AlIR/AraC/FucR I-Modulon

Regulated by: AlIR or AraC or FucR
Biological Function: Allantoin, glyoxylate, L-arabinose, and L-fucose catabolism
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ArcA -1 I-Modulon

Regulated by: ArcA
Biological Function: Anaerobic response
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ArcA -2 |I-Modulon

Regulated by: ArcA
Biological Function: Electron Transport Chain
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ArgR I-Modulon

Regulated by: ArgR
Biological Function: Arginine biosynthesis
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AtoC I-Modulon

Regulated by: AtoC

Biological Function: Acetoacetate degradation
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BW25113 |-Modulon

Biological Function: Transcriptional difference between BW25113 and MG1655
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Cbl + CysB I-Modulon

Regulated by: Cbl and CysB
Biological Function: Aliphatic sulfonate utilization
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CdaR I-Modulon

Regulated by: CdaR
Biological Function: Glucarate catabolism

Motif E-value: 2.70e-05

Operons with Upstream Motif: 100% Motif similar to PutA (E-value: 1.53e-04)



CecR I-Modulon

Regulated by: CecR
Biological Function: Related to antibiotic sensitivity
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Copp

er I-Modulon

Regulated by: CusR or HprR or CueR

Biological Function: Copper homeostasis
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CpxR I-Modulon

Regulated by: CpxR
Biological Function: Various stress responses
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Cra I-Modulon

Regulated by: Cra
Biological Function: Central carbon metabolism
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I-Modulon Gene Coefficients

()]
=
c
Q
<

I-Modulon Activity

0.15

0.10

0.05

0.00

Condition

ID

Count (log scale)

-
o

-0.05

w

-
o
N

Crp-1I-Modulon
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Biological Function: Miscellaneous functions
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Crp -2 |-Modulon

Regulated by: Crp
Biological Function: Various carbon source catabolism
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CsqR I-Modulon

Regulated

by: CsqR

Biological Function: Sulfoquinovose catabolism
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CysB I-Modulon

Regulated by: CysB
Biological Function: Inorganic sulfate assimilation
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DhaR/Mic I-Modulon

Regulated by: DhaR or Mic
Biological Function: Dihydroxyacetone kinase and phosphotransferase systems
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EvgA |I-Modulon

Regulated by: EvgA
Biological Function: Acid and osmotic stress response
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ExuR/FucR I-Modulon

Regulated by: ExuR or FucR
Biological Function: D-galacturonate and L-fucose catabolism
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FadR I-Modulon

Regulated by: FadR or IcIR
Biological Function: Fatty acid degradation
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Fecl I-Modulon

Regulated by: Fecl
Biological Function: Ferric citrate transport
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FIhDC I-Modulon

Regulated by: FIhDC
Biological Function: Flagella assembly
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FliA I-Modulon

Regulated by: FliA
Biological Function: Chemotaxis
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Fnr I-Modulon

Regulated by: Fnr
Biological Function: Anaerobic response

w 0.25 |- . COG Categories
z 0.20 I . Energy production and conversion (10): dcuC, dmsA, fdnG,
-g : . frdA, hybO, napF, narG, nirB, nirD, ynfE
% 015 F Inorganic ion transport and metabolism (7): feoA, feoB, focA,
8 . napD, narK, nikB, ynjE
L]
o 010 . ® Amino acid transport and metabolism (2): aspA, nikA
qc_) 005 Posttranslational modification, protein turnover, chaperones
o 0 ® (2):yhbU, yhbV
c . . )
% 0.00 F ® Signal transduction mechanisms (2): bssR, yeal
ko) Other (17): hypB, ttdR, ompW, ynfK, nrdD, abrB, grcA, ycb/, ydfZ,
‘ED -0.05 - ydjX, ydjY, yecH, yfcC, yhcC, iscR, yjjl, yoeA;
1
-0.10 |
1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16
Baseline Expression (log-TPM)
StUdy Acid Nac/ OmpR Cra/ RpoB  Crp Glucose 42C Substrate- PGI KO Current Unchar.  False Enz. Pseudogene
Iron  Oxid. NtrC Misc Omics MinSpan Crp Knock-in ARs Evol. Evol. switching Evol.  Evol. Study TFs Pos. Promisc. Repair
40
>
s
3
<
5 20 H
>
°
o
=
O [T 7 PRIl ma il L |
s R Lo e e o L e e S S CECE Lo Yy O E i P =
Condition ~ ** g8 % 5575 § 85 7 B s T N S H .
| D 2323 E‘ 23 ggasEs S EI é
L Unregulated
100 b "‘3G by Fnr
. E i nar bssR
o F thypB napF [ Eelg:l#ra ted
o c i nikB  yjjl  ydfz g
2 i i yebJ yecH yncc P-value = 3e-27
10° i feoB napD ‘yqjy e Precision = 85%
2 E thybO yeal ynfE Recall = 8%
= o iaspA yoeA; focp
= C i frdA fdnG yhbV
1 abrB nrdD gmsA diX
= 4 . feoA yaj
o 10 ynjE nirB ynfK
O
0 yhbU
10 o :
-0.1 0.0 0.1 0.2 0.3
I-Modulon Gene Coefficients
-
i oo, —— R34 =0.57
> 30 e .'. E Q.“:o'o e e Conditions
2 20Ff
<
407 34 6 T ol
(192) (28)(6) 2
© ok
I-Modulon §
Genes =
_10 -
Regu|on 20 1 1 1 1 1 1 1
Genes 8.0 8.5 9.0 9.5 10.0 10.5 11.0
fnr Expression Level
.
. T A c }T LAI . ACAL
o -=-=CTAIAééIT AeA‘é# 21 : —
s LlCes2hdcYterry T0AT oo Cha ses

> -
TTGATHWARMKCAAWAWW'

Motif E-value: 4.60e-12

Operons with Upstream Motif: 82% Motif similar to FNR (E-value: 2.98e-06)
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Fur—-2 |I-Modulon

Regulated by: Fur
Biological Function: Iron homeostasis
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GadEWX I-Modulon

Regulated by: GadE and GadW and GadX
Biological Function: Acid stress response
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GadWX I-Modulon

Regulated by: GadW and GadX
Biological Function: Acid stress response
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GcVvA I-Modulon

Regulated by: GevA
Biological Function: Glycine cleavage system
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GlcC I-Modulon

Regulated by: GlcC
Biological Function: Glycolate catabolism
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GIpR I-Modulon

Regulated by: GIpR
Biological Function: Glycerol catabolism
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GntR/TyrR I-Modulon

Regulated by: GntR or TyrR
Biological Function: Gluconate catabolism and tyrosine biosynthesis
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His —tRNA I-Modulon

Regulated by: His-tRNA attenuation
Biological Function: Histidine biosynthesis
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Leu/lle I-Modulon

Regulated by: llvY or leu-tRNA attenuation or ile-tRNA attenuation
Biological Function: Branched-chain amino acid biosynthesis
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I-Modulon

Regulated by: Lrp
Biological Function: Amino acid and peptide transport

Motif E-value: 1.20e-04
Operons with Upstream Motif: 72%




MalT I-Modulon

Regulated by: MalT
Biological Function: Maltose catabolism
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MetJ I-Modulon

Regulated by: MetJ
Biological Function: Methionine biosynthesis

Motif E-value: 1.60e-37
Operons with Upstream Motif: 92%
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Nac |I-Modulon

Regulated by: Nac
Biological Function: Nitrogen starvation response
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NagC/TyrR I-Modulon

Regulated by: NagC or TyrR

Biological Function: N-acetylglucosamine catabolism and tyrosine biosynthesis
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NarL I-Modulon

Regulated by: NarL
Biological Function: Nitrate respiration

COG Categories

» 020r Energy production and conversion (15): dmsB, napA, napB,
"ac'; napC, napF, napG, napH, narG, narH, narl, nar/, nirB, nirD,
‘S 015F nrfB, nrfC
% Inorganic ion transport and metabolism (5): napD, narK,
Q o010} o nirC, nrfA, nrfD
O o o . e .
) (] - Posttranslational modification, protein turnover, chaperones
<|CJ 0.05 | ) . L4 (5): ccmA, ccmC, ccmE, ccmF, dsbE
’ od ™0 . . . .
o ’} 8, o % . ® Amino acid transport and metabolism (1): nikA
c s ¥ ° . . . .
O 0.00 | S AA&;‘P " e . @ Translation, ribosomal structure and biogenesis (1): ykgO
S o'é ; %2 ° X
-8 % ° J-.-"-: 2 26 e ce Function unknown (2): dmsC, yehD
S -005F ° °
1
-0.10 | .
1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16
Baseline Expression (log-TPM)
Study Acid Nac/ OmpR Cra/ RpoB  Crp Glucose 42C Substrate- PGI KO Current Unchar.  False Enz. Pseudogene
Iron  Oxid. NtrC Misc Omics MinSpan Crp Knock-in ARs Evol. Evol. switching Evol.  Evol. Study TFs Pos. Promisc. Repair
=
=
3
< 20
§
>
o
o
s
A
O [ T Dol i T T A e T T Y L
R e e e e I 1 e SR
Condition =" g5 *%% %8387 g J: game SESTE b g = e peiiocorss
ID e H - = B PoEAARE g
288
r Unregulated
3 +1 by NarL
10 §_ ccmA r— Regulated
o F nrfD by NarlL
© N nrfB P-value = 1e-40
8 nrfC e Precision = 93%
o 10 F dmsB Recall = 23%
le) F dmsC
= r ccmC "
-E | dsbE napD 'I:’a’I’D
=N ykgO yehD .o napH
o 10 F E nirB irc
O E e napF g harH e napB
o nrfA pF  nar. narK nap
o napC narG napA
" nikA
100 E . I, L L
-0.10 -0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30
I-Modulon Gene Coefficients
30 F—— RZ;=002 o o ¢
. L]
o5 | e Conditions «® o °
>
=
= 20}
<
91 27 2 = 15f
(32) 7" @ 2
3 10F
©
o
3 s
I-Modulon .
Genes ol
Regulon -5

Genes _
narL Expression Level



nikA .
03 nkB 4 COG Categories
N ni . . . . . .
» nikc®™ @® Amino acid transport and metabolism (3): nikA, nikD, nikE
8] ;
S JikE Inorganic ion transport and metabolism (2): nikB, nikC
Q:;’ 0.2 F Transcription (1): yafC
[}
3
afC
2 -
S 0.1F
(D °
c
o % o% o °
= X : ° ®
0.0 4 b °
3 PR .
=
L
-01F
1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16
Baseline Expression (log-TPM)
Study Acid Nac/ OmpR Cra/ RpoB  Crp Glucose 42C Substrate- PGI KO Current Unchar.  False Enz. Pseudogene
Iron  Oxid. NtrC Misc Omics MinSpan Crp Knock-in ARs Evol. Evol. switching Evol.  Evol. Study TFs Pos. Promisc. Repair
)
=
]
< 10
s
=3
o
o
s
-0
Ao P o R R T A e bbb el
B S ie Tt S FECELDE iy e e L Cenre A SO oL e S e el o I e S e
o~ 38 555 pss  gemsoan: £ o 83:5s 8%y Zimind oeoweg R T A G R ' N
Condition G § o s =878 g § = S5355res
£323 | ¥ 55 33 gogege 8 { S5ttts E
1D = H e z EESEPE 8
333
B Unregulated
by NikR
10° Regulated
<o F - py NikR
© C P-value = 5e-15
8 X Precision = 83%
o 10° = Recall = 83%
ko) =
~ -
= o
= L
= 1
o 10 F
o E nikC
- nikE
ol yafC - nikD  nikB  nikA
10 F . - | L 1
-0.1 0.0 0.1 0.2 0.3
I-Modulon Gene Coefficients
- [ ]
150 l— R2,;=0.04 . P .
e Conditions ° e
) ‘.
> 125} e e o f,
= 10.0
g . °
1 5 1 c 75f
(1) (1) (1) s |
3 5
o
= 25
1
0.0
_25 -

NikR I-Modulon

Regulated by: NikR
Biological Function: Nickel homeostasis

Regulon  [-Modulon
Genes Genes

nikR Expression Level



NtrC + RpoN I-Modulon

Regulated by: NtrC and RpoN
Biological Function: Nitrogen starvation response
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OxyR |I-Modulon

Regulated by: OxyR
Biological Function: Peroxide reductases
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PrpR I-Modulon

Regulated by: PrpR
Biological Function: Propionate catabolism
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PurR -1 I-Modulon

Regulated by: PurR
Biological Function: Purine Biosynthesis
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PurR -2 |-Modulon

Regulated by: PurR
Biological Function: Pyrimidine biosynthesis
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PuuR I-Modulon

Regulated by: PuuR
Biological Function: Putrescine catabolism
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Pyruvate I-Modulon

Regulated by: BtsR or YpdB or PdhR
Biological Function: Pyruvate transport and metabolism
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RbsR I-Modulon

Regulated by: RbsR
Biological Function: D-ribose catabolism
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RcsAB I-Modulon

Regulated by: RcsAB
Biological Function: Colanic acid capsule formation
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RpoH I-Modulon

Regulated

by: RpoH

Biological Function: Heat shock response
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RpoS I-Modulon

Regulated by: RpoS
Biological Function: General stress response
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SoxS I-Modulon

Regulated by: SoxS
Biological Function: Oxidative stress response
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SriIR + GutM I-Modulon

Regulated by: SrIR and GutM
Biological Function: Sorbitol catabolism
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I-Modulon Gene Coefficients

Thiamine I-Modulon

Regulated by: Thiamine

Biological Function: Thiamine biosynthesis
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Tryptophan I-Modulon

Regulated by: TrpR or trp-tRNA attenuation or Tryptophan attenuation
Biological Function: Tryptophan Biosynthesis
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XyIR I-Modulon

Regulated by: XylIR

Biological Function: Xylose catabolism
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Ygbl I-Modulon

Regulated by: Ygbl
Biological Function: Unknown Function
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YiaJ I-Modulon

Regulated by: YiaJ
Biological Function: Ascorbate utilization

ne

ial i .
sl yiam VK COG Categories
» ) - yiaO Carbohydrate transport and metabolism (8): lyxK, sgbE,
- yiak . , . .
% sgbH’ = sabU SsgbH, sgbU, yialL, yiaM, yiaN, yiaO
‘© 02 N bE Energy production and conversion (1): yiaK
= lyxk «—S9 - N
8 Transcription (1): yial
O 01f
2
[ ]
& g q ’ . AR o
8 ool BRI .
[t ° [ 2
@]
S 01|
S 0.1
o
=
— 02} )
yiaJ
1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16
Baseline Expression (log-TPM)
Study Acid Nac/ OmpR Cra/ RpoB  Crp Glucose 42C Substrate- PGI KO Current Unchar.  False Enz. Pseudoge
Iron  Oxid. NtrC Misc Omics MinSpan Crp Knock-in ARs Evol. Evol. switching Evol.  Evol. Study TFs Pos. Promisc. Repair
30t
=
£ 20
<
§ |
3 10
§ I
O M rrilrm A T T T A T . 1n LT Tl I | JENIL The 117" U |
B e e e S e s T TS g ST DR A OIS R e O I e S Saaags,
Condition ™ &8 %% 557 g J: a8 N B g 220550
ID F0F g E CEREEEE S
222
- Unregulated
3 by YiaJ
3
10 F Regulated
- F by Yiad
e o P-value = 5e-29
8 N Precision = 100%
o 10° F Recall = 91%
Ie) =
= -
= r
C -
2
Q 10 F
O F sgbH yiaO yiaK
- sgbU yiaN yialL
ol yiaJ sgbE lyxK - yiaM -
10°F, moww ! . = L
-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4
I-Modulon Gene Coefficients
25+ e © —— R2;=007
e Conditions
> 20 [ e yiaJKO
=
=
© 15
£ L
1 10 0 =
) (2) (0) S 4l
©
o
3 s
0 -
Regu|on |-|V|Odu|0n 1 1 I

Genes Genes 0 2 4
yiaJ Expression Level
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Regulated by: YieP
Biological Function: Unknown

I-Modulon Gene Coefficients



Yned I-Modulon

Regulated by: Yned
Biological Function: Unknown Function
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Zinc |-Modulon

Regulated by: ZntR or Zur
Biological Function: Zinc homeostasis
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crp — KO I-Modulon

Biological Function: Accounts for crp knock-out
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curli I-Modulon

Biological Function: Curli assembly
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deletion -1 I-Modulon

Biological Function: Large deletion of 39 genes during evolution
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deletion -2 I-Modulon

Biological Function: Large deletion of 171 genes during evolution

COG Categories
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duplication —=1 I-Modulon

Biological Function: Large duplication of 129 genes during evolution
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e14 - deletion I-Modulon

Biological Function: Removal of e14 prophage
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efeU - repair I-Modulon

Biological Function: Accounts for repair and expression of efeU operon
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entC — menF - KO |I-Modulon

Biological Function: Accounts for entC and menF knock-outs
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fimbriae I-Modulon

Biological Function: Fimbriae assembly

fim - fimA COG Categories
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|I-Modulon Gene Coefficients
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flu - yeeRS I-Modulon

Biological Function: Genes in CP4-44 prophage
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fur - KO I-Modulon

Biological Function: Accounts for fur knock-out
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gadWX - KO I-Modulon

Biological Function: Accounts for gadW and gadX knock-outs

[gadw COG Categories
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Biological Function: IS2 insertion element after laboratory evolution
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dppB sodB .
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Biological Function: Related to iron metabolism
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lipopolysaccharide |I-Modulon

Biological Function: Lipopolysaccharide biosynthesis
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membrane |-Modulon

Biological Function: Enriched in membrane-bound proteins
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nitrate — related I-Modulon

Biological Function: Nitric oxide response

0.25

year JTE COG Categories
’ hmp Energy production and conversion (9): fdnG, fdnH, fdnl, hcp,
" 0.20 - y0aG ‘ hcr, hmp, narG, narH, narf
"ac'; ’ hep Cell cycle control, cell division, chromosome partitioning (1): ytfE
S 015F : JabA Inorganic ion transport and metabolism (1): yeaR
S fanti o Function unknown (3): ygbA, yhhQ, yoaG
(o] f%G : fdnl
7
% 010F por MG yhhQ
C \ucnu' - : narH
o)
- 0.05 |
o
S
9 L]
O 0.00 [
= .
-0.05 |- . .
1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16
Baseline Expression (log-TPM)
StUdy Acid Nac/ OmpR Cra/ RpoB  Crp Glucose 42C Substrate- PGI KO Current Unchar.  False Enz. Pseudogene
Iron  Oxid. NtrC Misc Omics MinSpan Crp Knock-in ARs Evol. Evol. switching Evol.  Evol. Study TFs Pos. Promisc. Repair
30
)
5
g 20
s
g 10
s
0 mmm Ll._-.\.l. L _Ll-, J_A.J,.._IJ__‘_,_J
i 38 Eb g8f  coeaaz 0k A ol
Condition g8 78 g e s g 28 ERBis550es
ID : H = et s
343
: No enriched
s regulator
10 F
- r
O C
o L
Q 2
D 10" F
(@] F
o C
~ -
= i yhhQ
> ; narJ
8 10 E narH
F her  fant  fdnH VHE
B narG fdnG yeaR
0 ygbA hcp yoaG hmp
10 F
1 1 1 1 1 1 1
-0.05 0.00 0.05 0.10 0.15 0.20 0.25

bits

- oale e

[

~

o>

’ e
A
B

I-Modulon Gene Coefficients

Motif E-value: 5.30e-05
Operons with Upstream Motif: 75%



|I-Modulon Gene Coefficients

Study

I-Modulon Activity

proVWX I-Modulon

Biological Function: Glycine betaine transport
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purR = KO I-Modulon

Biological Function: Accounts for purR knock-out

purR COG Categories
Nucleotide transport and metabolism (2): add, pyrE
Transcription (1): purR
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sgrT I-Modulon

Biological Function: Contains single dominating gene: sgrT
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thrA - KO I-Modulon

Biological Function: Accounts for thrA knock-out
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translation I-Modulon

Biological Function: Enriched in translation machinery
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ydcl = KO |I-Modulon

Biological Function: Accounts for ydcl knock-out

yael COG Categories
05k Energy production and conversion (1): g/tP
® Signal transduction mechanisms (1): iraP
Transcription (1): ydcl
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yheO - KO I-Modulon

Biological Function: Accounts for yneO knock-out

yne0 COG Categories

Inorganic ion transport and metabolism (3): tusB, tusC, tusD
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Uncharacterized I-Modulon #1

Biological Function: Unknown Function
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Uncharacterized I-Modulon #2

Biological Function: Unknown Function
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Uncharacterized I-Modulon #3

Biological Function: Unknown Function
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Uncharacterized I-Modulon #4

Biological Function: Unknown Function
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Uncharacterized I-Modulon #5

Biological Function: Unknown Function
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Uncharacterized I-Modulon #6

Biological Function: Unknown Function
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