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Role of Trichoderma viride histone deacetylase gene TVRpd3 in
the biocontrol of Trichoderma

LI Zhe"*, LI Xuan', CUI Tingting', REN Yun®
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China

2 State Key Laboratory of Environmental Chemistry and Ecotoxicology, Research Center for Eco-environmental
Sciences, Chinese Academy of Sciences, Beijing 100085, China

Abstract: [Objective] This paper aimed to analyze the role of TvRpd3 encoding histone
deacetylase in the biocontrol of Trichoderma viride Tv-1511 by constructing the engineered
strain with TvRpd3 deleted (ATVRpd3). [Methods] Fusion PCR technique and homologous
recombination method were employed to delete TvRpd3 in T. viride Tv-1511. Confrontation
culture, phenotype observation, immunohistochemistry detection, and metabonomics analysis
were carried out to compare the histone acetylation level, secondary metabolite synthesis,
antagonism to pathogens, and field biocontrol effect between the engineered and the wild-type
strains. [Results] Compared with the wild type, ATVRpd3 exhibited enhanced inhibitory effects
on pathogens. The biocontrol effects of ATVRpd3 fermentation broth on wheat powdery
mildew, tobacco black shank, and tomato Fusarium wilt increased by 62.27%, 57.45%, and
70.71%, respectively. Meanwhile, the knockout of TvRpd3 significantly changed the species
and yields of secondary metabolites produced by Trichoderma. Specifically, the yields of
several vital antibiotic substances including trichomycin, sorbicillinoids, and monocillin I
produced by ATVRpd3 increased compared with those of the wild type. [Conclusion] TvRpd3
mediates histone deacetylation to play a role in the biocontrol of T. viride.

Keywords: Trichoderma viride; histone deacetylase; molecular modification; functional analysis;
biocontrol
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B 1 TvRpd3 EREmER A B AIHE K& IEIE
Figure 1 Construction and identification of TvRpd3 knockout fragment. A: Construction of knockout fragment
of TVRpd3 gene. B: Identification of knockout fragment of TVRpd3 gene.
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Figure 2 Identification of Trichoderma engineering strains deleting TvRpd3 gene by RT-PCR and Western
blotting. A, B: Identification of TVRpd3 gene transcription level in Trichoderma engineered strains by RT-PCR.
C, D: Identification of TvRpd3 protein expression in Trichoderma engineered strains using Western blotting.
Data were mean£SE, values were significantly different with * at 0.05 level.

3 REBARE TvRpd3 Ribr TIRE AT B CEHLIZIRK T

Figure 3  Acetylated level of histone H3 and H4 in Trichoderma engineering strains deleting TvRpd3 gene. A:
Acetylated level of H3 in Trichoderma engineering strains deleting TVvRpd3 gene. B: Acetylated level of H4 in
Trichoderma engineering strains deleting TVRpd3 gene. Data were mean+SE, values were significantly different
with * at 0.05 level.
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I}’I’Gl’l eratum graminearum

solani mlfcii
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4 HEARE TvRpd3 AiFR TIEE ATVRpd3 5% R E FARATUF LI

Figure 4 Plate confrontation experiment between Trichoderma engineering strains deleting TVRPD3 gene and
pathogens. A: Phenotype of plate confrontation experiment between Trichoderma and pathogens. B:
Quantitative statistics of plate confrontation experiment between Trichoderma and pathogens. Data were
mean£SE, values were significantly different with * at 0.05 level, with ** at 0.01 level.
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Figure 5 Plate anti-pathogen experiment by fermentation broth of Trichoderma engineering strains deleting
TvRpd3 gene. A: Phenotype of plate anti-pathogen experiment by the fermentation broth. B: Quantitative
statistics of plate anti-pathogen experiment by the fermentation broth. Data were mean+SE, values were
significantly different with * at 0.05 level, with ** at 0.01 level.
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F1 HEAREFERK ATVRpd3 TREE%ERX /N &BMHmAIHEERT AR
Table 1 Field control effects of the fermentation broth wild-type and engineering (ATVRpd3) strains of
Trichoderma on wheat powdery mildew

Treatment Average disease severity (%)  Disease index Control effect (%)
Control 32.15+4.77a 25.2242.81a /

Fermentation broth of Tv-1511 15.66+2.98ab 12.31£1.21ab 51.29+6.88a
Fermentation broth of ATVRpd3 5.39+0.71bc 1.56+0.21bc 83.23+8.39b

Data were mean+SE, values with different lowercase letters in the same column were significantly different at 0.05 level.
/ indicated null.

*2 ZFEAEHFLERR ATVRpd3 TiEE % BEXREERHEER AR
Table 2 Field control effects of the fermentation broth wild-type and engineering (ATVRpd3) strains of
Trichoderma on tobacco black shank

Treatment Average disease severity (%)  Disease index Control effect (%)
Control 18.99+2.99a 4.58+1.01a /

Fermentation broth of Tv-1511 8.32+1.91ab 1.87+0.31ab 56.19+6.33a
Fermentation broth of ATVRpd3 2.19+0.51bc 0.59+0.15bc 88.47+£6.91b

Data were mean+SE, values with different lowercase letters in the same column were significantly different at 0.05 level.
/ indicated null.

®3 FBAKRE Tv-1511 & ATVRpd3 TIEE & B il xf Fn s Z=mE B E F e 3UR
Table 3 Field control effects of the fermentation broth wild-type and engineering (ATVRpd3) strains of
Trichoderma on tomato Fusarium wilt

Treatment Average disease severity (%) Disease index Control effect (%)
Control 93.2147.99a 59.66+7.12a /

Fermentation broth of Tv-1511 48.31+4.78ab 21.88+4.03ab 48.17+5.89a
Fermentation broth of ATVRpd3 21.56+3.21bc 11.21+1.78bc 82.23+£7.98b

Data were mean+SE, values with different lowercase letters in the same column were significantly different at 0.05 level.
/ indicated null.
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Figure 6 Total ion flow diagram of metabolites in fermentation broth of wild-type and engineering strains of
Trichoderma. A: Total ion flow diagram of metabolites in fermentation broth of wild-type Trichoderma viride. B:
Total ion flow diagram of metabolites in fermentation broth of Trichoderma engineering strains deleting TvRpd3 gene.

http://journals.im.ac.cn/actamicrocn



3570

LI Zhe et al. | Acta Microbiologica Sinica, 2023, 63(9)

L, ASBIF 5T — 20 % A 25 BT A6 TR R A T
TR TR R 9 A T 64T 1 A 2 2 1) 22 Sk o3 A
(#l 7), 25 BoR, S AERIBEHRA L, ATVRpd3
TR R R EE R A 324 A 25 AR
Yy, Heprem RS A 233 4, R
TR = YA 91 4>, K ATVRpd3 T2
Bk R TR A 71.9%09 22 S4B i) &
s

20r | =— Wild type
—=— ATvRpd3

o
T

PC2 (5.79%)
[e

_10 -
S . ; . .
=20 -10 0 10 20
PC1 (75.08%)
B o
- @0
@ o
2.l o
E @  © Up-regulation
&,
5
=)
I
5 -
o PN
0F

-10 -5 0 5 10
log, (fold change)

No difference

® Down-regulation

BJm, BT EFAE AR TVRpd3 B T RS
T PR I TR TP L B AT A 1 R A 0 1Y
FRES. SRR, MR TVRpd3 JEHE, A
B W OBk A2 77 K B W &R . sorbicillinoids Al
monocillin 1 AJEE 139 B E 527, HEFAE R PR
HH, ATVRpd3 TR B A& B P AR T8 &R
sorbicillinoids 11 monocillin T =04 m T
75.11%. 95.63%F1 72.26% (3 4).

Wild type ATvRpd3

N —

E7 ZREAEFLEEEKRMIIZEERABRGRTOREHES T
Figure 7 Metabolomic analysis of metabolites in fermentation broth of wild-type and engineering strains of
Trichoderma. A: The score plot and loading plot of PCA. B: Volcanic map of differential metabolites. C:

Cluster analysis of differential metabolites.
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Table 4 Detection of several antibiotic secondary metabolites in the fermentation broth of wild-type and

engineering (ATVRpd3) strains of Trichoderma

Samples Trichodermin Sorbicillinoids Monocillin I
(mg/L) (g/L) (mg/L)

Fermentation broth of Tv-1511 83.214£3.51a 4.85+0.79a 10.06+0.87a

Fermentation broth of ATVRpd3 145.71+6.78b 9.44+1.35b 17.33+2.31b

Data were mean+SE, values with different lowercase letters in the same column were significantly different at 0.05 level.
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