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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 and 1988 we reported those in 1638 and 3681 genes,
analyzing all the data available in those days (3,4). Now the codon
usages in 11415 genes can be analyzed using the nucleotide
sequence data obtained from the GenBank Genetic Sequence Data
Bank (Release 62.0, Dec., 1989). Because of the growing size
of the database, in this year a part of the data is listed. It is planned
to distribute the electric version of the Sequence Supplement of
this journal using a CD ROM, 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 11415 genes.

Table 1 lists the codon use in each of the 1543 nuclear genes
registered in the GenBank Primate Sequence File. The LOCUS
names given in the GenBank were used for designating individual
genes, and the SHORT DIRECTORY of the GenBank is
presented for defining each LOCUS name (Table 3).

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 2). 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. Since the codon usage of each organism thus summed has
been expressed in frequency per one thousand, it is easy to
compare the codon-usage patterns among different organisms.
Confirming the ‘genome hypothesis’ of Grantham et al. (1, 2),
among taxonomically related organisms (e.g. among mammals)
the codon-choice patterns resemble each other but they differ
between distant organisms (see also scatter diagrams of Fig. 1).
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 2, (dialectal codon-choice pattern found for individual
unicellular organisms, see ref. 5). However, codon-choice
patterns in one higher vertebrate often differ significantly between
different genes (5—7): 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 (5,6). It should be stressed
that the characteristic pattern for the mammals listed in Table
2 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 2, 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 and TpA
dinucleotides (8); 2) paucity of genes in the A +T-rich genome
portion, i.e. in A+T-rich isochores and in G/Q bands (see ref.
9, 10; thus C- and G-ending codons are preferred); 3) gross
similarity of tRNA 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;
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
(1-4).
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Table 1. Codon usage in individual genes of primates (actual number of codons). Abbreviations for genes are defined in Table 3.
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Table 3. Correspondence between LOCUS names and gene names for Table 1, and abbreviation for Table 2.

* FOR TABLE 1 *

DRI PRIMATES SUNSSSSU0NNNNN
AGMGIBSC1 AFRICAN GREEN MONKEY 8SC-1 CELL GROWTH INHIBITOR, COMPLETE
'O-ONCOGENE.

ATRINS OWL. MONKEY (ATRVIRGATUS)

ATRINVLA OM. MONKEY ALLELE) COMPLETE CD8S.
BABAIGL OLIVE BABOON ALPHA-1 GLOBIN GENE.

BABADH BABOON (P.HAMADRYAS ANUBIS) ALCOHOL DEHYDROGENASE (ADH)
BABAPCE E (APOE) GENE, COMPLETE

BABBCGA BABOON BETA-CHORIONIC GONADOTROPIN (BETA-CG) MRNA, COMPLETE
BABECMR BABOON LYMPHOCYTE COMPLETE

HUMAN BETA-2-ADRENERGIC MRNA, COMPLETE CDS.
HUMAN BETA-2-ADRENERGIC 'OR GENE, COMPLETE CDS.
HUMAN ADRENODOXIN ASE
HUMAE| HUMAN ANION EXCHANGE PROTEIN 1 (AE1, BAND 3) MANA, COMPLETE
HUMAFH HUMAN (H CHAN)
HUMAFL2 HUMAN GENE FOR L APOFERRITIN EXONS 3 AND 4.
HUMAFP HUMAN cD8.
HUMAFPA4 HUMAN AMYLOID A4 MRNA, COMPLETE
HUMAGALAR  HUMAN MRNA, COMPLETE COS.
HUMAGG COMPLETE CDS, AND THREE ALU
HUMAGPIA HUMAN ALPHA-1 ACID GLYCOPROTEIN CD8.
HUMAHSG YCOPROTEIN ALPHA AND BETA CHAIN MRNA,
HUMAICEA HUMAN CONVERTING COMPLETE CDS.
HUMAKY HUMAN CYTOBOLIC ADENYLATE KINASE (AK1) GENE, COMPLETE CDS.
HUMALAD HUMAN DELTA-AMINOLEVULINATE \TASE COMPLETE CDS.
HUMALBAF1 HUMAN SERUM ALBUMIN MANA,

UL TR LR

EEEEEEEEEE
iz‘*zggsgasg

HUMAN ALPHA-FETOPROTEIN (AFP) MANA, COMPLETE CDS.
COMPLETE

GENE.
HUMAN ALDOLASE C GENE FOR FRUCTOSE 1,6-BISPHOBPHATE
HUMAN RNA FOR MITOCHONDRIAL ALDEHYDE DEHYDROGENASE | ALDH |
HUMAN MRNA FOR MITOCHONDRIAL ALDEHYDE DEHYDROGENASE (ALDH
HUMAN ALDOLASE A GENE (EC 4.1.213).
HUMAN ALDOLASE B GENE, EXON 9 AND 3 FLANK.
HUMAN MRNA FOR ALDOLASE 8.

HUMAN MRNA FOR NA K-ATPASE
HUMAN MANA FOR NAK-ATPASE BETA SUBUNIT.



HUMC1SAB

HUMAN ADP/ATP CARRIER PROTEIN MRNA, COMPLETE CDS.
HUMAN MRANA FOR F1-ATPASE BETA SUBUNIT (F-1 BETA).
HUMAN ATP SYNTHASE BETA SUBUNIT GENE, EXONS 8-10.

HUMAN C1 INHIBITOR GENE, EXON 8.
HUMAN B-CELL LEUKEMIALYMPHOMA 2 (BCL-2) PROTO-ONCOGENE MRNA
HUMAN B-CELL LEUKEMIALYMPHOMA 2 (BCL-2) PROTO-ONCOGENE MRNA
HUMAN BCL-2 MRNA.

HUMAN BCR MRNA (BREAK POINT CLUSTER GENE).

HUMAN BRAIN-TYPE CLATHRIN LIGHT-CHAIN A MRNA, COMPLETE CDS.
HUMAN BRAIN-TYPE CLATHRIN LUGHT-CHAIN B MRNA, COMPLETE CDS.
HUMAN BETA GALACTOSIDASE GENE FOR EI’A-D-GMACTW.
HUMAN BETWNIDASE(GI&)MMA,W

HUMAN BETA GALACTOSIDASE GENE FOR BET,

HUMAN MANA,

HUMAN MRNA FOR CALCIUM ACTIVATED NEUTRAL PROTEASE LARGE

HUMAN CATHEPSIN G GENE, COMPLETE CDS.

HUMAN CAMP-DEPENDENT PROTEIN KINASE REGULATORY SUBUNIT TYPE

HUMAN MRNA FOR CATHEPSIN D FROM OESTROGEN RESPONSIVE BREAST

HUMAN GENE FOR CATALASE (EC 1.11.1.6) EXON 13 AND 3 FLANK
\THEPSIN EXCRETED PROTEIN MEP).

BINDING GLOBULIN MRNA, COMPLETE CDS.
HUMAN CAP-BINDING PROTEIN COMPLETE CD8.
HUMAN CALELECTRIN MRNA, COMPLETE

HUMAN COW44 CcDs.

(FERROXIDASE) COMPLETE CDS.
HUMAN MRNA FOR CYSTIC FIBROSIS ANTIGEN (CFAG).
HUMAN CYSTIC MANA, ENCODING A

HUMAN COMPLETE CDS.
HUMAN FETAL MANA, COMPLETE CDS
HUMAN CHROMOGRANIN A MRNA, COMPLETE CDS.

HUMAN CHROMOGRANIN A MRNA, COMPLETE CDS.

HUMAN MRNA FOR | (CHROMOGRANIN B).
HUMAN \TED COAGULATION INHIBITOR MRNA,

Nucleic Acids Research, Vol. 18, Supplement
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mem(mmc)mmmm
COMPLETE

HUMAN
HUMAN MUTANT 21-HYDROXYLASE B GENE, COMPLETE CDS.
HUMAN LUNG CYTOCHROME P450 (IV SUBFAMILY) Bl PROTEN,

\TOMAMMOTROPIN HCS-3 GENE.
-SPECIFIC COLONY-STIMULATING FACTOR (CSF-1),
-MACROPHAGE

HUMAN LVER
HUMAN CYTOCHROME P4SONE1 (ETHANOL-INDUCIBLE)
HUMAN CYTOCHROME P-480J COMPLETE

HUMAN MRNA FOR DBL PROT!

HUMAN DBL ONCOGENE A PROTEIN MRNA,
HUMAN SERUM VITAMIN D-BINDING PROTEIN (HDBP) MRNA, COMPLETE
HUMAN DEOXYCYTIDINE 3

TERMINAL DEOXYNUCLEOTIOYL
MWWW(MM(M).WE
HUMAN DYSTROPHIN MANA,

HUMAN V-ERBA RELATED EAR-2 GENE.
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HUMEF1A
HUMEFIAR

HUMERST1
HUMERCC1
HUMERG11

HUMFABP
HUMFABPL
HUMFABPLA
HUMFACH
HUMFAV

ST

HUMGOB19A
HUMGOB 198
HUMGISPIA

Hi

HUMAN ELONGATION FACTOR EF-1-ALPHA GENE, COMPLETE CDS.
HUMAN MRANA FOR ELONGATION FACTOR 1 ALPHA SUBUNIT (EF-1

HUMAN FC-EPSILON (IGE RECEPTOR) MRANA, COMPLETE COS
HUMAN FC-EPSILON RECEPTOR CD23 ANTIGEN (IGE RECEPTOR) MANA
HUMAN MRNA FOR HIGH AFFINITY IGE RECEPTOR

HUMAN COLLAGENASE MRNA, COMPLETE CDS.
HUMAN HIGH AFFINITY RECEPTOR (FCHY) "B FORM", COMPLETE COS.
HUMAN HGH AFFINITY RECEPTOR COMPLETE CDS.
HUMAN FCRH MANA FOR IMMUNOGLOBULIN G RECEPTOR.

e

HUMGLTHY

HUMGLUD1

E

i

HUMGLYA
HUMGLYB
HUMGLYCA
HUMGLYCA4
HUMGLYPL
HUMGLYSA

E§

§

T

HUMAN MRANA FOR GLUTAMATE DEHYDROGENASE (GLUD-1, EC 1.4.1.9).
HUMAN MRNA FOR GLUTAMINE SYNTHETASE (E.C. 6.3.1.2).
HUMAN GLUCOBE TRANSPORTER GENE MRNA, COMPLETE CDS.

HUMAN FACTOR (GRF) GENE, EXON
HUMAN GRO (GROWTH REGULATED) GENE. &
PEPTIDE MRNA, COMPLETE

1,
HUMAN GROWTH FACTOR 1 1), EXON 3.
mmmnm)mmm )'ena
HUMAN HEMOPOIETIC CELL PROTEIN- KINASE (HCK) GENE,




HUMAN HEMOPOIETIC CELL PROTEIN-TYROSINE KINASE (HCK) GENE,

HUMAN MRNA FOR PROTEIN HC (ALPHA-1

HUMAN PAPILLOMAVIRUS (HPV) TYPE 18 ENCODING PROTEINS E6 AND

HUMAN PAPILLOMAVIRUS (HPV) TYPE 18 PROTEINS ES, E7,

HUMAN TYROSINE KINASE-TYPE RECEPTOR (HER2) MRNA, COMPLETE

HUMAN BETA-HEXOSAMINIDASE BETA-SUBUNIT (HEXB) GENE, EXONS 13

HUMAN HF.10 GENE MRNA.

HUMAN HANUKAH FACTOR SERINE PROTEASE (HUHF) MRNA, COMPLETE

HUMAN HEPATOCYTE GROWTH FACTOR (HHGF) MRNA, COMPLETE CDS.
MITOCHONDRIAL HINGE PROTEN.

HUMAN GENE FOR HISTONE H1(0).
HUMAN H4 HISTONE GENE, COMPLETE CDS.
HUMAN HISTONE H2A GENE.

HUMAN H3.3 HISTONE, CLASS B MRNA, COMPLETE CDS.

HUMAN H3.3 HISTONE CLASS C MRNA, COMPLETE CDS.

HUMAN CALCIUM-ATPASE (HK1) MRNA, COMPLETE CDS.

HUMAN CALCIUM-ATPASE (HK2) MRNA, COMPLETE CD8.

HUMAN HLA-E CLASS | MRNA.

HUMAN MHC CLASS | HLA-B13 GENE, COMPLETE CDS.

HUMAN MHC CLASS | HLA-B8 CHAIN GENE (A1 2; BS,8), COMPLETE
HUMAN MHC CLASS | HLA-BW47 GENE, COMPLETE CDS.

HUMAN

HUMAN HLA CLASS Il ALPHA CHAIN GENE DZ-ALPHA.

HUMAN CLASS | MHC GENE HLA-B27K EXONS 4-8 (BRUG CELL LINE).

HUMAN HLA-SB(DP) ALPHA GENE.

HUMAN CLASS | MHC GENE HLA-B27W EXONS 4-8 (BRUG CELL LINE).
HUMAN MRNA FOR HLA-D CLASS || ANTIGEN DO BETA CHAN.

HUMAN MRNA FOR HLA-D CLASS Il ANTIGEN DPW2 BETA CHAN.

HUMAN MRNA FOR HLA-D CLASS N ANTIGEN DOW1.1 BETA CHAIN.

HUMAN MRNA FOR HLA-D CLASS I ANTIGEN DR1 BETA CHANN.

HUMAN NON-HISTONE CHROMOSOMAL PROTEIN HMG-14 MANA, COMPLETE
HUMAN NON-HISTONE CHROMOSOMAL PROTEIN HMG-14 GENE, COMPLETE
HUMAN NON-HISTONE PROTEIN HMG-17 MANA, COMPLETE
HUMAN 3-HYDROXY-3-METHYLGLUTARYL COENZYME A REDUCTASE MRNA,
HUMAN HMG-! PROTEIN ISOFORM MRNA (HMGI GENE), CLONE 7C.

HUMAN HMG-| PROTEIN ISOFORM MRNA (HMGI GENE), CLONE 6A.

HUMAN HMG-Y PROTEIN ISOFORM MRNA (HMG! GENE), CLONE 28.

HUMAN HMG-Y PROTEIN ISOFORM MRNA (HMG! GENE), CLONE 8A.

HUMAN HMG-Y PROTEIN ISOFORM MRNA (HMGI GENE), CLONE 10A.

HUMAN HMG-Y PROTEIN ISOFORM MRNA (HMGI GENE), CLONE 110.

HUMAN HOMEOBOX GENE (CLONE HHO.C13).

HUMAN MRNA FOR CP19 HOMEOBOX FROM HOX-3 LOCUS.

HUMAN HOMEO BOX C1 PROTEIN, MRNA, COMPLETE CDS.

HUMAN HOMEO BOX C8 PROTEIN, MRNA, COMPLETE CDS.

HUMAN HAPTOGLOBIN (HP1F) GENE, EXON 5.

HUMAN HAPTOGLOBIN ALPHA(1S)-BETA PRECURSOR, MRNA.
mumoaommus(wms)mmcns
HUMAN HAPTOGLOBIN A PRECURSOR, MRNA

HUMAN HAPTOGLOBIN HP-ALPHA-2 MRNA, COMPLETE CDS.

HUMAN HAPTOGLOBIN GENE (ALPHA-2 ALLELE), COMPLETE CDS AND
HUMAN DNA WITH A HEPATITIS B VIRUS SURFACE ANTIGEN (HBSAG)
HUMAN HPGI MRNA ENCODING BONE SMALL PROTEOGLYCAN |
HUMAN HAPTOGLOBIN-RELATED PROTEIN (HPR) GENE, EXON S AND ¥

HUMAN HISTIDINE-RICH GLYCOPROTEIN MRNA,
HUMAN MRNA FOR HISTIDYL-TRNA SYNTHETASE (HRS).

HUMAN HSC70 GENE FOR 71 KD HEAT SHOCK COGNATE PROTEN.
HUMAN 3 BETA-HYDROXY-5-ENE STEROID DEHYDROGENASE MANA,
HUMAN GENE FOR 27KDA HEAT SHOCK PROTEIN (HSP 27).

HUMAN HEAT SHOCK PROTEN (HSP 70) GENE, COMPLETE CDS.
HUMAN 90-KDA HEAT-SHOCK PROTEIN GENE, CDNA, COMPLETE CDS.
HUMAN 90 KD HEAT SHOCK PROTEIN GENE, COMPLETE CDS.

HUMAN TRANSFORMING PROTEIN (HST) GENE, COMPLETE CDS.
HUMAN MRNA FOR HEPATIC TRIGLYCERIDE UIPASE

HUMAN INTERFERON (LEF) ALPHA-A GENE.

HUMAN LYMPHOCYTE ALPHA TYPE 201

HUMAN LEUKOCYTE INTERFERON (IFN-ALPHA) ALPHA-B MRNA,

HUMAN LEUKOCYTE INTERFERON ALPHA-C MRNA,COMPLETE

HUMAN LEUKOCYTE INTERFERON (IFN-ALPHA) ALPHA-D GENE,
INTERFERON (IFN-ALPHA) ALPHA-F MRNA, COMPLETE

HUMAN LEUKOCYTIC INTERFERON ALPHA-F ( ) 3

HUMAN LEUKOCYTE INTERFERON (IFN-ALPHA), J, L & M GENES.

HUMAN LEUKOCYTE INTERFERON (IFN-ALPHA) ALPHA-H , COMPLETE

HUMAN LEUKOCYTE INTERFERON (| ALPHA-H2 GENE,

HUMAN LEUKOCYTE INTERFERON (IFN-ALPHA) ALPHA- GENE,

HUMAN INTERFERON-ALPHA CLASS I (HUIFN-ALPHA-I-1) GENE,

HUMAN TYPE I MRNA, COMPLETE CDS.

HUMAN INTERFERON (IFN-ALPHA-M1) MRANA, COMPLETE CDS.

HUMAN LEUKOCYTIC INTERFERON (IFN-ALPHA-N) MRNA,

ERFERON-ALPHA-WA GENE, COMPLETE CD8.
HUMAN FIBROBLAST INTERFERON (IFN-BETA-1) GENE AND FLANKS.
HUMAN INTERLEUKIN 6 MRANA, COMPLETE CDS.

HUMAN HYBRIDOMA GROWTH FACTOR (INTERLEUKIN 6) MRNA, COMPLETE
HUMAN INTERLEUKIN 6§ MRNA, COMPLETE CDS.

HUMAN IMMUNE INTERFERON (IFN-GAMMA) GENE AND FLANKS.
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HUMAN INTERFERON-INDUCIBLE MRNA FRAGMENT (CDNA 6-16).

HUMAN GAMMA INTERFERON-NDUCIBLE EARLY-RESPONSE GENE IP-10,

HUMAN INTERFERON-GAMMA RECEPTOR MRANA, COMPLETE CDS.

HUMAN 40-KDA KERATIN INTERMEDIATE FLAMENT PRECURSOR GENE.

HUMAN INSULIN-UKE GROWTH FACTOR MRNA, COMPLETE CDS.

HUMAN IGF-l GENE EXON 5 FOR INSULIN-LIKE GROWTH FACTOR N

HUMAN MRNA FOR INSULINE-LIKE GROWTH FACTOR Il RECEPTOR.

HUMAN LOWAFFINITY IGG FC RECEPTOR (ALPHA-FC-GAMMA-RN)

HUMAN LOW-AFFINITY GG FC RECEPTOR (BETA-FC-GAMMA-RIt) MRNA, 14188P

HUMAN LOW AFFINITY IGG RECEPTOR CD16 (FCGRIN) MRNA,

HUMAN IG ACTIVE HEAVY CHAIN EPSILON-1 GENE, CONSTANT REGION.
UNPRODUCTIVELY REARRANGED IG MU-CHAIN

HUMAN INTERLEUKIN-1 (I.l)m.m
MIWWNQ(&{)MWWMW&
HUMAN INTERLEUKIN 2 (IL-2) GENE, COMPLETE CDS, AND FLANKING
HUMAN INTERLEUKIN 2 GENE, CLONE PATTACIL-2C/2TT, COMPLETE
HUMAN INTERLEUKIN 2 (L-2) GENE, COMPLETE.

HUMAN INTERLEUKIN-2 RECEPTOR MRNA (LONG FORM), COMPLETE CDS.
HUMAN INTERLEUKIN 2 RECEPTOR BETA CHAIN (P70-75) MRNA,

HUMAN INTERLEUKIN 6 RECEPTOR MRNA,
HUMAN INTERLEUKIN 7 (IL-7) MRNA, COMPLETE CDS.
HUMAN MRNA FOR INTERLEUKIN BSF-2 (B-CELL DIFFERENTIATION

)
HUMAN CYSTEINE-PROTEINASE INHIBITOR (CST2) GENE, EXON 3.
HUMAN INHIBIN A-SUBUNIT MRNA, COMPLETE CDS.
HUMAN PREPROINHIBIN A GENE EXON 2 FRAGMENT MACROPHAGE CELL
HUMAN OVARIAN BETA-A INHIBIN MRNA, COMPLETE CDS.
HUMAN INTERFERON-INDUCIBLE GENE IFI-84K SFLANK.
HUMAN INSULIN GENE INCLUDING 5' AND 3 FLANKS.
HUMAN ALPHA-TYPE INSUUIN GENE AND 5 FLANKING POLYMORPHIC
HUMAN INSULIN RECEPTOR MRNA, COMPLETE CDS.
HUMAN INSULIN RECEPTOR MRNA, COMPLETE COS.
HUMAN INT-1 MAMMARY ONCOGENE.
HUMAN INVOLUCRIN GENE, EXON 2.
HUMAN INTERPHOTORECEPTOR RETINOID-BINDING PROTEIN (IRBP)
HUMAN INSULIN-RESPONSIVE GLUCOSE

HUMAN

HUMAN KERATIN 18 (K18) GENE, COMPLETE CDS.

HUMAN MRNA FOR KERATIN 19.

HUMAN KERATIN TYPE Il (58 KD) MRNA, COMPLETE CD8.
HUMAN DNA FOR 65KD KERATIN TYPE I EXONS 6,7,8,9 AND
mummnmmﬂueeﬁsxom7 8,AND 9.
HUMAN CYTOKERATIN 8 MRNA, COMPLETE CDS.

HUMAN MRNA FOR CYTOKERATIN 15.

HUMAN 50 KD TYPE | EPIDERMAL KERATIN GENE, COMPLETE CDS.
HUMAN K68 (EPIDERMAL KERATIN, TYPE i) GENE, EXON 9.
HUMAN POT. PSEUDO-KERATIN K18 TYPE 1, EXON 8.

LEUKOCYTE PROTEN (LFA-1/MAC-1/150,06
HUMAN LEUKOCYTE
HUMAN UIPOCORTIN-Il MRNA, COMPLETE .
HUMAN LIPOCORTIN-V COMPLETE .
HUMAN MRNA FOR T200 COMMON ANTIGEN (CD45, LC-A).
HUMAN MANA FOR LEUKOCYTE COMMON ANTIGEN (T200).
HUMAN TRANSFERASE MRANA, COMPLETE
HUMAN GENE FOR ACYLTRANSFERASE (LCAT).

RECEPTOR GENE, EXON 18.
HUMAN MRNA FOR LDL-RECEPTOR RELATED PROTEN.
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HUMAN 14 KD LECTIN MANA, COMPLETE CDS.
HUMAN LEUROBIALIN MRMA, COMPLETE COS.

R o VA (1R, COMPLETE CO8
y

HUMAN P-GLYCOPROTEN (MDR1) MANA, COMPLETE COS.

HUMAN MEMBRANE GLYCOPROTEIN P (MORS) MANA, COMPLETE CDS.

HUMAN MANA FOR MICROBOMAL HYDROLASE (EC 3.3.23)

HUMAN MANA FOR MICROBOMAL HYDROLASE (EC 3323)

HUMAN METALLOTHIONEIN-1 GENE (MT-#) AND FLANKS.

HUMAN METALLOTHIONEIN-H MTP8)

HUMAN METALLOTHIONEIN-A NG SEQUENCE

HUMAN MHC CLASS | HLA-B13 SUBTYPE B13.1 (ORIENTAL) GENE,
HUMAN MHC CLABS | HLA-BWSS GENE, COMPLETE CDS.
HUMAN MHC CLASS | HLA-827 CELL MEMBRANE GLYCOPROTEIN GENE,
HSAPIENS MHC CLASS | HLA-B36 GENE, EXON 7.

HUMAN MHC CLASS | HLA-C.1 GENE, COMPLETE CD8.

HUMAN MHC CLASS | HLA-A1 CHAIN GENE (A1.2; 84,5), COMPLETE
HUMAN MHC CLASS | HLA-A2 4A CHAIN MANA (A2 4A, B4S, CWA1),
HUMAN MHC CLASS | HLA-C-ALPHA-2 CHAIN AND ALTERNATIVE MRNA,
HUMAN ALPHA-MHC GENE FOR MYOBIN HEAVY CHAIN (N-TERMINUS).
HUMAN MHC CLASS | HLA-B13 CHAIN GENE (AWS8.2,30; B13,51),
HUMAN MHC CLASS | HLA-B14 CHAIN GENE (A2,32; B14,27; CW2),
HUMAN MHC CLASS | HLA-B18 CHAIN GENE (AW24,3; B18.W41; CWe),
HUMAN MHC CLASS | HLA-B44.2 CHAIN GENE (A1,32; BA4.WS?;

HUMAN MHC CLASS | HLA-CWt HEAVY CHAIN GENE, COMPLETE CDS.
COMPLETE CD8.

HUMAN MHC CLASS 1 DO BETA MANA, COMPLETE CDS.
HUMAN MHC CLABS I HLA-DO-BETA (DRB-DGWI/ORé DOWS) MANA,
HUMAN MHC CLASS i HLA-DO-BETA (DOWS), COMPLETE COS.

HUMAN MHC CLASS W HLA DR-DETA CHAIN MANA (DR1) FROM CELL
HUMAN MHC CLASS W HLA DR DR-BETA-CHAIN MRNA, COMPLETE
HUMAN HLA-DR ANTIGEN ALPHA-CHAIN MANA & IVS FRAGMENTS.

HUMMIFA
HUMMIPIA

i

HUMAN MHC CLASS i HLA-DR7-ASSOCIATED GLYCOPROTEIN BETA-
HUMAN HLA-DR ALPHA-CHAIN MANA.

HUMAN MHC CLASS § DR-BETA-CHAIN MRNA (DR3,WS), CLONE
Wﬁcmnmmmﬂm
HUMAN MHC CLASS ) DR BETA MANA, COMPLETE CD8.

ALPHA-CHAN

HUMAN MHC CLASS N HLA-DR-BETA (DR2-DCIW1/0R4 DOWS) MANA,
HUMAN MHC CLASS Il HLA-DRW10-BETA MRNA, COMPLETE CDS, CLONE
HUMAN HLA-DS ALPHA-CHAIN MANA

HUMAN MHC CLASS | HLA-DX-ALPHA GENE (DR4JWE), EXON 4.

HUMAN MHC CLASS | LYMPHOCYTE (HUAE) (HLA-8.2) GENE,
HUMAN MAJOR HISTOCOMPATIBILITY CLASS i ANTIGEN GAMMA CHAIN,
HUMAN MIC2 MRNA, COMPLETE

CD8.
HUMAN MATRIX METALLOPROTEINASE-3 (MMP-3) MRANA, COMPLETE CDS.
HUMAN MANA FOR MN SUPEROXIDE DIBMUTASE (BC 1.18.1.1.).
HUMAN MONOCYTE-DERIVED NEUTROPHIL-ACTIVATIONG PROTEIN
HUMAN MRNA FOR MOTILUN PRECURBOR.
HUMAN MYELOPEROXIDASE MRANA, COMPLETE CDS.
HUMAN MYELOPEROIIDASE GENE, EXON 12
HUMAN MANA FOR MYELOPEROIDASE (EC 1.11.1.7).
HUMAN CATION-INDEPENDENT MANNOSE 6-PHOBPHATE
HUMAN MRNA FOR ENKEPHALINASE (EC 34.24.11).

HUMAN (LAWN) C-MYC :
HUMAN (DAUDY) TRANBLOCATED T(8;14) C-MYC ONCOGENE MRNA,
HUMAN (ADAMS) 3 AND FLANKS.

\TED MYC ALLELE OF SKW-3 ONCOGENE,
ONCOGENE, COMPLETE

MANA, COMPLETE C08.

HUMAN PLASMINOGEN ACTIVATOR INHIBITOR MRNA, COMPLETE CDS.



HUMAN PLASMINOGEN ACTIVATOR INHIBITOR-2 (PAI-2) GENE, EXON

HUMAN X CD8.

HUMAN GLYCOPHORIN C (PAS-Z) MANA, COMPLETE CDS.

HUMAN (P8G-D, EC

HUMAN MRNA DEAMINASE

HUMAN MRNA FOR PROTEASE (SMALL SUBUNIT).
PROLIFERATING CELL NUCLEAR oai.comsrscos

HUMAN PEPSINOGEN

HUMAN PEPSINOGEN A (15.0) GENE, EMON 9.

HUMAN PEPSINOGEN C

HUMAN PEPSINOGEN GENE, EXON 9.

HUMAN PROLIDASE (WIDODIPEPTIDASE) MANA, COMPLETE CDS.

HUMAN MRANA, COMPLETE CDS.

HUMAN MRNA FOR GLUTHATIONE PEROXIDASE.

HUMAN MUSCLE (PFKM) MRANA, COMPLETE CDS.

Wmmwmwnon(ru)m
HUMAN PLA-X MANA.
HUMAN PLACENTAL LACTOGEN HORMONE: HPL4 MANA.

HUMAN GENE FOR PP1S (PLACENTAL PROTEN 15).
HUMAN PROTEIN PHOSPHATASE 2A MRNA,
RIBOSOMAL

HUMAN ACIDIC PO MANA, COMPLETE CDS.
HUMAN ACIDIC P1 MRANA, COMPLETE CDS.
HUMAN

HUMAN PRG GENE (ALT. we)sncouuamoemcmmvcm
HUMAN PREPROLACTIN (PRL) MRNA.

HUMAN PROLACTIN GENE, EXON 8.

HUMAN PROLYL 4-HYDROXYLASE BETA-SUBUNIT AND DISULFIDE
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HUMAN, PARA' {ASSOCIATED WITH HUMORAL
HUMAN PARATHYROID PROTEIN (PLP) GENE, EXON 6.
HUMAN RENAL CARCINOMA PARATHGRAD MRNA,
HUMAN PARATHYROID PROTEIN MANA, COMPLETE

HUMAN C-HA-RAS1 COMPLETE SEQUENCE.
CELLULAR PROTO-ONCOGENE C-10-RAS2, EXON 4A AND FLANKS.
HUMAN N-RAS PROTO-ONCOGENE, EXON 4.

HUMAN MRNA FOR CYTOCHROME P-450 (CYP3 LOCUS).

HUMAN ISLET OF LANGERHANS \TING PROTEIN (REG) MRNA,
HUMAN PREPRORELAXIN H2 MANA, cos.

HUMAN RENIN GENE, EXON 10.

HUMAN RFP MRANA, COMPLETE CDS.

HUMAN RHO MRNA (CLONE 12).

HUMAN RHOB MRNA (CLONE 6).

HUMAN RHOC MRNA (CLONE 9).

HUMAN MRNA FOR RIBOPHORIN

HUMAN POLY, MRNA, COMPLETE CDS.

HUMAN RNA POLYMERASE §l 23KD SUBUNIT COMPLETE CDS.

HUMAN U1 SMALL 70 KD PROTEIN

HUMAN MRNA FOR Ut RNA-ASSOCIATED 70K PROTEIN.

HUMAN HNRNP CORE PROTEIN A1,

HUMAN URO-D GENE FOR DECARBOXYLASE
SYNTHASE MRNA, COMPLETE CDS.

HUMAN MRNA FOR 19KD PROTEIN OF RECOGNITION

HUMAN MRNA FOR PHOBPHATASE 2A.

HUMAN MRNA FOR RIBOSOMAL PROTEIN Ls2.

HUMAN C-SIS PROTO-ONCOGENE FOR PLATELET-DERIVED
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HUMBPARC10

Dss
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HUMTHRAIA

i

HUMTHY1A
HUMTHYB10

UG

HUMTNFA
HUMTNFAA

SIALOPHORIN (CD43) COMPLETE CD8.
HUMAN SYNEXIN MRNA, COMPLETE CDS.
HUMAN LUPUS AUTOANTIGEN (SMALL NUCLEAR
HUMAN SMALL NUCLEAR (SNRNP) E GENE, EXON 5
SMALL NUCLEAR SM-D MRNA,

SUPEROXIDE DISMUTASE (90D-1) GENE, EMON 5 AND FLANKS.
HUMAN SOMATOGTATIN | GENE AND FLANKS.

HUMAN MRNA FOR STROMELYSIN.

HUMAN STEROID SULFATASE (ST$) MRNA, COMPLETE CO8.
HUMAN STEROID SULFATASE CD8S.
HUMAN STATHERIN MRNA, COMPLETE

HUMAN (2 \TE SYNTHETASE SYNTHETASE),

HUMAN BETA-TUBULIN GENE,

HUMAN T-CELL RECEPTOR REARRANGED BETA-CHAIN V-REGION (V-DV)
HUMAN GENE FOR 20K T3 GLYCOPROTEIN (T3-DELTA-CHAIN) OF T-CELL
HUMAN TRANBCORALAMIN | MRANA, COMPLETE CDS.
WTOELMNMN)FGMWW
HUMAN T-CELL RECEPTOR CD3-GAMMA GENE EXON 6.

TRANBFORMING GROWTH FACTOR-BETA 3 (TGF-BETAS) MANA,
HUMAN HEPATIC TRIGLYCERIDE COMPLETE CDS.

(TNF)
HUMAN TUMOR NECROBIS FACTOR AND LYMPHOTOXIN GENES, COMPLETE

IR

HUMUIC

HHHE

HUMVAC

HUBHUH I

§“§

MACPGA

g

TARHBD

HUMAN LYMPHOTOXIN (TNF-BETA) GENE, COMPLETE CDS.
HUMAN SLOW SKELETAL MUSCLE TROPONIN T MANA, CLONE H22H.
Mmmunmmrmmm

HUMAN FETAL LUNG PLASIMINOGEN ACTIVATOR (T-PA) MRNA (EC
HUMAN TRIOBEPHOSPHATE ISOMERASE MRNA, COMPLETE CDS.

HUMAN MRNA FOR TRK-2H

HUMAN TRK PROTO-ONCOGENE INSERT OF PLMS.

HUMAN MANA OF TRK ONCOGENE.

HUMAN MITOCHONDRIAL TRANBLOCATOR MRNA, COMPLETE CDS.
HUMAN MANA, CD8.

HUMAN TROPOMYOBIN

NEMESTRINA PRO-OPIOMELANOCORTIN (POMC) MANA, COMPLETE
M.FASCICULARIS SOMATOSTATIN( mmt!

MONKEY METALLOTHIONEIN #

ORANG-UTAN THETA(1)-GLOBIN GENE DOWNSTREAM
ORANGUTAN ADULT -
ORANGUTAN ADULT ALPHA-1-GLOBIN GENE.

TSYRICHTA DELTA-GLOBIN GENE, COMPLETE CDS.
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VIBRIO

ADENOVIRUS TYPE 2

INFLUENZA A

INFLUENZA B

HUMAN IMMUNODEFICIENCY VIRUS
HEPATITIS B VIRUS

HERPES SIMPLEX VIRUS TYPE 1
EPSTEIN-BARR VI

SIMIAN IMMUNODEFICIENCY VIRUS
VACCINIA VIRUS
VARICELLA-ZOSTER VIRUS
VESICULAR STOMATITIS VIRUS
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