








(RPS) and a variant protein set (VPS) of

phosphatases and kinases that have been

comprehensively annotated (14) by looking

at domain composition counts (table S4).

These phosphoregulators could be function-

ally modulated through alteration in their in-

tracellular location. Among the 21 receptor

tyrosine phosphatase loci, we identified 23

variant transcripts from 14 loci with predicted

changes to the subcellular localization and

function of the encoded peptides. Of these, we

identified two noncatalytic classes: secreted

(10) and tethered (3). Furthermore, we iden-

tified two catalytic classes that lack the ex-

tracellular domains: catalytic only (5) and

tethered catalytic (5). Similarly, among the 77

receptor kinase loci, we identified 41 variant

transcripts from 33 loci which encode secreted

(16), tethered (10), catalytic only (7), or other

tethered catalytic (8) peptides. We then ana-

lyzed the membrane organization splicing

variants class within the full set of TUs (table

S5), which revealed 1287 TUs that exhibit

alternative initiation, splicing, and termina-

tion, likely to yield variant isoforms of mem-

brane proteins that differ in their cellular

location.

Of the 102,281 FANTOM3 cDNAs, 34,030

lack any protein-coding sequence (CDS) and

are annotated as non–protein coding RNA

(ncRNA) (6, 15) (table S1). Many putative

ncRNAs were singletons in the full-length

cDNA set. Among the FANTOM3 cDNA set

there was additional support from ESTs,

CAGE tags, or other cDNA clones overlapping

both the starting and termination sites for

41,025 cDNAs, of which only 3652 were

ncRNAs. This supported ncRNA set includes

many known ncRNAs (SOM text 4), and

many are dynamically expressed (SOM text

5). Following these same criteria, 3012 from

8961 cDNAs previously annotated as truncated

CDS were supported as genuine transcripts and

are believed to be ncRNA variants of protein-

coding cDNAs.

Many ncRNAs appear to start from initia-

tion sites in 3¶ untranslated regions (3¶UTRs)

of protein-coding loci (16). The normalized

distribution of CAGE tags along annotated

exons of known transcripts with more than 300

mapped tags each is shown in Fig. 2A. As

expected, the highest tag density on average

occurs at the 5¶ end, but there is also a sub-

stantial increase of tags in the last one-fifth

of the 3¶UTR. Strong evidence of 3¶ end

initiation was correlated with a short inter-

genic distance when in tail-to-tail orientation

with a neighboring gene (Fig. 2B), suggest-

ing a possible role in an intergenic regulatory

interaction.

The function of ncRNAs is a matter of de-

bate (17). Some ncRNAs are highly conserved

even in distant species: 1117 out of 2886

Fig. 3. Noncoding
RNA promoters are
highly conserved. (A)
Human-mouse conser-
vation of coding and
noncoding RNAs com-
pared with random ge-
nome sequence. (B
and C) Promoters con-
servation of noncoding
and coding mRNA
evaluated (B) by iden-
tity and (C) by align-
ment. (D) Overlap of
promoters of ncRNAs.
(E and F) Promoters of
coding mRNAs contain
a larger fraction of low
complexity and re-
peats than noncoding
promoters. LINE, long
interspersed nuclear
elements; LTR, long ter-
minal repeats; SINEs,
short interspersed nu-
clear elements.
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overlap chicken sequences, of which 780 do

not overlap known CDS and 438 do not over-

lap known mRNAs on either strand, whereas

68 out of 2886 have BLAST-like alignment

tool (BLAT) alignments to the Fugu ge-

nome, of which 40 do not overlap known

CDS on either strand. These ncRNAs are at

least as conserved as a reference set of

known ncRNAs (Fig. 3A), contrary to a pre-

vious study (17). However, ncRNAs are

slightly less conserved on average than 5¶ or

3¶UTRs. In contrast, the promoter regions of

ncRNAs are generally more conserved than

the promoters of the protein-coding mRNA,

not only between human and mouse but also

down in the evolutionary scale to chicken

(Fig. 3, B to F), and they contain binding

sites for known transcription factors (18). We

conclude that the large majority of ncRNAs

that we analyzed display positional conser-

vation across species. In considering func-

tion, one might conclude that the act of

transcription from the particular location is

either important or a consequence of ge-

nomic structure or sequence (for example,

enhancers such as that of the globin locus

can act as promoters), the transcript may

function through some kind of sequence-

specific interaction with the DNA sequence

from which it is derived, or many noncoding

RNAs have other targets but are evolving

rapidly (19, 20).

New databases have been created for cDNA

annotation, expression, and promoter analy-

sis (http://fantom3.gsc.riken.jp/db/ and SOM

text 6). The databases integrate common

gene and tissue ontologies like eVOC mouse

developmental ontologies (21), cross mapped

to Edinburgh Mouse Atlas Project (EMAP)

ontology terms (22). These eVOC terms al-

low analysis standardization of RNA sam-

ples used for cDNA and CAGE libraries in

both mouse and human and were included

into the DNA Database of Japan (DDBJ)

data submission (23).

Analysis of the output of FANTOM2 sug-

gested that there were many more tran-

scripts still to be discovered (24). Here, we

have confirmed that the majority of the

mammalian genome is transcribed, com-

monly from both strands. Such transcriptional

complexity implies caveats in interpretation

of microarray experiments (25) and genome

manipulation in mice, because these will

commonly interrupt or interrogate more than

one TK. Although the current overview gives

us an indication of the complexity of the

mammalian transcriptional landscape and a

new set of tools to begin to understand

transcriptional control (for example a very

large set of promoters that can be ascribed

to distinct classes) (16), we also gain in-

sight into the scale of the task that remains.

The ditag data indicate the existence of

very long transcripts whose isolation and

sequencing will require new cloning and

sequencing strategies. Although we have iso-

lated and sequenced many putative ncRNAs,

the FANTOM3 collection only contains 40%

of those already known. Finally, the focus

has been on polyadenylated mRNAs that

are processed and exported to the cytoplasm.

Recently, Gingeras and colleagues (5) have

shown that the set of nonpolyadenylated nu-

clear RNAs may be very large, and that many

such transcripts arise from so-called inter-

genic regions (7). The future can only reveal

additional complexity in the mammalian

transcriptome.
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Table 2. Transcript grouping and classification. The extent of splice variation was calculated by excluding
T-cell receptor and immunoglobulin genes from the transcripts. The remaining 144,351 transcripts were
grouped in 43,539 TUs, of which 18,627 (42.8%) consist of single-exon transcripts, 8110 (18.6%) contain
a single multiexon transcript, and the remaining 16,802 TUs (38.6%) contain at least two spliced
transcripts. Among these TUs, 5862 (34.9%) show no evidence of splice variation, whereas 10,940
(65.1%) contain multiple splice forms.

Total
Average
per TU
cluster

Average
per TK
cluster

Total number of transcripts 158,807 7.59 7.30
RIKEN full-length 102,801
Public (non-RIKEN) mRNAs 56,006

GFs 25,027 1.20 1.15
Framework clusters 31,992 1.53 1.47
TUs 44,147 2.11 2.03

With proteins 20,929 1.00 0.96
Without proteins 23,218 1.11 1.07

TK 45,142 2.16 2.07
With proteins 21,757 1.04 1.00
Without proteins 23,385 1.12 1.07

Splicing patterns 78,393 3.75 3.60

Table 3. Determination of transcripts start/end
accuracy. Two pieces of evidence (cDNA, tags,
ditags, EST, and 5¶-3¶ EST pairs) are required when
TSS/terminations lie inside larger transcripts, and
one piece of evidence is required when they extend
or identify new transcripts. Reliable indicates that
both ends are associated with reliable tag clusters.

Total Reliable

Total 5¶/3¶-end
pair sequence

1,507,122 1,336,397

5¶/3¶-end pair cluster 313,821 181,047
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ERRATUM

www.sciencemag.org SCIENCE ERRATUM POST DATE 24 MARCH 2006 1

CORRECTIONS &CLARIFICATIONS

Reports: “The transcriptional landscape of the mammalian genome,” by The FANTOM

Consortium et al. (2 Sept. 2005, p. 1559). On page 1561, column 3, lines 40-46 should

read: “In the FANTOM3 data set, 11,559 protein sequences are newly described. Their

splice variants were grouped together into 7445 TKs (transcriptional frameworks). For

5453 of these, a previously known sequence maps to the same TK (locus), but 1992

clusters (2222 different proteins) map to new TKs (see SOM text 3).”

Post date 24 March 2006
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Response
LEE ET AL. POINT OUT THAT THE NUMBER OF
reported protein sequences in FANTOM3 that

map to new positions on the genome appears

to be too large. We are grateful to them

for highlighting this discrepancy, which we

investigated and thus discov-

ered an error. For a detailed

description of the correction,

see the Corrections and Clari-

fications section in this issue.

The effect of the error is some-

what less than suggested by Lee

et al. In particular, our estimate

of the number of new protein-

coding genes found by us

has been revised from 5154 to

2222, a reduction of more than half, but much

less than the order of magnitude suggested by

Lee et al. As correctly pointed out, the rest of

the 5154 cDNAs are mainly alternatively

spliced isoforms. 

Lee et al. present three forms of evi-

dence: sequence similarity, exon microarray

data, and ORF size. (i) The sequence homol-

ogy data largely reflect the revision to the

number that we mention above, except that

Lee et al. used a recent RefSeq database,

whereas we used Genbank (7 January 2004).

There is no evidence that all RefSeq

sequences correspond to real transcribed

RNAs because they often include ab initio

predicted exons (1). Our strategy was to

construct the transcriptional frameworks

entirely based on real RNA transcripts,

rather than in silico reconstruction of puta-

tive gene structures. (ii) The exon microar-

ray data concern less than 3% of the number

LETTERS
edited by Etta Kavanagh

How Many New Genes Are There?

IN THEIR REPORT “THE TRANSCRIPTIONAL LANDSCAPE OF THE MAMMALIAN GENOME” (2 SEPT. 2005,
p. 1559), the RIKEN Genome Exploration Research Group and Genome Science Group (Genome

Network Project Core Group) and the FANTOM Consortium claim to have found 5154 new proteins

in the mouse genome not encoded by previously known

mRNA sequences, which could potentially correspond to a

considerable number of new protein-coding genes (4311,

following clustering) (1). This claim contrasts dramatically

with the view of the International Human Genome

Sequencing Consortium (2), which estimated that there are

20,000 to 25,000 protein-coding genes. Since there are

already 22,287 genes in the Ensembl 34d catalog, this

implies 0 to 2713 new genes. RIKEN/FANTOM’s estimate

contrasts even more strikingly with our results using exon

microarrays (3), in which the number of new multi-exon

protein-coding genes was estimated to be at most in the hundreds. We analyzed the putative new

FANTOM proteins (4), first by comparing their sequences with RefSeq release 13 from NCBI, NIH,

and including only those transcripts that are linked to a reference published no later than 1 May 2005,

thus excluding all the new FANTOM proteins. Restricting our analysis to the transcripts that have

strong experimental evidence (labeled Provisional, Validated, or Reviewed), we found that 2917

(56.6%) of the FANTOM proteins are in fact splice isoforms of known RefSeq transcripts, with the

majority of them (2716) corresponding to exon-skipping events. By then including predicted RefSeq

transcripts (labeled Genome Annotation, Inferred, Model, Predicted) in our analysis, 3568 (69.2%)

were found to be splice isoforms of known transcripts. By including GenBank mRNAs linked to pub-

lications before 1 May 2005, we found an extra 303 splice isoforms, bringing the total of already-

annotated genes to 3871 (75.1%). Moreover, of the 5154 FANTOM proteins, our microarray analysis

detected 2293 (by two or more exons), 144 of which are among the remaining 1283 FANTOM proteins

and most (131) of which are associated with known genes. We next asked whether the remaining 1193

putative proteins could be accounted for as false detections. The median open reading frame (ORF) size

in this set is 119 amino acids (aa), significantly shorter than that of all the FANTOM proteins (330 aa).

Although many real proteins have a length less than 119 aa, we hypothesized that such a short ORF

length can arise in noncoding transcripts by chance. The FANTOM Consortium identified 23,218

nonoverlapping, noncoding transcripts, so to test this hypothesis we generated a set of 20,000 random

cDNAs of 2000 bases (typical gene length) and found that 1247 of them had ORFs of 119 aa or more.

Therefore, it is possible that a large portion of the remaining 1193 putative proteins arose at random from

noncoding transcripts and may not encode functional polypeptides. On the basis of this analysis, the

number of completely new protein-coding genes discovered by the FANTOM Consortium is at most in

the hundreds, consistent with current estimates based on both sequence and microarray analysis (2, 3). 

LEO J. LEE,1 TIMOTHY R. HUGHES,2 BRENDAN J. FREY1

1Department of Electrical and Computer Engineering and 2Banting and Best Department of Medical Research, University
of Toronto, 10 King’s College Road, Toronto, ON M5S 3G4, Canada.

References and Notes
1. FANTOM3 cDNA sequences are not provided, but the protein sequences can be downloaded from

http://fantom3.gsc.riken.jp/.
2. International Human Genome Sequencing Consortium, Nature 431, 931 (2004).
3. B. J. Frey et al., Nat. Genet. 37, 991 (2005).
4. See www.psi.toronto.edu/TransLand for details.

COMMENTARY

“…the number of new
protein-coding genes
found by us has been

revised from 5154 to
2222…”

—FANTOM Consortium

“…the number of completely
new protein-coding genes
discovered by the FANTOM
Consortium is at most in
the hundreds…”

—Lee et al.
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of discussed proteins and do not have any

impact on the global message of a project of

the scale of FANTOM3. Despite Frey et al.’s

impressive computational reconstruction of

gene structure by analyzing expression pat-

terns of ab initio predicted exons (2), we

argue that this does not prove the physical

structure of each mRNA and the complexity

of the transcriptome with the same resolution

achieved by sequencing libraries derived

from mRNAs. In fact, our data show that

“genes” have multiple starting and termina-

tion sites: We have conservatively identified

at least 181,000 different RNA transcripts.

Additionally, Frey et al. (2) used only com-

putationally predicted exons. Rare, newly

discovered transcripts are unlikely to have

been in the training sets of ab initio exon

identif ication tools, and their sensitivity to

predict rare transcriptional events is not obvi-

ous. (iii) As for ORF size, 119 amino acids is

a perfectly respectable size for a protein and

within the bounds of statistical variation we

expect. In this regard, we have further identi-

fied in the FANTOM3 dataset at least 1100

proteins shorter than 100 amino acids (3).

Also, all of the novel FANTOM3 transcripts

have been manually curated by individual

researchers to distinguish them from novel

noncoding RNAs. In any case, our f inal

understanding of the number of protein-

coding mRNAs will derive from experimen-

tal validation with full-length cDNA clones

(3) rather than computational inferences. We

direct interested parties to the relevant sec-

tion of the FANTOM3 Web site (http://

fantom.gsc.riken.jp) where the updated files

are available, and we thank Lee et al. for help-

ing us to improve and update our analysis. 
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Why Suicide Rates Are

High in China

WE READ WITH INTEREST G. MILLER’S ARTICLE
describing a discrepancy between Chinese

rates of suicide and depression (“China: heal-

ing the metaphorical heart,” News Focus, 27

Jan., p. 462). However, we feel that Miller, by

concentrating on fatal self-harm rather than all

acts of self-harm, misses an opportunity to

understand the discrepancy he notes.

High rates of suicide and low rates of

depression are not restricted to China. Many

countries of the Asian “suicide belt” have sui-

cide rates higher than those of China (1, 2).

Suicide rates result from the incidence of

self-harm and the resulting fatality rate among

those individuals. Our research in Sri Lanka

indicates that high rates of suicide from self-

poisoning are due to a high fatality rate rather

than a high incidence of self-harm itself (3). A

useful contrast can be made with the UK.

Self-poisoning in the UK is very common,

with an annual incidence of presentation to

hospital of around 300 per 100,000. However,

self-poisoning is rarely lethal, with a fatality

rate per 1000 incidents normally less than

0.5% (4). Self-poisoning is also common in Sri

Lanka, with an estimated incidence of around

363 per 100,000 in one rural district. However,

the fatality rate is significantly higher at

~7.4%—at least 15 times higher than in the

UK (3). The reason for this higher fatality rate

in Sri Lanka, as in China, is the common use of

highly toxic poisons such as pesticides. Sri
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Lankan self-poisoners are not more keen to

die—they simply have easier access to pesti-

cides than do the residents of the UK (5). 

The high suicide rate in Sri Lanka and

China is not due to higher levels of mental ill-

ness or rates of self-harm, but to a higher lethal-

ity of self-harm acts. Concentrating solely on

rates of mental illness in Asia will not explain

the high rate of suicide in this region.
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CORRECTIONS AND CLARIFICATIONS

BOOKS ET AL.: “Humanity usurps nature” by B. Chameides
(10 Mar., p. 1379). The affiliation information is incorrect.
Bill Chameides is at Environmental Defense, 257

Park Avenue South, New York, NY 10010, USA. E-mail:
BChameides@environmentaldefense.org 

REPORTS: “The transcriptional landscape of the mammalian
genome” by the FANTOM Consortium et al. (2 Sept., p. 1559).
On page 1561, column 3, lines 40–46 should read: “In the
FANTOM3 data set, 11,559 protein sequences are newly
described. Their splice variants were grouped together into
7445 TKs (transcriptional frameworks). For 5453 of these, a
previously known sequence maps to the same TK (locus),
but 1992 clusters (2222 different proteins) map to new TKs
(see SOM text 3).”

NEWS FOCUS: “With energy to spare, an engineer makes
the case for basic research” by E. Kintisch (10 Mar., p.
1369). The National Superconducting Cyclotron Laboratory
at Michigan State University was incorrectly identified as
being supported by the Department of Energy. The NSCL
is a campus-based national user facility funded by the
National Science Foundation.

TECHNICAL COMMENT ABSTRACTS

Comment on “Changes in Tropical
Cyclone Number, Duration, and
Intensity in a Warming Environment”

Johnny C. L. Chan

Analyses of tropical cyclone records from the western North
Pacific reveal that the recent increase in occurrence of
intense typhoons reported by Webster et al. (Reports, 16
September 2005, p. 1844) is not a trend. Rather, it is likely
a part of the large interdecadal variations in the number of
intense typhoons related to similar temporal fluctuations in

the atmospheric environment.

Full text at www.sciencemag.org/cgi/content/full/311/5768/
1713b

Response to Comment on “Changes
in Tropical Cyclone Number,
Duration, and Intensity in a Warming
Environment”

P. J. Webster, J. A. Curry, J. Liu, G. J. Holland

Although Chan makes several valid points, his analysis con-
fuses relationships associated with the long-term variations
with those associated with shorter term variability (inter-
annual and decadal). We present an analysis that clarifies
the observations from the western North Pacific.

Full text at www.sciencemag.org/cgi/content/full/311/5768/
1713c
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LETTERS

Letters to the Editor
Letters (~300 words) discuss material published 
in Science in the previous 6 months or issues of
general interest. They can be submitted through
the Web (www.submit2science.org) or by regular
mail (1200 New York Ave., NW, Washington, DC
20005, USA). Letters are not acknowledged upon
receipt, nor are authors generally consulted before
publication. Whether published in full or in part,
letters are subject to editing for clarity and space.
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