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NaCl fmBE T % /KE ACCC32524 ByitF AT BB 9
mA, BER, E&E, X%, =HE, AN
Hh [ ML B2 B AR FR IR 55 b X RIS BT, AV AR AR A MY F A W e DR A A ik B o B2 B8 =2, Jb /T 100081

BE. [ B ] @t NaCl ki R % A% (Trichoderma harzianum) ACCC32524 % s 2 AT 4 %
P, WEFE 2 S R R SR A = W i AR ARG B, 2B R R . NaCl ki i 3 #Lail o [ 5 1 #
FH [Humina HiSeq X Ten =538 1l 5 5 5¢ A% 0.0.4.,0.6 mol/L NaCl i i k36 55 35 T 1 %k A %5 ACCC32524
(G SELHI . GC-TOF-MS AR 52 % 0 mol/L F1 0.6 mol/L NaCl Jifk3f 3535 T 1925 S AR ks
W, ) A 6 B4 B B %o 2% S 32 35 2L [F (DEGS) RN G AR P~ 0 Ve I . Tk N Ar2, IR iEAT
RT-gPCR 5k o[ 455 A7 433145 51 0.4 mol/L 1 0.6 mol/L NaCl Jififl ¥ 417 1 733 4k 22 ik 3L
GO EHMriE R, 4rilf 318 Fil 582 f&Z= F KA INERREY =R . A FUsefmaniudl s 3 ~—%
AYRAN 40 A T2 4rs; COG 43284t R4y HIAT 232 Fil 414 S5 A Ry 20 12800, 5 22 SRRkt
15 Z2 1R 000 R B TR W) A2 RS . — IS RR TN | f /K AL & i i iz FAR ;. KEGG g2 7 #r
GRS E 75 F 96 ZcHE I F 25 A Kt (P<<0.05), Hir b K 2: AL IR i 2 1 R 2 AR IR
AT R 2-8ORMRACIHNE I . e skl g rh AL e th 5B E A . B i%is . T AIERRSE
22 i ERAHSCHE ] . 0 mol/L 1 0.6 mol/L NaCl Jifria " A A5 20 Aot Hh L0 ik 1 101 22 Sk g™
Yy, U4 8 FhER 24 A 93 A R MR, Hib 36 MEEIEN:, M8 TS . AVIRIE LIRS 9 4
4325, RT-gPCR B iE kit i) 22 7 R B LR RA |28k, 35 RNA-seq Hrds R —3. [ 45t ] NaCl
Jif i8R 5 RS AR EE ACCC32524 JE K] Ko R AR ™) K A= B A8 Ak, iR ACh i A Lk B AR AR , iX
SRR LR VR PRI NaCl XTI s VR, AR & B A i SR HLER A 8 SRl E A5 B

KEEIA: WEOOREE, NaCl, B, U, byl

TR B AR RSB ARWE S SIRA WY 3.5x107 hm?, 4 4 AT BFE LAY
BN Z—, MEENER A WL E, it 4.88%, i FaRfEARWHE MM, BFox R, +Hedh
P ERE RN &R E IR AR, R Bl R R 2, SEUEY AR RAR,
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9o 03 & A ™, K25 1 (Trichoder ma spp.) & —
SR S A P 0B B, AR B
PRATETE TAE AR BRI B AR, 75—
BRI R IR WSR2, (e YRR, 2
A P B SR g s BTSSR Kumar
axlR9Y T 1,67, 6.25, 11.25, 17.2 F1 22.9 dSm™
EEEMME T, HERN R AR X KT B A M
AREE, 455 % IORES B RE7E M0 451 T B
BIEIFFE AR R R AR R K,

MR R, RIS ER . BREB S
P W & i, Zhang Z5P1RFSE & 31, 0.15 mol/L
NaCl Wit F##h T. longibrachiatum T6 fii/NZ
SOD .POD F1 CAT {f #3542 7 29%.39%.19%,
Y 24Ptk SOD. POD., CAT AHizedE N Fik M
R, YRR BU . I, WERRORE RS
R M SZ L, X TR v AR T i R

PR XTRE YN F B IAROR . A A R T
AR EENE L,

BRI AT, AR AR . B AR
FEAigt A 52 2 R A0 o 7E-R Wl FE
WEAEMWIE L T — & M BEaHLH , FEaREE T
s RGN BB RS0, Zou S L BT
0.5%-20.0% NaCl A #1521 i v B2 vg R 1A
Halobacillus aidingensis AD-6" it Na'/H" i %512 &
HEARERIEYE, 78 Na'/H W 5052 & e Al
KImFFE KNabe oS A% H b (nhaH) AT
% HEFEAELE 0.2 mol/L NaCl & 10 mmol/L LiCl
VS W P AFETE o 2% ERINER AT 1 (Propionibacterium
freudenreichii) 76 = 13 B 58 2 U AL 2K 8 G Vg
RN A B B YRS . B RS R
(Zygosaccharomyces rouxii) & — 1 fif 51 15 1% &
BB FREWELE, 3 383K H I - 3Bk i ot 1 o )
[Xl (GPDL) FIL B H v iz B 111 4w i 5 K (FPGY)

actamicro@im.ac.cn

Byaf s Hl A, 4R SRR IR S YRR
110, Duran MOV N I L A0 I AN B AE B ER
N FE# it HOG (high osmolarity glycerol )i &
BHMEESE R EY L, A, IS AdE A0
BRAG AL, AMUREFTAESE . Liu MR B 3 mol/L
NaCl 338 T i) Aspergillus montevidensis ZY D4 fif
WH AT A e S R BT, S5, W]
VETERE . A HLIR RN €0, 2% B SR AH DG L R 18 A 2B AN [
FREEAY R Rk . ASURGBIZE 17 SR A v i e 45 3]
WA PR AR bk ACCC32524, i 152 6 UF W 2 14 1l
1t 8% NaCl B FrlE M A1, FFRH0 e IR Sk 1A
(Phytophthora nicotianae) B — & B 14 3R,
R, AR F e id 5 P 52 R B2 GC-TOF-MS,
X R M AR R ACCC32524 7E NaCl e ik
NaCl 38 FF T 1Y 22 5 5 SAS R AR 7 1y ik
A5, O e 55 TR R T 6 1 45 AH DG 1Y) 2y e ik B %
WBA W), WIZPHRPI ARG W R SR AL,
A7 R ER A OC LA, T R 2 3 1 A B
Rt ESE R .

1 AR

1.1 AR

ARSI F G R Mk ACCC32524, 15
T RO A A P R DR B UL (ACCC)

F2 I 535 £ (PrimeScript™ 1st strand cDNA
Synthesis Kit), gPCR &% (TB Green™ Premix
EX Taq)¥ily F FEEk CHRBHE A BRA H .

1.2 AFE#EEXT ACCC32524 WIBEEIEARAERK
HIRE ]

¥ ACCC32524 7£ PDA 1%k Fififk, 4 d
Je AT AL A% (D=6 mm)FTHCE PF, 204 2] 5
NaCl. NasPO,. NaxSO,. NaNO; FilFER {4 PDA



MZASEE | Y44, 2019, 59(11)

2167

R g WREERREE I E S 0%, 2%, 4%F 6%,
28 °C W R FR , WAV TE A2 AL I 2 TR V5
RT3 . TR VE A A 2 (%) = B TR VR B
R-AE I I HAR )N B 7% H 2 x100%, 4k
3N TR,

1.3 NaCl i3l F ACCC32524 ¥ %2R 4#r
1.31 A[EYRE NaCl i Abs : FICHEZKBE T PDA
AR ACCC32524 1, 3-Hi e & 1.0x10°#1F/mL ,
Fie 1% M o3 i8R 1% 0, 0.4, 0.6 mol/L NaCl
WA B SRS (R4 B 40 g/L. B 20 glL.
K,HPO,-3H,0 8 g/L .MgSO,-7H,0 2.5 g/L), 28 °C.
180 r/min ktiELLli g, Wk 5d)E, M 8EY
Ak 48, ddHO PE¥ . WHERZIHFRT, 80 °C
P17, S DNS KM 3d. 5d 5 & B
HOR AR A I, VBRSO o o 7 22 T T
FERY BB EL , AR T (/4 )= (6 B
T WSO R TR R S AR, R
H3NEYFEL,

1.3.2 CcDNA SUEEMJEE R . WA i 4 A i
ZACA T A K R VR A B A R AT S Ak
L, AUFE S RNA $2H. glifk . i/ HrF1 cDNA
SCPERY . BT A i W F (sequencing by
synthesis, SBS)Fi AR, ffif Illumina Hiseq XTen
2 38 O 4 % cDNA SCEEHEA T 1

133 FEETBMFXEEDSH: I llumina
Hiseq XTen JllJ7F & X 45 FE 5 cDNA SCEZEF 7l
Jy, 1550 )5a % (raw data), X Raw Data #4714
U8, BRI Ak P A AR BT P 5145 21 Clean
Data, i Trinity 4%} Clean Data i/F474H %%,
$15 ACCC32524 1 unigenes J% . i il BLAST #
44 unigenes J¥ 41| 5 NR. Swiss-Prot, GO, COG,
KOG. eggNOG4.5 I KEGG % text, fdiff]
KOBAS 2.0 5%l unigenes 7 KEGG Hi KEGG

Orthology %55, Tiillll5¢ unigenes 2 32 751 22
JE i HMMER #4415 Pfam B8 Hoxt, 3545
unigene FYTERE B R Bowtie ¥l 715 2 1 )7
515 unigene FEMEATELXT, MR HOXTAER, 454
RSEM $ {4 7 RB APl 1. FIH FPKM (45
A7 Reads H1k F LR35 —J 5 B T A A<
1) Reads % H )E /R %1 unigene X F ¥ .
134 ERREEEASH: AL IEFE TR 2 57
FORIE N E B b ik DEseqR 58 . 755 i 2
Hi, R Benjamini-Hochberg J5 5 U4 546
KRR 0 B P E(P-value) TR IE, Ffi&
HEFEIEJS R P, Bl FDR (false discovery rate,
FEURRAERR), AE Ry 25 5 3R 0k Jk IR 7 6 1 OC S 4
Fro #4325 FDR /N 0.01 H 22 7245%k FC (fold
change, AR IR A HUE) R TF5TF 2 /E 0
AR IE o

1.4 NaCl 8T ACCC32524 fRil4H 43 #r

141 HEFER: BUATEHA 5041 mg T 2mL
EP &, JNA 450 uL $EGH (H B & 5=3:1),
JA 10 pL L-2-5 RN 2R , 13T 30 s5 A 2k,
45 Hz BFBE AL AL FE 4 min, #B7 5 min(KKIA),
A 3 KFEA 4°CEL, 12000 r/min &L
15 min; FH 350 pL FiHWE T 1.5 mL EP &
TE L5 Wi g v TR AR IR s ol T8 5 10 AR
A 60 pl H AU a0 (T e b iR, v Tk
WE 20 mg/mL), BEIRSIE, MR+ 80 °C i
B 30 min; [ &S HOIA 80 uk BSTFA (51
1% TMCS, VIV), #iIEEY 70 °CHEE 1.5 h; i
£ EALRI

142 GC-TOF-MS¥#iEab#: ffi] ChromaTOF
BAF(VA.3x, LECOYK BB HEA TR, JE2k
WriE . fRABTRL MR | WX ST . X
EMETAET, i T LECO-Fiehn Rtx5 #difE,

http://journals.im.ac.cn/actamicrocn
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A 45 J5 1% DC HC K A BRI [R] 4R B UL . R BOKE
student’s t #5011 P {H A1 OPLS-DA #2#1f#) VIP{H
FRSS G 07 VR 0 108 22 S AR L O e O s v Ay
P-value<0.05 & VIP>1,
15 LARIEER PCR (RT-gPCR)
R RS S A 5 A R P, L NaCl Jilk i
DEGs 1 #kikt 9 2= F &k i F 5L, H Primer
5 1), @ PrimeScript™ 1st strand
cDNA Synthesis Kit %555 & A i cDNA #i
Hz. DL cDNA HEMft, UCE (IZ K455 H) NN
ZHE, i TB Green™ Premix EX Tag™ %6 )% 5&
ik H & . QuantStudio™ Real-Time PCR %k 4
(Applied Biosystems /A ml)#EA T2 mE AN, R
F-AACt I HEARX Rk G, B 3 MEY)
FE

2 ZERAH

2.1 ARREENT ACCC32524 A=K M
¥ ACCC32524 5 FP7E & AN ER iy PDA 1

22 SRR ZORBEUE IR, SR T A 45l ok
MIXGIN, AR BN , Wk AR, R
WD AN ENERXT ACCC32524 A= K i il 45 1 A
KEN/IMEKI A NagPO,. NaCl, NaNOs;, Na&SO,.
FLER BN, A%ER Uk B T 1A I AR I R 4 0 oy
93.75%. 74.11%. 63.39%. 54.46%. 46.43%.

NaCl

Na,PO,

Na,S0,

Sodium lactate

NaNO,

0% 2% 4% 6%

1. AEMEME I ACCC32524 B % 7S HI 200
(PDA, 28 °C, 60 h)

FRAE L, WHEETE 60 h, WP 1R, Figure 1. Effect of different kinds of sodium salts on
JCER AR T, ACCC32524 74k K it ACCC32524 colony morphology(PDA, 28 °C, 60 h)
#z 1. RT-gPCR IiEERFE & 5140i1&1t
Table1l. Gene selection and primer design for RT-gPCR
Gene ID Primer sequences (5'—3')

F-CCGTTCGCACCAGTAATA
F-ATGGCTGGTTACAGTGGC

¢56653.graph_cl
¢52103.graph_c0
¢52660.graph_c0

€33809.graph_c0 F-TGCCGCTAATCCTGCTGA

F-CGGGTTACCAGCACAGCA

¢56772.graph_c0
¢55592.graph_c0
¢c23674.graph_c0
¢35128.graph_c0
¢54849.graph_c0
UCE

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 ;8 F ACCC32524 X &z A & i
R B TG AN M B R RN BB A B R EORUE, A
HIEPR IR A TR R BESE 0 R B, NaCl AR
HE—ERE FIH T ACCC32524 iy A {3 i Al
AR TR, AR AR T TR A A Y
iz 540, 0.4, 0.6 mol/L NaCl A $53% 3d )5
LSO A A S RE R 2 43 ) 4.03 g i
3.88 g, ikt HEHE AN 46.35%7F1 40.90%; HiFE
5d Ja i FERY AT A 20 2 6.10 g M1 7.36 g, 3l
BN B 30.379%71 57.15%. A [R] NaCl i i kb
R, ARSI AR B 3% 5 d 5 A
FURAEDL > M9 3 d & 69.84%. 51.30%7
89.43%. H:rf1, 0.6 mol/L NaCl Jilkif 3% 55 T 18 2244
Xof A 2 T FE S d A, 10 WA AT R T A 3 3
W, AR AT BRI A R B T v AR At
] AR P ke 4 v ki 355 1
2.3 #MHAT ACCC32524 H R H A Hr

2.3.1 FEFAWFEIESHr: (H] Humina Hiseq
XTen Xt QA4 SEAEAHATINY , & F i Clean Data
11541 6.29 Gb, Q30 (1000 4N AEAT 1 A2 51
VBRI 7 43 L AE 89.87% K LA |, £ de novo Hf
AR, 153] 44594 %% unigenes, XK JEN
1020.47 bp,N50 >} 2205 bp . #445#+ i ) Clean Data
Y5 Unigene i HEA TR 51 HUXT, FXFES SR G013 2,
VEFLRISTE 68%LA o THEAAE bk ] 7 JR AR 56
Z% r (Pearson's correlation coefficient)f: Af i
A DCHE AP R AR, r2 BT 1, AR 2 M FESh
FORH S AR AR AR SR A r® RO DG A ]
(F 2), Z5F 20 0.6 mol/L NaCl &b FE T+ 5t FE A
FIRTEH SR IR 22 5+ B3, 1 0.4 mol/L 4t
PR IS (1 RE 5 5 %) BT 0.6 mol/L NaCl 4k 3 5 i Ak
& r? ¥91E 0.75-0.85, UiW] 0.4 mol/L NaCl %}

F2. HENFHIES unigenes BILEITLER
Table 2. The results of comparison of sample
sequencing data with unigenes

Mapped
Treatment Cleanreads Mapped reads catiol%
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
085
.85
0.6 mol/L-2 a0
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
0.4 mol/L-3

0.4 mol/L-3
0.4 mol/L-2
0.4 mol/L-1
CK-3
CK-2
CK-1
0.6 mol/L-3
0.6 mol/L-2
0.6 mol/L-1

2. BHmEXMEHRE
Figure 2. The heatmap of samples correlation.

ACCC32524 [WE K B R EE s, RIELIR IR
S FE LAY 2 A 2 SRR BLAT -

232 ZERREEAD: 72 CK vs 0.4 mol/L
NaCl . CK vs 0.6 mol/L NaCl Ft452H v 43 31l i 16 15
2| 417 0 733 /2 RA S (FDR<0.01&
FC=2), Hrf, MR BN 3044, Frstk
FEK 7502k 106 i 417 A~ =i NaCl (0.6 mol/L)

http://journals.im.ac.cn/actamicrocn
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i~ ACCC32524 JE[H Rk b iRIFNZRik T %L
T E NaCl (0.4 mol/L)43 54 /i 57.41%F1
109.52%, H 22 5 3 ik A% % nY %t %2 (1og.FC) £ %k
1 F 1-3, £ X [H) 5 FEl 0 B Bl NaCl vk 3 g 3 i
AN, %} 0.4 mol/L F1 0.6 mol/L NaCl i F
ACCC32524 ik I i 56 Rl i i 22 53 R ik A
BOATAIT M Z B, 24 NaCl e Rk T+ =
RIS, R RS 2 AR A B K
WA, HZf5 ik, ACCC32524 KL ik

JEBCE TR 490, AN IR MY R E . sk
PIFIF I B RS 2 A 224, 73, 50 Fil 143,
AR R B, 2958 45.71% (& 3).
233 ERXREEFEK GO BESH: X NaCl

(A) (B)

0.4 mol/L NaCl 0.6 mol/L. NaCl

224
(46%)

Number of genes

Up-regulation

0.4 mol/L NaCl 0.6 mol/L NaCl

©)

194

(56.9%)

Down-regulation

250 ¢
200 ¢
150 ¢
100 ¢
50t

50 ¢
100 ¢
150
200 ¢

250

log,FC (0.6 mol/L)

AT B FU A2 i 5% s A P 45 R 7E GO (gene
ontology) s R HEA T8 5 1 & 4R b, dE AR
#1142 (biological process). 4>F JifE(molecular
function) 14 ifg 2H 43 (cellular component) 3 ~—%2
éz‘%’é%n 40 " Fmde. Hrp, ARFMGE NaCl
, S5 UM I3 1) 22 5 AR B R TR 21 i (el )
*ﬂéﬁiﬂ@éﬂ i(cell part) o Heffil sy, FUCh 241 i
J& (membrane) #1121 Jits J5.2H 43 (membrane part) ; 7£ 43
T IHe 28 AL 16 M (catalytic activity) FllZh &
(binding)J& R BRI & 2], 297 85.21%);
Z: 5 LR WA e AR ) 25 S AR R IR 32 AR rh 7E A
12 F# (metabolic process) . 4l i1 #2(cellular process)

B2 2H 33 75 (single-organism process)(K 4). itk

a Up-regulated & Down-regulated
]

N
0
{

g

NI AN

gﬂ]ﬂ]ﬂ]ﬂ]ﬂll[]l[l]ll[l]

X H oS RY

\/q,'b B/D‘b/%/b/’f

log,FC

4 6 8 10 12

log,FC (0.4 mol/L)

B 3. NaCl jii8 T ACCC32524 ERRIZEHE A7
Figure 3. Globa 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 ¢
Up-regulation & Down-regulation
100
0.4 mol/L NaCl
5 80
5
an
<= 60
5}
e 40
Z
20 ';w'
\
0 N N :: - - SN S N R RN § 3
12345678910111213141516171819202122232425262728293031323334353637383940
{ Y J \ : ]\ Y J
Cellular component Molecular function Biologocal process
250 ¢
s Up-regulation & Down-regulation
» 200+ < 0.6 mol/L NaCl
80 : -
150 : X N
e 100} § § §§ %i § §§ N
z o §: §§ § §: §;:§: §i
50 §z N . 1 "my
2

1
\ /L

/|

Cellular component

I

Molecular function

!

Biologocal process

4. EFRFEEAR GO BEEH
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: Signal
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.

Hb, 4 NaCl a ik s ey, 22 7R85 K GO
Y RIEAGRFEAAS W R L R B AN [ R
Hahn, Hor, fEARTEME . RS R e MAE
FHOG 2 S B R g AR AR R, 4301 170, 142,
130 F 105,

234 EFFEEEK COG ERBLMT: # NaCl
Jifrif N ACCC32524 11 22 5 sk A i1 T COG 4328,
IERERNN 646 55 AW R 20 /NE (A 5).

COG VERLE 2], 0.4 mol/L F1 0.6 mol/L NaCl
BT ACCC32524 L iH#ikmIEH F AL

http://journals.im.ac.cn/actamicrocn
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WK AL & W% i F14Ci4 (carbohydrate transport and
metabolism) A& — i Dy fig it il £ K] (general function
prediction only), HARMKIK A & LR iz FCT
(amino acid transport and metabolism) . JE2&1%%
iz A (lipid transport and metabolism) &2 X 2
3 7= W 1 AR W 4 i (secondary  metabolites
biosynthesis); T T i1 22 R A KL B 48 Ak
W2 % iz F1 % ¥ (amino acid transport and
metabolism) . — B2l e 70 6 D3 R0 B . AXOBEA
gE Ry | A W)-4 il (trandlation, ribosomal structure and

(A) 30,
25t
20
15+

Frequency

10
5t

0 B i i : = B
ABCDEFGHI JKLMNOPQRST
© a0

Frequency
[3*]
<

SIS SIS,

/SIS

\‘\‘

YN R
NN N NN
NNN N \§
\ gm

S WD

B) 30,

ABCDEFGHIJKLMNOPQRST

A: RNA processing and modification

B: Energy production and conversion

C: Cell eycle control, cell division,
chromosome partitioning

D: Amino acid transport and metabolism
E: Nucleotide transport and metabolism
IF: Carbohydrate transport and metabolism
G: Coenzyme transport and metabolism
H: Lipid transport and metabolism

I: Translation, ribosomal structure and biogenesis
J: Transcription

biogenesis)f 5%, 4 NaCl ¥R mm, biEzEH
B H bR i 2 1Y = 5 Bk KA S Y #E s A
. S Y 5% 32 A1 QI (coenzyme transport and
metabolism)FH ¢, TGN E T P8 A HE ] = B4R
HTE S IR 1 5 s A . Bk AE S W i S s Al
R

235 ZERFHEN KEGG BHIER: W
ZHRRIENZS 5 F LU & EAESE
B, X2 SIS & Pathway 1Y 3 2L JE 8K
Wi KEGG s 4k, ik & Fh P<0.05, It

25+

[\
(=]

Frequency
O

10} = : =
OEEHEH?EEZEEH EE%}H?E
ABCDEFGHI JKLMNOPQRST
(D) 45 -

40t

35+ %

530} :

o=

S 25t

g 20}

= st B g .

10} - A i
S5t 4 E:E §§3.v.
oElEmE LR

ABCDEFGHI JKLMNOPQRST

K: Replication, recombination and repair

L: Cell wall/membrane/envelope biogenesis
M: Cell motility

N: Posttranslational modification, protein
turnover, chaperones

O: Inorganic ion transport and metabolism
P: Secondary metabolites biosynthesis, transport and catabolism
Q: General function prediction only

R: Function unknown

S: Signal transduction mechanisms

T: Defense mechanisms

El 5. NaCl rBETERRIEZEFH COG gEn %

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 I E % KEGG Frif Pathway, 4%

W 3 Xf 22 RN FLIR P E RS ik I KEGG
W EER A AT 328, 22 S LR S AR i e A A
42 b, 1 0.4 mol/L F1 0.6 mol/L NaCl Jifa T,
A 114 9 BRI SN AL A A SR
¥ ¥ 4 10 3 (amino sugar and nucleotide sugar
metabolism) . & B F1 H 2 B X 8} (fructose and
mannose metabolism)fH5¢i& 44 ; 0.4 mol/L NaCl i
AR R AR R AR h e 2- AR TR A

(2-oxocarboxylic acid metabolism)FlI%d JE /2 it AE 4
& il (biosynthesis of amino acids); i 0.6 mol/L NaCl
BN, EERIEYG . 2- 8RR AT
AR . 22531 . AR (valine, leucine and
isoleucine biosynthesis)i M [T 2L R i % .
2.3.6 NaCl A TEERWHXEENERR
ik WAEPTE TR R AN A 2 P e P
FZK A BT, 4R RT S B4 A HLECCHL
YimkAe s AR FE . PR &S, Az |

% 3. ACCC32524 7 FKiAERF KEGG E&E R

Table 3.

KEGG pathway enrichment of ACCC32524 DEGs

Category KEGG pathway

DEGs number DEGs number
(0.4 mol/L NaCl) (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 Meiosis— yeast
Down-regul ated 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 A W O W

N W M DN
g N oo 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

Aminoacyl-tRNA biosynthesis -

Nucleotide excision repair -

I & oo O

w w

Ribosome biogenesis in eukaryotes 5 -
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EHSRHE . T B SR SR AN i (compatible  solutes)
RS H R HU 15 155 43714 (osmoprotectants) ™
AW L S AL AT e 3 AN SR . i
SBE IMII Z PR B 1 AH OGO AR P . 0.4 mol/L FiI
0.6 mol/L NaCl Jirif T ik it 2/~ 3k B Rk i3
B PR TR DG, A g Ve S Y 5 BRI I 2R
(M PN B A G, L1 T 2 B NaCl Ve 3 38
R WA, MZBNBEW AR, PR
K*. fi& Na"fl Ca PRk A2 AN b | 2
BB PN EE TR, A8 TFRER% ),
HEREE] NH, 5528 . KRl . Na'/K*-ATPase,
Ca**-ATPase fll Cu**-ATPase 3£ 5 MK .
0.4 mol/L = 0.6 mol/L NaCl filHa F I iE 81kt
[H 5 Ca?*-ATPase, Cu**-ATPase fll Na'/K*-ATPase
K, FIRFIAIEN S NH, 552 E A M KW iE
K (R 4).

2.3.7 NaCl Wi T 5 1 ¥ 55 B A0 40 ffd BE 25
MM R BRI 2 R R IR E O : NaCl XJ 40 il 4 &
(14 5% W) 3 8802 7 A 1 40 A B 2 (reactive oxygen
species, ROS)it i A ) B4 AL i 00 . AR FH R
FIBAE M, MG A sE T, Ik, S 7
% ROSWhE, —EmPtA bRt A LR

BT AR R O AR LIRS 7 A
TGP AATEBRAROCEE R, gl A b Wi (POD) . i
AL AT (CAT) R IbE H BRI ALY i (GSH-Px) .
0.4 mol/L NaCl e, i i ik A Ak Wy i A it 4
LA 5 A R IR S M EUEBRAH LA
1] 0.6 mol/L NaCl JiE T, fiiik i 4 4~ b iH#isH
IATRARBHER, bt FRRAGERA 31,
W Bt AP A B T KT A . D b,
I i 1) 5 4t R sl PSSR AR DGR 7 A2 R
N, EEIESFEEN TRGKEAENG 6 4
R R — A G i R 2 W AR T AR
KEEA (3 5).

2.4 NaCl 8 F ACCC32524 a5

2.4.1 NaCl i8aJ5 ACCC32524 PLS-DA 434

4 0.6 mol/L NaCl &b A4 b FEL FIXT HRZH FEA T
GC-TOF-MS £, FIH SIMCA-P F {4575 iy
BT PLS-DA (fidne/N 34151 53 Br) 437
132 P RE S AU A K (] 6). AT 6 Rl L)
F, ACERALRIX ERA] 3 AN A B G 4G
Ror AW, It alEhE—iE, K] 0.6 mol/L
NaCl i3 M Ao & A A2 4, W T
JE S5 HT o

% 4. NaCl B8 Tl ACCC32524 £ iE{RIPHEXERE
Table4. The predicted genes related to osmotic protection of ACCC32524 under NaCl stress

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

Osmotic Adjustment  c60822.graph_c0 11411 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  ¢57122.graph_c0 -1.5191 -1.7610 Ammonium transporter MEP1
€60129.graph_c0 2.8439 2.8169 Ca?*-ATPase
€38032.graph_c0 -1.5822 —1.8492 K* Channel
€60589.graph_c1 - 1.6612 Na'/K*-ATPase
€60318.graph_c1 - 1.8564 Cu®*-ATPase
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% 5. NaCl friBT ACCC32524 &4 & BN A e L5 4t K B H
Table 5. The predicted genes related to osmotic protection and cell wall of ACCC32524 under NaCl stress

Function GeneID log,FC (0.4 mol/L)  log,FC (0.6 mal/L) Annotation
ROS €60816.graph_cl 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
c60818.graph_cl1 1.4329 - Peroxidase activity
€59967.graph_cl - 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
c54313.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
uCK
30f mT
20+
10} e
°
a0 ®
. -10 ®
=20+
30+
—40
—-60 —40 =20 0 20 40

R?X[1]=0.55 R>X[2]=0.243 Ellipse: Hotelling’s
T2 (95%)

t[1]

SIMCA 13.0-2019/1/20
18:13:53 (UTC+8)

6. ACCC32524 4h32 53 B RAIEAR PLS-DA B = E
Figure6. PLS-DA scatter plot of treated and compared ACCC32524 samples.

242 ZERREPRE: TR0 AR
LA ) 336 MU, o 235 ALY R
wORFEAE, 93 MUY RRE T FEAZE R IR
8 MR R F T 7E 102 22 AR AL
A 36 MU M2 35.29%)7E LECO-Fiehn Rtx5
Bl R A B RS, PRI L3R 6, Ar IR s LR |
Wi AR . BEITRR . AT, MRS, mds. ek
FERAEIL O B, 1R SRB IR A 9 43 il

IR . LN . NG S HR . 6B AR-D-H 4
BEAN 1085051 R, WIAEHG A M R HLIR 2K
25 RT-qPCR KiF

HEUE RNA-seq Zdi A, M 0.6 mol/L

NaCl Jifif 1) DEGs Hr bl 9122 55 1o 5 (I (A,
fFE 5 A~ BIAFGAEE A 4 AT IRFERN, &
5 1YIEHIH gPCR 47X BRZL A NaCl a5k
Rk B, Nz ZE56 M AE AR
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6. FREAEBTREREERIRPHK G~ (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 1.3172 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

TG R A R AR R , IZER I B R W R Al g — Bk, HBRAESL R 2E . ERRIA
TR PRI B RS U SRR R, SENAY gPCR 455 5 R 4L I e (45 SR S (R 3
Ct (UCE, 4b#)=21.819+0.125, Ct (UCE, X}  KIFE A —EMZES, HERKEEBEH L
1H)=21.819+0.024, NWZJERFRATE, WHIRES (B 7), SRR SR P 45 RIE AT fE Y
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@ RNA-sep =qPCR

Relative expression

7. ERFRIEEFEM RT-gPCR Wi
Figure7. Validation of DEGs using RT-qPCR.

3 i

A P R ML R — R A R i A
Xzt RS B AT BERE S A DR . — I
S ) R AR 2 O IR A R AR R I i
o TR R A 28 AR A, I X 98 A8 (1 3K R E A T T BE 4
Bt s 55— T U2 ) 20 2 43 W AR S AN [ 6 ik
JE W38 T B W AT A S R A 25 S A b, O
W RERIZE R RGRILH, AT T FMAE Y R R
BUl . EAT, Az Bh AT A A BT R B A
FEEA RN PAHPY | GRS T
TRER A T AR TR, AR
RNA-seq #l GC-TOF-MS A& , %t 0. 0.4, 0.6 mol/L
NaCl il T HTi ki Kk R EE ACCC32524 #E17%%
SR, 3545 44594 4% unigenes il 336 4>
Rr-=fER, #id5 GO. COG. KEGG.
Swiss-Prot. NR “Fds P b, A2 55 &R
T AHOC P T RESE R R AR, BT N5
BE TP 200 i ) T8 AC 2 X R ol (94 355 R AL

FUHAF R RN, E Y EARER R £h W aa 21
BiF, WAL A e 0 AR AR B s R A

WFFE XS AR FE ACCC32524 AT bt 15 37, [
RIS NaCl e v B2 AN TR] TRk i L AL
il b= %& A48 4k, 40 0.4 mol/L 1 0.6 mol/L NaCl
VR I8 T A PR AS LU A4S 1 25 S e ek i I
GRSk 417 #7334, 22 S AL R N 75.77%,
25 R RIBFEF W AEERE NaCl e 2 1y 281k
TAS 4K, 2 B 00 Ve B ) e B XTI 58 S A= 0 1)
fif ERATLEE . FRE DI REIL N B OCE ., EHFRIBH
GO JiRE s &4 &, 0.4 mol/L. 0.6 mol/L
NaCl ¥ B AL T i) 22 7 R IR Y GO & 4R 4%
HILFAHIA, 2 5100 2 (metabolic process) |
4 i 5 7% (cellular process) . A4 41 ik AR
(single-organism process) . 2 ifi (cell) . 4ti il 20 53-(cel|
part) . LIk (catalytic activity)Fl45 4 (binding)
SEINREM G KLY Cu™ il R R AR S Th-33
ZRIIRIEN GO FHEL MMM, SR, vh%
ARE Th-33 HHEZRmKAED . 2R
AR ARSI N & A NI IR 5 Liu 25120 % B
0.4 mol/L NaCl Jifrifi I BRI 1 CCNWXJ12-2 i
TiiE sl 530, COG R4 R ERIa T 1
PR B IR HE A I 2 AR A LR 1 e s AR . i
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B BRI A L ASE R X 0.4,
0.6 mol/L NaCl il F i) 2= ik B H #E1T COG.
KEGG {F B 5317 45 HL FH L 3 o BT 22 AT 6 11
MRS R, NaCl #ii] T ACCC32524 X} %
SRz . AU A, AR R TS A
WEAH G HOBE A . —RRIEIFFiR1E, AIRES Y
B R A1) Jo B 2 440 R 235 4 1) ofe g i P
i 52

B3 VR T R A 0 N e h PR A A
PL, FEE IR SE B — 2 A |
(85 F 22 (Na' /K 242 . Na'/H™ antiporter 25 )35 it Py
SN FURIE, 4EFFINBIEE; R E S
B B IR BRI N> AT LA BT, AR
KW EERNHATAEY), TEERBEREET
AE 20 02 37 FRN AR B X A W I 1 3
AHF5E M 0.4 mol/L F1 0.6 mol/L NaCl 4k 3 f5 1%
SEARWE T, HiEkL 3 MBS TN,
Hoh (k. UDP-Z5 0 A 6-1i B A A M5 B 6-%
TR Pk T 11 T i - 6- W TR 5 G A0 M 22 TR 25 P il
FHOCIER Rk LA, H by e 2 5 Eh ok B 5L 1R A
K, R ERE R 2 R AE ACCC32524 i fflis i
PR R E REIEN . S5, TEEFHIE R
gy, SRR 5 AN B M NH, B iz
1. Ca&*-ATPase., K'if ii . Na'/K*-ATPase .
Cu**-ATPase HJCIE[H . Hifp Na'/K*-ATPase #i %
B BRRIR, — T ETE NaCl Jiha T 4EkE 1
20 g Na" 25 191, HI%0H 17 Na &5 1B @ e
TORAE T AN TR RN N B v A 1 [
I, A EE Rl is AL R AL T UKS g, ek T
241 M X R K Ak A W (A AR Y L M G Sk R
BH, Cal™E k20 PN B 0 58 A (o 2y S Bz 3130
B s, RS AN N — RSB A BAE AL
N, AELE TE A 5T A Y R R AR AR, T H A R
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FRIAR AR A KA B & LR 3 (0 A P R
U, TEAERERLT AR/ Ca* Uy i, Cat*-ATPase
' THEEMEH. AP, NaCl B T
Ca"-ATPase 4 B G R #ik I, 40k ca*
IKFREAR,  ZEREM PN B BOoK oA

VR I NaCl X 20 i J8002 2 Il 1 [m] I,
A S A A AR R TR R, SR AR Ak
FOE RN, oA A A AL, s
2L Y B PO A A A e R T AR Y R
i3 Bl 7T R AU R R S DL R b a8 R IR R
Ko MU EEEPIESE TERME R 2 f Paxillus
involutus Tit £ 7 B 5 (MAJ, NAUYHT AL 15 2 1)
e kB, FHAERN A (L d)EEE R E R MAJ
SOD. CAT F1 POD Jfith4 s, it b a9 d)
T NAU TR AE S 0 42 T I 45 2 A b U g
WEPE, JUHUE APX (BUdRIm R i E AL i) . GPX
(FBEH RS L) A1 POD (it L) . A
WF7E LG e 7 4~ 0.4 mol/L . 0.6 mol/L NaCl Jirif
NG IE T RS BRAH DGR JE N, A A AL
o A A RS D BRI Arh
EYEFIREEN , £B] ACCC32524 Hip E LA R it
5 TR e 7 6 F 3 s ol ) A Ak B A5

LR ERTILT B Sk 10%-20%, &R
PRI 41 B 1) S R T 20 L 24 L A7 B IR B b
F BN BE & Az BRI, A Sk s LT R
Titf 76 PN 14— 2 571 15 440 6 25 ) A S 178 356 T 1
i, YEREAN M RE SR K I RE R e R P A ST
HORIRRY 4 A JUT BTG O DGR ik 427 |
P, WGOR T ANARE RS E M, RIS sR 1% NaCl
JiiE B BAER . 739k, 5 ACCC32524 2 73Rk
FEBH, A 3 EKE g AL A FE 0.4 mol/L
0.6 mol/L NaCl il T ¥k i 3315 . FLIR K
& 1 (hydrophobins)J&— 2 & 55 22 4R FL 1R 70 s ™ AE



MZASEE | Y44, 2019, 59(11)

2179

A RERERAYE BN PR RN, fER
AR & BRI A g AR, o
FERM, AR B HA FE 1 class 1 K8 5L
Huang 253 % Bl Trichoderma asperellum ACCC30526
class |1 Bk & 13N HFB2-6 1678 Fe Wb (% . &)
TR FRE, TS SRR E L R
Nomura 25305 3t J51 7 77 B AeE & B, B 2 K31
JiE 4 K Uk (PSL-NPs) £ [l T, Aspergillus oryzae
il Aspergillus nidulans B 223 i 7 5 K iE 5 /K 5
F, BHIEERE R E A, BRAIREOER, HIt,
T ACCC32524 i /K 2K I &4 1 A W) AR A A
(EEZN AR VS Al e o W W WA - Y R
AN, FEME IR T A Al .

TEX) ACCC32524 AT A BFFE I, HEREH
(1) 5 B B Y 22 A Y o JE R AE HLIR N
XK, ATRRAE R R AMEY B 2 S N BB PR R
FIEC T Wu 220 [f] GC-TOF-MS, LC-QQQ-MS(+)
1 LC-QQQ-MS(—)43 #I#: M £ 500 ug/mL DDT J
KSR 240 5 T. asperellum TJOL itg 4y 57. 69 Fi
48 Fh I IR ), AT 64%i11) 2
SRR A A

BRIGZ AN, ARG T — 2 25 F 3Rk A
RN BEER, RUESERMBET, MUY
2 5 ER AR DG I — e JE A Rk R AR R AR, T2 R
R0 A M A AR e R e 2 ks, DA AN AR 2
K EIE Y NaCl ki

2 % W
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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 Regional 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 revealed 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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