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W1 hs IR E 55 mmol/L B9 TIAM, 5 % JiUE 45
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HECZH A3t 56 44 20 00 B 100 pg & IR TR, 4%
Vst 2 Vg =12 40 BJEE BN A Trypsin B 2.5
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3 M (5'-CCGTCCCAACTTCCGTGA-3"), U
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Fig.1

chromatogram imazethapyr
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Fig.2 Chromatogram of imidazolium

concentration after treatment
22 HREANFHEE
ffi J Illumina HiSeq *F & —3L3k1% 40.3 Gb %k
P, 20 I 2 TUA G 155 28 268 4> Unigene, K
57 020 571 bp K X 3 - K T 8 £HE 2 R AT
TR, &5y A 21 416 (NR: 75.76%) .16 932
(NT:59.90%) .14 278(SwissProt:50.51%) .13 249
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m [ Up-regulated
o~ Down-regulated

2 5 R
Number of differential genes

Ay

Biological process

(KOG:46.87%) .15 263(KEGG:53.99%) ., 14 584
(GO:51.59%) LA & 15 762 (InterPro: 55.76 %) 4
Unigene 5 45 Z0 i€ 73 B, {# H Transdecoder % il
33 583 4> CDSGHEE A i 4 i X))

DR EEHE, A 84 848 /> Unigene HEFH| GO
3ANTTH A Wi FE 5 1 6 641.37 %, 4L 2H 4 5 1k
38.74% o T IIRE S [ 19.88% . 5 KEGG %4l &
X, 2 17 656 4~ Unigene ¥ 13 B . A 38 3 2
519 KEGG R 6 43 h 5 A4 3 - it AL (s B AL 22
di L 34.03 %, A5 BAL B (5 EL 6.95 %4 , 4Rt il e
Fe11.95 % AR e 61.19% A HLARS S E 0.62% .,

DEFIH, FARFE LR REMILHE 1 329
ASCE 703 4, F 1 626 4. Wi 3 iR, X ix g
22 R HAT GO RN, )8 T4 FHIREM A 10
A2 I 25,64 %0 8 TA A 4 A 11 A7
Kbtk 28200 )@ TAEYFIBENA S RZ LG
18 4, i bk 46.15% . anf&l 4 frn , KEGG X i i %
SAFRA 1 LA EREFRBEER. 255 4
KEGG X i, A8 B 45 . PR 55 B 03 115
A5 0965 % s 4N M AR 146 AN, b 12.25 %05 38
e fE BALFE 205 A, 5 e 17.21 % 403 714 4>, 1
59.94 % AHLRSE 11 4>, di bk 0.92% . Hr 977 4
# I P E AR 109 N, 15 AN A nl gk
2w P ABC s kg R AR A iR
05 T2 o it 55

AN 415y

Cellular component

ViRl

Molecular function

GOMIfiEZE M GO function classification

1. Nitrogen utilization; 2. Multi-organism process; 3. Reproduction; 4. Developmental process; 5. Positive regulation of biological

process; 6.Cellular process; 7.Carbon utilization; 8.Reproductive process; 9.Localization; 10.Regulation of biological process; 11.Bio-

logical regulation; 12. Detoxification; 13. Negative regulation of biological process; 14.Response to stimulus; 15. Metabolic process;

16.Growth; 17.Signaling; 18.Cellular component organization or biogenesis; 19.Membrane-enclosed lumen; 20.Cell part; 21.0rganelle

part; 22.Extracellular region; 23.Cell; 24.Organelle; 25. Membrane; 26. Macromolecular complex; 27.Nucleoid; 28.Supramolecular

complex; 29.Membrane part; 30.Molecular transducer activity; 31.Signal transducer activity; 32.Molecular function regulator; 33.Cata-

lytic activity; 34.Transporter activity; 35.Transcription regulator activity; 36.Binding; 37.Structural molecule activity; 38.Translation

regulator activity; 39.Nutrient reservoir activity.

& 3
Fig.3

ERERETHE GO theeH £

GO classification of up-regulated and down-regulated genes
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i} 4% FX Pathway name

1.Inositol phosphate metabolism; 2.Non-homologous end-joining; 3.ABC transporters; 4.Ribosome biogenesis in eukaryotes; 5.Lon-

gevity regulating pathway-multiple species 6.Peroxisome; 7. Alpha-linolenic acid metabolism; 8.Fatty acid degradation; 9.Glycerolipid

metabolism; 10.Ascorbate and aldarate metabolism; 11.Biosynthesis of secondary metabolites; 12. Tryptophan metabolism; 13.Lysine

biosynthesis; 14.Beta-lactam resistance; 15.Glyoxylate and dicarboxylate metabolism; 16.Cysteine and methionine metabolism; 17.Bio-

synthesis of unsaturated fatty acids; 18.Homologous recombination; 19.Valine, leucine and isoleucine degradation; 20.Aflatoxin bio-

synthesis; 21.Ribosome; 22.Phenylalanine metabolism; 23.Propanoate metabolism; 24.Folate biosynthesis; 25.Fatty acid biosynthesis;

26.Biosynthesis of antibiotics; 27.MAPK signaling pathway-yeast; 28.Fatty acid metabolism; 29.Mitophagy-yeast; 30.Tyrosine metab-

olism.
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Fig.4 Pathway functional enrichment result for up/down-regulated genes

iTRAQ EEEHRAHE
DMEEH, L% EF 21 883 LMKBH 4 003 4
HEH. M Blast2GO A #47 GO W R4 #r Ak
B % B I AE GO Ty RE 1B 1 45 S . 76 41 i
Mo 11451 29.62% ;4 T ShRE A 15 4,
di bk 26.46 %0 At B 20 A, di b 43.90%, [F
FE AT KEGG A= W $0His Fe 30 i v 52 40 i, 5 0K e
CAATRAE AR Y 3 116 FPaE A7 127 k4%
Hw TR E

DZEFHEH. L Fold change™1.2 F1Q-value<<
0.05 T A~ F5 A4 2k 4 7 Ak A RN B A 2 ) 22 53 33k 1Y
BT LA I ) 353 22 SR IA A o 184 4>
L1609 AR, ARG % E RN E R EAE GO
AEERME IR MRA P EEs 12910257
B EELE 62 NURET  Hd 13 AT Rewk 1T
BTGRP EER 220 M EREA.HEE
157 Aifg, Horb 6 AN DUREBE W 3 R R B
A TE R 195 D22 AN W ETE 351 DIEETh, 1
32 ANTIRERL B E R R, FIAE, KEGG AP
T PO 1 308 % AR P T A SR BOR 258 N E R R IKE
TR 105 SRk A 2 KRR i w4
F L 43 SR AZ B AR AR 0 Atk A S R AR, 2R
W E A B A E 5 R .
24 EHRASHERAXEK
DEARAH SH A R E R, g1

23

PIE H,3 941 A HERTE mRNA F2E 4 K F 1 Af
YEFE] L FIRFA 3 941 A FEAE mRNA FIEE A Bk
S5 AT ek L Ho i B TR 4R A SR AL 8 25 S KRR
H 24 MFEM .

) A S5 SR A C . R R 2 AR R
WHERABERRES 7 Kg.2 MM FE LR
BB 2 R AR B A OCOCR AR E N

o % AL Ribosome
r o KAl 53t AR

. Base excision repair
R A 37

Ribosome
| B

i AR Pathway

HETl A s D AR |

Base excision repair

0.20 0.24 0.28 0.32 0.36 0.40

WHMTF Rich factor
B F 1% Pathway 1Y 22 588 L ECH /1 B 3% Pathway 1Y JiF
HUEERMNEANEERE T (rich factor) , % {EH M K, 3B 7 1%
Pathway 1125 SR (A OB, B 8 K/N3RR % Pathway % 5
EHMEH . Rich factor is the ratio of differentially expressed
protein number annotated in this pathway term to all protein
number annotated in this pathway term. Greater richfator
means greater intensiveness. The dot size indicates the number

of pathway differential proteins.

Bs5 ZRENREEEERNEITE

Fig.5 Statistics of pathway enrichment of differentially

expressed proteins in each pairwise
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Table 1 Number of correlation transcriptomics and proteomics
. A PR R ks SRR A
) Number of Number of Number of
Type . .
proteins genes correlation
Wy oz
ol 4003 24 621 3941
Identification
SE i
o 4003 24 621 3941
Quantitative
Differentially 353 1331 24

expressed

—0.142 0, 40 &l 6 Jr 7 5 2R 11 5T R A2 A A [ 1Y
mRNA B IEMSC A X RBCy 0.741 3,40 7A Jir
7 5 B A RIZE A 4R 2 A 36 IR 22 B H 56 56 R L A
KARFCH—0.791 6, K 7B i,

R(Spearman)=0.7413
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Fig.6  Correlation for significantly differential

proteins and significant differential genes

R(Spearman)=-0.7916
- DEPs DEGs Opposite
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—
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4

L
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FFAF L E Gene expression log,

T
HEHEFRIAE Protein expressionlog,

AL AR AL R Rk AR b AR TR B 2 5 B R R IR AR A $ M &L, A:Protein and gene expression trends are similar; B: Protein

and gene expression trends are opposite.
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EARMEERZETHEEHXEKE

Fig.7 Correlation for trend expression proteins and genes

3) RHES 22 5 BE A, DKWk 2 R Ak PR L 45 2]

T AR AU B R 25 e SR R A 24 4>,

Horbr 14 ASFEP B, 10 ASFER R A, R S A4S
TBU3981A(NCBInr: T virens Gv29-8 Wi /K i Wi 5 %
16 #4345 H » glycoside hydrolase family 16 protein, par-
tial). TBU1425A (NCBlnr: ¥ %4t K %, HEX-1),
TBC4387C2A(M; 2% K % 10C-38 T4 # 78 B¢ EGL3BAC
2 FH . T. harzianum strain 10C-3844 clone egl3BAC,
complete sequence) ., TBC1576C11A (NCBInr: 4 {4, K
7 Gv29-8 FHEEAE RS 1 Z R E F 2 mRNALT.
virens Gv29-8 glycosyltransferase family 1 protein
partial mRNA) DL K I 68 A& A9 (R 5E & 15 T I 5k
PG TBC1810C1A(NCBInr: H R A% QM6a B
TR EE AR F I B2 mRNA, T. reesei QM6a sulfate
adenylyltransferase mRNA) L J — 263 58 & H1 1Y

e B RN, 22 R BRI AE 9 AARihE ik 5 &N
A A H AR TR L 3xX 9 S ARG B2 AL W A
KA T RS- Z W R AR A8 AL o LR PR AR
I RINA FGEfigE B A o i e e 2 550 AR T IR AR AR
W2 TR AV A LR )5 10 A TR R gt fre AR

24 AN R A — S H FR EE R 7 A
SR TCE B PRSI J2 8 1 K F L A2 BRIk 2
PR B N ik & . 7 S JE I AE NCBInr 80408 1%
TEMIBEMEREA 2 4, 4% 8 TBU39SIA
(NCBInr: T. virens Gv29-8 Wi+ 7K i i K 1% 16 6
4r#E H . glycoside hydrolase family 16 protein, par-
tial ) f1 TBU1425A (NCBInr: IR ¢ K%, HEX-1),
B 3X 2 A J5 DR Ay Ji 3 A 8 R e DK e 2 TR )k 12
BE IR A 18 5 PR A DG AR B ANk 2 s,
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Table 2 Differentially expressed genes both in correlation analysis of transcriptome and proteome

NCBI #id 5 H [ 4 Pk NCBInr $4i FE P fH e AL AP RA A
NCBI ID Name of gene Number of proteins P-value DEPs DEGs
(AR Gv29-8 M K fiR
1 AR 4 RNA
XM_014105040.1 TBU3981A H? 6 % W 5 m \I 1.70E-04 + +
Glycoside hydrolase family
16 protein, partial
XM_006967399.1 TBU1425A HEX-1 7.33E-09 + +

P ERAR 2 AR P BN % B A B RO T 1.2 RR K3k B /h T 0.833 KR RIE T« +7Rm KL B,

Note: P-value is the difference test value,the smaller the value, the more significant; Protein ratio greater than 1.2 indicates ex-

pression up, less than 0.833 indicates expression down; “+” indicates that the expression is up.

25 ERREEBEAMEXREERIE

DO Qs Tl i - 3| O T T S |
TBU3981A Ml TBU1425A # 17 qRT-PCR 5 iiF
(¢t K555, P<<0.05,n=3), W& 8 A2 NFIHTE
M A R IR 2 RARE I R 1.25 A 1,23, B
2 223K 2 SABEON ) M 1.27H1 1,04, qRT-PCR 437
RN R 2 FAF 8 A 1,03 A1 0,99, AR
qRT-PCR 54 % 33K 22 A BOR — 35 (H K 2 4
i Ak B i 22 35 1 A2 Akt S A 7], 16 B e S 40 43 BT 45
g,

L mITRAQ mRNA-Seq BGRT-RCR

125 1.27

1.23

1.2

1.04 0.99
1.0

0.8]
0.6
0.4

Fikg HXTHUE log, fold

0.2

0.0

TBU39814
HEZF Name of gene

TBU14254

B8 ZRFIEEEK oRT-PCR WIE
Fig.8 Validation of DEGS data by gRT-PCR

3 it
AN B T2 S A ok A e R AT O HK 41
BT 285 S 7R« 2 0 9 R AE LAWK W 2 M0 1R Oy o — ik
ENRAE - R bR N L V& S o3 = TN E AP N S
A R ER R R G A B AR O O &R X AT RE 2
PRI A A TR mRNA R K ACEA —BOT S 80,
ARWFFEARAFE H A M skl B 22 5 /B
24 ASFE, Hor, NCBI %4l 2 rh T dg © %0 19 L R A
2 4~:TBU3981A Ml TBU1425A , #iX 2 A3 A

i#

BEA R fift R G A ik 1], R ATDRE 4k B2 0T 58 HoAth 23 4
B, DU R 2 AP B BAR D RE EAT R .
TBUS3981A JE N 4 fth e (U KB Gv29-8 B 11K
ff i 16 4> mRNA, Kubicek 251 i ] 12 5
PR AT AR iR A 7 6 TR AR . 5 R B AR PR A G
SRORE MR B ARE W EGIERIE, O KRS 4
8 87 LR AR T W B T AE I 25 RO B iR BT
HFHZ A0 36 BAT B A 5 AL W s R 2
MEZH RN EESIRGES . MW E B
1,3-1,4-D-#j S AEBG R T H K i g 16 K0, B A
FEAET R FAE Y b iy B0 OB, £ R &2 iR iE
1E SRR RN B-1.3-1,4-D % B W 1T LA
B SRR P FRAE T L B AL RS L £ ESh )
Xof T 3 W) T 1) T T I AL A DR Y R A AR R i Bl
PIRE R R o A0 S AR R A DL DK e £ R TR
SRy B — Rl 1 ) % R R v B IR 4 i R R X R
TR W ) FH 38, DT 35 3] % At WK s £ AR R 1) H 1Y
TBU1425A 3 N A 45 0% st HEX-1 & H.
HEX-1 & A& i Bk & TR 2 Em At ke
TR — TR Y 2o A A A TE T LR P
L2 Y T AR Z A I AR TR AT T 2 B
T AL ZE L B7 1k J5 AR B0 2K PR AR 22 R L T 40 A 1Y 58
o HAiE g MW & (Aspergillus nidu-
lans))' LG K 8 (T. reesei )™ | ML KE Ik 1
(Neurospora crassa)"*" FlFG I W B (Maga porthe
grisea) IR HEX-1 3N, A W58 SR %
HLBE WK A61 8 HEX-1 3 PR RSR 5 o T 5 B0 i 32 s
J A B A it o 3% W 7R L TR A 52 S 12 B AT Gk
3F P B S L, Bl Lk A R O R
SRR HEX-1 S5 N 0 75 5 % 8 (Magna-
porthe grisea) ATWFFY , & IAE I T 4 B 28 &
AR AR G BOE B RE T B TSR BUR RE ) R

Soudararajan
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W, FHEARAFEST MR IR R E HEX-1 B K 1 i A
ai A AN Ik L A8 T 5 BF 5T b & B, HEX-1 8
FI7ERCECR AL B 5 Rk W B, #ED HEX-1
5 DR AT e R 48 A A TR 00 B AR T 0 Y R T A2 L
EE i i Be Y . ARBESE b e R AT e kA
IIATIR SR B R HEX-1 RN H 2 5 %
5T HEX-1 5 DN A1 2 8 R 5 i 52 K e 2 00 7R
B PEFIALT S HEX-1 PR H Al AR % v i 32 Bk
FEHLH AR

25 b VB AREE (T, brevicompactum) W] 1E LLBE
W 2 R T2 Ay R — i DR ) s 7 R b AR G A R i L
rhBK I AR TR 1) B T T OE AR RER) 9S G S A
SRS BAWAER N BB, e g
PSR & 5 43 BT, T B R A DK W 2 A R Y A
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Screening candidate genes of degradating imazethapyr

by Trichoderma brevicompactum

LIU Qing LIU Yutong DENG Shilin BAO Tong DONG Airong

College of Forestry, Northeast Forestry University , Harbin 150040,China

Abstract The candidate genes of degradating imazethapyr were screened with integration analyses
of transcriptomics and proteomics data to explore the molecular mechanism of degradating imazethapyr
in Trichoderma brevicompactum. The results showed that when the basal medium with 500 mg/kg
mazethapyr was used as the sole carbon source to cultivate T'. brevicom pactum for seven days, the high-
est degradation efficiency was obtained. There were 1 329 genes with significant transcriptomic differ-
ences, of which 703 were up-regulated and 626 were down-regulated. 21 883 peptides and 4 003 proteins
were identified by proteome analyses performed with ITRAQ. The results of association analyses showed
that 24 genes with differential expression and protein abundance were correspondingly changed, of which
14 were up-regulated and 10 were down-regulated. The association coefficient between quantitative pro-
tein and gene expression was —0.047 2. The association coefficient between significant difference protein
and genes with significantly differential expression was —0.142 0, with the similar trend of expression
change. The association coefficient between protein and gene expression was —0.741 3.The association
coefficient between protein and genes with the opposite trend of expression change was —0.791 6. Two
of the 24 genes identified by association analysis had functional annotations. They are Trichoderma vi-
rens Gv29-8 glycoside hydrolase family 16 protein partial mRNA and HEX-1 gene, respectively. They
can be used as candidate genes of degradating imazethapyr. It is indicated that the candidate genes of deg-
radating imazethapyr by T. brevicompactum can be effectively screened with the association analyses of
transcriptome and proteome.

Keywords  Trichoderma brevicompactum ; imazethapyr; transcriptome; proteome; association

analysis
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