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INTRODUCTION

We present edition VII of the linkage map of Salmonella
typhimurium. We list a total of 750 genes; 680 of these are
located on the linkage map, and the remaining 70 are not yet
mapped, although mutant alleles are known. The first edition
of the map (411) contained 133 genes. Later editions were
published in 1967 (408), 1970 (409), 1972 (410), 1978 (412),
and 1983 (418).

All genes presently known to us are indicated in Table 1,
with formerly used gene symbols in Table 2, but references
presented in earlier editions of the map are not normally
shown. Therefore, to find all relevant references to a gene, it
may be necessary to check earlier editions of the map; where
references were given in earlier editions, this edition is
shown in Table 1. In a recent summary of the cellular and
molecular biology of Escherichia coli and S. typhimurium
(346), edition VI of the linkage map of S. typhimurium is
presented (413), which contains most of the relevant refer-
ences published up to and including edition VI.

THE LINKAGE MAP

The coordinate system used in early editions of the linkage
map of S. typhimurium was determined by F-mediated
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conjugation. Hfr strains were used to place P22 transduction
linkage groups on a 138-min time-of-entry linkage map. In
edition V, the map was changed to 100 uriits to correspond to
the 100-min linkage map of E. coli K-12. This was done to
emphasize the similarity of the two organisms and to facili-
tate comparisons with this closely related bacterium. The
change was justified because the measure derived from
F-mediated conjugation, the ‘‘minute of entry time,”” had
become less important as a measure of distance than trans-
duction frequency or, more recently, restriction fragment
lengths or DNA sequences. The second change was that
although the linkage map is circular, for convenience it was
not displayed as a circle but as 10 linear 10-min intervals
(Fig. 1).

The same systém has been retained in this seventh edition
(Table 1). The 100 units of the map are based on P22, ‘‘phage
lengths.”” P22 can normally encapsulate about 45 kilobases
(kb) of DNA; this is approximately 1% of the Salmonella
chromosome.

Nomenclature

We use the system of nomenclature for genes which was
established by Demerec et al. (106). This system has become
the de facto standard for bacterial genetics. Authors consid-
erinig a three-letter designation for a new gene in S. typhi-
murium should check the published maps of S. typhimurium
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FIG. 1. Linkage maps of S. typhimurium, represented as 10 segments. The scale of 100 min begins at zero for the thr loci, as in previous
maps (418) and in the linkage maps of E. coli (14). The segmented line to the right of the gene symbol indicates that the genes are jointly
transduced; the numbers to the right of the segmented line indicate the linear distance between genes. This linear distance was determined
from the fragment of joint transduction and was calculated by assuming that the length of P22, KB1, and ES18 transducing fragments is 1 min,
whereas that of P1 is 2 min, and applying the formula developed by Wu (520) to convert the percentage of joint transduction to map distance.
The genetic symbols are defined in Table 1. Parentheses around a gene symbol indicate that the location of the gene is known only
approximately, usually from conjugation studies. An asterisk indicates that a gene has been mapped more precisely, usually by
phage-mediated transduction; but that its position with respect to adjacent markers is not known. Arrows to the extreme right of genes and
operons indicate the direction of mRNA transcription by these loci. Daggers are shown to the right of a few genes; these genes of S.
typhimurium are carried on an F-prime factor, and this plasmid was shown to complement E. coli K-12 mutations of that gene; mutant alleles
of S. typhimurium have not been tested directly.
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SANDERSON AND ROTH

TABLE 1. Genes of S. typhimurium

MicroBioL. REv.

Genetic

Former or alternative symbol; enzyme deficiency or

Gene in

symbol Mnemonic other phenotype® E. coli® Map (min)“ References?

aceA Acetate Growth on acetate or fatty acids; isocitrate aceA 89 418, 517
lyase (EC 4.1.3.1)

aceB Acetate Growth on acetate or fatty acids; malate aceB 89 418, 517
synthase (EC 4.1.3.2)

aceE Acetate Acetate requirement; pyruvate aceE 3 412, 418
dehydrogenase (pyruvate:cytochrome b,
oxidoreductase; EC 1.2.2.2)

aceF Acetate Acetate requirement; pyruvate aceF 3 412, 418
dehydrogenase (pyruvate lipoate
oxidoreductase; EC 1.2.4.1)

ack Acetate kinase Acetate kinase (ATP:acetate ackA 46 272, 418, 498
phosphotransferase, EC 2.7.2.1)

ahpC Alkyl hydroperoxide Alkyl hydroperoxide reductase, C22 subunit NM 13 AB

ahpF Alkyl hydroperoxide Alkyl hydroperoxide reductase, F52a subunit NM 13 AB

alr Alanine racemase Biosynthetic alanine racemase (EC 5.1.1.1) alr NM 127, 129, 145, 146

amk AMP kinase 9 412, 418

amtA Resistance to 40 mM 3-amino-1,2,4-triazole 33 410, 412, 418
in the presence of histidine

ana Anaerobic gas production ana 35 192

aniB Anaerobically inducible Induced by anaerobiosis; does not reduce 93 4
benzyl viologen

aniC Anaerobically inducible Induced by anaerobiosis; does not reduce 93 4
benzyl viologen

aniD Anaerobically inducible Induced by anaerobiosis; does not reduce 92 4
benzyl viologen

aniE Anaerobically inducible May be the same as phs 41 4

aniF Anaerobically inducible Induced by anaerobiosis; does not reduce 63 4
benzyl viologen

aniG Anaerobically inducible Induced by anaerobiosis; does not reduce 63 4
benzyl viologen

aniH Anaerobically inducible Induced by anaerobiosis; does not reduce 81 4
benzyl viologen

anil Anaerobically inducible Induced by anaerobiosis; does not reduce 35 4
benzyl viologen

apeA Acyl peptide esterase Acyl amino acid esterase (hydrolyzes 11 412, 418
N-acetyl-L-phenylalanine-B-naphthyl ester)

apeB Acyl peptide esterase Acyl amino acid esterase (hydrolyzes 10 412, 418
N-acetyl-L-phenylalanine-B-naphthyl ester)

apeE Acyl peptide esterase Membrane-bound acyl amino acid esterase 12 418
(hydrolyzes N-acetyl-L-phenylalanine-B-
naphthyl ester)

apeR Acyl peptide esterase apeD; regulatory gene for apeE 82 418

aphA Nonspecific acid phosphatase 11 NM 418

apt Adenine phosphoribosyltransferase 10 412, 418

araA Arabinose L-Arabinose isomerase (EC 5.3.1.4) araA 2 285, 296, 297, 412, 418

araB Arabinose Ribulokinase (EC 2.7.1.16) araB 2 285, 296, 410, 412, 418

araC Arabinose Regulatory gene for arabinose catabolic araC 2 284, 285, 296, 412, 418
enzymes

araD Arabinose L-Ribulose-phosphate 4-epimerase (EC araD 2 28S, 295, 296, 418
5.1.3.4)

argA Arginine argB; amino acid acetyl transferase (EC argA 61 342, 410, 412, 418, 443
2.3.1.1)

argB Arginine argC; N-acetyl-y-glutamate kinase (EC argB 88 410, 412, 418
2.7.2.8)

argC Arginine argH; N-acetyl-y-glutamyl phosphate argC 88 410, 412, 418
reductase (EC 1.2.1.38)

argD Arginine argG; acetylornithine aminotransferase (EC argD 72 410, 412, 418
2.6.1.11)

argE Arginine argA; acetylornithine deacetylase (EC argE 88 37, 410, 412, 418
3.5.1.16)

argG Arginine argE; argininosuccinate synthetase (EC argG 69 410, 412, 418
6.3.4.5)

argH Arginine argF; argininosuccinate lyase (EC 4.3.2.1) argH 88 410, 412, 418

argl Arginine Ornithine carbamoyltransferase (EC 2.1.3.3) argl 98 410, 412, 418

argP Arginine Arginine transport argP NM 412, 418

argR Arginine L-Arginine regulation argR 70 147, 412, 418

argS Arginine Arginyl-tRNA synthetase (EC 6.1.1.19) argS NM 412, 418

Continued on following page
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TABLE 1—Continued

Genetic

Former or alternative symbol; enzyme deficiency or

Gene in

symbol Mnemonic other phenotype® E. coli® Map (min)° References?

argT Arginine Lysine-arginine-ornithine-binding protein 46 8, 283, 418, 428, 455

argU Arginine argT; tRNA structural gene for arginine 83 41, 44

aroA Aromatic 3-Enolpyruvylshikimate 5-phosphate aroA 19 121, 196, 349, 410, 412,
synthetase 418, 442, 453

aroB Aromatic 5-Dehydroquinate synthetase aroB 73 410, 412, 418

aroC Aromatic aroD; chorismate synthetase aroC 47 195, 410, 412, 418

aroD Aromatic aroE; 5'-dehydroquinate dehydratase (EC aroD 36 410, 412, 418
4.2.1.10)

aroE Aromatic aroC; S-dehydroshikimate reductase aroE 71 410, 412, 418

aroF Aromatic Tyrosine-repressible DAHP synthetase aroF 55 410, 412, 418

aroG Aromatic Phenylalanine-repressible DAHP synthetase aroG 17 410, 412, 418

aroH Aromatic Tryptophan-repressible DAHP synthetase aroH 36 410, 412, 418

aroP Aromatic Aromatic amino acid transport aroP 3 410, 412, 418

aroT Aromatic Ability to transport tryptophan, aroT 35 410, 412, 418
phenylalanine, tyrosine

asd Aspartic semialdehyde dehydrogenase (EC asd 75 410, 412, 418
1.2.1.11)

asm Unable to assimilate low levels of ammonia; 68 418
deficient in glutamate synthase and
glutamine synthase

asn Asparagine Asparagine synthesis asn 81 418

aspC Aspartate Aspartate aminotransferase (EC 2.6.1.1) aspC 20 497

ataA Attachment artP22 I; attachment site for prophage P22 attP22 7 393, 410, 412, 418

atbA Attachment attP27 I; attachment site for prophage P27 12 410, 412, 418

atbB Attachment attP27 II; second attachment site for 7 410, 412, 418
prophage P27

atcA Attachment attP221; attachment site for prophage P221 22 410, 412, 418

atdA Attachment attP14; attachment site for prophage P14 in 57 410, 412, 418
group C Salmonella spp.

ats Arylsulfatase NM 418

attls Attachment Attachment site of phage €!° to chromosome 43 412, 418
in group E Salmonella spp.

att34 Attachment Attachment site in phage €** to chromosome 5 412, 418
in group E Salmonella spp.

attN Attachment Attachment site for prophage N in S. 48 412, 418
montevideo

avtA Alanine-valine transaminase (transaminase C) avtA NM 29, 514

azi Azide Resistant to 3 mM sodium azide on azi 3 410, 412, 418
L-methionine

bio Biotin Requirement bioA 18 412, 418

brnQ ilvT; branched-chain amino acid transport brnQ 7 311, 353, 412, 418

btuB B,, utilization bfe; transport of vitamin B,, btuB 88 412, 418, H

btuC B, utilization Transport of vitamin B,, btuC 28 H

cap$ Capsule Capsular polysaccharide synthesis cap$S 29 418

cdd Cytidine deaminase (EC 3.5.4.5) cdd 44 410, 412, 418

cheA Chemotaxis cheP; chemotaxis cheA 40 268, 412, 418, 456, 521

cheB Chemotaxis cheX; chemotaxis. Protein-glutamate cheB 40 39, 40, 102, 268, 385,
methylesterase 412, 418, 437, 438,

445, 461

cheR Chemotaxis Chemotaxis. Protein-glutamate methyl cheX 40 39, 40, 102, 268, 412,
transferase 418,461, Y

cheS Chemotaxis Chemotaxis NM 412, 418

cheW  Chemotaxis Chemotaxis cheW 40 268, 412, 418, 458

cheY Chemotaxis che@; chemotaxis cheY 40 268, 412, 418, 445, 457

cheZ Chemotaxis cheT; chemotaxis cheZ 40 385, 418, 445, 459, 460

chlA Chlorate Resistance; affects nitrate reductase, chlA 18 89, 410, 412, 418
tetrathionate reductase, chlorate reductase,
and hydrogen lyase

chiB Chlorate Resistance; affects nitrate reductase, chiB 84 410, 412, 418
tetrathionate reductase, and hydrogen
lyase

chiC Chlorate Retains sensitivity to chlorate; affects nitrate chiC 34 273, 410, 412, 418
reductase

chiD Chlorate Resistance; affects nitrate reductase, chiD 18 410, 412, 418
tetrathionate reductase, and hydrogen
lyase

chlE Chlorate Resistance 18 410, 412, 418

chlF Chlorate Resistance 18 410, 412, 418

Continued on following page
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TABLE 1—Continued
?;:17;:[: Mnemonic Former or aherna(t)lt\I/:3 :)l;rebr:::{ymzayme deficiency or gfﬂ;z;ilb\ Map (min)* References?
chlG Chlorate Resistance; affects nitrate reductase, 20 410, 412, 418
tetrathionate reductase, chlorate reductase,
and hydrogen lyase
cil Citrate lyase Deficiency of the essential enzyme in a 63 266
temperature-sensitive mutant
clmA Conditional-lethal Heat- or cold-sensitive mutation 84 X
mutation
clmB Conditional-lethal Heat- or cold-sensitive mutation 8 X
mutation
clmC Conditional-lethal Heat- or cold-sensitive mutation 69 X
mutation
clmD Conditional-lethal Heat- or cold-sensitive mutation 83 X
mutation
clmE Conditional-lethal Heat- or cold-sensitive mutation 7 X
mutation
clmF Conditional-lethal Heat- or cold-sensitive mutation 64 X
mutation
clmG Conditional-lethal Heat- or cold-sensitive mutation 11 X
mutation
cmk Cytidylate kinase (EC 2.7.4.14) 89 412, 418
coaA Coenzyme A Coenzyme A synthesis; pantothenate kinase 89 412, 418
cobl Cobalamin Operon encoding synthesis of cobalamide 41 128, 141, 234, 235
(vitamin B,,)
cobll Cobalamin Operon encoding synthesis of DMB; 41 128, 234, 235
defective in vitamin B,, synthesis
coblll  Cobalamin Operon encoding functions for joining 41 128, 234, 235
cobalamide and DMB; defective in vitamin
B,, synthesis
coblV  Cobalamin Operon including functions required for 34 L
vitamin B, synthesis
cod Cytosine deaminase (EC 3.5.4.1) 69 410, 412, 418
corA Cobalt resistance Magnesium transport corA 84 194
cpd cAMP phosphodiesterase (EC 3.1.4.17) cpd 64 45, 412, 418, 485
crp cAMP receptor protein crp 72 37, 97, 107, 110, 240,
410, 412, 418, 430,
512
crr Factor III for sugar transport by crr 48 107, 316, 317, 318, 329,
phosphotransferase 1IB’ (ptsG) system 341, 375, 377, 406,
410, 412, 418, 485
cwd Cell wall defect Sensitive to bile salts; mucoid 34 192
cya cAMP Adenylate cyclase (EC 4.6.1.1) cya 83 37, 110, 240, 410, 412,
418, 485, 512
cysA Cysteine Sulfate-thiosulfate transport (chromate cysA 49 221, 332, 341, 370, 410,
resistance) 412, 418
cysB Cysteine Cysteine regulation; positive control of cysB 33 226, 227, 325, 358, 410,
L-Ccystine transport 412, 418
cysC Cysteine Adenylylsulfate kinase (EC 2.7.1.25) cysC 60 332, 410, 412, 418
cysD Cysteine Sulfate adenylyltransferase (EC 2.7.7.4) cysD 60 332, 410, 412, 418
cysE Cysteine Serine acetyltransferase (EC 2.3.1.30) cysE 79 410, 412, 418
cysG Cysteine Seroheme component of sulfite reductase cysG 72 234, 410, 412, 418
cysH Cysteine Adenylylsulfate reductase (EC 1.8.99.2) cysH 60 410, 412, 418, S
cysl Cysteine Heme protein component of sulfite reductase cysl 60 412, 418, S
cysJ Cysteine Flavoprotein component of sulfite reductase cysJ 60 410, 412, 418, S
cysK Cysteine trz; resistance to 1,2,4-triazole; cysK 49 65, 221, 332, 338, 410,
O-acetylserine sulfhydrylase A (EC 412, 418
4.2.99.8)
cysL Cysteine Resistance to selenate 50 412, 418
cysM Cysteine O-Acetylserine sulfhydrylase B (EC 4.2.99.8) 49 221, 332, 338, 418
cytR Regulatory gene for deo operon and udp and cytR 87 410, 412, 418
cdd genes
dadA dad; D-histidine, p-methionine utilization; dadA 36 410, 412, 418
Dp-alanine dehydrogenase (EC 1.4.99.1)
dadB Catabolic alanine racemase (EC 5.1.1.1) dadB 36 129, 146, 418, 503
dadR Insensitivity of dadA to catabolite repression 36 412, 418
dam DNA adenine methylase dam NM 362, 394, 418
dapA Diaminopimelate Dihydropicolinate synthase (EC 4.2.1.52) dapA 50 410, 412, 418
dapB Diaminopimelate Dihydropicolinate reductase dapB 0 410, 412, 418
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dapC Diamiriopimelate Tetrahydropicolinate succinylase dapC S 410, 412, 418
dapD Diaminopimelate Succinyl-diaminopimelate aminotransferase dapD S 410, 412; 418
dapF Diaminopimelate Diaminopimelate epimerase (EC 5.1.1.7) 5 410, 412, 418
ded dCTP deaminase (EC 3.5.4.13) ded 43 412, 418
dem DNA cytosine methylation dcm NM 418
dep Dipeptidyl carboxypeptidase dcp 28 418
dctA Transport of dicarboxylic acids dctA 77 412, 418
deoA Deoxyribose tpp; thymidine phosphorylase (EC 2.4.2.4) deoA 99 410, 412, 418
deoB Deoxyribose drm; phosphopentomutase (EC 2.7.5.6) deoB 99 410, 412, 418
deoC Deoxyribose dra; phosphodeoxyriboaldolase (EC 4.1.2.4) deoC 99 410, 412, 418
deoD Deoxyribose pnu, pup; purine nucleoside phosphorylase deoD 99 410, 412, 418

(EC2.4.2.1)
deoK Deoxyribose Deoxyribokinase 20 410, 412, 418
deoP Deoxyribose Deoxyribose transport 20 410, 412, 418
deoR Deoxyribose Constitutive for enzymes of deoA, deoB, deoR 19 410, 412, 418
deoC, and deoD
dhb 2,3-Dihydroxybenzoic acid requirement 19 412, 418
dhuA p-Histidine Utilization; increased activity of 46 8, 281, 283, 410, 412,
histidine-binding protein J 418, 428, 455
divA Division wrkA; septum initiation defect 87 410, 412, 418
divC Division smoA; septum initiation defect 3 93, 410, 412, 418
divD Division Round cell morphology 53 11, 418
dml D-Malate Utilization 80 410, 412, 418
dnaA DNA DNA initiation dnaA 81 123, 313, 412, 418, 441
dnaB DNA DNA synthesis dnaB 89 312-314, 418, 519
dnaC DNA DNA synthesis initiation and cell division dnaC 99 255, 312, 313, 398, 410,
uncoupling 412, 418
dnaE DNA DNA synthesis dnaE 6 312, 313, 418
dnaG DNA DNA biosynthesis; DNA primase dnaG NM 125, 313, 398, 418
dnal DNA DNA biosynthesis dnal NM 313
dnaK  DNA DNA biosynthesis dnaK NM 313
dnalL DNA DNA biosynthesis dnalL NM 313
dnaN DNA DNA biosynthesis; DNA polymerase III, dnaN NM 123, 313
beta subunit
dnaQ DNA DNA biosynthesis dnaQ NM 312, 313
dnaX DNA DNA biosynthesis dnaX NM 313
dnaY DNA DNA biosynthesis dnaY NM 313
dnaZ DNA DNA biosynthesis dnaZ NM 123, 313, 398
dor Deletion of r-determinants from plasmids 53 159, 210, 399, 418
dpp Dipeptide permease 74 AG
dsd D-Serine sensitivity; D-serine dehydratase dsd 48 410, 412, 418
(EC 4.2.1.14)
dum dUMP synthesis 412, 418
earA Regulates expression of aniG 86 3
eca Enterobacterial common-antigen synthesis NM 412, 418
endA Endonuclease 1 endA 63 418
eno Enolase Enolase (EC 4.2.1.11) eno 60 418
ent Enterochelin asc, enb; enterochelin (dihydroxybenzoyl- ent 13 410, 412
serine trimer)
envA Envelope Cell division defect, chain formation envA 3 412, 418
envB Envelope bac; spherical cells, drug sensitivity envB 70 10, 11, 410, 412, 418
envD Envelope Autolysis; drug sensitivity; alterations in cell 17 371, 412, 418
morphology
envZ Outer membrane ompB, tppB; positive regulation of tripeptide envZ 74 152, 294, X
_ protein permease and outer membrane protein
eutA Ethanolamine Required for use of ethanolamine as sole 50 395
utilization carbon or nitrogen source
eutB Ethanolamine Ethanolamine ammonia lyase, subunit I 50 395
utilization
eutC Ethanolamine Ethanolamine ammonia lyase, subunit II 50 395
utilization
eutD Ethanolamine CoA-dependent acetaldehyde dehydrogenase 50 395
utilization
eutk Ethanolamine Required for use of ethanolamine as sole 50 395 .
utilization carbon source
eutR Ethanolamine Positive regulatory gene for eut operon 50 395,V
utilization
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fabB Fatty acid biosynthesis B-Ketoacyl acyl carrier protein synthetase I 47 98, 410, 412, 418
(EC2.3.1.4))
fdhA Formate hydrogenlyase complex; formate fdhA 77 410, 412, 418
dehydrogenase
fdhB Formate hydrogenlyase complex; formate 18 412, 418
dehydrogenase
fdhC Formate hydrogenase associated with both 80 418
hydrogenase and nitrate reductase
fdhF fhl; formate dehydrogenase fdhF 93 21
fdnA Formate dehydrogenase associated with 85 367, 418, B
nitrate reductase-
fdnB Synthesis or activation of the cytochrome 85 367, 418
associated with formate dehydrogenase
fdnC Synthesis or activation of the cytochrome 85 367
associated with formate dehydrogenase
fdp Fructose-1,6-diphosphatase (EC 3.1.3.11) fdp 99 410, 412, 418
fhiD Formate dehydrogenase 2 activity 81 21, 412, 418
fim Pili pil; fimbriae (pili) fim 14 90, 130, 382, 410, 412,
) 418
figA Flagella flaFI; flagellar synthesis; function unknown figA 23 222, 302, 412, 418
flgB Flagella AflaFII; flagellar synthesis; function unknown figB 23 222, 302, 412, 418
figC Flagella AaFIII; flagellar synthesis; basal-body protein figC 23 222, 302, 412, 418
figD Flagella AaFIV; flagellar synthesis; basal-body rod figD 23 222, 302, 412, 418
modification
figE Flagella flaFV; flagellar synthesis; hook protein figE 23 2, 207, 222, 302, 354,
412, 418
figF Flagella AaFVI, flagellar synthesis; basal-body rod figF 23 2, 207, 222, 302, 412,
protein 418
figG Flagella faFVII; flagellar synthesis; basal-body rod figG 23 2, 207, 222, 302, 412,
protein 418
figH Flagella AaFVIII; flagellar synthesis; basal-body figH 23 222, 302, 412, 418
L-ring protein ,
flgl Flagella flaFIX; flagellar synthesis; basal-body P-ring figl 23 2, 204, 222, 302, 412,
protein 418
flgd Flagella flaFX; flagellar synthesis; function unknown fgJ 23 222, 302, 412, 418
figK Flagella flaW; flagellar synthesis; hook-associated figK 23 198, 200-202, 208, 206,
protein 1 222, 247, 302, 525
fligL Flagella flaUi; flagellar synthesis; hook-associated flgL 23 198, 200-202, 205, 206,
protein 3 222, 247, 302, 418,
. 525
flhA Flagella flaC; flagellar synthesis; function unknown flhA 40 222, 302, 410, 412, 418
fihB Flagella flaM; flagellar synthesis; function unknown fihB 40 222, 268, 302, 410, 412,
418, 460
fAAC Flagella flaE; flagellar synthesis; regulation of gene fAhC 40 222, 268, 302, 410, 412,
expression 418 )
fAihD Flagella faK; flagellar synthesis; regulation of gene fAAhD 40 222, 268, 302, 410, 412,
expression (flagellum-specific sigma 418
factor?)
fliA Flagella AaL; flagellar synthesis; regulation of late fiA 40 222, 247, 302, 410, 412,
) gene expression 418
fiiB Flagella nml; flagellar synthesis; N-methylation of 40 222, 302, 410, 412, 418
lysine residues in flagellin
fic Flagella HI; flagellar synthesis; phase 1 flagellin fiic 40 143, 199, 205, 222, 243,
(filament structural protein) 247, 302, 410, 412,
418, 507, 508
fiD Flagella flaV; flagellar synthesis; hook-associated AiD 40 198, 200-202, 205, 206,
protein 2 222, 246, 247, 302,
) 525
fiE Flagella flaAlI flagellar synthesis; function unknown fAIE 40 222, 302, 410, 412, 418
fiF Flagella flaAll I; flagellar synthesis; basal-body AIF 40 2, 105, 222, 302, 418,
M-ring protein 523
AiG Flagella flaAll.2, motC, cheV; flagellar synthesis; AiG 40 105, 222, 302, 418, 522,
motor switching and energizing 523
fAiH Flagella flaAll .3; flagellar synthesis; function fiiH 40 105, 203, 222, 302, 418,
unknown 523
fil Flagella flaAlIll; flagellar synthesis; function unknown Al 40 203, 222, 302, 410, 412,
418, 523
fAiJ Flagella flaS; flagellar synthesis; function unknown A 40 203, 222, 302, 412, 418
fIK Flagella flaR; flagellar synthesis; hook length control AIK 40 203, 222, 302, 412, 418
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AL Flagella flaQI; flagellar synthesis; function unknown AL 40 203, 222, 302, 523
fiM Flagella flaQll, cheC, cheU, flagellar synthesis; AiM 40 203, 222, 302
motor switching and energizing
SN Flagella flaN; flagellar synthesis; motor switching and fAIN 40 222, 302, 412, 418, 522,
energizing ‘ 523
fio Flagella flaP; flagellar synthesis; function unknown flio 40 222, 302, 410, 412, 418
fiP Flagella flaB; flagellar synthesis; function unknown fiP 40 222, 302, 410, 412, 418
fiQ Flagella flaD; flagellar synthesis; function unknown fiQ 40 222, 302, 410, 412, 418,
522
AR Flagella flaX; flagellar synthesis; function unknown fiR 40 222, 302
fliA Flagella rhl; flagellar synthesis; repressor of phase 1 None 56 143, 222, 302, 410, 412,
flagellin gene (fliC) 418, 524
fiB Flagella H2; flagellar synthesis; phase 2 flagellin None 56 199, 222, 223, 302, 410,
(filament structural protein) 412, 418, 478, 524
firB Fluoroleucine Leucine or isoleucine regulation or both 14 410, 412, 418
resistance )
fol Folate Trimethoprim resistance; tetrahydrofolate folA 2 410, 412, 418
dehydrogenase (folate reductase)
Jfok Fructose Fructose phosphate kinase fpk 45 148
frd Fumarate reductase Fumurate reductase (EC 1.3.99.1) frd NM 32
fruB Fructose Fructose phosphotransferase enzyme I11A 45 148
fruF Fructose Fructose phosphotransferase pseudo-HPr 45 148
SfruR Fructose Regulation of the fructose regulon, regulation fruR 3 82, 148
of gluconeogenesis; may be the same as :
ppsB .
fuc Fucose L-Fucose utilization fuc 61 412, 418
fur Ferrichrome Ferrichrome uptake, regulation of iron NM 418
uptake; constitutive synthesis of
iron-enterochelin
galC Galactose Constitutive synthesis of specific galactose 18 412, 418
permease
galE Galactose UDP glucose 4-epimerase (EC 5.1.3.2) galE 18 224, 301, 348, 349, 410,
412, 418, P
galF Galactose Modifier of UDP-glucose pyrophosphorylase 42 410, 412, 418
galK Galactose Galactokinase (EC 2.7.1.6) galK 18 410, 412, 418, P
galP Galactose Specific galactose permease galP NM 412,418, P
galR Galactose Regulation galR 61 410, 412, 418, P
galT Galactose Galactose-1-phosphate uridylyltransferase galT 18 418
. (EC 2.7.7.10)
galUu Galactose Glucose-1-phosphate uridylyltransferase (EC galUu 34 192, 410, 412, 418
2.7.7.9)
garA Gamma resistant Resistant to y and UV radiation; large cells; 0 418
high RNA and protein content (may be.
equivalent to rodA) ’
garB Gamma resistant Resistant to y and UV radiation; large cells; 0 418
high RNA and protein content
gcv Glycine cleavage Defective in the glycine cleavage enzyme gcv 62 AA
system
gdh Glutamate Glutamate dehydrogenase (EC 1.4.1.4) gdh 27 193, 327, 418
gleR Glycyl-leucyl-resistant regulatory gene for 7 418
transport of branched-chain-amino acids
glgA Glycogen Starch (bacterial glycogen) synthase (EC glgA 74 290, 291, 412, 418
2.4.1.21)
glgC Glycogen Glucose-1-phosphate adenylyltransferase (EC glgC 74 290, 291, 412, 418
2.7.7.27)
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