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W E. [+ %1 £ K% X £ R B (hydroxynaphthalene reductase, HNR)&Z 1,8- 78 X — &
(1,8-dihydroxynaphthalene, DHN)Z. & & & R i& 42 ¥ A X 4246 A 49 8%, A5 480 HNR M4 5 A
HEEELMR, mAMSEAEREH ABARUL LA —ZagA44ER, 12 HNR x4 A& 7% R 12 R4
Mot A AR e aRE ., [ A 49 ) AR 2w i 415 440 (4lternaria alternata) HNR 49
AR#ATAEE AWM &Fopey el b, @532 2 5 kPR3 HNR *F 4. alternata & K A&
12 MR E R, At —F 487 HNR /£ A. alternata 12 3 45 M3 AL st 42 ¥ 49 9 F AL
BRI SARIE L F A AR L8R B A. alternata 89 2/~ hnr I B 3847 7 1% ; i 1T gene structure
display server. open reading frame (ORF) Finder A conserved domain search % £k 4 & B A8 & 3k 4,

3t hnr A B BE G BATAW1E & F o0, F-4) 8 HNR 45 3474 5] = 3Red 4b 22 547 5t A, alternata
AREE. BEEOSRFZLEMTRAF M, B KA ETRKALE PCR (RT-qPCR)FE R 4547
T hnr 2B A. alternata TRz 5 et dReg R ikadi, [£ R ) MR 25195 H A. alternata
FEFR 2 ANBERTREEER nr 9B R 2K, 5 AW %4 Aadhnr = Aa3hnr, ¥ Aadhnr
AEAAKA 1266bp, AT 268 NRIAER, L AET, H 94 ORF; da3hnr KA 2K A 1356 bp,
ST 267 NRIER, SH 24K A A 51bp A249 bp 69 4AF, A 17 4 ORF; #Abotrk
B0, Aa4hnr #= Aa3hnr 5 Ophiobolus disseminans #= Alternaria arborescens 2~ 3| B-7 48 & 4 — 5 M4,
FI&F Aadhnr A= Aa3hnr 969 % G 348K NAD(P)& &K, & T 424& /L 2.84/18 R B4 (short-chain
dehydrogenase/reductase, SDR)K#%. #H3F4ER K, Z e A® R EBIKT A. alternata DHN
ZEEEMAS R, T FRKMEIESTE A alternata 12 M T e, $t—F 547 Aadhnr = Aa3hnr
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EFRREEEFH A. alternata T0F 37 L2 h). W& T RINFL(6 h). 424 B 27 R (8 h)#g &
RAikE, dadhnr 9B EREFE A alternata 125 M ZN A KA TR, Ada3hnr £
WA RN 6 AKX T TR, AMAEZEHLHBANKES hEE LAKE, (44 dadhnr
Fo da3hnr St R B R e 4 B — 2 g E A .

KEIR: Afasti, AARLRBE; £MWELFHN; RESH; RELMSL

A

Cloning of Anr and characterization of its regulatory role in
the infection structure differentiation of Alternaria alternata

LI Rong, XU Wenyi, LI Yongcai*, BI Yang, ZHANG Miao, JIANG Qiangqgian,

LIU Yongxiang

College of Food Science and Engineering, Gansu Agricultural University, Lanzhou 730070, Gansu, China

Abstract: [Background] Hydroxynaphthalene reductase (HNR), a key enzyme in the biosynthesis of
1,8-dihydroxynaphthalene (DHN) melanin, is involved in fungal melanin synthesis and has regulatory
effect on the fungal growth and pathogenicity. However, the regulatory role of HNR in the infection
structure differentiation of fungal pathogens remains unknown. [Objective] On the basis of the cloning
and bioinformatics analysis of the hnr genes of Alternaria alternata, we preliminarily evaluated the
regulatory role of HNR in the growth and infection structure differentiation of A. alternata through
pharmacological methods, aiming to provide a theoretical basis for revealing the molecular mechanism
of HNR regulating the infection structure differentiation of A. alternata. [Methods] The hnr genes were
cloned by homologous cloning method, and the nucleotide and amino acid sequences were analyzed via
bioinformatics tools including gene structure display server, open reading frame Finder, conserved
domain search. The HNR-specific inhibitor tricyclazole was used for the study about the regulatory role
of hnr in the growth and development, melanin synthesis, and infection structure formation of A. alternata.
Real-time quantitative PCR (RT-qPCR) was employed to determine the expression levels of snr genes at
the spore germination (2 h), appressorium formation (6 h), and hypha formation (8 h) stages throughout
the infection structure differentiation of 4. alternata. |[Results] The full-length coding sequences (CDSs)
of two hnr genes were cloned from A4. alternata and designated as Aa4hnr and Aa3hnr. Aa4hnr had a
length of 1 266 bp, encoded 268 amino acid residues, and contained 9 ORFs and no intron. Aa3Anr, with
a length of 1 356 bp, encoded 267 residues and contained 2 introns (51 bp and 49 bp) and 17 ORFs. The
phylogenetic analysis showed that Aa4hnr and Aa3hnr shared high homology with the Anrs from
Ophiobolus disseminans and Alternaria arborescens, respectively. The presence of NAD(P) binding
domain indicated that Aa4hnr and Aa3hnr belonged to the short-chain dehydrogenase/reductase (SDR)
family. Tricyclazole treatment significantly reduced the DHN melanin synthesis in A. alternata and
inhibited the infection structure formation of A. alternata on hydrophobic surface. The expression of

Aa4hnr was down-regulated at all the stages of infection structure differentiation, and that of Aa3hnr
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was down-regulated at the appressorium formation stage (6 h) while significantly up-regulated at the

hypha formation stage (8 h). [Conclusion] Aa4/inr and Aa3hnr have some regulatory effects on infection

of A. alternata.

Keywords: Alternaria alternata; hydroxynaphthalene reductase (HNR); bioinformatics analysis;

expression analysis; infection structure differentiation

FERBL (Pyrus bretchneideri ‘Zaosu’)J&H
VUL X = SRR RO AL A, B ROR N
Rk P BRIE . T 2 RETSERE S, &2
T2 E M E BN . SR BRELR 5 IR 1)
JoT 45 78 RO 2 LA ™, S S s U™ I 2 UF
ik, HA i E RS (Alternaria alternata)
S 1 B B0 Ry FEE ARG E . A. alternata
M R IR I E T, Iz AT
5 AR R A R, TR
PRG5BS . A. alternata 22
ARy D A R A R, BORET
o3 VB B X SR AR SN e B bED Y, (H A
o S B TR 0 S 2R

B F R — R A E T AR 2R R
G B K AR, FES N 18- K W
(1,8-dihydroxynaphthalene, DHN)#F1 3,4-—#%
3 2K N & FR (3,4-dihydroxyphenylalanine ,
L-DOPA) B A1 12 BT W1 ] 12 601 B 0 78
BEARAUTR . KT . FHEETE . FOKR/NBERG A |
I . BRI H . B0 2 &0 48 AR
e A% T B RE A A DHN B(a K,
i I LA DHN RO R KY N BERRE: , el
R A I (polyketide synthase, PKS)E G5
FE i U #5225 (1,3,6,8-tetrahydroxynaphthalene ,
4HN), R J5 38 of PY 3% 5 %5 08 I i (1,3,6,8-
tetrahydroxynaphthalene reductase, 4HNR)FJfi
SN A BN FL B (scytalone) , /Nl i 7K
fif (scytalone dehydratase, SCD)Z# fij i 7K A%, T
—¥£%%(1,3,8-trihydroxynaphthalene, 3HN),

M = #2 JL 2534 J5 i (1,3,8-trihydroxynaphthalene
reductase, 3HNR)MZIE B f R (vermelone,
VER), /N 78 R 56 A 1 P 8 AKOB | — 8 4%
(1,8-dihydroxynaphthalene, 1,8-DHN), /5%
i A N B ATE B DHN B4 2 U100 B A i
55 %, DHN BARADIARGERRE B B,
WM A 3L DPPH, o m] LA A ) 4 4 32
fast s E N W, R e e B A Y — R
KA, et K R AT ARG 9895 i TR B 3
ey, S HER A M,

hnr K25 T DHN R AR AV G MaEm T
P E SR IR IS N, AR, HNR J&
T I S /38 i i (short-chain dehydrogenase/
reductase, SDR)EZ R, & A T&F 1445
B S AN A, SRR i ] HNR
FEME R DHN B8 3A B e S 40 i) 55
Z—o R, TEREIRE A 3hnr
DS SMLBAR N, HEES 5% M
AN, 4hnr RS 55— PR ER; [F &
B 3hnr 5 4hnr Y5 BRI VIMG, Bk
IR M A B, MOmTs I 22 e 14 78
HH R B P TP A RIE TR B, 4hnr BEIR 58RI
A DL ) B 3R A B B4 v LR 58 A 3
(IRE SO, eI A R I R B, dhnr FE
AR R R 22 AR, BfER R R4
IR A% S AR A R RS S ks (0, R iX
eSS DO ESCTDARI -1 [ A o o TR ok )
RIS R IR, 3hnr JE R AR IR 2352 o A 76
TR TR B, BT 5 4 aa (1)
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FUS S FE TR BN B ST LB, 3hnr
PR AR S 8o 11, &5 BTk, HNR
FEFL TR I AR K B S BURYE R R Oy T 2 A
ZFEE

A5 i L TR S T A A R A R
1, BHF PR EYALE SR, Eid S SR
B S NEKHAR AR 3 T 2, DTS = G 3 B0
PR R, HFmE iR g # . A
S S8 B MAPK ZBK {5 5l B
CAMP-PKA {5548, Ca® (5555 M G &H
MRS 5l P8 5 . ARSI = B R, A
WM BING T A. alternata 1 MAPK {55 2085 &
##20 cAMP-PKAPHI Ca*' {5 514 T k42
W2 5T A alternata WIN RS2 FRK ZE SV,
ETT A SR G G5 R0 A A R 72, [RB 7E 32 30 il
RIUGE SR HATIRS , A. alternata
RBORGEYE T, AT HHBRARE
A. alternata {2 QS5 Y G FE 4R T
AR XT B BTG R A. alternata hnr FE& 1R 3
froebEMAEYE R 00, FREHRARE
BOEFEH HNRRE S PE A0 50 = PRk 7 24 34
SRS, FF X HAE AR YL G5 A 3 Ak FR i R
FIKIEOLHATINE , LI #E— 254578 DHN
RN} A. alternata 12 4245 F) AL BRI 43 FHL
il B A PSR

WL

1.1 ##
L1.1  fHEk
A. alternata JT-03 MRS 2 T H-EREL 1095

DERRAL, AR RAr, T LR B R
(PDA)REFRIE | 28 °C KiF%,
1.1.2 i)

oA pClone007 Versatile Simple Vector
Kit, DNA Marker FIRZ#T 1 DHS5o 2452 2504

LR

FACER A YR A R A B R &
J TRIzol i1 ¥ H At 50 RAR A AL B A BR A
F]; cDNA S 4% 580 &1 T TaKaRa 23] o
1.2 A&

1.2.1 3XBX Aa4hnr 30 Aa3hnr EE F 7

fifi F NCBI £k 4% 5 A #8452 A. alternata (1D
55K SRCIIK20) Y Aadhnr Fe R (G5 [R5 5%
Sh 29116424)5 Aa3hnr FEHGERE SN
29117620),

1.2.2 32BY RNA R & F cDNA

FE L RNA 32 HRUET ] TRIzol 502517,
255t R GRS cDNA, ELAE RS B )
LR
1.2.3  52B% Aadhnr 0 Aa3hnr EE %3 [X (coding
sequence, CDS)

MAECE M) 4. alternata (taxon: 5599,
SRC11rK20O)FEH A 741, fii K DNAMAN
6.0 435t 4hnr F1 3hnr WP RS I (F 1),
i A. alternata JT-03 [¥) cDNA VE A T
PCR 41§, PCR U {A% (20 pL): 2xPhanta Max
Master Mix 10 uL, cDNA 1 uL, F/R 5[#(10 pmol/L)
£ 0.5 uL, ddH,0 8 L. PCR JZ i 514F: 94 °C
3 min; 94°C15s, 58°C30s, 72 °C 1 kb/min,
33 MEHR; 72 °C 5 min, PCR W 4545, 18
1ok B RS N J AT RS D, K Tl i e
pClone007 Versatile Simple Vector Kit 3 {44 £
S AT o

%1 Aadhnr ¥ Aa3hnr R G514
Table 1 Primers used for amplification of Aa4hnr
and Aa3hnr genes

HEBH igdl K

Gene Sequence (5'—3") Length
(bp)

Aa4hnr  F: ATGGTCATCAACGTGCCCA 1266

R: TTACTGCGACGAGCCACCAG
F: ATGGCATCAATCGAGCAGAC 1356
R: TTACATGCAAGCAGCGCC

Aa3hnr
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1.2.4  Aadhnr T Aa3hnr BEEBEYIERFE D

i} NCBI #i it BLAST 7EZk 437 1
B, W ER P9 R IR T 8, IR T 8
HAWE G 4hnr T 3hnr Gt 1) & LR 7
41, FIH MEGA 7.0 A FHAR IR A H# R 5
KEBM, bootstrap HBEE N 1 000; il 7EL 5>
B L. H: gene structure display server (GSDS)Z#i
SN 45 ; FIA ORF Finder Wil DNA 741
il %] 32 #E (open reading frame, ORF); K
SOPMA Tl 1 — 24t #); ik conserved
domain search X443 M1 Aa4hnr F1 Aa3hnr FEH
PRAFEAEA IR, AH SC T o ik A UL 2.
1.2.5 EHlBTFEFR

2 1 A T 2 L 1 98 TR VR R vk
e, fEIXwEEES T, F 10 mL TREK
IMAY:FET 5d Y A. alternata JT-03 /1, TG
IR A A R R R R SR R T, R TR Y
MR AW ZEWER 50 mL oW O E
o IRGSIE, WHL 20 pL 6120 InAE
M ERITEOR b, R T AR T S T
T8, K HHIHE R 1x10° spores/mL .,
1.2.6 ZIFMELLIRRY A. alternata BHERTSH
A

VKT S M EE S 18 B 5P 5 2R
B, Gl TR IE TAF, FREL 3 mg —
IR f# T 100 uL DMSO, ZJCH 0.22 um A

R2 FESTNER M

Table 2 Online prediction software website

ML JEBRE 5, A 100 mL & K # 1 PDA
FrFRHk, Ry 30 pg/mL., ZiliREG
ISR AEAEN 7 em BYREFEML, 2555 5 315
WG HF R T 6 dJ5 1 A. alternata JT-03 1§
BFW 2 uL, SRIGTE 28 °C 2R T IHIREE IR,
RIS R E LA . WEREEER, B
SF LAY DMSO fE Xl IEAL B, 45 4ab L 3 A
i1, EHE 3K,
1.2.7 ZRMAENEBRERSERTMN

Z IR P i T R R PR 4k
5 E
1.2.8 =INMEAIEXT A. alternata 1ZFLEEHIH
Y B 52 M)

PHeE fy 1x10° spores/mL ) A. alternata
il FEF W (1 mL)LL 5000 r/min &> 5 min,
FEEWEW, WmUCEY RN 1 mL &R EE N
30 pg/mL A = FRRREEW . WL 20 pL 46 )
TEE TR B eysioK R, s
THIA IR IEAU PSR IR, 1E 28 °C #5537
FMTFHTF 2. 40 6. 8 h il YL IR FLIR B
=R N eI TP UD e R T C N G2 = R (]
R ME WL R, BRI 3 T,
WAT4L 100 43707
1.2.9 =3I MBI A. alternata BwTERIF M

P KN — . TeHLB s i LR AY i
0. 1% K AR AIK IR 2 min JHEE, XA

Online software Internet site Use
GSDS 2.0 http://gsds.cbi.pku.edu.cn/chinese.php?input=se R 4545

Genestructure
ORF Finder https://www.ncbi.nlm.nih.gov/orffinder TFF Ak e 2 AE

Open reading frame
SOPMA http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_sopma.html E A REER

Protein secondary structure
Conserved https://www.ncbi.nlm.nih.gov/Structure/cdd/ {55 45 4 35

domain search

Conserved domain
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WK T PoE, ETERSATET. H 75%
RN AR SR B ER AL LU, RN ET (A
220 3 mm, & 3 mm)IF AR EERAI ST 3 ML,
BEFL PN 20 pL ¥R R 30 pg/mL = FRMRAL P ()
A. alternate JT-03 ¥ 207, EHE 2 h,
TN THF I OREE AT, 420 JE S 3 K
JHiRtEREIFE 3 d WERIGRIMNRER, 41
BRI SRS B SR 0L . B DA EE T 9 4
e, =EHE 3.
1.2.10 Aa4hnr FA Aa3hnr EE 7 A. alternata
REEHD L PRIFTIED

B R 1x10° spores/mL ) A. alternata
¥ W G S5 T AR g K R E L, il e
28 °C #7472, 6. 8 h JFIUAE. 4RI RNA,
HARIREL RS 1.2.2 P 7. W3R daghnr F
Aa3hnr Z:H P4, {#i ] Premier 5 #3152 ¢ G
EmGIY, Wk 3. ] RT-gPCR AR
Aadhnr 1 Aa3hnr FERTER YL G5H A [R] 43 AL st
IR RIB R AIEN . VA& 95°C 30 s;
95 °C 5's, 60 °C 40 s, 40 MG, KA ZR
(20 uL): Master Mix 10 uL, 5|4 F/R (10 umol/L)
£ 0.5uL, cDNA 1 pL, ddH,0 8 uL., £55EH%:
FOKFBIFN S GAPDH V-, R4
i 3 AT, GERLL 2 h B R R X,
B R 2784 A KA T4
1.3 HIELAE

S B LAY (B 5 1 22 (mean+SD)
N, VEREAEf ] Origin 8.05 B )7 220 Mrik

*3 TEEHHEBESIYFIRIT
Table 3 Primers used for real-time PCR of target
genes

LN Gene %1 Sequence (5'—3")
Aadhnr F: CATTTGAAACGGGACTGC

R: TCCGAAGAAACGAACACC
Aa3hnr F: CGACATCTGCTGCTCAAACTC

R: CCTCTTGTACGCCGCCTTA

HE T SPSS 20.0, 22 53 43 BT i T B[R 3R 07 22 43
M7 (one-way ANOVA)F1 X[ & [K (Duncan’s) £ &
Fe#, 7E P=0.05 7KV Ay 25 5 W Al

2 BEREAW

2.1 Aa4hnr ¥ Aa3hnr BEE R T [E
MEL LB BE G I A. alternata " FE R
RNA, #4784 8 cDNA, fii 51 #y xf
Aa4hnr-F/R | Aa3hnr-F/R $£17 H ) FEH 414
PRI BER UK B E SR AN 1 s, XF PCR
P3G P BEAT R DG e, H IR AR B B A
Wk 807, 804 bp ) Aadhnr. Aa3hnr FERKY
cDNA F481, BA150 0 it 268, 267 DAL .
2.2 Aa4hnr 0 Aa3hnr EEBEWIEEF
A
2.2.1 3 Aadhnr T Aa3hnr BEE R G A B W
¥ Adadhnr I Aa3hnr B R3E 1 #F DNAMAN
B SEmR P4, A NCBI Bodls T 20
M BT ) 4hnr R 3hnr JERFH, 384801
AT RE R BRI E. K 2 ATH, Adadhnr
5 Ophiobolus disseminans W 4hnr FER H A5
B, LT A3, RGOSR,
Aa3hnr 5 Alternaria arborescens W 3hnr 3K H
BB IAINE, AT R— D03, RERR
B, B 2 DEEEAJE T [F A 10 S5 il
RIS RE

Aa4hnr

Aa3hnr M bp

Bl 1 Aadhnr 0 Aa3hnr B R 18 K E
Figure 1 Amplification electrophoretogram of Aa4hnr
and Aa3hnr genes. M: DL2000 DNA Marker.
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48
20

45

100

100

64 Aa3hnr (XP 018389921.1)

Alternaria arborescens (RYO71334.1)
Alternaria burnsii (XP 038791472.1)
Pyrenophora tritici-repentis Pt-1C-BFP (XP001933648.1)

—— Decorospora gaudefroyi (KAF1839567.1)

Curvularia lunata (QTG11042.1)

{ Bipolaris maydis (XP 014077649.1)
88

Stemphylium botryosum (BAD13340.1)
Clathrospora elynae (KAF1946500.1)

Plenodomus tracheiphilus (KAF2851192.1)
Botrytis cinerea (XP 001557620)

495‘— Cladophialophora carrionii (XP 001557620)

100 ———— Botrytis cinerea (CCD52436.1)
— L Sclerotinia sclerotiorum (XP 001585798.1)

Magnaporthe grisea (AAG29497.2)

100

2 Aa3HNR 71 AadHNR 5HMEE HNR BEEHMNARZR A B S

Bimuria novae-zelandiae (KAF1965968.1)
Lentithecium fluviatile (KAF2689245.1)
Decorospora gaudefroyi (KAF1831431.1)

Didymella heteroderae (KAF3047049.1)
Aa4hnr (XP 018383345.1)

Ophiobolus disseminans (KAF28220721)

Clathrospora elynae (KAF1945869.1)

Setomelanomma holmii (KAF2029199.1)

5 H 8 AR E A HNR &

FUESR S5 BEE PR RGN A B AR 70 31 s BT bootstrap [ JE{H

Figure 2 Phylogenetic analysis of Aa3HNR and Aa4HNR and other fungal HNR homologous proteins. The
accession numbers of different fungal HNR protein are in parentheses; At the branch nodes are 1 000 bootstrap
replicates represented as percentage values; The distance scale is expressed as the confidence value of unit length.

2.2.2  Aa4hnr 0 Aa3hnr EEFH R EH D

fdi I7ELL Bt GSDS 2.0 43 B il e 45 5 n]
M, Aaghnr FER2TFHIK R 1 266 bp, CDS
KEHN 1266 bp, i 268 &= IHlE, ANE5A W
% F. ffiF ORF Finder {44341 Aadhnr FH
TR BEAE , & B 9 4~ ORF. Aa3hnr 3£
SIS EE N 1356 bp, CDS KN 1256 bp,
Wi T 267 NEKER, TH 2 DKRANGHIH
51 bp 149 bp N T, A 17 D IBIEAE
2.2.3  Aa4hnr ¥ Aa3hnr E R HBEY R %K
etk

KIAELL B AT SOPMA X} Aa4hnr (] 3A)FI
Aa3hnr (B 3B)IER A% 7=y i) — e 25 kb WEA T

A

T T T y T
T il | [Frmm It Lo A Nl
I ‘ ‘I | \H | ‘ | H l | ‘ i) \Hl‘
| | [ 1 T I It
« n 1 L L L

50 100 150 200

Il | | | | ‘ |I \‘ |
i H ‘H e ‘ 0 A i
| | |l | | Il

f i

50 100 150 200

& 3 Aa4hnr (A)F0 Aa3hnr (B)RAIZEHRI R
St A o BBE; E. TG,
e B AL SEfhEE

Figure 3 Secondary structure analysis of Aa4hnr
(A) and Aa3hnr (B) gene coding protein. Blue:
Alpha helix; Purple: Random coil; Green: Beta turn;
Red: Extended strand.
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T, et s . 2n . GRrEAR T
Hlo Aadhnr FER Gt =Y & A 40.3% o 12 JE
(alpha helix). 32.84%JCHLINI 4 il (random coil)
18.66%JE 4% (extended strand)Fl 8.21% B ¥4 ff
(beta turn). Aa3hnr FE 45 7= 9] &4 41.95% a
BRHE . 31.09%J0 KL 35 | 18.35% 4 fif 5 A1l
8.61% P 5% ff1. Aa4hnr F Aa3hnr it ;=) £ %
B —REEH TR o BRTES TC RN 5 .
2.2.4  Aadhnr F0 Aa3hnr EE RS SH

i#1J conserved domain search Zf4:43#
M, Aadhnr (K AA)FT Aa3hnr (B 4B) T 4 1
HE 5 A NADP)SS G 3, XA S5 S AR~y
TR, FA7E T WOBH B AT 22 S At S A0 AA i i
PSS . Ak, 2 NMiAEEFYJE T SDR
K

A

2.3 ZIRMAIENT A. alternata B E RS FE
A
I SA AIHl, 30 ug/mL —IRBEAbH 5
A. alternata TRV% B 4£ TR A fL, M
ek A e, R RE RS MW R
B (E 5B), AbFRAL SR AR B SR (U IR
MY 66.5%, H =IMRALIEXT A. alternata T2
P 2A MHER(E 50).
2.4 ZIRMALIRHDE A. alternata (R 55
B 72 B
HIE 6 AIRN, EAAREE 557 R Y I K
A. alternata WL FW % , W& MU SRS 2 E
Fhtads, (0 =R b BB B A06 T A. alternata 4y
A AE K T A R AR (K] 6A) 5 IR
JECR(E 6B). (ERTFE 2 h B, AbBILH il ¥

1 125 250 375 500 625 750 875 1 000 1125 1268
RF +3 Active site
NAD(P) binding site
Superfamilies < NADB_rossmann superfamily
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Figure 5 The effect of tricyclazole treatment on morphology (A), melanin content (B) and mycelium

growth (C) of 4. alternata. *: P<0.05. The same below.
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Figure 6 The effect of tricyclazole treatment on
spore germination (A) and appressorium formation
(B) of A. alternata on hydrophilic surface.
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Figure 7 The effect of tricyclazole treatment on
lesion morphology (A) and lesion diameter (B) of
the fruit.
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Figure 8 Relative expression analysis of Aa4hnr (A) and Aa3hnr (B) in 4. alternata under hydrophilic surface.
Different lowercase letters mean significant difference (P<0.05).
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