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Abstract

The complete genomic sequence of an aerobic thermoacidophilic crenarchaeon, Sulfolobus tokodaii

strain7 which optimally grows at 80◦C, at low pH, and under aerobic conditions, has been determined
by the whole genome shotgun method with slight modifications. The genomic size was 2,694,756 bp long
and the G+C content was 32.8%. The following RNA-coding genes were identified: a single 16S–23S rRNA
cluster, one 5S rRNA gene and 46 tRNA genes (including 24 intron-containing tRNA genes). The repet-
itive sequences identified were SR-type repetitive sequences, long dispersed-type repetitive sequences and
Tn-like repetitive elements. The genome contained 2826 potential protein-coding regions (open reading
frames, ORFs). By similarity search against public databases, 911 (32.2%) ORFs were related to functional
assigned genes, 921 (32.6%) were related to conserved ORFs of unknown function, 145 (5.1%) contained
some motifs, and remaining 849 (30.0%) did not show any significant similarity to the registered sequences.
The ORFs with functional assignments included the candidate genes involved in sulfide metabolism, the
TCA cycle and the respiratory chain. Sequence comparison provided evidence suggesting the integration of
plasmid, rearrangement of genomic structure, and duplication of genomic regions that may be responsible
for the larger genomic size of the S. tokodaii strain7 genome. The genome contained eukaryote-type genes
which were not identified in other archaea and lacked the CCA sequence in the tRNA genes. The result
suggests that this strain is closer to eukaryotes among the archaea strains so far sequenced.

The data presented in this paper are also available on the internet homepage
(http://www.bio.nite.go.jp/ E-home/genome list-e.html/).

Key words: aerobic thermoacidophilic crenarchaeon; genome sequencing; whole genome shotgun method;
comparative analysis; plasmid

1. Introduction

Among the complete genome sequences of thermophilic
archaea reported,1–5 two genomes were sequenced by
our group: Pyrococcus horikoshii OT31 and Aeropyrum

pernix K1.2 These two species are hyper-thermophilic and
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AP000981–AP000990.

optimally grow at over 95◦C. While P. horikoshii OT3
is an anaerobic euryarchaeon, A. pernix K1 is an aer-
obic crenarchaeon. The entire genomic sequence of
A. pernix K1 was the first and the only complete genomic
data of crenarchaeota. It is also the only known genomic
sequence of a strictly aerobic hyperthermophile. To ob-
tain more information about the genomic sequence data
of A. pernix K1, it is useful to compare the data with
data from closely related species.

We therefore selected Sulfolobus tokodaii strain7, a
species of genus Sulfolobus in crenarchaeon for sequenc-
ing. This strain was isolated from Beppu hotsprings
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in Kyushu, Japan in 1983.6 This species grows under
aerobic conditions, as does A. pernix K1. The opti-
mal growth temperature of S. tokodaii strain7 is 80◦C
and the optimal pH is between 2 and 3. The genomic
data of this strain is expected to provide the informa-
tion on not only the thermostability of proteins but also
the characteristics of cells living in an acidic environ-
ment. The genomic size of this strain is approximately
2.7 Mbp,7 1 Mbp larger than the other two species pre-
viously determined by our group: P. horikoshii OT3
and A. pernix K1. In addition to above genomic fea-
tures, S. tokodaii strain7 has no extra-chromosomal ge-
netic unit7 and is able to convert hydrogen sulfide to
sulfate (personal communication from A. Yamagishi and
T. Oshima).

To determine the entire sequence of this genome,
the shotgun libraries with short and long inserts were
constructed both from the entire genomic DNA and
from the restriction fragments of genomic DNA digested
with BssH II. The raw sequencing data from shotgun
clones were assembled using the software PhredPhrap
and Consed.8–10 The remaining sequencing gaps were
filled by walking of long insert shotgun clones.

2. Materials and Methods

2.1. Bacterial strains and genomic DNA

The strain, S. tokodaii strain7 deposited in the Japan
Collection of Microorganisms (JCM number 10545) was
used for genome sequencing in this study. These cells
were inoculated into 100 ml of the Sulfolobus culture
medium11 which was prepared in 500-ml Erlenmeyer
flasks, and cultured at 80◦C with vigorous shaking.
The genomic DNA was isolated principally based on
the method of Yamagishi and Oshima.12 Escherichia coli

DH10B was used for the preparation of plasmid clones.

2.2. Construction of shotgun clones

The S. tokodaii strain7 genomic DNA was sonicated
for 5, 10, and 20 sec at the L position of a sonica-
tor Biorupter (Cosmo Bio, Tokyo, Japan), followed by
size-fractionation by agarose gel electrophoresis. The
fractions from 0.8 to 1.2 kb and from 2.0 to 2.5 kb were
independently cloned into the Hinc II site of pUC118
(Takara Shuzo, Kyoto, Japan). They are referred to as
short-fragment and long-fragment shotgun libraries, re-
spectively.

For the construction of the shotgun libraries from re-
striction fragments, the genomic DNA was prepared in
the agarose-plug as described by Kondo et al.,7 and after
complete digestion of DNA in the plugs with BssH II, the
digests were resolved in 0.4% low-melting-point agarose
gel by electrophoresis. The bands were cut out and the
gel was dissolved by incubation at 50◦C with Agarase
(FMC, Rockland, ME, USA) overnight. The resul-

tant solution containing DNA fragments was sonicated,
and the short-fragment shotgun library was prepared as
above, except for BssH II fragment A (945 kb) from
which both short- and long-fragment shotgun libraries
were constructed.

2.3. Sequencing

Plasmid DNA was prepared by an Autogen 740 auto-
matic DNA preparation system (Autogen, Framington,
MA, USA). The sequencing reaction was performed us-
ing two kinds of cycle sequencing kits, a dye-primer cy-
cle sequencing kit and a dye-terminator cycle sequencing
kit. The sequence data were detected by ABI-DNA se-
quencers (377XL; Perkin-Elmer ABI, Foster City, CA,
USA). Also the dye-terminator cycle sequencing kit was
used for filling the sequencing gaps. The long-fragment
shotgun clones with inserts covering gap regions were
used for filling of gaps by walking with synthesized
primers.

The raw sequence data were first analyzed with the
software Phred.7 After the elimination of contaminated
sequences derived from E. coli or vector DNAs, the
treated data were assembled into contigs using the soft-
ware Phrap8 and Consed.9 The assembled sequences were
split into 30-kbp segments and the sequence in each seg-
ment was re-assembled and edited by Sequencher (Gene
Codes, Ann Arbor, MI, USA).

2.4. Computational analysis

The criteria used for the assignment of potential
protein-coding regions were similar to those used in
the previous paper.1 However, the open reading frames
(ORFs) which had neither similarity nor motif sequences
completely included within longer ORFs were not as-
signed as potential protein-coding regions in this work.
Similarity search of the assigned ORFs was mainly
performed by the Smith-Waterman algolithm.13 The
databases used for similarity search were GenBank re-
lease 109, EMBL release 56.0, Swiss-Prot release 38.0,
PIR release 62.0, and Owl release 31.4.

3. Results and Discussion

3.1. Determination of entire genome sequence

The physical map of circular genomic DNA of
S. tokodaii strain7 has been reported by Kondo et al.7

According to their observation that the genomic DNA
generates six fragments upon digestion with BssH II,
these six fragments were used for the construction of
fragment-specific shotgun libraries.

The entire genome sequence was determined by the
whole genome shotgun method14 with slight modifica-
tions. The two kinds of shotgun libraries, one with
approximately 1-kb inserts (short-fragment shotgun li-
brary) and the other with approximately 2.2-kb inserts
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(long-fragment shotgun library), were prepared from
the genomic DNA and from BssH II fragment A. From
the other BssH II fragments, only short-fragment shot-
gun libraries were constructed. The clones from the
short-fragment shotgun libraries were sequenced from
one end whereas the clones from the long-fragment shot-
gun libraries were sequenced from both ends. A total of
61,000 readings of raw sequencing data were accumulated
and assembled using PhredPhrap.8–10

As indicated in the following section, a large number of
long dispersed repetitive sequences were identified from
the consensus sequences of primary contigs generated
by PhredPhrap. To avoid the confusion of assembling
by these repetitive sequences, the nucleotide sequence
of these repetitive units were added in the cross-match
database of PhredPhrap and were not used for contig
assembling. The resulting contigs were separated into
30-kbp regions and the raw data contained in each re-
gion was re-assembled and edited by Sequencher.

To fill the remaining sequencing gaps, the clones car-
rying the end sequences of contigs were selected from the
long-fragment shotgun libraries and sequenced by walk-
ing with synthesized primers. The nucleotide sequences
of long dispersed repetitive units were also determined by
walking the long-fragment shotgun clones which included
each repetitive unit with synthesized primers. All the se-
quences were determined by co-incidence of sequences of
at least two clones per base.

To confirm the authenticity of the genomic sequence
constructed, the restriction pattern of each 15-kb frag-
ment directly amplified from the genomic DNA by long
PCR were compared with those deduced from the se-
quence data.

The total length of the genome finally confirmed was
2,694,756 bp. The nucleotide position was numbered
from the one end of the BssH II restriction site located
on the Not I B and Rsr II F fragments in the physical
map shown by Kondo et al.7

Distribution of ACGT along the strand of the entire
genome was 33.4% A, 16.3% C, 16.5% G, and 33.8% T,
resulting in a G + C content of 32.8%. Through the pro-
cesses of genomic sequencing, no evidence was obtained
for the presence of an extra-chromosomal unit.

3.2. RNA coding genes

The entire genomic sequence was subjected to simi-
larity search against the rRNA sequences registered in
the databases. It was found that the S. tokodaii strain7
genome contained a single 16S–23S rRNA cluster and
one 5S rRNA. This organization is similar to those of
P. horikoshii OT31 and A. pernix K1.2

Forty-five tRNA genes were identified by searching
with tRNA scan,15 and one tRNA gene for Leu (GAG)
was identified by similarity search. The species of tRNA
genes identified are shown in Table 1. Forty-one of

these genes were discretely mapped, while the remaining
six tRNA genes were mapped as clusters of two tRNA
genes. As noted in other microorganisms,1,2,16 no tRNA
genes containing A at the first position of the anticodon
were identified. Similar to the archaea genomes already
sequenced, the Met-tRNA gene occurred in triplicate.
However, the sequences had no similarity to one another,
suggesting that the different Met-tRNA species may be
used for the translation initiation of different classes of
genes.

Twenty-four tRNA genes were found to contain 11-
to 57-bp long introns. These genes containing introns
and the organization of the introns in each gene are
summarized in Table 2. In all of the intron-containing
tRNA genes except for the tRNA-Leu (GAG), tRNA-Glu
(UUC) and tRNA-Glu (CUC) genes, the introns were
identified 1 bp downstream from the 3′ end of the anti-
codon triplet. The intron in the tRNA-Leu (GAG) gene
had been inserted 4-bp upstream from the 5′ end of an-
ticodon region. The 17 bp-long intron portion was as-
signed within the D-loop of two tRNA-Glu genes. The
Insertion position of these introns was similar to that of
the tRNA-Thr (UGU) gene identified in the A. pernix K1
genome.2

In contrast to tRNA genes in other archaea, most
of the tRNA genes identified did not contain the 3′

terminal CCA sequence. On the other hand, tRNA
nucleotidyltransferase,17 that catalyzed the addition of
the CCA sequence to tRNA transcripts, was found on
this genome (ST0952). In bacteria, the 3′ CCA is gener-
ally encoded on the tRNA genes. The role of E. coli

tRNA nucleotidyltransferase is the repair of tRNA 3′

ends.18–20 In eukaryotes, where CCA is rarely encoded by
tRNA genes, tRNA nucleotidyltransferase is essential.21

Although the role of tRNA nucleotidyltransferase is un-
clear in S. tokodaii strain7, the structure of tRNA genes
and the presence of a CCA-adding enzyme are similar to
eukaryotic cells.

The genes for all tRNA synthetases have been identi-
fied in the assigned ORFs, except for those for tRNAGln

and tRNAAsn. Instead, similar to Bacillus subtilis22

and Deinococcus radiodurans,23 the three subunits of
Glu-tRNAGln amidotransferase (ST1283, ST0282, and
STS140), which were necessary for transamidation of
Glu-tRNAGln and Asp-tRNAAsn, were identified.

3.3. Repetitive sequences identified

Three types of repeating units including Tn-like ele-
ments were found on the genome of S. tokodaii strain7.

The first type, named type A, is comprised of repet-
itive sequences composed of LR and SR segments,
and is divided into two subtypes based on the se-
quences of SR segments. The subtype A-I repeti-
tive unit contained 24 bp-long well-conserved SR seg-
ments (GMTAATCCWTAATGGAATTGAAAG) and a
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Table 1. Summary of assigned tRNA genes.

tRNA genes assigned are indicated by © and those with introns by ©◦

*; All three tRNAMet possessed the introns

Table 2. The size and position of introns in the intron-containing tRNA genes.

*: Nucleotide positions from the 5′ end of tRNA genes.
**: These numerals indicated the unusual position or size of introns.

variable 36- to 169-bp sequence, followed by 223 bp-,
244 bp-, or 310 bp-long LR segments. This type of
repetitive unit was present at three different positions
with 48, 104, and 119 repeats of SR segments (coor-
dinates: 2,667,399–2,664,097; 2,678,286–2,671,319; and
2,693,179–2,685,053).

The subtype A-II repetitive unit was composed of 73
and 113 repeats of 25-bp-long well-conserved SR seg-

ments (GATGAATCCCAAAAGGAATTGAAAG) and
a variable 33- to 45-bp spacer sequence, followed by
228-bp-long LR segments. These repetitive units were
identified at two different positions (coordinates: 30,837–
25,997 and 32,475–39,835).

The second type of repetitive sequences was Tn-like
elements. This was extracted by analysis of ORFs that
are present in repetitive sequences. Out of nine ORFs
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Table 3. The lengths and coordinations of the Tn-like elements and dispersed repetitive sequences.

assigned as transposases, seven ORFs with 136 amino
acid residues were located within the highly conserved
1779-bp-long sequences. Thus, these regions were as-
signed as a Tn-like element. However, the inverted re-
peats, which were generally identified at the border of
Tn elements were not found. In addition to this complete
Tn-like element, its truncated form was also identified.
The end region of each truncated element was identical
to the end sequence of the Tn-like element. The size of
this element was 352 bp long and the transposase was not
found in this truncated element. The position and direc-
tion of these Tn-like repetitive elements and truncated
form of the Tn-like element are summarized in Table 3.

The third type of repetitive units comprised four sub-
types of different repeating units from 518 bp to 1459 bp,
and appeared dispersed along the entire genome. The
length and coordinate of these four different repetitive
sequences are summarized in Table 3. These long repet-
itive sequences often interfered with the assembly of raw
sequencing data, but the problem could be minimized
by registration of repetitive sequences into a cross-match
database in PhredPhrap. The biological significance of
these repeats, except for the Tn-like element, is not
known.

3.4. Assignment and similarity search of potential

protein-coding regions

The assignment of potential protein-coding regions
was performed as the previous paper1 with some mod-
ifications. The ORFs which consist of longer than
100 codons starting with ATG or GTG were designated
by a two-letter code (ST) plus a four-digit number indi-
cating the ORF position. The ORFs which were entirely
included within longer ORF on either strand and showed
neither similarity nor motif sequences were not assigned
as potential protein-coding regions. There were a total
of 2558 ST-class ORFs.

Subsequently, shorter ORFs consisting of 50 to
99 codons were extracted from the regions where no
ST-class ORF was assigned plus a neighboring 150-bp re-
gion overlapping the next ST-class ORFs. Among these
short ORFs, those which possessed significant similar-
ity to either the registered sequences in databases or to
protein motifs were taken as potential protein-coding re-
gions and named with a three-letter code (STS) plus a
three-digit number indicating the ORF position. The or-
ganization of all ORFs assigned among the entire genome
is shown in Fig. 1.

Thus, a total of 2826 ORFs were assigned along the en-
tire genomic sequence (ST-class ORFs = 2558, STS-class
ORFs = 268). The average size of the ORFs was
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Table 4. Summary of functional classification of ORFs.

267 amino acid residues, and the longest one consisted
of 1933 residues (ST0620). The 2826 assigned ORFs oc-
cupy 83.9% of the entire genome. The G + C content in
these coding regions was 33.52%, and that in non-coding
regions was 28.51%.

For the assignment of gene function, the products
name in public databases with a Zscore greater than
or equal to 20, or with over 30% amino acid sequence
identity along the entire coding region, were taken for
ST-class ORFs. The name of gene products with a Zscore
greater than or equal to 12 were also used for STS-class
ORFs. Among ST- and STS-class ORFs, there were
911(32.2%) ORFs with assigned function, 921 (32.6%)
showed significant similarity to registered sequences with
unknown function, and 145 (5.1%) contained some mo-
tifs. The remaining 849 ORFs showed no significant sim-
ilarity to the sequences in public databases and protein
motif sequence. The predicted products of ORFs with
known functions are summarized in Table 11, in which
all products predicted are classified according to func-
tional categories.

The ORFs showing similarities to the registered genes
with known functions were classified according to the
functional categories and are provided in Table 4; the
product names are listed in Table 11. As indicated in
Table 4, this genome contained a large number of genes
related to energy metabolism. This may be due to the
heterotrophic feature of this microorganism, which use a
large number of compounds as the energy source.

The codon usages of the proteins encoded by the
2826 ORFs are summarized in Table 5. The codons with
A or U at the third position appeared to be more fre-
quently used, probably reflecting the relatively low G+C
content of this strain.

3.5. Other features

3.5.1. Genes related to respiration

Since S. tokodaii strain7 is aerobic, the genes involved
in the TCA cycle were searched, and all of the genes
in this cycle were identified on the genome. Two copies
of the genes coding for citrate synthase and two subunits
of 2-oxoacid:ferredoxin oxidoreductase,24 which plays the
same role in archaea as alpha-ketoglutarate dehydroge-
nase, were identified in the genome. This result suggests
that S. tokodaii strain7 has a complete TCA cycle system
similar to that found in mitochondria of eukaryotes.

On the other hand, some genes in the respiratory
chain which participate in the production of ATP were
not identified by similarity searching. In particular, cy-
tochrome c was not identified in this microorganism.
This feature is similar to that in A. pernix K1. As cy-
tochrome c has an important role in electron transfer to
oxygen in eukaryotes, it is likely that this microorgan-
ism uses a different molecule for the same function or
possesses a different pathway. Participation of Rieske
iron-sulfur protein and/or sulfocyanin in place of cy-
tochrome c has been suggested in Sulfolobus species.

3.5.2. ORFs related to sulfide metabolism

S. tokodaii strain7 is known to oxidize hydrogen sul-
fide to sulfate intracellularly, and this feature has been
applied for the treatment of industrial waste water
(personal communication from A. Yamagishi and T.
Oshima). By similarity search of the genes relating to
this pathway, a total of eight ORFs were detected as
genes related to sulfide metabolism (from hydrogen sul-
fide to sulfate). These ORFs and their products are sum-
marized in Table 6. These enzymes seem to be enough to
oxidize sulfur from hydrogen sulfide to sulfate. Although
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Table 5. Codon usages of the predicted proteins coded for by the 2826 ORFs.

Numerals in the second column are the sum of codons present, and those in the third
column are the frequency of occurrence per thousand in ORFs of S. tokodaii strain7

Table 6. List of ORFs related to H2S oxidizing reactions.

the products of these ORFs have not yet been isolated,
confirmation of their activities would provide the valu-
able information for sulfide metabolism in this microor-
ganism and facilitate the improvement of this system for
industrial applications.

3.5.3. Possible integration of plasmid into chromosome

It has previously been reported that Sulfolobus sp.
NOB8H2 contains 41,229 bp long plasmid, pNOB8.25,26

However, no extra-chromosomal genetic unit was de-
tected in the analysis in the present study, whereas these
two strains belong to the same genus. To clarify the
possibility that a plasmid had been integrated into this
genome, we searched ORF homologues of pNOB8. As
indicated in Table 7, a total of 37 gene families, consist-
ing of 66 ORFs, were identified in the S. tokodaii strain7
genome, although their organization and the number of
genes included in each gene family are variable in the
genome. These results imply that a plasmid from an an-
cestral species was integrated into the S. tokodaii strain7
genome, and following rearrangement and duplication of
the genome resulted in the variation of the order and

copy number of genes originally encoded by the plasmid.
Peng et al. previously showed that pHEN7, a plasmid
isolated from S. islandicus, was integrated into the host
chromosome by integrase encoded by the plasmid itself.27

The length of the plasmid is very short, 7.83 kb, and the
integrase is highly similar to that found in SVV1 virus.28

Two kinds of integrases were identified in the genome of
S. tokodaii strain7, one was partially similar to that in
SSV1 virus and the other was highly similar to the inte-
grase/recombinase possessed in bacteria. The mechanism
of integration in S. tokodaii strain7 may be different from
that in S. islandicus.

Out of the 66 ORFs identified, the functions of only
three genes were assigned, and the remaining 63 ORFs
were assigned as genes with unknown function. These
genes with unknown function may be indispensable for
S. tokodaii strain7, as these genes have been maintained
in the genome until now.

3.5.4. ORFs related to eukaryote-type gene families

Many genes assigned on archaeal genomes are often
identified in eukaryotes or eubacteria.29–31 During sim-
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Table 7. S. tokodaii ORFs orthologous to genes coded in plasmid pNOB8.

Table 8. S. tokodaii ORFs with similarity to the eukaryote-type genes.

ilarity search of the S. tokodaii strain7 ORFs against
public databases, we found that 14 ORFs show similar-
ity to gene families that are only identified in eukary-
otes. The homologues of these ORFs are not detected
either in other archaea or bacteria. These ORFs and
predicted gene products are given in Table 8. In ad-
dition to these eukaryotic-type genes, this strain con-

tained 37 archaea-specific ORFs and 53 ORFs which are
present both in archaea and eukaryotes. Identification of
eukaryote-specific genes together with the absence of the
CCA sequence in tRNA genes suggests that this strain
is closer to eukaryote among archaea that have had their
genomes completely sequenced.
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Table 9. Homologous ORFs identified by sequence comparison among the 2826 ORFs of S. tokodaii strain7.

*: ORFs with Zscore higher than 8 in SW search and
amino acid identity higher than 30% in 70% of the entire
region were taken.

Table 10. List of the same ORFs identified on the S. tokodaii strain7 genome.

3.5.5. Duplication of ORFs

By sequence comparison among the ORFs, 1471 ORFs
were grouped into 494 families (Table 9). The result can
be interpreted that ORFs in each group were generated
by duplication of an ancestral sequence. Such homolo-
gous ORFs were present in the genome as either tandem
repeats of a single ORF or the repeats of a single or a
cluster of ORFs at different locations.

Within these families, we detected 22 families that are
composed of ORFs which have over 95% length iden-
tity and over 95% amino acid identity. The gene fam-
ilies detected are summarized in Table 10. In addition
to transposase and IS-element related proteins, sixteen
kinds of proteins which possessed the same sequence were
detected at different positions in the genome. This result

suggests that rearrangement or duplication of the genome
may continue to occur.

3.5.6. Other notable genes

The structure of the operon encoding H+-ATPase
(ST1435, ST1436, ST1437, ST1438, ST1439, STS172)
of this strain has already been reported by Denda et
al.32–35 Data comparison indicated that the length of
the delta subunit is 80 amino acids shorter than that
of ST1435. Because some subunits which were present
in E. coli36 or Synecococcus37 were not identified in the
operon cloned from S. tokodaii strain7, Denda et al. sug-
gested two possibilities: One is that the operon encodes
all of the genes necessary for the whole ATPase complex
and the other is that the operon encoding the subunits of

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/d
n
a
re

s
e
a
rc

h
/a

rtic
le

/8
/4

/1
2
3
/4

7
7
6
8
2
 b

y
 U

.S
. D

e
p
a

rtm
e
n
t o

f J
u
s
tic

e
 u

s
e
r o

n
 1

7
 A

u
g
u
s
t 2

0
2
2



132 Complete Genome Sequence of S. tokodaii strain7 [Vol. 8,

ATPase were split into two (or more) independent oper-
ons. Our data suggest that one more ORF (ST1434)
upstream of ST1435 may be included in this operon as
the subunit of the H+-ATPase. It seems reasonable to
conclude that this operon in S. tokodaii strain7 contains
all of the genes of the whole ATPase complex.

The genes containing inteins, defined as the
self-splicing portions of a polypeptide sequence,38,39 have
been identified in the genome of P. horikoshii OT31 and
A. pernix K1.2 However, no genes with the intein por-
tion were identified in the S. tokodaii strain7 genome.
Like all other aerobic organisms, the gene for superox-
ide dismutase2,40–42 was also present in this organism
(ST2283).

The entire genomic sequence of S. tokodaii strain7 is
the third sequence from aerobic thermophilic crenar-
chaeota. The comparison of this genome with other ar-
chaea or thermophilic microorganisms may provide im-
portant information about the difference between eur-
yarchaeota and crenarchaeota, as well as differences of
the thermostability of proteins and the origin or evolu-
tion of eukaryotes. More detailed analysis of gene or-
ganization and gene structure in comparison with other
archaeal genomes is under investigation.
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Table 11. List of ORFs showing similarities to registered genes with known function.
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Table 11. Continued.
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Table 11. Continued.
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Table 11. Continued.

The columns from left to right represent the ORF ID, length of amino acid residues of ORFs, probable
gene products, locus of genes which showed the highest similarity to corresponding ORFs, Zscore taken
from Smith-Waterman similarity search, and percent identity between the reported genes and assigned
ORFs.
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Figure 1. Gene map of the Sulfolobus tokodaii strain7 genome. A total of 2826 putatively identified potential protein-coding regions
are shown, and the direction of transcription is indicated by arrows. Each line in the figure represents 100,000 bp of sequence in the
S. tokodaii strain7 genome. Positions are given by numbers above or below the tic marks in each row. The ORFs are color coded
by role category as described in the key. ORF ID numbers placed above or below the ORFs correspond to those in Table 11. The
rRNA operon and tRNA genes, are labeled.
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Figure 1. Continued.
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Figure 1. Continued.
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