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Mechanism of Bacillus subtilis J-15 secondary metabolites in
inhibiting Saccharomyces cerevisiae: based on transcriptomics

LI Haoran”, ZHAO Jingjing’, YANG Jun, ZHOU Dongyuan, MA Chaoyue, CHEN Jiayi,
ZHAO Huixin"

Xinjiang Key Laboratory of Special Species Conservation and Regulatory Biology, Key Laboratory of Special
Environment Biodiversity Application and Regulation in Xinjiang, School of Life Sciences, Xinjiang Normal
University, Urumqi 830054, Xinjiang, China

Abstract: [Background] Fungal diseases have gradually become a major factor restricting the
crop production in China, and thus it is urgent to develop antifungal agents for disease
prevention and control. [Objective] To investigate the mechanism of Bacillus subtilis J-15
secondary metabolites (SMs) in inhibiting fungal growth and development at the molecular
level, so as to provide a theoretical basis for their application in fungal disease control.
[Methods] The cell viability of Saccharomyces cerevisiae S288C treated with SMs was
measured, and the cell necrosis was detected by flow cytometry. Transcriptome sequencing was
performed to analyze the effects of SMs on the gene expression in S cerevisiae, and real-time
fluorescence quantitative PCR was employed to verify the results. [Results] SMs caused nuclear
membrane lysis, DNA diffusion, and cell necrosis of S cerevisiae S288C in a time-dependent
manner. A total of 1 627 differentially expressed genes were screened out after the treatment
with SMs for 12 h, including 851 up-regulated genes and 776 down-regulated genes. A total of
512 genes were differentially expressed after the treatment with SMs for 24 h, including
300 up-regulated genes and 212 down-regulated genes. The differentially expressed genes were
involved in multiple pathways such as autophagy, sugar, lipid, and amino acid metabolism, cell
wall synthesis, and cell cycle. [Conclusion] The findings provide an experimental basis for
revealing the mechanism of SMs in inhibiting fungal growth and a theoretical basis for the
application of SMs in the prevention and control of crop fungal diseases.

Keywords: Bacillus subtilis J-15 secondary metabolite; Saccharomyces cerevisiae; transcriptome;
antifungal mechanism
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KAE . IEEYREDURTEN LS R 41
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T LA HAEEMEIER, TERE N b B R A
B T 07 FHIR T R o il e ZF AR A 7 A B IR R
A 0 AT VR T 98 Dt TR 240 B R 7 28 g AL 4 F
2, BB AR R E AR RE, I EIE Y e
HRMARKEST, NmRRE RIFHRILAY
Bl 3 700 98 11

Wi E A HOR AW 2D, B s A HOR
RN BT 250 R B S I AR A TR,
PRI BE BB SRS BL I A il . I RESFIR B,
BB BTERRIR PRI T L R 3Rk i PR A AL
AT ] Ay AR T 1 7 W R e T MLl A 0 4 it o
T4 1T RTSE A DL AR R R HA SR 0N
LA (A i 2 R RN 0 B ARAL I A LR 1k
WAL, BRI IR S — R AR M A% AR,
SRR R B . SR AR D, B R
EAZ A Y A B R Y R AR A U, ket
DA R e B A 52 xC LR MR ST T - 1- R R
FADE R P, FRIRURSE T R A AT
FLEEME, JF AR R R B A S0 2N
LW R ] T HAD TR AL .
XoF PRV T B Ak FRAS H ) — e g 25 R LA AR
PRSP, DR] PRSP B ok B At A% A
Wy — B2 P H AR I, A 7 TR

YO R & B J-15 R AR R W
(secondary metabolites, SMs)AEME A R il 4 46
B 22 SO K T 48 A (Verticillium dahliae
Kleb.) g4 K R ALFai &Y, X 5206 % kA 46
WA RIFPaER"Y. 785 sh—mimt
i, 83 R P EOR R SMs X R
W2 FEER RS2, WIE R SMs /E
AET AL L BE R AL A AR B 2 T
s Ji L DA RE G = BE DR D, $ROR SMs BT RATFHY
Al A= B iR T R U0 gk Ak, i e
SMs 1% & B, SMs Xf# & (Penicillium), &
%% (Mucor) ., [k (Candida albicans)fl &%

Hh 2% (Aspergillus flavus)Zs 2 4 20 B 1 A9 4
FA B EMHIC RN SMs R IE S EFE
IAZ 2L A A 545 | S 0 B IR A8 B8 4 o
Pk, k5 HAhRG R 2 A O A Y B
AR T MO, A An M A 1) . 155 3 o
SAML 2 PRI AR R RN 200 R e A o A
Bl 53 20 2 BRI 43 F KPR 90 H R R RA
FHI Ay F ML o AR S Aok v 38 S 0 3 457 AR X i
TR S288C MEA TG sS4l 7 4 br, B 7RIS
SMs 1 HIBEEE J5 5% S 2045 B A8 b, IR H L
P LT R FH A9 56 Bl DR R S AT 3 . LA
A SR B ZE AT B J-15 IR = ) A e
VERIPLIE B g Bl , IS HF & i T4
Yy H R F B PR R AR

1 MR5r%

1.1 #8
1.1.1

i 74 i £ (Saccharomyces cerevisiae) S288C .
H B2 0 FF i (Bacillus subtilis) J-15 $413€ H
S5 DT R 27 2B i 2 27 e B B R R PR IR A ol £
A YR
1.1.2 EFE

FABEARFI L) : 4WHE 5.0, EA
10.0, NaCl5.0; BB B RAATHH(/L):
FEHR 10.0, H%HE 20.0, BERERHH 5.0,
113 EZ50FE

FLIA S RNA P aln &, 4 TAY T
(R A PR/ F] 5 FastKing cDNA 55 —4#%
A 18R £ M2 SuperReal #¢% & & WIR IR H &
(SYBR Green), KR (AL R)ARAF
MTT 4 3G 58 S 4 it A7) 5 )2 Annexin
V-FITC/PI 4 i T4 i5n) &, Bl = KA
YIEARABR /N7 3 Hoechst 33342 YL ik 7] &,
TR FERHE A R F] o SEB 9O E 7 PCR X
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BRI, PEBRCHRBHE AR T,
Becton Dickinson 2 ] ; IR R HEE, Nexcope
/), HiSeq X Ten =i &0 74X, Illumina 23 7] ;
S PCR Al R 48, Bio-Rad 227 .
1.2 J-15 RBA IR & Fah 1L

M ELZERIFF B J-15 IWEBAR ™ ¥ (secondary
metabolites, SMs) ) il & 7 F2 X 4lifb Ty ik =%
CHR[21]: 4 °C. 12 000 r/min &5.0> 30 min Y4
MR ZEAUAF I J-15 R 107 R DA 2 o At 9 ik 7
Wy, 75 TG TR & W i AR BR VE T pH Eh 2.0,
HAE 4 CHlat Wi ATIivE. Fifs, 4 °C.
12 000 r/min 20> 30 min SERITIEY F, 3
W DT VE W R 7E 80% T2 TN il , —20 °Clit &
4 ho KT AE BRI AY b)Z2 AR A A TR 45
R =S e, BFEHRS) 30 min, Bi)5 4 °C.
12 000 r/min &> 20 min Y5 2 AR % .
AR SRR IE TR R A, R R2IE
TEEA, BSRIKTIRE J-15 WPEACH= 1. S
HEC J-15 R ARE ™= 1y % A A8 2 2205 98 L 1A K
I 6 5 TR & 4% 10 B 1 R A A DG Mk BT, e
0.3 mg/mL F1 3 mg/mL J-15 AR Wi 5
iR TP P 1
1.3 MTT 3£ E BRE B B 240 B & %

PEUe Ry 1x10° CFU/mL FrI TR PG 18 Bk 42 B
1% P4 2 o £ 1 ol 28 [ 1322 1 0 T ) 2 0 5 %
Hodh o 28 °C. 180 r/min 335 24 h XA K
11 (ODgoo THZIH 0.6) A 0.3 mg/mL J-15 R 2k
R =8, 28 °C. 180 r/min RIS 414 F 4R ¥ 8%
FF, EREFE 6. 12, 18, 24 1 36 h M4 i 77
WA MTT TAEW , %88 MTT 4 M558 S 44
L 2 PR A I AR S 1 W R, BEPRAY 560 nm
Ab 1L OD B A 7 PR J £ P9 20 AT 12 o
1.4 Annexin V-FITC/PI U=\ 4pAR
& 20 B E 1)

TEMCE N 1x10° CFU/mL BTG P B 1

W R hnA 0.3 mg/mL 1 3 mg/mL 4 J-15 IR AR
WY, 28 °C. 180 r/min SRS 414 F IR 15 3%
12 h 1 24 h, ¥} Annexin V-FITC/PI 21 il 5 1=
o R G 6P 5454, PBS VR 2 A
5 uL Annexin V il 10 pL fllfb 7 5% (propidium
iodide, PI), ®EOECHEE 15 min, R
D A M SR AR 0, 2R S B R 5 240 it ¢
HRA
1.5 Hoechst 33342 3, HEBREBHEY
N EE MRS

Z R 1.4 PESE R, 0.3 mg/mL
Ml 3 mg/mL J-15 WRZACHT ™ Py Ab BRERIE e Bk
12 h 1 24 h, PBS ¥k 2 WEMA 100 pL
Hoechst 33342 Je i, %M Hoechst 33342 %4
R S Ul B ERAE , LA TR 15 min,
FEYL O T PBS PRI 2 Wk, LR A
i G P B AN TE 75
1.6 J-15 XERFE~ERATESERAE
AR X 57 #h

WEue iRy 1x10° CFU/mL Fr TR PG 18 Bk 42 B
1% P 2 ol 1 12 i 28 I 0322 1 0 M o) 2 G 5 %
Jarr 28 °C 180 r/min 3535 24 h Z X4 (ODgoo
EHZI0 0.6)0 ARFEMRI MEEE A K M 2R, H2 18 3%
AR R4 E 60 mL 75 0.3 mg/mL J-15 IRZ%
A 7 W i Bk 32 R e A G R
28 °C. 180 r/min ZbFRFEREEEEEFE B 12 h (W4
A K 24 h UESSES ), DUATN J-15 IR4%
P M RE 3% 12 h 1 24 h (TR 2 BRVE R 25 1
X HE . FE S TR PR A 2 B T U R BOE R
A7 BR 2> B EA T B S L 0 A o ot B A 1Y)
& RNA A1 mRNA H TR ged w4
R IR B 2t — 2 1L 38 515 3] clean reads.
S ZILFNHA RG], ¥ clean reads H5Z I
LA R A7 BT ASRAS F F 5 2250 $7 9 mapped
data (reads). &9 3534 ) DESeq #{4FiE1 7
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Giito3#r, 5 Xlog, (fold change)>1.5 H. P<0.05
DLARAG I 2 25 5 Rk S IR I F A 7 5 257
1.7 SERPRNEEE PCR (RT-qPCR)IEIE
PL p-actin NS, HEHL 8 N OCHE % R
FIR B 4T RT-qPCR, B iiE % 55 20 B0He 7] 4%
P FIH Primer 5.0 iR MI(GR 1), &
FELE TAEY) TR (i) I A BR S W) G UrE 5
PED Y . Fi B LT A RNA PR i 3242030 2 Ui
PR EEEBE A0 LS. RNA; /] FastKing cDNA
55— A BRI EU0K B RNA RS 5E cDNA
i Fl SuperReal 2t fa TiR 0 & X &R 43 22
5% 35 IR 9 2 38 KO HE AT AR R 2 AT .
PCR JZ )W 1A % (20 uL): SYBR Green qPCR FiliE
7 10 uL, cDNA F£8h 2 L, |, Fif5 P&k
J£°4 0.3 pmol/L)#% 0.6 uL, RNase-free 7K 6.8 uL.
PCR J IV 55 14 SAR X 8 T 45 R b i i 5 %
SCHR[23].

2 BRS04

2.1 SMs X FiR 7 B £ 40 B & 4 Y 521
MTT %00 5%E SMs Ab B X FR7 fe1 20 ffd 1

PR, 582K 1 Frs. 0.3 mg/mL SMs

ARFR 12 i R PR 1 200 B TS AN A ot HE 4 )

*®1 KWMRFASIY

30%, W] SMs AbFRX RN E Kk H HA
B3 B IR R o TR R A A0 M TS P R
SMs b FFSF [i] () 388 i i 5252 [, HARFE 24 h
Jei . Bl A B A] AR 38, TR R 2 T
AN, X AT RS T SMs X EERE B E
TERA R, e RRE e SMs Ab A K i
)5 RE L@ 1L [ B AR LG R hE . 22 A
Z 8, BZEF 0.3 mg/mL SMs AbBHER T R E):
12 h #1 24 h #47 J5 25 .
2.2 SMs iFSERBEERIRTE

AN ARAS I &5 Rl 2 B, 5%
4IALEE, 0.3 mg/mL Fl 3 mg/mL SMs 4b B 4 il
RS2 SMs A 12 h, 24 h J5 40 UIRIER B
FLTb. MR BRI AR A0 i S R
(B 3), %7 B2 v H AT DB A i A Hh 2 £
ML, Rl LA DB & AR T
I, SMs ZbFRLH Hhagk a0 D, L1 a5tk
AbFRE ] (A S B 3 22, SMs AbBRIE I T 4 i
WFERECR . L EE5RRE, SMs ZbFH S R
P R M RSIE B P R, I HL LAV BE A R Esf 1]
A 2 o PG e Bk A B SR AR ) i
2.3 SMs {ER#ZIE S BUXER 1 ittt

TR A I G LB SMs A2 B R TP 1% B8 24

Table 1  Primers used in this study

Primer Forward primer sequence (5'—3") Reverse primer sequence (5'—3") Description

name

PCK1 TTACTGTCTGGAACGCTGGT TGTGGGTCTGCGGATAAAGT Phosphoenolpyruvate
carboxykinase PCK1

CIT2 CACTTCATGGGCGTGCTAAT CCATGGCAAACTTACGCTGA Citrate (Si)-synthase CIT2

ATG2 GGACGGTTAATTGGTAGGTTGG CTGCATGGGTCGATTTTTCCT Atg2p

FBP1 CTCACACCATCAGACGTGCT TGTTGTCTGCTTGGGGTTGT Fructosel,6-bisphosphate-
phosphatase

CHS1 GGGCATTTGAAGGCTTTGCA AACCAACGCCTCCTCTGAAG Chitin synthase CHS1

KRE9 TTGTTTCCCCCAGCTCCAAG CCATGTGGTAGCGGTCACTT Kre9p

SNX41 TCCACCCATTCCATCCAAGC CAGATTCGCGAAGGCTGTT Snx41p

ATG5 GTTCATCAAGACCGCGACAT CAGAGGAAGCTTTATCGCCG Atg5p

p-actin  ACTTTCAACGTTCCAGCCTTC CGTAAATTGGAACGACGACGTGAGTA  Reference gene
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1.2

2
1.0k
S 08k
2 b
= LT
."E 0.6 -
>
— (o
D 0.4
o
d 4 4
0.0
0 6 12 18 24 36

Time (h)

1 J-15 SMs MEREBSRHAMEMAEE A
[l /NG 7 RE 7 2% 2H ) Y B ) B9 22 5 W v
(P<0.05)

Figure 1 Effect of J-15 SMs on the cellular activity
of Saccharomyces cerevisiae. Different lowercase
letters indicate the significance of the difference

between the average numbers of each group
(P<0.05).

A% B TE AR AR (] 4) o Yo HE 4 Fp 240 it A e £ 5
BESMERX, R EEN, 25
A MAZIE A, 0.3 mg/mL SMs Ab 3 5 i i
BEA A0 MOAZ B R AR A, AR L . AR VR HK
FIEAAHRE AR A B i Ak 3 (] 3 in
ORI . (EHASFE R, IREH IR (Y
JRy RO A TE AR IEE N, I HR WL 381 HoAth 55 4
FL 8 TR DG A A R A RRAE 2 . IR, RT DA
PETEHIA R SMs 1] R 38 Ao VF FH 4 M A% 1 3 3
W 2, A Tt H A2 XD T 75 3 F B 400 it
HIRAE . X 5 EETAE SMs 15 5 KR e 1 404
I SR IEAE ML 58 i A5 1 SMs KR35 T
YER Dy g —k.
24 SEENFRERFIILEXS 5

{5 Bt s 21 2 H R g — 2P 858 SMs AT/
FAE 4> FHUE . e 25 R e AT s i,
JR G B s (raw reads) i U J5 AR A 5 ) T
4 (clean reads), FHFE 2 FIHILFE S A AL

clean reads LHIHITE 97.06%L4 I, clean bases
BT 6.93 Gb, FE4L clean reads Y5 R ZR KT
0.04%, FEM Q20 F1 Q30 {HHIE T 97.38%F
92.57%, G+C & Sl B BT i oy A ¥ i, 3R
A5 2 AR S 1 RNA 7 50 800 o e 45 v, T
IEE &
2.5 EFFREERFRBTHIZ

XIAEA R DESeq 20 #7, Wik &% 0
P.4i<0.05 H.[log, (fold change)>1.5 PAZRIH2E 5% i
FFREN . 5 CKI12 ML, P12 HhA 1627 43
H2e5rdeik, Hi 851 MR FFZE, 776 5
N EERR . 5 CK24 Lk, P24 g 512 4k
ek, f4h 300 LA IEEE, 212 4
FR T EEIA, 0.3 mg/mL SMs ZbF 12 h 522
SREIENKZ, FFEEEKZ T T REER
(K 5A), 0.3 mg/mL SMs AbFE 24 h 5, Tk
H SMs Ab AT (A4S K AR M SRR 3 I, 2 55
FIRERBERARD, B ERERREZ, B
AfALAE A Jl (8] 5B). %F 12 h #1124 h Z2573%
KL AT B0 M, 45 R EWLE SMs AbFR
12 h 1 24 h J5 022 R R 2L R h AT 197 M AHTR]
FIRFRIARLR (K 6A)FI 155 AR R JH 255
PR (] 6B of A [l A B st 1] A £ s A [7] il 22 57
FIRFE R — 2 208, LA SMs & TR
VE IR AH DGR A2 -
26 ZE=FRIEEREEE KK (Gene
Ontology, GO)F X 53 %

Wk BLAST 2GO X H: [ iE4 5 Py g wim
TE 0.3 mg/mL SMs #0312 h &F F &£ R R IR
Kk 73 A% F & R A KIS (Gene
Ontology, GO)AR i (P<0.05), HH 49 Xt F
W13 2 (biological process), 16 X} L T4 F
IjfiE(molecular function), 8 X T 40 Jitg 1 43
(cellular component), H:H 25 5 8 18 FL ] = 224
MFAM U EY R, sliRaiEakEE S
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105 | 1% 0% 6.6% 105 | 32:1% 6.9%
104+ 104
< s, = <
a“los,'...'ol 02 n‘lo
10° b Q4 10
AR 2.4% 8.9% : gl 5 . 1.7%
10 10 10 109 10° 10° 10° 10* 10°
FITC-A FITC-A
F
12.8% 8.6% ~ 701 == Control s
S 60 F = SMs 0.3 mg/mL i
.2 == SMs 3 mg/mL *
§ 50 #
é 40 $x
3 30F A
2
3 20
e 10F
: oo 9.1% : Lw -, 1.5%| £ _ _
10° 10° 10* 10° 102 10° 10* 10° 12 24
FITC-A FITC-A Treatment time (h)
2 SMs {EFEREEZ &} Annexin V-FITC/PI JURRNEAE A XA, BURREF LT 57

A4 24 h. B C: BRI EEEETE 0.3 mg/mL SMs 15544 T 435114557 12 h F1 24 h. D .E: BRI B2 EELE 3 mg/mL SMs
MZ&F R4 BIR53% 12 h M1 24 h. 7€ Annexin V-FITC/PT AU “HERUA I, ARARAIIDE AR ICIRZS 5 R A
TIHANZBR. Ql: (AnnexinV-FITC)—/Pl+, ILIXIREIAIAIRFEAINL; Q2: (AnnexinV-FITC)+/PI+, I IX Ik
B R B A T4 5 Q32 (AnnexinV-FITC)—/PI—, I XIS ATH M ; Q4: (AnnexinV-FITC)+/PI-,
M DX 3588 20 6 A RS A T A . U i R TR A AR Annexin-FITC JGME S50 %, FhARiU3R PI
JefR TR, F: JO0RERUSFEWR ST, **: P<0.01

Figure 2 Annexin V-FITC/PI double dye flow scatter plot of Saccharomyces cerevisiae by SMs. A: Blank
control group, culture of Saccharomyces cerevisiae cells for 24 hours. B, C: Saccharomyces cerevisiae cultured at
0.3 mg/mL SMs for 12, 24 hours. D, E: Saccharomyces cerevisiae cultured at 3 mg/mL SMs for 12, 24 hours. In
the 2D scatter plot of Annexin V-FITC/PI double staining, the cells were divided into the following four quadrants
according to their fluorescent labeling. Q1: (AnnexinV-FITC)—/PI+, necrotic cells; Q2: (AnnexinV-FITC)+/PI+,
the cells in this area were late apoptotic cells; Q3: (AnnexinV-FITC)—/PI—, cells in this region were considered
viable cells; Q4: (AnnexinV-FITC)+/PI-, cells in this area were early apoptotic cells. The horizontal coordinate of
the double dye flow scatter diagram represents the Annexin-FITC optical signal intensity, the ordinate represents
the PI optical signal intensity. F: Fluorescence intensity scatter plot data, **: P<0.01.

BOAH A Wy R R0 M S B2 oy A AR AR Y SRR B W AR S A A R, R L
WU, Gn ATP AR, BERREZ MR . BIRRA AL G AR, BE. BRAEY S RS
R RS (& 7). 0.3 mg/mL SMs ZbFE 24 h 4% FURIR & RS CHE; /Fohnedl i 3 = e 4
HFREFEBRENPS N 12 ABEEEFN GO WATFIEME . BHHARRZE RS . H RS
RiE, EEBRBNS KRGS FIEER AL RZEBEE T . TR 22 R R IA R B
(B 8). ZEHKFE SMs AbFEJE FiMMZERRE  EEMEWTE ATP . Bim . Ak
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A FITC TRITC Light filed Custom

B FITC TRITC

C FITC

Custom

FITC TRITC

3 0.3 mg/mL SMs 1E FER;EE% & Annexin V-FITC/PI ZCHEI(10x)  A: 55 AN REZH, P97 £ 21
MudsFRE K 24 h. B: B EEEETE 0.3 mg/mL SMs B4/ FH5FF 12 h. C: EREREEETE 0.3 mg/mL SMs ()
FAF R HFR 24 h. FITC: {E9OGRMEE FITC il3E T IR 56 KOBRA. TRITC: 7E58 R
fBE TRITC J8IE T LSRR B4 M 1 228 & JGIRAS. Light filed (TD): 7E58'% W G5 ML %38 16 T W5 %
BEAARAS. Custom: 2668 . WML RlG KR

Figure 3 Fluorogram of 0.3 mg/mL SMs acting on Saccharomyces cerevisiae Annexin V-FITC/PI (10x). A:
Blank control group, culture Saccharomyces cerevisiae cells for 24 hours. B: Culture Saccharomyces
cerevisiae cells at 0.3 mg/mL SMs for 12 hours. C: Culture Saccharomyces cerevisiae cells at 0.3 mg/mL
SMs for 24 hours. FITC: The fluorescent luminescence state of yeast cells was observed under the FITC
channel of fluorescence microscope. TRITC: The fluorescent luminescence state of yeast cells was observed

under TRITC channel of fluorescence microscope. Light filed (TD): Yeast cell state was observed under
fluorescence microscope under bright field channel. Custom: Fluorescent, bright field fusion image.

0.3 mg/mL SMs

4 SMs {EAERBEBZEST@0x) A 25 XTI, BUABEE R4 K 24 h. B: EREEEREAE
0.3 mg/mL SMs B4/ FH53% 12 h. C: BRIEEEEEAE 0.3 mg/mL SMs B 5514 T 55% 24 h

Figure 4 Karyotyping of Saccharomyces cerevisiae by SMs (40x). A: Blank control group, culture
Saccharomyces cerevisiae cells for 24 h. B: Culture Saccharomyces cerevisiae cells at 0.3 mg/mL SMs for 12 h.
C: Culture Saccharomyces cerevisiae cells at 0.3 mg/mL SMs for 24 h.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



888 A

2

FiE Rk

Microbiol. China

x2 SRENFREHESIT

Table 2 Quality control data statistics of RNA-seq sequence

Sample Rawreads Clean reads (%)* Clean bases (Gb) Error rate (%)° Q20 (%)° Q30 (%)* Reads GC (%)°
CKI2_ 1 59796090 59 064 810 (98.78%)  8.86 0.03 97.74 93.38 41.55
CK12 2 49934988 48979 608 (98.09%) 7.35 0.03 97.70 93.32 41.29
CK24 1 54790870 53393703 (97.45%) 8.01 0.03 97.47 92.81 41.41
CK24 2 60180 866 59 193 899 (98.36%) 8.88 0.03 97.64 93.16 41.55
P12.1 55869980 55143670 (98.70%) 8.27 0.03 97.45 92.72 41.06
P12 2 57427344 56778 415 (98.87%) 8.52 0.03 97.54 92.93 41.16
P24 1 63603500 62108817 (97.65%) 9.32 0.03 97.38 92.57 41.13
P24 2 47575616 46175064 (97.06%) 6.93 0.03 97.61 93.06 41.22
« JEA R (raw reads)id I8 J5 (Y clean reads 0 H K o5 20 HE. O BRI AR R €2 Q20 Phred FU{E KT 20 19
M%rﬁuﬁ)ﬁ%eﬁﬁﬁw ¢: Q30: Phred $(fEH KF 30 E‘Jﬁ]&%rﬁumﬁééﬁﬁﬁw °. Clean reads "' G 5 C /i 4 FIGf LMY
HAa

. The number and percentage of clean reads filtered from raw data.

b Overall sequencing error rate of data. ©: Percentage of

bases with a Phred value greater than 20 in total bases. ¢: Percentage of bases with a Phred value greater than 30 in total bases.

¢: Percentage of G and C in the four bases of clean reads.
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Figure 5 Volcano map of differentially expressed genes treated with SMs for 12 h (A) and 24 h (B).
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Bl 6 12h 7024 h ERFEEEXKMEST A L
WEE. B: MRS
Figure 6 Correlation analysis of 12 h and 24 h

differentially expressed genes. A: Up-regulated genes.
B: Down-regulate genes.

BEANMME S . R 28 A e SR A i i % Ak B
Ak, BESE . BE MR A R AL AR RE I
B AL AT B P T i EEACHE . SMs 4b B
BRI RE 12 h 5, WA S AN
JAFIA, 36 ML B T ARL 4P 24 h )5,

3N BRFEL, 13 DEREEETFRES
(P<0.05), S5 0E AR 0 5 A iR AR I 21
FRAE NI 4 T 6 B 3ok Tl 56 DR (R 5 7
S A R B T T N T R R L I PCK L, SR
Wi -1,6- XU IR B L [ FBPL, S IR 445 il ik
|CLL FHISE SR R & i 3 Rl MLS1) R iA # 7F SMs
A PR RE 12 h A1 24 h JE e B TR, &
AH SMs AT 8 3 o 411 ) 2 T TR A A S ST it 4 A
W T AP v 1 Tl s e 2K AT T R 2 b e 4 o e
TP BE A RE S AL, AT 00 S R T e R 1 AR R
KB o SMs AbFERTTEERE 12 h J5 g 1D B2 4G E
PR 4 DR BRI, 41 D EER B E T
ik AbH 24 h J5 2 NI RIS, 23 A3
MR & T ARE, R SMs 1l TS8Ry
AW FE . SMs AbFE 12 h J5 5 NEFER
WHER A 64 AN B FIEHEE, 4 4HH
TS ; kb 24 h )5 2 ANEIER &R
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Figure 7
cerevisiae after 12 h of SMs treatment.

GO annotation classification diagram of differentially expressed genes in Saccharomyces
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Figure 8 GO annotation classification diagram of differentially expressed genes in Saccharomyces cerevisiae

after 24 h of SMs treatment.
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/R SMs EFEMAE AT BE -5 IR Y B Wik
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A N RS AR Y, AL AN TE B LA Bl
il S AF T RT3 Aok Tl A I A B P A B 1) 1 s ok

T of T 4 20 M RE R I N A AR o BB BERF AT IA
N A WS AR TS A £, ATG2-ATG18
EEE AR5 A VERTE S R i B 5K et
FERO ZEARISE T ATG2, ATGI18 H:[HTE SMs
YERG B3 BRIk, R SMs b3 AT i i
BEANM ) 3h A WE AR B Sk R, fREANR A
WEDERE I A A . B WKL BE L 5 TP AR TE 2 NIz
FREA R AT, Hdh—FiLL ATG12 I
ATGS MBI A7 Y, FEARTFE T, SMs
S ATGS JEIN 3% FIERE, $#8 SMs £ A
WA TE Bt A R & PR AE o Scott 2514 B
ATG1 AR ZUE S A0 B s . S Al AR, i
SUIESET . Yeh FPOL B ATGI3 HEHAS
ATGl HEAM C Kinsh, MEkFeE 3 CHk
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Table 3 Changes in genes associated with sugar, lipid and amino acid metabolic pathways in Saccharomyces

cerevisiae
Metabolic pathway 12h 24 h
Up-regulation Down-regulation Up-regulation Down-regulation

BB f# Glycolysis 5 36 3 13
FrEEBRIE IR Citrate cycle 1 24 0 9
A AR 1L Oxidative phosphorylation 7 45 2 15
B2 G Pyruvate metabolism 0 29 0 15
fig Wi B2 K% f#% Fatty acid degradation 4 12 2 8
fg i B2 114} Fatty acid metabolism 4 41 2 23
N . REARMA AR 0 0 0 )
Alanine, aspartate and glutamate metabolism
KRNER . AR A TREY G 16 | 0 0
Phenylalanine, tyrosine and tryptophan biosynthesis
2 e 2 R A A R A ” ) 17 |
Cysteine and methionine metabolism
WAEIR . SC AR5 @R EY) A N 0 . 0 0
Valine, leucine and isoleucine biosynthesis
6 2 B2 4 )5 Al Lysine biosynthesis 10 0 0 0
F4 RBESMMEBEBEREXEERTL
Table 4 Changes in autophagy pathway related genes in Saccharomyces cerevisiae cells
Gene ID Gene name Description 12h 24 h

[log, (fold change)| P value [log, (fold change)| P value
855479 ATG2 Atg26p 2.78 1.42x10°° 2.19 2.53x1077
850577 ATG18 Atgl8p 1.93 1.27x1077 1.55 3.18x1076
852200 ATG41 Atgdlp 2.25 1.41x107* 1.84 2.36x107*
855954 ATG5 Atg5Sp 3.61 9.95%x1077 2.51 7.49%x1076
852695 ATG1 ATglp 2.49 1.15x107° 1.67 5.63x107°
852035 SNX41 Snx41p 2.31 5.95x107° 2.06 3.71x107°

A S ATGI-ATG13 B & W45 A i I i &
51 EERE B WA AN ST . BkAh, BFR R
Pl SMs i 5 SNX41 JE[H 1 E i ik, Ma 20
R ERY] SNX41 Al i —ou i G (e ik A i
WY R EE . LR REH, SMs /EAS]
T PR P B 1 I % 5 PR R iR KO S 2
X AT RE S FH T SMis Ab SR I B e 1 4L
BUH A& AR 3L, PR R BRI S 1 g E A DL 2 4
A AE AL R E . T WEE A KR ML

T 25 RS R B B AR L TR R AR,
T 4 ¥ — 32 AR
29 YHRREAEYALEERRHEXERTEE
ESjite

KEGG Hife s K3, SMs 175 S E
P Bk P 20 B B A= s 48 e A O o TR R S
LA AN RE R B-1,3- SR I 4% . H R B R 1 RN
JUT BRGNP HE G4 SRt v
JUT JRAHSESE R AR 0 IR FaR g A 2 EL
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20 3 0 2 4 BB B AR AL Y R
7 A2 M RE S R AH DI R R 2 RIRR(ER S),
W B 20 i A A2 2] SMs i3 RT A b s 30
PRI HLT 38 R MR AR LUV XY SMs
FEE ARSI . Huang ZEBWF5E B, 28k
F A SO R T S RE SR UE LT A e A
RHEE CHSL % b 8 R 8 I3 2o 240 Jf B Mk
2 yE IR Z T FE XA A FIFZ N . SMs 4b PR
WREREfS CHSL B3 BiREkik, KB SMs 403
AT ORGP B LT R 1,3-B- R SR e
PO U5 TR IR I BT 2 G RE A DGR
B, BEsh, Klis ZPB5EINR TOST HiA e
F R ANY KA RE 1,3-B-78 SN2 Fr 075 1), 76
AbtgEr, TOSL BLHTE SMs AbH 5 KA 2
E R BT N P PR A e Y &
it ot T AT 40 B ) e B R FE R AR DT A
WFFE T, Gh R A 24 R B 11 B AH DG JE X YPSL
YPS3 #ii5F F R ERIE . A, A RE A OCE 1
B S R an 2 5 A0 i RE - SR W 2E B (M B
1 KREOP JE A | 2 54l ifg B JL T B Ui AR % B 2
F RCRIP J [K DL K 4 5 21 it B 0% 25 (1 1Y
CCWI14P JE[H ik Hwk B &5 T BRIk,
DL ESSREI, 23 SMs fEF G, DhREIER
1) R 3 T8 7 4 7 A0 i R S e | R A i
it A kA Aoy T R A AR

x5 BREBSERBEVLEREMEIEEEL

Ty e e R 1 b 98 3 5 T R 2 1% B 40 7 10 %) 2
i R AT i 2 A AR G A T s S 7 3
ARALEE 1,3-B-H SRMH G B BE . WS
ok JUL 4t 2 2 1045 B i A B At e R J LT ot
TR % 45 55 24 L R AT AR O ) AR 3 1
2.10 3E3RIBHAE RT-qPCR WiiE

R R S BRI LR, DA p-actin /E A
WS, Tkl 8 M RAE . TCA IR FIZ
JEL T W A 1) O 5 25 S e K B TR R A 7 S 2k
JE T PCR B UIE o X SER 3Rk A7 bR oAb A
PR R 22 AL 2 R JRSsR B, 15 5I4h
K5 RNA-Seq B i1 7%F Eb(] 9)o RT-qPCR S
RSy SRR 2R ¢ T i S E S k- e C]
R0 —3tk, WEB T AT H RNA-Seq 4317
SR S

WAL, Sk B UE A AR X L AT TR Y R v iy 3R
PREE I AT SR, EAR K B 220 B0 W K fe
o A T RS DA G FH 3 B R TR Y R L, DA
X AR 5T 45 AR — 2 R UL . SMs Ab B
i R A TR R DG 368 J 55 DR ) 23R 1 O B =X
T TR R T R R A TN 3R R B R A — S
(B 10), UEBA B9 38 o FR A 1 Bk iy 3175 45 2
PR HEPE , $R 7R AT 3E 2 A3 A R I R R
TR A AL LA SMs 7 HAth S0 B H A AH O
YEM .

Table 5 Changes in genes associated with the cell wall biogenesis pathway in Saccharomyces cerevisiae
Gene ID  Gene Name Description 12h 24 h
[log, (fold change)] P value [log, (fold change)| P value

855529  CHSL Chitin synthase ~ 4.29 1.32x107"2 3.25 1.48x107°
852459  TOS1L Toslp 2.20 9.74x107'° 1.83 1.86x1077
850811  YPSL YPS1p 2.65 4.11x107" 2.34 6.01x107
850812  YPS3 YPS3p 2.37 8.54x107% 2.11 7.91x107¢
853265  KRE9 Kre9p 1.95 4.18x10°¢ 1.87 9.27x107*
852290  RCR1 RCRIP 2.83 2.32x107" 2.04 2.16x1077
851107  SNX41 SNX41P 2.46 6.14x10°" 1.79 7.23x1073
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Figure 9 RT-gPCR validation of RNA-Seq OE, 2% A B o 2 AURF 1T 3-15 KA

transcriptome data. FRA ) R P ) T2 B B A S A L R

Fap; Group
Saccharomyces cerevisiae
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Figure 10 Expression verification of functional genes related to Verticillium dahliae. SC: Saccharomyces
cerevisiae; VD: Verticillium dahliae.
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