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HEREWMEE AdaCaMK ZERZFZ. TMEERFTR
RRGH T FRIRIED

Bl ECR AL M ONEH E% RE IHZ
AL RS F AR RIE S TREEBE HH 5 730070

 E: [¥F] 8/45RF KRB A & & %8 (Calcium/Calmodulin-Dependent Protein Kinase, CaMK)
REAEAYMRAE T ERTS AL THO—XEZREG, SHRBMAERK. Miba BB mESF
AAEZ6AEER. [B8]) 3R E 5% 8 4 Ma K450 (Alternaria alternata) AaCaMK # B 34T
K. AWEEF oM, FrTEAR R A T oy LB R A F TN, A —F R
FE2AmASE TR FTERAEFT daCaMK 5T A. alternata 123 45 #) A0 IE 69 0 F AL 3t — 2 49 28
BARYE . [ % LR RR LI B M A. alternata JT-03 F 515452 3 /A~ AdaCaMK A7 ; 38 i TMHMM.
ProtScale. SOPMA % #x#F2f AaCaMK # B 34T £ 4915 & F 947, #) B 52 0F 3 k& & PCR (RT-qgPCR)
BARSM AdaCaMK R E L5t B2 L s bt 2 P ey R A, (LR LEFE A BN A A
1212.1200. 2 349 bp 4 AdaCaMKI. AaCaMK2 #= AaCaMK3 % B ; A ¥11% & F 54 % 9, AaCaMKI .
AaCaMK2 #= AaCaMK3 384 7! 64 & & i B A Rk AL 45 3R (PKC_Like Superfamily), F E
AaCaMK1 #= AaCaMK?2 4 F] 44 CaMK % £ /7 2 B4R & & Bt AL 45 #13%(STKe_CaMK), AaCaMK3
AH LKB1/CaMKK % /7 8B % & B Ba1E L 45 3R (STKe LKB1 CaMKK); F] /R4 547 & 9,
AaCaMKI1. AaCaMK2 #= AaCaMK3 455 =K K#t5mHE CAK1. CAK2 #= CAK3 #9484k &k
94.32%. 97.49%%#= 86.57%; RT-qPCR 2 # &, AdaCaMKIl. AaCaMK2 F2 AaCaMK3 13K B Rt
HF A alternata 1ZHREM ST PR E FR KA (P<0.05), mARBFEFERELE. L+
AaCaMK1 #= AaCaMK2 F£ W & FoF i BT H1(6 h) &L & A xR a9 1.51 424= 3.05 42, 71 AdaCaMK3 4%
RELHRNEBNEALTRS, AR 28612, FAERMIFST, XINMLRAFFMHEN
B4 WL ARXERESHTHARG., (44 8455 F daCaMK B ERKA RS HESF A
alternata 12 3 5 M 0T A2 o KA T 209 A=4E A .

KHEIR: Alasdde, 4545 R FIRMA R G MEE(CaMK), EMEEFoN, RELEMHL
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Cloning, bioinformatics and expression analysis of AaCaMK gene
on infection structure differentiation of Alternaria alternate, causal
agent of pear black spot

JIANG Qiangian MAO Renyan LI Yongcai BI Yang LIU Yongxiang
HUANG Yi ZHANG Miao WANG Tiaolan

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

Abstract: [Background] Calcium/calmodulin-dependent protein kinase (CaMK), an important
downstream target protein of calmodulin in the calcium signaling pathway of eukaryotic cells, plays an
important role in pathogen growth, stress response and pathogenicity. [Objective] Cloning, bioinformatics
and expression analysis of 4aCaMK gene on infection structure differentiation of Alternaria alternate,
casual agent of pear black spot, for further clarifying the molecular regulatory role of the AaCaMK gene in
the calcium signal pathway on the infection structure differentiation of A. alternata. [Methods] The
AaCaMK gene was cloned from Alternaria alternata JT-03 by homologous cloning; The 4aCaMK gene
was analyzed by TMHMM, ProtScale, SOPMA and other software; Real-time quantitative PCR
(RT-gPCR) was used to analysis of the expression of AaCaMK on infection structure differentiation of 4.
alternata. [Results] Three isotypes of calcium/calmodulin-dependent protein kinase designated 4aCaMK],
AaCaMK?2 and AaCaMK3 were identified in A. alternata with length of 1 212, 1 200 and 2 349 bp; The
bioinformatics analysis revealed that these three CaMK all contain the PKC_like superfamily domains
(PKC Like Superfamily). The conserved kinase domains of both AaCaMK1 and AaCaMK?2 belonged to
the catalytic domain of CaMK ser/thr protein kinase (STKc_CaMK) while that of AaCaMK3 belonged to
the catalytic domain of liver kinase B1 (LKB1) and calmodulin dependent protein kinase kinase
(CaMKK)(STKec_LKB1_CaMKK); The homology analysis showed that the homology of AaCaMKI,
AaCaMK?2 and AaCaMK3 with Setosphaeria turcica CAK1, CAK2 and CAK3 were as high as 94.32%,
97.49% and 86.57%, respectively; RT-qPCR analysis showed that genes expression of AaCaMKI,
AaCaMK?2 and AaCaMK3 were all significantly upregulated during infection structure differentiation of 4.
alternata induced by hydrophobic and fruit wax coating surfaces (P<0.05), and fruit wax showed more
significant stimulus effects. Among them, the expression of AaCaMKI and AaCaMK?2 during the
appressorium formation period (6 h) were 1.51 and 3.05 folds, respectively, while AaCaMK3 had the
highest expression in the infection hyphae formation period (8 h), which was 2.86 folds that of the control.
Under fruit wax induction, the up-regulated expression of these three genes was significantly higher at the
germ tube elongation stage (4 h) on fruit wax coating surfaces than the hydrophobic surface. [Conclusion]
AaCaMK in calcium signaling pathway play an important regulatory role on the infection structure
differentiation of A. alternata induced by hydrophobic and fruit wax.

Keywords: Alternaria alternata, calcium/calmodulin-dependent protein kinase (CaMK), bioinformatics
analysis, infective structure differentiation
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KEWATIR . HIRCHEH(Alternaria alternata)
JE 5 U BRI 1) — R LA R e, AT 7E
PIRET AR BN RO R A AR SR

S50 1o 4% g AR AR AT IR 28 SRS 00 )
CAMR K] A. alternata 18 5ei@ 7RG R TR
SR, BRI REE, I E AR R T
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T i LR A0, R B 0 1 e
AR ZF RS, SR8 55 GG
PHE SR AMAAZ, PSR BB A G A %
ik, EmE iR, BT EENE S G RE RS
G H IS 58 . Mitogen-Activated Protein
Kinase (MAPK)ZIE{5 538 % . Cyclic Adenosine
Monophosphate (cAMP) {5 5 i 48 S 55 2 115 5 id
. A KEHFREI, MAPK HHE(ES .
cAMP/Protein Kinase A (PKA)S (5 581425 TH
S TR SEATL G IR L I TR 22 A L T kL Y
FHIERL . WA YR . BERN 4
BRI e (5 SR AR Ve B Yy
PIANLL SR Ae, SR L N AN R , G
EOEZHBEMEREZ LB C
(Phospholipase C, PLC), PLC iH1k)5 /K fiu R I
[ 4,5- 2 (Phosphatidylinositol 4,5-Bisphosphate,
PIP2), 7= U —BEfR (Inositol 1,4,5-Triphosphate,
IP3)F1 ik H i (Diacylglycerol, DAG), IP3 AJ &) 5%
I P RS BT, R EUKLR I Y Ca” U I
I, 45152 (Calmodulin, CaM)5 Ca®'454 /5
HANS RAEWE, B Ca®/CaM E&Y1, E4W
HE— 20 BTG TR U A /S R 2R R TR AR
(Calcium/Calmodulin-Dependent Protein Kinase ,
CaMK) FIE5 JH B IR (Calcineurin, CaN), 14
BRI LR AV E ] TR AR E R,
AR HEA G Y DG SR RIAE DG S R iy 26k, 1T
JEE E AN N A AR BACRE s A RTE
i 2 B s AL RIS B iRt S 5 T
T T SRR i T TR AT i

CaMK 1EWE5(5 S5 @2 CaM FFIILZ/H R
FREE I, N 3 ATP 56005 . KP4
B S AR E S PEROL S, HOMEg T 45+
B, e AL RN s C i A AR 25 5,
JEEEITETAEER . 7E CaM 5 Ca’ 'G5 Z RTI
AR AL FINHPRES , (RS PIE S5 TR 25 0aE
AR AL SO, AT FEE P o il 2t CaMK
BRI TRAFREM I K B CaMK 75 Bk A R 0 A 10

K AEKEE . e Efba sz A
FIEE oMb 5 A Pt R e 3 s A, [
LR, CaMK 25 T RuRm @™, Wi
PSP T I & . B IRIR. ZER  F
MR ORI A B AE . TE/ N FRGR T Y
e R, Cpkd BEPRIBERRR e B0 ™ 5 1Y) 1
BB, TSR CpkB WIEWTEBCA W A2 4k, CpkC
RAGKTEAZ YN R FE R Y TR U AR 2%, R
Bl CaMK 25 T %W R A K & & R 5 4Mis
CaMK Il KN93 4b3H, K B H R R AR i
I F B A& . ZFE R A O A — e 2
FEMII], I FL AT BHWT R 3 = A2

SRR EN S S@ED CaMK 25
FRAA . RAACH AR TR I, (AL A
ARSI 5, FEIEZFEERNAE etk . AT
I 38 3 7 53 A 2 S B - E AN [R] R AR
HFRIER S E S &ES S TRRE RSN 4.
alternata ¥ & FFHE MOIE S #2, I EApE 5
AEFENHRER S A, alternata WG BOTE BRI/
FRTFHF5 % . [RlEE & B PLC 1& P HIFH 8 R
Ab P 2RI T AR B AR U5 = A. alternata
W& MTE R, %8 PLC 90 Ca® 59 @it
Z: 57 ZLIL BB R Ly AT 3 3R R I ST M g K
559 SR A. alternata 585 115 5 %42 it
CaMK [ A4 i 3 B RN R 45 T RE v A WL AE
W, AMEL RS T 4. alternata ) 3 A~
AaCaMK FEN, FERI A5 B TR 2
S B S s R FRAPE BT . A5 A A A T T
M teAh, S RT-qPCR S AR K B SR it 7
T A. alternata YL AL R R RIAE DL,
B RAMREF 517 T A CaMK 1E5T
KRR S A, alternata 12 9Z5R A S 380w PR
A AR E R R it

1 MRS T

1.1 ##
A. alternata JT-03 K A S 28 43 B ARAT

B
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F'; pEASY®-Blunt FEREZAK ., KA H 2 &
DH5a 1 DNA Marker, b5t 2 AP ARA R
Al PCR B MISGRF &, e st g A Rk B A R
23 F]; TRNzol j& RNA $2Hu , RARAEALRHE AL
FO)A R/ F]; PrimeScript™ RT Reagent Kit with
gDNA Eraser, TaKaRa /A\],
1.2 A. alternata 5. RNA BY32EL

PRI 0.1 g 76 PDA 535k 28 °C 535 5 d 1y
A. alternata 822, VKIS 785008 J5 F TRNzol
P T B RNA M$EHC, R PrimeScript™ RT
Reagent Kit with gDNA Eraser JZ 4% 5% cDNA, Jf4E
=20 °C MR
1.3  A. alternata H AaCaMKI. AaCaMK2 70
AaCaMK3 FRE 52 E

W% & W ¥ 1 Alternaria
(SRCIIrK2f, taxon: 5599)JEHA ¥4, i H# A4
DNAMAN 6.0 % il 4aCaMKI . AaCaMK2 #l

alternata

fE¥R; 72 °C 5 mine RN E5RIFHEY 8Pt
1% R WHEE B LKA I, 8 B A T VT
RIS o 4 i 11 S0 ) 5 Se B 484K pEasy-Blunt %42,
HEH WS KA Z A DHSa BRiR AR5
b BEFR AR, 25 PRI v PR IR 5 A T R
PCR HiF, SRJGHRBUTR 2% 2 P8 LR YR
A BRI T
1.4 AaCaMKI. AaCaMK2 %0 AaCaMK3 £ H )
EMERED

FIF BLAST FEZR 53 T H A 72 SR 1y 5] 7]
B Hr, LD MEGA 7.0 1 (45 43 (Neighbor-
Joining, NIZEMH RS K B R (Bootstrap=1 000).
AaCaMK]I . AaCaMK2 T AaCaMK3 H=W15 8207
M TSI A2 K gk A3 2 i o

x1 YHEBERAZIYFT

Table 1 Primers used for amplification of target gene

Gene Sequences Length
AaCaMK3 {41 1), FIH RT-qPCR # A, (bp)
SEIE R %(%:Z ) A 4 PR AaCaMK] F: ATGCTCAACAAGCTGCACGG 1212
\ } N H S 4
Y 4. alternata JT-03 ) cDNA BRI T4 R: TCACTTCTTCACGGGCTCCG
PCR LR ZR(20 uL): ¢DNA 1 uL, L. TiE54 AaCaMK2  F: ATGGCGACAAGGACTTCGAA 1200
(10 pmol/L)4% 0.5 puL, 2xPhanta Max Master Mix R: TCATCGCTTACCCCACAGGC
10 uL, ddH,0 8 pL. PCR R 244 95 °C 3 min; AaCaMK3 F: ATGTCACCCTCCCCTACGCC 2 349
. R: CTAACTACCAACCGGCGTCC
95°C15s, 58-64°C30s, 72°C 1 kb/min, 33 />
F2 TUMER R W
Table 2 Online prediction software and website
Online software Internet site Use
GSDS http://gsds.gao-lab.org/ LRI 45 Gene structure
ProtParam http://web.expasy.org/protparam/ FAR A T
Physical and chemical properties
TMHMM http://www.cbs.dtu.dk/servicess TMHMM/ 5 N2k A T,
Transmembrane domain
ProtScale http://web.expasy.org/protscale/ &/ K
Hydrophilic and hydrophobic
ProtComp 9.0 http://linux1.softberry.com/cgi-bin/programs/ V24 e 7 o7
Subcellular localization
KinasePhos http://kinasephos.mbc.nctu.edu.tw/ &A=
Phosphorylation site
SignalP 4.1 http://www.cbs.dtu.dk/services/SignalP/ {55 ik Signal peptide
SOPMA https://www.predictprotein.org/ o = I o A
Protein secondary structure
SWISS-MODEL https://swissmodel.expasy.org/ HE = haq

Conserved Domains

https://www.ncbi.nlm.nih.gov/Structure/cdd/

Protein tertiary structure
PR5FE5E R IR Conserved domain
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1.5 AaCaMKI1. AaCaMK2 0 AaCaMK3 E[RH 1
A. alternata RFELEM SR RIRIE S
151 #mibl&E

FREC 0.1 g ISR T 10 mL A5, il
B 0.1% 0I5 BT, # BC o I BT i v X S0 1 T
FK IR o BUPDA _E3%3E 5 d WY A. alternata, I
T8 O K C B A B, IR TR A1) 70 mlE
PNAEBT K BEFN U R B K B B, 435I 28 °C
HigR 2. 4. 6. 8hJEHUE,
1.5.2 #ms RNA BIHREY

K] TRNzol & RNA SR i1 A RNA
I, fd F PrimeScript™ RT Reagent Kit with gDNA
Eraser 17 cDNA [tk , BARBAERR ™ il
H17s
1.53 PCR R &MH

i H Primer 5.0 #F¥Eit514, FHF RT-qPCR

Mk & FERFE K500 HNES: GAPDH J8°F-,
W 27 R BRI T, B E R
3.
2 HR540
2.1 AaCaMKI1. AaCaMK2 F1 AaCaMK3 EFEHY
wfE

M A. alternata FPAEEUE RNA JE 5N
cDNA, Ll ¢cDNA J#it, 11514 AaCaMKI-F/R
AaCaMK2-F/R Fl AaCaMK3-F/R #47 PCR ¥4, 9~
W24 1 %I BEMHEE R UK 488 e 19 81 B (1 254
(E 1), BN X A s B R N R 1212,
1200 F1 2 349 bp 1Y AdaCaMK FEF ) cDNA 741,
I3 W4t 403 . 399 Fl 782 AN IERR

*3 EE3Mgit
Table 3 The primers used for RT-qPCR of genes

(% 3)o RT-qPCR JUW A (20 pL): 2xMaster Mix Gene Sequences

10 uL, 1% F (10 pmol/L) 0.5 uL, 1% R (10 pmol/L) AaCaMK1 F: ATACCGCTTCGGAAAGACAC
0.5 },LL, ddHZO 7 HLa ¢DNA 2 MLo fi)ﬁ%ﬁ‘ 95 °C R: CTCCAACTCATCGTAGACCA
30s; 95°C5s, 60°C40s, 40 MEH; ¥ AaCaMK2 F: CGCCAAGGTCATCAACAAGC
SERE, B 95°C 10s, 60°C60s, 95°C 1553 AaCalIKs E S:fg::;ifgfggfgﬁ
#57 PCR 7 IRe it 2k ; I M\ 60 °C Z18 TR 2 R GCCAATCTCCTGCTTGACTA
99 °C, % LTt 0.05 °C Rl — R, 2l i

bp M1 AaCaMKI AaCaMK2 AaCaMK3 M2 bp

2000
1000
750
500
250
100

1212 bp

1 AaCaMKI1. AaCaMK2 0 AaCaMK3 E[E 18 6k &

1 200 bp

—0 U=l Lh
o o Lo o
o o Lo Lo
[l

S AN
SO OO

2349 bp

Figure 1 Amplification electrophoretogram of AaCaMKI1, AaCaMK2 and AaCaMK3

Note: M1: DL2000 DNA Marker; M2: DL5000 DNA Marker
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2.2 AaCaMKI1. AaCaMK2 F1 AaCaMK3 F[E HY
EMERFED
2.2.1 FIHFED

%t AdaCaMKI1. AaCaMK2 1 AaCaMK3 X 3
ASFER R Bl te Xt &3 AaCaMKI . AaCaMK?2
1 AaCaMK3 5 NCBI H A. alternata (SRCI1IrK2f)
W CaMK 55K F 5 ARAAE 53 51 R 99.07% . 98.14%
F199.53%, KILARHE A. alternata (SRC1IrK2/)H
CaMK R:WHFEH, X} AaCaMKI. AaCaMK2 Fi
AaCaMK3 JpHVFRAESAT IO 4347 5 GSDS
AT AaCaMK1 . AaCaMK2 F AaCaMK3 4%
BEH 4. 386 MMNET. il ProtParam 43t
A3 AaCaMK1, AaCaMK2 F1 AaCaMK3 {7 iF i,
Fr AR IEE AN 64, 47 K1 114, 5 G e fap 7R FE KR
O350k 61, 52 1110, FEIEZEHL S 4050 8.40,
6.24 1 8.38, [Ht AaCaMKI1 Fll AaCaMK3 %[
WIEH, AaCaMK2 #1745 i L ; AaCaMK1 .
AaCaMK2 #1 AaCaMK3 3 34 2E K 14 43 5k
—0.544 ., —0.446 F1-0.642, ANEaE REA 0N
33.64., 33.66 il 62.94, HILA]A AaCaMK1 i
AaCaMK2 mFE FKE T, AaCaMK3 I ARE
SEKEH . ProtComp 9.0 V4 fif 52 1v 45 SR 3¢ H

A
1 75 150
Query seq.
B Active sitefikd M A M F U T
ATP binding sitcid 8% - Y y -y
polypeptide substrate binding site o Mg i n
oo " Activation loop (A-loop) h A
Specific hits K

Superfamilies

B 1 50 100 150

Query seq.
ATP binding site g4 44

polypeptide substrate binding site

rY FU ¥ A& A

A

AaCaMK1 JE (740 B FI A A%, AaCaMK2
Hl AaCaMK3 43 5] 5 5 F A0 (AR 20 A o
222 {RSFEEME

i1t Conserved Domain ZXAF43 T Al 41, 31X 3 4>
AaCaMK FE[F T 4 i 19 2 11 19 278 MR 35 1 3
R 2R A AL 45 F4 3 (PK.C_Like Superfamily), 1fii H.
AaCaMK1 fll AaCaMK2 FL[a]{5 45 CaMK 2522 /75
PR 25 A AL 25 F 38k (STK e CaMIK), AaCaMK3
A LKB1/CaMKK 8 22 /95 5 iR 85 1 S i AL 4544
I(STKe LKB1 CaMKK) (& 2), FHix 3 1EH
B BRI ATP 2560 50R ACT s, B
3IANEAMIEYE T CaMKs Ko
223 EERGME. ESFFE/EKES

TMHMM  $1 {4 10 45 S 2 B AaCaMKI1 |
AaCaMK2 Fll AaCaMK3 ¥ ELA B LhEth R, &
FAEBSIEE 1, SignalP 4.1 5 5 KT 45 3R B R
AaCaMK1, AaCaMK2 il AaCaMK3 /AN f7-7E A i
MG S IRBT I, B FAEmsmEN . A
ProtScale #£1735/5i /KL, 25 R F X 3 48N
FP AN AEAE B SR s K X3, I FLE K XIS B
Z T HK XA 3), Z5ERIHTTNEE R, HEX
3MEABRFEKENR.

225 300

T
PKC_like superfamily |

200 250

L

AcivesitoMih 4k A MMM S AL S

F Y

Y by
Activation loop (A-loop)

Specific hits
Superfamilies

I 125

Quer) seq. ATP binding site/4y 4
Active silglth 4
Polypeptide substrate binding siteA

Specific hits
Superfamilies

A B
A B0
A

Activation loop (A-loop) ks
¥ 1) N

PKC _like superfamily

y - N

PKC_like superfamily

500 625 750 782

El2 AaCaMKI1 (A). AaCaMK2 (B)#1 AaCaMK3 (C){#=F&5Him
Figure 2 Conserved domain of AaCaMK1 (A), AaCaMK2 (B) and AaCaMK3 (C)
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EEU\‘ F“"'ﬂ f”“,-'ﬁ‘ g(l) Mul
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B3 AaCaMKI1 (A). AaCaMK2 (B)f1 AaCaMKS3 (C)E/Ei/K £
Figure 3 Hydrophilic analysis of AaCaMK1 (A), AaCaMK2 (B) and AaCaMK3 (C)

T KPR FOR MR EAG | E LT AR B FEUKIX, RGPS ; AU AKX, ffEs

AN R

Note: The horizontal scale indicated the number of amino acid residues; The vertical one was the relative hydrophilic scale; Points above the
zero-horizontal line corresponded to hydrophilic region, the greater the positive value is, the greater the hydrophobicity is; Points below the
line were hydrophilic, and the smaller the negative value is, the greater the hydrophilicity is

224 TBEAIHR. ZREHTN

{fi ] PredictProtein Xf 2 [ — 2% 25 #4) ¥E 47 ¥
W, W AaCaMK1 — 245k o B805E . B 454
B 5% 0 TG R 5 i A3 ) S 47.64% . 6.45% .
14.39%F1 31.51%, AaCaMK2 — R Z5H o 12 |
B e fh . ARSI TC LI 43 38.60% .
7.02% . 15.29%F01 39.10%. AaCaMK3 2% Z5 4
o BRBE. B AL A A EE IR A A A
35.81%. 4.48% . 10.87%#l1 48.5%. X 3 N [IH

SERA BRI DL o MEUE 235 4 R G R 3 il

F, HUCHIEMEE, F M2 B M 4).
SWISS-MODEL #1725 [ — g 45 #4) [ I 245 43 5]
53] AaCaMK1. AaCaMK2 il AaCaMK3 &[]
ZEF TR (] 5).
225 EEERILAL= T
K NetPhos 3.1 FUll 2 FABERR LA 15, , 45 R 5%
B 3 AR P 22 &R (S) R A 2 BR (T) B R T A3 os,
WZ, MARNY)BERIOLE D o S0l 1g
AaCaMK1. AaCaMK2 Fll AaCaMK3 435l&4 31,
41 F1 96 METEBERR LA 23R 4),

W"""“il\l"'llll“ il

|||mnH|\uu|m|||||uuﬂ

TR RS

MWMW |Mww

RH

o

o

T

200 300

0 100 200 300

4 AaCaMK1 (A). AaCaMK?2 (B)f1 AaCaMK3 (C)—

400 500 600

R LE TN E

Figure 4 Protein secondary structure prediction of AaCaMK1 (A), AaCaMK2 (B) and AaCaMK3 (C)

e e o-MRNE; SR BAES; L0t SEMREE; S TORUNIGH
Note: Blue: Alpha helix; Green: Beta turn; Red: Extended strand; Purple: Random coil
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Bl 5 AaCaMKI1 (A). AaCaMK2 (B)F1 AaCaMK3 (O)EH T A%
Figure 5 The conformation simulated maps of AaCaMK1 (A), AaCaMK2 (B) and AaCaMK3 (C)

F 4 AaCaMKIl1. AaCaMK2 #1 AaCaMK3 E R &k

(=%
Table 4 Phosphorylation site analyses on AaCaMK1,
AaCaMK2 and AaCaMKa3 protein

Name 22 R TR Fix R

Serine (S) Threonine (T) Tyrosine (Y)

AaCaMKl1 15 9 7

AaCaMK2 13 24 4

AaCaMK3 56 32 8

2.2.6 AaCaMKIl. AaCaMK2 1 AaCaMK3 5H
e # CaMK HEEBFIN DR AFLE N

{#ifl DNAMAN 6.0 f AaCaMK1. AaCaMK2
I AaCaMK3 5 HAB YN CaMK 205075 #E1 7 1L
Xt, 45HFEM] AaCaMK1 5 E K KBEE CAKI
(Setosphaeria turcica, ACC69195.1) 247 1R =1 ¥ AHAL
P, A 94.32%; SFPEETE MgCaMK1 (Pyricularia
grisea, ACB41779.)FHMIMEN 66.91%; S5H il
F221% SsCaMK (Sporothix schenckii, AAV80434)
FARIE R 70.66% ; 544 i i 8 AnCaMK (Aspergillus
nidulans, XP_660016)FHIH: K 70.42%; 5 HkA
NcCaMK (Neurospora crassa, XP_958895) 1Ll A
71.67%:

AaCaMK2 5 £ K K B 8 W CAK2
(Setosphaeria turcica, ACC69196.1)[1) & FEHR 17 51 4
MR, 0 97.49%; SIKHI%H CMK2 (Botrytis
cinerea T4, CCD43309. DAHIPEN 71.20%; S4¢E
CaMK (Metarhzinm robertsii, EFY99670.1)fH{}l
PR 68.63%; HFHENE MgCaMK2 (Pyricularia
grisea, ACB41780. AT 70.14%; 544 S ith
%5 AnCMKB (4spergillus nidulans, AAD38850.1)F

YR 71.43%; SBKIIRE NcCaMKI1 (Neurospora
crassa ORT4A, XP_959927 I N 62.21%; 5
B R ) % A CgCaMK (Colletotrichum
gloeosporioides, AAC62515. 1)FIME R 66.90%; 5
T EL R E T AdCaMK (Arthrobotrys dactyloides
AAG4A3970)FIME R 71.00%; S5kEfTEE AcCaMK
(Aspergillus clavatas , XP_001270915.1) #H L4 Ky
76.43%,

AaCaMK3 5 FIAEE 1) CaMK 2R T8I
U AR, (H 5 ol & 6 55 (Stemphylium
KNG45111.1) . £ K K B J%
(Setosphaeria turcica, ACC69197.1), FHEAZ Al
& (Bipolaris victoriae F13, XP_014554105.1)F1/N4
B9 B8 (Pyrenophora tritici-repentis, PZD14386.1)
(AR AL 43 31 R 89.77% . 86.57% . 81.96% FlI
79.93%:

3T ClustalX #/4¥ AaCaMK1, AaCaMK?2
il AaCaMK3 2 A2 ¥ 5 5 £ K K596 |
(Setosphaeria turcica) . WKMLEE(Neurospora crassa).
TR AR FN AR R (Colletotrichum gloeosporioides) |
Jit 84 5% £F (Saccharomyces cerevisiae) . F& I i
(Pyricularia grisea) JK %% fl(Botrytis cinerea)Zs
() CaMK MRSy HIHEATHEX 704, 6 MEGA
70 AW ERT LEW(E 6). HiREKW
AaCaMK1, AaCaMK2 fl AaCaMK3 Z[AI7EHEAE, |-
SRR HGE, AaCaMKI1 #l AaCaMK2 7Eifk
5 CaMK FHE ARG R R, T AaCaMK3 I 5
17> CaMKK JE3E A BUE RS R o

lycopersici
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100 Pvricularia grisea (ACB41780.1)
61 Pyriculuria ornv=ae 70-15 (XP_003718027.1)

% Neurospora crassa ORT4A (XP_959927.3)
100 Colletotrichum gloeosporioides (AAC62515.1)
Botrviis cinerea T4 (CCDA3309.1)
37 Bipolaris oryzae ATCC 44560 (XP_007685007.1)
100 {AaCaMKZ (XP 018389748.1)
63 Setosphaeria turcica (ACC69196.1)
100 AaCaMKI (XP _018386944.1)
100 { Setosphaeria turcica (ACCH9195.1)
Sacchearomyces cerevisiae S288C (NP_014626.1)
100 I: Saccharomvees cerevisiae S288C (NP 116669.1)
AaCaMK3 (XP_018385398)
[ Bipolaris victorige 13 (XP_014554105.1)
100 L Bipolaris orv=ue ATCC 44560 (XP_007690795.1)
51 Stemphvifuem hcopersici (KNG45111.1)
33 { Setosphueria turcica (ACC69197.1)
W 44 Pvrenophora writici-repentis (PZD14386.1)

B 6 AaCaMKl1. AaCaMK2 1 AaCaMK3 5HMERE CaMK FiREHMRFLE N

Figure 6 Phylogenetic analysis of AaCaMK1, AaCaMK2 and AaCaMK3 and other fungal CaMK homologous proteins

TE: SN ARIER CaMK B85S BEE R RITR A B FH; /0301 i ERYEEFN Bootstrap H R {H

Note: The accession numbers of different fungal CaMK 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

2.3 AaCaMKIl. AaCaMK2 0 AaCaMK3 1£ A.
alternata RREH D PRIERERTIED T

HTf# AaCaMKI . AaCaMK2 Fl AaCaMK3 F&
KTE A. alternata 12 RN F AL HT B i Fak b
B, M A. alternata FHEEUE RNA, ifiid RT-gPCR
FiRTHAE A, alternata ARYLEEHIATE AL B HA
fZe kAL S . RT-qPCR 45 BoR, 7EGK A
1S T iX 34~ daCaMK 3 [HTERH 5 M Bt (6
h) FIAZ B B 2208 S (8 hy 3 B E b Kk
(P<0.05), H:H 4aCaMK1 I AaCaMK?2 TEKE ML
BUET (6 h)JER Rk Tk Bl R, 2 5% B
1.51 {351 3.05 1% ; AaCaMK3 TE/=ZY # 228 BN
(8 hyFRiB BRI, JXTHRR 2.86 £F, HEMETK
RIS N AdaCaMK] 1 AaCaMK2 W] RELE R I
e 6 h) ZHEELAER, T AaCaMK3 TEAZ G
R ALE R TR EREAS T, X34
LR RIBACHAE 2SR B B (4 hyY B 2 5 Tk
FUH, 554 ha, HEREESHIEH K BTT

1.58, 2.21 F14.05 £, TEMTE MIE RSP BL(6 h), R
I S B ERE T AdaCaMK KK -8 7).
3 Wik
KB E IR A. alternata JT-03 FREEASE| T
AaCaMKI . AaCaMK2 F1 AaCaMK3 JE[H, #it%
FEAN X M RGE KT b, KB AaCaMK1 .,
AaCaMK2, AaCaMK3 Z [a][a]JEM4A%, 1 HoR%
KRBT, 1M AaCaMK1 I AaCaMK2 43515 Fi i
W DRMLEE | A S FE S B CaMK A HGE 1Y
[P, 5 AR R E RO P MgCaMK 1 5 fik
T % HAB B CaMK MR R 45 R — %,
AaCaMK3 5 FREEAIPESAARE, AT S B
) CaMKK ZEHEA B ARIE, A e 5 AR
SERY STKe LKBI_CaMKK 45#4siAg %, CaMKs J2&
—MPER A 22/ 75 A PR VB K, BTG
CaMK I, CaMK II, CaMK III il CaMK IV iX 4 2%
T4 B 7 R LA Z2 R R S, LR AL ARG v
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A B C
s [JHy ; 6 [ Hydrophobi
| R HarptoticsFr = | aropnonic i = 8 ] Hydrophobic
‘B / y ) = sdrophobic+Fruit wax
24 FeropRepeTTII Nax 2 yeop Aa ! -2 | I Hydrophobic+Fruit wax
Ll &4 2
& Aa ’5. = 6F
g 5 4r Aa Aa 2 Aa Aa
23 Ab 2 Ba Ba v Aa
= Ba -5 g
: . E =Y Ba
= 2+ Ba Ca ] 5 -
< Q 2r . Q
3 L Gabe o I |caca & S o}
2 ]
= = 3
0 0 Nl |
2 4 6 8 2 4 B 4 6 g
t (h) £ (h) £ (h)

7 AaCaMKI (A). AaCaMK2 (B)¥1 AaCaMK3 (C)TEE /K B RIEFS T RIAKE
Figure 7 Relative expression analysis of AaCaMKI (A), AaCaMK2 (B) and AaCaMK3 (C) under the induction of

hydrophobic and fruit wax

T ARG HVNG B3 5 AR A0 BR ] AL N A 7E 1 251 22 5 (P<0.05)

Note: Different capital and lowercase letters indicate significant difference between and within treatments, respectively (P<0.05)

WIE(PhKG) . U i R FE#(DCKL) . CaMKK Al
MAPK {5 b2 F1M#5F . PKC_Like Superfamily 3
BLER 22 /95 S R S R I R e S P B 1 A
PREEAIRAL K ; STKs Al Al v-BETESE 25 &7 45
HREFEEIRYIE AL . ARSI Z Rk
353 |, STKe CaMK 245 M A5 & fyids, H
WG STK £ H U 4 ELA A 3G 78 AN oAk ik
F#. LKB1/CaMKK W55 /2 CaMKs #8505 1) —3
53, CaMKK 5 LKBI1 #1411 B2 1G 1k 8 1 il
(AMPK))_b 37 300, HAR PR T Ca®'/CaM &
Y, AR | A T A
S HE R FHPOT I e g AR ST 1) 46 ) 2
AaCaMK TEE B R R 450 b HA EEN
YER . A F Rl R % AN TR SE R i
(LS RIS AR AL s AN, BRI AT HERT AdaCaMK %
SR TS A 4 T RE A T 25 52
BIHANIGE 2R 4. alternata TFELRFK FR
P FRAREAFH A FEMK . ME R
HICRE 4 BB, RN R, e R BB AL
ek A. alternata W35 MEFAMZ YL 22 0TE AL, #E—
T S R AP 23 B B 3 B U IR AR A3 A A B AR
J i AR M s KX A, alternata 12YLE5EF )
T REAT I E AT ABIFSE R, TEGTK R

BT A. alternata 12 B 858 AL B &N, 3X 3 4>
AaCaMK FENY FiRZE, 1 HAEME NG h) &=
e B 22 T8 B Br (8 h) H 3 ik 4 35 v T X I
(P<0.05), HILERIEESH 4aCaMK 25 T /K
NRIEFHE T A, alternata W ARG 228 1L
. SR PSR, AR K R BER T 2
TR R Qs IR Gd e b, CAKT Ml CAK2
SIATEVES 6 h Fl 24 h B, ik FiE, JFH
CAK2 FIXFIHLm T8 AW . C4K2 F
CAK3 TEiF A8 &I U M ) i A v ek
BRI TR, JFHAEVES 6 h Ml 24 h i, FikE
#F FR(P<0.05), XH5AWIH 3 4> daCaMK H:H
TE5S 6 h Fl 8 h IR 2 EIRA R,

PRUHEAEINIX 3 4~ AaCaMK FERITE A. alternata [
ARG TR 228 G R R AR . [RIFREET
HARFSE B PR, TP % RE2 Saccharomyces cerevisiae)
emk2 FERIBR FEAE I LRI NERBE
PsCaMKLI K:RTE/ N 56 A Je I e o BE 175
Fik, IFLE 6 h P ikE] 20.7 150 K AR AL
CaMK 3 KTEZFE i S G M G v A
FEAEHPY, BIBSEPETE KB PscamK 12455
WS KB MR R LIE S B 2% BRIk, I
HAEFS 6 h Rkt &, MR 20.74 1,
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RW] Pscamk B2 T /NERBREAMFH K.
FERE VAR PEEHIE. 75h, BEEie kB
T K BB 5 S (Cochliobolus  carbonum)F4F1
TTEP(F. oxysporum) Snfl B4R S-S0 M R R
il 35 R ik TR S AR A B o 3l A Xl 2 U
W CaMK SR GEERIBIFE RN, CaMK 2574
WA . BER AR I A (N A2,
HAT AR A 4 A A A RE 1D [RIRE ARG
CaMK R Jo P A gt SR, F6 11 A RS M
TERAER , 3 BRSO, il 25 Bp S e
W] CaMK HESPEMHIH KN-62 Bedi il K20 /&
BC4 KR AMFHi %, MAREORIER, &M
CaMK Z5 T HERIFY R Qs g . T
CaMK 1 Jy 4t M 5515 53445 v 85 I8 28 1 e iy — 38
S AR O L B S 0 A K R R P R
A EEA AR, (H B T AR R 4 &
AP SR A [T AAAE 22 57 , RIS 15 53 4 T Ui
AaCaMK TEFEF BB T 12 G K B0 vh oL
i) s HE— 2 s o
4

AMIETE B R BEA 1 b ve RS 2 B ad il
12121200 F12 349 bp ) AaCaMKI . AaCaMK?2
I AdaCaMK3 JEDH,  HAS 5 A7 SR %) B 1N 2K
JEHEAL LS HI8(PKC_Like Superfamily), REEK 73
Hr#&W], AaCaMKI1., AaCaMK2 il AaCaMK3 %37
5K CaMK #l CaMKK A 4TI ES KR .
FHFIX 3 A4 AaCaMK SEFTFEGIK ARG S: A.
alternata Q458 s Akt B b Rk 1 B3 B,
I HAR I Hegi K LT 75 AR B R, W] LS B 115
SRR TS CaMK XK FER A ST A
alternata W} 35 L K A= YR TR 22 10T8 B EL AT TR VE AT,
AN it — P oy T BN AaCaMK
P B R R T 52 G 45 48 3 Ak S B0 1 i B 2
HE—E I ES AR -
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