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In 1980 and 1981, Grantham and his colleague (1,2) reported
the codon usages in a total of 161 protein genes in this journal,
and in 1986, 1988 and 1989, we reported those in all available
genes in the days (3-5). Now the codon usages in 15137 genes
can be analyzed using the nucleotide sequence data obtained from
the GenBank Genetic Sequence Data Bank (Release 65.0, Sep.,
1990). Because of the growing size of the database, it has become
impossible to print the data: It is planned to distribute the electric
version of the Sequence Supplement of this journal using a CD
ROM, possibly beginning in 1991. This year is a transition year,
and thus we will send, upon request, a magnetic tape or a hard
copy listing the codon usages in 15137 genes.
To reveal the characteristics of the codon use of a wide range

of organisms, as well as viruses and organella, the frequency
(per one thousand) of codon use in each organism for which more
than 20 genes are available was calculated by summing up
numbers of codon use (Table 1). The number of genes summed
for each organisms is given in the row designated as No. GENES,
and the total codon number thus summed is given at the bottom
row. Synonymous codon-choice patterns in different genes of
a single unicellular organism are known to be usually similar
with each other regardless of gene functions and thus with the
pattern listed in Table 1, (dialectal codon-choice pattern found
for individual unicellular organisms, see ref. 6). However, codon-
choice patterns in one higher vertebrate often differ significantly
between different genes (6-9): The diverse codon-choice patterns
found among genes of a single higher vertebrate have been
pointed out in connection with the evident diversity in the G+C%
at the codon third position among the genes (6-9). It should
be stressed that the characteristic pattern for the mammals listed
in Table 1 is obtained only after summing up the genes with
varying functions (3,4). When codon usages of approximately
10 or more genes with varying functions were summed up for
each mammal, they usually resulted in a very similar pattern and
thus in the pattern listed in Table 1, regardless of differences
in the genes used for the summation (3,4). The fact that the pattern
roughly common among the mammals does not depend on the
genes used for the summation shows that this relates with general
characteristics of their genomes: 1) deficiency of CpG (as well
as TpA) dinucleotide and the concomitant increase of TpG and
CpA (10); 2) paucity of genes in the A +T-rich genome portion,
(thus C- and G-ending codons are preferred; see ref. 7,11); 3)
gross similarity oftRNA population between different organs of
higher vertebrates (our unpublished data); 4) gross similarity of
amino acid composition between different proteins, as well as
between different mammals.

METHODS

In selecting protein coding sequences we relied on the
FEATURES tables of the GenBank, and only complete genes,
starting with an initiation codon and ending with one of stop
codons, were used in the analysis (see ref. 3 for details). In the
GenBank, a group of consecutive genes whose entire region had
been sequenced were registered under one LOCUS name. To
distinguish the different genes belonging to a single LOCUS,
symbol # followed by a number is added after the LOCUS name
in our database; the numbers represent the order of the peptides
registered in the FEATURES of the GenBank. When introns of
a gene have not been completely sequenced, some of its exons
are registered in separate entries (LOCUS) in the GenBank. These
exons belonging to the same gene but having different LOCUS
names were combined, and the LOCUS name of the last exon
followed by symbol * was given to the gene thus combined (3,4).
The order of the codons in the table is the same as the previous
compilation(I -5), and the correspondence of amino acids and
codons is followed from the universal codon table.
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Table 2. Correspondence between species names and abbreviations in Table 1.

FPL F PLASMID
HUM HUMAN HAL HALOBACTERPJM HALOBIUM
HAM HAMSTER KPN KLEBSELLA PNEUMONIA
NIS ME NGO NEISSERIA
RAT RAT PRM PROTEUS
Bv sovINE PSE PSEUDOMONAS
DOG DOG RCA RHODOBACTER CAPSULATUS
PIG PIG RHB BRADYRHIZOBIJM JAPONICUM
RAB RABBIT RHL RHIZOBIUM LEGUMNOSRUM
SHP SHEEP RHM RHIZOBIUM MELLOTI
CW CHICKEN SMA SERRATIA MARCESCENS
FSB FIH (GROUP B) SSP SULFOLOBUS VIRUS-LIKE PARTICLE
XEL XENOPJS LAEVIB STA STAPHYLOCOCUS AUREUS
BMO BOMBYX MORI STM STREPTOMYCES
CEL C. ELEGANS STR STREPTOCOCCUS
DOI DCTYOSELPJM DISCOIDEUM STY SALMONELLA TYPHIMURIUM
DRO DROSOPHLA MELANOGASTER SYN SYNECHOCOCCUS
PFA PLASMODIU FALCIPARUM TIP TIPLASME)
scm SCHISTOSGM WNSONI TRN TRANSPOSON TN
SUP SEA URCHIN (P.MILIARIS) VIB VIBRK)
SUS SEA URCHIN (SFRANCCANJS) YEP YERSINIA

(S fURALWS) ADB ADENOVIRUS TYPE 2
TRB TRYPANOSOMA BRUCEI FLA INFLUENZA A
ASN ASPERGILLUS NIXJLANS FLB INFLUENZA B
ATH ARABIDOPS,1S, THALLANA HIV HUMAN IMMUNODEFICIENCY VIRUS
BLY BARLEY HPB HEPATITIS B VIRUS
MZE MAIZE HS1 HERPES SIMPLEX VIRUS TYPE 1 (HSV-1)
NElJ NEUROSPORA HS2 HERPES SIMPLEX VIRUS TYPE 2 (HSV-2)
PEA PEA HS4 EPSTEIN-BARR VIRUS (EBV)
PHV BEAN (P.VULGARIS) HS6 HUMAN CYTOMEGALOVIRUS
POT POTATO MCV CUCUMBER MOSAIC VIRUS
RIC RICE MEA MEASLES VIRUJS
SOY SOYBEAN MHV MOUSE HEPATITIS VIRUS
SPI SPC N/ NEWASTLE DISEASE VIRUS
TOB TOBACCO NPA A. CALFORNICA NUCLEAR POLYHEDROSIS VIRUS
TOM TOMATO PIF HUMAN PARAINFLUENZA VIRUS
WHT WHEAT PLY POLYOMA VIRUS
YSC YEAST SACCHAROMYCES CEREVISIAE PPH HUMAN PAPILLOMAVIRUS
YSK YEAST KLUYVEROMIYCES REO REOVIRUS
YSP YEAST SCHIZOSACCHAROYCES POMBE SIV SIMIAN VIRUS
AFA ALCALIGENES SND SENDAI VIRUS
ANA ANABAENA VAC VACCINIA VIRUS
ATU AGROBACTERIUM TUMEFACIENS VAZ VARICELLA-ZOSTER VIRUS
AVI AZOTOBACTER VINELANDII VSV VESICULAR STOMATITIS VIRUS
ME BACILLUS MEGATERIUM LAM BACTERIOPHAGE LAMBDA
BPE BETELLA PERTUSSIS P22 BACTERK)PHAGE P22
BSP BACILLUS SP. PT4 BACTERIOPHAGE T4
BSS BACILLUS SPHAERICUS PT7 BACTERIOPHAGE T7
BST BACILLUS STEAROTHERMOPHILUS PZA BACTERIOPHAGE PZA
BSU BACLLUS SUBTLIS EGR CP EUGLENA GRACILIS CHLOROPLAST
BTH BACILLUS THURINGIENSIS MPO CP MARCHANTIA POLYMORPHA CHLOROPLAST
CHT CHLAYDIA TRACHOMATIS MZE CP MAIZE CHLOROPLAST
CLO CLOSTRNIUM PEACP PEA CHLOROPLAST
ECO ESCHERICHIA COLI SPI CP SPINACH CHLOROPLAST
FDI FREMYELLA DIPLOSIPHON TOB CP TOBACCO CHLOROPLAST


