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Endophytic fungus Piriformospora indica induces wheats
against root rot

HAO Ruiying', LI Liang'", YANG Xiurong’, MA Haoxuan', SHI Shuo', FENG Yu'

1 School of Chemical Engineering and Technology, Hebei University of Technology, Tianjin 300401, China
2 Tianjin Institute of Plant Protection, Tianjin Academy of Agricultural Sciences, Tianjin 300384, China

Abstract: [Objective] To clarify the mechanism of Piriformospora indica in inducing wheats
against root rot. [Methods] Seeds were soaked in the suspension of P. indica, and the medium
without P. indica was used as control. After Fusarium graminearum infecting wheats, this
study analyzed the physiological and biochemical indexes and transcriptome changes.
[Results] The pathogen F. graminearum induced the production of hydrogen peroxide in
wheats, reduced the intracellular water content, and destroyed the stability of the membrane.
The colonization of P. indica increased the activity of intracellular antioxidant enzymes and
reduced the accumulation of oxygen free radicals in cells. Intracellular water content was further
maintained, and the stability of membranes was enhanced. The colonization of P. indica also
reprogrammed the mRNA transcriptome changes caused by F. graminearum. The expression of
resistance-related genes was enhanced. Based on the above results, P. indica effectively improved
the resistance of wheats to F. graminearum. [Conclusion] The implementation of the work will
provide theoretical basis and experimental basis for in-depth understanding of plant-microbe
interaction and development of new efficient and environmentally friendly root rot agents.
Keywords: wheats; root rot; Piriformospora indica; induced resistance
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Bl 5 mL JCTE 0.05%0M 3 -20 7, JHIC R 3
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1.2.1  P. indica FENERBEE . WK
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1.2.2  P.indica 5 F. graminearum 33U S218

¥ A2 5 mm §) P. indica B BT CM K
FEHEER)—M, F 23 °CHiFR SdJE, ERFRM
— kB [R5 KNG F. graminearum T R, W
222 NHEILRGSR 5 d 10 d S EPIRES .
1.3 IR LIEFRNE
1.3.1 NERKEREVENE

WHEER 1| TR S e T /N AR R E T A
[FAbBE, 28 d JEXFA[RIZEFRRY 100 #R/DNEZRK
FRR fif d AT 583 o

Table 1 Respective treatments for different sample

No. Treatments Abbreviation  Repeats  P. indica pre-inoculation Harvest at the day
1 Mock (CK) Mock 3 - 14%+14°

2 P. indica (P) Piri 3 + 14Pi+14°

3 F. graminearum (FG) Fg 3 - 14°+14"

4 P. indica+F. graminearum (PI+FG) Piri+Fg 3 + 14Pi+14"

14° stands for days irrigation with water; 14" stands for days pre-inoculation of P. indica; 14 stands for F. graminearum

infection for 14 days.
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4 °CHE.L> 20 min, M ETHMWEIVHERG ;. KA
SR DU I Ak A D9k B A AR Ak 0 0 A i
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FRHI PP DA, X — PP LT e 51 R
MITCARTEBR ik, SRR SR DR 5 5 e
Frieds, XTESL AT DI RERRIC AR 2R b o
1.5 TAREE PCRKEMEERIEX

Xof AN [] Ak B S5 A REHE I RNA (1 pg).,
MM M-MLV %% %l 375 cDNA 2 —4i .
cDNA FfESE R 5t A B X SV (quantitative
real-time polymerase chain reaction, qRT-PCR)#
WAL, FHER ) mRNA 514971, KH SYBR
Green 9¢)65E 5 RT-PCR A&l )7 i, HLKS %3
Hk[26]. M AKRFRALF: 2xUltra SYBR IRA
10 uL, 100 ng cDNA £z, 10 pmol/L 1F [ £
K Ia 541, PCR {L#% A Light Cycler96 s 5k
i} PCR &4, PCR #/F¥: 95 °C 5 min; 95 °C
20s; 56°C35s, 72°C35s, 65°C20s, 3014
TE¥R . LI/NENSIE R NS, SSRER 3 K.
1.6 HIEALIE

ASIRALELE 3 M PATS, R SPSS
26.0 (2 H AR TG0, ]
FREpR 225, FE Excel 2021 22, i R
A (version 4.2, 1)% 55 s 4L 7 53 Bt Fr 15 18 22
SRBHEN | FEH AL (gene ontology, GO)
RERZE . KEGG hRe R KT rl ik .

2 HERE4M
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Roth

N T U P. indica J2& 45 X% H r= A ik,
AW S T ARSI IRER S, FF 2 PR B ILEE
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UE7/ s

2.2 P.indica 3 /NERREVIENT N
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M, PIANEE/NZ AR KAE S 2 12 cm, 1 FG
AEFREINFAR KR T 46% , Ho 5 BRI 42 ;

F. graminearum

1  Piriformospora indica 5 Fusarium graminearum BI{K 535 I

Figure 1

Resistence of Piriformospora indica to Fusarium graminearum in vitro. A: P. indica and

F. graminearum co-culture for 5 d. B: P. indica and F. graminearum co-culture for 10 d.
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Figure 2 Symptoms of root rot caused by Fusarium graminearum on wheat roots under different treatment. A:
P. indica colonization in wheat roots, scale bar=30 um. B: Symptoms of root rot after 14 d infected with
F. graminearum, scale bar=5 cm. C: Average length of 100 wheat roots. D: Average fresh weight of 100 wheat
roots. Different small letters above the columns represent significant differences (P<0.05).
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I PI+FG AL HA)/NAZ 3 PI+FG AL PES FG AL B
f) MDA Az, T2 5 (8 3C). 45
R F. graminearum 12 4L /N2 W F Jo B A
W, BGEVER R, RRUE PEREAR, 15 B H g oS
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L B e = |
T
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3 Piriformospora indica FE5E T Fusarium graminearum 53 /\Z&ZM F RWC, 13T S %E & MDA B0
Figure 3 Effects of Fusarium graminearum infection on RWC, relative conductivity and MDA of wheat
leaves under Piriformospora indica colonization. A: Effects of P. indica colonization on RWC in wheat
leaves. B: Effects of P. indica colonization on relative conductivity in wheat leaves. C: Effects of P. indica
colonization on MDA in wheat leaves. Different small letters above the columns represent significant

differences (P<0.05).
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Figure 4 Effects of Fusarium graminearum infection on antioxidant enzymes of wheat leaves under
Piriformospora indica colonization. A: Effects of P. indica colonization on SOD in wheat leaves. B: Effects
of P. indica colonization on CAT in wheat leaves. C: Effects of P. indica colonization on POD in wheat leaves. D:
Effects of P. indica colonization on GPX in wheat leaves. Error bars represent standard error of the samples.
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Figure 5 Volcano plot of DEGs. A: Volcano plot of DEGs in PI vs. CK. B: Volcano plot of DEGs in FG vs.
CK. C: Volcano plot of DEGs in PI+FG vs. CK. D: Number of DEGs.
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Figure 6 GO enrichment map of DEGs. A: GO enrichment map of DEGs in PI vs. CK. B: GO enrichment
map of DEGs in FG vs. CK. C: GO enrichment map of DEGs in PI+FG vs. CK.
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Figure 7 KEGG pathway enrichment map of DEGs and Venn diagram. A: KEGG pathway enrichment map
of DEGs in PI vs. CK. B: KEGG pathway enrichment map of DEGs in FG vs. CK. C: KEGG pathway
enrichment map of DEGs in PI+FG vs. CK. D: Venn diagram of PI vs. CK, FG vs. CK and PI+FG vs. CK.
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NCBI #9 BLAST 437, #ill 1 g A% 85 F B9 1)
fit. Wk 2 PN, JUAEER R HCE R

TraesCS6B02G107700 (disease resistance protein
RGA2-like) ., TraesCS6B02G 100000 (disease resistance

protein RGA4-like), TraesCS5B02G229200 (disease
resistance protein RGA1) Fl 5% 5% K + Jt

TraesCS7402G376300 (ethylene-responsive
transcription factor WIN1-like) . 7raesCS1402G301100

(transcription WRKY 19-like)

TraesCS2B02G517400 (WRKY  transcription
factor 70)X%} P. indica [/ EFAMUH TN . BE2E

WRKY transcription factor like ¥ 5¢HF2 57T
IR A% 2 (gibberellic acid, GA). 7K##7MR (salicylic
acid, SA). 7%/ (abscisic acid, ABA)., /&
(ethylene, ET)A S AE P )5 A4 AH B AE 45105 5
BRI AR . AWTTEXS bR OB L R AT R A
A, P PCR 45 R o ik ekl IL H
TE PI+FG 4b FRAH Ay 2 1% 1 44 i 25 g 1 oAb 2
H, RY FRCHEELNZ P. indica FEFHI 335
K& 8), HEM IS I A 5 /N 22 0 S g
RIEEEAEH

3 W54 #®

HEGFI P. indica YERAEYIBHEITE, 5
SHEPPURTEC R . KE . BRI AR
AR ENIES: . ASCHE— 29T T P, indica i€
FH/NE NS HYUR SN F. graminearum W) %5
HEMZCR . R B RE P.indica TEVRII
F. graminearum JCH W HAEN , (HHE
SEFH P. indica WY/NFZ 68 W] W TR
F. graminearum & M S ZE S0 A FR B
YW P. indica W38 32k 7€ FEAE ) 1A A ) 422 B g /)N
22 X619 I P B R o

S TR R A AR ER S, BR T g R AR
FEAN, WX Y AR AR AR R, A

factor
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WAL SEREAR o A T 3 — 2R B AR R A 0 i Y
SR, SEIRINE T AR S KA. SR
PAK MDA, $dii R, P.indica W)EFHRE R %
Geff T F. graminearum &L i A I 7 HL
A MDA & FhE, IR E M A AR K
(K 3). MDA 2 fiEfigid S ALry Yy, W
R W R R 2ok A AR B B — AR, AR
YilFES MDA & Fhmr, BT 4 R B A
TE 60 7 5 78 4 4 20 B S A AR My TR LA
YERL

TiAb, o A A SR G T B A PN A
A HmHE 0, . H,0,. -OH. '0, KEFZE, ROS
A SIHFE R BRI, 8 ROS 2k,
S Y AR BERT BRIV R R ) PN 2+
X VA BT, DR A MY ) R b R
\EAEM . AW ERY P. indica W LRI KEZ
WREZWTF Fusarium culmorum % 5|EMPTEAL
B U B T JE E B P. indica Y
RE G SR AR R T I HRPLRE 1, IR REA R =
- F SOD. CAT. POD. GPX i, Mifif
W T YL il bR T B ROS. 46, A FE e,
PR AL BTG M A3 5 AT BEJZ: P. indica 15 A
BPER G IIES, DT S AE P % S A g K
Wi

AW RIS ET P. indica FH:Mp
F. graminearum W/NFZ 255 58 b B HE 42 FD
F. graminearum {22533 H /0, UL P. indica
P BE AT TR B A AR B, kb T T
SRR F. graminearum & BRI WA, R
R T ERERREEGE . JiHh, ZHRENFE
B TSR SR i N AR (R 2), HOR
#B4> WRKY FGEFEH £k FR(E 8). Molitor
G P. indica [EFEE S K FZ B BIAR G 3 (X
PRI, PR2 I PR5 Bym/K-F-3Rik, Mz R
XA B AR R R (B. lumeria graminis f. sp. hordei)
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®2 PI+FGvs. CK EBRAPEEMNERERE
Table 2 The significant DEGs of PI+FG vs. CK

Gene ID Reference sequence Description
at NCBI database

Gene ontology

TraesCS7402G376300 XM 044567539.1  Triticum aestivum ethylene-
responsive transcription
factor WIN1-like

TraesCS7402G077000 XM_044569903.1  Triticum aestivum
auxin-responsive protein
SAURS50-like

TraesCS1402G301100 XM_044576808.1  Triticum aestivum
transcription factor
WRKY19-like

TraesCS6B02G107700 XM_044555243.1  Triticum aestivum disease
resistance protein RGA2-like

TraesCS6B02G100000 XM_044555207.1  Triticum aestivum disease
resistance protein
RGA4-like

TraesCS5B02G229200 XM_044533072.1  Triticum aestivum putative
disease resistance protein
RGA1

TraesCS4D02G322700 XM_044520955.1  Triticum aestivum
catalase-1-like

TraesCS7D02G161200 XM_044587903.1  Triticum aestivum
pathogenesis-related
protein PRB1-3

TraesCS5B02G544900 XM_044535791 Triticum aestivum probable
LRR receptor-like protein
kinase At1g51890

TraesCS2B02G517400 XM_044470399.1  Triticum aestivum probable
WRKY transcription
factor 70

0009873 ethylene-activated signaling pathway

0009734 auxin-activated signaling pathway

0000302 response to reactive oxygen species

0009682 induced systemic resistance

0009864 induced systemic resistance, jasmonic acid
mediated signaling pathway

0010104 regulation of ethylene-activated signaling pathway
0010200 response to chitin

0042742/0050832 defense response to bacterium/ fungus
0080151 positive regulation of salicylic acid mediated
signaling pathway

2000022 regulation of jasmonic acid mediated signaling
pathway

0006952 defense response

0009626 plant-type hypersensitive response

0009870 defense response signaling pathway, resistance
gene-dependent

0010942 positive regulation of cell death

0042742 defense response to bacterium

0009816 defense response to bacterium, incompatible
interaction

0042742 defense response to bacterium

0042744 hydrogen peroxide catabolic process
0045454 cell redox homeostasis

0009617 response to bacterium

0009737 response to abscisic acid

0042542 response to hydrogen peroxide

0009607 response to biotic stimulus

0006952 defense response

0004674 protein serine/threonine kinase activity
0042742 defense response to bacterium

0009742 brassinosteroid mediated signaling pathway
0009864 induced systemic resistance, jasmonic acid
mediated signaling pathway

0010104 regulation of ethylene-activated signaling pathway
0050832 defense response to fungus

0080151 positive regulation of salicylic acid mediated
signaling pathway

1900457 regulation of brassinosteroid mediated signaling
pathway

0000302 response to reactive oxygen species

0009682 induced systemic resistance

0010200 response to chitin
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Figure 8 Identification of the critical genes by qPCR. A: Disease resistance genes identification by qPCR
including TraesCS6B02G107700 (disease resistance protein RGA2-like), TraesCS6B02GI100000 (disease
resistance protein RGA4-like), and TraesCS5B02G229200 (disease resistance protein RGAl). B:
Transcription factor gene identification by qPCR including TraesCS7402G376300 (ethylene-responsive
transcription factor WINI1-like), TraesCSIA02G301100 (transcription factor WRKY19-like), and
TraesCS2B02G517400 (WRKY transcription factor 70). Different small letters above the columns represent

significant differences (P<0.05).

PIBTIE. SRTTEA SR, WCHR P. indica
B T #2801 5 RS A D AL IR B g,
ULH] P. indica 51 HALLE 52 587 G e
1 o Lin 25C% B P. indica 165 3P - PRI
F1 PRS FiRWIFIES, ZKF R (jasmonic acid, JA) 7
AR FE RO TR T JA MRS HihE
(induced systemic resistance, ISR), XUl P. indica
HYE G T JA ARG S B2 R
W], P.indica il WY ZFEYNE, W SA.
ET. GA. ABA. 4K Z(auxin, IAA)TT S
N E T 7/ DO e UK i TN P/ NI E i 7/ PS)
P. indica EF MRV AFTEZE S, KR BT
WA AR P,

Jioh, ARG AT L 3 A LR 25 e A
W25 KEGG il %, AKBPULES P. indica
H /N H, MAPK {5538 #% LA R R N e {5
SHEEMA R EERENEE, BxXHTF
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WRKY . MYB, bZIP 532 #|i5FK 1k, ET.
IAA. JA. ABA FHRFSHMOA R EES
SEDE R o 22 B AL 3 B (mitogen-
activated protein kinase, MAPK)Z% 5k Jz i & +H
e 2 i N A I B EAE SR AN. e i
T8 5 7R PN AR T IR ZE AT TR (Bacillus cereus) ]
Pl g JA/ET {55l B #iE MAPK {55 il
WRKY53 JENRYFRIE, 250 5> 7R
(pathogen-associated molecular patterns, PAMP)fjl
R B 595 [0 (PAMP-triggered immunity, PTI)?!,
ik, HHEBHGG, P indica fE% LI MAPK
T A SR Rk, BT MAPK A
KIS F WRKY . MYB., bZIP, #ifi 52
HAHBEAEFAR ET. 1AA. JA, ABA FHEN T
AOE S s, AT R LA e SO, HERA

BLE A it — T
ASBIFFE i 3 A B A A S B I, W
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