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Compilation of small ribosomal subunit RNA sequences
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INTRODUCTION

The database on small ribosomal subunit RNA (further
abbreviated as SSU rRNA) structure has more than doubled in
size in one year's time and currently contains 927 aligned
sequences. Table 1 only lists the 475 sequences (references
1 —475) that were added to the database since publication of the
last compilation (476). The latter should be consulted for data
and references concerning the sequences entered previously. The
total set of 927 entries now consists of 197 eukaryotic
cytoplasmic, 21 archaeal, 625 bacterial, 21 plastidial, and 63
mitochondrial SSU rRNAs. This set includes partial sequences,
but only if they satisfy the criterion defined in detail in the
previous compilation (476) and in footnote (f) of Table 1, in short
if the combined lengths of the sequenced segments corresponds
to at least 70% of the Escherichia coli 16S rRNA sequence.

Sequence alignment is based largely on the adopted secondary
structure model, which in turn is corroborated by the observation
of compensating substitutions in the alignment. Therefore, the
secondary structure model can be gradually refined as more
sequences become available. Some improvements to the
secondary structure model for eukaryotic SSU rRNAs are
described below.

SECONDARY STRUCTURE MODEL

Prokaryotic and eukaryotic models

Fig. 1 shows the prokaryotic secondary structure model,
applicable to SSU rRNAs from archaea, bacteria, plastids and
mitochondria. The model of Fig. 2 applies to eukaryotic
cytoplasmic SSU rRNAs. Areas of conserved primary and
secondary structure are drawn in bold lines. Areas of variable
primary and secondary structure, drawn in thin lines, are labelled
VI to V9. Variability in secondary structure often consists in
extension or reduction in size of helices in some species with
respect to others. Long insertions present in a limited number
of species result in the presence of extra helices, drawn in broken
lines.

The prokaryotic model is identical to the one shown in the
previous compilation (476), but the eukaryotic model has been
adapted, the changes being enumerated below. The two models
are distinguished, even though they have many helices in
common, because helix P21, which usually forms variable area
V4 of prokaryotic SSU rRNAs, apparently is not homologous
to any of the helices E21-1 to E21-10 forming area V4 in
eukaryotic SSU rRNAs.

Helix numbering system
Helices are given a different number if separated by a
multibranched loop, (e.g. helices 9 and 10), by a pseudoknot
loop (e.g. helices 1 and 2), or by a single stranded area that does
not form a loop (e.g. helices 2 and 30). A single number is
attributed to 48 'universal' helices, which are present in all
hitherto known SSU rRNAs from archaea, bacteria, and plastids.
They are also present in all known eukaryotic SSU rRNAs except
that of the microsporidian Vairimorpha necatrix, which lacks
helices 10, 11, and 44. Additional helices specific to the
prokaryotic model (Fig. 1) are given composite numbers of the
form Pa-b, where a is the number of the preceding universal helix
and b sequentially numbers all helices inserted between universal
helices a and a + 1 . Helices specific to the eukaryotic model
(Fig. 2) are similarly numbered Ea-b. Mitochondrial SSU
rRNAs, though they can be described by the prokaryotic model,
show extreme variability in length, ranging from about 600
nucleotides in flagellates to about 2000 nucleotides in plants. This
coincides with the absence of several universal helices in the
smaller molecules and with the presence of extra helices of the
P-series in the larger ones. A tentative helix occupancy table for
mitochondrial SSU rRNAs and examples of secondary structure
models can be found in the previous compilation (476). The
alignment of, and transposition of secondary structure models
to mitochondrial SSU rRNAs is less dependable than for other
SSU rRNAs, not only because of the variability in length, but
also because some of the sequences are very monotonous due
to a high A+U content.

Changes made to the eukaryotic secondary structure
model (Fig. 2)
Alignment of additional sequences has brought to light new
compensating substitutions, leading to changes in the base pairing
scheme adopted for helices 8 and 18. In addition, helices E21-1
to E21-4 of the previous model (476) have been rejected in favour
of a different structure, and the numbering of the helices in area
V4 was changed in consequence. Table 2 gives the helix
occupancy for area V4 of eukaryotic SSU rRNAs according to
the new structure and numbering system. Fig. 3 shows the
secondary structure presently adopted for Saccharomyces
cerevisiae SSU rRNA, which is typical for the majority of
eukaryotic structures. Fig. 4 shows the new secondary structure
for Drosophila melanogaster SSU rRNA, which is one of the
species containing extra helices E21-3 and E21-4. The structure
in the area of helix E21-10 (Fig. 2) remains uncertain. The insert
present in this area in a number of species (see Table 2) may
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Fig. 1. Secondary structure model for prokaryotic SSU rRNAs. The 5'-terminus
is symbolized by a dot, the 3'-terminus by an arrowhead. Helices are numbered
in the order of occurrence from 5'- to 3'-terminus. Helices bearing a single number
are common to the prokaryotic and eukaryotic (Fig. 2) models. Helices bearing
a composite number preceded by P are prokaryote-specific. Areas of relatively
conserved structure are drawn in bold lines. Nine variable areas labeled VI to
V9 are drawn in thin lines. Helices drawn in broken lines are present exceptionally.

Fig. 2. Secondary structure model for eukaryotic SSU rRNAs. Symbols are as
in Fig. 1. Helices bearing a composite number preceded by E are eukaryote-
specific. The area corresponding to V6 in Fig. 1 is more conserved among
eukaryotic SSU rRNAs. See Table 2 for a complete survey of helix occupancy
in known structures.

actually form more than one extra helix, but it is not possible
as yet to derive a reliable model on the basis of the available
sequences.

COMPLETENESS, ACCURACY, AND AVAILABILITY OF
THE DATA

SSU rRNA sequences deposited into the GenBank and EMBL
nucleotide sequence libraries are obtained weekly from the EMBL
file server by electronic mail. An appropriate set of programs
is used for alignment of a new sequence, indication of secondary
structure elements by comparison with a closely related sequence,
checking the consistency of the postulated secondary structure,
and checking for errors by comparison with the original record.

Files containing all the SSU rRNA sequences present in our
database are available in the following three formats.

1. The sequences, listed one by one, written continuously
without the gaps needed for alignment and without indication of
secondary structure elements.

2. The sequences, listed one by one, but with nucleotide
symbols interspersed with the gaps necessary for alignment. In
these files, each sequence covers 4284 positions, which is the
present length of the complete alignment of all eukaryotic,
archaeal, bacterial, and organellar sequences.

3. The sequences, listed in the form of an alignment with
indication of the secondary structure elements. The alignment
is divided into 43 pages each comprising 100 positions containing
a nucleotide or a gap. These positions alternate with extra
positions that are either blank or contain a symbol indicating the
beginning or end of a secondary structure element. The secondary
structure model adopted for each SSU rRNA sequence is
completely defined in these files.

In addition, there are files containing a taxonomic list of species
and general documentation on the database.

The database will be made available through 'anonymous
ftp' on host uiam3.uia.ac.be (143.169.8.1). A previous, less
complete version of the database was written on the CD-ROM
disk distributed in December 1991 by the EMBL nucleotide
sequence library at Heidelberg. Updates of the database will be
similarly put at the disposal of the EMBL nucleotide sequence
library for distribution on future releases of the CD-ROM, and
in order to be made available on the EMBL file server as well.
Due to the increasing volume of the database, copying it onto
diskettes is getting cumbersome. However, researchers who do
not have access to the aforementioned distribution channels can
inquire about the availability of the database on magnetic media
by writing to the authors or by sending an electronic mail
message to DEWACHTER@CCV.UIA.AC.BE or to
RRNA@CCV.UIA.AC.BE.
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Saccharomyces cerevisiae
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Fig. 3. Secondary structure model for Saccharomyces cerevisiae SSU rRNA. With respect to the previously published model (476), a different base pairing scheme
has been adopted for helices 8, 18, and the area formed by helices E21-1 to E21-5.
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Drosophila melanogaster
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Fig. 4. Secondary structure model for Drosophila melanogaster SSU rRNA. With respect to the previously published model (476), a different base pairing scheme
has been adopted for helices 8 and 18, while helices E21-1 to E2I-5 replace a set of 4 different helices in the older model.
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Table 1. continued

Nr.
(a)

Species
(b)

Specification
(c)

Taxonomic Position Length I
(e)

E.colil
% (f)

Access.

(9)
I Method I

76
77
78
79
SO
81
82
S3
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

103
104
105
106
107
108
109
110
HI
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147

Ustilago maydis (i)
Chlorella aorokiniana
Hallomonaa papillose
Tribonema aoquale
Neocallimastix joyonii
Neocallimastix frontalis
Piromonas comnunis
Colpidium campylun
Glaucoma chattoni
0nychodrontu3 quadricornutus
Opisthonecta henneguyi
Oxytricha granulifera
Crypthecodiniun cohnii
Plasmodiuro fragilo
Plasmodium gallinacoun
Plasmodium malariao
Sarcocystis muris
Thoileria annulata
Cryptomonas phi 1
Cryptomonaa phi 2
Pyrenotnonas sallna 1
Pyrenomonas salina 2
Babesla bigcraina 1
Babosia bigemina 2
Babesia bigemina 3

ARCHAEBACTERIA
Halobactoriura roarisraortui 1
Halobacterluni marisraortui 2

EUBACTERIA
Afipia clovelandenals
Afipia fel ls
Alpha-protoobacterium 1
Alpha-protoobacterium 2
Anaplasma marginalo
Ancylobacter aquaticus
Aquaspirillum magnototacticura
Bartonella bacillifornis 1
Bartonella bacillifornis 2
Rhodobacter capsulatus 2
Rhodobactor sphaoroides 1
Rhodobacter aphaeroides 2
Rhodobactor sphaeroides 3
Kingolla indologenoa
Neisseria denltrificans
Actinobacillua actinonycotenconitans 1
Actinobacillus actinomycotenconitans 2
Actinobacillus actinoraycetenconitans 3
Actinobacillus actinoroycotemcomitans 4
Actinobacillua actinoraycetenconitans 5
Actinobacillus capsulatus 1
Actinobacillus capsulatus 2

capsulatus 3
equuli
lignieresii 1
lignieresii 2
pi ouropneumon i ae
seminls
auis
ureaa

Actinobacillus
Actinobacillus
Actinobacillus
Actinobacillus
Actinobacillus
Actinobacillus
Actinobacillus
Actinobacillus
Bacteroidos nodosua
Cardiobactoriun honlnis
Garaoa-protoobacterlun
Haemophilus aegyptlus
Haemophilus aphrophilus
Haemophilus ducroyi 1
Haemophilus ducroyi 2
Hacmophilus ducreyi 3
Haemophilus ducreyi 4
Haomophllus haomoglobinophilus
Haemophilus haemolyticus
Haemophilus influonzao
HaoraophiluB paracuniculus
Haeraophilus parahaemolyticus
Haoroophilus parainfluenzae \

Strain MUCL 30488
Strain 211-8k (T)
Strain CCMP A3807
Strain UTEX 50
Strain NJ1
Strain MCH3
Strain FL

Strain ATTC 30600

Strain Uganda-I-CDC

Nuclei
Nucleomorph
Nuclei
Nucleomorph
Erythrocytes
Brythrocytes
Erythrocytes

Clone pHC8, operon rrnA
Clone HH10, operon rrnB

CCI Strain B91-007353
Strain B91-007352, ATCC 53690

Strain ATCC 25396
Strain MS1, ATCC 31632
Strain ATCC 35685
Strain NCTC 12138

Strain 2.4.1, operon rrnA
Strain 2.4.1, operon rrnB
Strain 2.4.1, operon rrnC
Strain ATCC 25869 (T)
Strain ATCC 146S6 (T)

Strain ATCC 19393 (T)

Strain 198A
Strain ATCC 16826 (T)

Strain CIP 542 (T)

Strain ATCC 33391 (T)

Basidiomycotina (Ph.)
Chlorobionts (assemblage)
Chromobionts (assemblage)
Chromobionts (assemblage)
Mastigomycetes (assemblage)
Mastigomycetes (assemblage)
Mastigomycetes (assemblage)
Ciliates (assemblage)
Ciliates (assemblage)
Ciliates (assemblage)
Ciliates (assemblage)
Ciliates (assemblage)
Dinoflagellates (assemblage)
Sporozoa (assemblage)
Sporozoa (assemblage)
Sporozoa (assemblage)
Sporozoa (assemblage)
Sporozoa (assemblage)
Cryptomonads (assemblage)

Cryptornonads (a
Cryptomonads (a,
Cryptomonads (ai
Microsporidia {
Microsporidia <
Microsporidia {

Halobacteria
Halobacteria

Proteobacteria
Protoobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria

laerablage)
semblage)
aemblage)
ssemblage)
ssemblage)
asemblage)

Chlorophyta (Ph.)
Chrysophyta (Ph.)
Xanthophyta (Ph.)
Chytridioraycota (Ph.)
Chytridioraycota (Ph.)
Chytridioraycota (Ph.)
Ciliophora (Ph.'
Ciliophora (Ph.
Ciliophora {Ph.
Ciliophora {Ph.
Ciliophora (Ph.,
Peridinea (Ph.)
Sporozoa (Ph.)
Sporozoa (Ph.)
Sporozoa (Ph.)
Sporozoa (Ph.)
Sporozoa (Ph.)
Cryptophyta (Ph.)
Cryptophyta (Ph.)
Cryptophyta (Ph.)
Cryptophyta (Ph.)
Microsporidia (Ph.)
Microsporidia (Ph.)
Microsporidia (Ph.)

Alpha group
Alpha group
Alpha group
Alpha group
Alpha group
Alpha group
Alpha group
Alpha group
Alpha group
Alpha group
Alpha group
Alpha group
Alpha group
Beta group
Beta group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamna group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group

1798
1796
1790
1829
(1513)
(1509)
(1502)
(1708)
(1695)
1771

(1686)
1778
1796
(2071)
(2102)
2147
1809
1744
1773
2039
1762
1884
1693
1693
1693

1472
1472

(1420)
(1420)
(1269)
(1293)
1493
(1420)
(1402)
(1419)
(1393)
(1380)
1466
1466
1466
(1464)
(1467)
(1478)
(146S)
(1477)
(1476)
(1472)
(1457)
(1475)
(1462)
(1464)
(1456)
(1481)
(1464)
(1465)
(1459)
(1459)
1529
(1466)
(1347)
(1457)
(1463)
(1495)
(1471)
(1457)
(1467)
(1469)
(1450)
(1480)
(1467)
(1455)
(1465)

100.
100.
100.
100.
82.
82.
81.
96
96.
100
96
100
100.
98
96
100
100
100
100
100
100
99
100
100
100

100
100

95
95
87
87
99
95
94
95
94
93
100
100
100
95
95
96
95
95
95
95
94
95
95
95
93
96

0
0
0
0
6
3
8
2
0
0
2
0
0
9
4
0
0
0
0
0
0
9
0
0
0

0
0

5
5
8
5
9
6
6
4
0
1
0
0
0
8
2
0
3
7
8
7
7
8
0
1
S
1

95.0
95
94
94
99
95
87
94
95
97
95
94
95
95
94
96
95
94
95

0
8
8
8
7
5
7
1
1
5
6
3
5
3
.0
.4
.3
.2

X62396
X62441
MS5285
M55286
M62705
M62704
M62706
X56532
X56533
X53485
X56531
X53486
H6424S
H61722
M61723
M54897
M64244
M64243
X57162
X57008
X54276
XS5032
X59604
XS9605
X59607

X616B8
X61689

M69186
M65248
H63B10
M63612
M60313
M62790
M56171
M65249
X60042
M60671
XS3853
X53854
XS3855
M35015
M35020
H75037
M75038
M75039
M75035
H75036
M75062
H75067
M75069
M75072
M35017
M75068
M75074
M75047
(47 5071
H75075
H35016
H35014
M63811
M75044
M75041
H63900
M75078
M75079
M75084
H75064
M75045
M35019
H75061
M75073
M75040

PCR
PCR

PCR
PCR
PCR
PCR
PCR
PCR

PCR
PCR
PCR
PCR

RT
RT

PCR
PCR
PCR

PCR

RT
RT

RT
RT

PCR

5o

I

K>

r
2

U>
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Table 1. continued I
Spocies

(b)
Specification

(c)
Taxonomic Position

Id)
I Length I

I «0 I
E.coll
» (f)

Access. I Method I

(9) I (h) I
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
161
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223

Hacmophilus parainfluenzae 2
Hacmophllus paraphrophaemolyticus
Hacmophilus paraphrophilus 1
Hacmophilua paraphrophilus 2
Haomophllua parasuis 1
Haentophilus parasuis 2
Haemophilus segnis
Haemophilus sp.
Hacmophilus taxon C
Leglonolla bozemanii
Legionella erythra
Lcgionolla hackeliae
Logionolla longboachae
LAgionella pneuraophila 1
Logionella pneuraophila 2
Logionolla pneumophila 3
Legionella pneunophila 4
Legionella apiritonsis
Oceanospirilluni linun
Pasteurolla aerogones
Pasteurolla anatia
Pasteurolla canis
Paatourolla dagmatis
Pasteurolla gallinarum

Paatcu
Pastou
Pasteu
Paatou
Pastou
Pastou

:ella haentolytlca 1
rollo haemolytica 2
rella langaa
•olla roultocida
rella pneumotropica
rella sp. 1• ^>* b W L V 4 ^ H ay ̂  * I

Pastourella sp. 2
Paatourella atomatis
Pastourolla volantium 1
Pasteurella volantiun 2
Serratia entoroophlla
Serratia ficaria
Sorratia fonticola
Serratia griroosii
Sorratia liquefaciena
Sorratia marcescens
Serratia odorifcra
Sorratia plyrauthica
Sorratia protearaaculans
Sorratia rubidaoa
Vibrio harvoyi
Campylobactor coll
Campylobacter fotus subsp. fetus
Campylobactor fotus oubsp. venoroalis
Campylobactor hyolntQStinalis 1
Campylobacter hyointostinalis 2
Campylobactor jejuni
Fibrobactttr intostinalor *
Pibrobacter intostinale:
Pibrobactsr intoatinale
Pibrobacter inteatlnalc
Pibrobactor intestinale
Pibrobacter succinogene
Pibrobacter succinogeno,
Fibrobacter aucclnogene:
Fibrobacter auccinogenc
Fibrobacter succinogeno
Fibrobacter succinogene
Fibrobacter aucclnogene
Fibrobactor auccinogeno
Flbrobactor auccinogene* *
Fibrobacter auccinogenoa 10
Hellcobacter folia 1
Helicobacter folia 2
Bacillus acidotarrestris
Bacillus alcalophilus
Bacillus alvoi 1
Bacillus alvei 2
Bacillus amyloliquofaciens
Bacillus aniylolyticua
Bacillus aneurlnolytlcus
Bacillus atrophaous

Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain

NCTC
NCTC
NCTC
NCTC
NCTC
NCTC
NCTC
NCTC
NCTC
ATCC

11368
11977
11979
11477
11192
11286
11233
11405
11990
11336 (T)

Strain NCTC 10322 (T)

Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain

ATCC 43705
G4024, ATCC 33105
G3965, ATCC 29844
G503, ATCC 14 460
G866, ATCC 27592
GS04, ATCC 13880
G1073, ATCC 33077
G510, ATCC 183
G3630, ATCC 19323
G864, ATCC 27593

Strain ATCC 27374
Strain ATCC 19438
Strain NADC 2006
Strain ATCC 35217

Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain
Strain

JG1
LH1
NH9
Cla
DR7
REH9-1
A3C
B1
BL2
GC5
HM2
MB4
MCI
KH4
SB5
CS1 (T)
DS3
DSM 3922
DSM 485
ATCC 6344
NCOO 1153
ATCC 23350
NCIMB 6144
NCIMB 10056
NCIMB 12899

Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
oteobacteria
oteobacteria
oteobacteria
oteobacteria
oteobacteria
oteobacteria
oteobacteria
oteobacteria
'oteobacteria
-oteobacteria
-oteobacteria
oteobacteria
oteobacteria
oteobacteria
'Oteobacteria
oteobacteria
oteobacteria
oteobacteria
oteobacteria
oteobacteria
oteobacteria
oteobacteria
oteobacteria
oteobacteria
oteobacteria
oteobacteria
oteobacteria
oteobacteria
oteobacteria
oteobacteria
oteobacteria
-oteobacteria

Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobac ter ia
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Proteobacteria
Firroicuta
Pirmicuta
Pirroicuta
Firroicuta
Pirmicuta
Pirmicuta
Pirroicuta
Firroicuta

Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gararoa group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Camma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Gamma group
Canna group
Gamma group
Uncertain affiliation
Uncertain affiliation
Uncertain affiliation
Uncertain affiliation
Uncertain affiliation
Uncertain affiliation
Uncertain affiliation
Uncertain affiliation
Uncertain affiliation
Uncertain affiliation
Uncertain affiliation
Uncertain affiliation
Uncertain affiliation
Uncertain affiliation
Uncertain affiliation
Uncertain affiliation
Uncertain affiliation
Uncertain affiliation
Uncertain affiliation
Uncertain affiliation
Uncertain affiliation
Uncertain affiliation
Uncertain affiliation
Low C*C
Low G*C
Low G*C
LOW G*C
LOW G«C
Low G*C
Low G*C
LOW G»C

(1459)
(1449)
(1457)
(1452)
(1463)
(1467)
(1458)
(1479)
(1475)
(1393)
(1389)
(1416)
(1426)
(1425)
(1420)
(1406)
(1411)
(1424)
(1511)
(1461)
(1469)
(1466)
(1475)
(1469)
(1469)
(1462)
(1463)
(1500)
(1464)
(1482)
(1470)
(1454)
(1460)
(1473)
(1495)
(1483)
(1486)
(1499)
(1490)
(1491)
(1491)
(1490)
(1491)
(1494)
(1268)
(1379)
(1447)
(1423)
(1446)
(1448)
(1437)
(1347)
(1344)
(1349)
(1332)
(1337)
(1142)
(1329)
(1328)
(1344)
(1333)
(1335)
(1319)
(1332)
(1328)
(1428)
(1413)
(1434)
(1415)
(1419)
(1379)
(1332)
(1409)
(1389)
(1407)
(1334)

94.6
94.3
94.7
94.1
95.1
95.3
94.8
95.7
95.7
89.7
89.5
91.4
92.3
92.0
91.7
90.6
90.9
92.2
97.1
94.6
95.6
94.7
95.7
94.9
95.5
95.0
95.1
96.4
95.5
96.2
95.4
94.4
94.4
95.5
97.3
96.5
96.6
97.4
97.0
97.3
97.0
96.7
97.0
97.2
82.7
91.2
95.6
94.2
95. 6
95.3
94.9
38.5
88.3
88.4
67.3
87.9
75.1
67.5
87.7
88.7
86.1
86.0
67.2
88.1
87.8
94.1
94.6
95.8
91.2
91 .6
69.4
85. 5
91.2
89.4
91.5
86.3

M7S081
M75076
M75042
M75082
M7S065
M75066
M75043
M75077
M75056
M36031
H36027
M36028
M36029
H36023
H36024
M36025
M36026
M36030
M2236S
M75048
M75054
H75049
M75051
H75059
M75063
M75080
M75053
M35018
M75083
M75052
M75055
M75OS0
M75060
M75070
no Ace
no Ace
no Ace
no Ace
no Ace
no Ace
no Ace
no Ace
no Ace
no Ace
M58172
no ace
H65012
M65011
M65009
M65010
no ace
H62690
M62691
M62695
M62686
M62687
H62682
M62683
H62684
M62685
H62686
M62689
M62692
M62693
H62694
M62696
H57398
M3764 3
X60602
X60603
X57304
X60604
X60605
X60606
X60645
X60607

RT
RT
RT
RT
RT
RT
RT
RT
RT
RT

5=

I
5
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1
Table 1. continued

§•

!

si.
5=
ISJ

Nr.
(a)

Species
(b)

Specification
(c)

Taxonoraic Position I LengthI E.colil
» (f) |

Access. I Mothod I
(9) | (h) |

4S2
453
454
455
456

457
458
459
460
461
462
463
464
465
466
467
466
469
470
471
472
473
474
475

PLASTIDS
Piaum aativum
Olisthodiscua luteus
Cryptontonaa Phi
Pyrcnomonas salina
Antlthamnion sp.

MITOCHONDRIA
Antilocapra americana
Bnlncnoptcra physalus
Bathyorgus janotta
Dathyorgus suillus
Capra hircus
Cryptomya damarenais
Cryptomys hottontotua 1
Cryptomys hottontotus 2
Gcorychus capenais
Hcliophobius argcnteoclncreus
Heteroccphalus glaber
Petromufl typicus
Thryonomya awindcrianun
Cyprinus carpio
Cacnorhabditis (slogans
Ascaris suum
Lupinua lutoua
Saccharomycoa ccrovisiao 5
P1asmodi um £alciparum

Adult female, liver, isolate no 27

Strain N2 Bristol.
Tissue body wall muscle and egg
Strain cv. Topaz, seedlings
Strain V2ST-RS

Magnoliophyta (Div.)
Ihromobionts
Cryptomonads
Cryptomonads
Rhodophytes (a

Chordata
Chordata
Chordata
Chordata
Chordata
Chordata
Chordata
Chordata
Chordata
Chordata
Chordata
Chordata
Chordata
Chordata
Nematoda
Nematoda

(Ph.)
(Ph.)
(Ph.)
(Ph.)
(Ph.)
(Ph.)
(Ph.)
(Ph.)
(Ph.)
(Ph.)
(Ph.)
(Ph.)
(Ph.)
(Ph.)
(Ph.)
(Ph.)

Kagnoliophyta
Ascomycotina
Sporoaioa

assemblage)
assemblage)
assemblage)
ssemblage)

, Vertebrata
, Vertebrata
, vertebrata
, Vertebrata
, Vertebrata
, Vertebrata
, Vertebrata
, Vertebrata
, Vertebrata
, Vertebrata
, Vertebrata
, Vertebrata
, Vertebrata
, Vertebrata

{Div.)
Ph.)

(assemblage)

(SPh.)
(SPh.)
{SPh.)
(SPh.)
(SPh.)
(SPh.)
(SPh.)
(SPh.)
(SPh.)
(SPh.)
(SPh.)
{SPh.)
(SPh.)
(SPh.)

Magnollopsida (Cl.)
Chrysophyta (Ph.)
Cryptophyta (Ph.)
Cryptophyta (Ph.)
Rhodophyta (Ph.)

Mammalia (Cl.)
Mammalia (Cl.)
Mammalia (Cl.)
Mammalia (Cl.)
Mammalia (Cl.)
Mammalia (Cl.)
Mammalia (Cl.)
Mammalia (Cl.)
Mammalia (Cl.)
Mammalia (Cl.)
Mammalia (Cl.)
Mammalia (Cl.)
Mammalia (Cl.)
Osteichthyes (Cl.)
Secernentea (Cl.)
Secerncntea (Cl.)
Magnoliopsida (Cl.)

Sporozoa (Ph.)

1487
1520
1493
1490
1486

958
976
(784)
(783)
956
(788)
(782)
(783)
(782)
(791)
(786)
(752)
(790)
9S1
697
701
2023
1651
1427

100.0
100.0
100.0
100.0
100.0

100.0
100.0
86.3
86.3
100.0
86.3
86.3
84.6
86.3
86.3
86.3
83.9
86.3
100.0
100.0
100.0
100.0
100.0
100.0

M37430
M82860
XS6806
XS5015
X54299

M55540
X6114S
M63565
M63564
M55541
M63569
M63567
M63568
M63566
M63S62
M63563
M63571
M63S70
X61010
X54252
X542S3
111512
X14966
X57167

Footnotes to Table 1
a)This number corresponds with the literature reference.
b)Species are classified alphabetically within each taxonomic group as defined in columns 4 and 5. When different sequences are determined for various strains or genes of the same organism, the sequences
are listed separately and the species name is followed by a number.
c)This column contains the following data, if specified by the authors:
-Strain name for laboratory animals, (cultivated) variety for plants, culture collection and strain number in the case of microorganisms
-Tissue from which the DNA used for cloning or amplification was extracted in the case of differentiated organisms.
-Ribosomal RNA operon to which belongs the cloned SSU rRNA gene in the case of bacteria.
The absence of a specification is often due to the fact that a sequence is unpublished and that the specification is not mentioned in the submission to a nucleotide sequence library.
d)The taxonomic position is described according to the following references:
477 for the Metazoa (No. 1 to 31), 478 for the higher plants (No. 32 to 43), 57, 70, and 479 for the higher fungi (No. 44 to 76). The taxonomic position of the remaining eukaryotes is decribed according
to Corliss (480). The archaebacteria are classified according to Woese (481). The classification of the eubacteria is according to Stackebrandt et al. (482) for the Proteobacteria, according to Wayne et al.
(483) for the Firmicuta, and according to Woese (481) for the remaining taxa. We have no information yet on the taxonomic position of species 450 and 451. Taxon designations corresponding to an
established taxonomic level are followed by the abbreviation Ph. (Phylum), SPh. (Subphylum), Div. (Division) and Cl. (Class).
e)The SSU rRNA termini are located experimentally (e.g. by SI nuclease mapping) by some authors, but more often deduced by comparison with structures from related species. In case of length
heterogeneity the length of the longest variant is listed. A number enclosed in brackets means that the sequence is incomplete and gives the number of sequenced nucleotides. This includes partially identified
nucleotides denoted as B, D, H, K, M, R, S, V, W or Y, but not unidentified nucleotides denoted as N.
f)For incomplete sequences, this is the combined length of the corresponding E. coli SSU rRNA segments as a fraction of the total E. coli SSU rRNA length. This may amount to 100% even for an
incomplete sequence because a missing segment may be situated in an insertion relative to the E. coli sequence. In order for an SSU rRNA sequence to be listed, the sequenced segments should correspond
to segments in the E. coli sequence amounting to a combined length of at least 70% of the complete E. coli SSU rRNA (477).
g)Accession number in the EMBL and Genbank nucleotide sequence libraries. The accession number for a sequence is the same in both libraries but there can be a delay before a sequence submitted to one
library arrives in the other one.
h)RT: the SSU rRNA was sequenced by the dideoxynucleotide method using reverse transcriptase. PCR: amplification of the DNA involved use of polymerase chain reaction. In the remaining cases,
specific information about the methods used was not available (e.g. unpublished results) or DNA was amplified by cloning only. Sequencing of amplified DNA was then performed in most cases by the
dideoxynucleotide method.
i)The SSU rRNA sequence of Ustilago maydis contains a 411-base pair intron between bases 1158 and 1159.

Downloaded from https://academic.oup.com/nar/article-abstract/20/suppl/2075/2358962
by Ghent University user
on 29 December 2017

mdcock
Text Box



Nucleic Acids Research, Vol. 20, Supplement 2089

Table 2. Helix occupancy in eukaryotic SSU rRNAs.

Taxon

Insecta

Platyhelminthes

Schizosaccharomyces pombe

Yarrowia lipolytica

Blastocladiella emersonii

Euplotes aediculatus

Plasmodium

Physarum polycephalum

Kinetoplastidea

Euglena gracilis

Babesia bigemina

Vairimorpha necatrix

Giardia

Naegleria gruberi

Acanthamoeba castellanii

All other eukaryotes

Taxonomic
level

Class

Phylum

Species

Species

Species

Species

Genus

Species

Phylum

Species

Species

Species

Genus

Species

Species

Helices (a)

E8

1

-

_

-

_

_

*

_

*

*

*

_

-

_

_

_

-

E10

1 2

* _

* _

* _

*

*

* _

* _

* *

*

*

-

-

*

* _

E21

1 2 3 4 5 6 7 8 9 10

_ _ _ _ _ * + * * _

E43

1

-

_

•

*

*

*

*

*

*

-

-

_

*

*

-

a) The presence of a helix
listed since universal
Vairimorpha necatrix SSU

is indicated by an asterisk. Only eukaryote-specific helices are
helices are present in all eukaryotic SSU rRNAs, except for
rRNA, which misses helices 10, 11 and 44.
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