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FabHLH37 A EE M KSR TIE S
XNBETF 5K, 200, F#% , BEZIM * | #2525
(R RN K24 BE 2522 8 VT 950 B AL 210095)

WE [ BB A S8 S UE R 4% bHLH ( basic/helix-loop-helix ) Z 5 5% 3% [l T FabHLH37 RYZNHE , Mt HR & R aihi K
FRROHLE , R PR T MR AL R R I, [ 7] LR B R SR 0B kIR BEUR B T R Y R B
REAR I RNA JE U0 ¢DNA, SalE FabHLH37 4ty X751, I8 AR LR X L AT AR W15 B 27 40 ir s R SE R ol e
1 PCR(qPCR) 3 1450 12 5 1A 77 B 2 AN ] 4 21 S R S0 b 25 TR WA AR G R 38 5 R R 2 B 8 3K R T iZ R I Y
7 240 0 5 A 5 8 5k B AT R SRS 2R R SE FabHLH37 HUKFERIIAE . [ £55] FabHLH37 JEIM CDS 4K 789 bp, Zifi 262
AGEEERR PSS 5 (pl) M 6.61, AHXT 4 F By 2.9%10°, #4640 7 7% FabHLH37 5 7 25 3 58 45 38 4 Rl Al 1)
bHLH37 25 A A R BG40 ME 7 /047 i FabHLH37 4% Sk & 7 T A MIA% . qPCR 43 Hr W FabHLH37 TE R AR
R R R, KR B R T LB EE S FabHLH37 R B335, AR SCBm Fh 45 1 Wos , SXHRAR L, i
Fik FabHLH37 1) 528 RSB OR 85 1 o ROR R I 32 MUK FabHLH37 W RRERIM , ifF—25 1) qPCR Rl & W, 767
REFL SR KK R P FaPR1/4/5-1 FaBG2-1 FaCHI3-1.FaSOD  FaPAL %2 APt K 1) 3R 5 5 5 FabHLH37 3554t
BIEAHDG, Blad & 323K FabHLH37 T M8 25 $ 55 3 S0 36 (R (19 e 1k 2, Wi T BR FabHLH37 W) S 25 B AIK 3 26 356 R 1) 3Rk &,
[ 458 ] FabHLH37 R 1375 5 05 A 32 PR (10 2 28 DA T I 1 I R 5 IR B .
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Function analysis of FabHLH37 regulating strawberry
resistance to Botrytis cinerea

LIU Xiaoyu,ZHANG Xin,PENG Yue, YU Miao,XIONG Jinsong* ,CHENG Zongming

(College of Horticulture ,Nanjing Agricultural University , Nanjing 210095, China)

Abstract ; [ Objectives ] This paper aimed to verify the function of strawberry bHLH ( basic/helix-loop-helix ) family transcription factor
FabHLH37,and analyze the mechanism of its regulation of strawberry resistance to gray mold,so as to provide new gene resources for
strawberry disease resistance breeding. [ Methods] The total RNA of strawberry ‘ Benihoppe’ was extracted and reversely transcribed
into ¢cDNA. The FabHLH37 coding region sequence was cloned and bioinformatic analysis was performed using online software. Real-
time quantitative PCR( gPCR) was used to detect the relative expression of this gene in different tissues of strawberry and in fruits
inoculated with Boirytis cinerea. The subcellular localization of the gene was studied using the transient expression system of tobacco.
The function of FabHLH37 against Botrytis cinerea was studied by transient expression system in strawberry fruits. [ Results ] The total
length of FabHLH37 gene CDS was 789 bp,encoding 262 amino acids. The theoretical isoelectric point( pI) was 6.61,and the relative
molecular weight was 2.9x10°. Analysis of homologous evolution with different species of bBHLH37 protein showed that FabHLH37
protein was closely related to the bHLH37 protein in Rosaceae crops such as rose and apple. The subcellular localization results
showed that FabHLH37 was specifically expressed in the nucleus. The qPCR analysis showed that the expression of FabHLH37 was
the highest in strawberry roots, followed by leaves,and the expression of FabHLH37 gene was significantly induced by Botrytis cinerea
infection. The transient expression of FabHLH37 in strawberry fruits showed that compared with the control, strawberry fruits with
overexpression of FabHLH37 were less susceptible to Botrytis cinerea inoculation, while strawberry fruits with silence of FabHLH37
were the opposite. Further qPCR detection showed that the expression levels of FaPR1/4/5-1,FaBG2-1,FaCHI3-1,FaSOD ,FaPAL
and other defense genes were positively correlated with the expression levels of FabHLH37 in the transient expression system of

strawberry fruits. Overexpression of FabHLH37 could significantly increase the expression of these genes,while silencing FabHLH37
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could significantly decrease the expression of these genes. [ Conclusions] FabHLH37 transcription factor could positively regulate
resistance to Botrytis cinerea by inducing the expression of defense genes in strawberry fruits.

Keywords : strawberry ; Botrytis cinerea ; bHLH transcription factor bHLH37 ;defense genes

H% ( Fragaria X ananassa Duch.) J& T %Rt 5 J8 2 0 A w AR MY, IR SE KUK i 56 B R FE
RS2 FRTTBR ™ BT, e E AR LA AR S Ry 3, o TR B ARk A KR R
BOZ RS ENERE, LD REREFEREZ Y B IKER S S BORRAL T SRR i
WERMATHRRS 7 BATER AL h G5 R BT 6 7 2 B A B T 2 15 YL R 55 B IR RCR
RERAEAF RIS S TSI RO S ST BT AL , 1 DA Ry Lk 15 B PR B 1 SRR
SEfER L) E A RORRZ —,

s R YAR P I, o B A5 5 20 O DR R A W I A i 2 AR I A A3 4, B P/DAMP
( pathogen/ damage-associated molecular patterns ) #AHY) IR 521K PRR ( pattern recognition receptors ) 4#
SPERNIEEE GGG T PTL(P/DAMP triggered immunity) , R J5 i i {5 518 B A5 13895 5 5, E— 205
B PIERRIR R = A B R O AR R e S DR T O e PR Sk I DB R TR
FERE BN, XL 3 K F 128 T NAC bZIP \WRKY \ERF MYB Fl bHLH S3E R

bHLH ( basic/helix-loop-helix ) % 5 K 7 2 AW h e RV He sk AT Rk 2 —  FEM Y E KA E AR
WA A B ABUE Gy R R AR BRI R LA bHLH %5 [FF FaFIT fE 8 5 A
PR IC R M, SR Fe3k FaFIT FIRFE TR RAR RN Fe® BE 7 i 15 . Schaart %510 & S FAF
FabHLH3 7 P4 R AR R S0 RUE T 28 105 i Pl 5 2R, T AR AR RS 43 FvbHLHO W45 % L AE IE I8 #5548 7
AR, AN, BRARE A bHLH 5 X 1 FVICEL R IE P8 F REAR (e Sk Ao S8 v i A6 i 107 2
YylHpiE J7 1, Cheng 451" AfF 5% % W1 K & bHLH %% S A T GmPIBI 7] 338 K G X & W dite. A9
PdIbHLH 38 32t {4325 B 1) & A T 38 58 R R B A b >0 AR MG DG 5 bHLH 4% 5% R T 7E B R
5 T A RIS v A DL AR

ARTRZH Hiy NS I 85 T A G J R SR S R AT 3 ;e 2 5 70 A, K FabHLH37 78 R 85 T fz G4 J5 ik
i BT I DR AT R AE B A R R R R AR DR AR S s A A A AT
AN E L . qPCR DL b Fidg SRS Iy Rk A5, PR 5T 545 bHLH 5% 5% [N ¥~ FabHLH37 4% R A3 bt K 55
TRBITIRE , B 16N FERETUN B T S SR

1 RS

1.1 RIEH#

PR R R R A i A 200 a8 i 5 AR [ B ( Nicotiana: benthamiana ) FVHiAZ € AL AR
L EOIOGE SRR (mRFP-NLS ) , MR LE S S5 - e A B HRE (AR 5:5:1) IRG
R IE BE T, BT 23 CARMRE IR 3 AR OB/ PRGN [B] 2 16 h/8 h) o KGRI #K B05.10 HhAE Al
R 2R PRB AR NG | AH )R AL BT IR AT TR GV3101 RAF T ARSI =
1.2 KB 7E
1.2.1 3 RNA $2EUK cDNA BIE R M 50 mg JRFE TR A= G 1) B A RS2, 20 MR ARG VR IS DS, 1] Plant
Total RNA Isolation Kit Plus (forgene ) i & HE B RNA | P51 FH 505 b v Js H, 3k FIAZ: R A SRS I RNA Jt 1 Al
We s 5 )5 {8 PrimeScript Reverse Transcriptase ( TaKaRa ) 1057 &5 52 5% 58 Bl cDNA
1.2.2 FabHLH37 BERETEFE M85 s 4150t i) 5L [ 44 K ( maker-Fvbh3-4-augustus-gene-121.26-mRNA-1)
A R A ) R PR 2 850 T2 (http 2 //www. Tosaceae.org) G ER FabHLH37 B9, M3 45 H: CDS #3115 |
YIFG I BIFFI ILAR 1, LLIFRER L cDNA S BEAR, JH PrimeSTAR i 5L DNA 55 B4 14 AR5 56
o N
1.2.3 FabHLH37 BWAWIEBFSH 1] GSDS 2.0 764k T H (htip://gsds. gao-lab.org/ ) Xt FabHLH37
FER 45 4 JE 47 40 M1 i ] ExPASy ProtParam tool 7 2k T. H. ( https://web. expasy. org/protparam/) X}
FabHLH37 £ FAAHXS 731 Bt | 55 H R SR K P RN 48 8055 BRAL M BLtt A7 70 . 8] SOPMA TE4: K]
¥ (http ://npsa-pbil.ibep.fr/ cgi-bin/npsa_automat.pl? page =npsa_sopma. html ) UM% 8 1 22544,
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NCBI ) BLASTp T. H. ( https://blast. ncbi. nlm. nih. gov/Blast. cgi? PROGRAM = blastp&PAGE _TYPE =
BlastSearch&LINK_LOC =blasthome ) i3 i1} 26 4¢ FabHLH37 K [ [R5, il MEGA X R R G A H
B, SR FH 2B 4325 ( Neighbour-joining , NJ ) #E47 1 000 ¥k 51 542 i,

*x1 AHRETASIMFET

Table 1 Primer sequences used in this study

A LS T4 JHig
Gene Forward primers(5'—3") Reverse primers(5'—3") Usage
FabHLH37-OE AAAGGATCCATGCAGCCGGAAAACCAAG AAAGTCGACGACGAGTAACGTTGGATCTAAAAC  Tafk Cloning
FabHLH37 GCTGTTAGCAAAGGTGGTCG TCATCCTCACTGGAGCAAAGT RT-qPCR
S
FaActin CCCAAGTAAGGATGCCCCCATGTTGG TTGGCAAGGGGAGCAAGACAGTTGGTAG WEHEA

FabHLH37-RNAi-f
FabHLH37-RNAi-r

TTCCCATGGCAGCCGGAAAACCAAGAACT
CGGGATCCCCCAGACGCCTCCAGATTAT

GGGCCCATTTAAATCCCAGACGCCTCCAGATTAT

TCCCCCGGGCAGCCGGAAAACCAAGAACT

Reference gene
TabE Cloning
Bif% Cloning

FaPRI CTAAATATCTTCTTCCTGCCATA AATGTTGTATCTATTGCTGTT RT-qPCR
FaPR4 TCGTGTTCTTGGTGATGTTGTG TGCGGGTTGTAGAGGTGGT RT-qPCR
FaPR5-1 TGGCAGCAAACCAATCAAG CCATACGGTGTAGGGGCAGT RT-qPCR
FaPRI0 TTCCCCTCCTTCGTTTTCTC TTCCAACACCACCATCTCCT RT-qPCR
FaMYC2 CTCTCCGAGCTGTTGTTCCA TCTGACTCCGTCGTTTGCAG RT-qPCR
FaJAZ1 AACCTCGTCGACATGCAGTT ATTTGAAGCCTCTGGGAGCC RT-qPCR
FaJAZ2 AGACATGCAACCTCCTCAGC GATCTCCTTGGCCTTCTCCG RT-qPCR
FaPDF GCTTCTGAAGAGACGGTGATTCGCAGT ATGGCTTGAAGCACATGCATTTTC RT-gPCR
FaPDF1.2 GGATGCCGACTTGTTCAAAAA CGGGTATTGCCACAATTGC RT-qPCR
FalLOX ATCTGAAGGTGAGTGAGAGC GTGCCCAAGAACATCATCTA RT-qPCR
FaAOS CAGAACCCTCTCCTATCTCG GATTGTGACACGCTTCGTC RT-qPCR
FaOPR2 GGAGCCGTTATTTTCTGTCAGC TCAAAACCTGCTCGAATGGC RT-qPCR
FaSOD ATGGTGCTCCTGAAG ATGA TAGAGTGTGGTCCAGTGAG RT-qPCR
FaPAL CTTCTGTGGTGCTGTTTGATG AGGGTGGTGCTTCAGTTTATGT RT-qPCR
FaCHI3-1 AGGTCTTCTTAGGACTCCCTG CTTGGACCAAAGCATGACACCGCC RT-qPCR
FaBG2-1 CTAAATATCTTCTTCCTGCCATA AATGTTGTATCTATTGCTGTTG RT-qPCR
FaWRKY1 TGTGCAGGGTGTGCTCTCTT TGGGATTTGGATTGCCTTTTAC RT-qPCR
FaWRKY11 TATTCAGCTCCTCCACCTCCTCC CCGGGGLCCGGGGCTACGGCAGCT RT-qPCR
FaWRKY25 CGGATCATTCTTTCGGCTCT CCCTCCTCCTGACTTGCTTCT RT-qPCR

1) IHLUF S A EEYIAL A . The bold sequence is the enzyme digestion site. 2) FaPR : Ji FEAH I 13K Pathogenesis-related protein gene;
FaMYC . REAMMILH L A 1 3L A Myelocytomatosis protein gene; FaJAZ . EF R ZIM %58 3 35 1 £ R Asmonate ZIM-domain protein
gene ; FaPDF AHYBHHIFEIA Plant defensin gene ; FaLOX : JG 48 A B3 R Lipoxygenase gene; FaAOS . TH I B ALY A B LA Allene oxide
cyclase gene; FaOPR ;12 - A A 4% TR 8 JR i 3£ . 12-oxophytodienoate reductase gene; FaSOD ; #8 48, 1k ¥ 7 {1 %&£ B Superoxide
dismutase gene; FaPAL : XN AR 7 Z M Phenylalamine ammonia lyase gene; FaCHI . JLT Jii % Chitinases gene; FaBG:B-1,3-FF
Wi AL R B-1 ,3-glucanase gene; FaWRKY: WRKY S 73 WRKY transcription factor gene. FIA] The same as follows.

1.2.4 FabHLH37 WIEMEN ] SnapGene ST AHOCHFDI AL 21 H LA 5191 (% 1), DA
BRI cDNA SR, 93445 2 A BRI S B Be, A BamH 1 F1 Sal T X4 3L B A pIX003 %%
PRIEAT RV, e RIS 3t T4 DNA S H2 R 12, f dar R (08 G HE 11 (GFP ) B4 1 i 238 204K . pIX003-
FabHLH37-GFP , H LI B A 2 M 5 AT BBk GV3101, F YEP JASE 725 (& Kan 50 mg-mL™',
Rif 20 mg-mL™" ) i TR ZE Doy 4 0.8~ 1.0, B IFUSCHE A, FHEFE W[ & 10 mmol-L™' MES(pHS5.8),10
mmol - ™' MgCl,, 100 pmol - L™ AS] HEFKE Dy, 214 0.8, FRIF M R T BIE 5 0F T #f 3 h, HEHGE
I AR R A A S 5 R 1 mL SR (2SS ) AT O DR R 5 T AR R FEST SR
MRG0, IR 9% 2~3 d e, S JJBTHC 1 em® AR H-6F SO SE R R BB SR DO H 5
1.2.5 HE&EBRIAWIE FabHLH37 BIThEE  FabHLH37 UTERER KM 2 . Y B FabHLH37 34 B 55
51, Primer 5.0 FABEHAHB A BE I TUBRT 1) (3R 1), FIRTZS 1 LA pIX003-FabHLH37 JSURL A ALY 1
RENE S AR/ B B A, B IE L RN R B S R T 2 B pPGCS941 2 AR Bl T A 1Y
pFGC5941-FabHLH37 FURLEE AAAF B RE GV3101, FAFBFET R IR IIETIRE & i A KRS — 8 BB
Ui 1E HLAD T REGEAIINY 2080 AR S 5% MR ERRANA IR 3 min, PTG IR /K I UE 2 1K, 768 1
TAEG R T FE K55 i KB pIX003-FabHLH37 FIXF FR 23 2% pIX003 LA Kz 3 PR 17T 2R W
pFGC594-FabHLH37 F%5 48 pFGC5941 (357 WAE E BRI 1.2.4 75, 4 MW EEEME T 28 C |
100 remin™' 4823555 1 h, FIH 2.5 mL {55 a0 53 R AR L 0% TR SRAR Hhoc Ab e B G TR S, H B R
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AR PEVKEOIR , TSR RS E TR 23 °C B 70% M5 3748 TP I 9% 1 d, AR5 786 I i
4000 Ix DGR/ FRIEIFE] R 16 h/8 h BYFREEHIE R B % . TERG IR 25 5 R B IR v 6l 7 Bk By
1x10° CFU-mL™" BSR4 5 WL B, B R A FEOW 28w g SR S E G 0L, FARRSE U, A A0 BEER
6 NIRRT -80 C& M, i Image J BAFGEIHEEF KB RS 3 K (HSTRFFEE 7 K) Bk BEIH
BRI T 3 AW EH R
1.2.6 EBFREKETEE PCR Wit FabHLH37 W4 R E 2519, IR AR R 211 cDNA B k1T
qPCR, Uk FaActin WS, 34T FabHLH37 (AR, DO AR GLi R FEAE RS2 AT cDNA R BAR
#1T qPCR, 73T KB AR UL G FabHLH37 (WFRIANEHL ., BARE R S 58 UG , DAESTRFT RS 5 R H
FEALSL cDNA SRR, R0 I 32 R RIAR DG U B R 1 3RB 1B B . 5 1P R 1,
1.3 HESHh

K Excel 2016 %8 308085 R FH IBM SPSS Statistics 24 #4EE( 725 54347 ; % Origin 2023 %4
23

2 HRESH
2.1 %% FabHLH37 EEMNZEREMEREST

DIk 3 8% 20 307 B9 cDNA b AR e, v B 15 3 bp M FabHLH37
FabHLH37 ,FEF 4K 0 789 bp, Hegtidh 262 MNEFEMR (F 1), 2000
GSDS 7L/ 1 R, FabHLH37 4 2 MNEF,1 MR E T

#E—2 H SMART 43 #r He g #9388 7R 1% 86 8 T bHLH #% 750
SRR FZWGRL L, TS 92~ 141 A FEFRA A 5F ) HLH 4544

S s B E| ExPASy ProParam tool b L & L R 1Y R kAT

Br, 459 7R FabHLH37 BARX 20 F IR 2.9 107, %5 A 45

H 6,61, 3K AEHE K- 0,499, F A MR 11 AR B BH 1 =% FabHLH37 ZRMRE

66.49 W IR MR, FH SOPMA 9 3 i Fig. 1 .Cloning of the FabHLH37 gene
FabHLH37 3 1 — Sy , 25 R A1 FUAE 115 oot e 200,
TCHLI s il | SE A BE FT B - B A A B, BT o L i) R

43.51% 42.75% .9.92%Fl 3.82% , Hi%f FabHLH37 5 A 25 A~ [a) & HiE Ak /A4 28 (1 2) =B,
FabHLH37 5 #RME A H AR bHLH37 8 SRS OC R B, TS5 /K R F K B 3R 4 0 REGE

100

@ 555 AT Fragaria x ananassa
FRMILRT Fragaria vesca XP_011459488.1
HZ& Rosa chinensis XP_024158557.1
HFAE Prunus mume XP_008240669.1
SER Malus domestica NP_001281284.1
W[ Theobroma cacao XP_017976214.1
KNG Gossypium raimondii XP_012434877.1
AAANE Gossypium arboreum XP_017629747.1
¥&T Citrus sinensis XP_006482067.1
BRK Ricinus communis XP_002517323.1
R Jatropha curcas XP_012084522.1
J11Z& Morus notabilis XP_010112839.1
WAk Juglans regia XP_035544080.1
KK Eucalyptus grandis XP_010055825.1
HARGFT Arabidopsis thaliana NP_181646.1
JE75 Brassica rapa XP_009142723.2
[ #JR Cucumis sativus XP_004141200.1
100 /K Cucumis melo KAA0057222.1
[ K% Glycine soja KHN30346.1
£} Vigna radiata var radiata XP_014491152.1

100 IEI:B"J‘?E Vigna angularis KOM38741.1
i Vitis vinifera XP_002282625.1

WA= 75k Solanum pennellii XP_015055246.1
100 i Solanum lycopersicum XP_004249130.1
JINRE Brachypodium distachyon XP_003558309.1

JKFE Oryza sativa ABF95080.1
100 )
IE':JIJK Zea mays PWZ56865.1

2 FabHLH37 5R[E4#4% bHLH37 EAM ARG LZEH
Fig. 2 Phylogenetic tree of FabHLH37 with other bHLH37 proteins from different plant species

100
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2.2 FabHLH37 19 206 E {iL
m & 3 0l 0L :35S : :GFP-FabHLH37 [MHHARE S CFP 55 54 8 B N5 5 KL (0 98 615 5 ( mRFP-
NLS) 52484, W] FabHLH37 & i AE 20 MuA%

GFP mRFP-NLS

W14 Bright field A/ Merge

35S::GFP

20 pm 20 pm

Ao
-t

35S::GFP-FabHLH37

20 pn‘n 20 um 20 um

B3 FabHLH37 722 FCHEEE AT o 4 30 200 B 2 i
Fig. 3 Subcellular localization of FabHLH37 protein in Nicotiana benthamiana leaves
GFP .4 {8, %¢ Y 28 [1 Green fluorescent protein; mRFP-NLS W% BN AE S KBS 4 6 5% ) B 13 Nuclear

localization signal tagged monomeric red fluorescent protein.

2.3 FabHLH37 ARFRESHMKREEREEHNRIZENX M

WK 4-A FrR ;. FabHLH37 TEARI AR h iRk m AR KN 2E S, Hh FabHLH37 TR A i
15, 2R AR R R 5 A, AR LR S i SR A S R IR, B 4-B AT DL 3 K Ab B Y X R 4
FabHLH37 FiR IR 12 h 58 G HEARFEAE . MR W IS4 FabHLH37 ik KA T B
4L .0~72 h, FabHLH37 3R 8378 ETHHAE 72 h IS BNIEAE , X IR Y 4.3 5, ZJ51E 96 h B k& R
W, FRUIKERHALPERES S FabHLH37 %35,

Ag
g
et Q)
i S
X &
iy O
=< >
= &
S g
[}
s
S 5
LL‘GJ
E
=
20

6 r

5 F

4+

T B St @ ik Water; -
W AR "
4 Inoculation with
Botrytis cinerea
be 2
H bed ﬂ bede
cde
AW
id B,
. . . . . |+l P i Y PR i Y
W 22 mEE M R B EE AR R 0 12 24 48 72 96
Root Stem Stolon Leaf Petiole Flower Flower Young Mature BRI IR T 5 Al /b

apex bud fruit  fruit . . . . o
Time after inoculation with Botrytis cinerea
ZH 2 Tissue

Bl 4 E% FabHLH37 FARAREE(A) RIRBEAFISRIEE(B)
Fig.4 The expression levels of FabHLH37 in different strawberry plant tissues( A)and
after Botrytis cinerea inoculation(B)
ARNG FRERIR 22 R B3 (P<0.01) . * P<0.05, ™" P<0.01, T,

The different lower letters mean significant difference( P<0.01). " P<0.05, ** P<0.01. The same as follows.

2.4 FabHLH37 FiEEERLREFRIIEN I

FAE RS BRI i FRIAFNUTER FabHLH37 J& , HEF0 KRS DA A6 38 20 A6 0 %o B 4 R85 20 FabHLH37
FEPRI IR i W00 SR S R T R BRE TR RN &9 32, 43 AT FabHLH37 RER 2 5 IR REAE R SR K 293 (1 Bt
Ve, FEBERTFIREE 5 K (DALS) B, BEFRARHEER 1/3 MRS F RT-qPCR AN, 561 w0 25 S SE Bk s 3 18 1A
ZI A EENE . HIE 5-A T3 283k FabHLH37( FabHLH37-OF ) B 5952 55 R e ik & 6 BRZAL Y 4.1 1%, 111
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RNA THLUER FabHLH37( FabHLH37-RNAi ) JESCHE K Rk 1 NI T 43% , WP FabHLH37 R 7E 5 %5 2R
SR FRIR PR, XPAY R B AR SR S AT KR TR AR R AL B AT — P TR gE . IRl 5-B AT LA
F IR EE S 3 K (DABI3) , FERE RS Uf Y IS SR, 42 R0 0 32 W48 1k IR L, 2 1 B0 K 75
B 22T 0 A 9 B2 R0 IR B A5 5 K (DABIS) |, FabHLH37-OF 5 52055 BE T8 FH B 5 /N T B8 41 51 52 | if
FabHLH37-RNAi Y S5 K 75 1 Il 22 1 78 o T AR 38 K o0 IR S8, e i AP IR & w26 3 K Y 2R S8
BRI R, 5% RAIAH LY, FabHLH37-OE (1) 5 S BE B0 0870 64.1 mm® , FabHLH37-RNAi H 5205
BEMIALE RN 61.6 mm* (& 5-C) , [RIEFBRAS IR MRS A R M KBRS 3 RESBE, SXHR
A, FabHLH37-OF HI RS2 KRR T T 28.9% 1 FabHLH37-RNAi Y 552 H XA ES 13.3% (K 5-D)
DI g5 R B FabHLH37 1E 8475 A SR S IR B B9k

A g% 5 s B EV-OE FabHLH37-OE ~ EV-RNAI FabHLH37-RNAi
v BT
S g 4
T ET
=~ A
TR,
SE 2% DA
SEE <1 xx
T >
Qﬂ 2 0 m 1 m - [ ]
o o O o
> X & 3%
m ~ 0 ~
S
< S
c . 250 N DAI3
E s 200
]
= = 150
=
E 2 100 o
5250
&=
0 m 1 m - 1 e
S mo 2 mZ DAIS
Z 3 2 I (DABI)
s ¢ 3
< S
D 100
S 2
5 & 80 . DAI7
= 8 60 (DABI3)
® 5 40
He o =
& 5
0 1 - 1o
& 58 2 &2
25 Z I DAI9
< Z X (DABIS)
£ €
S5 Fruit

BE5 BRRERIEMITE FabHLH37 REFMRBENRE ST
Fig. 5 Phenotypic statistics of strawberry fruits inoculated with B. cinerea after transiently
overexpression/silencing of FabHLH37

A. BENTERIE FabHLH37 W) R AEHESLHE 5 K FabHLH37 3£ 3235 7K F The relative expression level of FabHLH37 in strawberry fruit
transiently expressing FabHLH37 on the fifth day; B. W s} 5 2 3k FITER FabHLH37 1Y 5055 S 5242 Fh K 55 B A0 &% 6 1% 0 Incidence of
FabHLH37-OE and FabHLH37-RNAi strawberry fruits after Agrobacterium tumefaciens injection and B. cinerea inoculation; C. Wi If 3 ik
FabHLH37 W5 %E S 92 B P OK 55 8 55 3 K% B 1 X Lesion area of strawberry fruit transiently expressing FabHLH37 inoculated with
B. cinerea on the third day;D. Wit 2235 FabHLH37 ()R AR SZEMIK B R S 3 KA FRZ The incidence rate of strawberry fruits transiently
expressing FabHLH37 on the third day after inoculation with B. cinerea.

DAT S AR R SC U S AR KT BB ), DABI g 9 b 3 3% ) 119 51 S 45 A0 JK B3 1A A R] . DAT denotes days after Agrobacterium tumefaciens
injection ,and DABI denotes days after B. cinerea inoculation. EV; 23R AR Empty vector; OE ; o Fik Overexpression;RNAi;*Z*%*Z iz T4t

Ribonucleic acid interference.

WK 6 B : 22K FTR (JA) A BRI 13 3 ] B FaJAZ1/2  FaMYC2  FaAOS  FalOX .FaPDF1/1.2 .
FaOPR2 F3iK B 7 E %S, FaPDF1/1.2 FalOX Y5 FabHLH37 W35 5 IEA G, HI7E FabHLH37-OF )
WAk B 1E FabHLH37-RNAL (YRS RIA R R, FaOPR2 W35 RAE FabHLH37-OF J50
3% L (A7E FabHLH37-RNAi RPN R FaJAZI 78 FabHLH37-OF F30 v ik & JLF A48 HTE
FabHLH37-RNAi S5 FaJAZ1 (RIE R BE T W, FaJAZ2 FaAOS W3Rk 5 FabHLH37 W3Rk JoAH
PE, FaMYC2 WK FabHLH37 Wik 2 AAHSG, UL FabHLH37 Al RE R4 25 JA & AR &%
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KV KB P . Al , —LeBh AL R 1 20k St & A= T84k, W FaPR1/4/5-1 FaBG2-1 FaCHI3-1 |
FaSOD FaPAL 5 FabHLH37 3K EM . FaPRIO 353k 5 FabHLH37 JoA 61k, 7EKG A WRKY It
W, R FaWRKY11/25 % FabHLH37 55, 778 FabHLH37-RNAi H52h 63k R, FaWRKYI W3
355 FabHLH37 JCAHSENE, RSG5 R FabHLH37 33 26 30K FITER 23 5 i) — L 5 45 35 IR % 26 35, A 3t
ERERTE X2 SSW 0 YT E N

FaMYC2 L5
FaAOS 1.00
FaPRI10 0.50
FaWRKYI
FaJAZI 0.00
FaCHI3-1 —~0.50
FaSOD
FaBG2-1 -1.00
FaPR5-1 -1.50
FaPAL
FaLOX
FaWRKYI1
FaPDF1.2
FaWRKY25
FaPRI1
FaPDF1
FaJAZ2
FaOPR2
FabHLH37
FaPR4
EV-OE  FabHLH37- EV-RNAi FabHLH37-

OE RNAi

6 BRBIRIE FabHLH37 MEBRIEMKRERT S 1| REXMEERNERIEE

Fig. 6 Expression levels of resistance-related genes in strawberry fruits transiently expressing FabHLH37

0] 5 = 8

on the first day after inoculation with B. cinerea

3 e

TRBEIR e R A K R R ) B 22— MRS LR A SRAE A B P | IR B A D S kg
() RRE SR ST RE DR T 25 R Ly R B R I e Be i 0k . JE DR I Sl s S DR L A K R B DA ROV 4%
Fp e B SOy, BF5E I, bHLH FKGEE s P PE i i i e vh & P8 AR . SR, 56T bHLH ¥ 5%
TR RREBU IR B RIS 00 A DR, ASBIFST 3 3 PSR Y I B 1) SR S PRI FabHLH37 3R 1) 36
ikt B, FabHLH37 76 R SEAEF IR BE B 72 h 358 w2 X B A 4.3 4%, BERS ) 1 K 25 1R {2 e, iX 5 1L
SRS S 2L I 4 SR — 312 | R X 7 R F- FabHLH37 SETRFSE | 4087 S 4 B A0 K B2 ML

ARWFFENS FRE FabHLH37 3L R i b K AWM B 22 i R a2 R I 2K 789 bp, 4wt 262 P2 BE R,
EHMX TR N 2.9%10°, BFSE & B R 77 Fh AtbHLH106 K35 3 [ J5 25 . MdbHLH106 24 1F [i] 45
HLP X e i e 07 27 AR FabHLH37 0T 2 5 0 skl 4 00 Z2 Fh s BRI, SI0 490 i s o7 &5 2R e
FabHLH37 2 {5 7E4N A% , 5 T 285 50 K H00RE I RIS R [R) V5 2 1 0 40 e s 4o 25 SR — 3,

WA, g SR ek (R 2R vT AR TN I RE SRR, 40, Wang %54 38 xof 7545 2 Sk A ik
RIS TEN] FaWRKY 11 1F 458 B g 2R S0 K B398 WP M 5 FaMAPKS/10 78 5 52 vh Ik o aok 3 38 412 1 2 4 B
BRI FaMAPKS (W58 SR B ME B H5R ABFSE P, B oA s R S P R A ad A AT
B FabHLH37 , 33 qPCR Wik T BB Rk 2 (0 v S | F— 25 (%) JCRg o H b e & L, A g SR s vp
WEIL 263K FabHLH37 BE 2 T 5 R R 0 170 B 35 A48 /N LR FabHLH37 W)t BUAH s i 25 3%, 2 A
3F #3E FabHLH37 BN KRB AL K TUTER FabHLH37 W3 K 75 1 09 4= K 3iF W] FabHLH37 REIE M
PERARE IR TR

MY EEREEY ORI R P REZEEH, KEVRER KR (salicylic acid, SA) FELAEHE
A TRV 5 A5 S 0905 I T PRV J 17 2005 ( ethylene , ET ) FIZEF R (jasmonic acid, JA ) W ZEAE M5 SEAAR ES
FERG IR A R AR P MR IE M B R R UL E S ZIBE R S Y JA {55 A T T I B A
2235, Ho PDF1.2 SERIB A R K JA {5 538 6 B A0 SO i A i i L, i an 33 358 GhOHLH171 3
AR GhPDF1.2 3[R (V3635 f5t DA T34 M0 46 X5F 26 2590 BRI 250 B8 AP E . OPR (LOX 3% 5
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JA B9 SR, MYC2 & JA {5530 B (040 5 st DR, (BL22006 3% DR 1 16 S [l W v oo 8 O I
ATREANTA] 02 AR OBIFSE & PR, R bHLH 56 55 K7 SIJIG J5 , JA A3 B B A 5 P 26 1R R AR S 3K
TR IR TR BURTY . ARG R FaPDF1/1.2 . FaOPR2 .FaLOX W3Rk E7F FabHLH37-OE By 3sc |-
F+, i #E FabHLH37-RNAi B SLHR R  Hod FaPDF1 7E FabHLH37-OF S50 A w45 1 2.3 4%, 1fi
FaMYC2 3EH 5 FabHLH37 274G, 3B FabHLH37 A 6l 12 5 JA {55 38 PRk 45 B R 0 K 25
WIPTE . PR IEFVE AP bR 10 6, e bt B M 35 h R FE S BEH , R R R T PRI
TE 1 2B 2 e MR O 2 B ST (T Y MR NtbHILH149 S0 PR1/2/4 1335 WA T 5 Wi 938 2599 1 9T
P FEAEA LT RS -1, 3 R T U R S AR PR R MRk L (SOD) Sl
PP O E"  SURIE A CmbHLHIS8 Y I+ % 3L R bk 258 13 $2 55 PAL.SOD K CAT 455 £ g Y
B i DT 3 58 6F IR BE M L TR BE AR 0L B P . FE AR5 R, FaPR1/4/5-1, FaBG2-1, FaCHI3-1 |
FaSOD FaPAL W25 5 FabHLH37 S EA S, P58 FabHLH37 AJ DL i $2 25— S 7 0 35 A Al 22 3k 1 14
SR (W U PE, KRR Y R W, WRKY #% 5 7 76 0 9 s bt & #5 3 B AR, AR5,
FaWRKYI1 {335 5 FabHLH37 5 1F A1 5¢, T FaWRKYI1 BE 1F 8 22 55 4% 19 K 25 9 Ho vE>, & ]
FabHLH37 7] gl WRKY 11 S [RI B2 845 RaE (W IR BRI o . (EAS 1 R 0002, BR T BB IE P45 LA L Bl i 3
PRI 3 15 =2 A6, Jhy 0018 458 55 85 B0 06 L7 1 FaWRKY25 3 R 38 3 1 3% FabHLH37 1915 S, 31
FabHLH37 W Faf KB DAL BN R 2, B2 ARG BUE T FabHLH37 R8I ] 9 4 B A5 X6
JRBERPUIE , R RPN B PR T 2% (BRI PUR LA T 0E— 2158
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