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The term ‘synteny’ (or syntenic) refers
to gene loci on the same chromo-

some regardless of whether or not they are
genetically linked by classic linkage analy-
sis1. This term was introduced in 1971 by
John H. Renwick, of the London School of
Hygiene and Tropical Medicine, at the 4th

Internal Congress of Human Genetics in
Paris with one of us (E.P.) in attendance.
The need for such a term was suggested to
J.H. Renwick by E.A. Murphy, of Johns
Hopkins University2. It arose as a conse-
quence of the new methods in gene map-
ping using somatic cell hybrid cells.
Human genes located on the same chro-
mosome with a genetic distance that could
not be determined by the frequency of
recombination lacked a term of reference.

‘Synteny’ means ‘same thread’ (or rib-
bon), a state of being together in location,
as synchrony would be together in time.
Although several textbooks3–10 and other
reference works11–15 give a correct defini-
tion, the term synteny nowadays is often
used to refer to gene loci in different

organisms located on a chromosomal
region of common evolutionary ancestry.
This new usage of the term synteny does
not correspond to its original definition
and correct language derivation. A survey
of 11 articles in Nature Genetics since 1992
using the term syntenic or synteny in
either the title or the abstract revealed
usage incorrect in 8 and ambiguous in 3.

We believe molecular biologists ought
to respect the original definition of syn-
teny and its etymological derivation, espe-
cially as this term is still needed to refer to
genes located on the same chromosome.
We recognize the need to refer to gene loci
of common ancestry. Correct terms exist:
‘paralogous’ for genes that arose from a
common ancestor gene within one species
and ‘orthologous’ for the same gene in dif-
ferent species.
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Incorrect use of the term synteny

How many human genes are expressed
ubiquitously, in all human tissues,

and how many are expressed in tissue-spe-
cific patterns? To answer these fundamen-

tal questions in molecular biology, we
have analysed 3.5-million transcripts from
19 normal and diseased tissue types. We
found that as many as 43,500 genes can be

expressed in a single cell type. Only a small
fraction of transcripts were exclusively
expressed in any individual tissue, whereas
nearly 1,000 genes were expressed in all
cell types examined. We found 40 genes to
be expressed at elevated levels in all cancer
tissues but not in normal cells.

Serial analysis of gene expression
(SAGE) studies1,2 of 84 libraries derived
from 19 different sources identified
134,135 transcripts from approximately
84,000 different genes (Table 1; data and
analysis available at http://genetics.nature.
com/supplementary_info/). Expression
levels for these genes ranged from 0.3 to
9,417 transcript copies per cell. The tran-
script tags matched approximately 4,300
known genes and 41,000 genes with
unknown functions, whereas the remaining
transcript tags (46%) had no matches to
existing databases (Table 2, see http://genet-
ics.nature.com/supplementary_info/).

The subset of expression data from col-
orectal cancer cell lines provided the first
relatively complete analysis of the tran-
scripts expressed in a single mammalian
cell type. We analysed 643,283 transcripts
from colorectal cancer cell lines. As human
cells contain approximately 300,000
mRNA molecules, this number was suffi-
cient to provide approximately twofold
coverage of the transcriptome, revealing
over 83% of transcripts expected to be pre-

Analysis of human transcriptomes

Table 1 • Tissues and transcript tags

Librariesb Total transcriptsc Unique genesd

Normal tissuesa

colon epithelium5–9 2 98,089 12,941
keratinocytese 2 83,835 12,598
breast epitheliume 2 107,632 13,429
lung epithelium10 2 111,848 11,636
melanocytese 2 110,631 14,824
prostatee 2 98,010 9,786
monocytese 3 66,673 9,504
kidney epitheliume 2 103,836 15,094
chondrocytese 4 88,875 11,628
cardiomyocytese 4 77,374 9,449
brain9 3 202,448 23,580

Diseased tissuesa

colon cancer5–9,11,e 22 1,004,509 56,153
pancreatic cancer5–8 4 126,414 17,050
breast cancere 5 226,630 18,685
lung cancer10 5 221,302 22,783
melanomae 10 269,332 25,600
polycystic kidney diseasee 2 112,839 16,280
haemangiopericytomae 5 199,985 31,351
brain cancer9 3 186,567 23,108

Total 84 3,496,829 84,103

aSource of the RNA analysed. bThe number of SAGE libraries analysed. cThe total number of transcripts
analysed from each tissue. dThe number of unique genes observed in each tissue. eUnpublished data. See
Methods (http://genetics.nature.com/supplementary_info/) for the derivation of a number of unique genes.
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sent at levels as low as one copy per cell. We
confirmed this prediction by measurement
of ascertained new tags at increasing incre-
ments of total tags. The fraction of new
transcripts emanating from additional
SAGE data approached zero at approxi-
mately 650,000 tags (Fig. 1).

Expression levels of transcripts in colon
cancer cells ranged from 0.5 to 2,672 tran-
script copies per cell (Table 3, see http://
genetics.nature.com/supplementary_info/).
The 61 transcripts expressed at over 500
transcript copies per cell made up one-fifth
of the mRNA mass of the cell and the most
highly expressed 623 genes accounted for
nearly one-half of the mRNA content. In
contrast, most unique transcripts were
expressed at low levels, with just under 23%
of the mRNA mass of the cell comprising
90% of the unique transcripts expressed
(Table 4, see http://genetics.nature.com/
supplementary_info/). A ‘virtual rot’
analysis of the expressed transcripts, in
which the cumulative mRNA content of a
cell is plotted as a function of the transcript
concentration, identified a relatively con-
tinuous distribution of gene expression
without discrete abundance classes, similar
to those observed in previous rot studies of
human cancer cells3 (Fig. 2, see http://genet-
ics.nature.com/supplementary_info/).

Evaluation of SAGE data from other
cells revealed that changes in gene
expression between physiologic states of
a particular cell type or between differ-
ent samples of the same cell type were
less than changes between cell types
of different origins (Fig. 3, see http://
genetics.nature.com/supplementary_info/).
Only a small fraction of transcripts were
exclusively expressed in a particular nor-
mal or diseased tissue. Detailed analyses
of transcripts from epithelia of colon,
breast, lung and kidney, melanocytes,
and cells from prostate and brain identi-
fied transcripts that were nominally

expressed at greater than ten copies per
cell in one tissue, but not in any other
tissues studied. The fraction of these tis-
sue-specific transcripts ranged from
0.05% in normal prostate to 1.76% in
normal colon epithelium (Table 5, see
http://genetics.nature.com/supplementary_
info/). Approximately 50% of these tran-
script tags matched known genes or ESTs.
Most of these tissue-specific transcripts
have not been previously reported in the
literature and their roles in the tissues
examined provide a wealth of opportuni-
ties for further research.

We detected nearly 1,000 transcripts
that were expressed at more than or
equal to 5 transcript copies per cell in
every tissue analysed (Table 6, see http://
genetics.nature.com/supplementary_info/).
These expressed genes represent a view
into the ‘minimal transcriptome’ the set
of genes expressed in all human cells. Such
genes largely represent well-known consti-
tutive or housekeeping genes thought to
provide the molecular machinery neces-
sary for basic functions of cellular life4.
These data may also provide more useful
controls for RNA normalization than were
formerly available, as the expression pro-
files of genes previously used for this pur-
pose vary considerably between different
tissues and physiologic states.

Finally, we detected 40 genes that were
expressed in all cancer tissues examined
at levels greater than or equal to 3 tran-
script copies per cell and whose expres-
sion was at least twofold higher in each
cancer compared with its corresponding
normal tissue (Table 7, see http://genetics.
nature.com/supplementary_info/). The
observed elevated expression of such
genes in many tumour types indicates a
potentially general role for these genes in
tumorigenesis and suggests they may be
useful as diagnostic markers or targets for
therapeutic intervention.

The analyses described here provide a
heretofore unavailable picture of human
transcriptomes. Our results, like the
human genome sequence, provide basic
information integral to future experi-
mentation of normal and disease biol-
ogy. As SAGE analyses provide absolute
rather than relative expression levels,
future SAGE data can be directly inte-
grated with those described here to pro-
vide progressively deeper insights into
expression patterns.
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Fig. 1 Sampling of
gene expression in
colon cancer cells.
Analysis of transcripts
at increasing incre-
ments of transcript
tags indicates that
the fraction of new
transcripts identified
approaches zero at
∼ 650,000 total tags.
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