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ABSTRACT

Small nucleolar RNAs (snoRNAs) are involved in
cleavage of rRNA, modification of rRNA nucleotides
and, perhaps, other aspects of ribosome biogenesis in
eukaryotic cells. Scores of snoRNAs have been
discovered in recent years from various eukaryotes,
and the total number is predicted to be up to 200
different snoRNA species per individual organism. We
have created a comprehensive database for snoORNAs
from the yeast Saccharomyces cerevisiae which al-
lows easy access to detailed information about each
species known (almost 70 snoRNAs are featured). The
database consists of three major parts: (i) a utilities
section; (ii) a master table; and (iii) a collection of
tables for the individual snoRNAs. The utilities section
provides an introduction to the database. The master
table lists all known S.cerevisiae snoRNAs and their
major properties. Information in the individual tables
includes: alternate names, size, family classification,
genomic organization, sequences (with major features
identified), GenBank accession numbers, occurrence
of homologues, gene disruption phenotypes, func-
tional properties and associated RNAs and proteins.
All information is accompanied with appropriate
literature references. The database is available on the
World Wide Web (http://www.bio.umass.edu/biochem/
rna-sequence/Yeast_snoRNA_Database/snoRNA
DataBase.html ), and should be useful for a wide range
of snoRNA studies.

BACKGROUND

dines @). In addition, a few snoRNAs are required for cleavage
of precursor rRNA. Roles of snoRNAs in other aspects of
ribosome biogenesis are also possible, such as rRNA folding and
assembly of ribosomal subunits.

Structurally, all known snoRNAs (with one exception) fall into
two groups: the box C/D family and the box H/ACA famihg).
The exception is the MRP RNA which is involved in a specific
pre-rRNA cleavage reaction, perhaps as a ribozy#e). (
Members of the box C/D family contain one or two sets of
universally conserved short sequence elements known as boxes
C and D, and boxes @nd D (the second set). Most box C/D
snoRNAs also contain long (>10 nt) sequences complementary
to rRNA. Boxes C and D, as well as boxes@d D, are usually
located in close proximity, and form a structure known as the box
C/D moatif. This motif is important for snoRNA stability,
processing, nucleolar targeting and functibhy &nd references
therein). A small number of box C/D snoRNAs are involved in
rRNA processing, most, however, are known or predicted to serve
as guide RNAs in ribose methylation of rRNA. Targeting
involves direct base pairing of the snoRNA at the rRNA site to be
modified and selection of a rRNA nucleotide a fixed distance
from box D or D (reviewed in ref$,4,7; see alsd.2,13-15).

Members of the box H/ACA family contain an ACA triplet,
exactly 3 nt upstream from thé é&d and an H-box in a hinge
region that links two structurally similar functional domains of
the molecule. Both boxes are important for snoRNA biosynthesis
and function. A few box H/ACA snoRNAs are involved in rRNA
processing; most others are known or predicted to participate in
selection of uridine nucleosides in rRNA to be converted to
pseudouridines. Site selection is mediated by direct base pairing
of the snoRNA with rRNA through one or both targeting domains
(reviewed in ref3,4; see alsd 6,17).

The DNA coding units for the snoRNAs occur in both

Small nucleolar RNAs (snoRNAs) are stable RNA speciefaditional and novel genetic arrangements. Some are transcribed
localized in the eukaryotic nucleolus. Extensive studies in recefibom independent promoters which serve mono- or polycistronic
years have revealed the presence of snoRNAs in a broad varishoRNA coding units. Others are encoded within introns of
of eukaryotes including fungi, protists, plants and animals (fgporotein (or protein-like) genes. Regardless of the diverse genomic
reviews on snoRNAs see refs7). Individual organisms are organization, SnoRNA synthesis appears to involve a number of
predicted to contain from about 75-100 (yeast) to perhaps neaggthways with common steps: (i) folding of the precursor to form
200 (mammals) different snoRNAs. SnoRNAs have been box C/D or box H/ACA protein binding motif; (ii) binding of
demonstrated to define sites of nucleotide modifications in rRNAgrotein(s) to this motif; (iii) processing of the precursor to the
specifically 2-O-ribose methylation and formation of pseudouri-mature RNA,; (iv) partial or complete assembly of the snoRNP
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particle; and (v) transport to the nucleolig, (and references

therein). = — Netsunn:\_rn{s_tsnumum:unsf:nnsmrﬂmle - 2=
e 2 AN 2 s F
= Lnation = (8 [t e Bl im0 Ptk P i paiieet it e Pk_Dtabage /et il
DATABASE DESCRIPTION B [5ttp /o 3 st o tachemn e sequinies feast_sncATlABaishase s storibie b =
E
G Table L il Back to Muin Page [~
Purpose of the database T IeE L miaRNA Mists:Lable ot
. H*  Mams Sizn | Family | DHA [Null | Target Homolog Frocecs
The database serves the following purposes. [0 U | 38 | CD Mo |Lsth | Br ¥ c
(i) Alist of all known snoRNAs from the yegSaccharomyces S Y% I ch e iien | + L
cerevisiae Saccharomyceserevisiaeis predicted t0 POSSESS | 'y 11 1 on e v o : i
[I75-100 different snoRNA species. Nearly 70 have already be || is v @& oo i ven 2825 + M
identified and at least partially characterized. This master list wi ||| : =r-jf }:6 “‘j‘;" :m :': 3'—*“\-_?"“ : :
be useful for analyzing the structure, function and evolution ¢ | & oo 15 waca wem v 8 b ¥
snoRNAs and their genes. | [0 whe 15 [ WACA [Memo |Vieh | 28,258  Hr ¥
(i) Ready access to key information available for individua ||| 1[: = i B o e B = =
SnoRNAs and their genes. Since the discovery of the fir ||| e e — e = w7
snoRNA fromS.cerevisiaén 1983 (L8), a substantial number of ||| 13 wris 2 o e v e Nr Nr
papers devoted to different snoRNAs has been published. Thou |f| 1+ =& %% Wace v b W = : |
several excell_ent reviews su_mmarizing information about SN [Ne | Name | Size | Family |DNA |Null | Targst | Homelog | Process
RNAs are available, electronic access to an updated compilati ||| /16 =22 155 HACA  Meno Vb 255 Hr ¥
of data is not possible. The primary aim of the present databz || = “i5 7 oot e o e 3
is to fill this void. 19 mb3s A4 HACA |Memo |Vish | 1 Hr 7
(i) Easy comparison of the major features of sNORNAs ||| |20 &% 182 HACA  Meme WVish 18 Hr ¥
. . 21 =R = HMACA | Mens | Yiah 258 Mr ¥
SnoRNAs and their cognate genes, as well asthose from differt ||| 2 .o & on e ven 2% ; s
organisms, possess a number of common features. Compariso || z: ﬂ:.q«i ® oD | I |[Veb 258 ' M
these features is helpful in defining the structure, mechanism ||| 2% === % &D  Mame  Hr 258 ot oo
. . . .. Il 125 snRag 9 cD Mene | Viab | 155, 258 Mr M
production and function of individual sSnoRNAs. The HTML ||| 6 e eD | Pely | Viah |18 Hr
format of the database allows easy and efficient manipulations -
the RNA and DNA sequences. i ::; T j: > oo
(iv) Key literature references. Publications on snoRNA studie ‘ T e e s M ol H
are growing at a fast pace. Orderly, comprehensive accessto " ||| (68 as7s 8 oD oy vib 255« M
literature through the database featured will be a useful aid to b ||| 1* = Mame | Stz Family (BHACHull | Target | Homolag | Frocess
L . Wl 60 eni7s 104 CD | Pely | Vish 255 Nr M
specialists and newcomers to the field. Il rez B oD By (Vb | I i o
| BLE] &2 Cik Pely  Vish 2% Hr M
. . L5 &5 ci M Yisb 15 N M
Database access and manipulations s R o 1 e e ¥
. i i 66 190 G0 Pely | Yib 28 Hr M(7)
The database is available on the World Wide Web & ||| uo | beme | Size  Family DHA |Hull | Target | Homelog | Brocess
http:/Mmww.bio.umass.edu/biochem/rna-sequence/Yeast SnoRNZ
Database/snoRNA_DataBase.html , and can be viewed usi ||| Back to Mastor Table snoRNA Master Table Legend Back to Main Page
major www-browsers (e.g., Netscape and Microsoft EXplorer || ye oo ot sooktia o e 1t
The home page (not shown) provides links with the utilities page T T
and a master table. Utilities pages (not shown) include gene ||| Famiiy  tys of mokNa: box WACA famity, box 1D family _
information about snoRNAs, an outline of the structure of th ||| P**  {ieme orgausien of mofifia exting squacs: Monotistrots, Pelyuisrens,
database, an introduction to the authors, and a list of related RI ||| Nelf - seztype of cais w1 csrugd iaofii guea: Lathal, Viabls, Temsparatare
|inks_ Tarpet  sies urc::m;@an-mr:lyvnlh_l;dﬂfmj FENA wrpetz; 185, 185 (emall suburst)
. . . . . rRMA, 258 (large subunil) rRNA
The first functional page is the master table (Ejgit provides Homolog evideucs for omiogs of s ok HA in ot orgariews +, ocifind; Not
. .. iyl
a list of all known snoRNAs frontS.cerevisiae General Process  procassies) afacied by moRA: Clsawage; 2-O-Mathylation; formation of
information about each individual snoRNA is also presentes ewdodkidion (F); Not eoportd; ... (7, precicied 5]
including: the size, family assignment, organization of the DN/ | = e

coding sequence, existence of homologues in other organis
and function. The title of each snoRNA in the master table Is
linked to the individual snoRNA table.

The individual tables (an example is shown in B)gorovide  Figure 1. Master table of snoRNAs. The master table provides a list of all
more detailed information about each snoRNA, inc|uding;known snoRNAs fromS.cerevisiaeand summarizes their most common

; ; ; - fgatures. The snoRNA titles (highlighted with red) are clickable and provide
alternate name(s), genomic neighbors, associated prOte"ﬁl’ks to individual snoRNA tables (see Fig. 2). The master table can be accessed

principal investigators of major defining studies and key literaturgom the database home page, as well as from all pages related to the individual
references. The individual tables also provide links to th&noRNAs.

snoRNA and corresponding gene sequences, and to GenBank

sites containing these sequences. The functional link in an

individual table, in a box titled ‘Process’, provides information

about the role of the snoRNA in rRNA maturation. It alsonucleotides or regions affected by a particular snoRNA (not
connects to the individual page which specifies the pre-rRNAhown).
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References:

1. Bachellerie, J.-F., Michot, B., Nicoloso, M., Balakin, A., Ni, I. and Fournier, M.J. (1993) 7reads
Hrochem Scr, 20:261-264.

Z. Kiss-Laszlo, Z., Hemnry, Y., Bachellerie, J.-F., Caizergues-Ferrer, M. and Kiss, T. {1996) Celf
85:1077-1088.

3. Nicolose, M., Qu, L.-H., Michot, B. and Bachellerie, 1.-F. (1996) J/ Afof Brof, 260:178-195.

4. Ni, I. and Fournier, M_J. (unpublished).
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Figure 2. Individual snoRNA page. A page that provides detailed information about an individual snoRNA (snR39 in this case) ischtabtesSare accessed
by clicking the corresponding titles in the master table (see Fig. 1). By using the various links highlighted (with lding,iadditional detailed information can
be obtained about the snoRNA featured, including: gene structure in the form of descriptive and plain texts, GenBark staa&biAtboding and gene sequences,
its immediate genomic neighbors, the snoRNA structure in the form of descriptive and plain texts and the nature of tlepbimegses in which the snoRNA
is involved.

Behind the scenes GenBank database. References and links to relevant publications

) L and internet sites have been provided. In some cases, unpublishec
Maintenance is critical to the future value of any database. TRgyta from our laboratory and information shared by other

present database encompasses almost 500 files, and the tR{ghratories has been used.
number could well expand to a thousand. To simplify future
manipulations of this material, the database has been organizegtrRe OF THE DATABASE
as follows.

The files corresponding to the main page, master table alrhtabase applications

utilities pages (e.g., ShoRNA overview, pre-rRNA sequence, et _ .
have been placed in the root directory. Files relating to tr?gne most valuable application of the database will be compara-

individual snoRNAs are all grouped in corresponding sub-diredlv® analysis of sequences of different SNORNAS and correspon-

tories. The principles in naming the files inside these sub-diregfmg genes fronS.cerevisia@nd other organisms. In addition,
tories are consistent: (i) all file names start with the name of tl nce the df_:\tabase summarizes features of all kBaverevisiae .
respective snoRNA (e.g., snR39_ta.html), and (i) the second hlfCRNAS: it should become a valuable resource for preparing
of the file name refers to the context of the corresponding pa views and original papers about SnoRNAs. Users O.f th?
(..._ta' stands for the snoRNAH: ‘... fu’ for the SNORNA atabase are respectfully asked to cite the present article in
function; ‘..._rd’ for the RNA descriptive text; etc.). This internal publications.

organization was designed to facilitate addition of new informa- )

tion by investigators in the field directly or through an author oP2abase updates and expansions

the present database (D.A.S.). The yeasS.cerevisiaés predicted to posses up to 100 different
snoRNAs. The current database describes about two thirds of
Data sources these, leaving room for significant updating and expansion in the

future. The database will be updated on a regular basis and on
The conceptual information in the database originates from tteerival of novel information about new or previously character-
published literature. Sequence data were retrieved from tlieed snoRNAs.
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Future modifications to the database may include: (i) diredREFERENCES
links from the publications cited to the corresponding sites in the
MEDLINE database; (i) lists of functional and structural _ _ _
Gerbi,S.A. (1995BiochemCell. Biol., 73, 845-858.

homologues from other organisms; (iii) schematic figures of; y_ i’ S “and FournierM.J. (1998hnu. Rev. Biocher85, 897-934.
predicted and demonstrated snoRNA secondary structures; and Tojiervey,D. and Kiss,T. (199Turr. Opin. Cell Biol, 9, 337-342.

(iv) with permission, links to principal investigators responsible 4 smith,C.M. and Steitz J.A. (199Ckll, 89, 669-672.

for discovery or characterization of individual SnoRNAs. 5 Peculis,B.A. and Mount,S.M. (1996rr. Opin. Cell Biol, 6, 1413-1415.

We are open to all suggestions concerning modification® MadenT. (1996Nature 383 675-676.
- . '7. Bachellerie,J.-P. and Cavaille,J. (199@nds Biochem. SgP2, 257—261.
correction and improvement of the database. We also Welcomg Balakin,A.G., Smith.L. and Fournier,M.J. (199B3ll 86, 823-834.

new |nf0rmat|0n about knOWI’l, or pI'EVIOUS|y UI’lChaI’aCterlzedg Ganot’P.’ Caizergues_Ferrer'M. and KiSS,T. (1%88 Dey]_]_’
snoRNAs from the yeaSt cerevisiaand homologues from other 941-956.
organisms. 10 Kiss-Laszlo,Z., Henry,Y. and Kiss,T. (1998Y1BO J, 17, 797-807.
11 Samarsky,D.A., Fournier,M.J., Singer,R.H. and Bertrand,E. (1998)
EMBO J, 17, 3747-3757.
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