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E 5= cinnamon bark, cumin, lemongrass 2 wintergreen A,
44 fFd 33FE 9L frans-cinnamaldehyde FEAES Ao R
FUFAES-H(Raffaelea quercus-mongolicae K.H. Kim, Y.J. Choi &
HD. Shin), =ZEZW(Rhizoctonia solani J.G. Kihn), 18
55" (Agrobacterium tumefaciens Smith & Townsend)ol ™3 &=
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quercus-mongolicae| A= cinnamon bark (Cinnamomum  verum)<}
lemongrass (Cymbopogon citratus)”} 5 ul/paper disc &=A 100%
g &35 YEAY. R solaniol A+ cinnamon bark”} 1.25 pl/paper
disc ®%Xol A4, lemongrass’} 2.5 ul/paper disc &=lA 100% 3
a3E  Yehdoh. A tumefaciens| 1= wintergreen  (Gaultheria
fragrantissima), lemongrass, cinnamon bark % cumin (Cuminum
cyminum)®] 10 ul/paper disc s=olA Z+2; 2.20 cm, 1.76 cm, 1.50 cm,
1.04 em® A¥%A = 2Hinhibition zone)o] LFERRETH.

A=A ARl dgd HE Fd BHe AA

rok

4%, R
quercus-mongolicae®| 4= cinnamon bark, cumin % lemongrass®] MIC
ol Z+zh 250 pg/ml, 800 pg/ml, 450 pg/ml ©.Z UERETE R
solaniol A= cinnamon bark, cumin % lemongrasse] MIC #tel Z+zb 200
ug/ml, 850 pug/ml, 400 pg/ml o2 YeRRTh A tumefacienso A=
cinnamon bark, cumin % lemongrass®] MIC zkel Z+zb 250 ug/ml, 900
ug/ml, 450 pg/m S 2 e

AEA A ) AE L trans-cinnamaldehyde =40 thak &

olN



g7 wHe A

rok

A, R. quercus-mongolicaedl Al =

il

salicylaldehyde”}  0.625 ul /paper disc 5, eugenol gl
hydrocinnamaldehydez} 2.5 ul/paper disc &=olA 100% I+ &35
UEerW T R. solanio| 4| = trans-cinnamaldehyde= 0.3125 ul/paper disc
&%, neral¥} hydrocinnamaldehyde-2 1.25 pl/paper disc &=olA 100%
g7 &E3E  Yeldd. A tumefaciensol A= salicylaldehyde,
hydrocinnamaldehyde, cuminaldehyde % trans-cinnamaldehyde”}  2Z}2}

280 cm, 2.26 cm, 2.08 cm, 1.92 cme] ASA# X SHinhibition zone)o]

AEA AH ) AE L trans-cinnamaldehyde F=A] tha H=
g+ FA-HES HAS A, R quercus-mongolicaed 4=  neral,
cuminaldehyde, geraniol, geranial, frans-cinnamaldehyde, trans-anethole,
eugenol, cinnamyl alcohol 2 hydrocinnamaldehyde®] MIC k2 Z+Z}+ 400
ug/ml, 250 ug/ml, 450 pg/ml, 400 pg/ml, 150 pg/ml, 850 upg/ml, 350 pg/ml,
400 pg/ml, 300 pg/ml 2 YEFSTE &2kl benomyl, propiconazole 1] il
tebuconazole®] MIC #<& Z+zF 125 ug/ml, 12.5 pg/ml, 6.25 pg/mlZ
UEbty. R solaniol 4= neral, cuminaldehyde, geraniol, geranial,
trans-cinnamaldehyde, trans-anethole, eugenol, cinnamyl alcohol %
hydrocinnamaldehyde®] MIC #t2 Z2+Zt 450 pg/ml, 250 pg/ml, 800 upg/ml,
450 pg/ml, 200 pg/ml, 900 pg/ml, 600 pg/ml, 350 pg/ml, 300 pg/ml =
ekt ®5<FQl benomyl, propiconazole, “12]il tebuconazole®] MIC
ez 125 ug/ml, 125 pg/ml, 25 pg/mlZ YERRTH A
tumefacienso| A < neral, cuminaldehyde, geraniol, geranial,
trans-cinnamaldehyde, eugenol % cinnamyl alcohol®] MIC #F2 Z+zt

400 pg/ml, 800 pg/ml, 450 pg/ml, 400 pg/ml, 200 pg/ml, 650 pg/ml, 350
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pg/ml 2 YERGTH A AQl streptomycin sulfate salte] MIC k2 3.125
ug/ml 2 YERSTE

AEX R FEYHAT 3T d TF 2 HF I @40 ¢
A+ cinnamon bark, lemongrasselil, AH HH AR W
trans-cinnamaldehyde FEA = neral, geranial a8 a
trans-cinnamaldehyde©] t}.

3 FEHAT 3T sty TF 2 HF dd Aol
cinnamon bark % lemongrass AfFE UIFoZ JFEFEYN m|E
A v &4 vl A, cinnamon bark A fFH BE F
trans-cinnamaldehyde’} AA® AFEFEo] FEHAHF 3T st
T35 2 AF I EAo] A ol lemongrass A+ BE F
neral, geraniale] Z}Zt AAHE JFEFEo] FEHAL 3T Ut
HE &t gA4o] A Holith

A8 o2 cinnamon bark Ao FEHYT 3Fo Ui 5 H

ok
olN
3
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HE P A= trans-cinnamaldehyde’t 714 7| =7t Fow,
lemongrass B¢ TEHAT 3T I EF L HF I A=
neral 2 geraniale] 7|9 =7} EFal 1 FolA = geraniale] 7}
w3 A=A B, B FHsSgE 2 frans-cinnamaldehyde =49
2hg714s eyl sk &Aool 937t frans-cinnamaldehyde
aga salicylaldehyde& =3 A8 A tumeraciens]
2}H5-9-d - AH(differentially  expressed genes) % 72 HTHGene
ontology)S A3 {t. 1 Ay REE AHFA hydroxyl
st FAAY

TEo] JAHNEFS FJsAT. ol WiEFoE FAA Lol A
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AARES O 2 oA =4 AEZ W ZAENLT L 9 AlxZe g3 E
A% A3, FEHYAT 35 sty A EA H/<2 cinnamon barke}t
lemongrass, A+ FHsgdE 2 frans-cinnamaldehyde FX=A<]
trans-cinnamaldehyde,  neral,  geranial, salicylaldehyde — 18|31
hydrocinnamaldehydeE &S5A2]Al iz Hlete] FAP4AaFo]
Ao Axuto] uIEHE= Ao= YER

AEA o2 AEA A, A+ #d stgE P frans-cinnamaldehyde

FEAE Ad 75 HAdT 3T VLTS 2H-sHA Xl Ha

st 2016-21461
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A= Ase= 184171 frde g BRAAA HAs 4
1941719\l Phytophthora, Fusarium, Rhizoctonia, Pythium 52| & 9|
3 YEE ASE d4HA Ut BASHATS EY FTol F
(saprotroph)< 3ttt A3 fAo] 2AHEHU WAL S HA =HHY F I
& FEe AU, dEdAUTe 2E Jdaek R, AU
W, 7HAUERe 2 Eda S0l AT REEHAT T sl
Rhizoctonia solani Kuhn [telemorph: Thanatephorus cucumeris (Frank)
Donkl2 E¥HGPTo=2ZN 2EA9 Fezzd Zd=E" e
(maceration)E Yo7 A &F < A4 Lol =3+ R solani

A AAdes wAEe FAdo BE AF & 49 4 9

dH A el 5, 2009; StEpniewska-Jarosz et al, 2006). EE=
Holle HEo A, 84488, EGaST, TS, AU, oA
Fx Fo FAQ BAHS AHgStH A SN g TAlek 3t
S AR vdo. stk Al o] A o] oA A 9F 1
F A slol"AE AA 30% 1008]eFs B 1md 3~5 LE #F3AY
Bl ool EvlY 3Al 50%, ElF <3HA 30% 200 wjHel &7 A
< aF3Th 28y o] BAstH sto]lHALE AA] 30% 600~1,000 =R
HNe ExME G Indd 3~4 LY FF3cHe]4d 5, 2009).
L5 (crown gal)e 152 Eof WA= Wo =z 100d ol A Al
&

A Eokll FsiE FReH 53] FHad, =AM s



tumefaciens®] 715 91= 9043} 6004 Foll Sob thFEo BA 4
=0 YFES PAL 53 AAF, BEE HE, TEUF 9 ZEYRF,

MURE, AGUERE o 4y £Ed dHE s gk A

7F oS g vigE 4o v)A AokOtten et al, 2008; Michel et al,
2009; o4& 5, 201D. EFLFY WAL HAE BEY #F TS =
A3t AuNA A, Agrobacterium radiobacter K845 ©]-8&3F AY &3

WA 8 sekd gAZE ok 3hehA Ao e ER Rl E33
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AAE A8t HHol Ak New&Kerr, 1972; Booth, 1958).
e

sofo] o)2H T gtk olH@ Heere] Age AHAA BHNA F

e AARL BAH O AHUYRS FAS] AT

< 9tk AEA AR F8 RS monoterpene, allyl ¥ isoallyl
phenol¥ 1&]3 diterpenefol™ o|jgt AEEL d+f, Fufolg|x, A
A 2 A a3t BuHe AF T, 3EFE ® 9 - oFst &ofd

FEE  AEEHIA  JdHMurbach et al, 2014;

Franz&Novak, 2009). =3t 2 EA AHAF+= /¢ L A xv|go] Fstsof
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of Hlete] v ¥ £4 Aoy &4 gk felldel Fom AR A
S5 A WAEES 71X dEodE EHE Yea Joke]lEE,
2013; Warnke et al, 2009). webx A&

G5kl o] & o] &3 AEEef st tig AFrt s JayHI Q)
. IHAAE AHEAd AFE ol&3 AT AF oA '

B A7 AAH T gom HE AL $UL A5t ARA 4

Al A=Y doddede

I JTF AT w2 A, 2013). 18y FEHAT I AE A 3
AEA A FaBA FAE71F did A= v E3 HoltkLee et
al, 2007; Lee et al, 2009; 772, 2017).

mebs 2 AT FuFA e, BEEE 9 259Fd st

cinnamon bark, cumin, lemongrass, wintergreen A+, A+ Fdd &

=
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2 frans-cinnamaldehyde F=A9 &% % H=E I+ TS HAA
A W 3= e A5gg] & i A= AR w13
tumefaciens? W& B Fdl FFEY ZAEIFES GotER7] et

FAA TR PFE BARL 0 HPOR AT U BHLLF B

FaL
A.

s Az 9y F=E AAs AEH BAAEAe JteAde

ERLE LS



Al 2 % ATl

T = (pressing), S F(distillation)]oll &3] &g AREE 2wt
AAAEEs 4 FgEe EFAoIth

A]
terpenef ©lARF @Y EHAEE F §lo] B EHEo] EASHH

caraway oil#} thyme oil& ©o]&% AFAZIA ATFE AFo=R

o]

T

Ll

ZIgko 2 TheFRE RoRollA A=A AR ol&FHAL
9] tH(Pauli&Schilcher, 2009)

Al Y-E(Cinnamon, Cinnamomum verum 1)& 28] F7}ol| A
“Kurundu” 2 B9+ IAFAEEZA  SuFd(Lauraceae)oll &5

dA Q= ofze7l, gotrEl7h S Aol ddEo= AuEH

gtk AUES olgd 4BA FHE AL, A e, FL 58
o g3t Ztzte]  EBolgle AR ¥ FEE AR oA

cinnamaldehyde ¥ eugenol& FFHo=Z 3FF3ta Aot I 5 AUE
A4 Aie F95, A3l 3, dERY E4S AY
cinnamaldehydeS 7} ®o] gfstxn Utk o oy}
cinnamaldehyde= ¢ - 98t 2 F¢ ZokollA TdFd FFEAdol

A& 9Jh(Paranagama et al, 2010; Charles, 2012).
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AuE AR Aae AF FRAAA WAseE FEEE0
2% (Aspergillus ~ flavus,  Aspergillus ruben® 2EWHAA  FFo)
2%(Alternaria porri, Fusarium oxysporum f. sp cicenol w3+ &
gAdo] A AtkJham et al., 2005; Pawar&Thaker, 2007).

EI AueE 4 AHe A5 2 A= ¥HL48e ¥+ Pseudomonas
aeruginosa 2 AA WYL A Escherichia coli O157:H7 t)s}<]
A EukBiofilm) FA S AAAZIH P. aeruginosa®)| Eo]|x o g #R3lo]
=2 A AHpyocyanin, Pseudomonas Quinolone Signal (PQS)], A+
+5A(warming motility) = 838 ZA(hemolytic activity) S
A HKim et al, 2015).

AU - Ao oF e = cinnamaldehydew= 84 &
e Zl+t 2 Al 9] 80%E A A et & A
¢l tHChudasama&Thaker, 2012). Cinnamaldehyde
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Phytophthora capsici®l AMZ W Ca* #&S Fxdtd 474S oA
A=zt B2 F 3112 ergosterole] FAS Aty deix AtHHu
et al, 2013). =3 AL FF FT WA= Colletotrichum
gloeosporioidess E 33 2l& HWHUA FFo| 65 sty FEA ol

H = Ath(Rai, 2011).
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Cinnamaldehyde®] #=A] =3 ofokorel #yste] IwBA4 AT7H
AP glem 7]Eo e AL vuste] sFIAY 5T

g4e uyelhdt. Cinnamaldehyde?] #%=A] <% cinnamoyl moiety
242715 7RI e FEAe IAHAAZR FEstd EAH aay
TFE&A e} gt o, p-Ex3} 7tEEY] k=48 H(pharmacophore,
Bzl &35 dehe Fol  Ystd tekdr okgd Tles
2-chloro-cinnamaldehyde <}
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2-bromo-cinnamaldehyde= <IAHAGHFS Z&3F IS FFo|Fol
[e=]
=

Faddol leon 53

ol
ftllo
Jo
]
21'4
rlr

Cryptococcus neoformansell 733F &84S
2016).
51(Cumin,
AP A QL Fropazg] 7ol A
AA NS Aej=E s Ao
cuminaldehyde, g -pinene, terpinene,
R ZARA,  RAAZA "W FEA
AfrZ-(arvicidal), 4H¥l(acaricidal) 2
2012). @+ BAY HHMA =

ANAWAA M+ 73 Penicillium

v)uh2] ZHApiaceae)oll  <53HH
TEoAetE AA A= A

Hokg olgste]  wEY

Cuminum cyminum L)<
Al oAl o},
Afre JH
= et

ToE  ARREHOIAIH
Zgo] -sttk(Charles,

Staphylococcus — aureuss

o -Ccymene

O -
A=

oot

re

b
ol
ol

=

chrysogenum 2 2= YA
o} 5o
o o
Pseudomonas  syringae pv.
o 5}

Fusarium culmorums X33+ 2

il
ofd
o

=

cerevisiaes X
A=z AdEY
1994).

ot WA B AE

o

3 a5 2%

s}
ox
o

3%, Saccharomyces
Holm Wl
B 15 cKShetty et al,

W
K

2t

o,

Afre o]
T
phaseolicolaZ HaAd Al 32F &+t
A (lacobellis

Uy Bl

(i

et al, 2005 H
5% 3+ a7 FAo] BuEJHAric et al, 2011).

citratus  (DC.)  Stapf.)=
OfAJo} A e AHAY
Aol A A H) = AL

AR Aol ATl

g &= 2t 2=(Lemongrass,  Cymbopogon
Wk Poaceae)oll st A, ofdd] 754
A2 dA JAE, AR, FdotE st 59

75

gieln ok ARIHS ARt csge, B e, 17, 2 @3
sl B dew FHEF, s, e, AF T A4S
3 .

-7 - M =21}

| |



HHCharles, 2012). LA FdsiA= He=HdAd

|

Zol
3% (Alternaria porri, Fusarium oxysporum f. sp cicer, Botrytis cinerea)®l|
et FAo] LA Qe F o ooxysporumel thiIk I FAlo] H
A JebgttiPawar&Thaker, 2007). %3+ 2 EHUA IFFo] F
Fusarium 7%°l] dsted FHFEHE ZH 53] F  moniliformes} F.
oxysporum f. sp. udumel B 733+ dHFEAFS HIHGawai, 2015). =
o2 AEHYUA  FHo|d  Pseudocercospora griseoladl tE| A=
A EZ] Zu A TR AZLE &4 o7l Wols AT
B EHHoyos, 2012). 2AEWHLAR Aol WA=  Ralstonia
solanacearum®| NA|G Ao @A olM R solanacearum’} 7+AH
EddA At EvtES] EntEd HAE fao dFEs WA= AoR

L} E} % E (Pradhanang, 2003).

Y ¥ 29 (Wintergreen, Gaultheria fragrantissima Wall.)-=
2 I Ericaceae)dll &3t A=-uvd 9 QA=-F8 AH9o sjtis
1800m~2500m Ath&} 1= EFHeol FF3A APz AHFe A

o]-g3ste]  whEW  ofxyy Y8l AglAaksalicylic acid)e

(96~99%)= oot AE I AHFe
A=A, FE FTOoE AEHT I, AT, E Fol FAHS
Hh(Mukhopadhyay et al, 2016). d+&A43 FJANAH= AEHYA
=3ol(Alternaria  chlamydospora)®ll  thate]  Fshsefel  wkz A
“stAl(Mancozeb 0.1% wp)et L3 A4S e tHVanitha, 2004).
w3k AAWYAAR Al 23(Staphylococcus  aureus, Bacillus  subtilis) ol
thsle] &+ A (Prabuseenivasan et al, 2006) 2 YE|Z1Ho] i

gHEojd=  methyl salicylatee] 2] EW<

S A (methyl salicylate)7} & &

rl

O

[z

o,

=go]  3=(Monilia

fructicola, Monilia laxa, Botrytis cinerea)o| t3r &Aool HI1H ]



QI THCherif et al., 2007).

2. WEBe) 4874

AEA A FAEAELS o Aol st JEhuH g g
2kg 712kl s A= ob& WA A FUAAIRE A|l2e 337} Al EALE 2
TH ddd Aol AT Az g37F dojue THEddle FAA
&9 (proton motive force)? &g A =Z W pH Fui(pH gradient, ApH)

2 A $(electrical potential, A ¢) A, AlE =29 F&, M=z

o]
e

3594, FA 44 Z(reactive oxygen species, ROS)¢] #E3 &7 5o
AT FEA Y FHLe Az =29 FEH & dHAol dth
AAZ A=A AR, dHAesf/, HE g eAl(bacteriocin)mS  E3FHE
FAl= Aol €829 E333(permeability barrier)ol] 9§ &S v]x
£, ATP, #:4Hnucleic acid), o}v]xAF 2 ZFF8AHA(glutamate) 52
FEE oF7Istal ol 2 FAA FYol| IFS v xhlambert ef al,

2001; Marceti¢ et al, 2013). A T8 A, M=Zz U & FTF,

2P AAWAY Bl 5T used  @el  Axw

21z A(ergosterol)oll A3t o]Lo uw EFHALS ZyiA7|m M Eut



B3 E =3ty R tHde Almeida Freires et al, 2014). T3
Cudrania tricuspidata -+ Bacillus cereuss 3X3F3F Q1AHAA Al
5%ol tist] Al W ATP 2 ZFol& & 525 3 Ax9 gaE
frE3tta BarE QAokBajpai et al, 2013).

GANLETLS AAE ZEF A2 EXolr AlZ WolA FstH o=

S Aok SANATES AR O AZT A B FHO,,

z

Fanked #Ed FA4MALAFTY Fo AA4dYe NADPH-4Msta 4
-3 A|(NADPH-oxidase complexes, Nox)e]™ Nox= YO ZHE HX
olFAA O, 5 AT iy BATLETO] AlZ e F2HHA
DNA, ©&aid, A4 5o AthEAe} v SolFog A5 Agst=

dze A2 ABAL AT AP dRTol e AelE

:
ot
i
o
iz}
i_ig
o
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L
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i
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rlo
wQ
=
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O

y B153 &A(superoxide dismutase)e]t}. =3
H,O,= peroxidase®} catalaseoll <2]ste] *| 2] ¥ tiMarschall&Tudzynski,
2014). 1y Folu Aol A, AEA AR " ABRF
SigEH 22 oFAS0] JpeiA ™ A4 AFE SUHF dojuAl "ok

R oI ZHUlEe EAAF F dERES(fenton reaction,

£
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A A EG HO0.9F Fe?o] #eikg)s %3l AA=EE hydroxyl
radical(OH)> ®hgAdo] AW SAZLAEAFT T FAo] ¢ Asith
hydroxyl radical2 DNAZE 4kgste] DNA BI71ES A AY AE &
Aralate] #paksl 2 Wb (ipid peroxidation) 5 AMATO 2 A E 9
=45 FEdd 1 T s ANEE 7Y A AAFES
Walst 9 fFEdES SV EA e FxFH, J)sF TS
op7|ety A= Axy £4& dozitkKhan et al, 2011; Kohanski et
al., 2007).

#d Ao W= ciprofloxacing 233 FELS FHAES M

Amol Agstel BHALFY APES AT oz AE AP

Aee= AW AY FFo]| Candida albicansdl tste] nmEZcglo} ut

715S AASHA st ol 2 C albicans NE W FR4AAE FHE

il

of7]gttal R % ATKChen et al., 2013). o]l = Monarda punctata
A 2 AR Fd AR thymole JAEAA M Streptococcus
pyogenese] ME ) BFiaFo TRH FVHE oprlsti Alxw

£4g oprlgtky BuE UL ef al, 2014).

b o 1 1
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o,

rt

3. A
dAME = FAAAEZE DNA ol Alxo] FHARIF &
FAA BAS Tl Az B A FELAS 243
< AFAQ ASEAA Sl gt HAaFHAY SV F JoH o
2 g Ha o] Aol QI3 Az H o] A thBouchard et al, 1997
Islam et al, 1997).
A2 Aol #Astes FANALTO WoAAEZE Oy B3
2, peroxidase ¥ catalase?} &2 &A% WolA|Ae} Z
I 2 wEmLA FAATE o ol A #d fA TE
wzt Aikol AR HAG. AA7ZMA ATE Hhol YetH FE 84F Wo
AA Lt HATL FHA BHE AA o st FAANLFY F

st ole = Az &4 H Iz A% AExAESs fEEn.

AR

[;

T Ao BEW A HAAEY WA Ad-Ec FE A A A
De =¥ AA pAHES catalase
4 glutathione peroxidase (8 FEFX|2S o] &3t H,.0,5 EZ FYUAT]
') mRNA 23S A|sla §4E59 A4S AaAFeH ol
GAAAFTORE IS AZAE S FEstAth(slam et al, 1997). E3
oF8-21E Plumbago zeylanica L.2] /37 &<2] plumbagings Azt 29
Ao NEZEE Oy BE753 84 2 catalase®] mRNA 2ao] A=
a1 glutathione peroxidase®] mRNA ®&o] g5sldom o2 A3 =+
BlA 2o nd=z s ZgatAFo] SA o Al AtEo]l P HATHP
owolny&Shivendra, 2008).

- 81 (Transfroming growth factor-
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2 AFoA ALSS FFe FEHO #AAste FAAEE FFold F
S FUFAELS W (Raffaelea quercus-mongolicae), X722 (Rhizoctonia
solan) 2F°lW AN TA ZFEEH(Agrobacterium tumefaciens)
155 A&t &3] 2F9 A FdAHATHAA &F Bgho
o OFSAMES  dFuYEREAE(Korea Culture Center  of
Microorganisms, Seoul, Republic of Korea)oll A &oFaoitt.

v 2] = PDA (potato dextrose agar, Difco., IL, USA), NB (nutrient broth,
Difco., IL, USA), NA (nutrient agar, Difco., IL, USA)E AF-&3lt}h AHA|
3k Y8 Table 13} 2t}

Table 1. Tree pathogenic fungi and bacteria used in this study

Strain Description media
Isolated at
Raffaelea Yangyang,
Fungi quercus-mongolicae Gangwon PDA, NB
Province
Rhizoctonia solani KACC 40115
Bacteria Agrobacterium tumerfaciens KCCM 35047 NA, NB

3 IL'-\. .
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FoAE 3FY FEHA dd I+ S HAsH] st 4
 4FS A3 Y. cumin (Cuminum cyminum L)& X3 2

& Zol&ZrHGyeonggi Province, Republic of Korea), cinnamon bark
(Cinnamomum  verum J)& X&3 2&FL Oshadi (Weinstrasse,
Bithl/Baden, Germany)oll A <3l tHTable 2).

Aol AMES SItES AR FEl AR 23%F, trans-cinnamaldehyde -f
T4 9% (Figure D, T35 2 A= Aol AF&= positive control & A
of 7%, 844 AT B AEH 3] HAFol AHRE A 4F T F 43T
o2 &% 9 FYAH= Table 3o JeEFH AT (-)- F-Pinenes X3 2
5% Sigma-Aldrich (MO, USA), (+)- ¢ -pinene-& X33+ 4&2 Tokyo C
hemical Industry (TCI, Tokyo, Japan), y-terpinene< X33+ 432 Fluk
a (Buchs, Switzerland), linalool 1% Wako (Osaka, Japan), Alamar blue
cell viability reagent& 3¥3Fsk 352 Thermofisher (MA, USA), Tween 8
0 152 DAEJUNG (Gyeonggi Province, Republic of Korea)oll 4 <3}
%o Benomyl (96%), propiconazole (95%), tebuconazole (97%)-2 Farmha
nnong (Chungnam Province, Republic of Korea)oll A #|-&-®Qkal neral, g

eranial2 A g oA A3}

Table 2. List of plant essential oils used in this study

Family Oil Binomial name Part Source
Lauraceae Cinnamon bark  Cinnamomum verum J. Bark Oshadi
Jinarome

Apiaceae Cumin Cuminum cyminum L. seeds
P v (Korea)
Cymbopogon citratus Jinarome

Poaceae Lemongrass Leaves
& (DC.) Stapf. (Korea)

Gaultheria fragrantissima

L hadi
Wall eaves Oshadi

Ericaceae wintergreen

3 IL'-\. .
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NNy
1
0 0]
sallivas il oas
2 3 4
0] 0O O
OH HO
OH
5 6 7
0 0 ?
AN oH w OCH, CﬁLH
OH
8 9 10

Figure 1. Structure of trans-cinnamaldehyde and its congeners: 1, frans-Cinna
maldehyde; 2, Benzaldehyde; 3, Cinnamyl alcohol; 4, Hydrocinnamaldehyde; 5, 2
-Hydroxycinnamic acid, predominantly trans; 6, 4-Hydroxybenzaldehyde; 7, trans
-3-Hydroxycinnamic acid; 8, frans-4-Hydroxycinnamic acid; 9, Methyl cinnamat
e; 10, Salicylaldehyde

s PEER0 L



Table 3. List of compounds used in this study

No Compounds name purity (%) Source

1 (+)- @ -Pinene >95 TCI

2 (-)- #-Pinene 99 Sigma-aldrich
3 Myrcene 75 Sigma-aldrich
4 « -Phellandrene >65 TCI

5 »-Cymene 99 Sigma-aldrich
6 (#)-Limonene 97 Sigma-aldrich
7 1,8-Cineole 99 Sigma-aldrich
8 v -Terpinene =97 Fluka

9 Linalool 98 Wako

10 Menthol =99 Fluka

11 Methyl salicylate >99 TCI

12 Estragole 98 Sigma-aldrich
13 Neral® 98 -

14 Cuminaldehyde 98 Sigma-aldrich
15 Geraniol 98 Sigma-aldrich
16 Geranial® 99 -

17 trans-Cinnamaldehyde =99 Sigma-aldrich
18 trans-Anethole 99 Sigma-aldrich
19 Eugenol =99 Fluka

20 Geranyl acetate 98 Sigma-aldrich
21 /S -Caryophyllene >90 TCI

22 Cinnamyl acetate 99 Sigma-aldrich
23 a-Humulene =98 Fluka

24 Benzaldehyde =99 Sigma-aldrich
25 Cinnamyl alcohol 98 Sigma-aldrich
26 Hydrocinnamaldehyde 90 Sigma-aldrich
7 Phdondmanic ad o
28 4-Hydroxybenzaldehyde 98 Sigma-aldrich
29 trans-3-Hydroxycinnamic acid 99 Sigma-aldrich
30 trans-4-Hydroxycinnamic acid =08 Sigma-aldrich
31 Methyl cinnamate =99 Sigma-aldrich
32 Salicylaldehyde =99 Sigma-aldrich
33 Dimethyl disulfide =99 Sigma-aldrich
34 Streptomycin sulfate salt - Sigma-aldrich
35 Alamar b;ggggﬁltl viability _ Thermofisher
36 27,77 -Dichiorofluorescin =97 Sigma-aldrich
37 STYO 9 dye - Thermofisher
38 Propidium iodide - Thermofisher
39 Phosphate buffered saline - Sigma-aldrich
40 Tween 80 - DAEJUNG

%Synthesized in laboratory

_16_
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A AR B4S& 98] gas chromatography (7890B, Agilent, CA,
-flame ionization detector (GC-FID)E A}&3tith Z & DB-5MS
30 m x 0.25 mm id, 0.1 um film) (Agilent, CA, USA)E A}&3s}HaL
L 2EFE 40CAA S5 HFE F 250C7HA £F 6T £E=

T8t FUT 2 ASVY == A4 2000, 250C = L

c
[@p]
=
i

A AE FAHLS 98] gas chromatography 7890B (Santa Clara, CA,
USA)-mass spectrometer (5977B MSD, Agilent, CA, USA) (GC-MS) =
AbgstRt ZEge HP-5MS 30 m X 0.25 mm id., 0.25 um film)
(Agilent, CA, USAE A3, 2E82% 21 GC FYsich
HAlE EF7F2E 1.0 ml/minZ 3} split mode (split ratio=30:1)=
AdstAut. MSD=7 S 2 ionization voltage= 70eV, ion source
temperature= 230C 2 3%
Zt JEe GC-MSe] NIST MS libraryet GCE Eaf Ao w&E 79

k

retention indicesRDe] HInE F3) SAHSIFIL RIFS n-alkanes
(C8~C22) homologues seriesE 7]+=o.2 3}o] Falthvan Den Dool
and Kratz, 1963).

7 T
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A, A T8 FFE L trans-cinnamaldehyde f=A2] &5 &+

RS AAS Y] Y& S0 AA WS in vitroolA AR

4-

t—l

=

2y ol8d BF B4 UH
o

|

Folo gk &5 A 4 S-S H3l Alvarez-Castellanos et al
(200D¢] HAWE A&t 4ukE o= Ptk PDA  wix|7}
GAZ petri dish 5F24(@ 90 mm) FYoll paper disc (8 mm, Advantec,
Tokyo, Japan)& &ela At vlgdE FARS] ATEHE-E cork borer (@ 90
m)E ©]-&3t discE HFT. 1 ¥ discE PDA HiA Fgoll HFskL
Af, AF +d I3¢E 2L frans-cinnamaldehyde FE=AE F=E=E
paper discoll SFAZATH SAANZTL] AFol= SFSE paper discol
TAAG AT R SedES  o]&3ste] PDA HiA] HIo=®
SpEAdE-o] FophA ¥EE ZF dEsta 25C, dHEHE AAAH
| &F71(VS-1203P0, Vision Scientific, Republic of Korea)oll 4 Hl 3} t.
=AUETe FAE wjA e Ao ZOoHGUFAESH ¢F 5¥

Eloti

2&E9 9 29) vernier calipers (Mitutoyo, Kanagawa, Japan)&
ol &ty AT dAY] AFe FASAT wAF BS AAELS o
4 & o83t A4tstin.

% Inhibition = (C-T)/C X 100

[CeAdzTY B¢ A A Agmm), T: d@7e] B+ A 47 AFmm)]

- 18 - A 21§



4-2. &

olN
L
o
o
ofo
&
o
=
4
]
ox,
Y,
ol

Nutrient agar (Difo)7} ©AX petri dish 572 Sl paper discE <

gar w1 1/4 el B3 HFE HHE o8t A 2=2YE

dEAt AE e Are WE 24 sk U4 Toe) Y A
g FES 92 103 =¢3 FH, wix o =471A H9E2 =@siy Y

A AR, A7 79 dFE 2 frans-cinnamaldehyde F=31E 5%
H2 paper discoll FFAIAY. sAANEZTY Afole SHFTE paper
discoll FFAFT vA e 2 ggtd &S o835t NA #jA] Bto = 3
g Edo] GolrtA FEF & FEEstal 30T, Y2 2" wifr]
(DS-10L, DASOL SCIENCE, Gyeonggi Province, Republic of Korea)ol 4|
ket At ETe Aol HiA FAZFA AR 244%D)
vernier calipersg ©]-§3le A3 9| inhibition zones ZAstal 3k

= Attt Aol g g 4 2P 4Rt o g Jgsigth

1 frans-cinnamaldehyde F-=A4¢ A H=

=
=
g BHS AR 98 oo A PR in vitool ) 2@

5-1. 24 FEWe ol %

ro
o
™,
4
]
o
oY
ox

PDA iAo A wigd Z #Ae] ATHFEE cork borerg ©]-§3}hod
discE # 3 3, 50 ml ] nutrient broth (Difo)oll disc 1075 2o} Z ekl
¥71(VS-8480F, Vision Scientific, Seoul, Republic of Korea)ollA] 25T,
200 rpmo. 2 7YZF 1Ak viFstA T 12 Ad widE #HL 1 ml FHS

3 IL'-\. ;
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£

50 ml €] nutrient brothollA 22 o2 22 wlstA . FUFA|
S8 4% 2a Adl widd dgo] FEsHA HA Y uE 4T
T AAT 2EERe A A A Age 54l Ao
homogenizer& ©o]-&3td FALE Zol FAG. o]F FASA HZ FH
S NBHiRlo]  3FA3d  F  spectrophotometer (Ultrospec 10, GE
healthcare, UK)E ©]&3}od McFarland 0.5 3xF B X (McFarland
standard, 1.5x10° CFU/m)?] 0.10Dy, ¥5% %3t 552 4& &
S 96 well plate (Jetbiofil, China)l|l ZF well & 180 ul #+F3F3 25%
DMSO (dimethyl sulfoxide, DAEJUNG, Gyeonggi Province, Republic of
Korea)2} 1% tween 80 (DAEJUNG, Gyeonggi Province, Republic of
Korea) &% s=E= 343 AL, Ax+ #d s =
trans-cinnamaldehyde %A 20 W& AZsdt. FAHAUNERTZ=
propiconazole, tebuconazole % benomyl ¥A|E AF&3FP I SAIET
&= 25% DMSO%}t 1% tween 80 &A1& A3ttt A& nkxl 96
well plate= W71l 25C=E 48AI1ZF wiFstdh 7 & 2+ well &
alamar blue (Thermofisher, MA, USA)E 20 u A&t SAU=
Aol g Aol = wi7bx] wjdkrlolA 37CE wistdth AR T
o] &Aool HHA Ao MICE SAsAT &dolo ek I+ A4

P2 AtE o8 X3t H Tt

B\
2
o
(0]
=
i

5-2. A7 HEYE ol &3 dAT B4 AA

B HEE HUE ol&sty URY A ZEYE 1 ol NBrjA <l
AFsta FEujFrlol A 30C, 200 rpmo.2 24A17F 12F w3 o).
122 A widd FHLS 1 ml FH3Fe] 50 mle] NBuiAoA Z&

FUHJ

b " _I;
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xR0 22 Mgsnt. olF FAsA AN 7

% spectrophotometer& ©]-&
=
¢}

= NBuj Aol 3] 3k

McFarland 0.5 %F %9 0.10D,

sl
T2 gt T @E F9S 96 well plateo] ZF well & 180 ul

P2
B33 25% DMSO2F 1% tween 80 |9do] &
_ﬁ_

=92 gNd Y4,

#) 3gtE 2 frans-cinnamaldehyde =4 20 pl *@s+Aoh

YA ZTE = streptomycin sulfate salteE AFE3IH T S ZF o=

25% DMSO<} 1% tween 80 £AWHS =gt th.
platex= vl k7)ol A 30C & 24A17F wiFsldet 1
blueE 20 u A3t SAHANZERTY Ao

g & vzl 96 well

& ZF well @& alamar

M7l A 3TCE Mtk SAUETe] REMo HuW HPTe

MICE =H3gth. Mol ds I+ A
213y s Rt

6. & =3HE(artificial blends)ol] W& Aoz &

_21_
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i
o,

3%+ cinnamon bark®} lemongrass A -2 A&

o
o
= T o¥" A&l & ZAd BAst=A L A



RNAG7IE &AL EFHE o83 I+ A o] WA A ol
g FFES PIA=A Fotr7] fste JAPHAT. 3T WA F
A AT s AR HolE ARIF Be A tumefaciensS

daoz 4¥e sgth APTE EFF G BA AN A%

—

a37F  Z=U9  trans-cinnamaldehyde % salicylaldehydeE 27
AgstRal dxz7e SHTFE Adsdd. A3 A wEe
inhibition zone¢] lcm ©¢]3}7} HEZE s} 2 inhibition zone Y= 2cm
A At AdES Follol TRIzol Alefo] ¥ HAeE v
o] RNAGZIAEEAY #Hg A3 9 B4 sHeAlolgd (FHA,

3715, jk=ell o) Fste skt

e
i

Bacteria at the Adjacent
area of inhibition zone

(Zcm)

Length of inhibition zone (= lcm)

TRIzcl

Figure 2. The Pretreatment for RNA-seq.

QAW EQl A tumefacienss= RANAAWEo] JlA+= mRNA AE

3’ 2] poly (A) taile 7FA 3L YA 7] w&Eo] Ha] RNAG7 A ES

_ 99 J'A! _CI:I_ 1_-_]5 =]

1V



Aefopgitt. ol @7l F WFES AAStE rRNAE 23 E40
Bggstez HU3 AASE #Ho)l =835tk waka] Ribo-Zero rRNA
Removal Kit (Bacteria) (llumina, CA, USA)E AF&3ted 5S, 16S, 23S
rRNAE A ASEA T ©]o] TruSeq total RNA Sample Prep Kit (llumina,
CA, USAE Abgsle] libraryE ¥HE 3l HiSeq 2500 (Ilumina, CA, USA)9|
AU E o] &3} paired-end 2x101bp2 £ AP35}

r—{n:

7-1. B4 dloly A
B4 dolEe] £7e 9 MARNFH ] HHY S

Bol AHgE= 7

ot
ol

Vst 7HE
st} Fast

QCprogram (version 0.11.5; Babraham Bioinformatics (http://www.bioinfor

1

¢l phred quaility score (Q-Score)=

matics.babraham.ac.uk/projects/fastqc/))-& &3l base quality ¥ 2 dupl
icates Hl& S EAstA L EAHolH o EH a3 adapter AE H lo
w quality base (Q20 "RHE A AstATH Q200lgk dE7] 100/ME E8-&

9¢ 352 ousie] fiEe DNA 2 RNA

7-2. 9 ¥ 2 o]l E2](Reference assembly)

RSEMZZ 132 RNA-seq readES H sl ddHFS SHsi=d B
o] 21t} wEbA B Ao A= RSEM (version 1.2.31; https://github.co
m/deweylab/RSEM/releases)= ©]-&3te] A tolElS] HA g7t ¢ R
NA-seq clean dataE @3 & 2ol ¥3F35IH T} Mapping engine-2 Bowtie2
v 2.2.8 =+ Bowtie2-alignE o] &3ttt B Ao AFE3E F-21A4 A



g2 NCBI dlo]eHo] 29 &% A tumefaciense)tH(Table 4).

Table 4. Assembly of Agrobacterium tumefaciens

Type  Name RefSeq INSDC Q#€  GC% Protein tRNA tRNA QST Gene P;gﬁgo

NZ_CP - cpo11

Chr circular  0li246 PO 283 588 2693 6 40 3 2,784 42
1 :
NZ_CP

chr  linear 011247 GO 21 586 1836 9 16 1 1,905 43
1 :
NZ_CP

Plsm  pAt o128 SO 054 576 492 - - - 533 4
1 :
NZ_CP

Plsm  pTi o129 SO 019 57 163 - - - 182 19

1

-~

3. ASWRRAA A

2|51 - A ZH(Differentially Expressed Gene, DEG)&
AT (cinnamaldehyde)®] Fdx oA AHE7F tixdol| HlskY
FYug 2ol E Hole FAAE ou|n. FoT FAAE AEs7]
3l 2-Fold change (FC or logFO)Z Alg3tgom o2 7|Fo=
Wk kAl whe}l up-regulated T+ down-regulated ¥ +=A] E243FA T}
AsHAFAR NS A FAAE Al pvaluedts ©] &8 B¢
a7 dAsA Hed ole fAAY AT wie Br] wiEol
HAST mEA FHA Frol mer F7bske  false-positive 22FE

Zo]7] $13l False Discovery Rate (FDR) k& AF83lH ol& 7|Eo=

f

(]

AF7HEY A"y 7% 75 A4t E4E 95y
BioconductorAKSeattle, USA)o| A A F3l= edgeR packageE °]&3sta] 1

logFC, FDR 0.05% 71#2 2 % HdHE A4S AdsAa
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MA B4 B 9 fAA 3] AHH] Bk FAF wE
A%E ABSA UAE FASE FAAAT] FHo|WA dojuhs

A7 B wabs Az fRApE Id AolE Bl Rd A
DAFAA A 2o FAAHEY Hd S vlask= GSEA (gene
set enrichment analysis)= T3t ATt. GSEA
(www.broadinstitute.org/GSEA)sms)+= s dFAA=E AR E FAAE
< vl gy Fisher’ s exact teste} & A FAA dAF FPKM)<
oz A iz 2zt g A HF zolE Hole A

e A8 TH(p<0.05).
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sigE 2
trans-cinnamaldehyde f =49l &H#FE71FS  Lolrry] 5t
confocal laser scanning microscope (SP8 X, Leica, Germany) %
microplate reader (victor3, Perkin Elmer, USA)E o] &3] SA4rAZF

HAA RS =S T

) %
Aesta  mAsde 1d, FUFASENS 49t 25T eA
Hj kst o] ¥ wjk®E wjx| 9] petri dish F4%F%o| paper di

Selm APFelE 7 Fol WE ME B 100% oA Fmmnch
¥

zRA4 gA 19 © ket oo Hiks Wi Ad 9t
=AtET wiA A paper discet UAHET FLo discE Hetal 3
uM®] 27 7 -dichlorofluorescin diacetate (Sigma-aldrich, MO, USA)el
o] 37C, e HidrldlA 1A st @A v H
AE discE FHTE 108] 3143k phosphate-buffered saline (PBS)
Ix2 13 AMAsio. AdE vkl disce #AF FEo] Efkol=
=gt 2eA &Y FH AHEERE QA HolxZE IAHANAFTAUC
AX8 S vhE H confocal (excitation: 488 nm, emission: 490-560 nm)-2-

o] &3t 4008 &= #Ha ).

0?2 d%

1=

3 IL'-\. ;
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NAvj= o] 1/4 T+ E#3 HFE& HHE ol &t A7 22YE
Ao AF PHE E5HY sty A E49 AYesrs B+
2 3etEe] A9 ZhzE 10 ul, 5 wE A& ar trans-cinnamaldehyde
%4 = salicylaldehyde®] 4% 0.62 uZ AHgstgc SAHAHNZT9
AS-dE  FHFFE paper discol  FFAIZHT A wiA=
HjE71(30C,  bEDOlA 1Y HisiATh wiefe]l EuUH Ao
Adezds 9] =23 95 AYsta Add Ads A58 JiE
o] &3t HARL H 30uMe] 27 7 -dichlorofluorescin diacetate”}

2 ml FHO ol wifrI@7C, FEDAA 30723
GAsAT. gGA"E M2 micro  centrifuge  (LaboGenel524,
LABOGENE, Daejeon, Korea)& ©o]-&3te] 15000 rpmelA 1&Xt
A 713 Alds AL A ks 25wl o]o] 1x PBS 2
nE odE Alde] Eo e FHRA @i vortex-mixer (VM-10,
@uigast, Gangwon Province, Republic of Korea)E ©]&3}
MAsEATE. MAHE AT Al micro centrifugeo] ¥Wol A&
A7l 29E PBSE wiuAT MAAAHLS F 33 Ay H
AT FANETY 0Dy #°l TY3== Ix PBSE A& FAtt
AAYE vl #9 25 wWE Eol= gz &8 AHIZEx
Ho] 3AAZ1 FH confocal (Excitation: 488 nm, Emission: 490-560 nm)S
o]-&3ta] 1000H]& = #AZ3}th Microplate readere] 2% 42 96
well plateel] Z+zt 200 pl 2 FF3Fal 485 nm excitation, 530 nm emission

A BN LT TAFS SAHSAH.

ol

mlm
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9. M=zet 3334
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u-3 2 QltkMarceti¢ et al, 2013). B AFoAE = g A 9

Maxet 937t dojuy=32 H#A3st7] 98 confocal laser scanning

rok

microscope (SP8 X, Leica, %) % microplate reader (victor3, Perkin

Elmer, USA)E ol&3sto] ot o] & 38ttt

Al wiFe 24 gAY AGRY discE FHT F PDA #ijA] Fol

i)
o\
ol
ok
kl
=
o2
N
[\
(@)]
s
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o
%
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m}l_‘
u
ok
rlo
—
e
B
AW
-
>,
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oo
ok
rlo

49 wigstAh o] & wikdE WA petri dish F7Z4ZF Yol paper
discEs g AdFols 4 Fol dig A EZdo 100% A

TEAET 450 & FEE Ay SAUERTIAE FHFE AU
H 22 2deA oAl 19 8 st oo wids vl ATt

PBS 1 ml ¢} propidium iodide (Thermofisher, MA, USA) GH}pFAESH

0.00625 ul, 2Z=Y 005 phH7F @3 FEH Lo 25C, e <

Atk dAE Rl disce dAF RE

sgolE Fgpxet geA £9 F AWIgHaE Ha HoZE

DAHAANAFAG. HAAHEE vl F  confocal (excitation: 561 nm,
emission: 570-650 nm)< ©] &3t 400v} &= HZSHATH

w4 1587 &
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9-2. M+ Alxz9t 33 AA
NAWRAIS] 14 Tejo] BFE HEE HHE ol g3tel AF FIUS
AT AE PR F2UN 5L AW B AEEE 4G
A

2 3= 9 22 10 W, 5 e

NE,

2] 3193l trans-cinnamaldehyde
fr=A % salicylaldehyde®] Z-%- 0.62 pE AstAth SAHHETY
Aolle SRTE paper discoll FFAHT. Ad wiAl= wL7IE
0C, &AeEAA 19 viFstATh viYol U Ao d=xdE 9
3] =g FoE AYsta Aetd Aldes T8 ddE ol &8st &
28 F PBS 1 met SYTO9 (Thermofisher, MA, USA) % propidium
iodideE 27t 1110 HI&E 412 &%= 3u7F @1 FEA ¥o 25C,
AFE el wiFlolA 1583 FAEtATE ol AP T SAET
OD,, #°l & 93t=5% 1x PBSE 3 A3jF3Att. IJAd #4225 ul €
gol= Fgtze &8 F AWSH2E Qo] IAHAAHG. AAHYE o
H confocal (SYTO9: excitation: 488 nm, emission: 490-560 nm; propidium
iodide: excitation: 561 nm, emission: 570-650 nm)& ©]-&3}le] 1000H] &=
##st Aot Microplate readere] 74 <45 96 well plateel z+zF 200
2 3}

w2 BE3313 535 nm excitation, 617 nm emission FAo A A EH

AEE AU

7 T
- 29 - _..M—E_I-'I_.;_-



X B4R (ANOVA)E 3ttt ANOVAE 53 felg=o] p<0.05 o]H
Tukey HSD testE &3t oWl HorEo] E o] Zol7t YA 4
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o [ =

1. 2)=A A -(plant essential oil)
1-1. &5 &+ 24
#el EEWL o8

o

quercus-mongolicae®l ™3+ 4F2] A=A A
g4 A4 A= Table 59 2t} Wintergreen A7+ 10 ul/pape

1.
R.
Eis

| 4] 100%, cinnamon bark<®} lemongrass’} 5 ul/paper disc ol 4]

g

r disc o
100% s+ &35 R
o] AEA Y & - 4 HA

=
¢

R. solanil t)3gF 4
J}= Table 63 o} Cumin, wintergreen, lemongrass % cinnamon

bark A7} Z+2F 10 ul/paper disc, 5 ul/paper disc, 2.5 ul/paper disc,
1.25ul /paper disc E%olA 100% 37 &3S e
A. tumefaciens®l gt 4F2] A EA Ao ETITHE
A3= Table 73 2t} Wintergreen,
7} Z+zy 10 ul/paper disc oA Z+zb 2.20cm, 1.76cm,

1.50cm, 1.04cme] Ay 5-# # EHinhibition zone)e] }EFLETE.

lemongrass, cinnamon

4 A

bark 2 cumin A
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Table 5. Fumigant antifungal activity of essential oils against Raffaelea quercus-mongolicae

Essential oils

Inhibition rate (%, Mean=+SE, N=4)

107 5 2.5 1.25 0.625 0.3125 0.15625
Cinnamon bark 100a” 100a 67.80+0.63a 45.59+1.22a 31.89+0.92a 16.42+1.02a 0
Cumin 94.0+0.25b 51.24+1.98c 47.80£2.35c 14.96+1.55c 14.71+0.96b Oc =
Lemongrass 100a 100a 65.41+1.29a 39.90+2.42a 15.15+0.39b 8.54+0.54b 0
wintergreen 100a 87.31+£0.60b 59.11+£0.59b 29.62+2.89b 16.83+0.84b Oc -
;alcmated e 52.1;4 4:;;1;(_)8 fop 40231 Fapm 40091 1(1):;.1;:10 15’.1:?(_)9

p-value

p<0.0001 p<0.0001 <0.0001 <0.0001 p<0.0001 p<0.0001

4l /paper disc.

Means within a column followed by the same letters are not significantly different in inhibition rate (Tukey HSD test,

2<0.05).
“Not tested.
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Table 6. Fumigant antifungal activity of essential oils against Rhizoctonia solani

Inhibition rate (%, Mean+SE, N=4)

Essential oils

10* 5 2.5 1.25 0.625 0.3125 0.15625 0.078125 0.03906¢ 0.01953

Cinnamon bark 100 100a® 100a 100a 87.3+0.50a 65.3+0.18a 499+1.13a 17.7%+0.96a 0 -
Cumin 100 94.2+2.00a 75.8+0.63c  61.4+574c 44.6+5.41c 18.6%+2.09c 24.1+0.65C 0b - -
Lemongrass 100 100a 100a 82.2+4.06b 64.6+2.02b 42.7+0.74b 34.6+0.34b 18.5+1.17a 14.2+0.32 0
wintergreen 100 100a 88.4+1.41b 729+2.27bc 33.8+1.55c 14.84+0.93c 0d -¢ - -
Calculated value Fi15= Fi15= Fs10= Fs10= Fo= Fe=

EL]s= 216 4,15 EL15= 87476 4,15 3,12 3,12 2,9 16
=F 247.662 149.931 380.289 974.324 142.923 1965.089
p-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 p<0.0001 <0.0001 <0.0001

“ul /paper disc concentration.

"Means within a column followed by the same letters are not significantly different in inhibition rate (Tukey HSD test, 7<0.05).

“Not tested.
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Table 7. Fumigant antibacterial activity of essential oils against Agrobacterium tumefaciens

Essential oils

Length of Inhibition zone (cm, Mean+SE, N=4)

10° 5 2.5 1.25 0.625¢ 0.3125 0.15625
Cinnamon bark 1.50+0.17c" 1.46+0.02a 1.37+0.10a 1.34+0.04a  0.82+0.05 0.57 0
Cumin 1.04+0.07d  0.49+£0.03b Oc =€ - - -
Lemongrass 1.76£0.03b  1.43+0.05a 1.20*=0.12a 0.58+0.04b 0 - -
wintergreen 2.20£0.08a 1.61+0.11a 0.66%0.03b Oc - - -
Calculated value = F Fspo= 78.707 Fs1= 64.761 Fy1p= 61.772 Foy 430.133 22];16914
p-value <0.0001 <0.0001 <0.0001 p<0.0001 p<0.0001

dul/paper disc concentration. . S
PMeans within a column followed by the same letters are not significantly different in inhibition rate (Tukey HSD test,

Lp<0.05).
Not tested.
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3FY &5 B U AEA AF 4T HS I 4 A=
Table 83} =t} R. quercus-mongolicaed] t)3sF cinnamon bark,
lemongrass 1232 cumin A2l MIC #2 Z+Z} 250 ug/ml, 450 pg/ml
2 800 pg/ml &= YEM}IAL, R. solani©ll tigk cinnamon bark, lemongrass
I8]3 cumin F<9 MIC #2 Z+2F 200 pg/ml, 400 pg/ml 2 850 pg/
ml, A. tumefaciens®] tl$+ cinnamon bark, lemongrass ~1#] 3l cumin &

o MIC gt 2+7F 250 pg/ml, 450 pg/ml 2 900 pg/ml &= ERSTH

Table 8. Contact antimicrobial activity of essential oils against three tree
pathogens

MIC (Minimum inhibitory concentration, ug/ml)

Essential oil Fungi Bacteria
quergfzasfﬁggoljcae Rhizoctonia solani A%rj%lggzgg%n
Cinnamon bark 250 200 250
Cumin 800 850 900
Lemongrass 450 400 450

wintergreen -2 - -

aNot active (>1200).
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1-3. 459 &4 B+ A& &4
GCo GC-MSE o] &3dtoq &5 9 HE v SA4 & Uebd A EA A
+ 4%(cinnamon bark, cumin, lemongrass, wintergreen)e] &S 543}

S tHFigure 3, Table 9).
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%10 2]

(waon)
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x10 2

(o)

1.05 4 23

0.8954
0.9+
0.854
0.8
0.754
0.7
0.654
0.6
0.551
0.5
0.459
0.4
0.359
0.3
0.254
0.2
0.151
0.1+
0.054

-0.054
-0.11

6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44
(D)
Figure 3. Gas chromatograms of four active oils. Cinnamon bark (A); Cumin
(B); Lemongrass (C); Wintergreen (D). The number of each peak is the same

in Table 9.
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Table 9. Chemical analysis of four active essential oils

Rei%%rét)i(on Composition ratio (%)
e compone (st(li) %;?n.a) Cinnamon Cumin Lemongrass Wintergreen
[Lit bark

1 @ -Pinene 930/930° 0.87 0.92 - -
2 £ -Pinene 973/973° -8 11.69 - -
3 Myrcene 989/989° - 0.72 - -
4 « -Phellandrene 1003/1005° 0.39 - - -

5 p-Cymene 1023/1022° 2.08 34.47 - -
6 Limonene 1027/1027° - 2.68 7.56 -
7 1,8-Cineole 1029/1029" 1.91 - - -
8 7 -Terpinene 1057/1057° - 13.83 - -
9 Linalool 1100/1100° 4.99 - - -
10 Menthol 1178/1173¢ - 0.24 - -
11 Methyl salicylate  1192/1183¢ - - - 99.85
12 Estragole 1200/1195¢ - 0.44 - -
13 Neral 1239/1238" - - 32.27 -
14 Cuminaldehyde 1243/1239° - 22.07 -
15 Geraniol 1254/1251° - - 2.76 -
16 Geranial 1270/1268" - - 45.04 -
17 ™ 1276/1266° 52.26 - - -
18 trans-Anethole 1286/1283¢ - 5.35 - -
19 Eugenol 1353/1349" 21.87 - - -
20 Geranyl acetate 1380/1383¢ - - 1.08 -
21  #-Caryophyllene  1414/1415° 4.93 - 0.56 -
22 Cinnamyl acetate 1447/1443° 5.05 - - -
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23 a-Humulene 1451/1451° 0.69 - - -

SUM 95.05 92.40 89.27 99.85

8Standard compounds; °Kim, 2017; Khalid, K. A, 2014; ‘Rai, S. K et al, 2006; °Zhang,
H et al, 2005; Javidnia, K et al, 2002; &Not detected.
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2. 2 EA AH 8 AHAE L transcinnamaldehyde %
Aol e
2-1. T35 I+ &4
R. quercus-mongolicaeol| o gt A T 2h A 2
= &+ &4 AA A3+ Table 107
zo. Salicylaldehyde+= 0.625 ul /paper disc, eugenol 3}
hydrocinnamaldehyde+= 2.5 pl/paper disc &%°lA 100% ¥+ EFHE

UER T

R. solani©ll tg Af 2 A& 9 transcinnamaldehyde =49

trans-cinnamaldehyde =42 &

= I+ ¥4 HAA A= Table 113 2o} trans-Cinnamaldehyde=
0.3125 ul/paper disc, neral3} hydrocinnamaldehyde+ 1.25 ul/paper disc,
cuminaldehyde, geranial 12]3l salicylaldehyde= 2.5ul/paper disc &%
oA 100% &+ &35 e
A. tumefaciens®l| g A

b 24 HA A= Table 1294 2t
Salicylaldehyde, hydrocinnamaldehyde ~12]3l cuminaldehyde+ Z+Z+ 2.80
em, 2.26 cm E 2.08 emZ Ay S-# A Einhibition zone)e] WERFTE =3

&8l A® 2 franscinnamaldehyde %

Ao E=HE o]&3

T H = yul

ook

trans—cinnamaldehyde, methyl salicylate, frans-anethole, neral, (+)-e«
-pinene, geranial 18] 3l (-)- #-pinenex= Z+ZF 1.92 cm, 1.80 cm, 1.72 cm,

1.67 cm, 1.50 cm, 1.34 cm 2 0.98 cm®] AY5A 2| Eo] UEFST

1 3
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Table 10. Fumigant antifungal activity of compounds from active essential oils against Raffaelea quercus-mongolicae

Inhibition rate (%, Mean=+SE, N=4)

Compounds 2.5 125 0.62 0.3125 0.15625 0.078125
(9)- ¢ -Pinene 31.16+0.39f" Oh ¢ - - -
(-)- #-Pinene Oh - - - - -
Myrcene Oh - - - - -

« -Phellandrene Oh - - - - -
p-Cymene Oh - - - - -
(H-Limonene Oh - - - - -
1,8-Cineole 12.25+0.27¢g Oh - - - -

y-Terpinene 0 - - - - -
Linalool 41.82+1.96de 38.09+1.75ef 35.92+1.04e 33.16+2.28c of
(-)-Menthol Oh - - - - -
Methyl salicylate 41.45+1.27e 16.67+0.64g Oh - - -
Estragole Oh - - - - -
Neral® 88.29+0.39bc 57.41+1.72d 20.46+0.37f 0f - -
Cuminaldehyde 91.52+0.83b 65.16+3.37d 44.22+0.77d 32.92+5.30c 14.10+0.26de 0
Geraniol 88.48+1.83bc 79.47+1.12b 67.45+2.47b 38.89+1.79¢ 32.53+0.94b 0
Geranial® 87.51+1.46bc 57.21+2.86d 41.16+1.39de 18.84+1.38e 18.46+2.16d 0
f{y"‘gg‘cmnamalde 88.00+0.31bc  57.22+327d  5597+182  29.80+166cd  25.41+1.19c 0
trans-Anethole 32.87+£1.53f 18.91£2.10¢g 10.54+0.69¢g 0f - -
Eugenol 100a 74.76+2.60bc 41.71£0.69de 17.93+1.39% 0f -
Geranyl acetate 45.90+1.32d 40.68+1.98¢e 39.36+1.32¢e 16.97+0.76e 15.79+1.32de

S -Caryophyllene Oh - - - -

Cinnamyl acetate 39.98+1.56e 0 - - - -
a-Humulene Oh - - - - -
Benzaldehyde Oh - - - - -
1 © ]
x |
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Cinnamyl alcohol 33.08+0.57f 29.35+0.80f 15.30£1.47fg 0f - -
?ggmcmamaldeh 100a 65.67+1.81cd  55.15+0.95c  21.36+1.10de of -
2-Hydroxycinnami

c acid, oh _ _ _ _ _
predominantly

trans

4-Hydroxybenzald Oh _ _ _ _ _
ehyde

trans-3-Hydroxyci oh _ _ _ _ _
nnamic acid

trans-4-Hydroxyci oh _ _ _ - _
nnamic acid

Methyl cinnamate 84.34+0.16c 79.37+0.49b 65.36+0.32b 48.860.60b 12.50+1.28e 0
Salicylaldehyde 100a 100a 100a 65.25+0.29a 48.87+1.27a 0
Calculated value Fs1.0 Fie51 Fi342 Frz239 Fos

=F = 2657.278 = 286.539 = 504.156 = 109.328 = 206.011

p-value p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001

aul/paper disc.

"Means within a column followed by the same letters

“Not tested.

are not significantly different (Tukey HSD test, p<0.05).

- 43 - | &= Y



Table 11. Fumigant antifungal activity of compounds from active essential oils against Rhizoctonia solani

Inhibition rate (%, Mean =SE, N=5)

Compounds 2.5° 1.25 0.625 0.3125 0.15625 0.07812 0.03906 0.01953 0.0098
(+)- #-Pinene 62.98£1.58¢ef°  44.18%1.34h 30.03+£1.37h 18.24+0.76f 17.30£1.29%¢fg Og =¢ - -
(-)- #-Pinene 19.86 £0.52i 19.19£1.11j 0k - - - - - -
Myrcene 0j - - - - - - - -
« -Phellandrene 0j - - - - - - - -
p-Cymene 0j - - - - - - - -
(+)-Limonene 0j - - - - - - - -
1,8-Cineole 0 B B B B B B B B
(=Eucalyptol) )
y-Terpinene 0j - - - - - - - -
Linalool 35.39£2.57h 33.72+1.52i 17.24+1.38ijj 0g - - - - -
(-)>-Menthol 0j - - - - - - - -
Methyl salicylate 92.99+0.22bc  81.54+1.00cd 51.26+4.43ef  34.91+0.76de  23.01=1.28def  10.90£0.75h 0d - -
Estragole 38.76 =1.28gh 0k - - - - - - -
Neral® 100a 100a 72.59+0.45d 49.18+0.69¢ 31.04£4.03cd 19.37+1.01d 0d - -
Cuminaldehyde 100a 95.60+1.58a  75.84+4.46cd  65.59+3.99b 53.49+4.80b 15.09£0.80e  12.17+0.59c 0b -
Geraniol 93.98£3.54b 73.02+1.78f 61.18+1.95¢e 40.28+1.08d 34.27+0.71c 25.78£0.22c 0d - -
Geranial® 100a 96.79+1.87a  77.03+1.83cd  50.05+0.82c 29.57+£0.43cd  20.60+0.22d 0d - -
ﬁ%”es‘cmamalde 1002 1002 1002 1002 90743322  2374+083c  15.14%141b 0b -
trans-Anethole 87.45+1.43c  85.93+2.05cd 44.37+3.73fg 19.17 £2.24f Oh - - - -
Eugenol 91.37+£0.25bc  87.63+0.19bc  83.58+£1.93bc  60.94+1.34b 51.14+2.13b Og - - -

20.74£2.32def
Geranyl acetate 66.98+0.61e 54.35+1.92g  34.37£1.60gh  27.79£2.00e g 15.37+0.89% 0d - -
£ -Caryophyllene 19.51£2.85i 18.79£2.58j 7.71£2.60jk 0g - - - - -
Cinnamyl acetate 57.78+£0.69f  48.31+£1.85gh 43.07x0.71fg  28.78+0.77e  27.36%+1.34cde 0g - - -
a-Humulene 41.64+0.90g 24.62+0.90j 0k - - - - - -
Benzaldehyde 74.87+0.43d 36.44+1.24i 18.14 +1.14jj Og - - - - -
Cinnamyl alcohol 89.63+£0.23bc  76.39+0.24ef  27.20£0.71hi 18.11£0.28f 15.50£0.72fg 0g - - -
}ﬁlyyggocmamalde 100a 100a 89.15+0.58b  67.28+4.00b  49.99+1.80b  36.76+0.35a  23.05+0.47a 15.11+0.14a 0
[ -
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2-Hydroxycinnami

C acid, 0 _ _ _ _ _ _ _ _
predominantly )

trans

4-Hydroxybenzald 0 B B B B B B B B
ehyde )

trans-3-Hydroxyci 0 B B B B B B B B
nnamic acid )

trans-4-Hydroxyci 0 B B B B B B B B
nnamic acid )

Methyl cinnamate  92.70+0.52bc  80.46£0.52df  57.71%0.41e 17.08+0.19f 10.66 £0.32gh 0g - - -
Salicylaldehyde 100a 93.14+0.65ab  90.57*0.50ab  67.20=0.59b 51.39+0.69b 31.95+1.12b 0d - -
Calculated value F31,.96 Fae63 Fge0 Fi754 Flyss Fi342 Fgz7 Fog

=F = 1612.900 = 596.054 = 247.829 = 295.775 = 108.777 = 445314 = 275.934 = 11134.332

p-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

4l /paper disc.

"Means within a column followed by the same letters are not significantly different (Tukey HSD test, p<0.05).

“Not tested.
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Table 12. Fumigant antibacterial activity of compounds from active essential oils against A. tumeraciens

Length of Inhibition zone (cm, Mean+SE, N=4)

Compound 5 25 125 0.625 0.3125 0.15625 0.07812

(+)- 2 -Pinene 1.50+0.14ef® 1.194+0.04c  0.83+0.04d  0.50+0.03c Ob ¢ -
(-)- £-Pinene 0.98+0.05g 0.79£0.05d 0f - - - -
Myrcene Oh - - - - - -

2 -Phellandrene Oh - - - - - -
p-Cymene Oh - - - - - -
(+)-Limonene Oh - - - - - -
1,8-Cineole oh _ _ _ _ _ _
(=Eucalyptol)

»-Terpinene Oh - - - - - -
Linalool Oh - - - - - -
(-)-Menthol Oh - - - - - -
e 1.80-£0.68cde Oe - - - - -
Estragole Oh - - - - - -
Neral® 1.67£0.15de  1.24%0.13c  0.52%0.01e 0d - - -
Cuminaldehyde 2.08+0.09bc  1.49+0.12c 0f - - - -
Geraniol Oh - - - - - -
Geranial® 1.34+0.10f 1.26£0.08c  1.07%0.01c 0.53+0.03c Ob - -
fore Cinnamald 1 92+0.09cd  184+0.04b  164+006b  1.28+016b  126+0.1la  111+0.28 0
trans-Anethole 1.72%0.18de Oe - - - - -
Eugenol Oh - - - - - -
Geranyl acetate Oh - - - - - -
eﬂ Caryophyllen oh _ _ _ _ _ _

:
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Cinnamyl

acetate Oh - - h h h
a-Humulene Oh - - - - -
Benzaldehyde Oh - - - - -
Cinnamyl _ _ _ _ -
alcohol Oh

gggggcmﬂama‘d 2.260.0b  1.89+0.06b 1.82+0.04b  1.24+0.16b 0b -
2-Hydroxycinna

mic acid, oh _ _ _ _ _
predominantly

trans

4-Hydroxybenza oh _ _ _ _ _
Idehyde

trans-3-Hydroxy oh _ _ _ _ -
cinnamic acid

trans-4-Hydroxy oh _ _ _ _ _
cinnamic acid

Methyl _ _ _ _ _
cinnamate Oh

Salicylaldehyde 2.80£0.00a 2.66+0.0la 2.4440.08a 1.73+0.02a 0Ob -
Calculated

value F31,96 F9,30 F7,24 F5,18 FZI,M

_F = 231.976 = 140.979 = 446.403 = 45,742 = 129.220

p-value p<0.0001 p<0.0001 0<0.0001 p<0.0001 0<0.0001

ul /paper disc.

"Means within a column followed by the same letters are not significantly different (Tukey HSD test, p<0.05).

“Not tested.
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3FY &5 Bl g AF Fdl A+ % frans<cinnamaldehyde
=AY HE ¢ A4 HA ZAd}e Table 133 Ao R
quercus-mongolicae®| ™3+  trans-cinnamaldehyde,  cuminaldehyde,
hydrocinnamaldehyde, eugenol, cinnamyl alcohol, neral, geranial, geraniol
93 frans-anethole®] MIC #-2 Z+2F 150 pg/ml, 250 pg/ml, 300pg/ml,
350 pg/ml, 400 pg/ml, 400 pg/ml, 400 pg/ml, 450 pg/ml 2 850 pg/ml =
Elwtt}. <A i Z<) tebuconazole, benomyl 2] 3. propiconazole2 Z:
2y 6.25 upg/ml, 125 pg/ml 2 125 pg/ml 2 UERGTE EI R
quercus-mongolicae®ll &l =< F+&4ES W frans-cinnamaldehyde<}
tebuconazole2] MIC #t =tol+= 24w A =o] =tol7} e

R. solani®l| o s+ trans-cinnamaldehyde, cuminaldehyde,
hydrocinnamaldehyde, cinnamyl alcohol, neral, geranial, eugenol,
geraniol ~1¥]al tfrans-anethole®] MIC #k2 Z+zF 200 ug/ml, 250 pg/ml,
300 pg/ml, 350 pg/ml, 450 pg/ml, 450 pg/ml, 600 pg/ml, 800 pg/ml = 900
wg/m 2 YEeERGT A tlxz7<¢ benomyl, propiconazole 1@l
tebuconazole2 12.5 pg/ml, 12.5 pg/ml = 25 pg/ml 2 Vel =3 R,
solanio| 3l =& FFFAS W trans-cinnamaldehyde$} benomyl 12
3l propiconazole®] MIC %k ztol&= 168 H X9 x}o|7F YEfRET).

A. tumefaciens®l T3+ trans-cinnamaldehyde, cinnamyl alcohol, neral,
geranial, geraniol, eugenol 123 cuminaldehydee] MIC &2 747+ 200
pg/ml, 350 ug/ml, 400 pg/ml, 400 ug/ml, 450 pg/ml, 650 pg/ml = 800 pg/
ml &2 YetST ¢4 tiZF< streptomycin sulfate salt&= 3.125 pg/ml
2 YyeElgo. =3+ A tumefaciensel WE =L FHFEAHAE WA

trans-cinnamaldehyde$} streptomycin sulfate salte] MIC #t =}o]+= 644}

1 3
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A= 9] 2pol7} UrehtTh.

Table 13. Contact antimicrobial activity of compounds identified in active
essential oils

MIC (Minimum inhibitory concentration, ug/ml)

Compounds Fungi Bacteria

Raffaelea Rhizoctonia  Agrobacterium

quercus-mongolicae solani tumefaciens
@ -Pinene -2 - -
/A -Pinene - - -
Myrcene - - -

« -Phellandrene - - -
»-Cymene - - -
Limonene - - -
1,8-Cineole - - -

» -Terpinene - - -
Linalool - - -
Menthol - - -

Methyl salicylate - - -
Estragole - - -
Neral 400 450 400
Cuminaldehyde 250 250 800
Geraniol 450 800 450
Geranial 400 450 400
trans-Cinnamaldehyde 150 200 200
trans-Anethole 850 900 -
Eugenol 350 600 650
Geranyl acetate - - -
& -Caryophyllene - - -
Cinnamyl acetate - - -
a-Humulene - - -

Benzaldehyde - -

Cinnamyl alcohol 400 350 350
Hydrocinnamaldehyde 300 300 -
2-Hydroxycinnamic
acid, predominantly - - -
trans

4-Hydroxybenzaldehyd
e

trans-3-Hydroxycinna - - -

3 y 1 |
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mic acid
trans-4-Hydroxycinna
mic acid
Methyl cinnamate

Salicylaldehyde

Benomyl
Propiconazole
Tebuconazole
Streptomycin

12.5
12.5
6.25
NT®

12.5
12.5
25
NT

NT

NT

NT
3.125

aNot active (>1000)
PNot tested.
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Cinnamon bark A-fo o3l AFEFEL FTFHES o] &3 34 A

3.
3-1.

Flof
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Y

A& Figure 49} -t} R, quercus-mongolicaedl T3l cinnamon bark
2 JAFEFEE 10 ul/paper disc =% A2l A3} full mixture}
cinnamon bark B 119 TFFHFEFL FYW|g Aolrt T 18
u cinnamon bark A W =& sty AAstH FLIF AP F
S 7%, eugenol 2 frans-cinnamaldehyde”’} A AE ZZ+e] JAFEFE

ANA A Fordt a7F YRS eH(F;,5=233.608, p<0.0001). A

o2l
Jo

AC)

%5 10 pl/paper disc == &

F_Hl
r (%]
o
(ot
mg)-[_:

eugenolo] #|A

__?_
E9| trans-cinnamaldehyde”} AAE AFEFE HIste] o & J4T

o,

Ha7t oAt 55 2.5 ul/paper disc FEolstE SIS 74
- trans-cinnamaldehyde’} A AH AFEFEANA ¢ & TSIFHTA
a7 vdEigth 1 99 FES AATS JAFEFEd dsiAe
cinnamon bark A-f¢} Folvgk Zpol7h AT, wEkAl 5 ul/paper disc
TEolde] Ay FZolA= eugenolo]l R. quercus-mongolicae o] ¥+t
A #Zgo 71oslE =7 =23 2.5 ul/paper disc % ©l3te] A
T oA trans-cinnamaldehyde”} R. quercus-mongolicae o] &++24
Zbgol Zloste A=7 2 A2 YERT
R. solani °l dj3)] cinnamon bark A % AFEF=<S 1.25 pl/paper
disc = A3 A3} full mixture®} cinnamon bark A o] £=3%
o424 Fomg Zolrh gldet. L2y cinnamon bark A+ W &gt
S Y A ASIY L S WS -$ trans-cinnamaldehyde”}
AAD AFEFES cinnamyl acetate’} AAE AFEFEANA 5

o249 Fo|n e art YERRth(A136=9.830, p<0.000D). L 22| 3}t

Lo

TN )
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ES AAT JdFEFE sl cinnamon bark A<} Folvlg =t
o7} gldth. webA]  frans-cinnamaldehyde % cinnamyl acetate”’} R.
solani & E5¥HEA A8 7IHstH (frans-cinnamaldehyde”} 71 %=
7F B w8 ASE YEyT

A. tumefaciensol W& cinnamon bark A Z AFEFELS 5 4l

[paper disc % 2% A3} full mixture?} cinnamon bark A+ 1He]

ol\

AL Fort o7 ;e 1y cinnamon bark A
siEs skt A A 3k T3 AEE = A5
trans-cinnamaldehyde”} AAE AFEFEANAH EZFIFEAHL] Fon|
St A7 YERSTHA36=9.830, p<0.0001). T &9 sES AAS
T E3HE9 WsfAl= cinnamon bark Ao} f-2lngk Zpolrt I
2} trans-cinnamaldehyde”} A. tumefaciens®| TS5F&4 2o 7]
ost= o0& e

Lemongrass A-froll tha JAFEFES] TF3HE ol &3 J+ 24 A

Fot

g
=

A& Figure 59} 7t} R. quercus-mongolicaeol W3l lemongrass -+
2 AFEFES 5 ulfpaper disc % A3 A full mixture<t
lemongrass A+ te] TFFTLAEL FYHIg Aot o 2y
lemongrass A+ W SFES stH AAst TIdF AFE AS BS
geranial, neral, (+)-limonene ~1#] il geraniole] A AY ztzte] <lF &3
oA Ao Fon|t AT YEFS TR 24=544.238, p<0.0001).
oo =S AAR AFEF=ol M= lemongrass Aok 2] 7]
st zFol7F gl webA] geranial, neral, (+)-limonene 12|31 geraniol
2 R. quercus-mongolicae®] &Zd+24 28 7]3tH geranial >
neral > (+)-limonene = geraniol =02 7|9 %7} & Z o2 YElt)

R. solani o W3l lemongrass A ¥ AFEF=E 5 ul/paper disc



TETELS

Fot

off
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kv)
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o
2
o

# e

JDEEF=NA EF5FTZE 7S Fa7F YERRTHEF 24=104.731,
dES AAT JdFEFE disiA= lemongrass

Aot Fm g 2pol7t ldth webA neral 2 geraniale] R. solani ©)
=4S4 Z8o 7198H nerale] 7| =7 ¢ & AoE UE

FEE 10 ul/paper

ror

A. tumefaciensoll ™3l lemongrass A L <l1F3

37

Fot

disc 3% A &g Z3} full mixture®} lemongrass A 1+
AL Fofmgk Zolzk stk 12y lemongrass A W FdES o)
U A At A A3

acetate, geraniol 1¥]1l (+)-limonenee] AAH Z+z+o] QA FEHEof A

ot

S 9= 7§ geranial, neral, geranyl

o st=a AAT AdFEFE) s M= lemongrass 2k 727 g
zpol 7} Aot whElA geranial, neral, geranyl acetate, geraniol “1#] il
(+)-limoneneS  A. tumefaciens ¢ JFTZFTEA AL 7]oEH

geranial > neral> geranyl acetate > geraniol > (+)-limonene =22 7]

7} & Aoz vehyoh
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[nhibition rate (%)

Length of inhibition zone (cm)

Missing constituents
Figure 4. Fumigant antimicrobial activity of cinnamon bark oil & artificial blends against

Raffaelea quercus-mongolicae (A), (B); Rhizoctonia solani (C); Agrobacterium
tumefaciens (D), The treatment concentration of (A), (B), (O), (D) were 10, 1.25, 1.25
and 5 ul/paper disc, respectively. Different letter indicates a significant difference
between each other in graph [F13=233.608, p<0.0001 (A); Fi136=22.840, p<0.0001 (B);
F1136=2636.686, p<0.0001 (C); Fi136=9.830, p<0.0001 (D)]
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Length of inhibition zone (cm)

Missing constituents

Figure 5. Fumigant antimicrobial activity of lemongrass oil & artificial Blends
against Raffaelea quercus-mongolicae (A); Rhizoctonia solani (B); Agrobacterium
tumefaciens (C) , The treatment concentration of (A), (B), (C) were 5, 5 and
10 pl/paper disc, respectively. Different letter indicates a significant difference
between each other in graph [F72=544.238, p<0.0001 (A); F72=104.731,
p<0.0001 (B); F24=175.207, p<0.0001 (C)]
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3-2. A= S+ &4
Cinnamon bark Aol thdt artificial blends®] A% HEHES o] &3+
g A AAHES Table 149} 2t} R. quercus-mongolicaedl] ©3F full

mixture?} cinnamon bark A e HEIFAFEAHL Ao|7E AT

a2y cinnamon bark A W SEES ShH AASY FLI
A¥S Y& 7§ trans-cinnamaldehyde, eugenol, linalool 1]il
p-cymenee]  AA"  ZzZte] JAFETFEANA  FHEH  Havt

ettt 1 99 SFES AATT AdFEFE] A= cinnamon
bark A<t Aol7t gl meEbA  frans-cinnamaldehyde, eugenol,
linalool 18]3l p-cymene®] R. quercus-mongolicae®] ZZd++EA
g0l  7]Ast  trans-cinnamaldehyde’} R.  quercus-mongolicae®)
G Aol 7dste AV 7MY =2 Ao E YEkT
R. solanill ™3l cinnamon bark A % AFEF=E A |s 23 full
AL Aol7h fiTh
a2y cinnamon bark A W SHFES stUA AAGH FAI
AHS P& 7A$  trans-cinnamaldehyde, eugenol, « -phellanderene
23 p-cymeneo] AAH A7 dFEF=CANA HESFTEAH Y
&7 vEgt. O 99 FIES AATT ATEFE dsiAe

cinnamon bark A<} o]z} AT mElA  frans-cinnamaldehyde,

n:gi
l

{

Ol
o

flo

mixture®} cinnamon bark Af 3te H=E

d

eugenol, « -phellanderene 12|l p-cymene©| R. solani®] 334
Z+go] 7]d3kH  frans-cinnamaldehyde’t 719 =7F 7HE & Ao=®
vhebitoh,

A. tumefaciens® W& cinnamon bark AH-F % AFIEIEE AT
A3} full mixture®} cinnamon bark A 3He HZIFEAL xjolr}

Atk 2Hy cinnamon bark AHF W SFES SIUY AASHA



offt
e
rd
>
ot
flo
&)
[0
o

- trans-cinnamaldehyde % eugenolo] A|A ¥

Zze] AFEFEON AEFTIH a7t dEwt. 1 99
S} ES AAT JdFEFE A= cinnamon bark A H-< zpo]r}
Rt WA frans-cinnamaldehyde %! eugenole] R. solani ]

&
B[
ok
&4
ot

g 28 7]odstH  trans-cinnamaldehyde’} 71 =7} 71

O 2 YERT

dir
rlo
sl

Lemongrass Aol ™3t QAFTFES] HAHF HEHS o]&3 I+
g4 HAL Table 159 #t}. R, quercus-mongolicae®| Tj

fr 29 HEFAEAEL Zol7k it a8y
lemongrass g 4 3=e sty AAstH sdd dP= P& B4

geranial 2 nerale] AAH 7zt AFERdEolA FBAEo ATt

mixture®} lemongrass %

eSS, (+)-limonene, geranyl acetate Z1E]il B -carophyllene©]
AAR 747+ JIFEFEANA FHEAHY F77F eyt 1 99
3FES AATN AFEFE Wsir= lemongrass BH9F Z}olr}
AAch webA  geranial ¥ nerale HEFTEA o] 7)o
geranial®] R. quercus-mongolicae®] &d&4 Zrgol 7|ost= H=7})
VA o Aoz etk WhA (+)-limonene, geranyl acetate “1€]al
g -carophyllene®] 7% wjekstA A&2&S vX= Ao Z YelTh

R. solanil i3l lemongrass A 2 AFEFEE AHg 2 full
mixture2} lemongrass A te] HEIFEA L o)zt At 13
lemongrass A+ W SFES stH AAst TAdF AFES AS BS
geranial % neralo] AAH e AFEFEAA HEFHEAC
Zarzt vEbgt O 99 FFES AAT AFEFE dEiAe

lemongrass A-r<¢k o7l itk weba  geranial ¥ nerale] R
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solani®] HEFTZA A&l 7|38ty geraniale] 7| =7 7R S
Z o2 Ve

A. tumefaciensoll W3l lemongrass A+ % JAFETFEE A 23
full mixture®} lemongrass A e HEFAZAHLS Aol7F UTh
a2} lemongrass A W SFES Y AASH T AP
S AL geranial L nerale] AAH Ao QAFEFEA
HAESHEAEe A7 vEwd 1 99 F3iES AAT
AFTELE sl = lemongrass A2k o7k AR weEbA

geranial % neralo] R. solani®] HE=zFTZA  Fgol| 7o

geranialo] 7o =7} 71 H& Z o2 eyt

Table 14. Contact antimicrobial activity of Cinnamon bark oil & artificial
blends against three tree pathogens

MIC (Minimum inhibitory concentration, pg/ml)

Essential oils Fungi Bacteria
Raffaelea Rhizoctonia Agrobacterium

quercus-mongolicae solani tumeraciens

Cinnamon bark 250 200 250

All mixture 250 200 250

(+)- o -Pinene® 250 200 250

@ -Phellandrene® 250 250 250

~-Cymene® 300 250 250

1,8-Cineole”

(=Eucalyptol) 250 200 250

Linalool® 300 200 250

trans-Cinnamaldehyde® >1200 1000 >1200

Eugenol® 300 250 300

4 -Caryophyllene? 250 200 250

Cinnamyl acetate® 250 200 250

a-Humulene? 250 200 250

®Missing constituent.
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Table 15. Contact antimicrobial activity of lemongrass oil & artificial blends
against three tree pathogens

MIC (Minimum inhibitory concentration, pg/ml)

Essential oils Fungi Bacteria
quergzasj—cﬁgéﬁoljcae Rhizoctonia solani A‘g]%lggzgg%m
Lemongrass 450 500 450
All mixture 450 500 450
(+)-Limonene? 400 500 450
Neral® 800 800 800
Geraniol? 450 500 450
Geranial® >1200 >1200 >1200
Geranyl acetate® 400 500 450
5 -Caryophyllene? 400 500 450

aMissing constituent.

3 o ;
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4. RNA7IM A& 23
4-1. 24 dlolE A

trans-Cinnamaldehyde % salicylaldehydeS Z}2t &% A3 A
tumefaciens®] mRNA A &g &4 dlolg] R A ZAae Table 16374
2. Z+ AZ o] mRNAE 101bpA(read length) paired-end=Z ¢} A}
total reads= wETol A B 27,938,9907M, total bases= B
2.8Gbpe] dlolE7} AoIHI trans-cinnamaldehyde A ElTe] HA
44,497,96571(4.5Gbp)e] ®lolE1¢t salicylaldehyde x12]e] 41,013,519
(4.1Gb)e] dHolE7E otk o] ¥ raw dataold EZa3 4]
(adapter A€ 2 low quality base)Es AAZ A OiFRT,
trans-cinnamaldehyde, salicylaldehyde =€l Z+7r HH 27,485,30670
(98.4%), 43,867,5697N (98.58%), 40,047,5097 (97.64%)2] FZ 2] clean
data”} Aol F .

3 " R
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Table 16. Summary of sequences analysis

Raw Clean data

Sample Total Total bases Mean read Total bases
reads (bp) Total reads Percent le(E%‘gh (bp) Percent
Control-1 30,663,934  3,097,057,334 30,210,422 (98.52%) 100.50 4,325,480,899  (98.07%)
Control-2 31,816,426  3,213,459,026 31,242,930  (98.20%) 100.55 3,618,943,841  (97.31%)
Control-3 21,336,610  2,154,997,610 21,002,566  (98.43%) 100.58 4,873,927,226  (98.28%)
trans-Cinnamaldehyde-1 46,233,124  4,669,545,524 45,520,236 (98.46%) 100.66 4,582,183,093  (98.13%)
trans-Cinnamaldehyde-2 44,010,666  4,445,077,266 43,386,444  (98.58%) 100.66 4,367,340,563  (98.25%)
trans-Cinnamaldehyde-3 43,250,106  4,368,260,706 42,696,028  (98.72%) 100.71 4,299,763,903  (98.43%)
Salicylaldehyde-1 37,007,858  3,737,793,658 36,255,608  (97.97%) 100.52 3,644,322,391  (97.50%)
Salicylaldehyde-2 45,929,804  4,638,910,204 44,681,748  (97.28%) 100.35 4,483,974,181  (96.66%)
Salicylaldehyde-3 40,102,896  4,050,392,496 39,205,170 (97.76%) 100.49 3,939,911,462  (97.27%)

1
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4-2. GH P2 A EE

A A8 = AR clean dataE A. tumefaciens @ 820l WP 3 A}

)zl 73§ H 13,742,653 paired-end read % 5 ¢F 5.3%°l 33}
]

= 726,31470 7} w88 = 131 frans-cinnamaldehyde, salicylaldehyde

N s )
4 - 2] 8-



Table 17. Summary of mapping results

Sample Input (PE) Mapped (PE) Percent UniqueggEr)napped Percent
Control-1 15,105,211 689,917 4.57% 683,440 4.52%
Control-2 15,621,465 939,046 6.01% 929,212 5.95%
Control-3 10,501,283 549,978 5.24% 545,203 5.19%

trans-Cinnamaldehyde-1 22,760,118 1,822,708 8.01% 1,763,908 7.75%
trans-Cinnamaldehyde-2 21,693,222 1,919,063 8.85% 1,857,721 8.56%
trans-Cinnamaldehyde-3 21,348,014 1,905,652 8.93% 1,853,101 8.68%
Salicylaldehyde-1 18,127,804 1,346,970 7.43% 1,300,796 7.18%
Salicylaldehyde-2 22,340,874 2,317,396 10.37% 2,261,447 10.12%
Salicylaldehyde-3 19,602,585 1,344,032 6.86% 1,306,965 6.67%
1
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4-3. A5 447

trans-Cinnamaldehyde % salicyladehydeE 27 &% Agd A
tumefaciens® XA L3Ol FoH|F xto]lE H AW (p-value0.05)
logFC #kol -1 olstd A% ulxFol uisty fFHz ddo] A%
(Down-regulated gene)S & u|3tH, 1ogFC #ko]l 1 o)A A-¢ iz
Hl3le]  fHx @$3o] Z7138HUp-regulated gene)S  ¢m]|git)
trans-cinnamaldehyde * 2] 57171¢] fAA= L@ o] FasA
2 623709 FdxtE= w3 eko] Z7)8b¢ o). Salicylaldehyde = 2] A 575
Mol fAAE o] AP W E 566712 FAAE w@d o)
<7 3t A tHTable 18). 1 5 logFC Atigte] Afol7t & 22 4F¢] 100
Mol FAAES A G tHTable 19~22). =3+ trans—cinnamaldehyde <}t
salicylaldehyde *8]A] &5 202 438719 FAA7} & o] 743N
I i E 463709 FAAE @ Fo] FUHsEA T

=

Table 18. The number of differentially expressed genes in this study

) Genes
Experiment
Sum Down Up
trans-Cinnamaldehyde 1,194 571 623
Control
Salicylaldehyde 1,141 575 566

3 IL'-\. .
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Table 19. Significantly down-regulated genes of Agrobacterium tumefaciens treated frans-cinnamaldehyde

Regulation GenelD ProteinID Description logFC P-value FDR
DOWN gene942 WP_013635780.1  hypothetical protein -10.1189 4.14E-54 9.47E-52
DOWN genel717 WP_038491319.1  hypothetical protein -8.80638 1.37E-107 7.19E-104
DOWN genel716 WP_038491316.1  transporter -8.75656 2.83E-86 2.48E-83
DOWN gene2263 WP_038491970.1  UDP-hexose transferase -7.60693 5.71E-13 1.03E-11
DOWN geneb147 WP_038497368.1 amino acid ABC transporter substrate-binding protein -7.06828 3.14E-95 5.51E-92
DOWN gene5146 WP_038497365.1 amino acid ABC transporter ATP-binding protein -6.44582 2.81E-63 9.87E-61
DOWN gene2960 WP_038493746.1  FAD-dependent oxidoreductase -6.4291 5.89E-10 7.95E-09
DOWN gene3413 WP_003511245.1  hypothetical protein -6.29899 4.60E-35 4.48E-33
DOWN geneb145 WP_038497362.1  NAD-binding protein -6.23845 7.10E-66 3.40E-63
DOWN gene3414 WP_003511246.1  hypothetical protein -6.17267 1.69E-15 4.10E-14
DOWN gene361 WP_025592284.1  hypothetical protein -6.12719 8.90E-23 3.84E-21
DOWN gened?218 WP_013762318.1 iron ABC transporter substrate-binding protein -5.92363 1.21E-84 9.10E-82
DOWN genel629 WP_038491201.1 anthranilate phosphoribosyltransferase -5.80658 4.56E-07 4.35E-06
DOWN gene777 WP_038490180.1  ATPase -5.593 1.83E-61 6.02E-59
DOWN gene4511 WP_013761025.1  curlin -5.58971 3.65E-59 1.13E-56
DOWN gene2187 WP_003513614.1  anthranilate synthase -5.56374 4.55E-102 1.20E-98
DOWN gene604 WP_004432239.1  2-hydroxy-acid oxidase -5.49299 0.001154 0.006441
DOWN genell86 WP_025593255.1  hypothetical protein -5.49136 5.10E-06 4.25E-05
DOWN gene3448 WP_003511290.1  hypothetical protein -5.42292 1.66E-26 9.18E-25
DOWN gene2725 WP_038492590.1 threonine-phosphate decarboxylase -5.3824 0.000234 0.00149
DOWN gened487 WP_038495474.1  multidrug ABC transporter ATPase -5.2826 2.74E-05 0.00021
DOWN gened866 WP_034495582.1  hypothetical protein -5.27135 0.001022 0.005787
DOWN gened217 WP_038494982.1 manganesefiron transporter ATP-binding protein -5.23839 1.40E-89 1.47E-86
DOWN genel715 WP_003515731.1 DSBA oxidoreductase -5.22227 4.31E-14 8.43E-13
DOWN gene2422 WP_038492159.1 maleylacetate reductase -5.20611 0.000229 0.001459
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DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN

gene3209
gene4603
genel570
gene729
gene798
gene2907
genel340
gene4215
gened418
genel670
geneb523
gene671
gene3363
gene4458
genell2
gene3362
geneb61
gene2615
gened444
gene20
gened216
genell9
gene3689
geneb144
gene3258
gene2198
gene3866

WP_038494091.1
WP_046205633.1
WP_025593554.1
WP_038490099.1
WP_003511926.1
WP_003517694.1
WP_019565561.1
WP_019566953.1
WP_038495375.1
WP_003515641.1
WP_003515120.1
WP_038490041.1
WP_003511176.1
WP_004431336.1
WP_013635241.1
WP_003511175.1
WP_013635511.1
WP_003516612.1
WP_038495411.1
WP_038489234.1
WP_003516197.1
WP_019564547.1
WP_038494392.1
WP_038497593.1
WP_003510996.1
WP_025594211.1
WP_013762049.1

aspartate aminotransferase family protein
Ti-type conjugative transfer relaxase TraA
phospholipase

hypothetical protein

hypothetical protein

ABC transporter substrate-binding protein
hypothetical protein

membrane protein

choline-sulfatase

xanthine phosphoribosyltransferase
hypothetical protein

enoyl-CoA hydratase

2-oxoisovalerate dehydrogenase subunit beta
dihydrofolate reductase

hypothetical protein

branched-chain alpha-keto acid dehydrogenase subunit E2
hypothetical protein

30S ribosomal protein S16

oxidoreductase

folylpolyglutamate synthase

membrane protein

peptide-methionine (S)-S-oxide reductase
chemotaxis protein

D-amino-acid oxidase

peptidase M20

NnrU family protein

NAD(FAD)-utilizing dehydrogenase

-4.99486
-4.97362
-4.97335
-4.9504
-4.90622
-4.86996
-4.8588
-4.81046
-4.79046
-4.72205
-4.71614
-4.7098
-4.70143
-4.64706
-4.59498
-4.58514
-4.56479
-4.55946
-4.54333
-4.51694
-4.50907
-4.49128
-4.49091
-4.46911
-4.46901
-4.3824
-4.34416

6.96E-24
7.42E-16
0.001585
1.52E-19
0.00067
1.08E-35
0.000544
2.72E-63
3.31E-55
0.010441
0.001041
0.002499
2.37E-64
3.69E-06
0.007921
7.99E-55
3.99E-07
6.30E-42
6.50E-09
0.001056
5.67E-44
0.003919
9.52E-31
0.001897
0.0019
3.55E-22
0.01165

3.21E-22
1.86E-14
0.008626
5.19E-18
0.003933
1.14E-33
0.003239
9.87E-61
8.30E-53
0.046458
0.005875
0.012894
9.62E-62
3.14E-05
0.036385
1.91E-52
3.86E-06
9.47E-40
7.89E-08
0.005937
9.33E-42
0.019406
6.78E-29
0.010105
0.010115
1.46E-20
0.050936
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DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN

gene3078
gene2264
genel779
gened214
gene3918
gene3958
gene2322
gene207
gene2432
genel939
geneld6s
geneb098
genel(Ol
gene4158
gene3961
gene2083
genel946
gened706
gene359
gene2625
genell92
gene4068
gene2434
gene3904
gene3979
gene2472
gened577

WP_003510665.1
WP_038491972.1
WP_003495372.1
WP_003516193.1
WP_004431872.1
WP_004431986.1
WP_003513965.1
WP_013635295.1
WP_038492176.1
WP_038491528.1
WP_003515258.1
WP_038497280.1
WP_038489360.1
WP_038495885.1
WP_004431991.1
WP_013636565.1
WP_003513109.1
WP_038496401.1
WP_038489697.1
WP_019566018.1
WP_003512680.1
WP_019566850.1
WP_003514162.1
WP_004431822.1
WP_035252645.1
WP_025594477.1
WP_038495619.1

ABC transporter substrate-binding protein
glycosyl transferase family A

phosphoribosylformylglycinamidine synthase subunit PurS

hypothetical protein

membrane protein

hypothetical protein

acetyltransferase

pilus assembly protein

sugar ABC transporter substrate-binding protein
ATPase

hypothetical protein

urea ABC transporter permease subunit UrtB
hypothetical protein

NADPH-dependent ferric siderophore reductase
hypothetical protein

putative DNA modification/repair radical SAM protein
GNAT family acetyltransferase
NAD(P)H:quinone oxidoreductase

heat-shock protein Hsp20

3-isopropylmalate dehydratase large subunit
NADH:ubiquinone oxidoreductase subunit J
hypothetical protein

iron ABC transporter substrate-binding protein
aspartate racemase

histidine kinase

EF-P lysine aminoacylase GenX
SAM-dependent methyltransferase

-4.32499
-4.32409
-4.30263
-4.25412

-4.2361
-4.21744

-4.2172
-4.19396
-4.17163
-4.12601
-4.12593
-4.08723
-4.08715
-4.08702
-4.07068
-4.06549
-4.05998
-4.04894
-4.01731
-4.00017
-3.99588
-3.99452
-3.98561
-3.97665
-3.95038
-3.94675
-3.94647

5.32E-57
0.002192
0.002014
4.15E-16
2.56E-31
0.008966
2.67E-07
0.004854
3.64E-10
0.007627
0.007623
0.012065
0.012077
0.012096
0.006788
8.05E-05
2.24E-71
2.59E-21
0.005733
9.13E-39
2.42E-18
0.005584
2.21E-26
3.48E-12
2.59E-10
0.028054
3.11E-26

1.40E-54
0.01147
0.010624
1.06E-14
1.93E-29
0.040828
2.66E-06
0.023249
5.16E-09
0.035189
0.035189
0.052403
0.05241
0.052416
0.031593
0.000566
1.31E-68
9.87E-20
0.026971
1.17E-36
7.51E-17
0.026366
1.21E-24
5.80E-11
3.76E-09
0.108179
1.67E-24
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DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN

gened378
genel703
geneb239
gene3916
genel801
gene3364
genel(02
gened492
genel945
gene3114
gene3366
gene2285
gene91l
gene4491
gene4213
gene713
gene3951
gene3061
gened438

WP_038495291.1
WP_038491300.1
WP_010892447.1
WP_038494645.1
WP_038491400.1
WP_003511177.1
WP_003514335.1
WP_038495484.1
WP_038491538.1
WP_038493940.1
WP_038494152.1
WP_038491998.1
WP_003512141.1
WP_038495481.1
WP_013762314.1
WP_003511799.1
WP_038494689.1
WP_029658870.1
WP_004431287.1

peptide ABC transporter ATP-binding protein
formyl transferase

conjugal transfer protein TrbC

hypothetical protein

lysine transporter LysE

2-oxoisovalerate dehydrogenase subunit alpha
cold-shock protein

catalase HPII

phosphoserine phosphatase SerB

ABC transporter substrate-binding protein
acetyl-CoA acetyltransferase

ABC transporter permease

cytochrome c biogenesis protein CcmE
transglutaminase

NAD(P)-dependent oxidoreductase
ribonuclease H

3-hydroxyisobutyrate dehydrogenase

zinc ABC transporter permease

membrane protein

-3.94642
-3.92212
-3.86716
-3.85433
-3.83402
-3.82811
-3.81873
-3.81074
-3.80711
-3.7805
-3.77431
-3.76394
-3.75155
-3.70467
-3.68083
-3.65161
-3.6516
-3.6516
-3.64659

0.028007
0.008833
0.001405
2.TTE-23
6.13E-52
9.39E-54
0.001009
3.95E-06
7.53E-28
3.48E-06
2.00E-44
1.06E-48
0.018538
1.20E-06
1.33E-20
0.030583
0.030569
0.030562
1.04E-31

0.108086
0.040325
0.007734
1.23E-21
1.29E-49
2.06E-51
0.005722
3.35E-05
4.50E-26
2.97E-05
3.50E-42
2.06E-46
0.075707
1.09E-05
4.90E-19
0.115985
0.115985
0.115985
8.07E-30
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Table 20. Significantly up-regulated genes of Agrobacterium tumefaciens treated tfrans-cinnamaldehyde

Regulation GenelD ProteinID Description logFC P-value FDR
UP gened30 WP_038489774.1  secretion protein 7.420109 1.29E-12 2.24E-11
UP gene3320  WP_003511099.1  alkanesulfonate monooxygenase%2C FMNH(2)-dependent 6.174827 0.000539 0.003215
up gene2772  WP_038493386.1  hypothetical protein 5.94885 9.53E-06 7.75E-05
UP gene753 WP_003511865.1  phosphoadenosine phosphosulfate reductase 5.590219 1.38E-18 4.35E-17
UP gene3d282  WP_038494125.1  iron-siderophore ABC transporter permease 5.481644 7.63E-05 0.000538
UP gene80 WP_038489324.1  tRNA pseudouridine(55) synthase 5.402574 0.000107 0.000732
up gene3835  WP_004431626.1 membrane protein 5.188049 0.000472 0.002861
UP gene601 WP_004432244.1  LysR family transcriptional regulator 5.021914 0.000882 0.005041
UP gened709  WP_038496411.1  LysR family transcriptional regulator 4.945255 0.00449 0.021766
UP gene752 WP_003511863.1  sulfate adenylyltransferase subunit 2 4.817516 1.18E-07 1.23E-06
up gened691  WP_038496366.1  hypothetical protein 4.80274 0.002034 0.010716
up gene3926  WP_004431900.1  TIGR02300 family protein 4.795147 2.29E-69 1.21E-66
up genel019  WP_003512362.1  50S ribosomal protein L9 4.712755 1.28E-89 1.47E-86
UP gene2798  WP_003508322.1  DNA-binding response regulator 4.68183 0.002569 0.013217
up genel08  WP_038489369.1  histidine kinase 4.672031 0.004074 0.020054
up gene515  WP_003515109.1  flagellar hook protein FlgK 4.572167 0.005175 0.024563
up gene2376  WP_013636765.1  lipase 4.564303 0.00374 0.018572
UP gene736 WP_038490112.1 ring-cleavage extradiol dioxygenase 4.564296 0.003743 0.018572
UP gene647 WP_019564223.1 LuxR family transcriptional regulator 4.5516 0.005302 0.025123
UP gened4 WP_003516283.1  HslU--HslV peptidase proteolytic subunit 4.524739 0.008208 0.037572
up gene775  WP_038490177.1  ATP-dependent DNA ligase 4.442706 0.005098 0.024253
up gened08  WP_003512137.1  histidine kinase 4.423431 0.006739 0.031421
UP gene3205  WP_013761580.1  sugar ABC transporter substrate-binding protein 4.37006 1.28E-42 1.99E-40
UP gene3838  WP_004431634.1  transcriptional regulator 4.342607 1.16E-05 9.37E-05
up gene79 WP_003514294.1  30S ribosomal protein S15 4.325633 2.89E-73 1.90E-70
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Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
UP
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up

gene237
gene979
genel3l7
gene3226
gene4153
geneld62
gene513
gene3902
gene4300
gene3844
gene3393
gene3204
genel99
gene3075
gene5163
gene3227
genel53
gene3202
gene2474
genebd
gene4191
gene2291
genel519
gene3284
gene2666
gene3879
gene3089

WP_038489527.1
WP_003512280.1
WP_038490900.1
WP_003510937.1
WP_038494929.1
WP_003515255.1
WP_003515107.1
WP_004431816.1
WP_025595004.1
WP_003508451.1
WP_003511221.1
WP_003510903.1
WP_003514542.1
WP_013761478.1
WP_040132234.1
WP_003510940.1
WP_013635262.1
WP_038494081.1
WP_003516843.1
WP_013635213.1
WP_038494964.1
WP_013636710.1
WP_003515356.1
WP_003511043.1
WP_003516508.1
WP_004431750.1
WP_038493908.1

AraC family transcriptional regulator
ABC transporter permease
tRNA-dihydrouridine synthase
6-pyruvoyl tetrahydrobiopterin synthase
isochorismate synthase

hypothetical protein

transcriptional regulator

hypothetical protein

Lacl family transcriptional regulator
hypothetical protein

thiosulfate transporter subunit
exopolysaccharide biosynthesis protein
hypothetical protein

acetyltransferase

hypothetical protein
7-cyano-7-deazaguanine synthase

ABC transporter ATP-binding protein
HlyD family type I secretion periplasmic adaptor subunit
hypothetical protein

NrdH-redoxin

hypothetical protein

peroxiredoxin

hypothetical protein

ABC transporter substrate-binding protein
ferredoxin

succinoglycan biosynthesis protein exoh
peptide ABC transporter permease

4.29484
4.289893
4.289883
4.283377
4.251374
4.152763
4.152747
4.139862
4.137362
4.135397
4.122871

4.11165
4.099274
4.085522
3.991912
3.951183
3.943915
3.939102
3.929098
3.927505
3.912411
3.839218
3.828987
3.820568
3.797041
3.764514
3.762254

0.009009
0.007906
0.007913
0.01198
0.014662
0.012732
0.012724
0.011857
0.013483
0.012482
1.45E-12
8.20E-19
5.00E-06
3.02E-05
2.07E-24
8.56E-16
0.019196
0.020318
0.024984
0.028348
0.028072
6.30E-46
5.87E-30
2.75E-33
1.80E-33
4.23E-30
0.034565

0.040986
0.036379
0.036379
0.052077
0.062093
0.054621
0.054621
0.051712
0.05761
0.053813
2.49E-11
2.68E-17
4.19E-05
0.000229
1.00E-22
2.13E-14
0.077849
0.081833
0.097921
0.108922
0.108179
1.18E-43
3.96E-28
2.33E-31
1.55E-31
2.89E-28
0.12877
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Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
UpP
UpP
UP
Up
Up
UpP
Up
Up
Up
Up
Up
Up
Up
Up
Up

gene3516
gene36
gene686
gene3317
gene2220
gene4107
gene2097
gene2431
gene3569
gene3750
gene3072
genel544
gene2471
gene2102
gene2072
gene3139
gene3814
gene3596
genel77
genel796
geneb5284
gene461
gene3522
gened232
gene966
gene3964
gene3016

WP_019564885.1
WP_003516300.1
WP_013635602.1
WP_003511094.1
WP_003513673.1
WP_013762240.1
WP_038491745.1
WP_038492173.1
WP_003506183.1
WP_038494485.1
WP_019564584.1
WP_003515393.1
WP_003516849.1
WP_025594124.1
WP_003513373.1
WP_003510774.1
WP_004431573.1
WP_038494264.1
WP_038489449.1
WP_003516040.1
WP_010892493.1
WP_013635453.1
WP_013761809.1
WP_038494998.1
WP_003512245.1
WP_004432010.1
WP_003517909.1

amidohydrolase

peptidoglycan-binding protein LysM
cobalt ABC transporter ATP-binding protein
Rrf2 family transcriptional regulator
5-hydroxyisourate hydrolase
ribonucleotide-diphosphate reductase subunit alpha
diguanylate phosphodiesterase
N-methylproline demethylase

50S ribosomal protein L31
formimidoylglutamate deiminase
membrane protein

acyl carrier protein

elongation factor P

hypothetical protein

aspartyl-tRNA amidotransferase subunit B
transcriptional regulator

two-component sensor histidine kinase
5’-nucleotidase

glucokinase

30S ribosomal protein S4

hypothetical protein

chemotaxis response regulator protein-glutamate methylesterase

co-chaperone YbbN
nitroreductase

ribonuclease 1l

glutathione synthetase

sugar ABC transporter permease

3.760608
3.749922
3.74992
3.749917
3.746639
3.74357
3.743561
3.741156
3.730009
3.723134
3.709218
3.704232
3.664722
3.649457
3.635553
3.634709
3.621523
3.616467
3.605268
3.529778
3.522568
3.522547
3.522541
3.51011
3.504056
3.504052
3.500949

0.029337
0.027466
0.027461
0.02745
0.02908
0.033312
0.03335
0.029096
1.67E-36
0.045989
2.83E-39
2.42E-65
4.02E-50
2.94E-13
2.53E-57
0.000285
1.74E-06
0.000278
1.25E-36
2.75E-58
0.048706
0.048681
0.048673
0.044049
0.046745
0.046775
0.043915

0.112311
0.10631
0.10631
0.10631

0.111472

0.124807
0.12486

0.111472

1.87E-34

0.164238

3.82E-37

1.06E-62
8.13E-48
5.49E-12
7.00E-55

0.001794

1.55E-05

0.001748

1.43E-34

8.05E-56

0.171959

0.171959

0.171959

0.158168

0.166172

0.166172

0.157794
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Up
Up
Up
Up
Up
UpP
Up
Up
Up
Up
Up
Up
Up
UpP
Up
Up
Up
Up
UP

genell23
gene2l71
gene94
gene3283
gened237
gene4317
gene3206
gene5304
gene3424
genel699
gene3852
gene501
gene2716
genel2l
genel209
genell98
gene3496
gened268
genel904

WP_013635903.1
WP_013636627.1
WP_025592028.1
WP_035251551.1
WP_038495010.1
WP_013762397.1
WP_003510909.1
WP_010892506.1
WP_003511258.1
WP_019566127.1
WP_004431673.1
WP_003515090.1
WP_038492577.1
WP_003514394.1
WP_003496403.1
WP_003512693.1
WP_038494198.1
WP_038495894.1
WP_003513041.1

FMN-dependent NADH-azoreductase
7-cyano-7-deazaguanine reductase

NADH pyrophosphatase

ABC transporter substrate-binding protein
hypothetical protein

ABC transporter substrate-binding protein
exopolysaccharide biosynthesis protein
protein virEl

glycosyl transferase family 1

hypothetical protein

recombination regulator RecX

motility protein A

precorrin-2 C(20)-methyltransferase

heme ABC transporter ATP-binding protein
50S ribosomal protein L33

MBL fold metallo-hydrolase

cupin

peptidase M14

membrane protein

3.486068
3.421652
3.364925
3.353822
3.350055
3.349546
3.339316
3.311985
3.301704
3.290636
3.277729
3.229954
3.206961
3.15904

3.145183
3.133151
3.123984
3.12096

3.053454

4.42E-29
3.88E-33
0.001117
2.49E-09
6.15E-37
2.04E-09
9.58E-43
2.51E-06
4.20E-09
2.37E-13
1.47E-17
7.45E-31
8.53E-13
0.001989
3.70E-18
0.000457
0.004336
4.96E-26
4.94E-08

2.713E-27
3.24E-31
0.006261
3.14E-08
7.20E-35
2.59E-08
1.53E-40
2.17E-05
5.21E-08
4.46E-12
4.28E-16
5.37E-29
1.51E-11
0.010512
1.12E-16
0.002771
0.021173
2.64E-24
5.45E-07
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Table 21. Significantly down-regulated genes of Agrobacterium tumefaciens treated salicylaldehyde

Regulation GenelD ProteinID Description logFC P-value FDR
DOWN genel716 WP_038491316.1  transporter -10.9967 5.52E-55 2.91E-51
DOWN genel717 WP_038491319.1  hypothetical protein -8.49833 1.13E-51 2.97E-48
DOWN gene3413 WP_003511245.1  hypothetical protein -7.59015 8.68E-29 6.53E-26
DOWN gene942 WP_013635780.1  hypothetical protein -6.59905 3.52E-28 2.06E-25
DOWN gene4?218 WP_013762318.1 iron ABC transporter substrate-binding protein -6.26774 3.54E-10 1.41E-08
DOWN gene5146 WP_038497365.1 amino acid ABC transporter ATP-binding protein -6.25535 2.22E-30 2.33E-27
DOWN gene561 WP_013635511.1  hypothetical protein -5.99287 2.99E-07 6.67E-06
DOWN geneb147 WP_038497368.1 amino acid ABC transporter substrate-binding protein -5.90892 5.19E-23 1.82E-20
DOWN gened217 WP_038494982.1 manganesefiron transporter ATP-binding protein -5.90661 9.64E-18 1.88E-15
DOWN gene4511 WP_013761025.1  curlin -5.76644 8.32E-34 1.09E-30
DOWN genel715 WP_003515731.1 DSBA oxidoreductase -5.69799 8.07E-12 5.59E-10
DOWN gene2263 WP_038491970.1  UDP-hexose transferase -5.68379 8.02E-10 3.08E-08
DOWN gened215 WP_019566953.1 membrane protein -5.63914 1.85E-12 1.43E-10
DOWN gene609 WP_019564245.1 membrane protein -5.57736 5.05E-25 2.41E-22
DOWN gene777 WP_038490180.1  ATPase -5.57027 3.67E-25 1.93E-22
DOWN geneb145 WP_038497362.1  NAD-binding protein -5.43937 3.92E-30 3.44E-27
DOWN gene2210 WP_003513656.1  hypothetical protein -5.43157 5.91E-10 2.30E-08
DOWN gene3961 WP_004431991.1  hypothetical protein -5.42997 0.002033 0.015267
DOWN gene3414 WP_003511246.1  hypothetical protein -5.36144 1.05E-11 6.91E-10
DOWN genell86 WP_025593255.1  hypothetical protein -5.31001 4.28E-05 0.000522
DOWN gene3595 WP_038494261.1 membrane protein -5.21546 7.79E-05 0.000869
DOWN gene815 WP_003511960.1 threonine transporter RhtB -5.12584 0.000152 0.001574
DOWN gene239 WP_003514613.1  hypothetical protein -5.06227 0.001066 0.008738
DOWN gene4533 WP_038495552.1 GntR family transcriptional regulator -5.05423 3.36E-07 7.38E-06
DOWN gened216 WP_003516197.1 membrane protein -4.95239 6.72E-11 3.22E-09

_75_



DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN

gene3362
genel669
gene2247
gene625
genel012
gene361
gene2322
genel781
genel670
gene3096
gened706
gene3363
gened492
gene20
gene4491
gene3083
geneb144
genell9
gened444
gene468
gene3615
gene3474
gene2264
gene3904
genel550
gene3866
gene2093

WP_003511175.1
WP_003515639.1
WP_038491950.1
WP_019564237.1
WP_038490521.1
WP_025592284.1
WP_003513965.1
WP_003516006.1
WP_003515641.1
WP_025595758.1
WP_038496401.1
WP_003511176.1
WP_038495484.1
WP_038489234.1
WP_038495481.1
WP_038493893.1
WP_038497593.1
WP_019564547.1
WP_038495411.1
WP_038489802.1
WP_038494284.1
WP_003511320.1
WP_038491972.1
WP_004431822.1
WP_026330927.1
WP_013762049.1
WP_035251909.1

branched-chain alpha-keto acid dehydrogenase subunit E2

universal stress protein

LysR family transcriptional regulator
hypothetical protein

AraC family transcriptional regulator
hypothetical protein

acetyltransferase

hypothetical protein

xanthine phosphoribosyltransferase

sugar ABC transporter ATP-binding protein
NAD(P)H:quinone oxidoreductase

2-oxoisovalerate dehydrogenase subunit beta

catalase HPII

folylpolyglutamate synthase
transglutaminase

methyltransferase

D-amino-acid oxidase
peptide-methionine (S)-S-oxide reductase
oxidoreductase

chemotaxis protein
potassium-transporting ATPase subunit A
electron transfer flavoprotein subunit beta
glycosyl transferase family A

aspartate racemase

type [ methionyl aminopeptidase
NAD(FAD)-utilizing dehydrogenase

LysR family transcriptional regulator

-4.93846
-4.93632
-4.86117
-4.75745
-4.74366
-4.71777
-4.54634
-4.49645
-4.47781
-4.45056
-4.43135
-4.38722
-4.35608
-4.34452
-4.32907
-4.30792
-4.29439
-4.27415
-4.26414
-4.22398
-4.20412
-4.19224
-4.15356
-4.144

-4.11205
-4.10849
-4.0612

8.10E-20
0.000193
0.004869
0.000739
0.013076
4.41E-13
8.42E-07
0.004753
0.018717
1.95E-06
5.75E-14
3.53E-12
1.23E-05
0.002831
3.49E-07
0.000187
0.004704
0.007871
8.68E-07
0.0083
3.12E-12
0.016017
0.004708
2.28E-11
0.005037
0.021062
9.91E-20

2.03E-17
0.001913
0.031183
0.006349
0.071429
3.69E-11
1.60E-05
0.030576
0.096878
3.36E-05
5.71E-12
2.54E-10
0.000175
0.020001
7.53E-06
0.001862
0.030372
0.046348
1.64E-05
0.048436
2.35E-10
0.084652
0.030372
1.27E-09
0.032023
0.10559
2.2TE-17
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DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN

gene3689
gene3958
gene2198
genel(Ol

gene4158
gene2020
gene2625
gene2432
gene657

gene729

gene3498
gene359

gene948

gened068
gened577
gene881

gene2118
gene4603
gene2960
genel574
gene3127
gene2472
genell76
gene3675
gene3952
gene2511
gene2972

WP_038494392.1
WP_004431986.1
WP_025594211.1
WP_038489360.1
WP_038495885.1
WP_013636520.1
WP_019566018.1
WP_038492176.1
WP_003511699.1
WP_038490099.1
WP_003509888.1
WP_038489697.1
WP_038490434.1
WP_019566850.1
WP_038495619.1
WP_003512084.1
WP_038491766.1
WP_046205633.1
WP_038493746.1
WP_038491128.1
WP_038493959.1
WP_025594477.1
WP_003496481.1
WP_038494370.1
WP_038494692.1
WP_038492295.1
WP_003517825.1

chemotaxis protein -4.00595

hypothetical protein -4.00561
NnrU family protein -3.96288
hypothetical protein -3.95782
NADPH-dependent ferric siderophore reductase -3.95782
molecular chaperone DjlA -3.93821
3-isopropylmalate dehydratase large subunit -3.90666
sugar ABC transporter substrate-binding protein -3.87601
FOF1 ATP synthase subunit B -3.87381
hypothetical protein -3.842

50S ribosomal protein L28 -3.84019
heat-shock protein Hsp20 -3.84017
pyridine nucleotide-disulfide oxidoreductase -3.82731
hypothetical protein -3.82535
SAM-dependent methyltransferase -3.82526
AsnC family transcriptional regulator -3.82184
glycosyl transferase -3.81147
Ti-type conjugative transfer relaxase TraA -3.80084
FAD-dependent oxidoreductase -3.79748
hypothetical protein -3.79512
ABC transporter substrate-binding protein -3.75424
EF-P lysine aminoacylase GenX -3.72568
transcriptional regulator -3.72545
Hrp-dependent type Il effector protein -3.67669
acetoacetyl-CoA synthetase -3.6766
microcystin degradation protein MIrC -3.64829
nitrilotriacetate monooxygenase component A -3.6458

1.18E-16
0.01598
1.71E-12
0.022139
0.022139
1.16E-11
2.38E-18
2.93E-08
0.015425
8.84E-11
0.010517
0.010507
4.62E-17
0.0104
4.30E-15
2.20E-05
0.030386
9.20E-10
9.07E-06
0.001383
0.016397
0.042871
0.04281
0.031747
0.031783
5.09E-07
0.003671

1.94E-14
0.084543
1.35E-10
0.109532
0.109532
7.42E-10
5.01E-16
8.39E-07
0.082265
4.01E-09
0.059595
0.059595
8.38E-15
0.059119
5.27E-13
0.000292
0.140997
3.49E-08
0.000134
0.010914
0.086228
0.184617
0.184617
0.144677
0.144677
1.04E-05
0.024774

_77_



DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN

gened458
gene3903
gene2905
gened01
genel242
gene604
gene2806
genel(02
genell73
gene3174
gene2725
gene4509
gene3169
gene3236
genel597
gene3243
gene3437
gene3951
gene5100

WP_004431336.1
WP_004431819.1
WP_003517690.1
WP_003514899.1
WP_025593298.1
WP_004432239.1
WP_038493466.1
WP_003514335.1
WP_003496491.1
WP_038494041.1
WP_038492590.1
WP_038495499.1
WP_038494029.1
WP_003510957.1
WP_003515498.1
WP_003510968.1
WP_003511276.1
WP_038494689.1
WP_038497283.1

dihydrofolate reductase

class Il glutamine amidotransferase

peptide ABC transporter permease
2-nitropropane dioxygenase
1-aminocyclopropane-1-carboxylate deaminase
2-hydroxy-acid oxidase

membrane protein

cold-shock protein

ATP-dependent Clp protease proteolytic subunit
alanine racemase

threonine-phosphate decarboxylase

curlin

ABC transporter ATP-binding protein

quinate dehydrogenase

glyoxalase

phosphate ABC transporter ATP-binding protein
endo-1%2C3-1%2C4-beta-glycanase
3-hydroxyisobutyrate dehydrogenase

ABC transporter ATP-binding protein

-3.63549
-3.63505
-3.61252
-3.6045

-3.59516
-3.5802

-3.57347
-3.56814
-3.56515
-3.55958
-3.52633
-3.45948
-3.44206
-3.44067
-3.43564
-3.43563
-3.43563
-3.43562
-3.43561

0.000287
3.62E-12
1.44E-10
2.91E-07
2.04E-07
0.020189
3.69E-16
0.003657
6.30E-07
0.029368
0.008379
0.02473
0.029683
1.16E-16
0.046933
0.046956
0.046965
0.046976
0.047009

0.002723
2.57E-10
6.16E-09
6.54E-06
4.69E-06
0.102484
5.40E-14
0.024774
1.25E-05
0.13717
0.048682
0.12004
0.1384
1.94E-14
0.19885
0.19885
0.19885
0.19885
0.19885
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Table 22. Significantly up-regulated genes of Agrobacterium tumefaciens treated salicylaldehyde

Regulation GenelD ProteinID Description logFC P-value FDR
UP gene3320 WP_003511099.1  alkanesulfonate monooxygenase%2C FMNH(2)-dependent 6.698528 3.69E-05 0.000458
UP gened30 WP_038489774.1  secretion protein 6.675346 7.54E-08 1.95E-06
UP gene753 WP_003511865.1  phosphoadenosine phosphosulfate reductase 5.873054 1.38E-10 6.00E-09
up gene2376 WP_013636765.1  lipase 5.862981 0.000225 0.002212
UP gene601 WP_004432244.1  LysR family transcriptional regulator 5.771727 1.79E-05 0.000243
UP gene3075 WP_013761478.1  acetyltransferase 5.609339 2.54E-07 5.77E-06
up gene2772 WP_038493386.1  hypothetical protein 5.451263 0.000235 0.002293
UP gene80 WP_038489324.1  tRNA pseudouridine(55) synthase 5.20355 0.000238 0.002316
UP gene752 WP_003511863.1 sulfate adenylyltransferase subunit 2 5.104774 4.95E-07 1.01E-05
UP gene3393 WP_003511221.1 thiosulfate transporter subunit 5.070073 9.83E-10 3.69E-08
up gened691 WP_038496366.1  hypothetical protein 5.030547 0.000688 0.005949
UP gene3227 WP_003510940.1  7-cyano-7-deazaguanine synthase 5.025721 7.55E-19 1.66E-16
up genel08 WP_038489369.1  histidine kinase 4.918016 0.000866 0.00729
up genel019 WP_003512362.1  50S ribosomal protein L9 4.856366 1.38E-34 2.43E-31
up gene3835 WP_004431626.1 membrane protein 4.799997 0.001588 0.012271
UP gene3838 WP_004431634.1 transcriptional regulator 4.723115 1.10E-07 2.68E-06
UP gene3139 WP_003510774.1  transcriptional regulator 4.633067 2.48E-06 4.17E-05
UP gene3317 WP_003511094.1 Rrf2 family transcriptional regulator 4.601482 0.006749 0.040786
UP genel94 WP_046205507.1 iron ABC transporter substrate-binding protein 4.595226 0.006764 0.040832
UP gene3202 WP_038494081.1 HlyD family type I secretion periplasmic adaptor subunit 4.567379 0.004556 0.029574
up gene2474 WP_003516843.1  hypothetical protein 4.559272 0.003366 0.023038
up gene3926 WP_004431900.1  TIGR02300 family protein 4.548647 1.95E-28 1.28E-25
UP gene3282 WP_038494125.1  iron-siderophore ABC transporter permease 4.545924 0.004462 0.029035
UP gene3225 WP_003510936.1  7-cyano-7-deazaguanosine (preQ0) biosynthesis protein QueE 4.544363 1.05E-09 3.93E-08
up gened232 WP_038494998.1  nitroreductase 4.532301 0.005095 0.032314
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Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
UpP
UP
Up
Up
Up
UpP
Up
Up
Up
Up
Up
Up
Up
Up
Up

genel519
gene462
genel292
genel38l
gene3205
gene3204
gene3844
gene908
gene770
gene3226
geneb284
gene3022
gene79
gene5163
gene751
gene4300
gene2l70
gene2648
gene237
gene2798
gene3852
gene3496
gene2522
genel544
gene3569
gene2494
gene640

WP_003515356.1
WP_003515008.1
WP_013636020.1
WP_038490979.1
WP_013761580.1
WP_003510903.1
WP_003508451.1
WP_003512137.1
WP_038490163.1
WP_003510937.1
WP_010892493.1
WP_038493821.1
WP_003514294.1
WP_040132234.1
WP_003511861.1
WP_025595004.1
WP_038491837.1
WP_034502258.1
WP_038489527.1
WP_003508322.1
WP_004431673.1
WP_038494198.1
WP_038492313.1
WP_003515393.1
WP_003506183.1
WP_003516807.1
WP_046205582.1

hypothetical protein
hypothetical protein
beta-hydroxyacyl-ACP dehydratase

sugar ABC transporter ATP-binding protein
sugar ABC transporter substrate-binding protein

exopolysaccharide biosynthesis protein
hypothetical protein

histidine kinase

glutathione S-transferase

6-pyruvoyl tetrahydrobiopterin synthase
hypothetical protein

mandelate racemase

30S ribosomal protein S15
hypothetical protein

sulfate adenylyltransferase

Lacl family transcriptional regulator
ABC transporter substrate-binding protein
hypothetical protein

AraC family transcriptional regulator
DNA-binding response regulator
recombination regulator RecX

cupin

aminotransferase

acyl carrier protein

50S ribosomal protein L31

cyclic nucleotide-binding protein
chemotaxis protein CheY

4.529015
4.504766
4.459725
4.425569
4.390046
4.358371
4.276798
4.256088
4.249148
4.24282

4.24282

4.227317
4.153457
4.135351
4.12822

4.064007
4.064004
4.047485
4.029636
4.029629
4.017359
4.016583
3.921105
3.914023
3.877429
3.869526
3.867661

5.14E-20
2.01E-05
0.010498
1.55E-20
1.80E-20
2.59E-13
0.01252
0.015755
0.012979
0.007499
0.007498
0.008976
1.44E-23
4.31E-16
1.57E-06
0.026382
0.026332
0.043401
0.019069
0.019076
1.77E-09
6.56E-05
0.033394
2.63E-24
1.12E-13
0.026606
0.020468

1.35E-17
0.000268
0.059595
4.81E-18
5.26E-18
2.27TE-11
0.069012
0.083688
0.071094
0.044402
0.044402
0.051753
5.43E-21
6.14E-14
2.75E-05
0.126364
0.126238
0.186348
0.098062
0.098062
6.31E-08
0.000753
0.150628
1.07E-21
1.03E-11
0.127091
0.103302
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Up
Up
Up
UpP
Up
Up
UP
UP
Up
Up
Up
Up
Up
Up
UpP
Up
UP
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up

gene775
gene3297
gene3516
gene3016
gene2666
gene3583
gene283
gene3617
gene685
genel796
genel861
genel77
genel53
genel3l3
genel379
gene2291
gene647
gene3726
gene3890
genel382
gene3431
gene2253
gene513
gene2097
genel2b5
gene2471
genel699

WP_038490177.1
WP_003511066.1
WP_019564885.1
WP_003517909.1
WP_003516508.1
WP_038494243.1
WP_038489600.1
WP_038494287.1
WP_038490066.1
WP_003516040.1
WP_003495195.1
WP_038489449.1
WP_013635262.1
WP_038490891.1
WP_003515236.1
WP_013636710.1
WP_019564223.1
WP_038494438.1
WP_004431787.1
WP_003515239.1
WP_003511266.1
WP_046205604.1
WP_003515107.1
WP_038491745.1
WP_025593313.1
WP_003516849.1
WP_019566127.1

ATP-dependent DNA ligase

NAD-dependent succinate-semialdehyde dehydrogenase

amidohydrolase

sugar ABC transporter permease
ferredoxin

hypothetical protein

orotidine 5°-phosphate decarboxylase
L-asparaginase

transporter

30S ribosomal protein S4

30S ribosomal protein S17
glucokinase

ABC transporter ATP-binding protein
ATPase AAA

sugar ABC transporter permease
peroxiredoxin

LuxR family transcriptional regulator
hypothetical protein

sarcosine oxidase subunit delta

sugar ABC transporter substrate-binding protein

glycosyl transferase

chemotaxis protein

transcriptional regulator

diguanylate phosphodiesterase
phenazine biosynthesis protein PhzF
elongation factor P

hypothetical protein

3.846443
3.843436
3.83809
3.827203
3.826096
3.821632
3.784164
3.771352
3.760703
3.758018
3.745192
3.72276
3.6661
3.656629
3.65343
3.646736
3.627709
3.62768
3.624771
3.621463
3.615545
3.60092
3.593458
3.590088
3.585169
3.545824
3.535491

0.020326
0.020375
0.020267
0.028893
3.82E-11
0.026502
8.99E-11
1.04E-08
2.02E-08
2.15E-24
4.77E-15
8.55E-20
0.044336
0.045718
2.06E-08
7.24E-21
0.037533
0.037497
0.03874
3.98E-11
0.031557
0.031562
0.034061
0.047635
0.039761
3.41E-20
1.04E-08

0.102826
0.102932
0.102779
0.135556
1.93E-09
0.126748
4.05E-09
3.33E-07
6.04E-07
9.43E-22
5.58E-13
2.05E-17
0.189509
0.194865
6.12E-07
2.38E-18
0.165472
0.165454
0.170081
1.98E-09
0.144367
0.144367
0.152854
0.20044
0.173694
9.44E-18
3.33E-07
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Up
Up
Up
Up
Up
Up
Up
Up
UP
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up

gene2102
gene3879
gene2l71
gene3424
gened272
genel86
genel884
genel209
gene39
genel631
gened268
gene2159
genel044
gene3074
genel820
genel2l
gene2186
genel549
gened317

WP_025594124.1
WP_004431750.1
WP_013636627.1
WP_003511258.1
WP_038495072.1
WP_038489461.1
WP_003519353.1
WP_003496403.1
WP_003516294.1
WP_046205565.1
WP_038495894.1
WP_013636617.1
WP_038490565.1
WP_038493885.1
WP_003507846.1
WP_003514394.1
WP_038491856.1
WP_038491101.1
WP_013762397.1

hypothetical protein

succinoglycan biosynthesis protein exoh
7-cyano-7-deazaguanine reductase

glycosyl transferase family 1

glutathione ABC transporter ATP-binding protein
gamma-glutamylputrescine oxidoreductase
transcription termination/antitermination protein NusG
50S ribosomal protein L33

imidazole glycerol phosphate synthase cyclase subunit
cyclic pyranopterin monophosphate synthase accessory protein
peptidase M14

N-acetyltransferase GCN5

glycosyl transferase family 1

MarR family transcriptional regulator

ArsR family transcriptional regulator

heme ABC transporter ATP-binding protein

extensin

sugar fermentation stimulation protein SfsA

ABC transporter substrate-binding protein

3.526964
3.523596
3.501453
3.489655
3.486437
3.446659
3.439042
3.431693
3.425353
3.404773
3.387309
3.361246
3.3098
3.296113
3.237448
3.232247
3.1977
3.148794
3.147187

4.96E-08
3.48E-13
1.36E-17
1.55E-06
1.99E-12
2.36E-06
5.36E-18
9.51E-14
2.38E-09
0.002263
3.48E-16
9.07E-12
1.08E-14
3.01E-08
1.92E-15
0.004708
1.40E-09
0.006937
5.34E-05

1.36E-06
2.95E-11
2.56E-15
2.72E-05
1.52E-10
3.98E-05
1.08E-15
8.94E-12
8.29E-08
0.016687
5.24E-14
6.12E-10
1.14E-12
8.56E-07
2.46E-13
0.030372
5.13E-08
0.041591
0.000627
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Table 23. Gene ontology down-regulated groups of Agrobacterium tumefaciens treated trans-cinnamaldehyde (down

regulation)

Ontology ~ Regulation ~ GO ID GO Term sze  Es  Nes DS UL PN
BP DOWN GO:0000746  conjugation 28 -0.62 -1.74 0.00 0.06 0.34
BP DOWN G0O:0008152 metabolic process 157 -045 -1.68 0.00 0.11 0.61
BP DOWN GO0:0055085  transmembrane transport 157 -0.44 -1.66 0.00 0.11 0.72
BP DOWN GO:0006810  transport 390 -0.40  -1.60 0.00 0.17 0.92
BP DOWN G0:0010043  response to zinc ion 7 -0.87  -1.75 0.00 0.06 0.30
BP DOWN G0:0015749  monosaccharide transport 20 -0.67  -1.76 0.00 0.06 0.27
BP DOWN GO:0006865 amino acid transport 73 -0.44  -1.46 0.01 0.32 1.00
BP DOWN G0O:0019740  nitrogen utilization 9 -0.77  -1.68 0.01 0.09 0.63
BP DOWN G0O:0030001  metal ion transport 10 -0.75  -1.65 0.01 0.11 0.74
BP DOWN G0:0042884  microcin transport 7 -0.77  -1.53 0.02 0.21 0.99
BP DOWN GO:0006099  tricarboxylic acid cycle 19 -0.61  -1.58 0.02 0.20 0.96
BP DOWN G0O:0055072  iron ion homeostasis 30 -0.54  -1.54 0.02 0.20 0.99
BP DOWN (G0:0043164 gram-negative-bacterium-type cell wall biogenesis 8 -0.75 -1.56 0.02 0.19 0.98
BP DOWN G0:0006212  uracil catabolic process 8 -0.77  -1.58 0.02 0.19 0.96
BP DOWN G0O:0006935 chemotaxis 47 -048  -1.49 0.03 0.25 1.00
BP DOWN G0O:0015833  peptide transport 71 -0.42  -1.40 0.04 0.36 1.00
BP DOWN G0O:0006869  lipid transport 13 -0.63  -151 0.04 0.25 1.00
BP DOWN GO:0006950 response to stress 8 -0.70 -1.45 0.05 0.32 1.00
BP DOWN G0O:0006811 ion transport 32 -0.50  -1.45 0.05 0.32 1.00
CC DOWN G0:0042597  periplasmic space 78 -0.53  -1.81 0.00 0.04 0.11
CC DOWN G0:0030288 outer membrane-bounded periplasmic space 63 -0.51 -1.68 0.00 0.10 0.62
CC DOWN G0:0016020 membrane 399 -0.36  -1.45 0.00 0.32 1.00
CC DOWN G0:0043190 atp-binding cassette (abc) transporter complex 103 -0.44 -1.58 0.00 0.19 0.96
MF DOWN GO:0005215  transporter activity 189 -049  -1.85 0.00 0.06 0.06
MF DOWN GO:0008483  transaminase activity 13 -0.77  -1.83 0.00 0.04 0.08
MF DOWN G0:0015145 monosaccharide transmembrane transporter activity 21 -0.66 -1.76 0.00 0.08 0.27
MF DOWN G0:0022857  transmembrane transporter activity 36 -0.58 -1.73 0.00 0.06 0.34
MF DOWN G0:0015591  d-ribose transmembrane transporter activity 7 -0.78 -1.55 0.01 0.20 0.99
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MF DOWN GO0:0016807  cysteine-type carboxypeptidase activity 8 -0.75 -1.57 0.01 0.19 0.97
MF DOWN GO0:0008137 nadh dehydrogenase (ubiquinone) activity 14 -0.69 -1.64 0.01 0.12 0.80
MF DOWN GO0:0005315 inorganic phosphate transmembrane transporter activity 5 -0.86 -1.57 0.01 0.19 0.97
MF DOWN GO0:0071972  peptidoglycan 1,d-transpeptidase activity 8 -0.75 -1.54 0.02 0.20 0.99
MF DOWN GO0:0016757  transferase activity, transferring glycosyl groups 34 -0.53 -1.56 0.02 0.19 0.98
MF DOWN GO0:0016755 transferase activity, transferring amino-acyl groups 8 -0.75 -1.54 0.02 0.20 0.99
MF DOWN G0:0015407 monosaccharide-transporting atpase activity 12 -0.66 -1.50 0.03 0.26 1.00
MF DOWN GO0:0015595  spermidine-importing atpase activity 5 -0.79 -1.43 0.04 0.32 1.00
MF DOWN GO0:0000062  fatty-acyl-coa binding 8 -0.72  -1.49 0.04 0.26 1.00
MF DOWN G0:0030145 manganese ion binding 23 -0.57 -1.50 0.04 0.31 1.00
MF DOWN G0:0030170 pyridoxal phosphate binding 42 -0.49  -1.43 0.04 0.37 1.00
MF DOWN GO:0008658 penicillin binding 8 -0.72  -1.48 0.04 0.33 1.00
MF DOWN G0:0016807 cysteine-type carboxypeptidase activity 8 -0.72 -1.49 0.04 0.35 1.00
MF DOWN G0:0016755 transferase activity, transferring amino-acyl groups 8 -0.72 -1.45 0.05 0.33 1.00
MF DOWN G0:0016491 oxidoreductase activity 174 -0.37 -1.25 0.05 0.54 1.00
BP = Biological process; CC = Cellular component; MF = Molecular function.
iﬂ Lo o
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Table 24. Gene ontology up-regulated groups of Agrobacterium tumefaciens treated trans-cinnamaldehyde (up regulation)

Ontology Regulaton ~ GO ID GO Term sze  Es  Nes DS oW BN
BP up G0:0006412  translation 62 0.70 2.60 0.00 0.00 0.00
BP UP G0:0009423  chorismate_biosynthetic_process 6 0.89 1.82 0.00 0.03 0.25
BP UP G0:0009073  aromatic_amino_acid_family_biosynthetic_process 6 0.89 1.81 0.00 0.03 0.28
BP up G0:0006457  protein_folding 15 0.66 1.81 0.01 0.03 0.29
BP UP GO:0008616  queuosine_biosynthetic_process 7 0.85 1.79 0.00 0.03 0.36
BP UP GO0:0000271  polysaccharide_biosynthetic_process 26 0.58 1.76 0.00 0.05 0.46
BP UP G0:0009088 threonine_biosynthetic_process 5 0.90 1.73 0.00 0.06 0.59
CcC up GO:0005840  ribosome 48 0.71 2.50 0.00 0.00 0.00
CcC up G0:0005622 intracellular 107 0.46 1.87 0.00 0.02 0.12
CcC up G0:0015934  large_ribosomal_subunit 7 0.85 1.83 0.00 0.03 0.22
CC up G0:0005737  cytoplasm 462 0.26 1.22 0.01 0.63 1.00
MF up G0:0019843  rrna_binding 36 0.82 2.70 0.00 0.00 0.00
MF UP GO:0003735  structural_constituent_of_ribosome 53 0.72 2.58 0.00 0.00 0.00
MF up GO0:0000049  trna_binding 22 0.74 2.15 0.00 0.00 0.00
MF up G0:0003723  rna_binding 46 0.51 1.79 0.00 0.04 0.36
MF UP G0:0003746  translation_elongation_factor_activity 6 0.82 1.68 0.01 0.10 0.81
MF UP GO:0080130 1-phenylalanine:2-oxoglutarate_aminotransferase_activity 5 0.86 1.64 0.00 0.14 0.91
MF up G0:0015297  antiporter_activity 13 0.60 1.55 0.05 0.27 0.99
MF up G0:0016301  kinase_activity 21 0.53 1.55 0.02 0.26 0.99

BP = Biological process; CC = Cellular component; MF = Molecular function.
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Table 25. Gene ontology down-regulated groups of Agrobacterium tumefaciens treated salicylaldehyde (down regulation)

Ontology  Regulation GO ID GO Term Size Es Nes PI’\R/IEI Qb:(%/ral g_“{gl
BP DOWN GO:0055072  iron ion homeostasis 30 -0.66 -1.76 0.00 0.15 0.15
BP DOWN G0:0010043 response to zinc ion 7 -0.88 -1.73 0.00 0.13 0.24
BP DOWN GO:0006810  transport 390 -0.41 -1.42 0.00 0.38 1.00
BP DOWN GO:0008152 metabolic process 157 -0.48 -1.59 0.00 0.28 0.90
BP DOWN GO:0055085 transmembrane transport 157 -0.46 -1.52 0.00 0.29 1.00
BP DOWN GO:0019740 nitrogen utilization 9 -0.76 -1.61 0.01 0.42 0.83
BP DOWN G0:0035999 tetrahydrofolate interconversion 7 -0.81 -1.59 0.01 0.27 0.91
BP DOWN GO:0006811 ion transport 32 -0.56 -1.54 0.02 0.27 0.98
BP DOWN GO:0006865 amino acid transport 73 -0.47 -1.47 0.02 0.32 1.00
BP DOWN GO0:0006212  uracil catabolic process 8 -0.76 -1.55 0.02 0.27 0.98
BP DOWN G0:0019310 inositol catabolic process 7 -0.76 -1.47 0.02 0.32 1.00
BP DOWN G0:0043164 gram-negative-bacterium-type cell wall biogenesis 8 -0.72 -1.46 0.02 0.33 1.00
BP DOWN G0O:0030001 metal ion transport 10 -0.71 -1.54 0.03 0.26 0.99
BP DOWN G0O:0015833 peptide transport 71 -0.44 -1.36 0.03 0.41 1.00
BP DOWN GO:0006869 lipid transport 13 -0.64 -1.48 0.03 0.33 1.00
BP DOWN GO:0000746  conjugation 28 -0.54 -1.46 0.04 0.33 1.00
BP DOWN GO:0006508  proteolysis 45 -0.47 -1.37 0.05 0.43 1.00
BP DOWN G0O:0008360 regulation of cell shape 41 -0.50 -1.42 0.05 0.38 1.00
CC DOWN G0:0016020 membrane 399 -0.40 -1.39 0.00 0.42 1.00
CC DOWN G0O:0042597  periplasmic space 78 -0.50 -1.55 0.00 0.30 0.97
CC DOWN G0O:0043190 atp-binding cassette (abc) transporter complex 103 -0.46 -1.48 0.01 0.31 1.00
CC DOWN G0:0030288 outer membrane-bounded periplasmic space 63 -0.48 -1.45 0.01 0.32 1.00
CC DOWN G0:0005887 integral component of plasma membrane 58 -0.46 -1.41 0.03 0.39 1.00
MF DOWN GO:0005215  transporter activity 189 -0.47 -1.59 0.00 0.31 0.90
MF DOWN GO:0004673  protein histidine kinase activity 5 -0.86 -1.55 0.00 0.29 0.97
MF DOWN GO0:0015591 d-ribose transmembrane transporter activity 7 -0.84 -1.64 0.01 0.38 0.72
MF DOWN G0:0022857 transmembrane transporter activity 36 -0.56 -1.58 0.01 0.27 0.93
MF DOWN GO:0008483  transaminase activity 13 -0.70 -1.61 0.01 0.34 0.84
MF DOWN G0O:0048038  quinone binding 18 -0.64 -1.57 0.01 0.26 0.94
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MF DOWN GO0:0005315 inorganic phosphate transmembrane transporter activity 5 -0.85 -1.52 0.01 0.31 1.00
MF DOWN GO0:0015197 peptide transporter activity 9 -0.73 -1.52 0.02 0.30 1.00
MF DOWN GO0:0008137 nadh dehydrogenase (ubiquinone) activity 14 -0.68 -1.60 0.02 0.35 0.89
MF DOWN GO0:0071972  peptidoglycan 1,d-transpeptidase activity 8 -0.72 -1.48 0.03 0.32 1.00
MF DOWN G0:0020037 heme binding 25 -0.57 -1.49 0.03 0.34 1.00
MF DOWN GO0:0016887 atpase activity 181 -0.39 -1.30 0.03 0.52 1.00
MF DOWN G0:0051287 nad binding 44 -0.49 -1.40 0.03 0.39 1.00
MF DOWN GO0:0016757 transferase activity, transferring glycosyl groups 34 -0.52 -1.45 0.04 0.32 1.00
MF DOWN G0:0030145 manganese ion binding 23 -0.57 -1.50 0.04 0.31 1.00
MF DOWN G0:0030170  pyridoxal phosphate binding 42 -0.49 -1.43 0.04 0.37 1.00
MF DOWN GO0:0008658  penicillin binding 8 -0.72 -1.48 0.04 0.33 1.00
MF DOWN GO0:0016807 cysteine-type carboxypeptidase activity 8 -0.72 -1.49 0.04 0.35 1.00
MF DOWN GO:0016755 transferase activity, transferring amino-acyl groups 8 -0.72 -1.45 0.05 0.33 1.00
MF DOWN G0:0016491 oxidoreductase activity 174 -0.37 -1.25 0.05 0.54 1.00
BP = Biological process; CC = Cellular component; MF = Molecular function.
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Table 26. Gene ontology up-regulated groups of Agrobacterium tumefaciens treated salicylaldehyde

Ontology Regulaton ~ GO ID GO Term Sze Es  Nes pm g BN
BP UP GO:0006412  translation 62 0.75 2.98 0.00 0.00 0.00
BP UP GO:0008616  queuosine_biosynthetic_process 7 0.84 1.91 0.00 0.03 0.18
BP UP G0:0052143 chemotaxis_on_or_near_host_involved_in_symbiotic_interaction 7 0.81 1.84 0.01 0.05 0.38
BP UP G0:0043039  trna_aminoacylation 7 0.83 1.83 0.00 0.04 0.39
BP UP G0:0009423  chorismate_biosynthetic_process 6 0.79 1.68 0.02 0.16 0.87
BP UP GO0:0000271  polysaccharide_biosynthetic_process 26 0.50 1.68 0.02 0.15 0.87
BP UP GO0:0006396  rna_processing 11 0.64 1.68 0.03 0.14 0.87
BP UP G0:0006139  nucleobase-containing_compound_metabolic_process 5 0.84 1.67 0.01 0.14 0.88
BP UP G0:0009073  aromatic_amino_acid_family_biosynthetic_process 6 0.79 1.67 0.03 0.13 0.88
BP UP GO0:0015684  ferrous_iron_transport 8 0.69 1.63 0.03 0.16 0.94
BP UP G0:0009088 threonine_biosynthetic_process 5 0.81 1.61 0.03 0.17 0.95
CC UP GO:0005840  ribosome 48 0.73 2.83 0.00 0.00 0.00
CC UP G0:0015935  small_ribosomal_subunit 7 0.85 1.93 0.00 0.02 0.15
CC UP G0O:0015934  large_ribosomal_subunit 7 0.84 1.89 0.00 0.03 0.21
CC UP GO:0005622  intracellular 107 0.42 1.87 0.00 0.03 0.26
CC UP G0O:0005737  cytoplasm 462 0.23 1.20 0.00 0.52 1.00
MF UP G0O:0019843  rrna_binding 36 0.88 3.23 0.00 0.00 0.00
MF UP GO0:0003735  structural_constituent_of_ribosome 53 0.76 2.98 0.00 0.00 0.00
MF UP G0O:0000049  trna_binding 22 0.80 2.56 0.00 0.00 0.00
MF UP G0O:0003723  rna_binding 46 0.52 1.98 0.00 0.01 0.08
MF UP GO:0016876  ligase_activity,_forming_aminoacyl-trna_and_related_compounds 5 0.84 1.71 0.01 0.13 0.79
MF UP G0:0003746  translation_elongation_factor_activity 6 0.76 1.65 0.02 0.14 091
MF UP GO0:0015093  ferrous_iron_transmembrane_transporter_activity 8 0.69 1.63 0.04 0.16 0.94
MF UP G0O:0005488  binding 6 0.73 1.59 0.05 0.19 0.98
MF UP G0:0004812 aminoacyl-trna_ligase_activity 15 0.52 1.52 0.04 0.29 1.00
MF UP GO:0005525  gtp_binding 41 0.40 1.49 0.01 0.29 1.00
MF UP G0:0003924  gtpase_activity 20 0.47 1.47 0.04 0.32 1.00

BP = Biological process; CC = Cellular component; MF = Molecular function.
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5-1. Confocals ©]&3%F S44AFE wd Az

R. quercus-mongolicae, R. solani Z1€]3. A. tumefaciens®l t3st
=7 % cinnamon bark, lemongrass, frans-cinnamaldehyde, neral,

geranial, salicylaldehyde, hydrocinnamaldhydee] &4d4t42F UHd HA=E

confocal-s &3l ##3a} chFigure 6~8).
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Geranial (10ul)

Hydrocinnamaldhyde (10 ul)

Figure 6. Confocal laser scanning micrographs of ROS generation in Raffaelea
quercus-mongolicae.
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Salicylaldehyde (10ul)

Hydrocinnamaldhyde (10 pul)

Figure 7. Confocal laser scanning micrographs of ROS generation in Rhizoctonia solani.
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Salicylaldehyde (0.62ul)

Hydrocinnamaldhyde (2.5ul)

Figure 8. Confocal laser scanning micrographs of ROS generation in Agrobacterium
tumefaciens.
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5-2. Microplate reader< ©]&3F A444AF T =34

A. tumefaciensel] thate] A AF @ A7l $<4=3F cinnamon ba
rk, lemongrass, frans-cinnamaldehyde % salicylaldehydeE ™S 2 mic
roplate readerE o] &3t SAstAF DTS UiERTFe ¥R
1 A3 i z=T¢} cinnamon bark, lemongrass, trans-cinnamaldehyde 2
salicylaldehyde7} &44tA%F LT Fougk 2ol7t e A=

e}t tH(Figure 9)
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Figure 9. Measurement of ROS fluorescent intensity using microplate reader in
Agrobacterium tumefaciens. *:Values are significantly different from the contro
1 by independent f-test (p<0.05, Mean=SE). **:p<0.01, ***:p<0.001. f-value=-4.9
3, p<0.05 (A); t-value=-5.20, p<0.05 (B); t-value=-4.29, p<0.01 (C); t-value=-12.
11, p<0.001 (D).
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6. Alzet w3 74 A
6-1. Confocal= ©] &3t M=t w3 Az

R. quercus-mongolicae, R. solani “1¥]1. A. tumefaciensol] gt oz
7 % cinnamon bark, lemongrass, trans-cinnamaldehyde, neral, geranial,
salicylaldehyde 2! hydrocinnamaldhyde®] A%} 3}3] A %+= confocal <

B3l #EsIR o o5 Zo] YErEtHFigure 10~12).
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Salicylaldehyde (10ul)

Hydrocinnamaldhyde (10ul)

Figure 10. Confocal laser scanning micrographs of Cell membrane damage in Raffaelea

quercus-mongolicae.
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Hydrocinnamaldhyde (10 ul)

Figure 11. Confocal laser scanning micrographs of Cell membrane damage in
Rhizoctonia solani.
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Salicylaldehyde (0.62ul)

Hydrocinnamaldhyde (2.5ul)

Figure 12. Confocal laser scanning micrographs of Cell membrane damage in Agrobacterium
tumefaciens.
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6-2. Microplate Reader
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Figure 13. Measurement of Cell membrane damage using microplate reader in
Agrobacterium tumefaciens. **:Values are significantly different from the
control by independent #-test (p<0.01, Mean=SE). ***:p<0.001. f-value=-43.84,
p<0.001 (A); f-value=-12.64, p<0.001 (B); t-value=-63.23, p<0.001 (C);

t-value=-25.87, p<0.001 (D).
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L A&A B & 4
A

cinnamonbark, cumin, lemongrass, wintergreen Ao TZF = H=E
I S AR

R. quercus-mongolicacel Wetd 3 FTF B HEF Jo FHS
UJell= A= cinnamonbark, lemongrassel®  HE Aol A
cinnamonbark, lemongrass Hlste] &+t &Ado] FA T cumin =3 H=H
Z4<S YEhiTh

R. quercus-mongolicaee] W 4 A4 HAL A=I v
HolH(Kim et al., 2009; Lee et al., 2012, ZA -2, 2017) cinnamon bark,
cumin, lemongrass, wintergreen AFE o]&% I+ FH dF= B

ATolA Agoz FPsA.

R. solanil dete - EF FF FAHE UEE BHe
cinnamon bark, cumin, lemongrass, wintergreen®]il 93+ HZE
S YeEE A= cinnamon bark, lemongrasse]l™ 9] F AR

Hlgte] g Aol AT cumin B HF A4S YEeERTh
Cinnamon bark, cumin Z12]3 lemongrass A+l R. solani®l| t)gk
GFdAde oln] HuEda(lee et al, 2007; Xie et al, 2017)
wintergreen {5 o83 FH A AFE B AdTFNAM HSo=
Ty AT

A. tumefaciens®ll ©Wste] 3 EF I FHES Uee Afe

cinnamon bark, cumin, lemongrass, wintergreen®]il -3+ HZE
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334 YEl= A+ cinnamon bark, lemongrasse]™ o] F Aol
Hsle] & Aol gAYt cumin B3 HEF A4S YERGh
Cinnamon bark, cumin ~1&] 3 lemongrass A -2] A. tumefaciensol| o3k
A oln] RuEQ(acobellis et al., 2005 El-Zemity et al,
2008; Adonizio et al, 2006) wintergreen AHFE ©]&3 IFH+ A

AFE= B AFoA Aoz 3359t
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2. A=A Ar w2l A8 T4

g+ Aol $4=3F cinnamon bark, cumin, lemongrass, wintergreen]
dES GC % GC-MSE o] &3t &4kt

1 A3} cinnamon barks< trans-cinnamaldehyde (52.26%), eugenol
(21.87%), cinnamyl acetate (5.05%), linalool (4.99%), @ -carophyllene
(4.93%)5 2Z33F 107F# AEo] T3 Paranagama(2010) T2
cinnamaldehyde, (Z)-cinnamyl acetate, eugenol, g -carophyllene “1&]il
1,8-cineoles & A EOZ BT

Cumine p-cymene (34.47%), cuminaldehyde (22.07%), v -terpinene
(13.83%), B -pinene (11.69%), trans-anethole (5.35%)E 333k 107}A
AEo] FAHHEHAI Bettaieb (2011)5<2 p-cymene, cuminaldehyde,
3T

Lemongrass+ geranial<> (45.04%), neral (32.27%), limonene (7.56%)<

o

y -terpinene, B-pinene%s S AEOZ

ZSHgE 671A] ARo]  BAEYJ L  Taweechaisupapong (2012)5 2
geranial, neral, myrcene, geranoils < FAESE RIS

Wintergreen methyl salicylate (99.85%) 17}A] A &o] TAHUIL

o
o
38
=

Kujur (2017)52 methyl salicylate 5= &2 HIi13s
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5 BYd 3T e A=A AR fFAH AHAE 2
trans-cinnamaldehydef =42l &5 2 HE 3+ 4 ES HAAS A

R. quercus-mongolicae®) W3t 53 TF5 I+ EH4S UEU=
3}3t=2  linalool, neral, cuminaldehyde, geraniol,  geranial,
trans-cinnamaldehyde, eugenol, geranyl acetate, hydrocinnamaldehyde,
methyl cinnamate ~12]3 salicylaldehydeelx 43 HE I+ A&
Uels  3gES neral, cuminaldehyde, geraniol,  geranial,
trans-cinnamaldehyde, eugenol, cinnamyl alcohol A=t
hydrocinnamaldehydeol™ <o 7719 A Hoe ddddo] AT
g4 ol e T R.

quercus-mongolicae®ll Tt 3%+ linalool, neral, geraniol, geranial “1¥]il

trans-anethole w3 A= Bl

4

eugenol®] &AL 7|E =& o] HIuxJo (AL, 2017)
cuminaldehyde, trans-cinnamaldehyde, geranyl acetate,
hydrocinnamaldehyde, methyl cinnamate 12]3 salicylaldehydeel] tj3$t
g B B ATdA AFeE RuFHAT

R. solanill whste] 3k FF O FAS UEUE e
« -pinene, methyl salicylate, neral, cuminaldehyde, geraniol, geranial,
trans-cinnamaldehyde, eugenol, geranyl acetate, cinnamyl alcohol,
hydrocinnamaldehyde, methyl cinnamate Z12]3l salicylaldehyde©]ar
e JAEF F -8 ES YEE 3E2 neral, cuminaldehyde,
geranial, frans-cinnamaldehyde, eugenol, cinnamyl alcohol 1&]ir
hydrocinnamaldehydeo]w <ke] 6719 AHfF Hoes FHddo] EX|nt

geraniol, trans-anethole =3+ H= I+ & o] YEelWt. R. solaniol
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ol oln Ru=EJuPAHL, 2017) trans-cinnamaldehyde, cinnamyl

s+ « -pinene, neral, geraniol, geranial ~12]3l eugenol®] &AL 7=
=
alcohol, hydrocinnamaldehyde 12|31 methyl cinnamateo] tigt A=
B =K Cheng et al, 2011). T3+ cuminaldehyde % (frans-anethole
AGAl olu] RyFAGMarei et al, 2012; Lee et al, 2005). Z1& }
methyl salicylate, geranyl acetate 2 salicylaldehydeol| ™3l &+ &4
2 AFA AFom HiuEd.
A. tumefaciensdll st 5% TF F+ S UEE SFELS
« -pinene, neral, cuminaldehyde, geraniol, geranial,
trans-cinnamaldehyde, hydrocinnamaldehyde —12]3r salicylaldehydeo]ar
g HF I XS UelE $3E2 neral, geraniol, geranial,
trans-cinnamaldehyde, eugenol “1#]il cinnamyl alcohol ©]™ ko] 67] ¢
Af BHoes FFPAo] A9t cuminaldehyde T3+ HE g Ao
UEelstth. A, tumefaciensll W3k o -pinene, neral, geraniol, geranial
a3 eugenold] FAHL 7|E =Ed olF] RuHAIGFIAH-L, 2017)
cuminaldehyde®] Wg &A4%= HFAtHRasoul et al, 2012). =y
trans-cinnamaldehyde, hydrocinnamaldehyde, salicylaldehyde 18]31
cinnamyl alcoholell thst &+ 42 B AFoA Hgo2Z HIHITh
sk, geraniol &5 &+t Aol A$ R quercus-mongolicae$t R.
solani AW 53 g+ Aol YEelYal A tumefaciensol A= -
gdol YetA &t IHy HE e @4d As A
tumefaciens®} R. quercus-mongolicaed] tsle] 943k &4 Yeldla
ore] 2% HlEte] oFstATF R solaniel WEAAE HE Ao
Uebstth whebs A, tumefaciensell thate] geraniole A W HE
A7t v -tk

5 -
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Eugenol2 &5 v+ Aol 4% R. quercus-mongolicae®t R. solani
AN 3 g Aol UEtyal A tumefaciensl| A= &t 24 o
J8yg JAEF e Ao Afde 5 BT 3T EFAAA 59
HE AL velth ue2bs A tumefaciensoll Tt3ke]  eugenol S
A e HE A7 o AT

Cinnamyl alcohol& R. solaniol| ©ste 43 T35 IF+ A S
UebAA Y R quercus-mongolicaed) = kg FF FAE, A
tumefaciensoll= @4 Aol WEYA {2y HS
A Aedde 5 #HddE 3F EFAAA T HE g4
ettt wEbA R, quercus-mongolicae#} A. tumefaciens®l U sh
cinnamyl alcohol& A2l W= HZF A7 o $53tA .
Hydrocinnamaldehydet= 5 WHH 3% EFoNA 5% T35 I
B34S yelHoy HE I EAol HAS$ R quercus-mongolicaeS} R.
solani oA 73 HE o] YElal A tumefaciensol A+ A=
Z4dol  uyeuA &@dw. wEkd A tumefaciensol|l  thsted
hydrocinnamaldehydes A&1d v+ &5 A7t o At
Salicylaldehyde® 4% ®Hd+ 3%

Hetlloy  HE g A A9 75 HddT 3F EFoA HF
a7 vehbA gtk wEkd 5 Bde 35 disko
salicylaldehyde& A el&d W= &35 A7l o 53t

Geraniol, eugenol> &4 o tisty HZF Aol v F3td =0
ol 7|2 dAFME e Ayt RauFdcHinouye et al, 2003;
Lehtijarvi, 2006; 7742, 2017).

Aoz AP =7 o] AR APREe 54 73 L A

l
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ZAdol gtttk ey AA AE BEA O A& Al
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barke} lemongrass AR AEE FT oW AHEol IF LA
Hodst=A 18 A AEE T A

A=A AA A

Cinnamon bark A W s}&E T R. quercus-mongolicaedl tjgk
5 FF Ao Jdsle FFEL  trans-cinnamaldehyde H

eugenole|™ R. quercus-mongolicae®l w3 HZEZ Ao J|Hsl=

Iy

3}3HE 2 trans-cinnamaldehyde, p-cymene, linalool ~12] 1l eugenol©]
Cinnamon bark A W9 &3E F R soanel| g T35 F
Ao 71dstE FPYES frans-cinnamaldehyde, eugenol 1g]al
cinnamyl acetateo]™ R. solaniol] 3t HZFH A 7|Hst= JFES
trans-cinnamaldehyde, « -phellandrene, p-cymene “1E]il eugenol©]t}.
Cinnamon bark A We| sl+E F A tumefaciensol| Wigt &5 I+t
Ao 7dste e frans-cinnamaldehyde, o -pinene,
a -phellandrene 1¥] 3 linaloole]™ A. tumefaciensdl] thst HZ &4l
71ed8t= 35HE-S frans-cinnamaldehyde 2 eugenole] t}.

Az o=w cinnamon bark Ao TF T HE A TEHo=E
71 =7F H& 3gES frans-cinnamaldehydeol™ F WA 2 eugenol©]
gt G S HIHT ol FEEC]l AR FAdd wA+=
FeFe A5 A WA w2k AAE cinnamon bark A
of 39 cinnamaldehyde®} eugenol& Ao IS4 a4 A4k

Asta A Azl £4& dosle Aew RIHATHDI pasqua

o

et al, 2007; Helander et al, 1998). X3+ (frans-cinnamaldehyde+=

cinnamon bark A-F Weo FIE F /M A3 Id+ FAHES YHEUH

1 3
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cinnamon bark A-F<¢ Zgk F+ AL el cinnamaldehyde’}

EA)8t7] wWZEolety BustgtHUnlu et al, 2010).

3t cinnamon bark A9 JAFEFEC wWE I FAES AHE
A3}, cinnamon bark FH U IFEE e HEFEL Qe Ho=E

UERS T

ol\

Lemongrass A W<l &= F R quercus-mongolicaed)| Wt &
&
]_

3}3tE2  neral, geranial, (+)-limonene, geranyl acetate 1g]

Rl

g A 71osl= 3ES neral, geranial, (+)-limonene

ol
rlr

a
geraniole]™ R. quercus-mongolicae® T3S HZEF Ao 7]o

Rl

£ —-caryophyllene©] o},

Lemongrass A+ Wel 3= F R solanid| A &5
713t 33HE-S neral, geranial &ol% (-limonene’} &9 &S H] X
R. solanil W3 HZE A 7|dstE 33E-S neral, geranial ¢jolE
FFS PA= FgEe] gl

Lemongrass A W<l sE S A tumefaciensol Wgt &5 I+t

1

ook

4
ik
ox
2

d

&

g0 7]odsl= 33HE-S neral, geranial, (+)-limonene 18]3l geranyl
acetate o™ A. tumefaciensdll W3 FHZF ZA Z|HAdte= E=ES
neral, geranialo]t.

A o2 Lemongrass AfFolA £F H HE A4 FEFFH=
7157t H& FELS neral, geranialol® T FFE 29 FHFYEE0)
Aol Ao wAe IS dolu Ay WA o ZEkxioh
AAZ lemongrass A dleol &
ol Az FoAAE 7z Astol

PFAst Fo AMEE doyE= RAow HuEYHKurita et al, 1981).

3 neral ¥ geraniale> T AHE
58 A(Charge transfer complex)&
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ox
o

T3 neral % geranial> lemongrass - Hl =% 3 &
Ut ™ lemongrass Ao 3+ A2 neral ¥ geraniale] EA]o
71918 B sk eHOnawunmi et al, 1984; Onawunmi, 1989;
Wannissorn et al, 1996; Silva et al, 2008).

3+ lemongrass A9 AFEFE WE g FAS AR Ay}
R. quercus-mongolicae®l W3 HZF AN lemongrass?
sigt=s 7Y Z23AEo] uEEn. A3dERe= (+)-limonene,
geranyl acetate “18]3l pB-caryophylleneo] F&&F2 vz om Zzho]

sttEsol AA" JdEEd=olA L1258 AE FFEAol © FA

UFERS T

7 . =
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5 WA 3T "t EFF 2 HE ZAHo] 3 IdES
trans-cinnamaldehyde©|©}. frans-Cinnamaldehyde= & H|3s}o] =7](-CHO)
g AE712 71X WA F2E2 C7-C8 A o]sZAd% o] Ao nlA
A&7t 7Vsstt).  trans-Cinnamaldehyde$} ASH 33t7%E 7FAH
C7-C8 Ao ©FdA3S 712 hydrocinnamaldehyde= w7 HA 2 45
WA 3Fo diste] FF Aol $<3taL R. quercus-mongolicae, R.
solani®l| st HZEH Aol 43ty A tumefaciensol D3A= HE
gAjo] YeEA ekttt trans-Cinnamaldehyde Rt} wHe &bt A&
=3 dAskH WA 8 g@3lpaatse] oA AU &
#8A F83tty B st tiChang et al, 2001; Wang et al, 2005;
Cheng et al, 2011). trans-Cinnamaldehyde®} T+=7} fFAlstH 2872

FA71(-OH)E 7R cinnamyl alcohol& =& WA 33 thste] H=

71

PN

gdo] 43}aL R. quercus-mongolicae, R. solani®l tjste] &5 &4
o] -3ty A tumefacienso| WA= FF /o] YERA skt
trans-Cinnamaldehyde 2t} e &+ 42 7|E =83 Ay &
717V 4719 W Bohs dHsiel=rd W o 2 3 84S 99
3 BRIt Chang et al, 2001; Wang et al, 2005, Cheng et al,
2011). o] &Jol % trans-cinnamaldehyde®} +Z7} FAFslH 2872 o
2E7](-COOCH3)E 7}% methyl cinnamate= R. quercus-mongolicae,
R. solaniol thste] &5 &Ado] 3y} A tumefaciensol| A= &
= Aol YyetA (i 5 Hdd 3T st HE Ao e

1 3
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U A oktth. frans-Cinnamaldehyde Rt} @& 3 AL 7|&E =83
dAetH grstol=r]d o) o F& Fd+ FAS Ao BRustdo
(Chang et al, 2001, Wang et al, 2005, Cheng et al, 2011). =3k
cinnamyl alcohol¥} methyl cinnamatee] &+ S HATFAS HAF
cinnamyl alcohole] B £ I+ A4S UeWoey ol ZE =1
Y & A FAIIE dzEZIEY O e ZA4dd IS v
Azt

Cuminaldehyde,  salicylaldehyde @ 12|31  4-hydroxybezaldehyde+=
TFH o2 benzaldehydeE 7|E T2 7HA|31 o o9 Fh+t

2

o
M

-

gx&  cuminaldehyde >  salicylaldehyde >  benzaldehyde >

4-hydroxybezaldehyde <© 2 uElstt) Benzaldehyde: «d|slol=E
28712 7k widae sEEelH FHFEH2 R osolanidl tid FF
g Aol Yeigt. ot ve g dHe UE =53

Ax)3tH 7]& =Fo] 9|5l benzaldehyde: trans-cinnamaldehyde £}
o] dHstel=r]E AEVIE JHAARE LHslo]l=r] Qo= %l
g3l AAST olFAFY FFU Fd FA dFS HAY] Wi
o 3 A4S Uepdtn R a8ty tiChang et al, 2001; Wang et
al, 2005; Cheng et al, 2011).
Salicylaldehyde®} 4-hydroxybezaldehyde+= benzaldehyde& 7]& FZ=
2715 Z+Z} ortho-, para- 91Xol 717 ggEo|t}. Salicylaldehyde+=
T8 WA 3T sty FF A ZAHol AN HEF ZA4 o
Ueb}A ¢kon  4-hydroxybezaldehyder 48 WA 3Fd st
T 2 HEF Aol YEA &gkt Salicylaldehyde$} Bl aldhe]
-hydroxybezaldehydes] & &+ 42 7|£9 =83 A3

k719 9]A7F para- 1A Rt ortho- #Xlo A& o O F2 I+

Fot
gk

g

3 o _17
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A4S Yeigdr RBusgoiudge et al, 2012). Benzaldehyde<2}t
salicylaldehyde®] &+ ZAS HsIHS 74-F salicylaldehyde’} H
L I Z4S UEHED ol FAIIT HIAE Tl g 83E
THAA & G4 SV V1€ =89 YA thSikkema et al,
1995; Chang et al, 2001, Wang et al, 2005, Cheng et al, 2011). 121}
Benzaldehyde®} 4-hydroxybezaldehydee] 3+ A4S W RS H¢
benzaldehyde”} © $& 3+ &84S UetAT mebA T3] 4171
AHA RO ®E @A o] YEUAE o A&7 1 JEAgol wet
g Aol g5d & v AZEo. Cuminaldehydes Ww A Al
3gtEo) Mt M 2o g AL © benzaldehydeE 7]E
T2 para-$] x| oll Z 23 7]|(propyD= = s}etEolt.
Cuminaldehyde$¢} benzaldehydeo] &+ AL HusdIdS A
=& A A4S vEHeH oy 1 g3gi
Abgol et Ao e vgE JE =EF YA 3AHChang et

al, 2001, Wang et al, 2005 Cheng et al, 2011). Cuminaldehyde<}

o

olN

cuminaldehyde”} H

salicylaldehyde, 4-hydroxybezaldehyde®] &+ A4S HIusIS 44
A2 cuminaldehyde’} © £ I+ A4S Uedled ol €A
AFg vie} Zo] 287 1+ FaAgo os) ZEbsvial AZtET

trans-2-hydroxycinnamic acid, trans-3-hydroxycinnamic acid 2L
trans-4-hydroxycinnamic acide 72 E247](-COOH)E #4712 71zl
HAvegFx2 C7-C8 x| o]FAgte]l Ao vIAASI 7ledtH
FA717v Z+ZE ortho-, para-, meta-of X3}t o] 3}
B 350 st 5 H HAS Aol UEUA Ften 7E
widAE B 4t ZA48 YebltiChang et al, 2001; Wang

2005, Cheng et al, 2011). 7]1& =% w=w wdAuzy ¥ 21

mg){_:
o
flo
S
fa
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galradte, olFAT B4 R Sl EAE FTBA

FR30n Busgoy 9 HRBEL Y ade REUSAE

Citral  (neral, geranial)®}  geraniol> R HZ3Folw  Z+Z
dHslo|=7], F4H71S wkio] 71A a1 Qi) Citral®}t geraniol®] 34+

gAe HudEgeS A AbbAo=g  citralo] © ¢ A9

_"':

debio] ¢Hsto]=r]e} C2-C3 X9 o|FAFLS A= nlHEAS}
7beatal ol M| wido]l #o AESH A HA olFE&
wafl e Aolgt  sFAEItHLiu&Yang, 2012). Geranial®} neral-&
oldEAR & HAY 3T dHEd HE A4S FdI}AoY
TSEAHL geraniale] ¥ AT ol VIE =& LA EH

geraniale] © g+ Ao FIFES HX = AoE AZHEF(Ueung&Choi,

P
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5-2. trans-Cinnamaldehyde gl salicylaldehyde ]

T HWdd 3Fo st FF Aol M T sgES
trans-cinnamaldehyde % salicylaldehydeolt}. iz F+ 3IES
= AyY3 A tumefaciens® FAA HH kAo ojwyd xlolr}
UEt=A] Blalste] 28712k ekt
izl Hte F AP BT FdAFo] AstEHe A4 Hos
AR A3, @A FT F 7P dlEE EZ< hydroxyl radical
(OH)9l A& fF=ste A Jdeo HdS st hydroxyl
radical®] 729 AZ WR9 Fe?3 H,0.71 vt} JNERISS Eaf Aol
H Aol &S A= AFAe 4% hydroxyl radicalo]
WASEA] ATk A A e] 74-$- hydroxyl radicale] HAY oy

71E = o

ook
o

[t

M 3% A A F(quinolones, b-lactams H
aminoglycosides)E X €|8+  Escherichia coli®l 7% F5ZHo=
NADH-coupled electron transport (NADH dehydrogenase D¢} ¥ 3k
kel o] Frtstdem olE Fa HEWSO] fFREHO AE
Abdo] dojyittay K¢ thKohanski et al., 2007). WERFSS Q)X
H o] fYell Aol glo] F A ol2o=Zxrt dojun NADH
dehydrogenase 10] 3} 23 ™ NADHo| YA F <l nzZd=Z <lste] Fe-S
cluster7} A A A Ak B¢Hgsiz Fe-S clustere Fe*'& YEx
Z7t"l Fe*o=  Qla] FEHISo] HEo]  hydroxyl radicalel
3 dFth(Kohanski et al., 2007). ¥ <d7-ol4 & NADH-coupled electron
transport (NADH dehydrogenase D¢} ##3 o3 Zrles #EHA
ororth 28y AEWMSS Fass Feol 7ol #ud faA o

o] #AFAEHPT o= HEHSS T3 4= hydroxyl radical®]

1 )
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T8-S @slste Zn*d #AL FRAFYG wdo] AAHE AS

g B9 pHE F HY AlZzF2 d(homogenate)ol] A 2] sl
ol wj7f FH4ks}; JAA AT WstE AHEdt. 1 A3 pHe Hae
Fe*&  Z7MA71a ol& B8 #atsl  dxdel FUhd
a1t tHHassan et al., 2009). £ dAFolA s Ao 53 #HAT
ARG Tdo] AstEe= AL HAstATh ol #HEI FAA
F&& ATP synthesis coupled proton transport, proton-transporting ATP
synthase activity % plasma membrane ATP synthesis coupled proton

transportel™  ME ] FAHAE ME ¥rozE £ w L9

ATPEAC 9d= T 284y o5 FdA HG Fdo] AHsi=HA
Az gtem 8] ol AstHa ME ule] pH/E &S

AchFigure 14). ©18]g pHASE Fe*o F71E f=sta HolLo]
S7PF AERESS e Zeolgt A", olfox HolR 9
F7He S Aste 44 #E AT 2do] AsiEHe A
At ole #AHIG FHA H©L iron ion  homeostasiso] ™
Hojeol A FFS Foh. pHASl o8 FUtE Fet'e
BGAIEe] A A o5 Alx Bte 2 eWtEA "ok Iy B

AroldE  Heleo FHIF BAD fAAYDRA A}

(o3

2718 "oleg AT voz edax TS Zola

I
o ARHomn o frAAGY FH AEE T Fero
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hydroxyl radicale] gA4s1S ZAolgt AZ-HTH
a

F A=A hydroxyl radical

flo
e
it
oo
oX
o
L =
—o

53 A4 e 93 5 Ao FEA F Znte FAMAEF 5
hydroxyl radicalE <3}l A2 &£48 FEstE oy AAHS
FTAGY.  VE=Ed wEW AA LY AF] Yersinia

pseudotuberculosis®| 4}t 2~EH 27 JE|AHE HAEZ Yol A

hydroxyl radicalE® <33ttty RusFcHWang et al, 2015). &
ATFANME Zn*e 43 BAF FAARAT B Frle BREHA
gt I8y AE W ofdolRo] #AAstE W H #H
ARG Tdo] AstEe= AL HAEstATh ol #HEI FAA
HAHE response to zinc iono]w o}do]2o] FFoZH AE W3}
AA(EE, #8, 24 A, FHA Hd S IFE +o B

ATNHE MZ U ofdolo] Tolsht wgw BAD FAAAD
&

i
[4 (
5
)
ol
i
L)
a4

I o]Z gIE ofdolo] Hf rleS At Al
Yol A" hydroxyl radical®] ¥FSAS 43A71A EFS Ao

2} 2+ t(Figure 15).
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CYTOPLASM

pH

When the expression of ATP
synthesis-related gene cluster
is decreased, the transport of protons
out of the cell is decreased

and the pH in the cell is decreased.

Figure 14. Hypothesis for mechanism of differentially expressed gene

clusters 1.

P

pH | W

Fe2+ t enton
> Reaction
(Hassan et al., 2009)
» ac

K\ Celldr::lr:gb};ane //

Cell dea{th

Figure 15. Hypothesis for mechanism of differentially expressed gene

clusters 2.
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A

cumin, lemongrass, wintergreen A+, AAH FH FFE 2

it

-9, BEEY FEgol Wt cinnamon Dbark,
trans-cinnamaldehyde =419 &+ 4L HAAs2 FE87FE

THAEIA 3 B AFE AR =% 2ES tUeH A

cinnamon bark, cumin % lemongrasse]al A FH SFEE=
trans-cinnamaldehyde, neral % geraniale]™ frans-cinnamaldehyde

%A 2+ hydrocinnamaldhyde % salicylaldehyde®] o}

2. AEA A, AH T FFE L trans-cinnamaldehyde =4l
g T35 2 HAEF I A4S vudE Ay, 4R AHH ¥
sigEE> 54 oF 9 A o wEt d Ao ZEbdoh

B

=Ao Ag A FAG BAl UheAE F4EQ

O

3. Cinnamon bark ¥ lemongrass®] <& E3Eo)| wE Aoz

g4e HlwsE A3, cinnamon barke] 7$ trans-cinnamaldehyde 2

eugenole] &+ Aol 7o &=rF 7P Hom ItdEt FEAES
UERR] okqkth Lemongrass®] 74-9- neral @ geraniale] &+ A4
7127 7V =skew B 5 2 AHE WA wep sEEI

52 o] Uebitth



4. A=A A, B A 3FE 9 frans-cinnamaldehyde XA ol
st &5 A Al A4k F(Reactive oxygen species) A 2 A Z =}
w37} doj}=A] confocal @ microplate readerE o] g3le] AuE

Ash, AA BAGaTol wAHYod AxY szt dojd A

AN =

5. Agrobacterium tumefaciens®l| t©3dle] trans-cinnamaldehyde %!
salicylaldehydeE &% A gldte] 2543 % AHdifferentially expressed
genes) % #F7Hx FHGene ontology groups)S AHE Az RE
AP FoA FEZ o E hydroxyl radical(BA 4433 FHEd FHA L
AR o) AR AT ol&= trans-cinnamaldehyde 2
salicylaldehydee] &Al# =Z8712to] FH5 222  hydroxyl radical&

Yo MES £42 FUEL A7 AZALL opdTa FSHT
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Abstract

Antimicrobial activity and mode of
action of four plant essential oils,
their constituents and
trans-cinnamaldehyde derivatives

against three tree pathogens

Lee Ji-eun

Major in Forest Environmental Science
Department of Forest Science

The Graduate School

Seoul National University

This study was conducted to investigate the effect and mode of
action of four plant essential oils, components of the active essential
oils and trans-cinnamaldehyde derivatives against the oak wilt disease

(Raffaelea quercus-mongolicae KH Kim, YJ Choi & HD Shin),
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damping-off disease (Rhizoctonia solani JG Kuhn), and crown-gall

disease (Agrobacterium tumefaciens Smith & Townsend).

In a fumigant test, cinnamon bark (Cinnamomum verum) and
lemongrass (Cymbopogon citratus) plant essential oils showed 100%
fumigant antifungal activity against R. quercus-mongolicae at 5 ul
/paper disc concentration. In a test with R. solani, cinnamon bark and
lemongrass oils showed 100% fumigant antifungal activity at 1.25 ul
/paper disc concentration and 2.5 ul/paper disc concentration,
respectively. Cinnamon bark, cumin (Cuminum cyminum), lemongrass
and wintergreen (Gaultheria fragrantissima) oils showed fumigant
antibacterial activity against A. tumefaciens with length of inhibition
zone of 2.20 cm, 1.76 cm, 1.50 cm and 1.04 cm at 10 pl/paper disc

concentration, respectively.

In a contact antifungal activity test with R. quercus-mongolicae, MICs
(minimum inhibitory concentrations) of cinnamon bark, cumin and
lemongrass oils were 250 pg/ml, 800 pg/ml, and 450 ug/ml, respectively.
In a test with R. solani, MICs of the cinnamon bark, cumin and
lemongrass oils were 200 pg/ml, 850 upg/ml and 400 pg/ml, respectively.
In a contact antibacterial activity test with A. tumefaciens, MICs of the
cinnamon bark, cumin and lemongrass oils were 250 ug/ml, 900 pg/ml

and 450 pg/ml, respectively.

Among identified compounds in active oils and frans-cinnamaldehyde
derivatives, salicylaldehyde, eugenol and hydrocinnamaldehyde showed

100% fumigant antifungal activity against R. quercus-mongolicae at

- 146 - M =T} &l



0.625 ul/paper disc concentration, 0.625 ul/paper disc concentration and
2.5 ul/paper disc concentration, respectively. In a test with R. solani,
trans-cinnamaldehyde, neral and hydrocinnamaldehyde showed 100%
fumigant antifungal activity at 0.3125 pl/paper disc concentration, 1.25
ul/paper disc concentration and 1.25 ul/paper disc concentration,
respectively. In a fumigant activity test with A. (fumefaciens,
salicylaldehyde, hydrocinnamaldehyde, cuminaldehyde and
trans-cinnamaldehyde showed antibacterial activity with length of

inhibition zone of 2.80 cm, 2.26 cm, 2.08 cm and 1.92 cm, respectively.

In a contact antifungal activity test with R. quercus-mongolicae, MICs
of neral, cuminaldehyde, geraniol, geranial, frans-cinnamaldehyde,
eugenol, cinnamyl alchol and hydrocinnamaldehyde were 400 upg/ml, 250
pg/ml, 450 pg/ml, 400 pg/ml, 150 pg/ml, 350 pg/ml, 400 pg/ml and 300 pg
/ml, respectively. MICs of commercial fungicides benomyl, propiconazole,
and tebuconazole were 12.5 pg/ml, 12.5 pg/ml, and 6.25 pg/ml,
respectively. In a test with R. solani, MICs of neral, cuminaldehyde,
geraniol, geranial, frans-cinnamaldehyde, eugenol, cinnamyl alchol and
hydrocinnamaldehyde were 450 pg/ml, 250 pg/ml, 800 pg/ml, 450 pg/ml,
200 ug/ml, 600 pg/ml, 350 pg/ml and 300 pg/ml, respectively. MICs of
commercial fungicides benomyl, propiconazole, and tebuconazole were
125 pg/ml, 125 pg/ml and 25 pg/ml, respectively. In a contact
antibacterial —activity test with A. tumefaciens, MICs of neral,
cuminaldehyde, geraniol, geranial, trans-cinnamaldehyde, eugenol and
cinnamyl alchol were 400 upg/ml, 800 pg/ml, 450pg/ml, 400 ug/ml, 200ug/

ml, 650 ug/ml and 350 ug/ml respectively. MICs of commercial
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antibiotics, streptomycin sulfate salt was 3.125 ug/ml.

In conclusion, cinnamon bark, lemongrass, neral, geranial,
trans-cinnamaldehyde showed strong fumigant and contact antimicrobial

activity against three pathogens of tree diseases.

Fumigation and contact antimicrobial activity of three pathogen were
significantly lowered in the artificial blend in which the
trans-cinnamaldehyde was removed from cinnamon bark oil components.
Fumigation and contact antimicrobial activity of three pathogen were
significantly lowered in the artificial blends in which the neral and

geranial were individually removed from lemongrass oil components.

In conclusion, trans-cinnamaldehyde in cinnamon bark is the most
active fumigation and contact antimicrobial agent against three
pathogen of tree diseases. Neral and geranial in lemongrass are the
most active fumigation and contact antimicrobial agents against three

pathogen of tree diseases.

In order to elucidate the mode of action of plant essential oils, their
constituents and  frans-cinnamaldehyde  derivatives, differentially
expressed genes and gene ontology of A. fumefaciens treated with
trans-cinnamaldehyde and salicylaldehyde were investigated. As a result,
it was confirmed that expression of genes regulating hydroxyl radical

was suppressed in all experimental groups. Based on these results, the
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expression of reactive oxygen species and the cell membrane
destruction were investigated to figure out gene expression leads to
actual biotic reactions. As a result, fumigant treatments against three
pathogen of tree diseases with cinnamon bark, lemongrass,
trans-cinnamaldehyde, neral, geranial, salicylaldehyde and
hydrocinnamaldehyde overexpressed the reactive oxygen species and

destroyed the cell membrane.

In conclusion, three pathogen of tree diseases treated with plant
essential oils, their constituents and trans-cinnamaldehyde derivatives
could not regulate reactive oxygen species , which may result in

damage to cell membrane.

keywords: plant essential oil, Raffaelea quercus-mongolicae, Rhizoctonia
solani, Agrobacterium tumefaciens, antimicrobial activity,

reactive oxygen species, cell membrane damage
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