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Multi-omics comparative analysis reveals differential regulatory mechanisms in resistant and

susceptible poplar in response to Colletotrichum gloeosporioides infection

ZHANG Linxuan' PAN Xinyu' FAN Haixia’ TIAN Chengming'*

(1. College of Forestry, Beijing Forestry University, Beijing 100083, China; 2. Yunnan Academy of Forestry and Grassland, Kunming 650204, China )

Abstract: With the large-scale cultivation of poplar in China and worldwide, disease management has become an increasingly
critical challenge, particularly for anthracnose caused by Colletotrichum gloeosporioides (Cg), which poses a serious threat to
forestry production. Although previous studies have revealed certain aspects of the pathogen’s infection mechanisms, the resistance
and susceptibility responses of poplar at the metabolic and transcriptional levels have not been systematically elucidated. In this
study, a resistant genotype (Populus * canadensis, Pc) and a susceptible genotype (Populus alba x P. glandulosa, 84K) were used
as experimental materials. Pathogen inoculation assays combined with integrated transcriptomic and metabolomic analyses were
performed to compare their molecular response profiles before and after pathogen stresses. The results showed that prior to
pathogen challenge, Pc exhibited significantly higher expression levels of defense-related genes and greater accumulation of
corresponding metabolites in several key pathways (such as phenylpropanoid metabolism and flavonoid biosynthesis) compared
with 84K. Following pathogen inoculation, integrated transcriptomic and metabolomic analyses revealed that the defense response
in Pc was concentrated in a limited number of critical pathways, with strong consistency observed between changes in gene
expression and metabolite accumulation. In contrast, 84K displayed extensive metabolic reprogramming and multi-pathway
transcriptional activation, yet showed weaker correlation between gene expression and metabolite profiles. This multi-omics study
elucidates the distinct molecular regulatory strategies employed by poplar genotypes with differing resistance levels in response to
pathogen stress, providing theoretical insights into the disease resistance mechanisms in poplar.
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AW R AR (Xietal, 2021)  RAESE
JUTR 4= B AR MRTE IR0 A 25 5, b BN T A M R R
757 J7 hi’, BRI 5.46 12 m’, i i 545 — (Zhang et
al., 2023 ), H RS B — & S n a1 3 XU, JE I
J& W A B JEH T Colletotrichum gloeosporioides (Penz.)
Penz. & Sacc.5| i B . © BN J8UM 47 B4 4t B AN
Aol AT 45 22 K i 1) B 249 F (Zhang et al., 2022; Zhang
etal., 2023) .

T2 “AF T - R AR HESER, o I A —
FRYVEON R AZ G o £, IS RIE U & . 4
Wh 22 g g DR R AN AR 1R B FF 3 %R 9% (Wang
etal., 2021; Liu et al., 2022) . 7 3= W 3d i 2 J2 YK By 1)
T & AT N X B — 2 & A R PE B A (constitutive
defense) , £ 45 3% K¢ 1 5T )2 . 240 B BE o [ K i G AR 2R
BP0 A AR (AN R | BT 2E 55 ) , AT AE e A
fRBIE L “ BB 2”7 5 5 )2 2 S P
4 (induced defense) , 754 IR 31 ) 5 3l1, LA PAMP ( Pa-
thogen-Associated Molecular Pattern) fift & 4 % (PAMP-
Triggered Immunity, PTI) Fl1 % W T fih %& % 9% ( Effector-
Triggered Immunity, ETI) 4 #%.0», £ B 15 74 % (Reactive
Oxygen Species, ROS) ¥t & . ¥ % {5 5 % 3 2 bji 1 AH
KW FE, LA B R G, 2R e oo s
(Yogendra et al., 2016; Yuan et al., 2021; M E5 4%, 2018)

T AR K, B 8 B 43 I 2 AF 9 RS B R
T Aok Ay A7 A R A e S T U AR I 2%, e I S A
+ PagWRKY18 AJ il iif 5 4% ROS Fa & V-7, ZEAE K 5
g B B A 22 T) S B 8 A5 8-, AT 4 A R B PR
(Chen et al., 2024) . WAk, Xt B 4 5 04 BF 8 3F 52 T
Wy 2 Ak 5 W) 0T o A e I T ) 2 I A s g R
VAot A T R R S AR ) G B B L A R T R
e 15 3 BTk h & 4% 2 JH (Zhang et al., 2022;
Zhang et al., 2023; Xing et al., 2024) . X, 3 A BF 5%
ZRET R MR, 5T A [ T N B A
9k Jir AT A 3L T S ) R P B AR R I DA B e s 5 AR
IR (8 I [ 3 42 B AT Bk = 2R G i T

BX 54 Populus % canadensis Moench(Pc) 7E £ IK
Rl C. gloeosporioides J&i 415 3¢ B 1 25 09§09 14, T
84K ¥ Populus alba x P. glandulosa '84K'( 84K ) M| 5% ¥R
5 R AiE ( Zhang et al., 2023; Xing et al., 2024) , %
Tl A B 5 AR R B e 09 K 36 A B AT 3l A S AR
I 38 I VT 5 T vk B 1) RE 7, T R Y 84K 1Y Bl
A B2 D) AT RE A AR I 4 2k S AL R AR R R, Oy
B X — R 5, AT R G B s 2 5 A H s, L
BRI 84K ¥ 7E C. gloeosporioides 1% Fi i J& 1) 43

TR 22 5, B AR R R BB 2R S5 A R R ik 2
DR R0 H i P AR S, S A% A 0 A Rl 4 T R AR
FRIS K

1 MRS D5k

L1 #a

WA S 47 F1 84K A7 B 21 15 W KA Ak JH T CFCC
80308( Cg) Hi At 5t Al K 27 7% AR ik B 2 5L 4 = 42 fit
(Zhang et al., 2023; Xing et al., 2024) . 4 213% 3% &1
HRBE 25°C, 1R 60%. 16 h G R /8 h JAWE . 76 4% 3
] %5 # BB 5% 77 2 (Potato dextrose agar medium, PDA)
R IR A B 7 d, T B K WA A A A, ORI
By BE 2 10° A8 F /mL. 43 BB 30 L 18 F B TR R
F R T 20 URG 57 5~8 JR I BR 6 4 RN 84K 4 I it 3R
T 1 A S 36 20, DA TG T K PR g % B i A 1 52 36 20
FXT HE2H &) P A 2 2U8% 3R 2/ R B5 3R 6 d(Kim et
al., 2022) o FE i T —40°C ¥ VR T 24 h, & BF B A
(MM 400, Retsch GmbH, & [ ; 30 Hz, 1 min) ¥ #% ;5
F=20°C IRAFFRFI . AE G ZE 53, i F X 50 AN [
A FR AR P REAS, SR FH AT R 42 B 6 9 T
() 84K M FE A AR AL Ry “ 84K-Cg” , WK 3E 47 BE A b i
i “Pe-Cg” 5 LATC I 7K Ab B 1) 84K 4% Xf BE A A< A i
N “84K-No” , R M Xt BEEEAARIC N “Pe-No” o %
fir 24 R 200 51 28 T 5 S L BUH o bt B R R
1.2 RNAREESXEHZE

& i TRIzol i 7 (Invitrogen, 35 [ ) 2 B & RNA,
fifi 1 NanoDrop 2000 43 5 )% i 71 ( Thermo Scientific, 38
[ ) A6 I RNA 4 B 5 9 ¥, Agilent 2100 Bioanalyzer
(Agilent Technologies, 3% [® ) WAl ¢ #& %k . F ] VAHTS
Universal V6 RNA-seq # 2 i 71| & Cis MEBE, o [1) 44
HESCHE, B S A fR BR 5 A= W BOR AT BR A R ([
)N, R EE 3N Y ER
1.3 RNA JlF 5#iEALE

SCJ#EFE Nlumina NovaSeq 6000 *F- 5 (3E H ) L #4T
150 bp WL M 7 o i F fastp v0.20.0 i 18 1% o 2t 3 B
FHESK 5 AR A3 T e BL, i HISAT2v2.2.1 LA £ S
2 F A 2, & F| FPKM(Fragments Per Kilobase of trans-
cript per Million mapped fragments ) &t 14 % [H & 3% /K 5,
HTSeq-count 3 B3 Bt 11 %1 . >R FH DESeq2 fifi 1t 2 &
% 35 % A (Differentially Expressed Genes, DEGs), i 3
P 5 {15 O (R <0.05 H 3R 3k A% 802 b >2( F i ) B
<05CF ). FIH GO ZhHE & & 73 b o T e X
HE A AR, aE 2k 5 4R & 4R 43 A (Gene Set Enrichment
Analysis, GSEA) % 25 5 3¢ 1k /K 7 HE )37 11 51 & 4 58 2%
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(Anders et al., 2015; Chen et al., 2018; Love et al., 2014;
Kim et al., 2019; Trapnell et al., 2010; Yu et al., 2012) .
14 RFWIRWE S5

60 mg FE LKA, A 600 pL 1R A M7 (4 pg/
mL) () I B -K B (R FREL R 7 2 3), 5T (60 Hz, 2
min) J5 VK #7530 min, 4°C, 13 000 r/min & .C> 20 min.
VWL E LC R, —80°C TR4F . R ACQUITY
UPLC HSS T3 {144 (100 mm x 2.1 mm, 1.8 pm; Waters,
F ), LL0.1% WK W (A) F1 2 )i (B) S i s A,
34 Q Exactive Orbitrap [T 7% {¢ ( Thermo Scientific, 3&
) 7E 1 /8 7 A 20T SR AT R ROBCR 683 - HR 1B BT
7% (HPLC-MS/MS) # Il o J T 2 4 B4 1o A i i
g ) B BB A R A R AR R R (Metware
database, MWDB) X % it £G4 1 47 22 Pk o & 50 07 o
AT 25 AR A 1 AL 3% o B 8 dis IS, A Analyst
1.6.3 B A Xof A i v €00 335 e 3 £ W T AR AR, I XN
() A AR o [ — A3 0 14 5 % W 0E 47 AR 3 A% IE ( Zhang
etal., 2025)
15 it

K HI SPSS 17.0 % (SPSS Inc., % [& ) i#f 17
£ J5 2 4> H1 (one-way ANOVA), i 1 Duncan & J5 #
5 B 7 4 [H) 25 5 i 3 PE (P < 0.05) o 08 AT A Ak i 2o
Origin 8.0( OriginLab) & R #% 4 (v3.2.0) 5¢ i ( Zhang et
al., 2023) ,
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AN IXAE—E R R TI  ELA RAE  E
— S EEM.

FF FPKM {H (19 55 I 3k 8 o i 45 2R Wow, fr
AR B R Gk R E E A R I<FPKM<10 5
FPKM=103X 2 4~ X [0] (& 1B) . MK F, £ FEATE
AN TR] 2R 3K DX [ £ 43 A 4SS AR AL, 3R B BN 76 AS TR) Ak
B LA B i — B SRR E M.
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Boxplot for FPKM values

A 84K-Cg 84K-No Pc-Cg Pc-No
e o o
4.
s s $ ¢ 3
o o o g ¢ ¢
s
M 24
[=9}
=
g | | |
2

IERR

Gene expression in each sample

B 84K-Cg  84K-No  Pc-Cg Pc-No

60 000

066 2067 305 290 34zn a3a]  pae 2427 341 FPKM 0-0.25

. boss 4080 299 hat6 a4 4354 s 4507 4454 FPKM 0.25-0.5
é B FPKM 0.5-1
g [ FPKM 1-10
5 B FPMV10
L
]

B1 BEEREKEHEERXESE
Fig. 1 Boxplot and spatial distribution pattern of gene
expression levels

e AL RS FEAR 2 FR, DR log,, (FPKM), 4> DX I8 Y &5 0F &1 5% R
SAGE G (A BIR 2350 R iR K AE, 25 =00 7R %, ., 25— R gt
Fdse/MED s B. B HPOR [RISHAAA R FE 19 FPKML (A, BRI AR, Pl
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Notes: A. the x-axis represents sample names, and the y-axis represents log,,
(FPKM). The boxplot for each region corresponds to five statistical metrics
(from top to bottom: maximum, third quartile, median, first quartile, and
minimum); B. different colors represent different ranges of FPKM values, with
the x-axis indicating the samples and the y-axis showing the number of protein-

coding genes.
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Fig.2 Chord diagram of GO enrichment analysis for differentially expressed genes
7: A. 84K-Cg vs. 84K-Noj; B. Pc-Cg vs. Pc-No; C. 84K-No vs. Pc-No; D. 84K-Cg vs. Pc-Cg. ZEMI A4 4325 W |log, FC[iR AT 10 ANFEK, A7 00 5 43220 ik
THOL, HEZ SRR FERRIRIC R o SMUEAE R RIFE R Y log,FC fH.
Notes: A. 84K-Cg vs. 84K-No; B. Pc-Cg vs. Pc-No; C. 84K-No vs. Pc-No; D. 84K-Cg vs. Pc-Cg. The left side shows the top 10 genes with the largest [log,FC| in

each category, while the right side reflects the composition of the categories. The central lines represent the correspondence between categories and genes. The outer

heatmap indicates the log,FC values of the corresponding genes.
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Iy 85, PCL R BEJE N 52.5%, M IX 43 9 b B Y 35 B A
gy, RUPR IR (Cg) B T 84K M 1R 1% 11 1 2%
A o BEAS ] AL 3 A A Ry 3, U T AR e N i
R BALUR Y —, AT RE VS K & 2 AR 3 B 12
FHIH(E3A)
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Fig.3 Three-dimensional principal component analysis (PCA) score plot of metabolites
: A. 84K-Cg vs. 84K-No; B. Pc-Cg vs. Pc-Noj; C. 84K-No vs. Pc-No; D. 84K-Cg vs. Pc-Cg., = ZEARFR M5 AN [ 2 B R R, B iR A s AR — N RE g,
ANREZE AT G RN AR FREA 32
Notes: A. 84K-Cg vs. 84K-No; B. Pc-Cg vs. Pc-No; C. 84K-No vs. Pc-No; D. 84K-Cg vs. Pc-Cg. The three-dimensional coordinates represent the variance

explained by different principal components. Each point in the figure represents a sample, and the combination of distinct colors and shapes indicates different

sample groups.



10

L NI

%

2k

119 Pearson #H OGP 43 B 45 2R W, N W) b 355 F F W
AR 3 000 28 HLAT B Gk 1) R P R AE (P 4) .

FEAC Y AR SCVE 2 T, AR B2 5 B 2 ) BT
FEASTR] it il S b ¥ T 2 0 G 0 R . 84K A
TE 5 JFUH 8 T (84K-Cg vs. 84K-No) , 2 A ke 25 9 it
55 22 ol BT 28 ) 0 22 ] 5 O A G, 2R BT L AE 6 i
L F A AE — 5 14 AR [ D[R], R A AR OGSy A

acid

se
ed diacylglycerol

© O O 5alpha-Hydroxytriptolide

000000 verbascose

Brassinosteroids

°
>
g
9]

£

o

T %
p¥e)

1,2 BenzoqulnoneOOO QO

Emodiri QO
BrassinostemidsO‘O‘OQ

Phenylacetic acid @ © 0 ©©©
Hyoscyamine @ O©©©©
(2R)-5,7,3',4'-Tetrahydroxyflavanone6-C-glucoside @ @

Emodin

OHyoscya ne
© 0 (2R)-5,7,3' 4-Tetrahydroxyflavanone6-C-glucoside

00

© O Amentoflavone

QO 00O O alpha-Tocotrienoxyl radical
Q0 00O O Podophyllotoxin glucuronide
0O 00 0O Hydroxy-octadecatrienoic acid
Q00000 Asperulosidic acid

OO rridoids

000 0O O Cinnamic acid

0
Triglutamate folate @ @ OO OO OO0 000 O
)OOO
000
000
000

Maltotriose @O OO OO0
Oxidized diacylglycerol @O OO O O
5alpha-Hydroxytriptolide @@ © © ©©
Verbascose @O0 OO

Cinnamic acid @O 000 O

@ O Protoberberine

@ O Dehydrodiferulates

0
o
00
00
0000
0000

alpha-Tocotrienoxy! radical @ @O © © ¢

F 0000
Hydroxy-octadecatrienoic acid @ @@ ¢
Asperulosidtic acid € €€
Amentoflavone ¢

Iridoids. @

Protoberberine

yI-KE-298

17-dimethylarsinoyl-9Z-heptadecenoic acid

Hydroxytyrosol

: @ 2-{(2,4-Dinitrophenyl)diazenyl]acetic acid
Morin
Cefpirome
DGMG(18:5/0:0)
Norcoclaurine
P1(20:0/0:0)

© Arabsin

2-Amino-4

6-(1",2'di )-7,8-di 00
2-[(2,4-Dinitrophenyl)diazenyl]acetic acid € €€
Arabsin °..

© © O Schidigerasaponin D5

)6
[elee]

000 s.veth
(-

o
£3
=g N0}
g5E
g8cE3
§293
c3%0
EH
200
5000
0000
I

00

Glutathione monolsopropyl esler°°°°°°

K 3-(2"3"diacety 00000
Salicifolioside A O OO O

17-dimethylarsinoyl-9Z-heptadecenoic acid €O O
Hydroxytyrosol € € @
PI(20:0/0:0) © €

Callose

¢
=
e
]
<
=
m
0
@
2]

z
- O
g
g7
g
3

0000000000000000000 C:lose

Physalin G

R 43 T, T RE S AR A 4 B = 4R bk (] 4A) .
HH L Z R, BRSE A% £ 9% JR B B 38 R (Pe-Cg vs. Pe-No)
AN e 2 W) ot 5 BT 2K W B A A O R R B s,

2 LA AR O, 3R W AR 4R R A AR A 1 [E] B, R T
Bt AR W 1Y 43 B D7 1) AT B 84K A% A [\, EB 43 it
Ii] A JBT 2R S5 25 A P B AR 42 5T (&1 4B) o 78 P it i xR
S5 %5 (84K -No vs. Pe-No) HY, ZE P ke 25 ¥ Il 5 8%

3 2
3 e
B L
2 g
kst =
2 2
g 3
8< 8
23 )
=) o8 ©
22 5z 3
= -28
2 3% 287 ¢
I L2 Bo o TXS H
[} g 28 2 28T
> 8 o8 T3 590F 2
5 £ Q5033 £33 ¢
iy > Y820 2> §
3 I’ mEEgyge EZ>S =
@ W GES § S S5 &o
s T 85258 eSE =2
§ ZT<oblg§ L2E& 3§
< gsgégge(%g?i £s
) E29 3535 k<]
BeegafesEiisnies
e 62283 SCeECSS D
D 8599 o E 8 5 Q<
2853520544 223580885¢E
1.0 F20aB5L2-0E00502F0d |
: "-Deoxyadenosine @O OO0 00000000000000 Il
0.8 Pyroglu-Glu-Asp-Ser-GlyOH @@ 0000000000000000 || ( 3
Nedlignans OO0 0000000000000
0.6 Pelietierne @O © O 000000000000 | | 0.6
24-dinitrophenyl-S-glutathione © OO0 OO0 00000000
0.4 Spinasaponin A @O0 000000000 0.4
dihydrophaseic acid 4-0-beta-D-glucoside @O 000000000 0!
().21-(0-alpha-D-mannopyranosyl)-3-keto~(1,27R)-Octacosanediol H @ O © 0 © 00 © 00O | 0.2
N-hydroxy-salicylamide @ @ © 0000000 ©
0 1,2-Disehydronorcoclaurine @OOOOOOOOO | (0
3,5-dimethylbenzoic acid @© OO 00000
02 (R)-Bitalin A ©OOOOO0® | 0.2
Coumaric acid @O0 0000
-0.4 Carpachromene dimethyl ether @@ OO OO -0.4
Vitexin 6"-O-malonyl 2"-0-xyloside @@ O OO
-0.6 8,8-Dimethyl-2-phenyl-4H 8H-benzo[1,2-b:3,4-bldipyran-4-one @@ O® | 0-6
08 Neolignans @ © O 0.8
. Tricarboxylated flavonoid glycoside €@ .
1.0 Glucosylxanthone € 1.0
D
®
-]
2
g
E
©
£
&
° 5
3 £ 3
I i oz
E _2c¢c g Q ]
gges 3 23 &
£58Eg ¢ TE® %
2285888 2288 =
o x -3
B ESze22 s228 3B
8 >8£2S38 T82% 5
gus £223738 580z
Se SET & E 3E§E§;>
8¢ £52, 3 S5 28
g2e8585wzr5zLc285288%
2 3CEFSFEE2852838
10 388i225c0a22885¢8a8
: Phosphocholine (@O OO0 0000000000000 il
0.8 2-Hydroxycampholonic acid @@ OO 0000000 00000 | ¢
Saponin E @9 000000000000000
0.6 Pariposide A @ O 0 0000000000000 | |
04 _ ket 9OO000000000000
- ' 8-(2"3"4 00000000000000 | .4
02 stieleriacine A1 @ O 0 0 000000000
- 3,4,5-Trimethoxycinnamic acid @ @O0 00000000 | 0.2
0 Prenylated ﬂavanones° 000000000

-0.2 Prenylated pinocembrin @) 000000
04 Purine nucleosides @ @ @ @ OO OO® | 0.2

: Ain 0000000
0.6 0O-glucuronide-hexoside @@ OO OO | 0.4

: Austrobuxusin | @ OO OO

-0.8 Protocatechuic acid 3-O-sulfate @) @ @ © —0.6

16-hydroxystearic acid () @@
-1.0 Physalin G @@ —08
8-Prenylquercetin 4'-methyl ether 3-rhamnoside ° 1.0

B4 KRG EREXEE

Fig. 4 Correlation network of metabolomic profiles
H: A. 84K-Cg vs. 84K-Noj; B. Pc-Cg vs. Pc-No; C. 84K-No vs. Pc-No; D. 84K-Cg vs. Pc-Cg., 1 i Pearson #H5¢ 2 50 5 WA R 2 M AR PEAR SE AR . 210
GFTRIEARR, EEFRR TR, [P BB BOR, Fon A 2 (] A AR S RO
Notes: A. 84K-Cg vs. 84K-No; B. Pc-Cg vs. Pc-No; C. 84K-No vs. Pc-No; D. 84K-Cg vs. Pc-Cg. Pearson correlation coefficient is used to measure the linear

relationship between two metabolites. Red indicates positive correlations, blue indicates negative correlations. The larger the number within the circle, the stronger

the correlation coefficient between the two variables.
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i) 245y ot %) R OGPk B AR AR, W) 3 AR AR S
T B AR B I 25 A o ik Sy (& 4C) o A DB IRk e R Y
i Al L 85 (84K-Cg vs. Pe-Cg) 1, Bkt R B HH B &
I R TR o - BT SIS T R O I %, 3 R AR e R K
AT RE AT Bl AR 9 T TR A (R B R 2 7 A Ok A AR
YRR (K 4D) .
2.5 ERAMRBABRE ST

XF 2 N e AT 18 (ko00940) K 8 i 25 A W) A il
(k000941 ko00943) 55 55 47 95 1k %5 U) AH ¢ 1 38 %
20 MMREHEILH AT T (R 1) . XEERHE T TR
N TR i A T A R B A B A R I S A S O
O o A R R 2 O A m R T W e %
TS I SN T [51RS  T = P & o (T S R T A
16 BBl 4R 25 (84K-No vs. Cg-No) F, £ % 3k [H 16 R 36
M b i R OK B W& T 84K A, Hob 22 R AR
1N Pag.A19G000015.v3.1(1log,FC=—5.50), H: ¥k N Pag.
A18G000079.v3.1(1log,FC=—5.38) Fll Pag. A04G001471.v3.1
(log,FC=-4.38) , i L&t [X] (% fy 2 3K 7] GE AL A 1 R &

M #E A 52 W 30000 B AR S Al E S R B B e R
(84K-Cg vs. Pc-Cg), i % H 1) 5E PR SR R B8 K iy
i b E] 25 5, Pag.A06G002819.v3.1 ) 25 S e ol 1 3%
(log,FC=-9.48), H: X N Pag.419G000015.v3.1(log,FC=
—8.40) Fll Pag.B05G001232.v3.1(log,FC=—5.29), 5% B
3 e 5k 4 7 A B TR A a0 e B b AR 2k HEAE T, HL
B A8 R e R R R R A R 22 R i — 25
WK,

N IS 8 AR FE R, 84K A% TE 45 M 5 (84K-
Cg vs. 84K-No) #fi 52 £7 £ B K W75 T S hip, B ALK
(1) 3 R € 45 Pag.A06G002819.v3.1(log,FC=4.82) . Pag.
A19G000015.v3.1(log,FC=—2.14) 1 Pag.A01G005119.v3.1
(log,FC=1.55) % , {H 3xX Flr 9 4 ¥5 Je 1y 3 A 43 A3 3¢
gy HG, sz 4R v M TR 36 g TE 42 B S (Pe-Cg
vs. Pc-No) B 3 (K A5 fb i B 5 /N, e K2 7 8 Pag.
A05G001214.v3.1(10og,FC=0.83), & B H: [ 10 52 )7 B {60
To] T2 4 DA ey e e O TR A HUOC B L TR b R AT A T
P

®1 WEXEREFERBERNREE (FPKM )
Tab.1 Expressionlevels ( FPKM ) of related genes across different pathways

Gene ID 84K-No 84K-Cg Pc-No Pc-Cg
Pag.B06G002205.v3.1 1.2299 1.684 9 3.500 2 3.4099
Pag.A04G001471.v3.1 0.085 1 0.190 0 1.777 3 2.548 5
Pag.B02G000711.v3.1 23532 5.148 1 83351 7.864 8
Pag.A01G005119.v3.1 2.0393 59838 79314 7.868 9
Pag.B01G003224.v3.1 2.1151 3.677 1 8.803 7 7.8209
Pag.A18G000825.v3.1 4.028 3 2.968 1 10.173 6 10.759 1
Pag.A05G001214.v3.1 22790 2.7590 6.150 2 10.968 6
Pag.A07G001752.v3.1 0.866 9 0.926 0 3.0415 3.028 5
Pag.B05G001232.v3.1 0.1610 0.1320 3.1636 5.1776
Pag.A18G000079.v3.1 0.0795 0.1179 3.3069 4.4089
Pag.A19G000015.v3.1 0.079 6 0.018 1 3.6117 6.1247
Pag.A03G000454.v3.1 0.5472 0.280 5 5.689 3 3.605 5
Pag.B05G000766.v3.1 3.6593 1.7853 19.746 0 27.240 9
Pag.B17G000433.v3.1 17.098 7 16.3450 374190 34.6818
Pag.A01G005120.v3.1 0.076 8 0.047 3 1.2855 1.056 9
Pag.A07G001861.v3.1 0.709 2 1.8551 8.965 6 9.688 1
Pag.A06G002819.v3.1 0.2775 0.009 8 8.920 1 7.0017
Pag.A15G001428.v3.1 0.888 2 24361 14.3813 13.138 6
Pag.A07G002117.v3.1 11.739 6 14.041 1 103.864 8 93.269 9
Pag.B18G000834.v3.1 6.784 9 6.106 2 15.686 9 17.938 8
Pag.A05G001988.v3.1 141.503 6 143.979 9 344.968 5 313.448 4
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5 B A 1Y PagWRKY 18-ROS 2 25 ¥ 45 #L 1 BF 5%
#H EE (Chen et al., 2024), K 3& 4% 76 4% B 52 0 1) B 10 4+
TIF 58 5 H Bl 00 400 I i 45 A T R A A 4 B, X R
B2k 1Y 15 0T E A ROS B & A7 5 i S Ak 3L
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