Regulatory Evolution of TEM p-lactamases through Large-Scale Genomic Analysis
Reveals Promoter Diversity and Its Impact on B-lactam Resistance in Escherichia coli
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Fig. S1. TEM variant-wise distribution of promoter types identified in chromosome- and
plasmid-associated blatem sequences. Each panel represents an individual TEM variant, with
the x-axis showing promoter categories (numeric codes) and the y-axis showing the number
of sequences on a logarithmic scale. Chromosome-derived sequences are indicated by blue
circles and plasmid-derived sequences by orange triangles. Low-frequency TEM variants
with fewer than five observations were grouped under “Other.” The numeric promoter
category codes correspond to the promoter definitions provided below the figure.
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Fig. S2. Distribution of promoter types across resistant and susceptible chromosome-derived
isolates for different TEM-relevant -lactam antibiotics and B-lactam/B-lactamase inhibitor
combinations. For each antibiotic, the heatmaps show the number of isolates corresponding to
each promoter type-TEM variant combination, separately for resistant and susceptible
phenotypes. This phenotype-level analysis was restricted to chromosome-derived isolates
because corresponding phenotype data were unavailable for plasmid-associated isolates.
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Fig. S3. Distribution of insertion sequence (IS) families identified within the analyzed +1000-
bp region surrounding the blatem locus in chromosome- and plasmid-associated genes. The y-
axis lists the different IS families, while the x-axis represents the positional categories INSIDE,
NEAR, and OVERLAP relative to the blatem region. Heatmap values indicate the number of
IS occurrences corresponding to each IS family and positional category. The definitions of the
positional categories are provided in the methods.



distribution of IS element over promoter types

202
&3] (22} n
L Zoan 1 z n=151
g 3 2oam
2 5ocu- 3
8 4
g . . . nana L . .
. (23 n=a
a8 nem-
- e . . 3 B — : .
goaw- @ ' Fooon |
EE B
B pom- E
00
H Foso0s
0 0.0
Zn. ™ et > 25} R
Y] gooos
H H
& 8
002 0.00
Eoov- @ n=13 Wk e n=19
8% gFom
H g
& 4
. . . nana L . .
0002 1) nos? @71
o
Eguu]-
- . . . X ’ .
0002
» @ 350" 28} noz
E3- T T
ggocu- $Euu
a o2g
0 [
Promoter Type
e
2 [C]] N gonase|(29Y s
B2 nam- H
23 23
8 4
000 0.00000
Promater Typa : P4
.8 (30} -
:%uuz- t dgc‘:as "t
8§ uem- e
- 4
ngan-, . E . aanal, . .
Promoter Type : -10_novel ; -35_novel
31 n=a
2800
25
<8
" . . oo . .
- ay o ooz {32 .
'l aE
& o008 2%
25 7 E oo
a 28
a a3
a2 [EE]
& n=t Zucon n=1
FELEES gz
EH 25 s
8 8
000 0.00
Promatar Typa : P3
= amn . 34 ne2
@ 8 o005~
25
a
a.0an " . . n.ncana |, " +
50010~ (14) 7 > (s} nez
2% gg om0
i § 0005 ng
& a
20600+ : . . oaud - .
Promoter Type : P5
a2~ (15) (a6} _
Ny 2, n=3
g2 YR
FECTOE GE
23 a
0l a
Promoter Type : Pa/Pk
s} @7 -
- G Lo
§ 0.05- 25
na a
g oo
- an ne22 P nes
= 8oz iy
H 4
2 agon- . v . 2.0 T .
20010
B a8 s pooose] @ n=1
k- 1%
§ §oooos- 28 0oms
a 8
200600+ . . . ool - .
0092+ (19) tany
FEN o8 0sms
i gooa- L
3 ]
v u
- 20 nesz goaw{w s 02
nd 2k
285 - 3 Eoon
a a
2.000 a.000
= @1 N
oF 0.0005-
25
a
200, -
2005 2005

na o 1050
Ralativa Posltlon From Gana Start (bp)

15 Family
:

605



EC Plasmid: Relative positional distribution of IS elements over promoter types
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Fig. S4. (a) Chromosome-associated and (b) plasmid-associated IS families are represented
using kernel density estimation (KDE) plots to show their positional distribution relative to
blatem genes across different promoter types. Only IS elements identified within the
predefined 1-kb upstream and downstream regions surrounding the blatem locus were included.
Positions were normalized according to blatem gene orientation, with negative and positive
positions representing upstream and downstream locations, respectively. The vertical line at 0
bp marks the gene start, the grey-shaded region represents the blatem gene body (0-861 bp),
and the dashed line at 861 bp marks the gene end. Vertical reference lines at =70 bp and —47
bp indicate the approximate positions of the -35 and -10 promoter motifs, respectively. Each
panel represents a promoter type-IS family combination, and n indicates the number of IS-
element occurrences contributing to that combination.
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Fig. SS5. Counterfactual effects of blatem promoter-motif transitions on antimicrobial resistance
estimated using average treatment effects (ATEs). The lower heatmap shows the ATEs for
ordered transitions between individual blatem promoter motifs across the indicated B-lactam
antibiotics, estimated using the counterfactual framework while holding the observed TEM
variant profile constant. To specifically examine the resistance-associated effects of alternative
promoter motifs relative to established canonical promoter backgrounds, the heatmap focuses
on transitions originating from canonical promoter motifs and includes both canonical-to-
canonical and canonical-to-novel transitions. Each row represents a transition from the
promoter motif shown before the arrow to the promoter motif shown after the arrow, with the
corresponding -10 and -35 motif sequences indicated in the labels. Higher positive ATE values,
represented toward green—yellow, indicate an increase in model-predicted resistance
probability under the second promoter-motif condition, whereas negative ATE values,
represented toward blue—purple, indicate a decrease in predicted resistance probability. Only
promoter motif—antibiotic transitions meeting the predefined criteria of ATE stability > 0.80
and permutation (p < 0.05) are displayed; all other combinations are left blank. Bold black
borders indicate motif-antibiotic transitions with a non-zero pairwise overlap fraction, whereas
displayed cells without borders lack empirical overlap between the compared promoter
conditions and therefore represent model-based counterfactual extrapolations. The upper
stacked bar chart shows the total number of isolates with available resistance phenotype
information for each antibiotic and their phenotype distribution, with susceptible isolates
shown in green and resistant isolates shown in blue.



Fig. S6. Structural representation of the putative novel —35 motif M2 (TGCAAC) and its
interactions with ¢7° Domain4. (a) Structural representation of 6”° Domain 4 bound to the
putative novel M2 motif (TGCAAC). The six nucleotides corresponding to the M2 motif are
highlighted in blue, while ¢ residues forming protein-DNA interactions with a trajectory
occupancy of >10% during the 100-ns molecular dynamics simulation are highlighted in
magenta. (b) Enlarged view of the interaction interface showing the nine ¢ residues involved
in interactions with the M2-containing DNA region over the simulation trajectory.
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