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Molecular mechanism underlying the resistance and susceptibility of larch to larch shoot blight
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Abstract: To elucidate the molecular mechanisms underlying the resistance and susceptibility of larch to larch shoot blight, as
well as to uncover the driving factors behind this disease, the responsible pathogen was identified through comprehensive
morphological and phylogenetic analyses. The resistance and susceptibility of larch were further evaluated via artificial inoculation.
Moreover, multi-omics analyses were employed to elucidate the mechanisms of resistance and susceptibility. The findings revealed
that: 1) Neofusicoccum laricinum (Sawada) Hattori & C. Nakash. was identified as the causal agent of larch shoot blight,
effectively distinguishing it from other pathogens responsible for shoot blight. 2) Artificial inoculation demonstrated varying levels
of resistance among different larch families to N. laricinum. Larches susceptible to the pathogen exhibited consistently elevated
reactive oxygen species (ROS) signaling, leading to a rapid onset of new shoot blight. Conversely, resistant larches displayed only
mild ROS signaling during the initial stages of infection. 3) Multi-omics analyses have demonstrated that resistant larches
accumulated 6 phytoalexins, including quinic acid and vanillin, via the shikimate-phenylpropanoid metabolic pathway, thereby
inhibiting pathogen growth. In contrast, susceptible larches exhibited excessive ROS production and failed to synthesize sufficient
phytoalexins, which facilitated disease progression. Furthermore, field monitoring and artificial inoculation showed that the
widespread distribution of susceptible larches significantly contributed to larch shoot blight outbreaks. The results revealed that the
wide distribution of susceptible individuals led to the vulnerability of larch population, which was the driving factor of larch
withering disease. Underscoring the importance of investigating host resistance resources as a comprehensive strategy for
managing invasive fungal pathogens.
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P& WA Larix spp.] 2 43 A T30 9 B2 BRI, 2 3 =
KIRTEARBR PN T AR F 2R A2 —, &
“CRIRMAEP T ” (natural forest protection project,
NFPP) J5 & [ b i 47 48 A A 242 77 B9 3l A= A T4 i
AR Fifr ] 5 MRl A1 52 SRS, 2019) o ¥ I A 2 b
BRAFA B EF A i, R TR E AR AR de X B
B I RE Y MO A 7 B o, 22 B LA e, 2 ¢
fitt BRAAR BB 7 AR 2S5 A SE B B S
B Fif (BRI A 45, 20155 88 528, 2022) , {HAE 55 B fl A
of AR EE B 32 B E B o Tl A A R Y
¥k 5¢ 1 Sphaeropsis sapinea (Fr.: Fr.) Dyko & B. Sutton
(Stanosz et al., 1997) . 5| 2 ¥ M Fi 22 Al 95 14 i ff 52 761
Pseudozythia sp.. 5| £ V& M ZF Kl 1 1 48 B Clado-
sporium tenuissimum Cook (4G fi& ], 1990) F1 5] i 7% n-
Fis A 595 (larch shoot blight) F) 7% M2 38 7 #2 48 Neofusi-
coccum laricinum (Sawada) Hattori & C. Nakash.( 14 fi7 5,
1987; i fi7 5, 1991; Hattori et al., 2021; Hattori et al., 2024)
FEZMWERERUNRETREIBERNRY ST
IS K AR . o, SRS BT e AR AR TR 1 78

P A S 9 T 1) 1S T R K o

SRR S A [E PR 5 Gy 1) HR A 3 [ 4 3
T 4K A AR FE (invasive alien disease) AU £ 3 5 ¥~
I, JF 30 R AR 25 2R G A 1™ B ( Seidl et al., 2018;
Thakur et al., 2019; Santini and Migliorini, 2022) , X 2§
9 A T AR A A A B TR % 5 IR T (Pysek
etal, 2020) . ¥ ARSI IR T H A, A B
70 4EARAE AT E T, T JLAF [R] B AR b & Sk % 42 L
BT RARIX, Jl Ay — B A 3 7™ L A B Y AR ok A
MR (T SO E FITL, 1979; TUAEH, 1979; 5K
Fi%E, 1999) . &M fa B R A BB wi sl A (e A
PR M 0 [ 53 P 3 A R A ) 4 5 ) (A AR
MV A E AW 44 ) (Liv et al., 2024) o WHER AR
WA S5CHE T, o Y A S BOR R AR T,
i) ACHA 25 77, W R AR ST, E TR AR AR AE S R 4
FY RS L 4 R B AR 0 AR 2 PR B A OR R A 5
M (T 3CaEAF, 2008) . 7E “EH” 2= LA W,
F B0 Vi I A A A 0 I R T IR AT, TR T
AR &5 B 1R B (] 7 8 F £ A IR, 19795 9h 5
PR, 1979; FK RAE, 1992; 5K L4, 1999; F 30k
45, 2008) o SR, T 20 a LUK, V& AL BT 7 1R 16 1 2L
i 1L TE W R R RS AR B g3 A AR B B R R TR AR A
AT R AR AL, MR OGRS M BB = . R E S
2 A W 1) 7E A 0 B3 [R) 3 b v B A% A N7 AR X AR Y
i& W & % (Shang et al., 2016; Wang et al., 2022), T 3

[l A e % A i = 55 9 I R BT AR 98 Y B ] Ak it
i, e DL RCRH 1k 55 i T T O R AR L A
i E AR 50 a, {5 F R #& I FA L5 9% AL T 70 1R 1 1
[vi) 5 A 2 AT R B AAL, % T Y W 8 A A S 1) 0 AT R
AN G AS AL B TA A 58 ), X FEAR KRR B b
2y 7 % F R B IG ACRE o DL, 48 s T A
Hli R 9 K AR WA R R AZ BIL AR, B2 I P B U,
X AR s T XU | i i AR PR A A ) 22 A DL R R
ARl AR 7 0 T SRS 1 B AT R S B TE AR
B Z 2 G TR AT RS R I A BOR 1Y Tz
A BERG WE TR T T R R AR R B0 BRI AT ML, B
O s A ML, R R R L R T AL
T A RE S B A BT T R, D I e 4 B R R
AT 7 il B A PR AR

78 IR OB 58 4R A B T 2 T RE 3R B R A
(hemibiotrophic pathogens), B & 4% 1Y % 4= 3K %, I
Bk RE A FH 2 A W) 16 40 D b A4 B SR 5, e A ]
HE T 4 Jfl v 9 %5 37 9 i A K (Hiruma et al., 2013; Sey-
bold et al., 2020) o X Fi 4 1 i1 15 A 49y 132 X6F 1t 26 5 It
LT I A 928 S N S A A o A A X AN ) 28 A i L T
AR AT AL A AN T3], XoF 2 3% A S 77 B Tt L AT 4 977 A
BLH S 52 5%, AL B K 4 R (salicylic acid, SA) {5
38 [, i 40 45 2K F R (jasmonic acid, JA) {5 5 i #% A
18 % Z (phytoalexins) i) F1 R 45 2 H ik 45, I [7) 300 1 9%
J5 BB 9 A 4K (Coles et al., 2022; T 1l °F %5, 2025) .
75 W R BT 58 AR 0 S T R —FE 1A i B 5 SR s AT 3L
G VE WA R e B 4, S B RO R TR AR
Fr B B, v AN o 0 A DR 3R 23 40 0 9 R A K
LR 2 AT LB W R it TR 400 I 14 5 R T (A
THUZE A A ), B e R v R A
CHn AL R 43 W6 22 G2 ), DA 490+ 9 it 2 T AR % o
PU A AE R AR T R DR R A 3 A S B A, 7R G B 4R
T g 11 0740 4 9 5 TR O T AACE R ARG, R A A
o Ptk GE S FH B Kk AT o FT ST R B,
B T A 28 2 B HR A DR R A 5 19 4k 27 B 8 ( Bruda
et al., 2024; F A 4fi, 2024) , 74 B b ¥ i B M (quan-
titative resistance) o Af 32 A i 2 £ B0 P (quali-
tative resistance) >4 i KR40 A0, 2 R 3O R AR
PEG K AR CHE P R

AW GE 25 ds H1 B A 22 5 2 21 22 BEAT LR
3BT, B TE F GE AT T8 I RA XS I AR A AR ) DU
55 3 T L, 4 s o R i AR R B 5K i 0K 3l
PSR R ¢ 3 7 S N 7S A s e /) 5 e 4 ) e B O
PR PR, JF NPT B D42 08 5 R 9 ff B2, IR R
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S 22 A R I AT R ARG A R 23 BIL A i A 23

v R R R A AT IR IR A . WSRO TR B A
v AR Ak A 5 9 9 A8 ML B A8 T DL A, O LR
AR b8 T DA A ) T R B A SR B B A

1 MBS D5k

1.1 RIE

ANTE G Z (b BP0 B K F1 & i A Larix
olgensis A. Henry(365, 477, Cl1, C2 f1 44 464 % 41 4>
FE) . MUK L. gmelinii (Rupr.) Kuzen. (X5, LC6,
X4, ZL3, ZLI M X3 E ISR R ). HAE M L
kaempferi (Lamb.) Carr.(YT1, YT2, WH, QDI # QD2
FEBAEFR) il ARICRO K 2= 8 I V148 Fh R AR W
o W 55 7 45 S e g s R . A R A (L
gmelinii 9xL. kaempferi 76. L. gmelinii 5XL. gmelinii 9., L.
kaempferi 5xL. gmelinii 12, L. gmelinii 6xHe 61, 1316 Fl
L. olgensis 73-11 3£ 6 1~ ) th AR AU MOk R 2= oK 15 &
Fifr 4 ] o S g 3 4R
1.2 R AHE
1.2.1 B SNAE R A e A AN Rk R A S

2021—2024 4F, fE N 5211 HIR XA 5 A wkdg A e
R, BOEVLAE W REET  makT . L&, fE
AR U7 T R 2 2 0, DX A% 38 A, MRS Sk, 1L
TAHAEME, IWAREZ S il HkD, FZl. &
e Yr i, B il A e i DA K DO 48 L SR R A TR
N S5 b, TR VR I A A A e Y S AR A T AR
WG| RS TN i S s O < - o VN TR S B
FA ™ AR R, R T TR T A B B AR AL X A3 TR —
ARl NP5 IS BT 22 5 o TR U IR A AR I E IR 2
Ry A AR g, e A R IRAR AR R A T
B IR e A R IR S, W S i 4 .
el R A RS I K Wy o R S 8 Sk R
D B R] P47 AN 5t 7% o

Xof S SR A RE R A 05 A 2% HE AT 0 L TR A
5 alifl 55 3%, WA 10 0 R B I TE S RRE . 12
HHE JE VLA 9 AR T Y 95 RS BT 5T M7 HLJ0O1 Ak
F A 20 DNA, 9734 ITS(514 VG F11TS4) . rpb2( 5]
) RPB2bot6F I RPB2bot7R) . tefl-a (5] #) EF1-728F
H1 EF1-986R) F1 tub2( 5| ¥ BT2A Hil BT2B) ¥ 51| (£ 1)
JF il )5, PhyloSuite 1.3 fiff JH & K 8L 4R 75 4% 4% 147 Bk (9
ITS. rpb2. tefl-a Fl wb2 JFH F B ERRE KT W
(Zhang et al., 2020; Hattori et al., 2021) o ) FHA[ fif & 2%
D) 56> I ¥ P A BT 8 AR 6 1 B0 M (R U 45, 1997) &
1.2.2 % rb a4k ik s

H5 75 K BT e AR AL HLIOOT Bk &R $5F0 T 75 47

®1 59ER

Tab.1 Primer information

EIRZE S SIMREEFI(ST -30)
Primer name Primer sequences (5" -3 )
VoG TTACGTCCCTGCCCTTTGTA

1TS4 TCCTCCGCTTATTGATATGC
RPB2bot6F GGTAGCGACGTCACTCCC
RPB2bot7R GGATGGATCTCGCAATGCG
EF1-728F CATCGAGAAGTTCGAGAAGG
EF1-986R TACTTCAAGGAACCCTTACC

BT2A GGTAACCAAATCGGTGCTGCTTTC
BT2B ACCCTCAGTGTAGTGACCCTTGGC

TSR 2R 202 S BARR Y 1 a 2B R &, BRERAE i n
s A 75% RS XA % 2 TR AT I AL BE, B S
TE K ke 3 U, UTBUET B 0.5 cm=0.5 em Y HLJ0O1
WE o S0 4R R s T B A n it A
PEAT B FR, X IR AL N ddH,O BE R 2 Fh . B A R
WE6NHE, HAEWERE THFE(ENRE
25°C, HH AT BE 809%~90% ) 3% £ WL 5%, B 7 W FA A
95 0 A R 5 4R BRE S o [ B, AR i o RO o Bk
P9, S PARIEANS - 0 9, AR, 1 9, Bk LT
HREg, D e BV 1190, BUAR 2RI AR 6, AR
IV, A Sk W T AR T2, AR ZE AR 1, KER
BEmt i v, A Sk R e IV, BOAR RIS 5, f KT
I, BRASSk — SR AN FEET I A1, AR BT 2 7% .

1595 1% 15 % (disease index, DI), #k i #1324 %
¥t J% $8 %X (relative resistance index, RRI) (Bruda et al.,

2024) o 3 XANF:
_ On() + 1”[ + 2”11 + 3’1“1 + 4711\/

1
™ x 100 (1)

DI

RRI(%) = 1 —(DIx/DIy)x 100 (2)

s gy S2 B BT BRR B, n R TH A BRR AL
DiIx 2 It I BR. bk J855 48 41, DIy J2& & W B 1 50 PR IO
fRE

HR 48 RRI XA 7] 5¢ 5 ¥ i AR HORG o S8 M gk 47
5328, RRI>75% %7€ NPT ¥ L, RRI<50% %€ N
T 75 A
123 2@55#

3 59 B BUH o 5 o B B SE MR A 8 d AR BR A 4t
P (X4) FIER (X1) 7% AL B9 & RNA. RNA £ Bioa-
nalyzer 2100( Agilent, CA, USA) il &5 ¥4 )5 , B K
3 [H ( The Beijing Genomics Institute, BGI) #f 17 ¥4 5% 21
7. F F FPKM( Fragments Per Kilobase of exon model
per Million mapped fragments, b . 7 & T 4% 3 v Bt &
J7 b)) #E 4T 3R 35 1 ) 3 — 4k, FDR(false discovery rate,
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A B ¥

adjusted P-value, T4 % Bl ) #4174 1E o

H A, 246 BGL 58 U H R H . B kB
A3 BT R DU R AR A E AR . % IS R A
& 18 3 iTRAQ(isobaric tag for relative and absolute quan-
titation, [F] {37 3 bn 25 M X A4 ok 52 i) £ R PR AT R 4y
1o 3&F Mascot Percolator 1 X} PSM-level FDR (peptide-
spectrum match level false discovery rate, Jik Bt -3 [&] VG fic
K 17 55 1% & B8R ) Fl Protein-level FDR ( protein-level
false discovery rate, £ [ 5t 7K - 1) 45 15 & B %) 2 ¥k 1
UEJE AT AEIH — b SR (E RN A B E R E
T MG TR 5B o HKHE fold change(£% (28 1k )
F1 Q-value( Q fH, 7~ P-value 7= A= 11 BH P B9 4% 2 ) fifi
ik 2RIk B H, F & F: fold change<0.83 #1 O-
value<0.05, ¥ % H: fold change>1.20 1 O-value<0.05.

JE 5 ] AL 4, 22 46 BGI 58 L LC-MS/MS Kl
HR 45 Pearson A OC M §ifi %6 5 A X B v i BORH G M A 1=
iy 22 S A
124 %ot A5 4 9% 9% R A4 F 0

{iff F§ RT-qPCR ( real-time quantitative polymerase chain
reaction, 5 I 5% 0t i it B A i 20 R0 ) FER A
7% RN TTS 1 & i 48 8 5¢ 42 48 1TS IX 0 0 4 57 5
¥ (Larix-ITS-F: 5'-CTTTGTTGATGGGTGCCAAT-3' and
Larix-ITS-R: 5'-GGAAATCTCGAGGCAAGAAGA-3";NL-
ITS-F: 5'-CTTGTTTCTCAGACTGCGACG-3"and NL-ITS-
R: 5-CTCGACTCTCCCACCCCAT-3") il 5 #22 F J5 % B
EE Al A 9 AR Y 7 I A AR A B A DB TR 2R ) (0

‘JV

i
‘\“I 25 mm

25 mm ¢ 25 mm

HiAF, 2009) o
12,5 & H AR P4

h FRGEVEAN AT R 2 A b 5 B A G Y 4R Ak
JINE B 3k B 7 A G AR T 1 4 L AE T (programmed cell
death, PCD) 2 i , A< #F 5% i & 5t £k 45 1] ROS(reactive
oxygen species, {fi P 50) 7KV o HAKT 1L R ok A 0
Yl R b (EBRAE AR, 2018) Wil s R AL 8200l 4 il
3,3'- 4 3 B K % (3,3'-Diaminobenzidine, DAB) it )t
et 8 h AN G Ak i 5 U & Mk #E (Nitrotetrazolium Blue
chloride, NBT) it 4 4 2 h, Bl 7 i i 2 f4A FR D SR
Jeta 25 1, WG SR BB S vz 1 (| ROS B AR 2 .

2 IR 550

21 FEMHRHEHBHMIEER

XEN S BRI TE L AR I TR AR AR A XY
AR A 45 R O, BE R A R A 2 R B
BRI A SR IR, & 52 DX 10 5 e A IR DU AT BT IRl g 5 4R
0T, A8 F 0 37 DA e BT T R A B, i 2R A R
ST, X R W2 AT B A IR v A TR (T 1) .
v A AR D R A, LA R B BE T 0 B — R
TE TR AR A 3 I AR I D o v R R
) S B AN SO 9 A 3 A T ELEE AR E b — i
Ko T KA MUK A AR PRI, 2R TR R E Y
AN . BFAME AR KB, 6 H A FE R IR VLA WA
IR T A 3T R I R N MR DN A i R R A
S PEC9 H nvE AR A AR

25 mm 25 mm

1 FHERHAFEHR B R R R

Fig. 1
A NS A TA; B BT, C. FHAREL; D. ILAR SR B, 1L T4,

Symptoms of larch shoot blight in different regions

Notes: A. Yakeshi, Inner Mongolia Zizhiqu; B. Shangzhi, Heilongjiang Province; C. Dunhua, Jilin Province; D. Rongcheng, Shandong Province; E. Fushun,

Liaoning Province.

22 EMMRHEHRFRREEREESR

KB EEMRE LT N HIN, NS,
FAfA X RIETTA | 7 AR AL R A 45 MR 48 1 A
7 R A O o DT 8 S P AR BT e R L R 4G

RER R EREAE3Id A ERBH AR R 2, 7d
J T 22738 O I S 40 eI A 8, R O R 22 B K
2R B AD (1] 2A) , 33X SE R 5 V& IR B ¢ 4R £ 1Y
S RIS
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S 22 A R I AT R ARG A R 23 BIL A i A 25

Xt HLJ0O01 B £k rDNA ITS. rpb2. tefl-a F1 tub2 %
KLy 31 47 PCR T3, 7 9 14 i g W 066 M P, ik A
5 R WK 2B, £ FE R KA d#E R A5 R R W], bR
HLJO001 5 #& #4376 12 461 W] — 43 32, 475K 100%,
Al LS HA Py F X 53 F (B 2C) o [RIRE X6 A 7% 1 Ay
B e R A R AR R I & B, N S AR X e A
FEEHR R, PRI VAR IS AR T L v a5 T A% 3K 47
O ST, L 2R A SR T AR A T AL BT ST R A
N

A QAZ’M‘A‘ C
B M ITS

0 \',’
N

~—

M wb2 M pb2 M tefl-a

2000 bp
1000 bp
750 bp
500 bp
250 bp

100 bp

FEFh HLIOOT TR A% 15 d J5, 75 I A% 3¢ 30 1 B 780 1
T I B R A R R . B AR AL S PR S AR 0 AT,
AT S s e A R AR B el N
AR, EF oW YE AT 0 R B — AAEFE (18 2D) . AR
Joi S T 43 B TR A 8 5RO AT T AR K
SE, WKL A K ITS, rpb2. tefl-a Fl tub2 J¥ 51 5 5 Fh
JIT R Pk HLJOO1 — 3. AR 40 Al o [ 32 U, i W] 43 29
) B Y A BT e AR AR 5 | Y I AL A A Y e

25 mm 25 mm

B2 EMHRAFTERAERETE
Fig.2 Culture and identification of N. laricinum
TE: AL JETHAHIFCRIBRTTR: AL WSS FIATkR R . A2. BIJRVL R HLI001 BRER . A3 HAREULIR R . A4, ILZRZEMMR R B. HLI001 #k % rDNA TS, b2,
rpb2 1 tefl-a FE K P41 PCR 4758 7= 49 5 PR E IR e, 1K K6 ] (M: DNA Marker DL2000); C. 225 K 5 91 A4 B AU 78 AN BT A MR 1 R G2 R B D. 75 FA SR
FEMASHT AR 15 d 5 ASRER .
Notes: A. Culture of N. laricinum: Al. Yakeshi strain from Inner Mongolia, A2. HLJO0O1 strain from Shangzhi, Heilongjiang, A3. Dunhua strain from lilin,
A4. Rongcheng strain from Shandong; B. Gel electrophoresis of PCR products from rDNA ITS, tub2, rpb2, and tefl-a gene sequences of HLJ001 strain (M: DNA

Marker DL2000); C. Phylogenetic tree of N. laricinum based on multi-gene sequences; D. Symptoms of larch after inoculation with N. laricinum at 15 d.

23 EMBRRFHEEE

R H 7 A0 A, 38 Gk 058 T A BT A B 6 AR
b O 9 1 % I 0T A 2 48 €8 ) , LT X 43 1 B b
KRR KR B T8 R (8] 3A) o AR 5T e 8% 75 4
T RS K ZR (202 4 35 IE S BRLBR ), TR a5 2% 28T T
ENIE B0 NN o N A VNS S N o TN e |
N THFIRE, PG K RBUR . B, 5 a
pA P 7 A o /NI IS 8 3 L o /A I B I N A U o VN N R
e 25RO, JE ok B AR A R A A, B ) 0 i
T 20 A BUHE v AN AR BT UR . AR AR S TR AL L K
1 7% EFA R H A P& IR TR 6] 58 & 9 RRI 43 5135
2% X5F 07 40 b 95 A B RRICEE 2), & BLAS 7] 9% 1 # A
PR Be s VA AE B 3 25 5, OWMEHET e BRI
/NN IS B TNNPR S 7 ST o /N

M Ik 5 HIE 2% 42 P A 5K FR (X5, LC6, X4, ZL3,
ZL1, X3, LC4, ZL2, X1, LCl, LC7, X2, LC2, LC5
MLC3) B Pewitk, K15 MEMMERDTA 3T
WA F: X5, LC6 Fll X4; 7 MR K &: X1, LC1, LC7.
X2, LC2, LC5 M LC3, &M 5 15 d, J&J V& I 19
RS W ON || I B R IS E R U EE ST SN Rl S

75 Ry 5K (0l SR e, T oE e B VR (18 3B) o Xt
HRZH (CKO) H i A 07 A At it S R R fa o 35 i
Fo R T ABC AR E FE B B, O TR A BE T 40 i
AT R RS T 381 7% R BT S AR A, 28 qPCR 43 BT R B AE T
A0 M 9% AR T ST R A AR W R AT A B . TP T
I S0 H B /D AT ) A0 L AE T, e R L B 2 1R A
W AE TR B B

ROS Hi I 25 HE R W], 8% 7% #2816 5 I 2L 11 AR
J& 8 d A6 5 5% 21 () ROS 15 5, i HL 5 74 8 76 5 I
HLH R YT 8 d Kl B 424 ROS 15 5 (181 3C. D) .
24 SBEZFHBBIIRR BE B E 451

2 21 2 M A AT SR, SR VR I B FE T I R B
FEAR A2 Y A7 FE R B st A AR B 48 . 5 0 78
PR LE, TR AR B 9 G B v A AR B 12 2 B R S bk
M, 2 B RR R AR B I (40 DXR) . RN BEAC I i AR 3
KL (Can C4H Fl PAL 55 ) B bl 25 4 LAY AH 56 ik B (Can
GPPS) B KV 25 F o AR AL A I R, S A
PR S0 A W & i AR T BU AR bR, TC T R
A A 2 B B R (R 4) o R R E R R G i &
ROS 15 53 [ 1Y 5 H FF S 805 , NPRI-TGA ) 2 B B
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N. laricinum CK

B3 BRI ERERR EERFE
Fig.3 Symptoms and physiological characteristics of susceptible L. gmelinii
TE: A FE AR R EF MR L, TCABUGTIA T AR RN B. B 262294 AR N. laricinum 15 d J5 BIAEAR, CK: B4 Z A ddH,O AL Fl
15 d JEHYREAR; C. B TN 4 LI AR R N, [aricinum 8 d J& ROS ik, **3R7R P<0.01; D. R4 LK AR N. laricinum 8 d J5 ) ROS {55, CK:

IR TE AL ddHLO BHIEFP 8 d J5 1% ROS 155 -

Notes: A. Field survey of larch shoot blight, UAV aerial photography of disease symptoms; B. Symptoms of disease-susceptible L. gmelinii inoculated with

N. laricinum at 15 d, CK: Symptoms of disease-susceptible L. gmelinii mock-inoculated with ddH,O at 15 d; C. Changes of ROS content in susceptible and resistant

L. gmelinii after inoculation with N. laricinum at 8 d, ** represents P<0.01; D. The ROS signals of disease-sensitive L. gmelinii inoculated with N. laricinum at 8 d,

CK: The ROS signals of disease-sensitive L. gmelinii mock-inoculated with ddH,O at 8 d.
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Notes: Data were analyzed by one-way ANOVA followed by Tukey’ s
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Fig. 4 Multi-omics analysis of susceptibility mechanisms in larch
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Notes: A. Volcano plot of differentially expressed genes in resistant vs. susceptible larch; B. Venn diagram of differentially expressed genes in resistant vs.

susceptible larch; C. KEGG pathway enrichment analysis of differentially expressed secondary metabolites in resistant vs. susceptible larch; D. Joint analysis of

transcriptomics, proteomics, and metabolomics reveals the disease-resistant physiological and metabolic characteristics of susceptible larch.
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