r

the study of pre-RNA processing and modification .I-
dentification of S .pombe snoRNAs and study on

their st ructure , function and expression are signifi-
cant in revealing the mechanisms of modification and

maturation of RNAs in eukary otes .To date , 21 box

H/ACA snoRNAs have been characterized in the bud-
ding yeast S .cerevisiae

[ 2 ,21]
, while only 3 box H/

ACA snoRNAs were identified in S .pombe and one

of them was verified to be served as a guide for pseu-
douridy lation in rRNA[ 22] .Obviously , the box H/AC
snoRNAs , especially the guides fo r pseudouridy-
lation , have been underest imated in the fission yeast

genome.With the goal of finding and identifying

novel box H/ACA snoRNAs , we have constructed a

specialized cDNA library wi th small RNAs from

S .pombe nucleoli.Through screening of the cDNA

library and DNA sequencing , six sequences exhibi ting
the conserved motifs of box H/ACA snoRNA were

obtained and two of these were confirmed to be box

H/ACA snoRNAs which w ere expressed stably in

cells .The structures , functions and genomic o rgani-
zations of these two snoRNAs w ere further analyzed

and an evolutionary mechanism for the snoRNAs w as

discussed .

1　Materials and methods

1 .1 　Strains and media

The S .pombe w ild-type haploid st rain sp972

w as used for const ruction of the cDNA library and all

RNA analyses .This st rain was g row n in rich YPD

medium (1 % yeast ex tract , 1 % peptone , 2 % glu-
cose) at 30 ℃.Escherichia coli strain TG1 [ F′/
supE , hsd ■5 , thi ■(lac-proAB )] g row n on 2 ×
YT(1 .6 % Bacto tryptone , 1 %Bacto yeast ext ract ,
0 .5 %NaCl)liquid or solid medium was used for all

cloning procedures .

1 .2 　Nuclear RNAs isolation and cDNA library con-
st ruct ion

Preparation and purification of nuclei from S .
pombe were essentially perfo rmed as described previ-
ously[ 23] .Brief ly , af ter the digestion of the cell by ly-

wallzyme , spheroplasts w ere lysed using a homoge-
nizer in the F-buffer containing 18 % Ficoll 400 ,
20 mmol/L PIPES , 0 .5mmol/ L M gCl2 and

1mmol/L PMSF .The lysate was then transferred to

50 %, 40 % and 30 % Ficoll step gradients and cen-
t rifuged at 58000 g for 60 min at 2 ℃.The nuclei oc-
curred on the 40 % —50 % interface .Nuclear RNAs

were then isolated and purif ied f rom the nucleus pellet

by guanidine thiocyanate/phenol-chlorofo rm ex trac-
tion

[ 24]
.

For cDNA library const ruction , 8 μg of nuclear

RNAs w ere tailed w ith ATP by using the poly (A)
polymerase (Takara).A-tailed RNA was subsequently

reversely t ranscribed into cDNA by using the primer

poly(T) and 10 U of AMV reverse t ranscriptase

(Promega).The reaction mixture w as size f ractionat-
ed on 8 % polyacry lamide-8mol/L urea gels .Subse-
quently , cDNAs ranging in size f rom 50 to 500 nt

were excised and eluted f rom the gels .The cDNA

was tailed at the 3′end wi th dGTP by using 7 U of

terminal deoxynucleotidy l transferase (TDT ,
Takara).G-tailed cDNAs were then amplif ied by

PCR w ith a forw ard primer Hind Ⅲ-(T)16 having a

Hin d Ⅲ rest riction site and a reverse primer BamH

Ⅰ-(C)16 carrying a BamH Ⅰ rest riction site .After
digestion w ith Hin d Ⅲ and BamH Ⅰ , the amplified

f ragment w as cloned into the corresponding rest ric-
tion site of pTZ18 and transformed into the strain

TG1 of E .coli .

1 .3 　cDNA library screen and DNA sequence analy-
ses

To exclude clones carrying rRNA fragments and

known small RNAs , the library was screened by 5′-
32P-end labeled oligonucleotides antisense to known

small RNAs and random-priming probes derived f rom

18S and 28S rRNA genes .Duplicate membranes w ere
hybridized wi th the labeled probes and then exposed

to a phospho r screen and analyzed by Typhoon 8600

variable mode imager .Only the clones showing low

hybridizat ion signals were selected for DNA sequenc-
ing .Sequencing of the clones was performed w ith an

automatic DNA sequencer (ABI Prism 377)by using

the BigDye terminato r cy cle sequencing kit (PE Ap-
plied Biosy stems) and the P47 and P48 universal

primers .

Genomic locations of the sequences from the cD-
NA library w ere analyzed by using BLAST program

from GenBank (http :/ /www .ncbi .nlm .nih .gov/
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BLAST/ ).The secondary structures of the novel box

H/ACA snoRNAs w ere analy zed by the mfold pro-
g ram (ht tp :/ /www .bioinfo .rpi .edu/applications/
mfold/old/ rna/ fo rm1 .cgi).

1 .4 　RNA analy ses

Total cellular RNA was ext racted from exponen-
tially g rowing cultures of S .pombe using a hot phe-
nol method as described previously[ 25] .For Northern
analy sis , 15 μg total cellular RNA was separated by

electrophoresis on 8 % acrylamide-8 mol/L urea gels

and then electrot ransferred onto ny lon membrane

(Hybond-N +, Amersham), followed by UV light

i rradiation fo r 4 min .Subsequently , hybridization

w ith 5′end labeled probes w as performed
[ 19]

.The

membranes were exposed to a phospho r screen and

analy zed by the Typhoon 8600 variable mode imager .
Reverse transcription w as carried out in 20 μL reac-
tion mix ture containing 15 μg of total cellular RNA ,
8 ng 5′end labeled primer and 500 μmol/L dNTPs .
After being denatured at 65 ℃ for 5 min and then

cooled to 42 ℃, 200 units of M-MLV reverse tran-
scriptase (Promega)were added and the extension

w as carried out at 42 ℃ for 50 min .The cDNAs

w ere separated on 8 % acrylamide-8mol/L urea gels ,
and then analyzed by the imager .

1 .5 　rRNA pseudouridylated site mapping

The mapping of rRNA pseudouridylated si tes

w as performed essentially acco rding to the CMC (N-
cyclohexyl-N′-β-(4-methyl morpholinium)ethylcar-
bodiimide p-tosylate)-primer extension method

[ 26]
.

50 μg of total cellular RNA was t reated w ith 100 μL
of 0 .17mmol/L CMC at 37 ℃ fo r 20 min .Subse-
quently , the CMC-t reated RNA was subjected to al-
kali hydroly sis in the presence of 50mmol/L Na2CO3

(pH 10 .4)at 37 ℃ for 4 h .As a control , another

50 μg of to tal RNA , untreated w ith CMC , was sub-
jected to alkali hydrolysis under the same conditions .
Reverse t ranscriptions w ere carried out in the pres-
ence of 3 —5 μg CMC-treated or -untreated RNA and

an appropriate primer labeled at the 5′-end w ith 32P .
The rDNA fragments of S .pombe 18S and 25S

rRNAs w ere amplified by PCR w ith the primer pai rs

Sp-18F/Sp-18R and Sp-25F/Sp-25-R , respectively ,
and then cloned into the pMD18-T vector .The plas-
mid DNA insert w as directly sequenced w ith the same

primer as used for rRNA pseudouridy lation mapping

and run in parallel w ith the reverse transcription reac-
tions on 8 % poly acrylamide denaturing gels .In the

reaction of RNA with CMC , although CMC links to

U , G and pseudouridine , alkali can remove the

adduct from U and G but not f rom the N3 of pseu-
douridine.The CMC group at the N3 position of

pseudouridine ef ficiently blocks reverse transcription ,
result ing in a stop band one residue 3′to the pseu-
douridine on sequencing gels[ 26] .So the pseu-
douridines in RNA molecules can be mapped

precisely .

1 .6 　Oligonucleotides

The olig onucleo tides listed below were synthe-
sized and purified by Sangon Co .(Shanghai , Chi-
na).They were 5′-32P-end labeled according to a

standard protocol and direct ly used as probes for

Northern hybridization or submitted to a prior purif i-
cation by elect rophoresis on 8 % acry lamide-8mol/L
urea gels before utilization as primer for reverse t ran-
scription and rDNA sequencing .

The oligonucleotides used for const ruction of the

cDNA library were as follow s :Hin d Ⅲ-(T)16(5′-
CCCCAAAAGCTTT TTTTTT TTTTT TT-3′),
BamH Ⅰ-(C ) 16 (5′-GGAATTCGGATCCC-
CCCCCCCCCCCCC-3′).Those used for Northern

blot ting and reverse transcription w ere as follow s:
Psp15-70 (5′-CAGGCAACGAAAAATCAAACTAA-
3′), Psp18-61 (5′-GACACATAGAGGG TTTTCCA-
TAGA-3′).The oligonucleotides used for mapping of

ribose pseudouridines were:18S-251 (5′-ATTC-
GAAAAGTTATTATGAC-3′), 25S-2371 (5′-CAC-
TAGTTAGATGACGAGG-3′), and 25S-2425 (5′-
TCGCTAGATAGTAGATAGG-3′). The oligonu-
cleotides used for PCR amplification of S .pombe 18S

and 25S rRNA gene fragments were:Sp-18F (5′-
TACCTGGTTGATCCTGCCAG-3′), Sp-18R (5′-
TGATCCTTCCGCAGGTTCACC-3′), Sp-25F (5′-
CCTCAAATCAGGTAGGACTAC-3′), and Sp-25R

(5′-GGCTTAATCTCAGCAGATCG-3′).

2　Results

2 .1 　Ident if ication of two novel box H/ACA snoR-
NAs from S .pombe

A cDNA library w as generated w ith small RNAs

isolated f rom purified nuclei of S .pombe .By screen-
ing of the cDNA library and DNA sequencing , we ob-
tained 6 sequences exhibit ing the conserved motif s

ANANNA and ACA in the single-st randed hinge and

tail regions , respect ively , and sized f rom 140 to 210

nt (Table 1).These molecules were further analyzed
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Table 1.　The sequences of six box H/ ACA snoRNA candidates deter-

mined f rom the S .pombe cDNA library

snoRNA Sequencea)

Sp15-70 TTTGCACTAT TAATCAGAAATAGTTCACAGTTTA-

TGAGCGTATT TCCTTCATGCAGTGCAT AGAATAA-

TGTTT TCATACTCACTTTACCCTCAGGTGCTTCA-
AACTAACTTAGT TTGAT TTT TCG TTGCCTGCGGG-

CCATACATGTATGAT ATA T TTC

Sp18-61 ttat tgcaacct tctaataactt tacatct tct tatccaaagaagaagggt tagaatg-

taccgtgt tt tacggaagt tccat tcccgtagggt tacaatgtgt tgct agaata -

aaccgtaagtcatagtacatatagaggccaat tctgtaaactt tTTTAAAG-
TCTATGGAAAACCCTCTATGTGTCTCCAATAGA-

GAACGG ACA TCTC

Sp12-35 AATTTGAAGGTATTGAGAAACTCAGCTATGTTGA-
AT TAATGCAATCGTATACGAAATTACTTCAATGT-

GTATATTATT TTGCCATC ACAAAT ACTCCTT T-

GCAATTCATGTTAAAAAATAGCACTACGT TCA-

TGTGAAAAATTATAACAGAATTATAA ACA TAT

Sp17-2 GGAATGTCTCCCTTGCCAGTACTGCTAGGGTT TTT-

CTTTCAAACTATGGAAGCCCATTCAAGCTGC AT -

AT TA CGATTT TGTTT TTCGCTTT TAGAAAGTGG-

TTTAGATGAGATAATAGAAAAATTCTTGATCTCCG-

ACA GAT

Sp17-10 ATGAATCTGAAGT TACATTGT TCAGAT TCTT TCG-
AGAATCTTGCGTGTAACATGGT TGGCGTG TAGAG-

GT TG ACAAG AGTACAGACAGGGCGGCGAT TGT-

CCTTGCAGTTTCGACTGCAGGTTGAGAGTTGGCG-
TCTTGCCATGAAAAT TGACTAAAGGATGCTGCGT-

AGCCTAGCCA ACA GATT

Sp17-17 ACACAACTAAAATCAAATGATGAACGAGT TT TTAA-
AT TGAGT TTGAGCGCCCTAATCAAGTGCTCTAACT-
CGCTCCATGGAGTCTTTGGATT TTATGGATG TGGG-

GCATTG AGAAGA CGACCTCGCTCTTTCACCACC-

TTT TTGGGGTCGAATGTTGT TCTG AGA TTT

　 　a)All the sequences determined from cDNA are in uppercase let-
t ers.Sp18-61 has part ial cDNA sequence , but i ts intact sequence has

been derived f rom genomic sequence (in low ercase letters)according to

our Northern blot and reverse transcript ion analyses.Box H and ACA

mot ifs in the sequences are shaded.

by Northern blot hybridization with antisense probes

that w ere synthesized according to the cDNA se-
quences .Sp15-70 and Sp18-61 were positively de-
tected (Fig .1(a)), suggesting that they are snoR-
NAs expressed stably in cells of S .pombe .The size

of Sp15-70 revealed by Northern blo t is 158 nt , a-
g reeing well w ith that of the cDNA sequence , while
the size of Sp18-61 revealed is larger than its cDNA

size.Reverse transcription w as employed to deter-
mine the 5′terminal of Sp18-61 (Fig .1(b))and its

full sequence w as obtained from genomic sequence

database of S .pombe according to the results of

Northern blot and reverse transcription (Table 1).
As compared with known snoRNAs , these tw o snoR-
NAs were identified for the fi rst time experimentally

f rom S .pombe .The remaining four snoRNA candi-
dates have no hybridization signals in the Northern

analysis .It is no t clear if the transcriptions of these

candidates w ere too low to be detected by the North-
ern blot or the sequences were no t accumulated stably

in the cells .

Fig .1.　 Positive detection of the box H/ ACA snoRNAs.(a)

Northern hybridization;(b)reverse t ranscription.Lane M , molec-
ular weigh t markers (pBR322 digested w ith Hae III and 5′-end la-

beled wi th [ γ-32P] ATP).

2 .2 　Structure and function of the tw o novel snoR-
NAs

Analysis of the secondary structures of Sp15-70
and Sp18-61 showed that both of them share the

canonical structural features of box H/ACA snoRNA

family , i .e.“ hairpin-hinge-hairpin-tail” secondary

st ructure and two conserved sequence motifs , the H

(ANANNA)and ACA boxes , located in the single-
st randed hinge and tail regions , respectively (Fig .2

(a)).All of the “pseudouridylation pockets” (fi rst
loop)on every hairpin-like domain of these two snoR-
NAs contain two sho rt (8 —12 nt)sing le-st randed se-
quences.Comparison of these single sequences w ith

any portion of the S .pombe 18S and 25S rRNAs re-
vealed that every pseudouridine pocket possesses a re-
gion complementary to rRNAs and the bipartite ant i-
sense sequences are 3 —9 nt in length (Fig .2(b)).
According to the relationship between the structure

and funct ion of box H/ACA snoRNA , Sp15-70 was

predicted to direct the pseudouridylation of U2401

and U2298 in 25S rRNA , and Sp18-61 was predicted

to direct the pseudouridylation of U208 in 18S rRNA

and U2341 in 25S rRNA .Notably , the spacing be-
tw een the selected pseudouridine and the H or ACA

box of the snoRNAs w as remarkably conserved in

about 14 —16 nt , which is a critical determinant of

pseudouridylation site .
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Fig.2.　Secondary structural and functional analyses of snoRNAs.(a)Secondary st ructures of snoRNAs.Box H and ACA mot ifs are

boxed.(b)Potential base-pai ring interactions betw een snoRNAs and rRNAs.The snoRNA sequences in a 5′-3′orientation are show n in

the upper st rands , and hairpin domains are schematized by a solid line .rRNA sequences in a 3′-5′orientat ion are show n in the low er

st rands , in which predicted pseudouridylation si tes are denoted by “ Χ” .

2 .3 　Determination of the rRNA pseudouridylation

sites by the novel snoRNAs

The four pseudouridy lation sites predicted by

Sp15-70 and Sp18-61 were verified by CMC-primer
ex tension analysis .As shown in Fig .3 , when reverse

transcription analyses were carried out using the

CMC-t reated total cellular RNA as templates , the

pauses related to pseudouridy lated nucleot ide on 18S

rRNA at U208 and 25S rRNA at U2298 , U2341 and
U2401 w ere precisely determined , suggesting that

they are all indeed pseudouridylated nucleotides .In

addi tion , in the assay to determine the Χ2341 in 25S

rRNA , three closely clustered pseudouridylation

sites , Χ2345 , Χ2351 and Χ2353 , were also mapped

precisely (Fig .3 ).Comparison of rRNA pseu-
douridy lation sites among yeast , plant and animal

shows these clustered pseudouridylation sites are most

highly conserved in evolution[ 27 ,28] , while their cog-
nate snoRNAs in S .pombe have not been found .

Fig .3.　Determination of the rRNA pseudouridylation sites by

CMC-primer extension method.Lane 1 , reverse transcript ion w ith

CMC-t reated total RNA;lane 2 , reverse t ranscription reaction w ith

CMC-untreated total RNA;lanes A , C , G and T , the rDNA se-

quence ladder ;positi ons of pseudouridine residues are indicated by

arrow s.
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2 .4 　Genomic org anization of the novel snoRNA

genes

The genomic locations of these tw o box H/ACA
snoRNAs w ere conf irmed by searching genomic se-
quence of S .pombe w ith BLAST prog ram .Both

Sp17-70 and Sp18-61 were encoded by a single copy

gene and located in the intergenic regions , sized 1247

and 720 nt , between the CDS of tw o protein-coding
genes in S .pombe chromosomes I and III , respec-
tively (Fig .4).Putative TATA-like elements can be

found upst ream of the 5′end of these snoRNA genes ,
suggesting that they could be t ranscribed indepen-
dently from their ow n promoters .

Fig.4.　Locations of the tw o novel snoRNA genes.(a)and (b)represent the locat ions of Sp15-70 and Sp18-61 genes respectively .

SnoRNA genes are show n by black arrows and protein-coding genes by gray arrow s(not draw n to scale).Numbers under the lines indicate
the sizes of the intergenic regions betw een snoRNA genes and p rotein-coding genes.

3　Discussion

To date , tw o main methods have been developed

for finding and identifying novel non-coding RNA

genes .Computational RNomics is largely based on

the search of conserved sequences and st ructure ele-
ments of novel non-coding RNAs in gemonic

database
[ 14 ,29 , 30]

;whereas experimental RNomics de-
pends on the const ruction and sequencing of special-
ized cDNA libraries enriched w ith small

RNA[ 11 , 13 —16] .The presence of hallmark boxes and

long complementarity to the site of ribose methylation

in box C/D snoRNAs allow ed many of them to be i-
dentified by computational researches of completely

sequenced genomes .A large number of novel box C/
D snoRNAs have been identified so far through com-
putational RNomics f rom S . cerivisera

[ 31]
, A .

thaliana
[ 32]

and O .sativa
[ 33]

.In contrast , no ef-
fective computational genomic search of box H/ACA
snoRNAs has been reported yet , mainly due to short-
er box motif sequences and sho rter biparti te guide se-
quences .Recently , a new algorithm taking the fold-
ing parameters in RNA molecule into account has

been developed to screen yeast genome fo r novel box

H/ACA snoRNAs[ 34] .However , the computational

method is insufficient fo r identifying novel box H/
ACA snoRNAs w ith diverse sequence mo tifs and

structure , especially for the orphan snoRNAs .In

fact , to date box H/ACA snoRNAs have been exclu-
sively discovered by experimental approaches .In this

study , we obtained six sequences wi th the property of

conserved mo tifs of box H/ACA snoRNAs through

generating a specialized cDNA library based on small

nuclear RNA of S .pombe and cDNA sequencing ,

and tw o of these , Sp15-70 and Sp18-61 , were con-
firmed to be novel snoRNAs and expressed stably in

cells.The four pseudouridylation sites directed by

Sp15-70 and Sp18-61 are phylogenetically conserved .
However , i t is unlikely to identify the homologues of

Sp15-70 and Sp18-61 in other organisms by BLASTN
search in GenBank database .This once more empha-
sizes the importance of experimental RNomics for

finding novel box H/ACA snoRNAs .

Many box H/ACA snoRNAs have tw o functional

elements that guide respectively tw o pseudouridy-
lation si tes phylogenetically conserved .Comparison of
the bipart ite sequence complementari ties to rRNA and

the co rresponding pseudouridy lation target sites a-
mong different organisms reveals some homologous

snoRNAs in distant organisms are partially homolo-
gous.As shown in Fig .5(a), S .pombe Sp15-70
shares the guide sequence in pseudouridy lation pocket

1 with pocket 1 of Arabidopsis snoR83 and pocket 2

of Drosophi la melanogaster Dm-3 , and shares the

other guide sequence w ith Arabidopsis snoR99 .
While guide sequence in pocket 1 of Dm-3 is equiva-
lent to those in pocket 2 of S .pombe Sp18-61 , Ara-
bidopsis snoR92 and MBI-1 and so on .This compli-
cated pattern of snoRNA homologues suggests that

extensive recombinations (tw o guide sequence co rre-
spond to different snoRNAs , respectively , in differ-
ent org anism)and transposition (equivalent guide se-
quences in counterparts located in different hai rpin

domains)between dif ferent snoRNAs have occurred

during the evolution from their primitive progeni tors.
Thus this large snoRNA gene family is an ideal model

fo r investigating the mechanisms of gene evolution .
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Fig .5.　Analysis of box H/ ACA snoRNA homologues among distant organisms.(a)Schematic diagrams of correlation of some box H/ ACA snoR-

NAs among diverse organisms.SnoRNAs are represented by ovals.Pseudouridylation pockets of each box H/ACA snoRNA are boxed by rectan-
gles.P1 and P2 represent pseudouridylat ion pockets 1 and 2 , respectively .The pockets in broken-line boxes possess homologous guide sequences

that di rect a phylogenet ically conserved site of rRNA pseudouridylation in different organism s.(b)I-V show the sequences of each snoRNA -rRNA

duplexes , respect ively .

　　Genomic organization and expression of snoRNA

genes exhibit a st riking diversity in dif ferent organ-
isms[ 35] .Almost all guide snoRNAs in vertebrates are

nested wi thin int rons of host genes[ 1 , 36] and at most

one snoRNA is encoded in any particular intron ,
which is processed f rom the pre-mRNA by exonucle-
olytic digest ion of the debranched lariat[ 1] .In con-
trast , most plant snoRNAs are transcribed from gene

clusters as polycist ronic transcripts w hich are pro-
cessed by endo- and exonucleases to release mature

snoRNAs[ 33 , 35 ,37] .In S .cerevisiae , a majo rity of

snoRNA genes are transcribed independently and only

a few of them have been found in gene clusters or en-
coded in the int ron of protein genes[ 31] .Both the two

novel box H/ACA snoRNAs identified in this study

are located in intergenic regions of protein-coding
genes , and express as monocist ronic RNA tran-
scripts .The o ther three box H/ACA snoRNAs iden-
tified so far in S .pombe are also encoded by genes

expressed independently
[ 22]

, suggesting that mono-
cist ron is likely to be a predominant gemonic organi-
zation of box H/ACA snoRNA genes in S .pombe .
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