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1% S FESI (R e AE & (Palaniyandi et al., 2014)
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AT n] Al e A Rl A AR H 2 5 I (Bae et
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P40 (Sun et al., 2022) 5 F4fiEgE R RS th ]
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R AER  EPEE DL FastQC iyl
anE 0 SHIRLL MultiQC i & 20K it
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al., 2014) o
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BIRRE » REHEEREF K EEHEE
TR BT o 33 SLR5 REUR BM103 RESiEim
B 7 A 7 AR S Al LB Bl 7 AP 7 S 3 B 1 3
M o

5 T RE S 58 IS 0 49 A LA B $2 it % A
FRELRG R R AU E R} - 5 BM103 BRI H]
B EFRENEGRERE DB - B
B ARl R AR R S EER RS ~ IR ~ NAE
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MR E AT (B 145) FARTE LR TEAR
SR B VIR RBUH P s b - Rl IRE
RENRESEALEYEE LERRENTE
AR > SR (SRR B A 1 v A W R S
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G WGCNA I F Sk I 15 5 oy
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o ia UL R 1L A [R] i P AGE £ T SR BR H 4R
MR RIURE 0 (X)) » £ MAERGHET

=1

(DEG_CB) » #J5 27 {HEK1E BM103 JEH#
AT HERARNES - 5 18 (K
PR R 5 EEnEYisE ~ (DEG_HB) » AT
BRI RIS KRB — e A R —20 [t
R RIRY 2 AT2G46830 (Htih circadian clock
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b s {ERZ 538581 (DEG_DB) » #145 23 {lEkk
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1) {EREE BM103 2 AEHZ TR T 230 %Y
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AT1G19350
AT3G62420
AT5G28770
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B\ - RISEREKILEITERR - Bzl ERAEMEYREREANEEE THERRI -

R FE DA L IR H SR IR HE5E 04T (weighted gene co-expression network analysis, WGCNA) Bilf# g5 [K & £ 547
(transcription factor enrichment analysis, TFEA) H{{5.< 45 {EfZ CRIMERER (Felimae) DL G SE 2L R AN B 5
PETHZZ R LI () - HrPERE ERLE RILE L) B8 6 GRIE TR BREEER M Lryiags - BNE
Fe IR e 2 AN [ B R B U 70 25 FHIRIRBIE S G B e —F5E © DEG_CB @ [EH 55 T IR
Bl BM103 275N 3 DEG_HB : SilLvisE Fgsl BM103 22K 5 DEG_DB : 25505
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SAEEAGRE T B — A A% 1 AH S B s AL B ER »
B A 1) 2 30 O S B 1T £ 1T ) R = 58T 49 B B
R FEFRE AR - KT 2 DL — B[] 5 %
A O A VIR THE R IR O - AR
M BE R R s B A M E RV -

FIFH K DhRE 73 $H 53 #71 (gene ontology
analysis) $EATRZO @I IE KR = 2 5E 44
Ao FEERA (E) o /£ FIIEE (molecular
function) /5 > & HE 5 & (protein binding,
19.6%) FIDNA#% A (DNA binding, 18.3%)
i EE D REH R R KER 0 K%L #)
MEREFENHERE-EHE AERM
W SR A PR AT IO - AEMHIAREY (cellular
component) J71 » fIMIF% (nucleus, 17.06%)
B i SR AR MRS o 18 B8 L B IR fr e £k
AAPERAIE R —2 s MEERKEE (chloroplast,
15.29%) FIMEFERY (thylakoid, 12.35%) X

by for : Go

protein binding: 10.608% { raw value =30 )

DNA binding: 18.301% ( raw value = 28 )

DNA-binding transcription factor activity: 11.765% ( raw value = 18 )
transferase activity: 11.111% ( raw value = 17 )

nucleic acid binding: 9.15% ( raw value =14 )

other binding: 7.843% ( raw value =12 )

unknown molecular functions: 5.229% ( raw value = 8 )
catalytic activity: 3.922% ( raw value = 6 )

hydrolase activity: 3.268% ( raw value = 5 )

RNA binding: 2614% ( raw value = 4 )

lipid binding: 1307% ( raw value =2 )

enzyme regulator activity: 1307% ( raw value = 2 }
chromatin binding: 1307% ( raw value = 2 )

signaling receptor activity: 0.654% ( raw value =1}
transcription regulator activity: 0.654% ( raw value = 1)
structural molecule activity: 0.654% ( raw value =1}
nuclease activity: 0.654% ( raw value = 1)

kinase activity: 0.654% ( raw value = 1)

by for : GO Cellular Component

nucleus: 17.059% ( raw value = 29 )

chloroplast: 15.294% ( raw value = 26 )

thylakoid: 12.353% { raw value = 21 )

plastid: 11.765% ( raw value = 20 )

other membranes: 7.647% ( raw value = 13 )
cytoplasm: 6.471% ( raw value =11 )

other intracellular components: 6.471% ( raw value = 11 )
cytosol:5.882% ( raw value =10 )

extracellular region: 4118% ( raw value = 7 )

unknown cellular components: 3.529% ( raw value = 6 )
plasma membrane: 2353% ( raw value = 4 )

other cellular components: 1.765% ( raw value = 3 )
vacuole: 1.765% { raw value =3 )

cell wall: 1176% { raw value = 2 )

peroxisome: 0.588% ( raw value =1}

endoplasric reticulum: 0.588% ( raw value = 1)
mitochondrion: 0.588% ( raw value = 1)
external encapsulating structure: 0588% ( raw value =1}

Bt - RIVEIMEERERIIED RO -

Z 0 38 LK AT RE AT O & 1F A e &
RS E A o fEAY)HERE (biological
process) J7IHI > ¥HEEY)E NI HE (response
to chemical, 10.09%) FIEhHIMIERE (other
cellular processes, 14.59%) & + A KER »
JE LB IRT Y 2 I B AP e R R i 5 A L R R
@7 T RE ELA HHE A B S -
FMIFHKEGGEE (K 70 A7 — 20 B35 18 LL A%
U ) A 25 TR A3 B A ) A B 1) S T B 18 e
ZA e (EXEFRBEHRRRERES R
AR (V) > B o K% O ) e R IR B R AT
I &) (light-harvesting chlorophyll
protein complex, LHC) HH » 4775 Lhcb3
(AT5G54270) ~ Lhcb4 (AT3G08940) J% Lhcb6
(ATI1G15820) - BMI103 w] el JHgi L&
F FH AR S Mg i i P BR B S B ) 1k AE
HE 17 i SR AR (LR (K R (18 L) » #%0#)
PEEEIR - S8 H 3R (4T2G43010 > #wis TF

Ci ization by ion for : GO Biological Process

other cellular processes: 14.592% ( raw value = 68 )
response to chemical: 10.086% ( raw value = 47 )

other metabolic processes: 9.657% ( raw value = 45 )
response to stress: 9.227% ( raw value = 43 )

biosynthetic process: 7.94% ( raw value = 37 )

response to abiotic stimulus: 7.296% [ raw value = 34 )
response to endogenous stimulus: 4.936% ( raw value = 23 )
nuc ontaining ¢ ic process: 4.721% { raw vz
response to light stimulus: 4.292% { raw value = 20 }
response to external stimulus: 3.433% ( raw value = 16
response to biotic stimulus: 3.219% ( raw value = 15 }

signal transduction: 3.004% ( raw value = 14
post-embryonic development: 2575% ( raw value = 12 )
multicellular organism development: 2575% ( raw value =12 )
anatomical structure development: 1.931% ( raw value = 9 }
photosynthesis: 1.717% ( raw value = 8 }

g ion of precursor ites and energy: 1.288% ( raw value
circadian rhythm: 1.288% ( raw value = 6 )

protein metabolic process: 0.858% ( raw value = 4 }

cell communication: 0.644% ( raw value =3 )

carbohydrate metabolic process: 0.644% ( raw value =3 }
secondary metabolic process: 0.644% ( raw value =3 )
catabolic process: 0.644% ( raw value =3 )

cellular homeostasis: 0.644% ( raw value =3 }

tropism: 0.429% ( raw value = 2 }

translation: 0.429% ( raw value = 2 )

lipid metabolic process: 0.215% ( raw value =1 )

cellular component organization: 0.215% ( raw value =1}
DNA metabolic process: 0.215% ( raw value = 1)

growth: 0.215% { raw value =1}

cell differentiation: 0.215% ( raw value =1}

transport: 0.215% ( raw value =1}

Tl gene ontology (GO) & RHEH 7 MT#% L& R ThRe M » #1% — (@ EEAIGOSER » 77 BIE 77 T IhkE
(Molecular Function » 77 F) ~ #l@fHAL (Cellular Component » 77 ) F #5562 (Biological Process » 47) » &H[H
JERN LABIBHIE R - A5 60 B S R DhRe s RIry L B 8 IR E R -
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I PHOTOSYNTHESIS - ANTENNA PROTEINS

Phycobilisome
(Cyanobacteria , Red alga)

Light-harvesting chlorophyll protein complex
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B SR e
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......’..~, ’
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; B — LHCI
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Photosynthesis
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Light-harvesting chlorophyll protein complex (LHC)
Lheal | Lhea? | Lhea3 | Lhead | LheaS

Phycocyanin (PC) / Phy in (PEC)
Cpels | CpeB | CpeC | CpeD | CpeE | CpeF | CpeG

Phycoerythrin (PE) Lhebl [ Lheh2 PLheb3 PThebd [ LhchS PLhché [ Lheh?]
Cped | CpeB | CpeC | CpeD | CpeE | CpeR | CpeS | CpeT

00196 7/9220

©) Kanehisa Laboratories

B\ « XEFRXREERFEPZLEIEERRD -

FIFKEGG (Kyoto encyclopedia of genes and genomes) 43 HTER % D EIERERITE S STER R KR E I E %
A (DAL ERRERR) » BRI DIRER DL IR &4 (light harvesting chlorophyll-protein complex,
LHC) 3 -

PLANT HORMONE SIGNAL TRANSDUCTION

T ———>  Awin byt
[EHIE] ———>  Abwisc s rsponse

Gtberelin

AAAA

BN - B EESAREEREPRLVEEERN D -

FIFHAKEGG (Kyoto encyclopedia of genes and genomes) 734 87 A% /L #) Mk PRI 7E A1) 17 68 S 37\ 55% 8 R 15C
Mt (DAL EESEFRT) » HH s Tryptophan metabolism (N FI4RHE (Auxin) B4 SHEAR ;
Zeatin biosynthesis (T KB4 & k) FIHINE > 215 (Cytokinin, CK) A4 &R ; Diterpenoid biosynthesis (-
EFEAE AR FI75 H3& (Gibberellin, GA) fAE A EERH  Carotenoid biosynthesis CRREAFE &4 GHk) FIBESG
I# (Abscisic acid, ABA) 4= & F R ; Cysteine and methionine metabolism (2P N&s FI1 FF i Nl (28 fll 24
(Ethylene) 45 R FE : Brassinosteroid biosynthesis £ HZE[E[iE (Brassinosteroid, BRS) 445k 5« -Linolenic
acid metabolism (& -ZX AR (X3 FISE A (Jasmonic acid, JA) F94E &G R 5 MiPhenylalanine metabolism
CEPNRIRA G FIKA5EE (Salicylic acid, SA) FYA4 ERLH R
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ABSTRACT

In the context of global climate change, it is essential to prioritize enhancing crop resilience to
abiotic stresses in agricultural research. This study employed weighted gene co-expression network
analysis (WGCNA) to examine the transcriptomic effects of Bacillus mycoides BM103 on the model
plant Arabidopsis thaliana under various stress conditions. The research delved into the impact of
BM103 on root and seedling development in Arabidopsis under different stress factors, such as high
temperature and drought. The results demonstrated that the treatment with BM103 significantly
improved root development traits under stresses, indicating its efficacy in enhancing Arabidopsis
resilience. In addition, 18 groups of Arabidopsis-BM103-Stress (including high temperature and
drought) transcriptome data were analyzed to understand the effect of BM103 on Arabidopsis
resilience. Our study identified seven gene expression modules using WGCNA, with four of them
showing a high correlation with Arabidopsis root development phenotypes. Subsequent transcription
factor enrichment analysis (TFEA) pinpointed several transcription factors related to these modules,
identifying 45 highly correlated resilience genes. Gene ontology (GO) and KEGG pathway analyses of
these genes revealed their involvement in processes, such as photosynthesis, stress signal responses,
hormone signal transduction, and protein post-modification. Our findings indicated that BM103 can
enhance Arabidopsis resilience, and the transcriptome results suggested that this enhancement involves
multiple factors rather than a single one. In the future, analyses of plant resilience enhancement should

consider multiple resilience gene expressions as biomarkers for an accurate efficacy assessment.

Keywords: Abiotic stress, Gene ontology analysis, KEGG pathway analysis, Transcription factor

enrichment analysis
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