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NaCl B T % ARE ACCC32524 Byt LA FN{C Bt 4B o 47
WA, BREF, E&E, X\, =#E, B4R
rh ] ARl B2 B Al B R 55 Al X RIESE BT, b A AF 3 AR Ml A A ) 9 R A4 A 3 B i S2 56 =, Jb Rt 100081

WE: [ HAY ] @ik srHr NaCl ikl B s K% (Trichoderma harzianum) ACCC32524 s s 4 AR i 2H 4k
W, R 25 S R GR I SR B A = B A B oL, WP ERR W NaCl kA iy orFHldil . [ ik ] #l
FH [lumina HiSeq X Ten =38 1+l 5 5 5¢ i 0.0.4.,0.6 mol/L NaCl ¢ £ ifr i 55 3% F i %k K %5 ACCC32524
5L I, GC-TOF-MS AR5 %F 0 mol/L 1 0.6 mol/L NaCl it 1535 F iy 22 R G = 9
I, ) FEAH 56 31 R B e ) 25 57 95 3K 5L R (DEGS) FI IR e AR = Wy iy vE B . e fn 26, IR kAT
RT-qPCR KiiE [ 45 5% JABF5E 73 514535 0.4 mol/L F1 0.6 mol/L NaCl i} F 417 il 733 4522 Rk HE [
GO BHEMMIE/R, 74 318 Fl 582 422 FRAILR TR RN EY2EdfE | A FUIRE A 2 3 1~—%
Iy A0 A 44325 COG 432845 RIS AT 232 il 414 S5 5 A R 20 2800, 5 e 8 S Rk ok
K e 22 10953 R LR 1 e iz AR . — D RE T | Aok Ak & W0 02 Al s KEGG &R 0
SRR, 435I 75 F1 96 SR B 25 M E i H (P<<0.05), o rpib I 25 S Ak R i 22 1 R R
PG R 2-A R ACIHHE K . e sk 8 b AL e th 5B &y . B i%is | I TR BRSE
22 M EARSCHE ] . 0 mol/L 1 0.6 mol/L NaCl JifiE T A A5 20 £t vh 2 ik 1 101 22 Sk g™
Yy, 3% 8 MR EIRAN 93 B R MR, Hib 36 MERIEME, E THEE . APRME SRS 9 4
5325, RT-gPCR B iEBkE i 22 R RBH R MR B R E, 5 RNA-seq /- Hrds R —2. [ 458 ] NaCl
JBiiE T GRS KRR ACCC32524 A S R A 71y o A= W B 284k, ARt Ae & AR I B A%, X
S FRIL A VR P80 NaCl X Al i B AR, AR B 0 SR HL IR A T SR 25 L .
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I3 3R A R . AR B (Trichoder ma spp.) & —
JEREA RN Y E R B LA, WA RS TR
PRAT 8 FH TAAR PR AL AR 1, fE—E B
PR R IR ORI AR, e R, 42
U ARAEY P B RO A P AR T S . Kumar
ZRFSE T 167, 6.25, 11.25, 17.2 fil 22.9 dSm™
AT, R ER AT F KA R R
AR, S50 R KB A REZE haE 251 T B
WA R A i AR S AR R K
TN AR, IR AR . B RE
P A i . Zhang Z50TRFSE % 1, 0.15 mol/L
NaCl #ifi F#:Fh T. longibrachiatum T6 fi/NZ
SOD ., POD #il CAT i 1: 73l #2 5 29%.39%.19%,
WY RStk SOD., POD. CAT AHXHE K F iAW
R, dsRANERUEYE, R, BFRORE R RT
BT A2 MLBE X B AR TR A R
P& R AR A I BIRROCR . BB AR R B
AESHEAEEMNE XL,

EVREE R AR, MUEMRAER . B RE
FRARH R AR 2 2] il . AERIA R R
WAL T — & B, FEAEEF
s RGN B BT REY . Zou 2% B
0.5%-20.0% NaCl HA7HYF i 32 LR b BERE R T8
Halobacillus aidingensis AD-6" fit) Na'/H*13i %4 15 %
FEA RS TEPE, 76 Na'/H 5515 8 1 ik g #80
KIGFFE KNabe H43 Az H 4 i B [l (nhaH) 7]
% # AR BELE 0.2 mol/L NaCl 5 10 mmol/L LiCl
RV AT . 2 QN R FF 147 (Propi onibacterium
freudenreichii) 7 =2 PREE T 23 VR 20K 5 (1Y g
BEEVE D AN BB VR R B R A R
(Zygosaccharomyces rouxii) & — i i &5 1 7 15 i
)T RERERE, o Rk T -3 R It S g ) Sk
(Kl (GPD L) ATt Bk H i 12 25 1 g i L K (FPGL),
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ByafsE e ol &, 4R RIS Y AR
J10, Duran 0OV i LA I AN G AE R B R
N F %58 1F HOG (high osmolarity glycerol )i &
MRS E R Y B, A, TS AN
SRR, AIMEEFASE . Liu BRI 3 mol/L
NaCl i T 1Y Aspergillus montevidensis ZY D4 Jifl
WA AT S R B, S5, AT
VEPERE . A DLIR N (5 2R AR R A O R 4 & AN [
FREEAY BRIk . ARG 7 ERhma s H i 645 3]
WA KA EE Mk ACCC32524, i 52 56 Uk W 124 1 AT
1 8% NaCl B FREE T A, FEXUH R R IR Ne e
(Phytophthora nicotianae) F. A — & BB ISR,
Rt ABZER il 075 AR B GC-TOF-MS,
X Eh M AR EE ACCC32524 7£ NaCl frif fil G
NaCl 8 250 T Y 22 55 S A R A Rl 7y gk
A7 Hr, O e 55 TR R s R I 45 A O 1) B e Ak B K%
KB, WA ARE WL,
2P AE R ER A DGR IR, 7 R 25 A 1 A B 1
MRt ESE R .

L R

1.1 #ek

AT it S R B itk ACCC32524, i
T E Ol A P T A O S B 0 (ACCC)

J i ) £ (PrimeScript™ 1st strand cDNA
Synthesis Kit). gPCRiX7&(TB Green™ Premix
EX Taq)¥ily [ 388K Qi /R BH A FRAF]

1.2 KRR ACCC32524 MIBEEEASRAERK
AL

¥ ACCC32524 7t PDA M5kt Fikfk, 4 d
Je AT L8 (=6 mm)FTHCEPF, 2 Bl Fh 3] &
NaCl. NaPO,;. NaSO,. NaNO; FIZLER 4 PDA
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BRFRFE o, VR EERR RS E R 0%, 2%, 4%F1 6%,
28 °C WG 1557 , WA RITKIL S I i s F
FETFEAMI . TR VE AR A 2R (Yo)=(4f R TR VR 1.
-4 PETE ¥ HAR) I BRI 7% BLAR x100%, F-Ab
B3N EYFEL

1.3 NaCl i F ACCC32524 #%ZEFHT
1.31 AFEWRE NaCl HaAb3E: FIJCHEZKEE T PDA
A ACCC32524 1t F, I 2 1.0x10°4F/mL
Fie 1%HERN L3 3R T 0. 0.4, 0.6 mol/L NaCl
WA SR SR BE (4 0% 40 g/L. MR 20 glL .
K ,HPO,-3H,0 8 g/L .MgSO,-7H,0 2.5g/L), 28 °C.
180 r/min s LS. W5 dJE, I 8J2Y
fiid i, ddHO Ve . WERZIHAT, 80 °C
{17, 208 DNS KI5k 3d. 5d 5 KR
HOR A BRI A L, TR SR O o TR 22 1 T T
FERYEI AN, A AR T (/AR )= BROR
WO R TR A S )R R
M3 NEYFEL,

1.3.2 cDNA SUEEMEEFME : W r & 4R
ZACdC o I E R R A R /R AT IS S Ak
M, AUFE S RNA SR, glifh . iir /oAl cDNA
SR . BT i A Lk W P (sequencing by
synthesis, SBS)Hi A, ffif] Illumina Hiseq XTen
T A8 I e 5 X5 cDNA SCEESE 7 o

133 EREEBEMRXEESN: A 1llumina
Hiseq XTen il 71 5 X &4 5 cDNA SCZE#EA T
7, 15515 A % (raw data), Xt Raw Data #E471d
UE, ZeBRH A Ak P AR R P 5145 E Clean
Data, it Trinity # X} Clean Data#F{r41%e,
#15 ACCC32524 i) unigenes J# . fii il BLAST %k
44 unigenes £ 415 NR., Swiss-Prot, GO, COG,
KOG. eggNOG4.5 1 KEGG At g Fbxt, i
KOBAS 2.0 5% unigenes £ KEGG H /) KEGG

Orthology 5%, #iilll5€ unigenes M2 LR T4 22
JE ] HMMER #1445 Pfam B8 & txd, 3675
unigene 173 B85 B, . >R FH] Bowtie B¢l 745 21 i) J
515 unigene FEIEAT LT, MR HOTAER, 454
RSEM # i 17 2RiB APl FIA FPKM (%
T Reads Hok H EL 83— 3 A Tl LK
i) Reads % H ){H 2/~ X1 unigene iR I5F
134 EFFIKEFESHr: AR IFE G 22 57
FORFE N E Ml ik DEseqR 58 i . 755 e 2
tr, KA Benjamini-Hochberg Jy i %t J5 A &
K530 B EE P AP-vaue) TR IE, FFiR&
HEIIEJS R P{E, B FDR (fase discovery rate,
IR R AR, E k25 52 1k kTR 2 1) O B
o HH3EIHY FDR /T 0.01 H. 22 745 %k FC (fold
change, Wiff S ZRER LE) R FSEF 2 /50
TR

1.4 NaCl 18 F ACCC32524 it 4347

141 FERER: A TEMEA 5021 mg F 2mL
EP 4, M 450 pL $&BOR (H B A5 =3:1),
B 10 pL L-2-58 AN AR , 3 )iE 30 s; IIA K2k,
45 Hz BF AL ZEFE 4 min, #B7F 5 min(ZkKA),
FHE 3 KFEA 4°C B0, 12000 r/min &0
15 min; F£HU 350 pL iR T 1.5 mL EP 45 H;
TEEL 25 WA v TR AR IR 5 ) TR 5 0 A
JMA 60 pL H AR b iR (P e b etk , VAl
mE 20 mg/mL), BREIREIE, BAMLEE H 80 °C #iF
A 30 min; [ &M FIILA 80 uL BSTFA (541
1% TMCS, VIV), HIEAY 70 °CHFE 15 h; #fE
£ _EALAI

142 GC-TOF-MS##ig4b# . {#iH ChromaTOF
BAF(VA.3x, LECOYKS T i Ficta A T i . JLdk
HriE . AR MRS | WERTSEAE T . X
SEPETAEY, 0T LECO-Fiehn Rtx5 it/ ,
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A 45 T 5 UG BC Ko 7 B8 B[] 48 BV L . R UK

student’s t ¥ 5/ P {EF1 OPLS-DA BRI VIP A
AHEE G W J7 VR R U e 22 S AR, 0 1 i s vy

P-value<0.05 &VIP>1,

1.5 it ER PCR (RT-gPCR)

Ry R N s 2 B B MERAPE , AN NaCl 38 T
DEGs H#kik 9 255 Rk W 1A, FH Primer
5.0 B85 1), {#i ] PrimeScript™ 1st strand
cDNA Synthesis Kit 2 #4585 &5 8 cDNA ##
He. LA cDNA 5§ titk, UCE (IZZR45G ) NN
S5, {1 TB Green™ Premix EX Tagq™ #¢ % &€
=i H & . QuantStudio™ Real-Time PCR #k {4
(Applied Biosystems /3 H]) #4150 € A, R
F-AACt AR Rk, BN 3 MEY)

2 HERMAH

2.1 RNEGIEERT ACCC32524 A=K IR

¥ ACCC32524 $EFh1E S

IRk b,

=S 60 h, WRIES

A ENERH PDA B
S UTE N

TCERRAIREE T, ACCC32524 #7454 K i

¢ A SR BECE A AR, SR MRl 25 P S R
RSN, WA RS, WkARH, YR

WD ARIENER X ACCC32524 A K ARy il 155 1 A
KENIMKIK H NagPO,. NaCl, NaNOsz, NaSO,.
FLEREN . A%ER W 2R TR V& AR R R R 4 3
93.75%. 74.11%. 63.39%. 54.46%. 46.43%.

NaCl

Na,PO,

Na,S0,

Sodium lactate

NaNO,

0% 2% 4% 6%

1. FEIMEMERI ACCC32524 FHERASRF M
(PDA, 28°C, 60 h)

Figure 1. Effect of different kinds of sodium salts on
ACCC32524 colony morphology(PDA, 28 °C, 60 h)

%* 1. RT-gPCR HiEERE & 5141&it
Table1l. Gene selection and primer design for RT-gPCR

Gene ID

Primer sequences (5'—3')

¢56653.graph_cl
¢52103.graph_c0
¢52660.graph_c0
€33809.graph_c0
c56772.graph_c0
¢55592.graph_c0
c23674.graph_c0
¢35128.graph_c0
€54849.graph_c0
UCE

F-CCGTTCGCACCAGTAATA
F-ATGGCTGGTTACAGTGGC
F-CGGGTTACCAGCACAGCA
F-TGCCGCTAATCCTGCTGA
F-ACGAATCCGAAGTCTCCA
F-GACAGATGGGGAATGGAG
R-CGAAGTGAAGCCGTTTAT
F-GCTGCTGACTGTAGTGCCG
F-AGGAGAAAGGCGGCAAGA
F-GTGGCGGCAGCACTTGTTAT

R-CCTTCACCTCACCTTTCG
R-ACCGATAAGAAGCGTGGG
R-ACAGGCAGCGTCAGTTCG
R-AGGGCTTCCATCGTGTATCT
R-GTGAATGTCAAGGCTCCC
R-CGAAGTGAAGCCGTTTAT
R-GTCCTGGTGAATGAGTGGTA
R-TTGCTGGTCCGCCTTTGA
R-CCACCAAGGGATGGCACA
R-ATGACGAACGAAAAGCACCG

actamicro@im.ac.cn
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2.2 NaCl {18 T ACCC32524 Xt &% #| F1E i
20 B TG AN A ORI RE Y B ORI, DU
AR IR UEA TR R X5 &, NaCl HiAk
TE—EFEE EAH T ACCC32524 (A= K i i il
AR, A i R T T A A Y
#3250, 0.4, 0.6 mol/L NaCl A ki3% 3d )5
BB AR ST RE A A A B 43 )2 4.03 g
3.88 g, 4;ulEwt BEIG N 46.35%F1 40.90%; 5 35E
5 d J5 I RER A4 I 6.10 g A1 7.36 g, 434l
BT IR 30.37%F1 57.15%., HH[A] NaCl ¥ & 4b
N, ARSI AL 5555 5 d 5 A
FI RIS 4r BEc 9% 3 d [ 69.84%. 51.30%F
89.43%. H:rf, 0.6 mol/L NaCl Jirif 155 T s 22 4k
X A M FE de e, U BHE T AT B i v R
W, AREE B AT RESE R A UK AT P At
] AR A 4 s A 3 1 BB T -
2.3 AT ACCC32524 5443t

231 FHEFAWNFHESHr: 4H 11lumina Hiseq
XTen Xt QML sEFEA AT Y , &4 i Clean Data
¥k %] 6.29 Gb, Q30 (1000 MHIEA 1 2R
AR BRLEE 7T 40 LU AE 89.87% K LA |, 4 de novo $f
B4R, 1595 44594 %% unigenes, FEXIKE N
1020.47 bp, N50 4 2205 bp. K45 +F & 1) Clean Data
5 Unigene EHEA T/ 41 ELXT , HEXF 45 SRS L 2,
VEFELRIATE 68%LA o THELACHE bl ] B2 JR b AH 5
ZH r (Pearson’s correlation coefficient)f AL i
AR SEPE R PRAE R bR, r2 B 1, PER 2 VRERL
A RE S AR 1 AR AR SR D r® AR S A
(% 2), 45521 0.6 mol/L NaCl kb3 T ki KK
FKIXER GBI 2R B3, M 0.4 mol/L &b
PR AL AL 5 5T RE AT 0.6 mol/L NaCl Ab 35 (I FE
fh P BifE 0.75-0.85, #iHH 0.4 mol/L NaCl XfF

Fz 2. HEMNFHIES unigenes BILEXTLE R
Table 2. The results of comparison of sample
seguencing data with unigenes

Mapped
Treatment Cleanreads Mappedreads .
ap ratio/%
CK 24198839 17790416 73.52
29402722 20267033 68.93
24150251 18071516 74.83
0.4 mol/L NaCl 24245469 17792663 73.39
22586885 16840340 74.56
21936606 16366016 74.61
0.6 mol/L NaCl 23020968 16733179 72.69
23088267 17338644 75.10
21611141 16201354 74.97
1.00
0.6 mol/L-1 §0.95
03
.85
0.6 mol/L-2 080
0.75
0.6 mol/L-3 £0.70
CK-1
CK-2
CK-3
0.4 mol/L-1
0.4 mol/L-2

U B N U By
[k R [ | MM M [ R [ |
S~ @ S~ S S
s 33 900 353 3
E E E g€ E E
<+ < © 9o 9
o O O S O O

2. ZHmMEXMERE
Figure2. The heatmap of samples' correlation.
ACCC32524 [ K B R EE R s, RELIR IR
B FE B A W2 B A 2 (B RIS LU

232 ERRFEHDHT: 25 CK vs 0.4 mol/L
NaCl . CK vs 0.6 mol/L NaCl k45 2H v 43 91l i 156 15
F| 417 1 733 2 RYERIK A (FDR<0.01&
FC=2), M, oz FaRIKILH Y 304 4, Rk
A 4352h 106 i 417 4> =ik EE NaCl (0.6 mol/L)

http://journals.im.ac.cn/actamicrocn
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i ACCC32524 HLH ik ANk T %K
T BE NaCl (0.4 mol/L)4> HI34 hin 57.41%F
109.52%, H 22 5 kA5 500 % 85 (10g.FC) £ %1
BT 1-3, & X [E] ) B bl NaCl vk B2 (1 35 fin
M., %t 0.4 mol/L 1 0.6 mol/L NaCl i F
ACCC32524 Fik Iy 1 5 K 45 i il 22 7 e ik A%
BOA TG T & B, 24 NaCl kB AR T+ 2
VRIS 2 R AR B B K
G, HZ{5 Rk, ACCC32524 (LR %1k |
PR BT 490, A IR AN TR sk
P R L R 8 B 0 S A 224 73, 50 Fil 143,
FEA AR R &7 L], 290 45.71% (& 3).
233 ZRFAEFK GO BHEMF: X NaCl

(A) (B)
0.4 mol/L NaCl 0.6 mol/L NaCl
§
S
ks
224 5
(46%) 'g
=1
Z
Up-regulation
0.4 mol/L NaCl 0.6 mol/L NaCl ©)

194

(56.9%)

Down-regulation

A PR B85 HO A EH B3 s R I 45 - A GO (gene
ontology) 84 2 HEAT i 5 1 & AR b, dE AR
%33 7 (biological process). 4 FIfiE(molecular
function) Fl1 2 L 2H 3 (cellular component) 3 ~—2%
%ﬂl 40 e, Hrp, AFEHE NaCl il
Z: 5 0 M 20 53 1Y) 22 S ARR BE LR 241 i (el 1)
%Héﬁiﬂ@éﬁﬁv\(cell part) fir o5 Fe Bl fe i, R 2 i
Ji& (membrane) Fil 41 it i 2H /73 (membrane part) ; 7£57
T-IRE 2 AL 1 1 (catal ytic activity) FIZE &
(binding)J& R BRI 5 = LB, 2978 85.21%);
2 55 WA ol AR 0 2 S AR I 32 AR v 7R A
11 F# (metabolic process) . 4 i1 #(cellular process)
1 HL2H 2H 33 7 (single-organism process) (K 4), it

250 ¢
200
150 ¢
100 ¢
50t

a Up-regulated & Down-regulated

{
i

7]

50 ¢
100 t
150
200

250

log,FC (0.6 mol/L)
[o)}

[MMTEESSSSS]
1N
0

\”(L >

/‘) 6/ b/%

o (T

‘b

g

)‘b‘/ ")/ ‘0/ /]
log,FC

0 2 4 6 8 10 12
log,FC (0.4 mol/L)

3. NaCl 8 ACCC32524 EFRIEERA S
Figure 3. Global impact of NaCl on ACCC32524 based on RNA-analysis. A: The relationship of significantly
up-regulated and down-regulated genes in ACCC32524 treated with 0.4 mol/L or 0.6 mol/L NaCl; B: The multiple
of differentially expressed genes; C: Change of expression multiple of up-regulated genes under different NaCl stress.
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120 ¢
100 \
§
n 9 -
2 808 VK .
2 N N R N
5 601 L\ h .
Rud I ]
g E ‘B N
Z B - .
20 NE N .§s§:§ §§ §

1

{ J

Up-regulation & Down-regulation

§:‘ 0.4 mol/L NaCl
.

Y S

0 -

. \

L .

o - \
i

N

]\

|

Cellular component

250
L, 200}
[
=}
&
2150
<
5 N &
£ 100} N
2 g L
50 | ; 0
; n: N
0 k= i SEEEE .
2345678 9101112131415161718

1
\ /L

I

Molecular function

f

Biologocal process

s Up-regulation & Down-regulation

0.6 mol/L NaCl

2526
I\

021222324

Cellular component

I

Molecular function

!

Biologocal process

B4 ZERKREEER GO BENH
Figure4. Gene ontology analysis of differentially expressed proteins. 1: Extracellular region; 2: Cell; 3: Nucleoid,;
4: Membrane; 5: Virion; 6: Membrane-enclosed lumen; 7: Macromolecular complex; 8: Organelle; 9: Organelle
part; 10: Virion part; 11: Membrane part; 12: Cell part; 13: Supramolecular complex; 14: Transcription factor
activity, protein binding; 15: Nucleic acid binding transcription factor activity; 16: Catalytic activity; 17: Signa
transducer activity; 18: Structural molecule activity; 19: Transporter activity; 20: Binding; 21: Electron carrier
activity; 22: Antioxidant activity; 23: Nutrient reservoir activity; 24: Molecular transducer activity; 25: Molecular
function regulator; 26: Reproduction; 27: Metabolic process; 28: Cellular process; 29: Reproductive process; 30:
Signaling; 31: Developmental process; 32: Growth; 33: Single-organism process; 34: Rhythmic process; 35:
Response to stimulus; 36: Localization; 37: Multi-organism process; 38: Biological regulation; 39: Cellular

component organization or biogenesis; 40: Betoxification.

Hh, 4 NaCl i ia v FER N, 2257 R k5N GO
OYRIEAGIFAAL, W T ik R it S A [ R i
s, e, AERRETE . BHE R SIS
M ZE SR N B ALK, 3l 170, 142,
130 #1 105,

234 ERFREFER COG HERDH: 4 NaCl
[~ ACCC32524 1) 2= 5% s A 4T COG 412K,
I REF ) 646 JF A 4>y 20 /NE(KE 5).

COG 7FB45 %M, 0.4 mol/L F1 0.6 mol/L NaCl
if T ACCC32524 iRk SLHE B4 1E

http://journals.im.ac.cn/actamicrocn
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WK AL A s 1z AR (carbohydrate transport and
metabolism) A& — it Dy fig Fit il £ K (general function
prediction only), HRMKI N Z HLR T iz Tt
(amino acid transport and metabolism). &2 Hy%%
iz F1{Lf (lipid transport and metabolism) & ¥k 2%
RO 7= Y 1 W A i (secondary  metabolites
biosynthesis); T T #HY 2= R R AR F 85 2 &
;% iz A1 A% % (amino acid transport and
metabolism) . — M) AE TN Bk R A IR . A% A

biogenesis)f5¢. 4 NaCl #eEmm;, FiFILR
B B fx 2 09 52 5 K AR G P 0 i s R
. A ) 5 32 AL (coenzyme  transport and
metabolism)AHE, TG I Y T i Fe ik L ] 32 AR
e 2 BE R 1 i s TR . /K AL Wi e ia
Rt

235 ZRRAENE KEGG @EHER: N
ZRFEIHNS 5 M E 2R ENESH
B, Xt 2ZRREAES K Pathway ) 3 2228 E 5

25Ky | WA Rl (tranglation, ribosomal structureand 45 E KEGG i i = 4, Tl sc4h P<<0.05, 3k

(A 30, (B) 30¢
257
5 5 20
=i =
E 215
<3 = =
{1 = = - =
= =10t = : =
NGl P P Il Tl | Y T
ABCDEFGHIJKLMNOPQRST
(®) 45 .
40t
30t 35¢ g
- é 301 3
é 251 5 25t
% 20 E,- 20}
= 15F q ‘ 15}
N N N i 2
L s N SN R co N L B o B &
MENTENTR MR Ml
S ENNRERNRRNERNRERRR St TEEME
oL NN Nn NNNN NN NAR o B8 K8 K B e [ B8 Bl
ABCDEFGHIJKLMNOPQRST ABCDEFGHI JKLMNOPQRST
A: RNA processing and modification K: Replication, recombination and repair
B: Energy production and conversion L: Cell wall/membrane/envelope biogenesis
C: Cell cycle control, cell division, M: Cell motility
chromosome partitioning N: Posttranslational modification, protein
D: Amino acid transport and metabolism turnover, chaperones
E: Nucleotide transport and metabolism O: Inorganic ion transport and metabolism
F: Carbohydrate transport and metabolism P: Secondary metabolites biosynthesis, transport and catabolism
G: Coenzyme transport and metabolism Q: General function prediction only
H: Lipid transport and metabolism R: Function unknown
[: Translation, ribosomal structure and biogenesis  S: Signal transduction mechanisms
J: Transcription T: Defense mechanisms
Bl 5. NaCl 8 TEFRIEERER COG haEH 2
Figure 5. COG analysis of differentially expressed genes under NaCl stress. A: 0.4 mol/L Up-regulation; B:

0.4 mol/L Down-regulation; C: 0.6 mol/L Up-regulation; D: 0.6 mol/L Down-regulation.
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e s 36 4 & = % KEGG Frif Pathway, 4%

DR 3 X 22 FRIR B T B A5 A I KEGG
WA T2, 25 BRI AR P R A AR
&% I, 4n 0.4 mol/L F1 0.6 mol/L NaCl e T,
S 114, 9 A IR IR N AR 2
¥ 1 B A 3 (amino sugar and nucleotide sugar
metabolism) . 4 Fi T 78 B% 18 3 (fructose and
mannose metabolism)#f>i&4%; 0.4 mol/L NaCl i
T AR EEE R 2- | AR R A

(2-oxocarboxylic acid metabolism)F1% 3L 1 A )
4 1 (biosynthesis of amino acids); Ifif 0.6 mol/L NaCl
e, BERIEY G, -8R A AT
AR . 223 % . 7 AR EE (vdine, leucineand
isoleucine biosynthesis)#b I (1)~ JRE R i £ .
2.3.6 NaCl iHE TBEFTHXERNZERR
B WAEWAE TR SR A 5 2 R i %
BLAK AT, A0RT 3 Sh A SRR Pl TEHL
YikA S AR BT | PRSI, ANl ZaR |

% 3. ACCC32524 #FRiAERA KEGG EE @I

Table 3.

KEGG pathway enrichment of ACCC32524 DEGs

Category KEGG pathway

DEGs number
(0.4 mol/L NaCl)

DEGs number
(0.6 mol/L NaCl)

Up-regulated genes  Metabolism

Amino sugar and nucleotide sugar metabolism 6
Steroid biosynthesis
Fructose and mannose metabolism 5
Taurine and hypotaurine metabolism -
Riboflavin metabolism
Glycerophospholipid metabolism -
Other glycan degradation

Cellular processes  Meijosis — yeast

Down-regulated Metabolism

genes

Lysine biosynthesis

Sulfur metabolism

Glycine, serine and threonine metabolism 5
Thiamine metabolism
Arginine biosynthesis

Selenocompound metabolism

Cyanoamino acid metabolism -

Vitamin B6 metabolism

A NN DM W O W

a N o o w NN

Biosynthesis of amino acids 15 20

One carbon pool by folate -
2-Oxocarboxylic acid metabolism 18
Valine, leucine and isoleucine biosynthesis 4

Atrazine degradation

Genetic
information

processing o
DNA replication

Ribosome biogenesis in eukaryotes

Aminoacyl-tRNA biosynthesis -

Nucleotide excision repair -

| o1 o O

W w
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FISERR . I AR A 2% AN J5T (compatible  solutes)
IR Hh H5E B )35 85 1454 (osmoprotectants) ™
AT E LT S AR R 3 S i g S
SEBBE UFI 22 R e iz AH DG I (K] . 0.4 mol/L FiI
0.6 mol/L NaCl Jirif T ik t 23k iR IE 1%
VR SCEE D, i 5 T S R BRI i 2 R
PNz HAE DG, H O ERIE RS NaCl ik B3 hnm
R WA, UZBNEEMIES, CRFFAMA =
K*. ik Na'fl Ca F-pik AL ANty . 24
Frp BV BT B, 8% RS,
TEREE NH, B5i2 81 . KHliE . Na'/K*-ATPase,
Ca’*-ATPase fll Cu**-ATPase 3t 5 MHICHEA .
0.4 mol/L 5% 0.6 mol/L NaCl [ia T~ I 33k ) 5t
[ Ca*-ATPase, Cu**-ATPase il Na'/K*-ATPase
5L, FIHEIEILR S NH, HE 52 5 (A K5l iE
R ER 4).

2.3.7 NaCl B8 T 51 ¥ & 15 BR A1 40 i BE 45
R ZE R B 2 R RIBF O : NaCl X4 i 4 K
[ 5% ) 3 02 7 AR 1Y 48 A R 2 (reactive oxygen
species, ROS)iti i1 A4 Y a8 A fi 0 . IR AN AR
FIBAEYE, AT A A B PE T . BRI,y 108
® ROSHWhE, —EmPte bRt L RELH

PRI IR R B S, AL, 7 4
I PR BRAHDCEE A, f4E 1 S ALY (POD) . i
UL S (CAT) RIS e H ik Ak 1 (GSH-Px) .
0.4 mol/L NaCl i T, iiiidke 1ok S8 Ak W i i 28
A 5 A IR R S M A BRAH L A
1 0.6 mol/L NaCl i T, fiiiik it 4 4~ EiHikF
1T IRFREER, H FRRBEES 34,
W Rt AL P A D R S AR . 53 A1,
R 1) 15 2 it R S AN R A DG 7 A2
N, (3% s 2R 1 R K E [ E N 6 A4
R A i SRR 2 W S R T R TR AR
KB (5R 5).

2.4 NaCl i} F ACCC32524 {4 43 Hr

2.4.1 NaCl i85 ACCC32524 PLS-DA 2#f:

4 0.6 mol/L NaCl AbFE it b 384 Fnxt REZH 304 7
GC-TOF-MS #:ll, F| ]l SIMCA-P A4 #5 1)
BOEHEAT PLS-DA (T fe/> 311 40 47) 2347
73 B P AE T B AT L (] 6). DAL 6 HhaT LA
B, AP AN IR 3 ASEE B G I 2
Ror R, Il E—ie, £B 0.6 mol/L
NaCl e T J A & A A2k, "R
IEE %0

% 4. NaCl B Tl ACCC32524 B iERIPHEXER
Table4. The predicted genes related to osmotic protection of ACCC32524 under NaCl stress

Function GeneID log,FC (0.4 mol/L) log,FC (0.6 mol/L)  Annotation

Osmotic Adjustment  ¢60822.graph_c0O 1.1411 1.4544 Trehal ose 6-phosphate synthase
c45062.graph_c0  —1.5088 -1.6073 Betaine-aldehyde Dehydrogenase
€60122.graph_c0 1.3681 2.0156 Proline-specific permease

lon transport system  c57122.graph c0  -1.5191 -1.7610 Ammonium transporter MEP1
€60129.graph_cO  2.8439 2.8169 Ca®*-ATPase
€38032.graph_c0 —1.5822 —1.8492 K* Channel
c60589.graph c1  — 1.6612 Na'/K*-ATPase
€60318.graph_c1 - 1.8564 Cu**-ATPase
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% 5. NaCl BT ACCC32524 & M & /& BR AN 4l B B2 45 #4E S B
Table5. The predicted genes related to osmotic protection and cell wall of ACCC32524 under NaCl stress

Function Gene D log,FC (0.4 mol/L)  log,FC (0.6 mol/L) Annotation
ROS €60816.graph_c1 1.0003 - Catalase
scavenging €59609.graph_c0 1.2049 1.1412 Peroxidase activity
€60656.graph_c0 1.4550 1.1063 Glutathione peroxidase
¢57193.graph_c0 2.1239 2.2617 Peroxidase
€60818.graph_c1 1.4329 - Peroxidase activity
€59967.graph_c1 - 2.2727 Peroxidase activity
¢58169.graph_c0 - -4.4610 Heme peroxidase
Cell wall €60770.graph_c0 9.0810 10.5133 Class || hydrophobin
€55592.graph_c0 6.4376 7.3046 Fungal hydrophobin
¢59301.graph_c0 1.7455 2.5484 Fungal hydrophobin
€54313.graph_c0 —3.4876 -3.9149 Capsular polysaccharide synthesis protein
€60658.graph_c0 1.0059 1.1923 Chitin synthase
€60550.graph_c0 1.0007 - Chitin synthase 1
¢58396.graph_c0 - 1.1331 Chitin synthase
nCK
30t =T
20+
10} ¢
L ]
o 0 °
T L
=20+
=30+
—40L
—60 —40 =20 0 20 40
{1
R2X[1]=0.55 R2X[2]=0.243 Ellipse: Hotelling’s SIMCA 13.0-2019/1/20
T2 (95%) 18:13:53 (UTC+8)
6. ACCC32524 4B 53t HR##RIEX PLS-DA # =B
Figure6. PLS-DA scatter plot of treated and compared ACCC32524 samples.

242 ZRMAEWHE.: ETAEm g R
LRI E) 336 MY, Hb 235 MRS R
HORREAAE, 93 AR BB T BRI R A
8 MUY B F I A 102 422 AR
A 36 M= H1(4) 35.29%)7E LECO-Fiehn Ritx5
B AR BN R, T LR 6, B AR |
W G . BEWIRR . AT . MBS, mds. ek
By 2EIL o Ffr, 1 RE e A LR ACI ™ 0 43 i)

JEFRR . FLRME . R =R . 6l 4-D- %
WA 10-2 5 1, RIS AR A MR
25 RT-gPCR K

HAIE RNA-seq $odf iR E, M 0.6 mol/L
NaCl Jiiif T ) DEGs Hr e B 9122 57 1B 35 (I B A
ffE 5 A BIAFGAEE A 4 AT IREEREA, &
T 3R gPCR #4717 X7 B2 A NaCl il ia T %&
ek m A b, Z ZE5 A ML H AR
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* 6. FTREAEBTREREERIRFKBG=H(P<0.05)
Table 6. Metabolites that were significantly (P<<0.05) altered in the different conditions

Category Component log,FC P-value VIP Regulated
Amino acid Leucine —0.83630 0.0302 1.2501 Down
Glycine —-0.97690 0.0003 1.3840 Down
Alanine —1.58452 0.0271 1.3305 Down
Carbohydrate Lactulose 1.99550 0.0145 1.2411 Up
6-Deoxy-D-glucose 1.78860 0.0077 1.3336 Up
Organic acid Shikimic acid 1.24490 0.0063 1.3658 Up
Aconitic acid 0.98580 0.0187 1.3111 Up
Toluenesulfonic acid —2.16340 0.0078 1.3195 Down
Ribose-5-phosphate -1.76280 0.0498 1.1345 Down
Pipecolinic acid —2.15840 0.0444 1.2845 Down
Malonic acid —0.91090 0.0257 1.2932 Down
Maleamate —-1.74690 0.0200 1.2994 Down
Glucose-6-phosphate —2.05120 0.0279 1.2158 Down
4-Aminobutyric acid —1.38560 0.0266 1.3073 Down
4-Aminobutyric acid -1.69310 0.0342 13172 Down
4-Acetylbutyric acid —2.02720 0.0111 1.2578 Down
3-Hydroxyphenylacetic acid —-1.23390 0.0027 1.3829 Down
Cytidine-monophosphate —2.38350 0.0409 1.3088 Down
Cyclohexylsulfamic acid -0.71830 0.0474 1.2981 Down
Cyclic-GMP —0.86840 0.0225 1.2652 Down
Creatine —1.30020 0.0146 1.3475 Down
Citraconic acid degrl -1.26310 0.0026 1.3671 Down
3-Hydroxybutyric acid —1.79500 0.0218 1.3532 Down
3-Cyanoalanine —1.15970 0.0392 1.3144 Down
2-Hydroxy-3-isopropylbutanedioic acid —-1.00890 0.0431 1.1945 Down
Fatty acid 10-Hydroxydecanoic acid 1.22540 0.0243 1.3118 Up
Nucleoside Guanosine —-3.19820 0.0324 1.3437 Down
5’-Methylthioadenosine —2.55600 0.0473 1.3120 Down
2-Deoxyuridine -1.52320 0.0172 1.3469 Down
Thymine -1.73600 0.0108 1.3804 Down
Lipid Methyl phosphate -2.31730 0.0260 1.3406 Down
Alcohol Glycerol —-1.13840 0.0100 1.3287 Down
5-Dihydrocortisol —1.25200 0.0132 1.3109 Down
2-Butyne-1,4-diol —-1.82800 0.0043 1.3732 Down
Amine 5-Aminovaleric acid lactam —-1.52540 0.0024 1.4103 Down
Phenols 1,2,4-Benzenetriol -1.07190 0.0245 1.3323 Down

R AN i Bk A, ZERI L MR Al B ) — Bk, THPRAE IR 2E . ERRIE
TR W e RSy, RER, LAY qPCR 455815 5 s 4 I A 45 S 7 S [N 3k
Ct (UCE, 4b#f)=21.819+0.125, Ct (UCE, X}  KIFE LA —EMZES, HERKEREBEH
HH)=21.819+0.024, WS AR FRTE, BIUIRES (B 7), BRI SEAIIF Z5 2 nT 5
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@ RNA-sep mqPCR

Relative expression

B 7. ERFEEEB RT-gPCR iE
Figure7. Validation of DEGs using RT-gPCR.

3 Wi

A Y ER LR — R A e i R
X% it BRI 5 A BERE S A DR . — T
JE IR S AL 2 O TR A M R AR, i
TR R I 2R AR A, X 2 A (3K P A T ) BB A
Bt s 55— 1T DU R PR 4 25 3 B AR e AS [
JE 38 T B0 P i A T s S Al 22 S o b, O
WENRER 22 S R L, AT T MR i W i i 3
BUEL. EHT, AR B AR SR 3 B8 AR R o A vh
FEESEN | PAHPY | LR a TR R
T fEER A T R B IR, ABFRCR A
RNA-seq #l GC-TOF-MS A&, % 0. 0.4, 0.6 mol/L
NaCl B~ BT Eh e X A% ACCC32524 #1144
se-fR T, L3RS 44594 2% unigenes 1 336 4

R wiEL, #@id5 GO, COG. KEGG.
Swiss-Prot, NR ZEHdEtLXT, RBMZ K5
TH ARG B T e L R K AR, BT N g

BT 20 b o AR A g X R a8 A3 7 AL

@ﬂﬁ@%m@%, B P AR AR A s 3k 38 2
T ER AL A i 17 AR BE A AR A B 22 P2 AR

WFFE R 2 A B ACCC32524 JEAT b 15 37 ), []
FERIBEE NaCl i e B B9 A ], Bk Ao ol 1 AL
il b % £ 454k, 40 0.4 mol/L A1 0.6 mol/L NaCl
W B2 W38 T B EL A R4S 1 22 S Pk SRR A
IR 417 F1 733>, 22 Sk LR B A 75.77%,
22 IR I Y A BB BE NaCl W 72 4k
M7AZAY, 2 B3R B30 v B 0 e PR XTI 58 I A= 0 1Y)
M ER LI Tk DR oG HE %, 22 Rk
GO DifigE %4 &, 0.4 mol/L. 0.6 mol/L
NaCl ¥ i Ab B 4 22 R IK L B GO & A4
HILFAEIE, 2 54080 FE (metabolic process) .

4 M LR U
(single-organism process) . 4f fifd (cell) . 2 fifs 2H 53+ (cell
part) . LG (catalytic activity)F1454 (binding)
EINREAN O XSS RS CuP il T AR E Th-33
ZRFIRIEN GO RS RAMMI, SR, %
KREE Th-33 HAEEZ KA EDN . 2R
AR A SEIE N & A R A 5 Liu 25 % 5
0.4 mol/L NaCl Jfirifi T BYARIE 1 CCNWXJ12-2 i
e, COG TERAS R KW FMia T b
PR IR B R I 25 o AR AR A L TR 0 e im A B

£ (cellular process) .
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P ARSI, A X 0.4,
0.6 mol/L NaCl il T ()25 - ik S H 1T COG.,
KEGG IR S5 1745 S A J5T i BT Z2 AR T AE 10 7
MRS RFI, NaCl il T ACCC32524 X 4
BB s . A A R, AR SR T S
BEAROC BRI AR . —RIRIGIFiRAR, WHES S
A BRIy Jo A 728 2 B 25 ) 1) SR 1 5 PR
i 52

B 3B T R AR W 3 I e R ) B
P, 2l AT TR SE B — 2 AR |
BB 7% (Na' /K %E . Na'/H* antiporter £5)3 35 it iy
SMEFURIE, AEFFIENBEE; R A B
B BE I B I /N A AL BT, A
H. EESE . AR KLY, EERMHAREE T
HEF5 20 M5 1 R AR ER B - X A R 1
AHFFE M 0.4 mol/L #1 0.6 mol/L NaCl 4k 3 5 iy
SRR, Bk S 3 BB TSI,
HohfiEfk UDP-#ZHEAT 6- R I M A i 6-7%
T Ve T (1 T S - 6- WA IR 5 N Al 2 1R A5 P Tl
AHOGIE R Feik R, FL bR B 5 h vk B 52 1R A
K, KHTHE BN AN 2 B2 72 ACCC32524 4 itz %
SRR E M, Y5, EETRER
gy, LR 5 A Hl & NH, B iz
1. Ca&"-ATPase., K'if i . Na'/K*-ATPase .
Cu**-ATPase H3<FE[H . HAp Na'/K*-ATPase #i¢
BRI FIERIK, —J7 EUEAE NaCl i N4y T
2 Na 2§ 1P, 150 T Na & B s e
TR TE ST N TR N B v R 1Y [
B, N ER P RS A SR T AR S Ty, R T
20X BR A AL A W 0 5 3 AP, R O Sk R
BH, Ca®*FF hy 20 M PN B 2 A 58 A (o ey Sl Bz 31 2R
SR, FEmA AN N — RS R A BEAE A
I, HELE A LB N ) B R R AR A, T H A R
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FEIHAR A9 KA B S LT (0 BB [
I, FEAEREIRT PARKS Caf*Jr i, Cal'-ATPase
BT HEREEM, AR d, NaCl e TS
Ca’*-ATPase 4 BUMI IER ik L, 4R ca™
IR, AERFILN B Bk o A

VR NaCl X 240 i 8 7 e i [,
AT B A AR R R TE PR, SRR AL
H e N, AR A A E
2N B B PO A e A s B AR A [
03 Bl 7T PR AN B R 4 D R b a8 B TR Y R
s A BRSPS TER A R 2 #k Paxillus
involutus Tt £ 7 E B (MAJ. NAU) T B AL B 1
AR B, FEIERNA (L DEEE TR MAJ
SOD. CAT #il POD {EPE#E, i BIER e (9 d)
T NAU B PRAE S 47 s 32 - 4 Z R AL
WEPE, JUHUE APX (BUdRim iR i E AL i) . GPX
(B WEH RS L ) F1 POD (i AL W) . A<
WF5 AL %t 7 4> 0.4 mol/L . 0.6 mol/L NaCl et
TSI AE BRAHSCEE M LY, A dE T AL |
b AL S RS e T BR EA g, H R
FIEFIKEEN , FB] ACCC32524 Hi A AL iiiA & fie
G LR i) 7 6 Pl 8 1 S 1) AR A A5 o

YR EA LT B Rk 10%-20%, & H
BRI 200 R 1) S B 28 244 TR A7 S R 8 M a B
H S A RE S A2 BRSOk AR LT R
it 75 VN 19— 22 9 5 40 i RE 45 4 R G 1) i TR 1) 3R
5, HERRAN RS R DRI SRR AR 5T
HOR IR 4 A JLT BGG ONE G IE R FRs 4 |
JH, BERRT AN MLRE AR M, [RIBSHESER T X NaCl
Jri8 B TAER . 735k, 7E ACCC32524 25 73Rk
EH, A 34 HKE H g A K 7E 0.4 mol/L Fi
0.6 mol/L NaCl il T ¥t & SR ik . EEsiK
& [ (hydrophobins) & — 28 & 55 2248 FL 3 7 W ™= A=
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B EARRRBAPE BN PR E R, fER
BR AR K R T AR S A8 i bl 4 T Y,
FRW, R BA EFM class |1 Bk & AR B,
Huang 251 % ¥l Trichoderma asperellum ACCC30526
class 1 Bi/K# 3L HFB2-6 165 75 b (% . &)
THEFRE, IS SR PR E R
Nomura 2 53 J5i 7 ) B AEE & B, R 251
JBE 2N K FURE (PSL-NPs) L il T, Aspergillus oryzae
Al Aspergillus nidulans [ 22 3% [fil 4 3 K 2 Hi /K 25
1, BHAEEEPEEORLE A, FEAREOES, [Hit,
%ijﬂu ACCC32524 i /K 25 [ 2 1 LB W PRI AR AN
B OR Y bR TRy, b B Bk

/\E@W TEIE FREE N ORI 2

TEX] ACCC32524 AT B FE I , TEREF
(5 Bh b 22 SR 4 JE BREZSAA HLRR
2, TRV R B 2 S N BB R R
FHEL T Wu Z2Ufi ]l GC-TOF-MS. LC-QQQ-MS(+)
1 LC-QQQ-MS(-)43 51 Kl #1] 500 pg/mL DDT i
JAKEFE 24 h 51 T. asperellum TJOL i PN 57. 69 Fi
48 il IR W), AW 64%I1 2%
SRR AR

BRULZ AN, AR R — 25 R Rk 5L
WERNEEEN, RUESHME T, UYL
JE I ER A OC I — e L N Rk R AR AL, TR
T3 20 B AR e R i A ks, DA At i A A
PRIKF 38 1Y NaCl firia
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Transcriptome-metabolome analysis of Trichoderma harzianum
ACCC32524 under NaCl stress

Jie Xiang, Jingshi Chen, Xinxin Xia, Kuai Liu, Shigui Li", Jingang Gu’

Key Laboratory of Microbial Resources Collection and Preservation, Ministry of Agriculture and Rural Affairs, Institute of
Agricultural Resources and Regiona Planning, Chinese Academy of Agricultural Science, Beijing 100081, China

Abstract: [Objective] To identify the candidate genes and second metabolites involved in NaCl stress response of
Trichoderma harzianum ACCC32524, thereby exploring the mechanism of NaCl stress adaptation. [M ethods] The
transcriptomes of ACCC32524 with the treatment of 0, 0.4, 0.6 mol/L NaCl were compared using Illumina HiSeq
XTen high-throughput sequencing and the metabolomes with the treatment of 0, 0.6 mol/L were detected by GC-
TOF-MS. The annotation, screening and classification of differentially expressed genes (DEGs) and secondary
metabolites were completed by using related softwares and databases. Validation of DEGs using RT-gPCR.
[Results] A total of 417 and 733 DEGs were found of ACCC32524 with the treatment of 0.4 or 0.6 mol/L NaCl
respectively. GO analysis suggested that total of 318 and 582 DEGs were categorized into three functional
classifications (biological process, molecular function, cellular component) and forty sub-categories; COG
classification results showed that 232 and 414 transcripts were assigned to the same 20 categories and these
transcripts were significantly enriched in various known amino acid transport and metabolism, general function
prediction only and carbohydrate transport and metabolism; KEGG pathway analysis reveaed that filtered 79 and
96 DEGs were enriched in 25 individual pathways, and those genes were significantly enriched in biosynthesis of
amino acids and 2-oxocarboxylic acid metabolism pathways. A total of 22 genes were screened from transcriptome
data related with osmotic regulation, ion transport and ROS scavenging. A total of 101 differential secondary
metabolites were screened from the metabolome data under 0.6 mol/L NaCl stress, including 8 upregulated and 93
downregulated substances, 36 of which were qualitatively identified and distributed in 9 classifications, such as
carbohydrates, organic acids and amino acids. The expression level of selected DEGs was tested with RT-qPCR,
and they were consistent with the result of RNA-seq analysis. [Conclusion] Under NaCl stress, a large number of
genes and secondary metabolites of Trichoderma harzianum ACCC32524 were changed and the metabolic pathway
was significantly shifted. These processes together reduced the toxicity of salt ions to cells and enhanced the
tolerance of strains to salt stress. This study further provided the gene information for the research of salt tolerance
mechanism of Trichoderma spp..
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