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F R SN R A TR T A 2 AR RSB KA S FY 3 s T AT B A Bm R AL ki
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A8 AF By 23k 40.06% . T AL AT R AN, W E MR )G FEAPAGEIAEA 0.24 .48 hKAG A
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Control effect of betaine against rice blast and its molecular mechanism
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Abstract: To elucidate the control effect of the rice metabolite betaine on rice blast and its resistance-
inducing mechanism, exogenous betaine sprays at different concentrations and time points were applied
to assess the resistance of rice cultivars against rice blast. The optimal concentration and timing for
exogenous betaine application were screened. Furthermore, transcriptome sequencing was performed on
rice treated with betaine under the optimal application conditions to analyze its resistance induction
mechanism. The results showed that exogenous application of betaine effectively reduced the severity
of rice blast in the susceptible rice varieties Huangkenuo and Lijiangxintuanheigu. The optimal relative
control effect (40.06%) was achieved with a pretreatment of 20 mmol/L betaine applied 24 hours before
inoculation with Magnaporthe oryzae. Transcriptome analysis of rice leaves pretreated with betaine

indicated that differentially expressed genes were significantly enriched in the phenylpropanoid biosyn-
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thesis pathway at 0, 24, and 48 hours. This treatment also induced the expression of lignin synthesis-
related genes, including OsCCR17, OsCCR14, OsPAL3, OsCOMTI5, OsCAD2, and the peroxidase gene

OsPOX]I. Additionally, lignin content and the activities of peroxidase and superoxide dismutase were

significantly increased. These findings suggest that betaine induces the expression of genes involved in

lignin synthesis and antioxidant enzymes, promotes lignin accumulation, and enhances antioxidant

enzyme activity, thereby improving systemic resistance in rice against rice blast.
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IKAE Oryza sativa j& 23K HE R EIEY Z
P A R SV (NI RE /X b o = g7/ P
(Kumar & Ashraf,2019) . 1 AEIE0H B Magnaporthe
oryzae {=Z 475 | BRI 2 /K Rl Az 7 v d BB
Y9 Z — , 7 U R BOR B %4 (Kumar &
Ashraf, 2019; Zhang HF et al., 2022; Shahid et al.,
2025) . AR AR A K AR P s 45 K FUK (Ruan
etal.,2022) . ZRI, o TR T 09 e HE A8 S, BE
PR 5 I KRR b A BT 1 L A SR HE B AOR
W T I A5 A 174 Bk A (5 2445 , 2016 ; Shahid et al.,
2025), [AlAs, R Ka Al AL AR 25 A T R
16 AN T KRR A = A, T Es 25 B R T
Yo XU AL T P25 1 (Hu et al., 20145 B2 54 FIRLIE
98,2017) ST, R ORIE KR AL BT, A RS
PR KA QB A S20E , B e HBUa R Ty , S —
LA, A A RN RTIEE B it (Lopez-Moya et
al.,2021).

R E R —Fh 2 AFTE T E RN B )
BB, A A )Xo A e 1) B 2 A R T BT, AN
A LA b 2 32 AT BT A B AN TS P RS BR A 2
AL R AE P P (Sui et al., 2012; Wang et
al.,2019) , 3 BB 1F 9457 20 i B35 R 4R 40 M AR e
HNE K iG55 28 BT BE L DT 22 A Al AE 4 3 X A
Yy 18 R 353 45 (2281 5 45 |, 20065 Figueroa-Soto &
Valenzuela-Soto, 2018) . i, ZEEhJHe T, it FH A
PEEH SRR AT 5 25 i = S5 AL B 18 Medicago sativa F¥-
W R SRS (e 22 2 1, 2019) s 7T 5
J3E T, it HIAMIR RIS T 46 & /N2 Triticum aesti-
vum IG5 A Wy i (SR AR 48, 2003) 5 78
IR E T | it FH MR R SR08T] 22 % BB Capsicum
annuum K 1IN B AR5 (Li et al.,2023) ;
TEE SR ARIA T, FH S ] 380 2 I8 7 % P A R
T ENE o SR AR it/ N2 4l v A2 B A= A
AP (3K = 555, 2024)

Bk 7 AR Wi, RIS HR0E BE 5 m AR BT
Mo i, SNEBEHE 2 mmol/L FHEEHN L HH 2 d AT 42

15 23R Malus domestica W 4 BT ¢ JE - Ak o
IRETT, 38N ALl 2R Ge i M, IR N TR R B
i R R AR A L R Y TR KO, B 2 m S AR
xR E PTE (S, 2022) o A AT BARTHA
WF5E R K ARG ZRE IR A (AR S AR 2R 40U i Sl
WEEE, H SRR R T B R
117, B A 56 T S0 7K RS0 RE TR0 14 52 i) B AL
WFFEEA WARGE o AWFFE LI AT BT 5 R i o 1
X REIR IR B B 1 SR W K AR AR ), i e HL b
R it 114 o 38 R E DL B SR FE IS ], IR e AR AL FE 4%
PR XS KA B A PG, 30 3 A SR A SR o
6 RE F2 PCR 6 TF 0 05 1 00 2 e foge T S i
I M 7 e TR 4R % 3 R R S i ) A
1k, BRFE B S A AL FEAR = KRB BUIR R A 4TI, LA
1 R () B I6 B BT I F S it %

1 B 5 7%

1.1 #F#

PR R B I B < KRG i b b 2 e A T
I PP RO TR R I VB AL A R
AL R 2R A ) 2 R 5 0] FH A BARAT 4R
fit. 20 Zhu et al. (2024) Jrvk , H 75% 09K5 2% X
AR WO RS TIH EE L 28 C G IR 12 h/ 2B
12 h 55 M AEZE 2~3 d K LR PR AR BT +
M5 5L (PR 1: 1IR2)) 19 10 emx10 ecm 7B
B 30K, RRAEARAE K B 3 0 1O IR
R0 T A R O PR B R GUY 11, FH = ARl K2
AW Z R SR T AR T 4R AL

HEARE : 99% i =eml, i IR A= YR AT
BN 599% 8 R \99% T R \99% IR .99%
¥ R I EIHETR /AT 4l 98% 4-FEFEIK L L 99%
LRI \98% D-1Z BEmE KRBk /3 b4l , 116 5 18,
AR R A

P 8 7% 2 ¢ 5D Y 25 4 26 0 B8 (potato dex-
trose agar, PDA) 53050 0 Eh 84 25200 g T A B
20 g BEAR 15 g 78K 1 Ly SR S 4 A W A 1
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(potato dextrose broth, PDB) £ 7% 3k il 73 Sk T 44 2
200 g %M 20 g ZR MUK 1 L MEE B SR B o0
MEFH 30 g JniliE 15 g FEIK 1 L,

57 F1{Y 2% : MJZol Total RNA Extraction Kit,
b 3 A W R 25 B A BR A F] ; StrandedmRNA-
Prep Ligation, 32 [# Illumina 2y ®] ; Evo M-MLVRT
Mix Kit with gDNA Clean for qPCR, SYBR" Green
Premix Pro Tag HS qPCR Kit(Rox Plus) , i#] pg 3}
B 4 W) TREA FR A W) 5 B B AL 9057 £k B (superoxide
dismutase, SOD) . i & fk ¥ i} (peroxidase , POD) Fl
AR Jo 2R R A 28 I 3700 6, DR M A B L AR R
AR w5 FeA iR 3 2 [ 7= 43 4. NovaSeq X
Plus, 3 [¥ Illumina /A 7] ; QuantStudio™ 7 Flex 5 i}
PN E B PCRAY, 92 [H ABI/A 7 ; Varioskan LUX %!
Z I BERFAR Y . Nanodrop 2000 fi & 706G, 58
[&] ThermoFisher /A ] ; DY Y-6C HL ik A, Jb 5T A~ —
1) Agilent 5300 4= 9 73 BT 4%, 55 [ Agilent 22
H] ; SPAD-502 %% 3 1%, H 4% Konica Minolta /2 F] .
1.2 A&

1.2.1  RAGHAGBIR 0G 5 F-R4h Th ik

TETCH 1 R T-20 CARAE R REIE N B bR
GUY 11 #=/h5| PDA K55 2E |, 728 CHEEIEH 7 d,
FHFTFLASFE R 75 D 4T HCEL A2 8 mm 1Y B, X
5B UF B T PDB 53R £k 7E 28 °C (180 r/min 2%
PETFHERT 3 d, WH0.5 mL B TR IR AT T2 K g 3t
b, T 28 C OERR 12 h/2RE 12 h SR R R RS d, 4T
TP 22 J5 AR S 7 5 do IO 2248, I A TC R K Bk
il o A= 46, I 2 SR TC TR P A 1 8, Be ] vk BE R
2x10°>/mL R A T2 PR s H

FE T AR TR 2 17 99 DA 7K R ) % s 1R R i
TR S AR B Wl AR DG 10 R , 8
A B AH OGSOk (X BR R AE, 2019 Jii5 45, 2021 ; /1
R4, 2025) i HIE B, & 2R 2R
I8 R AN R AR BE 348 2 mmol/L, ) 2 AR R R
FH B A o B 4351 R 25 mmol/L #1120 mmol/L, 4-¥2
TR R ) A FE R 0.1 mg/g, £ TR AR TR 1) 1 FE
10 pmol/L, D-7Z P (¥ ik 200 mg/kg , HH B 11
W BEH 25 mg/mL, 433 BGX 10 R it T 3 i
10 3 (%) SRR P 2 8 K R VT AT R A AR L
B AT 10 mL , RIS it 25 0 JG R 7K AR BB Bk
H3AEE , BAEE L A, W5 TAHXNEE 80%.
12 hOGIR/12 h G 250 R 15 5% 24 h )5 PR RS IR
TR o R b IR TR A G A R T A B R 53 i e
FAEFR T2 Py PAL B K RS B L B A it

5mL. R KRR AR X B 98% LA I &
G251 T ORI 24 h, SRR EEANAE  7E 12 h G f8/12 h
MG S T Ak 2R R 7 d, R FH Duan et al. (2021) J5
AT ARG IR 0 A A AR AL B T R R
15 H8 BORARNT B 3%, 23041 10 R Gt 3o K R v
HISZI ,  R IR =R bR B8 A R4 100% ; 5 15
. DSOS GIREL * BRIREME)
PR BREL < s AR

3= On] RO 155 1 50— b B 175 48 250 /6] e 15 5
100%.,

B LR a0 ) BE A AL A e 1 AR g
Yy, I H K R AR A R 52 g . B3 i 101
TR i b B KT RN TN VBT A SR AR 4 o) A0 Uit Jin
2 mmol/L T — 12 FI1 20 mmol/L FH 3% i , 45 %% Wi it
10 mL, DA 55 5 O R /K oxf B AN B 3 Y
HAEE N, EEIRERE 120 pmol -m™?-s™' |
IEACIREE 28 °C/25 °C .10 h G HR/14 h BRI A X EE
60%~70% % F 135, 5 dJa i K Fa bk s AR K,
Rt LA R f Tl R I 2S00 o T U KRR I
R 3 A AL R R 3N AR R i A
BERSAAHIT 1) 5 MRAK RO 2418, B 3 MRS
1.2.2 S EBORE AR it

Sk Wit MR it FE R SR B %) e VA B, FH 10,20,
50 mmol/L ¥k J& i) At S i b 2 3 i 1000 30 1Y) B 7 b
FVIN VLA AR 4, B 45T 10 mL, DAWEiE A5
T K TR R B A B 3 AN A N 1 A
IET IS 24 h R EE 2y 2x10°>/mL A A J5 0
PR AT B VR, T AW 55 e Pl S mL . ZEAH X
98% LA I CRIE S5AF T OR824 h, SR JE TEIR AN |
12 h G IR/12 h RS A R4k Sk 35 7 d s R4 TR &
PEAY , P88 )72 8 Duan et al. (2021) , 7318 & 9%
BT BRI B 34, AR i FEIRIv A A 17 100 0 1
HH Bl AR R S G R SR B it e
1.2.3  #FE o E a8 5 it

B3 I 103 A B AT R VT8 A SR A 40, 43
SIS it 1.2.2 7 35 H ) die 3 VA B ISR, i 2 e it
10 mL, DA Wit 55 75 7K A o B AV B Ab B 3 A4
W EAEE 14, TEROEFTSRmUS 0.12.24.36,
48.72.96 h B o3 AP IR FE SR 2x10° A4 /mL 1 R
9o D A TR I VR, B AR S mL. 3 AME3 I 10
9104 B FEHE RN VLB A SRS ), Sy B A
R 2% 10° A/mL 114 8 98 979 TR 6 - 48 VR TR, A 4 it
5 mL, DA Fh A S5 7K S 0 | RN S 12,2436,

x 100, FHXTBR
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48,7296 35 W5 it e i k2 P9 SR , 7 4
it 10 mL, BB E R 3AEE B ER 14
W34 i A A B 4 7K e 40y 1 R A R BE 98% LA
b RIS AR 24 h RS R ERB AR TR
TR 12 WIS 12 h & R B 97 7 d R b AT i A,
WA J7 12 8 Duan et al. (2021) , F i F R &R
55 ECFIAFDGT 977 3580, A 4k s & A 1 O i o
SR e 12 Mo it S (] o
1.2.4  "aed EmKAS W o) 25 e am) 5

B3 10 T A S R T VBT A PR A T
1.2.2~1.2.3 855, HIUH 8 A fi i vk 38 R SR i 7 dc
28 M it P[] T A B AR AR AR | AWt V5 7K AV A oxod B
24 h S HEFPRSIEN I, AL 1.2.2, THER
7 (0 h) RIS 24 h A48 hEE o S URE | A~ b B
SIRER M ATR A PRSTE-80 CLR-AT . FEHEFP
TR I 7 d e IR R S O, THR e I FR 4.
MIJZol Total RNA Extraction Kit #2 ¢ I A 5 a9 &
RNA, F| H st 43 5606 FE T X0 42 B RNA IR BE A1
fi AT RN, 25 B B W R M L VK ASE I RNA 58 %
M, AW 0 AT 4300 72 RNA T &5 0 (RNA quality
number, RQN) . AR HFEZK RNA Bt 1 pg, RNA
e FE =30 ng/uL, RQN>6.5, OD,) ./ ODyg . ST T 1.8~
22208, ZHE B A YR R w R
HEAT A R BT
1.2.5  MUFRHE M7 R E S FE IR R Ik it

I A5 38 1) S e o B S A5 B JE S B b
Y 1) ST 5 B di , o8 FH HISAT2 % (Kim et al.,2015)
B B BE 5 oK R 2 75 S I 4 (hitp://www. ricesu-
perpir.com/web/download) # 4T LXF, FRAH T /5 2%
AT DCECE R o 5 FH RSEM 31440 A TE e 54k DA
Qo DR 20V R SO AR AR B A R AS JE TR Y read

count, & AP 5 T-08 5 7 Bt A 7 [L (fragments
per kilobase of exon model per million mapped frag-
ments , FPKM ) X 5P (1 R 3A 7K kA7 i, R 3
G 53 B R AR A B AR SE R AT A .
DESeq2 4% LR Fe ik i i A 725 70 B, LA2E A
#( (fold change, FC) K 1E J5 PHHEAT i ik , 77 &
llog,FC[>1 HAZIEJF P{H<0.05 Z&H1E A i 4k 2
FEARIRBE 0 22 e R BE R A T A T
FRUEI R SR R U BN [t ] sCR AR FE A 2[RI A B
FF o fHH RARAE Phyper PREUG 25 5 2 A L [A i7F
1T GO UJfg i3 B A KEGG X1 38 % & 4 538 , >k
L LT A A 305 02 G 6 22 e e PR 2 1) 2 251
PIFZIE G PAE/INT0.05 9 25 6
1.2.6 %57 &AM B 89 5L & 2 % PCR I HE

A 1.2.4 AN[a] A ] s R A RE i P SRR RNA,
TR 1.2.4, BUSUR 5 4% 7Y RNA ] Evo M-MLVRT
Mix Kit with gDNA Clean for qPCR 47 2 % 5% 5 il
cDNA, DU AR Sl il o 380 4o X0 7 5 2H A5 i ik
130307  ERER N e A W5 G % b S5 Him v B 2
I 6 1IN, ZHEAE T A TR (i) IRy A7
RS W) 58 LS et G e (% 1) o i SYBR”
Green Premix Pro Tag HS qPCR Kit(Rox Plus) #17
S E i PCR AT , LA OsActin NS K K
I H 1 B Y # 3K Ko 20 pL PCR WA 5 2 2%
SYBR" Green Pro Tag HS Premix (Rox Plus) 10 uL .,
RS9 4% 0.4 pL . cDNA £ 4 2 uL, A RNase-
free ZKAME 220 pL. P HEFET : 95 CHUZEE 30 s;
95 CAENES 5,60 CIiB KIEFH 30 5,40 PFER ; KL
S5 7 RIHEAT R it i 42 03 B LSRR SR e
BAFEAR I LY EE B3N R ESR
fdfiFH 272 )y AT B R R ) s DA

F1 IRWEHEEEPCRE|Y

Table 1 Primers of real-time fluorescence quantitative PCR

2 ISR LK 1D EmG(5-3") eG4 (5'-3")

Gene name Gene ID Forward primer (5'-3") Reverse primer (5'-3")
OsPOX1 AGIS_0s01g013990 TGCTTACCAAGAGCGCTGAA TGATCCAGTCAGAGGCGAGA
OsCCR17 AGIS_0s09g013160 CCGTCACCGATGATCCTGAG TAGACAGTGCCGATGGAGGA
OsCCR14 AGIS_0s08g031520 CAGGAAGCAGCCGTACAAGA GCACTTCACCGTCTCGTACA
OsPAL3 AGIS _0s02g037010 GGTAACTTCCAGGGCACTC CGAACATGAGCTTGCCGATG
OsCOMTIS5 AGIS_0s08g004980 CGAGGGCATGAAGAACCACT CGTAGTTGATCCCCCGGATG
OsCAD2 AGIS_0s02g008080 TGGCAGCATCCGTATGATCC AAGGCACACGGACGTTACAT
OsActin - CTGTCAACTGCCGCAAGAAG GGCGAGTGACGCTCTAGTTC

1.2.7 AR AN AR R 4B
124 AN[R] s ] 5 R SR B I oA i, b B

SAE . W01 g ARAE PRI KR R T K R
IR AT ISR BGRIEA T UIR 200, T
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4 °C .12 000 r/min Z51F F 250> 10 min, B EIH R, 3%
e POD il K 322 I 52 1250 4 L SOD i I B 728 1l o
IR AR B I 5 POD F1 SOD BYIE . KA [
AbFE AR AF I T R AE T RS S
0.425 mm FLAZ0 , B 10 mg i i J5 iRy R 2H 2T, $4 AR
AR 5T 25 TR 92 D 3k R0 6 U B A5 0 e K BT R
1.3 #HESH

FIHISPSS 26.0 A AR ge 1A, ST
FEAR ¢ 4G 4832 Xt IR 32 Ak P o 1k Ah B
i ] A2 S0 Fof A5 23 o 17 8 250 BTG P (R IR Rk
AT 2 5 W E RS, I Tukey” s BRI
TS Y A 238 B TR AR A K et A T 25 5 1l 3

1007 A2 ab

abc abc
abc gpe abe abe

504

PGS . 8 FH GraphPad Prism 9 #/4-AE A
2 ERES

2.1 KIBMBERNESRIFYIHES R

JE P B AR AR R R IR 1T 24 h T
T TR S A 3L, HG 2 o 2 R 156 i B vt
W B RN (B 1-ALB) , AT Bl R 401 15 58.33% Al
58.33% ; N VT A SR A 7E 5 P AR IR0 B A 24 h T
TR AR AET SRR UL RS, R A
F& RIS e ) R 8 2 ARG (1K 1-C D) , AR B 385045 51
ik 72.22% .55.56% Lk 2 61.11% ; He AR () By 45
RORAX A2 . G2k, T RIS 00 R
R B BB Fs R

251B

20+

8 Y TR ECE BB % P EE T EEREECE BSOS
3 RUIBISIISISEESRENERSEEEE ¢ SU SIS LIS SN S ol ol =
g T MEXRcHEH @ BIRSESINER 2 = EREHEH B EAR B SINEE S
8 H 5 £ ¢ 2ES ®MENTAL B 2 5 £ y 2ES MWENZTAE E
5 < £ 2 & 2 ®g 5§ A& 2 2 < £ 2 & 2 ®3g 5 & 2
2 o s & Z <) o Fs & “
E b ﬁ ~
o 5 3o 5
i z & z
& = & I
100 -Ca abc ab abc 40 -
30
50 4 20 abed gped
10
m&“ﬁ“’ﬁ“ﬁ“@“&“%“%“%“ﬁ“%“ o PR CECTEEEEE CE B S oS
1 e ord = o =} =} =1 (=} < I o 1 = o =] = =1 =} <
ROISISIS 1 SESHEN SH S S8 £ SI]S118 1| SESHEN SH Sl S E
O MaRcHEHCBEEIRIESNER S EREHEH @I EAR SE SINEE 2
g £ g 2E®5 MENEAL E T 2 g £®E5 MENToL %
= D 2 =1 = Q =
S < & 2 ﬁii 248 g S < & Z Li}%%, 20 g
A %
£ e
2 E
<+ . <+
R Metabolite

E1 KFFEKRERZOERREDNBRFERAETRE (A B MWIHEARS(C.DBERLFENRBEEHRNZN

Fig. 1 Influence of core differential metabolites in the rice intercropping system on the incidence rate and disease index of rice blast

in the susceptible variety Huangkenuo (A, B) and Lijiangxintuanheigu (C, D)
[ o B S B R . A EVNG PR R 4 Tukey s B A6 30 22 7 i % (P<0.05) . Data are mean+SE. Different

lowercase letters indicate significant difference by Tukey’s test (P<0.05).
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PE— 23T T R AN EHEARO K R AR A K Y
SO, R LRI ST AL B 2 A4S 7K R il b A ok g |
SRR A RS IR W T R T T RRA S
SO BSERRRI R A R R, B s

RTXHR (R 2) . ETAKBMOAKZ X TIHESR
GEEDTPERRIT TS IER 456 H R A A AR A TR
AT L I RHA BB A T e 221K

R2 FRMEERENKBEREMHEZSENZM

Table 2 Effects of azelaic acid and betaine on rice growth and chlorophyll content

TR A b b P 7S LiESN fif T MR SR
Rice variety Treatment Shoot length/em  Root length/cm  Fresh weight/g  Chlorophyll content/(mg/g)

Pt X} i CK 31.724£0.54 b 11.79+1.39a  0.27+0.03 b 0.47+0.03 b
Huangkenuo T- % Azelaic acid ~ 37.58+0.45a 12.90+1.87a  0.36+0.03 ab 0.38+0.01 ¢
it 6e Betaine 40.61£1.27 a 12.93+0.39 a 0.38+0.01 a 0.64+0.02 a

T VL8 A B X} B CK 37.19+1.04 ab 9.1440.70 a 0.31+0.03 b 0.52+0.04 b
Lijiangxintuanheigu - —i§ Azelaic acid  34.89+3.22 b 12.94+1.58a  0.43+0.08 ab 0.38+0.03 b
i 0e Betaine 41.57£2.61 a 12.71+1.17 a 0.49+0.05 a 0.75+0.06 a

F PRI T bR . RIS RN SR 3 A [ KRS il RS [ b B 22 8] 28 Tukey” s VRS 9022 5 1 % (P<0.05) .

Data are mean+SE. Different lowercase letters in the same column indicate significant difference among different treatments with the

same rice variety by Tukey s test (P<0.05).
2.2 EHEHEPpERERREREASETE
221 wERE R

TEFZPPRIE I BRI AT 24 h AN [ B Tl S Ak
J& , AT R I 1 48 B 0T R I 2 I ([ 2-
A) , Hok R 20 mmol/L i B 45 R4 S de i, AHXT B
35 54.62% ;10 mmol/L F1 50 mmol/L ¥ i 40 BR () 4H

&%

STBIR3 ) 42.82% F133.74%. [RIREML, 34 EE
IS ms A P T T VL8 A R AR e 48 SRt
HEBH R NP (18] 2-B ), Hidr 20 mmol/L ¥ b #f AH
TRk 46.55% , 10 mmol/L 1 50 mmol/L ¥ J& &b 3t
BRI RIS 533)K 33.97% F1139.47%., FEHH ita F J
k1 20 mmol/L Y S8 X R s 4 B 1 SR e e

807 A 601 B *%
kkk %
*

5 60+ +
R=| _I_ 404
Q
Lo+ T T
2 40
8 L
= o Ak + 1
m yv
& + 2y T
{f& 20

0 T T T T T T 1

0 10 20 50 0 10 20 50

EHSEBEALEE Betaine treatment/(mmol/L)
B2 REREHXEHACEGFEMBERANETE (A MWLIHEERS (B)HRHEER
Fig. 2 Disease index in Huangkenuo (A) and Lijiangxintuanheigu (B) after inoculated with Magnaporthe oryzae
under pretreatment with different concentrations of betaine
B A BB 22 o % R R SRR AN [ b FL 55 %ok R[] 8 N7 R A ¢ G VA 6 25 5 Bk 35 (P<<0.05, P<<0.01 il P<

0.001) . Data are meantSD. *, ** or *** indicates significant difference between CK and treatment by independent samples ¢ test

(P<0.05, P<0.01 or P<0.001).

2.2.2 IR Rt

FIH 20 mmol/L Ffefs kb 0,12 .24 .36 .48,
72,96 h J& HE TR S P M B A R RS 0,12,
24.36.48 .72 .96 h J5 Wit 20 mmol/L i B Hi A 7
A PR FERE RNV A B4, 45 5 R 2 Ab B8

REFEAR B O VLT A R I R 22 0 A
AR, FLh B SRR AE BRI AL 4 24 h 5 FERD
I TR A T P 8RR 19,1, 00 R I 2 A1
T 57.36% ; Il W6 V1T A1 B A A RIS A 28 36 h 5
PRI DA R T 8 5 %, o 26.67 , Bkt R
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BFERERT 57.45% , TEFHEOR AL B 24 h 5 545 AP
FE I I B A IS 18 B 2, M 30,67, B X} I i 2 [
KT 51.06% (1K1 3) . %00 VI8 A B S 78 B S ma i

100 A

CK
96h
72h
48h
36h
24h
12h
Oh
12hpi
24hpi
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Magnaporthe oryzae and betaine at different time points
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Fig. 5 Principal component analysis (A), Venn diagram (B), and differentially expressed gene counts (C) of rice samples pretreated

with exogenous betaine and infected by Magnaporthe oryzae
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Fig. 6 KEGG pathway enrichment analysis of differentially expressed genes in rice infected by Magnaporthe oryzae under
exogenous betaine treatments at 0 (A), 24 (B) and 48 h (C)
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Fig. 7 Cluster heatmap (A) and interaction pairing heatmap (B) of differentially expressed genes in the phenylpropanoid

biosynthesis pathway in rice under betaine treatment
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Lijiangxintuanheigu (D-F) rice cultivars following Magnaporthe oryzae infection
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