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Physiological Responses and Molecular Regulatory Characteristics of
Suaeda salsa under Fluoroquinolone Antibiotic Stress
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Abstract  Fluoroquinolone antibiotics (FQs) are widely detected in agricultural irrigation water, livestock
wastewater, and coastal wetlands, posing potential stress to plant growth and ecological processes. Taking
ofloxacin COFX) and enrofloxacin (ENR) as representative compounds, this study employed physiological and
biochemical assays in combination with transcriptomic analysis to systematically elucidate the physiological
responses and molecular regulatory mechanisms of Suaeda salsa under FQs stress. The results showed that both
OFX and ENR induced significant oxidative stress in both the aboveground and belowground parts of S. salsa.
Comparatively, ENR caused more pronounced lipid peroxidation, which was accompanied by the significant
differential expression of genes related to phenylpropanoid metabolism and ABC (ATP-binding cassette)
transporters. In contrast, OFX stress primarily impaired photosystem structure and function, while
simultaneously enhancing antioxidant defense through the regulation of the WRKY transcription factor family
and MAPK (mitogen-activated protein kinase) signaling pathways. Furthermore, both antibiotic treatments
promoted the glycolysis-pyruvate metabolism pathway, thereby providing sustained energy supply and reducing
power to support stress resistance. Collectively, under FQs stress, S. salsa exhibited a multi-level adaptive
response strategy driven by the coordinated regulation of structural defense, metabolic reprogramming, and
signaling pathways.
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FL M 145 i 2K BT A E (fluoroquinolone antibiot-
ics, FQs) & —R N LA MM ISHUEZ Y s th T H
TE I R FNE HOl iy Tz ], ©AE R EE Bt
IR R 2 ARk, B A R T S K HE R SR G K
N S RAR TR IR EE R, FQs ©AE H K i
T M A5 SR o 9 AR 2 R g P A O R I
H1 KA 1) TORR Y 6 2R O 3 A Rk . SOKARAHLE
T I L U AR ) DR AT AL B i R 0 ) R T
PESR L AETE N FQs LR B A i . & A B
FEV SR, FQs SVAUR /KT S 1 5  IMREAIS
A7 TV Jey , B it > I v > P 076, Xl HLAE R
JE TR B AR YRR bR #0555 v B AT K ) P 455 i P
B FQs Y BREE 5% B AN AN AT i 1 422 410 1 i ot
YRR E i T3 o AR R i AR P sh A )
REVE 4540 5 D RE L 52 &L Bk 6 21 45 G i A 25
R, DA X v U i b A 25 R e i R ME 5 Th e 4
FEAL) T XU

TEAHY)JZ T, FQs 18 AE A AR AR L 7 e P
TREEM . BRI FQs 288 25 EAHY)
B RGZM 1 TSRS BIR DL ERCET
B, JT b 25 3 o S A B 38 K OF | SR TG PR AR
(ROS) R 28 5 IR 2t 4L Ak i ), DA T 410 il A 400 1)
A EE T SR R R RE Y . TE RIS RS,
FQs il b 40 FL G AR Wy A 9 4540 B2 U Dy g Ak A
ik ARG SR A R BEE A AE  A
HAE S AR © R V5 e R0 b T+ RGEPEAE S
Peah. R, FQs iy A= 2 KU C H B — 75 YS9
&R A - A - HIE R G 2R G aE .

YT e FQs IS R A ME S RPN 1%
ge Y BRAR AR T Be Canme By Ot i A 5k 2 S Ak
SRS PR N PP AETE AR AR s RR 2R K
WTE W5 YA, AL Z T AP E 5 R
IR AP PEMI 2 22 " . MYTEDUAE R
3BT A A BT A B G AR ARG R SR A
FEMERLN . N, & H H (Chrysopogon zizanioides )
TER e S0 AR R 3a T 2R B B 1 e 4 A e
N PR (Lemna minor) 7E FQs Z& 88 214 T, K
A AL ) B AL T (SOD ) i 4801k S0 (CAT) i 1
KA EFEDAN S N TIRHAR R IR R,
) LB BRAS AR RE I FEBTAE R AR A 72
t B AR, SR, O TR YA 41 2 T
Al DA 5515 5 % LA B AR 2 e AR
A R

% (Suaeda salsa) F&—Fh L7 (1 TR ER A2
Y, T2 0 A T3 E AT R S AR B, BAT B
i i R 4 T A2 R . I ) DA
e B AR FR B RE ) L B AR A A R SR
PR PR SR 35 R, BN A o T T I M A 2548 S R AR
PRz — CAPITE " A, B 15
FIVEY A5 4 A e 251 R Tl ok R B AL R S
NG EP Y A R A AR A . SR, HAE FQs
BRI 9 A B ) 1 R i K g3 AR AL R i
Z R .

TERZ FQs T, 7P 2 (ofloxacin, OFX) 5
B B (enrofloxacin, ENR) 42 ¥ 55 th 6 H 4l R
B 2 PR DU AR 3R, B BRA I B RN A 2
PR AR 2R . OFX MRS Dtftfee s,
S ERR PR BB O R G 5 10 ENR SRR
TR BB, 55 s A Y WO AR AR
R R, RS g X i 2 FiiA: R iy 2k
B e 7 2 5, A B T 0 ER A Al W v e AR &R
AL B IAT

BT b, ABEFE L) OFX FI ENR Sy filpan 5 F-
UL 83 g HE RS R , 455 2R BEAE AR R PR E
B SR F o3, R GEAR T B ZE TE FQs A T 1Y
A BRI AR AR K A3 P L OGS R AL
FRGEPATT A B AR AR OCAE S Sl L, R
PUAE TS G A S 0 A 28 KU EAS Mo h AR pa 12 2
TR LB A .

1 #R5FE

1.1 REFRSAEEG

0 3% AP H RICE TR TAEE &
75% £, W12 1,30 s Fl1 5% NaClO ¥ & 40 #H 10 min
FIHE S, G 2218 K s Bk, & T (25+
2) CHAMEAM FHEZE 48 he TRIRARMH S, ¥ 4h
WAk EIRE 45 (15.0 emx14.0 emx11.5 em) , 5E
Jo Ay Y VAV 3 2 £ 45 (0~20.0 em) , 2 KT 5 B
(FLA2H 2.0 mm) HAE 121 °C K 2 0, AR
R . AR R pH=7.9, A ML
12.60 g kg, &H 0.96 g-kg' . ARG HERE
AN ER IR R E ARSI 4)8) , IH B tY
ARE AR W, 8 T T AR AL A
WY . 2 e HEAThi AR R A A B

ENR Hl OFX ¥4 2 5 211 B b fE i (298% , Sig-
ma-Aldrich, & [E) . $iA R G HPLC 9 H B fid
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e RV, P SR B TARE W . R4 T 1
Fa AT T AE A R R
i 60 mg-kg! (1) . BRSNS H
C A Y YU R IEE A5, 1456 T 40 45 SR
S, ATTEAR SR U] AR PR T R HT 4 T R e 5 5
A FRr IR N T B K. 2
i A R AR R T AR S0 T 3 Jf 5
IR ST o X B A= HE T A S AR R - Al K TR
BB —3 gy R RIS K E R
HH B :E 7K 2 19 29 60% , I T I Ak 145 48 h, LU #F
PrAE R RIS A, BEE AR S0
T L RS AR AP

HERE IR (25+2) °C, 14 hOEIR/10 h 22
5, O RS B 24 200 mol s m™+s™, AH X1 B 60%~
70%. Pri:ZALPRFFSE9 d. % AL B a] FH TR
Jot B 22 ol 2 A, R T okt e gk o) A B B0 1
WO By, e B AR ) FE T AR 2R B aE T AR R T
FVG sk e g 1 Bl A A8 Ak . 4 ) T AR BRES 1.3 R0 9
KRR E AR5 & T AR KA
=80 CIRAF AL R 2L oM. d A b FR iR B 3
AW E R (n=3)
1.2 mAEZEKRN

KRG AE AR (A 25 B K R R v
VELABRFR VS 4, W T 3R1E K 53, VR T IF A0S Al
WA . PRELZY0.25 g (T &) MK oK B 804
WAL R ERE A O 2 mm B T R T, B
2.00 g T8 TELLE D E N FrA R R E R
RN 0.1 mg, il sk Tl

R IR S TP 5.0 mLAHERAR (V(ZHS) -
VOK)=4:1,%0.1% HR) , IAHENR Y | min J5 H7S
15 min, F-LL 4 000 remin & .0> 10 min, J 4 3%
o X [A]—FE S R 1 DOF A I LIE W
IR 10.0 mL_EIREEES ], #k3% 30 min
J5 LA 4 000 remin™ B0 10 min, B F WS EE 1K
G LIEW . A IR IR IE R R RS AR
WA T (EE<35 °C) I 10 mL 58 FOKER
(B H SPE 3 I AKARIARR)  fHiAE S Ak T35 G Oasis
HLB A AR 1 3 Bl

R ARG FE S ENR FIOFX, SR H
Oasis HLB [# A % BUAH: (200 mg, 6 mL, Waters, &
FE) X R i 2R AT AR AR BCTUAR B, AR TR O
5 mL I EEAI S mL 258 TG LI/ eE o OBERE
VAT AR (EREAFR 10 mL, 2 1 mLemin™) ,

MU 5 mL 2585 T /K F1 5 mL 5% F K 75 e I
Z= 0, Fe e S mL RV BE EARBL A R . RN
2R T (<35 °C)JE , F 1.0 mL 3 sh AR 46 EL 3]
(A:B=9:1)HH, % 0.22 wm JE i € 5 it UPLC-
MS/MS 53#7 o

i 2 AL B S, SR ] Waters ACQUITY
UPLC R2ABA Xevo TQ-S = F UM AT T (Wa-
ters, 3% [H ) XL & o 59 ENR A1 OFX HE4T & 5
Mro A4 4 ACQUITY UPLC BEH C18(2.1 mmx
50 mm, 1.7 wm) ; #9835 °C; i3 0.30 mL+min™'; #F
FEfE 10 wLo FiahHHA A(0.1% H B KR ) 5 B
(W) BE VR 7 W2 1. FOi5 5B R FH Fe g
Z B IR, P E I B A (EST) T TR, 2
B0 W (MRM) #2474 0 . OFX 5 ENR 1)
ERE T 0 miz 362.1—318.1 (OFX) Fl m/z
360.1—316.1(ENR) , I 2545 4 Bl 25 X5 i 47 7 Mk
NS

&1 HEEBEEG
Table 1 Liquid chromatography conditions

I i) TEIARA AT A B H 4 1L
Time/min Percentage of Percentage of
mobile phase A/% mobile phase B/%
(0~1.0] 03 5
(2.0~3.5] 2 98
(3.5~4.0] 2598 082
(4.0~6.0] 98 5

ik R R R LR RAF(R>
0.99) , il bk [l i 2 85%~105% , A0 XF A HE i 22
(RSD)<10%.

OFX :y=7. 15x10%~-5. 53x10°,R=0. 996 3 (1)

ENR:y=6. 82x10°%x—4. 21x10°,R=0. 995 8 (2)

KA ESIHEE0, MRM R EE . KIS H0FE L% 2.
JAR [E1CE K 85%~105% , RSD<10% , 3¢ W% )5 1=
HA Rl S
1.3 EEARIERNE

K FH B 68300 A A (H,0,) & 6, R
FHBRAC B b 22 R W £ 9 1 N 8 (MDA) 7%
o, 38 oF A L DY & M (nitro blue tetrazolium,
NBT) J7 32290 % SOD 164 , SR FH A A B 325 0 o2
it S ALY B (POD) 16 1 | SR b S A &0k I
CATEVE
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Table 2 Mass spectrometry detection conditions
&) BpE T TET HEHL T A fE &
Compound Precursor ion/(m/z) Product ion/(m/z) Cone voltage/V Collision energy/eV
OFX 362.1 318.1 44 26
ENR 360.1 316.1 42 28
L4 HREANF 2 HRESW
FEPLAE RS 9 K, R4 ENR . OFX 4b 3 n
, I FUUUUTT 1 SRS EEBRE R PEES R B
A1 B AL 0 Bt AR B R R R W
W AEAR A DR Ry AT PR W) 3047 RNA il "0
5 RBRRIGZAK T 15% [ TCH P B4 (CK-

O, DL BT AR ) TR R S AR R WA T 1Y B
SEPTERRE . B 58 X R GR T MLELE (raw reads)
PEAT oA 5 5 k25 BR AR B reads K4 Sk
31, 3R A5 & i i clean reads , B J5 8 clean reads
FoXt 22 WA i 2 A o AR LX) 4
TR AR LR R, R bk — 2
X RE S BEAT R IE 2 RO AT VE AR T LR 2K
Mo I JE B 28 FastQC #11F U 47 I = 0T
i, Q30 ¥4 1 93.0% , “F-4 mapping rate i5 92.4%.,
K F DESeq2 # 1 (|log, F. |21, FDR<0.05) #E 1T 22
S RIB A H, I8 1 PCA 55 U A & (8] 43 20 7T 4
Mo 5 R A 0 2 L KEGG P<0.05 4 [
. Wi 3L B I F NR | SwissProt \KEGG |
GO Bl e £ 45 LU XS S5 58 o X Ty L X 9 reads
PEAT PR HE L 8 5 B AR S o fdE A hups s //
www.omicstudio. en/tool [ OmicStudio T. . 22 il &
A,
1.5 #HiEE

JIT A 1 9 KA LY 34 {8+ 45 E 22 (mean=SD)
Ferr , I Excel 2019 1 SPSS 26.0 #E4 748 124 b
P A3 T AR g6 A 0 TE A R O 25 550 DA
FRTT 223 MBS o R R IRI 2R 5 22 73 H (one-way
ANOVA) K 56 [F] — BT LE AL BRARAF T A [ IBURE
A () A AT IR S A P2 22 5 0 SRR R 7 2
ﬁ’*ﬁ(two-way ANOVA) PG Az RIS Ak B E]
R A AR R0 A A AT bR 5, R
FH Pearson AH O 73 BT PFAl Hub 2K 35 /K7 BT
e A AT o KA S PN Y S ER YV =L v 2]
1 Z, T AT Z 48 b 1) B D[R] 28 AR A . 556
T E KT 852 N P<0.05, 1) ik /K T 18 h
P<0.01,

OFX, CK-ENR) AH [t , 1055 20 v 2 Fpbi A= R JBRAL
I EPEFH(E 1) ENRAESS 3 KA KFR%(20.1%)
2w T OFX (10.8%) , 1E 55 9 K B ik 5 36.2%
(OFX #253%). ENRZE 1~3 d NAgTREEAE1L , $2
7 HAE W 30 01 1 AT R 5 S iE A AR AR Y, DA R
T UK i 1) 20 2 2% 58 7K 5 17 Bl 72 Ak 3 23
Gz, W R HAR N 0B 5 % iz i BT Re g 0 i 1
SV . M2 T, OFX AR 200 2%
%%HEENEWZISWE’J;%%D* FE AT e A2 PR T 3Lk
FEEIH 3751 | DT S 50 30 5 2 o s ) 2 08 4

—o— SV E OFX
40 —— BUADE ENR

- @ - X BV CK-OFX a
- W - G RE-RGETVE CK-ENR
b
30+
C
2
i 8 d d
&= 20F
Tz
o
"
2 e e
10 F f  __-- 'E
e _.--% Y )
X - ¢ - ¢
PRI £
ezt & .
3 6 9
s ]
Time/d

ANFING TR FR AR ) RAFE I RIS [R A 22 1] 22 57 ik 25 (P<0.05)
Different lowercase letters indicated significant differences in the re-
moval rate between different treatments in the same sampling time (P<
0.05).

E1 SRV EMREDLEERRRKEER THERE
Fig.1 Removal rate of OFX and ENR in different expe-

rimental systems
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2.2 AEmNNER

i 2A iR, 5% BEAH EE, ENR FiT OFX Ab #E
Y 3B MDA Wk B i % T (P<0.01) , H ENR 2b B
T MDA ¥ B (9 T BH = F OFX Ab B . ZEdi 4R

AN TR B e B 49 AE . A& 2B~2D fif s, ENR iR
i 2 $2 55 SOD F1 POD i #: (P<0.05) , 1 ££ OFX 4t
BN, CATIE PR R I o B & T . LiRgs
R 2 Fh FQs Ab BRI 5| & T WmE P A b ik R
1) S e 1 (E S AR AR AR B 22 5

[ % Root

C 600
500
400

o 300

200 F

100 F
0

100 -

. O
W
(=3
=1

L ARG
Peroxidase activity/(U-g™)

2 200}
300 F
400+

A AL
Superoxide dismutase activity/(U-g™)
(=}

WD =
===
oS o O
T T T

AT 17 17, #085% 76 ENR 5 OFX hia T K8
[ "HLeaf

A~ 15 B
o 750 b
[=]
E 10F
S = 500
g @

o 0.5 ig% 250

x5 EE

ge 0 mWE 0

118 S
3 E 2 sl

2 s F2 as0ry
5 =
= O 500 F
S 10F
g ol
3 75

= &Q*%g&oi-@&cg%% &&e%%‘%‘%&‘i&%
00\0\ o"’QﬂaQs o"’oqoq QQ\Q\ Q%“’O"’ o“ocaoca
Qb Ab 3

Treatment

ANTF]ING SRR AN R b B 22 6] 22 57 W % (P<0.05)

Treatment

Different lowercase letters indicated significant differences between different treatments (P<0.05).

E2 |HEEMREDEINAREM FRERT ZBEIREMG

500 F 400 F
v sl
SEENE ﬁ%quQ% c&ec«ec@i@e
VP O OF’S VS O O
Qb Qb
Treatment Treatment
R A e A

Fig.2 Effects of OFX and ENR on malondialdehyde concentration and antioxidant enzyme activities in S. salsa leaves

and roots

2.3 ERRZERSEREESMTE

B SR oy M iE— 24678 T ENR 5 OFX 7843
TR 22 RN o 50 BATA H ENR i
IR T T iz R ZL e s B gm e, Bs T — AL
B Ak 32 5 00 R GE kMR O N 45 . ENR A B2 2
TEE]24 926122 FRIBFEH (DEGs) , Hrf1 14 0404~
LB E ], 10 886 4 JE AT i (B 15 WA T E I
IR . KEGG & 40T 2, X S A ) 2%
EETANLGEED AR HYBEGFETE T .
MAPK {5 53 [ A8 4 -9 AR B A S IS B I A
A AR B OGIE . 5 ENR BT IZ 300G A I
OFX W38 15 5 10 7 S5 e S0 31 FB1 A8 b e 7, L O
O IR TR 7B R GE . OFX A2 AR I %)
27931~ DEGs(Fff 3R 1), Hw H2 3 g = B A vh Tl
HAEH DEBEH-REEN MY BT A 2K
B NRAEYA R RS R (F3) .

GO ZhRE MM W, ENR Wrif T i Ak S50 it
SRR LT B BILT B EEE H TEHLE
B IR T M S A DG 2 H B3 4 5 T TE OFX
e TGRS SRS T SEATEH— IR LI

BRI S A SR H B EEE(E4),

2.4 HMESH RN
T o B SR 2 A S AT RS A b, R
PHBRZE 7F ENR 5 OFX i T 22 55 38 & A R
T e B I S 0 P 5 Ry S e R ARRAE
Venn 28 145 5 (& 5) %W, ENR 5 OFX 61 3 [f]
SR 4 I8 A 261 2%, 1 ENR FiT OFX 454 1
ﬁxﬁhﬂ%éﬁﬂ 1843 751391 4%
P A i 32 AR b T A R A QA O
, @ 15 M B% % (ko00010) | TN R A% 14 5
(koOO620) LR R E R (ko00020) K B AL 14
(ko01200) %5 (Bff £ 2) o 3 263 A 2 Fh T AE W
A B e A 3R W AR A5 X FQs
14 43— 1y r LA g
TE4t @nﬁﬁﬂﬁ%ﬁ.l'i ENR 5 OFX 43 51 & 1
AN TR] AR S R A B e AR . ENR RS 4
) 1 843 453 I F 2 0 A T AR W Wi AW & 1l
(ko00940) 45+ Bt H IEAR 18 (ko00480) Az 2 bt & iz
R Z R (ko00270) 453 2 (B 2) . OFX 4
Sk e AR Y 391 Sk E B AR TOLEAEN
(ko00195) A 1E - K284 1 (ko00196) K1
T A (ko047 12) &5 M S % .
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SRV A OFX RS RD A ENR RS
Organismal systems Organismal systems
- A AR R -3 A AR
Plant-pathogen interaction Plant-pathogen interaction
RV BEATHE IR BT
Circadian rhythm-plant Circadian rhythm-plant
R R
Metabolism Metabolism

Rt a6 R 201
Metabolic pathways Metabolic pathways
WA A &N LA A A IR
Biosynthesis of secondary metabolites Biosynthesis of secondary metabolites
KB &R KPR
Phenylpropanoid biosynthesis Phenylpropanoid biosynthesis
Z R L LW RIR I
Biosynthesis of various plant secondary metabolites Glyoxylate and dicarboxylate metabolism
a-TEIFRER LI TE R FIERTA QI
a-Linolenic acid metabolism Starch and sucrose metabolism
IS A AR FrEERRIFIR (TCATRSE)
Flavonoid biosynthesis Citrate cycle (TCA cycle)
FWE N REM B AR
Carotenoid biosynthesis Biosynthesis of nucleotide sugars
JeAMEM-REKE N YA IR
Photosynthesis-antenna proteins Flavonoid biosynthesis
LT IR I LGP A A ) A a-TEIRRER IR
Glycosylphosphatidylinositol(GPI)-anchor biosynthesis a-Linolenic acid metabolism
SME AL DA ) AOEANT 22 Qi
Isoquinoline alkaloid biosynthesis Fructose and mannose metabolism
TG WRIEFINLIESS AP Bk NP
Tropane, piperidine and pyridine alkaloid biosynthesis Porphyrin metabolism
A Qi KW N REM G
Linoleic acid metabolism Carotenoid biosynthesis
PENIRRAE 1< TORCIEN . TIPS R EBR AR
Fatty acid elongation Stilbenoid, diarylheptanoid and gingerol biosynthesis
HOFUEEERAELE ) B TR
Benzoxazinoid biosynthesis Linoleic acid metabolism
A S R A
Monoterpenoid biosynthesis Brassinosteroid biosynthesis
W & Sl A
Indole alkaloid biosynthesis Monoterpenoid biosynthesis
BT EAL e A )
Environmental information processing Flavone and flavonol biosynthesis
Lk b SRR e IS {F AL S
Plant hormone signal transductlon Environmental information processing

MAPK {5 i -Hi MR [ | 55
MAPK signaling pathway-plant Plant hormone signal transduction
0 200 400 600 0 400 800 1200
SRR IEIRER
Gene count Gene count

B3 @WEEEsSEMRE

BELEMETERREZEFENKEGG B &E/120E 3T EE

Fig.3 Comparison of top 20 KEGG enriched pathways for differentially expressed genes in S. salsa under OFX and

ENR stresses

2.5 Hub ERE ik K& FRIEFFE

F T 25 R ARIRFE R A0 M S A R e 3K )
KT (WGCNA) I ZE A 45 il I 2 T — &
G HE DG AT 38 [ b b T EE A A Hub JE
(#£3), XEFLHPIIHEFREE KK TEOFX 5
ENR B8 4514, 33008 5% 18 5o AS 5] D REAR B (1) 4%
O VA9 5 DR B[] 2 5 e o 1, ) 2 T 22 Sl
TR 45

TEfE I 5 AL A2 T, 3 [W] Hub JE A A%
T YEFEAN MRS ) SE Atk i AR e, B R
fifg 3 K 2 55 N R R AT, 4 5 L At e It 40 L 5 g
SEACHE, AR A N T A 2R e A AR S A

PR AEE S5 N E A0 T R, R
PRSI B R BRI 32 P . 3k 2L [R] Hub JE A
I ) A4 45 200 o A A 3 SRR S R Rl A B T B L A
T B S 6 ENR FTOFX 38 9 45 55 43 7 1) 7
Bidk, [EF,SOD . CAT . GST %5471 A AH 56 3L R VR
Sy AE[a] Hub JE A4 B T 5 ) ROS W BRBEE , 7E
UNGILSER: SE Sy R s S (E

HET RNA-seq B4 X9 53 0 16 15 31 19 Hub J
RIZE A [l b 2 254 N A AR AT T 4 0 #
(1 6A~6C) . AN, 7 ENR W 55040~ , 5%
PR AR5 R B B A ) AH DG B9 Hub 35 B (4N PAL
4CL . CAD) 25 M F X6} HEZH S R S 0 1 e 34
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SURIP R OFX BRI A ENR
At 7L A 2\ BFEEAKT
ke duganwie| | g LR
Response to wounding Hydrogen peroxide catabolic process| g
14.00
PR T A AL R .
Rhythmic process Hydrogen peroxide metabolic process
BT AR L R ® 12.00
Circadian rhythm Jasmonic acid metabolic process
WA JUT Bt 72
Photosynthesis, light harvesting Chitin catabolic process 10.00
ERE ALk AR R 2
Regulation of ion transport Amino sugar catabolic process S |
W O
NG AL 7 RSN A Y R ;3 = 8.00
Oxylipin biosynthetic process Glucosamine-containing compound catabolic process § En
1] ©
EAB/ S TeAR R 1ITA JUT S 72 ® s
Response to red or far red light Chitin metabolic process, /M 6.00
SR AL R AR A O RR °
Oxylipin metabolic process Glucosamine-containing compound metabolic process;
4.00
WAEARHL R IR R ®
Secondary metabolic process Aminoglycan catabolic process|
SRR SRATERA: W) A AR ° FEREH
Detection of light stimulus Jasmonic acid biosynthetic process, Gene count
WSk SRR . * 0
Regulation of transmembrane transport Fruit ripening O 60
PN O
Response to blue light
JUT Tt 1k
Chitinase activity
PUBERK 45 & B-1,3- TS N IR 7k o
Tetrapyrrole binding Glucan endo-1,3-beta-D-glucosidase activity -
=
RN JUT A i 6 w2
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Fig.4 Comparison of top 20 GO enriched pathways for differentially expressed genes in S. salsa under OFX and ENR stresses
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Fig.5 Venn analysis of enriched pathways for diffe-
rentially expressed genes in S. salsa under OFX
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Table 3 Summary of hub genes and their key pathways in S. salsa under OFX and ENR stresses

S e PR % aeE I J5 1)
Category Gene Linked pathway Function/direction of effect

ENR PAL Phenylpropanoid biosynthesis A A R/ B R

ENR 4CL Phenylpropanoid biosynthesis A Hf RESE iR

ENR CYP450 Sulfur metabolism / Secondary metabolism fieaE S RHE Y

ENR ABC transporter Transport / Detoxification S HEBLAE R

ENR CAD Phenylpropanoid biosynthesis 20 BRLRE I /R B 255

OFX LHCAI Photosystem I SR DR G e

OFX LHCB? Photosystem II antenna proteins Jehef ik

OFX PsbO Photosystem II TRGRE

OFX WRKY TF MAPK signaling / Plant-pathogen interaction {55565

OFX MAPK MAPK signaling pathway AR A
COMMON SOD Glutathione metabolism / ROS scavenging B ROS
COMMON CAT Peroxisome / ROS scavenging 43 H202
COMMON GST Glutathione metabolism P i 2
COMMON HSP Protein processing in ER P frdr
COMMON ALDH Pyruvate metabolism T o e 5 et k25

FCAD Z [8] 35 S 4 I 25 1EAH C (P<0.01) . 4CL Al
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Different lowercase letters indicated significant differences in the gene reltative expression between different treatments in the same sampling time
(P<0.05). A. Key Hub genes under ofloxacin(OFX) stress; B. Key Hub genes under enrofloxacin (ENR) stress; C. Key Hub genes under the com-
bined stress of ofloxacin (OFX) and enrofloxacin (ENR) ; LHCAI. Relative expression level of the gene encoding photosystem [ light-harvesting
complex protein A1; LHCB2. Relative expression level of the gene encoding photosystem Il light-harvesting complex protein B2; Psb0. Relative ex-
pression level of the gene encoding photosystem I oxygen-evolving enhancer protein; WRKY. Relative expression level of WRKY transcription fac-
tor family genes; MAPK. Relative expression level of mitogen-activated protein kinase (MAPK) family genes; PAL. Relative expression level of the
gene encoding phenylalanine ammonia-lyase ; 4CL. Relative expression level of the gene encoding 4-coumarate-CoA ligase; CYP450. Relative ex-
pression level of cytochrome P450 family genes; ABC. Relative expression level of ATP-binding cassette (ABC) transporter family genes; CAD. Rel-
ative expression level of the gene encoding cinnamyl alcohol dehydrogenase ; SOD. Relative expression level of the gene encoding superoxide dis-
mutase ; CAT. Relative expression level of the gene encoding catalase ; GST. Relative expression level of glutathione S-transferase family genes ; HSP.
Relative expression level of heat shock protein family genes ; ALDH. Relative expression level of the gene encoding aldehyde dehydrogenase.
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Fig.6 Expression patterns of key hub genes in S. salsa under OFX and ENR stresses
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* indicated significant correlation at the P<0.05 level, and ** indicated significant correlation at the P<0.01 level; (Z).Z-score standardized val-
ue. RE. Removal rate; PAL. Phenylalanine ammonia-lyase gene expression level; 4CL. 4-Coumarate-CoA ligase gene expression level; CYP450.
Cytochrome P450 family gene expression level; ABC. ATP-binding cassette transporter family gene expression level ; CAD. Cinnamyl alcohol dehy-
drogenase gene expression level ; SOD. Superoxide dismutase gene expression level ; CAT. Catalase gene expression level ; GST. Glutathione
S-transferase family gene expression level; HSP. Heat shock protein family gene expression level ; ALDH. Aldehyde dehydrogenase gene expression

level; SOD(Z). Superoxide dismutase activity: POD(Z). Peroxidase activity; CAT(Z). Catalase activity; MDA (Z). Malondialdehyde concentra-

tion.
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Fig.7 Correlation between phenylpropanoid metabolism-related gene expression levels and antioxidant enzyme activities
in S. salsa under ENR stress
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* indicated significant correlation at the P<0.05 level, and ** indicated significant correlation at the P<0.01 level; (Z). Z-score standardized val-

ue. RE. Removal rate; LHCA . Light-harvesting complex | protein Al gene expression level ; LHCB2. Light-harvesting complex Il protein B2 gene

expression level ; PsbO. Photosystem Il oxygen-evolving enhancer protein gene expression level ; WRKY TF. WRKY transcription factor gene expres-

sion level ; MAPK. Mitogen-activated protein kinase gene expression level ; SOD. Superoxide dismutase gene expression level; CAT. Catalase gene

expression level ; GST. Glutathione S-transferase gene expression level ; HSP. Heat shock protein gene expression level ; ALDH. Aldehyde dehydroge-

nase gene expression level ; SOD(Z). Superoxide dismutase activity ; POD(Z). Peroxidase activity ; CAT(Z). Catalase activity; MDA (Z). Malondial-

dehyde concentration.
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Fig.8 Correlation between photosystem-related gene expression levels and antioxidant enzyme activities in S. salsa

under OFX stress
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Fig.9 A “Trinity” synergistic response model of S. salsa under fluoroquinolone stress
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