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AETRMA B Fe REn Zp BB AR B 3. sbsh, BT | FeifldE L 2 YESH XK EREE TAR AR
c-di-GMP K#t AR, AAEFTHAMEAR. RRSHELR. RIPZHESRAR. IVEEHEER
AR, MAAGARF VIR 24ERAF. [4#4] QsvR Z3EMINE F 694 5 trifis
BT, 65X Z ARG K. QsvR *F¥e il F 6942 %X 2 & QsvR 42 L& 3% OpaR #9757,
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Abstract: [Background] OpaR is the master quorum sensing regulator of Vibrio
parahaemolyticus. QsvR, an AraC-type transcriptional regulator, has reciprocal regulatory
activities with OpaR. The regulatory effect of QsvR on gene expression is affected by OpaR,
while their relationship in gene regulation remains to be fully elucidated. [Objective] To
investigate QsvR regulons in the wild type (WT) and the opaR mutant (AopaR), and thus
determine the effect of OpaR on the gene regulation of QsvR in V. parahaemolyticus. [Methods]
[llumina HiSeq was employed to mine the differentially expressed genes in the SVR mutant
(AgsvR) or AgsvRAOpaR relative to that in WT or AopaR under the biofilm formation growth
condition. [Results] QsvR regulated 1 735 genes (regulon 1) in the WT background, including
855 genes activated and 880 genes repressed. QsvR regulated 1 187 genes (regulon 2) in the
AopaR background, including 533 genes activated and 654 genes repressed. There were
517 common genes shared by regulons 1 and regulons 2, and most of these genes were oppositely
regulated by QsvR between the two regulons. According to the results of gene ontology (GO)
annotation, 467 and 204 genes from regulons 1 and regulons 2 were respectively annotated to
three categories (biological process, molecular function, and cellular component) and thirty
sub-categories. The results of Kyoto encyclopedia of genes and genomes (KEGG) pathway
enrichment showed that 372 and 678 genes from regulons 1 and regulons 2 were respectively
enriched in 30 signaling pathways (Q value<0.05). The genes in regulon 1 were mainly enriched
in cellular metabolism, genetic information processing, and environmental information
processing, and those in regulon 2 in cellular metabolism. The classification results obtained with
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the cluster of orthologous groups of proteins (COG) showed that the genes in regulons 1 and
regulons 2 were mainly involved in amino acid transport and metabolism, signal transduction
mechanisms, energy production and conversion, general function prediction only, and function
unknown. In addition, the regulons 1 and regulons 2 contained a large number of regulatory genes
and putative c-di-GMP metabolism-associated genes, as well as some polar flagellar genes, capsular
polysaccharide genes, exopolysaccharide synthesis genes, type IV pili-associated genes, type III
secretion system genes, and type VI secretion system genes. [Conclusion] QsvR was a global
regulator in V. parahaemolyticus, controlling the transcription of a large number of genes. OpaR
affected the regulatory actions of QsvR on its target genes and the composition of QsvR regulon.

Keywords: Vibrio parahaemolyticus; regulon; transcriptome; QsvR; OpaR

Rl 3K (Mbrio parahaemolyticus)f&—
a2 QB REER IR, )z oA TR IR
S T T b DX 200 TR v B e R D
RIS MR REFR IR ZFhEE IR+, FLAds ok
i #4375 1. 2% (thermostable direct hemolysin, TDH)
TDH #H5%¥% Ifil % (TDH-related hemolysin, TRH)
II1 7533 Z2 5t (type 111 secretion system, T3SS) .,
VI #53h R 4 (type VI secretion system, T6SS)
41 TDH il TRH HA W MG TE . gt Fn
Mt RA AR K, N EHA E &S
—& T3SS FEIL AL, 73Rl T3SS1 il T3SS2,
A HA T, WS S e e,
I LN 5 A PE T6SS, Bl Tess1 Al
T6SS2, —H Y HA MEMHEE, t4h T6SS1
W HA PRI PED O, — S A K7, W 20 .
AP ISR L A/ 1 T S R R 3 L 5 R B
H—ERRRPT,

A= 0 R 2 A T TR A 3R TR B B AT —
SERZER R TR VR AR R, R A TR AN R R 1Y
— b A A7 R R A TR A 2 ) B BT
F s 2 i (exopolysaccharide, EPS), IV BT |
MEEEMMSS, MHRE - EHE RN
1 FEC BPS SR AR WIS By, AR
JETFER 50%LL EP1) cpsA-K il scvA-O i
EPS 16 (3 A Cps Z KAl Scv ZHi), —

5 R N A PR B AR S IR AR 1,
IV BRI B S B RRR R 2 B AR, 4 5 A
T R TE AR M R i I R ek ) H 28 i Uk
1M %EEZE TV E (mannose-sensitive haemagglutinin
type IV pili, MSHA)FIJL T 5 ## 75 B B (chitin-
regulated pili, ChiRP)¥JJ& IV BRI B #iE
-8 S A T AR I = RS T
R N AW A MM AME, 550
A R AE B A TP il Bl (swimming) R 7E [ 142 2 THT
HEAEPE RS (swarming)!' 2%, 4k, JfI4h DNA .
JREE 1 . JEHR 2 M (capsular polysaccharide, CPS)
AL BE R A R P

B S AF R (c-di-GMP) & —Fh % ik 77 76 T
T P BN TR AR, XAV, w0
SR | 8 s EEEEA 5 SE PR E Y
9 H BRI EGE (5 GGDEF 45 )L GTP N
JEYHEALAE L c-di-GMP, TiBERR —FERE (S A
EAL = HD-GYP Z5H438) W BERF c-di-GMP F#fif i
pGpG =# GMP™, Rl MR AERIE 50 24>
4 EAL Fl/sk GGDEF 45ty & 57, Hrh
HAPBOUREAIRESE . e, SerC #l SerG
#7#H EAL Fl GGDEF Z5kgisk, {H 14 B4 1F
A EAL 4 MR EA 1S B R c-di-GMP
A i) A 9 BT ) 4 F P45, SerOL Serd
ScrL 1 GefA #§ %45 GGDEF #5435, 1fi LafV
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I TpdA #&H EAL 25958, B AW 815 &l
Vs 1 I R 2 4 BT B 202

QsvR J& AraC FGE: 7, higgh
T VPA0607-gsvR Zifh %, QsvR 5 BRI 5
%0 R S F AphA Fl OpaR Z[8] A M H.
AEVER, JFILRIRE AR 2 40 i i, sk
B REARE . AWEE R . 23t
c-di-GMP L1271, AR4E CPS Kk 5, &l
5 10 IR B 7% T 2298 B (translucent, TR)B{ AN
1 (opaque, OP)IRP®, opaR 248 bk Y B 7% & TR
AR, TR A BRI T VK S OP RPY), TR Bk (opaR
ZEAFAR) I OP Bk (B A k) B T LI ) A W e
HEEMARFEPY, MPL TR FHEAEA, gsvR %
AR R X 2 T B4 266 PR TG P L (HOR RETE AR
MR #7100 OP FAR W EA, qsvR ARk
)-SR A W IR i RE F1 3. QsvR 5 OpaR
B[] 100 o] 0 M PR A T A, H QsvR
[a] b opaR 2878 fIr S8 A= W R AR Ak, [ 2.
PRIRE SR, QsvR AYTEFEVEH 5 OpaR Y
FIART M, ASCHH RNA & 5 7
(RNA-Seq)H AR 73 HIHESE T QsvR 7E B A= Bk
opaR ZEAR MR 1L 5 56 T FE PR IC, 0 bT
OpaR Xf QsvR 3 K F ik A A5 MR, LAY ) 1]
QsvR X KL PR ) 3 428 56 28 S QsvR I 04 1

J& 1552 OpaR W52

1 MHE7%

1.1 #R
1.1.1 E#

R IMINE RIMD2210633 (wild type, WT) .,
gsvR JEMPEZEAEHR(AgsvR) . opaR JEMR Pk 5 s
Fk(AopaR) L B gsvR Al opaR W3k [H 48 75 #k
(AqsvRAOpaR) ) ki 4 iy by #2140 g
PRAFAE g 30 K2 B 8 g 5 — R Bk B

FEAFTIALEE

TRIzol Reagent, Invitrogen /A ; 2xTaq
PCR Master Mix . SuperReal # {f,5¢ Y6 & & Filii
I F(SYBR Green)fll FastKing — &7 i 5 IR
cDNA 55 —854 a7, RARAEARF AL
HOAT BRZ> ] . NanoDrop 2000 #A fi it 43 6 6 B
i1, Thermo Scientific 23] ; Illumina HiSeq il
JpF- 5, lumina 22w 5 SERFDOLE & PCRAY,
Roche AH]; AR EEFRAE, b s—4 Pk
AR
1.1.3 E5xE

M WimRE IR H R #3, BD
Bioscience A A .
1.2 EHRIER

3 AEC 20 uL HIMPRFR WT. AgsvR.,
AopaR fil AgsvRAopaR ##%#F 5 mL HI Bz,
37 °C. 200 r/min 5533 12 h, 3K 1:50 ¥
B2 S mL O EER HEL R, B
A F TR ZE ODgoo A 140 FEMRFREL 1:50
Wi 10 mL M Rz, MRS G 3%
2 24 fLAMIRE SRR, B9l 1.5 mL, 30 °C,
150 r/min 3555 48 h, WEFRIE B T BRI AE D)
HRE 8 P 34 G B A B e ) R AR R AR R Y
=R N e r TR
1.3 RNA REU5% R AN FF(RNA-Seq)

He 1.2 HS R B 0938 B AR (R WT L AgsvR,
AopaR Fil AgsvRAopaR, 4% 3 M:¥)2F K )IE
fi#7E 1 mL TRIzol 17, 3% 2 I3 M G MER £ W)
ARG BR A R HATIGSLALBE, AUFE RNA $2H,
RNA #£ 5 B A0 . cDNA SCEEMEE . SC#E4l
k4%, 5% Tllumina HiSeq 300PE & i 2t il /¥ -
BT SCE AT RCR iy
1.4 W F#HERE1TE R 5 Ee 3t

I #44: Bel2fastq (v2.17.1.14) 34 7 K455
HeH ) (base calling), FRAF )5 45 I P £ 48 (pass

1.1.2
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filter fata), K4 FastQC (v0.10.1)53#r il F¥
Bl B, B RY B {E (quality scores, Q)LA
—10logo (e)it55, e AEHFIR#AE, {fi/f] Cutadapt
(VIO DA g Sk 4 | 3~ i Bl 5 A T
HPA ., K bowtie2 (v2.2.6)4K 4%t ik J5 1Y)
¥ F Bt (clean data) 1225 5 R 21 (Rl I 5K B8
RIMD2210633)#E4T F XF, X 58 4 VL L () % 41
(total mapped reads)IEATHiTENL, 115 reads
B, FHE log,

1.5 ERREERERSH

| HTSeq #xf4:(v0.6.1)Fl FPKM (fragments
per kilo bases per million reads) /5 {158 K K &
iAar, PR A Bioconductor #4411 DESeq2
(v1.6.3) A TR A Y 22 R R T, 2R R
Z Mk LA (differentially expressed gene, DEG)
AT E SR . BRI SRR RS BTE 2 AL B
H. Q value (fdr, padj)<0.05. Pk 2= 55 FE K ) FPKM
{8 R 235 K EAHUZ I 3 2 (hierarchical  clustering)
73T o B L RAA (gene ontology, GOk 122>
# DEG A943F 6 (molecular function). 4 fifg2H
4% (cellular component) & 2 5 ) 4 ¥ 1 #2
(biological process). i 1d 5t # 5L A FIEE R 4 A #H
44(Kyoto encyclopedia of genes and genomes,
KEGG)¥E 243 DEG &5 i 5 3= 24 i
% (pathway) . | F 2 171 A 48 25 3R 7% (cluster of
orthologous groups of proteins, COG)%H X}
DEG #A7 B IIRE /34T o
1.6 SLBTZEE PCR (real-time quantitative
PCR, RT-qPCR)

A TRIzol Reagent #&HCE ¥ I 9N B 1Y &
RNA, F-F|H] FastKing —# PR N4H cDNA
S — kG B IR R S Y 3 S il cDNA,
P A SuperReal ¢ g Wi iR 50 F €4 iR
) & EAT RT-gPCR 734, DL 16S rRNA BE[A

IR NN S, R G L 24 XL A
(R ST KSR A AR 2 1 PY . RT-qPCR 2 B 4
Z ¥ SuperReal & 8 5¢ € = MR 357 (SYBR
Green) & W W S HC |, BP: 2xSuperReal Color
PreMix 10 L, IF 5[ #)(10 pmol/L)4% 0.6 pL,
cDNA #i#7(10 ng/mL) 2 pL, 8 T /KAME 20 pl.
RT-qPCR §" 3 454 95 °C 15 min; 95°C 30 s,
54°C15s, 72°C 15s, 55 P E¥; 65°C 5 s;
95 °C 5 s, il fg M 2 BT S 1 an sk 1 s .
RT-qPCR i 2/ DEE 3 K, BHK 3 M EY)#E
&, RIS R {E R E 2 (standard deviation,
SD)YEN . RIKEWATEAE 2 F5 LA E H SR RIS
t K6 B 45 AE /T 0.01 (P<0.01), M HAA B
P22 F T e A o

2 HERE4M

2.1 RNA-Seq HIEREDH

— I 3RS 9 4 Tlumina SO, £ 3C
JEHS & A #1496 J7 B IR 4G I Fr Bt (raw
reads). JRIGEHE (raw data)E %% NCBI ¥
PECE 75 PRINA913656) . FIf Cutadapt
(VL9 DAL U RS 5 4% JF 4 (clean reads), iff
M5 A M INE RIMD2210633 LK 24 k1 7
LLXT, S5 SR an R 2 B« B VR L %4 (total mapped) .
P — PU it 3% (uniquely mapped) Fll £ & JC fif &
(multiple mapped) 435I 7E 99.242%-99.739% .
96.798%—97.942%F1 1.634%—2.444%2 |f] , i1
R DA P i
22 ERREEESH

P WT Hig A RB K AS I, FIH
DESeq2 (v1.6.3)43#H AgsvR H it 22 57 R ik L A
(B AEPETC 1), 8 DL AopaR H 36 R ik /K
S E MR, M7 AgsvRAopaR Hi) 2 Rk KL
N (FR ARG 2), U2EsRiEARk 2 5 &0 E
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Table I Primers used in this study

Gene Primer sequence (5'—3") Amplicon size (bp)

VPO117 Forward: GACCACCTCAATAGTTATCTG 117
Reverse: TAAGTAGGCTTGGACATCTC

VP0218 Forward: CTCTAAGCGCATCAACTGCAT 139
Reverse: CTGTCTGACGCTGCAACTGCTA

calR Forward: GCACTCAATGTTAGAGAAG 182
Reverse: CCACGGCATTACTTACTG

VP0699 Forward: CTGACACATCGTGATACTTC 147
Reverse: TTGATGTTGCAGCTCTTG

VPI1212 Forward: ACACTCCGGTCGTGATCCTA 163
Reverse: ATGACCGGAGAAGCGTTACC

scrG Forward: CTCATCTCTGTTGCCAGTAAGG 164
Reverse: CCGAACTCGTCCATGTAGAAG

VP1483 Forward: TCAAAGTGATCGACGGACCA 101
Reverse: AATTACCTCGTCACCCGTTG

VP1678 Forward: TATAGCGGCACTTATTCTAC 134
Reverse: GCTCAGCTAATGCTTTTCCG

VP1881 Forward: AGAATCAACCAACACACGAA 150
Reverse: CACAATACTGTTGATGGCGTA

VP2366 Forward: AAAGCCAAATTGACGCTCTC 180
Reverse: CTAAGACATAATCTCCCGCATC

VP2972 Forward: GTTAAAACCCACCTCGCCAA 185
Reverse: AACAGTTGTAACGCTAACACC

VP2979 Forward: GCAACTCTCAAGTCATCATC 130
Reverse: CAACAACCGTCTTCTATGG

VPA0009 Forward: GTATCGGTAACCAGCTTATG 145
Reverse: AGGTAGCTCGACTCCACTTG

VPA0609 Forward: GCACAGAACTTATCGAAAGCC 133
Reverse: ATCAAAAGATCATTCGAGATCGC

VPA1130 Forward: GAAAATGGCGAGCTACTGCG 171
Reverse: GATCGCGTTCATTGGAGTGC

scrA Forward: CACACCACGAACACATTGC 151
Reverse: TCAATAGCGTCACGGAATGC

VPA1735 Forward: AAAAGACTACCAACGCGCTGA 138
Reverse: CTCTCATCCATGTGCGGGAA

16S rRNA Forward: GACACGGTCCAGACTCCTAC 179
Reverse: GGTGCTTCTTCTGTCGCTAAC

H. Q value (fdr, padj)<0.05 AL . P 23 GO EB&E

IR 1 735 AR, HCr 855 A RS FIIT GO il e Xt DEGs HEA7HhRE/M 5t

B, 880 4~ AL (A 1A); J#EIC 2 s 1F, IPRE SR EEET 30 1~ GO term #H17T/#

1187 LM, Horp 533 ANRIEIE, 654 4 i
FEH (K 1B),

function) /5 [,

No X FIRYETE 1 (K 2A), 1E43FHIEE(molecular
B ARG ST AR
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Table 2 Statistical results of clean reads mapping with the reference genome

Sample Total mapped Uniquely mapped Multiple mapped
WT-1 16 705 599 (99.328%) 16 324 794 (97.064%) 380 805 (2.264%)
WT-2 16 423 203 (99.463%) 16 052 438 (97.217%) 370 765 (2.245%)
WT-3 17 110 878 (99.242%) 16 689 514 (96.798%) 421 364 (2.444%)
AQsvR-1 16 007 242 (99.470%) 15 744 339 (97.837%) 262 903 (1.634%)
AQsvR-2 16 413 379 (99.477%) 16 124 022 (97.723%) 289 357 (1.754%)
AQsvR-3 16 540 668 (99.468%) 16 233 786 (97.622%) 306 882 (1.845%)
AopaR-1 17 533 364 (99.516%) 17 156 247 (97.376%) 377 117 (2.140%)
AopaR-2 14 891 479 (99.677%) 14 558 292 (97.447%) 333 187 (2.230%)
AopaR-3 15 693 957 (99.549%) 15 346 058 (97.342%) 347 899 (2.207%)
AgsvRAopaR-1 16 401 982 (99.427%) 16 126 622 (97.758%) 275 360 (1.669%)
AgsvRAopaR-2 16 036 555 (99.339%) 15 753 521 (97.586%) 283 034 (1.753%)
AgsvRAopaR-3 17 342 068 (99.739%) 17 029 712 (97.942%) 312356 (1.796%)
A Significant DEG (1 735) B Significant DEG (1 187)
« Down: 855 = Down: 533
No significant: 3 256 No significant: 3 804
= Up: 880 * Up: 654
300 o® 300 - s
% ¢
200 + 200 +
] g
« o
- -
S S
& ¢ &
(=) =]
T ° T -
100 + 100 | .
or ok
-10 =5 0 5 10 -5 0 5 10

log, (fold change) log, (fold change)

1 QsvR 7£ WT (A)# AopaR (B)&E & THIEETT
Figure 1 QsvR regulons in the WT (A) and AopaR (B) backgrounds.
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13 I Molecular function
B Cellular component
B Biological process

Heme binding

Structural molecule activity

Proton-transporting ATP synthase activity, rotational mechanism

Translation elongation factor activity

Oxidoreductase activity, acting on NAD(P)H, quinone or similar compound as acceptor
Ferric iron binding

"‘koxo\m\o

Proton-transporting ATP synthase complex, coupling factor F(o) [l 4
Translation 56
Tricarboxvlic acid cvcle 12

Cellular iron ion homeostasis .

Iron ion transport I3
3
0

1 ]
50 100 150
Number of DEGs

B 4 iron, 4 sulfur cluster binding
tRNA binding

FMN binding

Catalytic activity

Proton-transporting ATP synthase activity, rotational mechanism
Sulfurtransferase activity

3 iron, 4 sulfur cluster binding

Oxaloacetate decarboxylase activity

Cofactor binding

Glutamate synthase (NADPH) activity

Truntanhan eunthace activitv

B Molecular function
B Cellular component
B Biological process

e

© Proton-transporting ATP synthase complex, catalytic core F(1) 6
o Translation 25
Tricarboxylic acid cycle 14
Glutamine metabolic process
Histidine biosynthetic process
Response to heat 6

0 0

UNINA WUUUIL ULIULIL TV AUV [ | | |

0 10 20 30
Number of DEGs

2 FET1@MEET 2 BFEENHERREEREN GO EENHE
Figure 2 The results of GO enrichment of DEGs in regulon 1 (A) and regulon 2 (B).
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HRA(ST ). IRNA Z54(32 1Y), tRNA 454
(15 MFMEL R LA (13 1N); 7EAHAELH 53 (cellular
component) Jj Tl , & 545 9 T B A vho7E 4 Jif
FHIC(125 ) AZBEIAAEDC (39 ) F L AR X AH DG
(16 1V); EAYILHE (biological process) /7T ,
B AEFCE TR BIEA DG (56 ). SRR
RS2 M)FHEBERAAIE(O D)o XTI
JC 2 (Bl 2B), fErFUIRE I, & RBCRSERT
()RR 4G 6 (25 1) L tRNA 256 (16 M) FI 8T
REBBTIREE G (9 1) A sy, HE
Bl 6 NN, W ATP Gl ; 7Yt i)y
T, B EBCEREET R N RIEADC25 ). SR
FRIGIRAHDC(14 1) . 45 = BE A (8 M) N 2
PRARH (8 1M)o
2.4 KEGG E&EH#h

FIH KEGG %44 2 X%F DEGs 2 5 ) pathway
AT REAEAT, LA DEGs 250 F 2400
WARFIE S M, JFX S S 0 I HT 30 &
TR MFREEIT 1 (K 3A), DEGs FH 4
P YEA HL AR St (organismal systems) . 2 g fC i
(metabolism) . AZEHfK (human diseases). FE[H
{7 84k P (genetic information processing), ¥
{5 BAb P (environmental information processing)
N0 it 75 B2 (cellular processes) [, 735615 13,
130, 23, 55, 128 #1123 ML, XFFi#EC 2
(¥l 3B), DEGs FZAEPEMACE . A%
o AL R SR B E, R 654 14 F
10 A
2.5 COG ERSH

FIFH COG %54 772 % DEGs 4w fidh 114 25 1 5l 2K
HAES TR Hr R ETT 1 (B44A),
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Figure 3 KEGG enrichment analysis of DEGs in regulon 1 (A) and regulon 2 (B).
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R, General function prediction only

S, Function unknown

E, Amino acid transport and metabolism

T, Signal transduction mechanisms

C, Energy production and conversion

K, Transcription

P, Inorganic ion transport and metabolism

M, Cell wall/Membrane/Envelope biogenesis

I, Translation, ribosomal structure and biogenesis

G, Carbohydrate transport and metabolism

N, Cell motility

O, Posttranslational modification, protein turnover, chaperones
U, Intracellular trafficking, secretion, and vesicular transport
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Figure 4 COG analysis of DEGs in regulon 1 (A) and regulon 2 (B). Red bars: Up-regulated DEGs; Blue
bars: Down-regulated DEGs.
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Table 3 Selected DEGs from regulon 1

Gene ID Gene name Fold change Regulation Product

Putative regulators

VP0154 ompR 2.067 Negative Osmolarity response regulator
VP0350 calR 7.170 Negative Leucine transcriptional activator
VP0358 3.084 Negative DeoR family transcriptional regulator
VP0361 2.851 Negative Response regulator

VP0514 cpsR 0.229 Positive Sigma-54 dependent regulator
VP0529 2.070 Negative Transcriptional activator HlyU
VP0569 phoB 0.090 Positive Response regulator PhoB

VP0825 rfaH 2.082 Negative Transcriptional activator RfaH
VP0877 2.431 Negative LysR family transcriptional regulator
VP1093 2.121 Negative Transcriptional regulator

VP1101 cysB 2.259 Negative Transcriptional regulator CysB
VP1136 2.186 Negative Transcription regulator TxR

VP1172 2.255 Negative psp operon transcriptional activator
VP1190 5.196 Negative Transcription regulator

VP1212 3.189 Negative DNA-binding response regulator
VP1244 0.335 Positive Response regulator

VP1245 0.427 Positive Response regulator

VP1316 2.036 Negative LysR family transcriptional regulator
VP1482 0.289 Positive Response regulator

VP1649 2.167 Negative GntR family transcriptional regulator
VP1676 2.274 Negative Transcriptional regulator

VP1699 exsA 0.359 Positive Transcriptional regulator ExsA
VP1993 3.237 Negative Transcriptional regulator

VP2183 7.714 Negative Response regulator

VP2357 11.400 Negative Transcriptional activator ChrR
VP2393 0.485 Positive Lacl family transcription regulator
VP2402 0.433 Positive Transcriptional repressor EbgR
VP2424 49.910 Negative AraC family transcriptional regulator
VP2450 2.232 Negative MarR family transcriptional regulator
VP2516 opaR 0.002 Positive OpaR protein

VP2710 0.320 Positive LuxR family transcriptional regulator
VP2762 aphA 4.079 Negative Hypothetical protein

VP2808 2.276 Negative Transcriptional repressor NsrR
VP2817 hfq 0.467 Positive RNA-binding protein Hfq

VP2836 3.759 Negative TetR family transcriptional regulator
VP2858 3.572 Negative Transcriptional regulator CpxR
VP2859 CpXA 2.373 Negative Two-component sensor protein
VP2885 fis 0.215 Positive DNA-binding protein Fis

VP2894 ntR 2.087 Negative Zinc-responsive transcriptional regulator
VP2941 0.428 Positive Transcriptional repressor FabR
VP2971 2.475 Negative ArsR family transcriptional regulator
VP3009 7.942 Negative AraC family transcriptional regulator

(GE)
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(284 3)
Gene ID Gene name Fold change Regulation Product
VP3020 2.621 Negative LysR family transcriptional regulator
VPA0021 0.460 Positive Response regulator
VPAO0076 2.308 Negative Regulator
VPAO0107 2.030 Negative Transcriptional regulator
VPAO115 4.210 Negative Helix-turn-helix domain-containing protein
VPAO118 2.787 Negative Transcriptional regulator
VPAO0148 0.483 Positive Transcriptional regulator CpxR
VPAO0216 2.997 Negative Transcriptional regulator
VPA0249 0.117 Positive Transcriptional activator
VPAO0251 34.833 Negative LysR family transcriptional regulator
VPA0293 2.317 Negative Transcriptional regulator
VPA0303 2.209 Negative Regulatory protein
VPAO0331 3.732 Negative Transcriptional regulator
VPAO0335 2.380 Negative SoxR protein
VPAO0355 0.133 Positive Transcriptional regulator
VPAO0358 0.017 Positive LuxR family transcriptional regulator
VPAO0359 0.022 Positive Putative DNA binding protein
VPAO0381 2.305 Negative Transcriptional regulator
VPAO0456 6.734 Negative Transcriptional regulator
VPAO0531 2.271 Negative AraC family transcriptional regulator
VPAO0593 5.523 Negative Transcriptional regulator
VPA0619 18.791 Negative Transcriptional regulator
VPA0662 2.016 Negative MerR family transcriptional regulator
VPA0663 2.635 Negative AraC family transcriptional regulator
VPA0682 4.964 Negative LysR family transcriptional regulator
VPA0692 2.310 Negative LysR family transcriptional regulator
VPAO0733 3.198 Negative LysR family transcriptional regulator
VPAO0740 2.428 Negative Transcriptional regulator
VPA0806 2.763 Negative TetR family transcriptional regulator
VPAO0830 2.143 Negative AraC family transcriptional regulator
VPAO0852 2.167 Negative LysR family transcriptional regulator
VPA0961 0.188 Positive Transcriptional regulator
VPA1049 42.489 Negative Two-component response regulator
VPA1060 3.920 Negative Two-component response regulator
VPA1114 3.160 Negative Transcriptional regulator Betl
VPA1130 7.428 Negative Response regulator
VPA1289 CSpA 0.204 Positive Cold shock transcriptional regulator CspA
VPA1365 2.307 Negative Two-component response regulator
VPA1391 194.249 Negative Helix-turn-helix domain-containing protein
VPA1446 cpsQ 0.399 Positive LuxR family transcriptional regulator
VPA1447 cpsS 0.228 Positive LuxR family transcriptional regulator
VPAI1516 2.552 Negative Two-component response regulator
VPA1562 2.350 Negative Transcriptional regulator
VPA1563 2.855 Negative Transcriptional regulator
(F548)
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Gene ID Gene name Fold change Regulation Product

VPA1607 2.772 Negative Transcriptional regulator

VPA1727 2.878 Negative AraC family transcriptional regulator

VPA1747 2.012 Negative LysR family transcriptional regulator
c-di-GMP metabolism

VPA1513 ScrA 0.485 Positive Aminotransferase ScrA

VPO0117 9.883 Negative GGDEF/EAL-type protein

VP0376 2.855 Negative EAL-type protein

VP0699 2.264 Negative GGDEF-type protein

VP1377 scrG 0.328 Positive GGDEF/EAL-type protein

VP1483 0.318 Positive GGDEF-type protein

VP1637 0.488 Positive GGDEF-type protein

VP1754 0.459 Positive GGDEF/EAL-type protein

VP1768 0.494 Positive EAL-type protein

VP1881 7.077 Negative EAL-type protein

VP1979 10.550 Negative EAL-type protein

VP2366 3.913 Negative GGDEF-type protein

VP2972 3.169 Negative EAL-type protein

VP2979 0.221 Positive EAL-type protein

VPAO0198 2.627 Negative GGDEF-type protein

VPAO0360 scrM 0.064 Positive GGDEF-type protein

VPAO0476 4.230 Negative GGDEF-type protein

VPAO0518 3.687 Negative GGDEF/EAL-type protein

VPA0609 34.797 Negative GGDEF/EAL-type protein

VPAOS818 0.371 Positive EAL-type protein

VPA0927 2.296 Negative GGDEF-type protein

VPA1115 scrd 0.450 Positive GGDEF-type protein

VPA1324 10.175 Negative EAL-type protein

VPA1735 0.267 Positive GGDEF/EAL-type protein
Capsule polysaccharide

VP0215 0.380 Positive OtnG protein

VP0217 0.485 Positive Putative regulator

VP0218 0.342 Positive Hypothetical protein

VP0220 wbfF 0.461 Positive Capsule assembly protein

VP0221 wzz 0.482 Positive Polysaccharide chain length determinant

VP0222 rmiB 0.339 Positive dTDP-glucose 4,6 dehydratase

VP0223 rmlA 0.347 Positive D-glucose-1-phosphate thymidylyltransferase

VP0224 rmiD 0.392 Positive dTDP-4-dehydrorhamnose reductase

VP0225 0.367 Positive Capsular polysaccharide biosynthesis protein

VP0226 0.295 Positive Putative rhamnosy] transferase

VP0227 0.351 Positive Hypothetical protein

VP0228 0.247 Positive Putative integral membrane protein

VP0229 rmiC 0.266 Positive dTDP-4-dehydrorhamnose 3,5-epimerase

VP0230 0.294 Positive Glycosyltranferase

VP0231 0.471 Positive UDP-galactose phosphate transferase

(F54%)
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(284 3)
Gene ID Gene name Fold change Regulation Product
VP0234 0.355 Positive Amino transferase
VP0235 0.497 Positive Putative epimerase
VP0236 wcvB 0.252 Positive UDP-glucose 6-dehydrogenase
VP0237 0.457 Positive UTP-glucose-1-phosphate uridylyltransferase
Cps exopolysaccharide
VPA1403 CpsA 13.120 Negative Glycosyltransferase
VPA1404 cpsB 11.876 Negative Hypothetical protein
VPA1406 cpsD 29.953 Negative Exopolysaccharide biosynthesis protein
VPA1407 cpskE 32.171 Negative Hypothetical protein
VPA1408 cpsk 17.645 Negative Lipopolysaccharide biosynthesis protein
VPA1409 cpsG 142.158 Negative Hypothetical protein
VPA1410 cpsH 61.651 Negative Hypothetical protein
VPA1411 cpsl 71.342 Negative Putative glycosyltransferase
VPA1412 cpsJ 0.345 Positive Polysaccharide biosynthesis related protein
VPA1413 cpskK 0.233 Positive Hypothetical protein
Scv exopolysaccharide
VP1466 scvH 6.438 Negative Hypothetical protein
VP1467 scvG 3.620 Negative Putative galactosyltransferase
VP1468 scvF 7.212 Negative Putative hexosyltransferase
VP1473 scvD 3.243 Negative Capsular polysaccharide biosynthesis
VP1474 scvC 4.086 Negative Capsule transport protein OtnA
VP1475 scvB 8.718 Negative Hypothetical protein
Type 1V pili
VP2692 mshQ 0.391 Positive Hypothetical protein
VP2693 mshP 0.291 Positive MshP protein
VP2694 mshO 0.322 Positive Putative type IV prepilin, MshO
VP2695 mshD 0.448 Positive Putative MSHA pilin protein MshD
VP2697 mshA 0.248 Positive Putative MSHA pilin protein MshA
VP2698 mshB 0.146 Positive Putative MSHA pilin protein MshB
VP2699 mshF 0.448 Positive MSHA biogenesis protein MshF
VP2700 mshG 0.094 Positive MSHA biogenesis protein MshG
VP2701 mshE 0.134 Positive MSHA biogenesis protein MshE
VP2702 mshN 0.060 Positive MSHA biogenesis protein MshN
VP2703 mshM 0.069 Positive MSHA biogenesis protein MshM
VP2704 mshL 0.081 Positive MSHA biogenesis protein MshL
VP2705 mshK 0.117 Positive MSHA biogenesis protein MshK
VP2706 mshJ 0.079 Positive MSHA biogenesis protein MshlJ
VP2707 mshl 0.162 Positive MSHA biogenesis protein Mshl
T3SS1
VP1656 vopD 0.251 Positive Translocator protein PopD
VP1657 vopB 0.108 Positive Translocator protein PopB
VP1658 vcrH 0.099 Positive Low calcium response locus protein H
VP1659 verV 0.396 Positive Hypothetical protein
VP1664 vscX 0.082 Positive Type I1I secretion protein
(1548)
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Gene ID Gene name Fold change Regulation Product

VP1667 vopN 0.383 Positive Outer membrane protein PopN

VP1670 vscP 0.248 Positive Translocation protein in type III secretion

VP1671 vscQ 0.196 Positive Type III secretion system protein

VP1676 2.274 Negative Transcriptional regulator

VP1677 5.762 Negative Hypothetical protein

VP1678 4.565 Negative Dienclactone hydrolase

VP1679 2.511 Negative Hypothetical protein

VP1682 VvecA 0.241 Positive Hypothetical protein

VP1686 vopS 2.768 Negative Adenosine monophosphate-protein Transferase

VP1689 vscK 0.405 Positive Type I1I secretion protein

VP1690 vscJ 0.412 Positive Type III secretion lipoprotein

VP1692 vscH 0.465 Positive Type Il export protein

VP1694 vscF 0.495 Positive Type III export protein YscF

VP1698 exsD 0.224 Positive Hypothetical protein

VP1699 exsA 0.359 Positive Transcriptional regulator ExsA
T3SS2

VPA1321 vopC 2.300 Negative Cytotoxic necrotizing factor

VPA1322 2.320 Negative Zinc finger protein

VPA1325 6.288 Negative Hypothetical protein

VPA1327 vopT 3.262 Negative Exoenzyme T

VPA1328 2.848 Negative Hypothetical protein

VPA1329 5.356 Negative TraA protein

VPA1344 9.018 Negative Hypothetical protein

VPA1365 2.307 Negative Two-component response regulator
T6SS1

VP1386 2.104 Negative Hypothetical protein

VP1388 0.241 Positive Hypothetical protein

VP1389 0.439 Positive Hypothetical protein

VP1390 0.449 Positive Hypothetical protein

VP1409 5.330 Negative Hypothetical protein

VP1413 0.486 Positive Hypothetical protein
T6SS2

VPA1024 0.069 Positive Hypothetical protein

VPA1025 0.082 Positive Hypothetical protein

VPA1026 vgrG2 0.064 Positive Hypothetical protein

VPA1027 hcp2 0.005 Positive Hypothetical protein

VPA1028 clpv2 0.276 Positive ClpA/B-type chaperone

VPA1029 0.310 Positive Hypothetical protein

VPA1030 0.148 Positive Hypothetical protein

VPA1031 0.067 Positive Hypothetical protein

VPA1032 0.033 Positive Hypothetical protein

VPA1033 0.044 Positive Hypothetical protein

VPA1034 vipB2 0.023 Positive Hypothetical protein

VPA1035 VipA2 0.020 Positive Hypothetical protein

(154%)
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(835 3)
Gene ID Gene name Fold change Regulation Product
VPA1036 0.048 Positive Hypothetical protein
VPA1038 0.018 Positive Hypothetical protein
VPA1039 0.043 Positive Hypothetical protein
VPA1040 0.020 Positive Hypothetical protein
VPA1041 0.011 Positive Hypothetical protein
VPA1042 0.008 Positive Hypothetical protein
VPA1044 0.038 Positive Hypothetical protein
Motility
VP0772 flgA 2.035 Negative P-ring biosynthesis protein FIgA
VP0777 flgD 0.324 Positive Flagellar basal body rod modification protein
VP0778 flge 0.368 Positive Flagellar hook protein FIgE
VP0780 flgF 0.468 Positive Flagellar basal body rod protein FIgF
VP0785 flgK 0.414 Positive Flagellar hook-associated protein FlgK
VP0786 flgL 0.413 Positive Flagellar hook-associated protein FlgL
VP0788 flaC 0.409 Positive Flagellin
VP0790 flaD 0.254 Positive Flagellin
VP0791 flaE 0.336 Positive Flagellin
VP2224 orf3 0.259 Positive Hypothetical protein
VP2225 chew 0.408 Positive Chemotaxis protein CheW
VP2226 orf2 0.301 Positive Hypothetical protein
VP2227 orfl 0.308 Positive Soj-like protein
VP2228 cheB 0.316 Positive Chemotaxis-specific methylesterase
VP2229 cheA 0.433 Positive Chemotaxis protein CheA
VP2234 flhF 0.370 Positive Flagellar biosynthesis regulator FIhF
VP2235 flhA 0.389 Positive Flagellar biosynthesis protein FIhA
VP2236 flhB 0.387 Positive Flagellar biosynthesis protein F1hB
VP2238 fliQ 0.269 Positive Flagellar biosynthesis protein FliQ
VP2239 fliP 0.326 Positive Flagellar biosynthesis protein FliP
VP2241 fliN 0.343 Positive Flagellar motor switch protein
VP2242 fliM 0.451 Positive Flagellar motor switch protein F1iM
VP2243 fliL 0.439 Positive Flagellar basal body protein FliL
VP2244 flik 0.382 Positive Hook-length control protein FliK
VP2245 flid 0.361 Positive Flagellar biosynthesis chaperone
VP2246 flil 0.331 Positive Flagellum-specific ATP synthase
VP2247 fliH 0.425 Positive Flagellar assembly protein H
VP2249 fliF 0.495 Positive Flagellar MS-ring protein
VP2254 flis 0.296 Positive Flagellar protein F1iS
VP2256 fliD 0.195 Positive Flagellar capping protein
VP2257 flaG 0.208 Positive Flagellar protein FlaG
VP2258 flaA 0.236 Positive Flagellin
VP2259 flaB 0.261 Positive Flagellin
VP2261 flaF 0.328 Positive Flagellin
VP2811 motX 0.381 Positive Sodium-type polar flagellar protein MotX
VPA0263 flgA 2.135 Negative P-ring biosynthesis protein FIgA
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Table 4 Selected DEGs from regulon 2

Gene ID Gene name  Fold change Regulation Product

Putative regulators

VP0040 0.394 Positive TetR family transcriptional regulator
VP0358 0.278 Positive DeoR family transcriptional regulator
VP0367 2.330 Negative DNA-binding transcriptional regulator DhaR
VP0529 2.194 Negative Transcriptional activator HlyU

VP0553 0.484 Positive Trp operon repressor

VP0595 iscR 0.344 Positive Transcriptional regulator IscR

VP0678 nrdR 0.369 Positive Transcriptional regulator NrdR

VP0713 0.429 Positive Winged helix-turn-helix domain-containing protein
VP0833 fur 0.437 Positive Ferric uptake regulator

VP0914 2.565 Negative Transcriptional regulator

VP0947 2.187 Negative AsnC family transcriptional regulator
VP1190 6.706 Negative Transcription regulator

VP1212 0.402 Positive DNA-binding response regulator

VP1244 6.333 Negative Response regulator

VP1245 2.555 Negative Response regulator

VP1316 2.629 Negative LysR family transcriptional regulator
VP1382 0.488 Positive LysR family transcriptional regulator
VP1649 0.382 Positive GntR family transcriptional regulator
VP1711 4.852 Negative Response regulator

VP1876 0.447 Positive Hypothetical protein

VP1907 2.076 Negative LuxR family transcriptional regulator
VP1962 2.962 Negative Transcriptional regulator

VP2009 2.819 Negative Tetrathionate reductase complex: response regulator
VP2075 0.354 Positive Regulatory protein

VP2357 2.564 Positive Transcriptional activator ChrR

VP2387 0.499 Positive DeoR family transcriptional regulator
VP2450 0.435 Positive MarR family transcriptional regulator
VP2520 pdhR 0.334 Positive Transcriptional regulator PdhR

VP2885 fis 0.320 Positive DNA-binding protein Fis

VP2894 ntR 2.305 Negative Zinc-responsive transcriptional regulator
VPA0021 2.224 Negative Response regulator

VPAO0065 0.471 Positive LysR family transcriptional regulator
VPAO132 2.434 Negative Transcriptional activator

VPAO0148 0.192 Positive Transcriptional regulator CpxR

VPAO183 2.296 Negative C4-dicarboxylate transport transcriptional regulator
VPAO0331 2.050 Negative Transcriptional regulator

VPAO0358 4.949 Negative LuxR family transcriptional regulator
VPAO0369 0.426 Positive LuxR family transcriptional regulator
VPAO0741 0.425 Positive Fimbrial protein Z transcriptional regulator

(1548)
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(83 4)
Gene ID Gene name  Fold change Regulation Product
VPAO0827 3.092 Negative Transcriptional regulatory protein PgtA
VPA1049 0.447 Positive Two-component response regulator
VPA1286 0.366 Positive Transcriptional regulator
VPA1423 2.126 Negative Transcriptional regulator
VPA1432 3.554 Negative Two-component response regulator
VPA1446 cpsQ 3.285 Negative LuxR family transcriptional regulator
VPA1472 4313 Negative MerR family transcriptional regulator
VPA1562 2.025 Negative Transcriptional regulator
VPA1678 2.028 Negative DNA-binding transcriptional regulator AraC
VPA1682 0.378 Positive MarR family transcriptional regulator
VPA1729 0.450 Positive LuxR family transcriptional regulator
VPA1732 2.557 Negative Two-component response regulator
c-di-GMP metabolism
VP1289 2.223 Negative GGDEF-only
VP1483 2.072 Negative GGDEF-only
VPAO518 0.496 Positive GGDEF-EAL
VPA0869 2.079 Negative GGDEF-EAL
Type 1V pili
VP2699 mshF 2.824 Negative MSHA biogenesis protein MshF
VP2700 mshG 2.329 Negative MSHA biogenesis protein MshG
VP2702 mshN 2.231 Negative MSHA biogenesis protein MshN
VP2703 mshM 3.972 Negative MSHA biogenesis protein MshM
VP2704 mshL 3.626 Negative MSHA biogenesis protein MshL
VP2705 mshK 2.163 Negative MSHA biogenesis protein MshK
VP2706 mshJ 2.128 Negative MSHA biogenesis protein MshlJ
Capsule polysaccharide
VP0217 0.467 Positive Regulator
VP0227 5.483 Negative Hypothetical protein
Scv exopolysaccharide
VP1461 0.282 Positive Glycosyl transferase
T3SS1
VP1659 2.767 Negative Hypothetical protein
VP1702 exskE 0.421 Positive Hypothetical protein
T3SS2
VPA1321 vopC 3.808 Negative Cytotoxic necrotizing factor
VPA1322 3.663 Negative Zinc finger protein
VPA1327 vopT 2.643 Negative Exoenzyme T
VPA1334 vocC 2.543 Negative Hypothetical protein
VPA1338 vscN2 2.035 Negative ATPase YscN
VPA1343 3.445 Negative Hypothetical protein
VPA1345 2.269 Negative Hypothetical protein
GED)
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Gene ID Gene name  Fold change Regulation Product
VPA1347 3.207 Negative Hypothetical protein
VPA1348 virB 2.291 Negative Transcriptional activator ToxR
VPA1350 3.095 Negative Hypothetical protein
VPA1354 vscu2 2.554 Negative Type I1I secretion system EscU protein
VPA1358 3.129 Negative Dimethyladenosine transferase
VPA1364 4.225 Negative Hypothetical protein
VPA1365 2.698 Negative Two-component response regulator
VPA1366 2.774 Negative Hypothetical protein
VPA1367 vscJ2 2.472 Negative Type III secretion system lipoprotein EprK
VPA1370 vopL 2.646 Negative Hypothetical protein
T6SS1
VP1388 2.037 Negative Hypothetical protein
VP1389 2.456 Negative Hypothetical protein
VP1390 2.269 Negative Hypothetical protein
VP1399 2.286 Negative Hypothetical protein
VP1400 0.441 Positive Hypothetical protein
VP1410 0.378 Positive Hypothetical protein
VP1411 fhal 0.497 Positive Hypothetical protein
T6SS2
VPA1027 hcp2 3.523 Negative Hypothetical protein
VPA1034 vipB2 2.042 Negative Hypothetical protein
Cell motility
VP0784 flgd 2.149 Negative Flagellar rod assembly protein/muramidase FlgJ
VP0786 flgL 2.874 Negative Flagellar hook-associated protein FIgL
VP2226 orf2 4.669 Negative Hypothetical protein
VP2227 orfl 2.750 Negative Soj-like protein
VP2228 cheB 2.707 Negative Chemotaxis-specific methylesterase
VP2235 flhA 0.358 Positive Flagellar biosynthesis protein FIhA
VP2241 fliN 2.016 Negative Flagellar motor switch protein
VP2245 flid 4.054 Negative Flagellar biosynthesis chaperone
VP2246 flil 2.742 Negative Flagellum-specific ATP synthase
VP2247 fliH 2.542 Negative Flagellar assembly protein H
VP2255 flal 2.913 Negative Polar flagellar rod protein Flal
VP2257 flaG 2.131 Negative Flagellar protein FlaG
VP2258 flaA 4.835 Negative Flagellin
VP2259 flaB 2.091 Negative Flagellin

IV BRI EHE 12 AR # B (1 4> T3SS1
FEA . 4 > T3SS2 K, 3 4~ T6SS1 FEH Al
24~ T6SS2 KK (FE 5, % 5),

2.7 RT-qPCR 3iF RNA-Seq ¥1E

NEUE RNA-Seq #ffs iyl 5 1, 1 HL

17 NI EAE B AR 1T RT-qPCR i35,
W2k 6 fras, HEIR RT-qPCR %344 5 RNA-Seq
GRS A e ES, HEEMNE
KRR B, U B S A A R T
S
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Figure 5 Venn diagram of DEGs.
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F OpaR A K, MIRA AT REAF 76 HAh R A
P FBETE AgsvRAopaR 4 N A R#EAE
Mo Sk b, FEPEIT 1 AEET 2 4390
A5 89 AN 51 AN AR 56 A, L
A DBOUAFEF T RE S B A (n calR™
cpsR*! exsAl*”*1 aphAl'?32 opaREIHI cpsQi?!
%), XEHEHNERZS5E] QsvR 5 OpaR 1y
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Table 5 Selected overlapping DEGs in regulons 1 and regulons 2

Gene ID Gene name Fold change Product
Regulon 1 Regulon 2

Putative regulators
VP0358 3.084 0.278 DeoR family transcriptional regulator
VP0529 2.070 2.194 Transcriptional activator HlyU
VP1190 5.196 6.706 Transcriptional regulator
VP1212 3.189 0.402 DNA-binding response regulator
VP1244 0.335 6.333 Response regulator
VP1245 0.427 2.555 Response regulator
VP1316 2.036 2.629 LysR family transcriptional regulator
VP1649 2.167 0.382 GntR family transcriptional regulator

(154%)
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Gene ID Gene name Fold change Product
Regulon 1 Regulon 2
VP2357 11.400 2.564 Transcriptional activator ChrR
VP2450 2.232 0.435 MarR family transcriptional regulator
VP2885 fis 0.215 0.320 DNA-binding protein Fis
VP2894 ntR 2.087 2.305 Zinc-responsive transcriptional regulator
VPA0021 0.460 2.224 Response regulator
VPAO0148 0.483 0.192 Transcriptional regulator CpxR
VPAO0331 3.732 2.050 Transcriptional regulator
VPAO0358 0.017 4.949 LuxR family transcriptional regulator
VPA0359 0.022 2.017 Putative DNA binding protein
VPA1049 42.489 0.447 Two-component response regulator
VPA1446 cpsQ 0.399 3.285 LuxR family transcriptional regulator
VPA1562 2.350 2.025 Transcriptional regulator
c-di-GMP metabolism
VP1483 0.318 2.072 GGDEF-type protein
VPAO518 3.687 0.496 GGDEF/EAL-type protein
Capsule polysaccharide
VP0217 0.485 0.467 Putative regulator
VP0221 wzz 0.482 4.179 Polysaccharide chain length determinant
VP0222 rmiB 0.339 2.266 dTDP-glucose 4,6 dehydratase
VP0223 rmlA 0.347 2.286 D-glucose-1-phosphate thymidylyltransferase
VP0224 rmlD 0.392 4.102 dTDP-4-dehydrorhamnose reductase
VP0225 0.367 2.785 Capsular polysaccharide biosynthesis protein
VP0226 0.295 4.043 Putative rhamnosyl transferase
VP0227 0.351 5.483 Hypothetical protein
Type 1V pili
VP2699 mshF 0.448 2.824 MSHA biogenesis protein MshF
VP2700 mshG 0.094 2.329 MSHA biogenesis protein MshG
VP2702 mshN 0.060 2.231 MSHA biogenesis protein MshN
VP2703 mshM 0.069 3.972 MSHA biogenesis protein MshM
VP2704 mshL 0.081 3.626 MSHA biogenesis protein MshL
VP2705 mshK 0.117 2.163 MSHA biogenesis protein MshK
VP2706 mshJ 0.079 2.128 MSHA biogenesis protein MshJ
T3SS1
VP1659 verV 0.396 2.767 Hypothetical protein
T3SS2
VPA1321 vopC 2.300 3.808 Cytotoxic necrotizing factor
VPA1322 2.320 3.663 Zinc finger protein
VPA1327 vopT 3.262 2.643 Exoenzyme T
VPA1365 2.307 2.698 Two-component response regulator
T6SS1
VP1388 0.241 2.037 Hypothetical protein
(548)
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(&3 5)
Gene ID Gene name Fold change Product
Regulon 1 Regulon 2
VP1389 0.439 2.456 Hypothetical protein
VP1390 0.449 2.269 Hypothetical protein
T6SS2
VPA1027 hcp2 0.005 3.523 Hypothetical protein
VPA1034 vipB2 0.023 2.042 Hypothetical protein
Motility
VP0786 flgL 0.413 2.874 Flagellar hook-associated protein FlgL
VP2226 orf2 0.301 4.669 Hypothetical protein
VP2227 orfl 0.308 2.750 Soj-like protein
VP2228 cheB 0.316 2.707 Chemotaxis-specific methylesterase
VP2235 flhA 0.389 0.358 Flagellar biosynthesis protein FIhA
VP2241 fliN 0.343 2.016 Flagellar motor switch protein
VP2245 flid 0.361 4.054 Flagellar biosynthesis chaperone
VP2246 flil 0.331 2.742 Flagellum-specific ATP synthase
VP2247 fliH 0.425 2.542 Flagellar assembly protein H
VP2257 flaG 0.208 2.131 Flagellar protein FlaG
VP2258 flaA 0.236 4.835 Flagellin
VP2259 flaB 0.261 2.091 Flagellin

3 6 RNA-Seq #IEI0IERY RT-qPCR £ R (T EH)

Table 6 Validation of RNA-Seq data by RT-qPCR (fold change)

Gene AQsvR vs. WT AgsvRAopaR vs. AopaR
RT-qPCR RNA-Seq RT-qPCR RNA-Seq

VPO0117 6.568+0.706 9.883 0.568+0.018 1.087
VP0218 0.448+0.198 0.342 0.855+0.117 0.796
calR 2.493+0.233 7.170 1.129+0.019 0.848
VP0699 3.033+0.137 2.264 0.605+0.068 1.275
VP1212 5.158+1.086 5.152 0.454+0.107 0.402
scrG 0.674+0.011 0.328 1.15+£0.113 1.280
VP1483 0.430+0.035 0.318 4.7284+0.804 2.072
VP1678 6.101+0.988 4.565 0.558+0.098 1.134
VP1881 89.193+6.069 7.077 0.353+0.028 0.610
VP2366 2.103+0.141 3.913 0.523+0.059 0.939
VP2972 10.963+1.943 3.169 1.175+0.180 1.161
VP2979 0.477+0.028 0.221 4.553+0.084 1.860
VPA0009 8.7124+2.366 4.857 0.748+0.097 0.930
VPA0609 2.797+0.107 34.797 1.14740.221 0.775
VPA1130 9.568+0.530 7.428 0.355+0.021 0.638
SCrA 0.073+0.012 0.485 1.2274+0.132 0.685
VPA1735 0.352+0.024 0.267 0.460+0.165 0.598
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A M T QsvR AR W T i EL A 1
AR, HEE AN 50018 sh Pk REA R T A P i
USSR TR A, SCRE A D B AT R AR A O
FE SRR IS T SO AR A MR L i Rk, DA
TR EAE P RAR B, PTRBJE QsvR I A=Y B
AL Z — o Ak, JA¥EIC 2 hEA 14 M)
AR AL, Hodr 13 D QsvR il (% 4), Ut
B QsvR X A A 2B 3 PR ) 1 4 06 R 2 T A
A JC OpaR HEZN, %£T OpaR Fl QsvR Hhif]—
SR A PR Y, DR AR AR IR AT A 5 R
7T, OpaR 1R AT e X A= i 6 ik Rt 5L AT 3005
YER . SRR AR AH L, gsvR il opaR [F]ET
B AR — A5 58 S s i I g e R i A
HEAHEBR&F R 2 5k, £
AqsvRAopaR H il A B B DR A 2 ik, PRI R
HAE AopaR 155K, QsvR A% A i 6 L [
G 53

QsvR 1 I Fll Vs 1 9B 2 9 B TE B, (ELAR)
-5t A 2 A B TR AR AR Y, AR5 & R
7E WT B85 5T, QsvR B MEME 8 4
EPS Z W3 K Fl 6 4> Scv M KL IR (78 57 (36 2)
M7 AopaR Wit 5=, HA 14> Scv 2k
FEH3Z QsvR Al (F 4). AIUL, QsvR XJ /i
A 2o W 5 TR A7 a5 08 92 O 3R 52 A O 8 5 R R R
WL HE SAAEFL . A 15 4 MSHA R TE
JEEEIC 1 R B T IR (QsvR ), WA
7TANEPTEIC 2 a2 EIH(QsvR fETE),
BRI SR 56 R AL AT REZS BT QsvR X
5 RE IR (95 (3% 3-5). MSHA T8 A S E 1A
ZhE R0 AR, R TR A O K, 3
J& MSHA Gl 2 Bk AT 0T JE Al pig 20 2 4 e US
MSHA ]/ ARG 3 Sz A iR m, 3R
B AT BB 5 BUm Mt A B, Besh, 78 WT 1)
WA R, B 194 CPS JEHAYEE 5% QsvR
O (36 3); 7E AopaR BBt = F, HA

24~ CPS B e sk A W E 22 7 (R 4). X
HZHTRBLH) QsvR Fil OpaR HHFE G CPS 4H
e FE R SR 25 SR AR —20, 540, J@EC 1
MPEEIC 2 ol s 24 DA 4 DEEW
c-di-GMP I RE R (3% 3 FEk 4), Bl QsvR 1]
DL L P84 c-di-GMP AR R 9 4 W 5 1 5 B
OP I TR BRIk A A= P ETE B SR 1T , Bk scrA™?
scrGY | sorMPOUT serd?sk, HARH E SRS
c-di-GMP Ui, A FFF it —L ik
TECEERE SR T , A¥EIT 1 & F 20 4
T3SS1 &K, HrphA 15 M T A, 1055 exsA
Tl exsD (55 3), %5 Z By AMF 5T 45 B UA— 2,
ExsA A& T3SS1 MG FE 5%, 1 ExsD
454 ExsA L BH 1E ExsA FX Rl 78 ™. QsvR
AT DL 5 A4 exsA B 5% SRR R 45 T3SS 1 AH G2k
RSk, MELZ T, #EL 2 #RE 2 4
T3SS1 KA HA 58k FAF TR EE 4), €W
QsvR X T3SS1 IR /E 75 2 OpaR MIAFAE
PRI 1 AR OT 2 ik B 8 AN H 17 A
T3SS2 KL, HENMHE A EE8 8 2%
W, X5ZHET QsvR IE ¥ T3SS2 ALK §E
S EERA Y, BT QsvR X T3SS2 (A%
KAREGRFRAME R A, AET 1 hEHE
19 > T6SS2 I H (4HK T 7)) M 6 4~ T6SS1
FHREER 2 A B3 4 AT miEiEsT 2
LA 7 T6SS1 FHIEERA (4 A i 3 AT i)
F1 2 A~ T6SS2 AHOCHEEN (43K L), et A
45 W] QsvR IE % T6SS2 i 56 3L [H il 4%
B3 4RI, T6SS1 (VP1386-1420)F1 T6SS2
(VPA1025-1046)#F i 2 HE K 4 i =y, 45 3
HEASGNEEE, HIREXREA—8, FHAEE
s, 7E AopaR A 5T, QsvR
A PEE T6SS1 Fl T6SS2 MK HL N iy 5%, LA
KAE WT & 5T, QsvR Xt T6SS1 H&H:
RUE M BAEEER, B2 — 2.
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ASCHIFH RNA-Seq $i AR BFFE T QsvR
TERF A BRFN AopaR 167 5t T AYE &R T,
RIL2 AT A E 1000 240 B EEER
FKIFEN, XEHEHNS 5P AW, [F55% 5.
BT AEYIBOE AL | 15 S AR R A E B, U
& 2 DA TTH A E LA R I R B 5%
P I A 520t Se 5L K T e A o8 A Bl
T AT I 0L DI R ) 3 R Rk R4 I 286
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