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ABSTRACT

Arbuscular mycorrhizal fungi (AMF) are increasingly considered in agriculture,
horticulture and others. AMF can be applied to increase crop yield and support plant
health. However, the obligate biotrophic nature of AMF has complicated to develop
AMF inoculum. In this study, we aimed at development the method of AMF
production by using plant growth promoting rhizobacteria (PGPR) and examined the
mechanisms on how PGPR could improve mycorrhizal symbiosis and spore production
in host plant. It was found that Brevibacillus sp. SUT47 was able to increase AMF spore
production and root colonization more than 2 folds when compared with control of
non-PGPR. Both genera of mycorrhiza, Claroideoglomus etunicatum and Acaulospora
tuberculata significantly increased spore production when co-inoculated with SUT47.
Low level of phosphorus and appropriate concentration of indole acetic acid (IAA)
were also able to promote AMF spore production but in the level less than AMF spore
production by using AMF co-inoculated with SUT47. The 2D-gel electrophoresis was
used to examine the plant protein expressed during the interaction with AMF and
SUT47. The results showed that the reactive oxygen species (ROS) were involved in
this interaction. Brevibacillus sp. SUT47 could suppress plant ROS via induction of ROS
scavenging enzymes and resulting in reducing plant defense system and plant
immunity during mycorrhizal infection. Thus, the current data provide evidence that
strain SUT47 can be used to enhance mycorrhizal colonization and spore production.
This method can be applied for further efficient and low cost of mycorrhizal inoculum

production.
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oH 3-10 and bromophenol blue) ¥msmsuaulusiu Tneld33 Bradford assay wfudl

gaumindl -20 esrwaldea Weihluleseilusiu saemetia 2D gel electrophoresis sialy

nmyaaTeilusiulasmaila 2D gel electrophoresis  vinsinseN@IE19lUTAY
Wt 250 lulasnsusediadans dhuwauivansazane rehydration buffer Tilausuns 250
lulasans neuthluuy s7uiu nonlinear pH 3-10 IPG strips (Immobiline DryStrip gels, GE
Healthcare Life Sciences) W1y 1 Au warihundesgiiien3es Ettan IPGphor 3 Isoelectric
Focusing System suan1siaszhemludd ievhnisuenlsivlunmiszuny  (wenmue
isoelectric point) 1nthuh Strip AlduvhnsueniUsivluwanuauin molecular weight
Tu 12 % acrylamide gel Trnszualin 80 Thas RIE Y electrophoresis HalUsAuTLe
thandesen spot tngldlusunsy 2 De-gel image master 7 wiadaiden spot veslUsAufia
nsuanseeniwanssiudiuiusegeildidesluneslssniivietaier  fushedniliide
silupeslsgrsiuiu PGPR anntwimisfiu spot veslusiuiidesnsuasiludesde trypsin
[Sequencing grade modified Trypsin V5111, Promega, Madison] Ylushuilaluinsnzid
fewp3ed Liquid chromatography-mass spectrometry (LC-MS ) thnafildunnsiaaausiia
woilusiu lagltnsmsiaaeu Peptide Mass Fingerprint (PMF)  Iagldlusunsy MASCOT

(http://www.matrixscience.com) Wazgiutoya 19U SWISS-PROT, PIR, PRF, PDB, and

GenBank CDS



2.7 A1sAnwIN1sHEnIaanvasdulusind1lne

Weobudunavadlusfiuinuindnisuanseoniuseninnufduius  fsldviinisnsiaaeunis
uanspanvesdunduNusAUTUSALIY 9 Tusedu mRNA laglavinnis @in RNA sindie 1vinns
Ugnluanimsiuwiediuiunismaaeunalnues PGPR way wesnluaaslsd lusudilne lng

[

nsnnaeIlsznaulumeynn1snnaed W i, G?h’ﬂwmﬁﬁﬂmiﬂqﬂL%@lmaﬂiedw,
FlwafiugniFordunds sUTA7 way dlwafiugnifeqdunds suTa7 safuidelunoslse
nsann RNA eaninansnivy lukdasyanismaaesnig  “RNeasy Plant Mini Kit” 271
UM QIAGEN a1ntiuih RNA dsnaniuniusulidu DNA dau (CONA) é8 ‘Quantitect
Reverse Transcription Kit” @%3U cDNA Synthesis 91nUT8% QIAGEN Funoudaly 1 cDNA
AlFuvhnsfinwinisuanseenvesduiiieadesiulusfiudngn  fewdes realtime PCR
(The LightCycler® 480 System) Tagldf primer #il§§unisesnuuuetiauaivasnindisuiianile

Indgay (cONA) Nngiudeya SWISS-PROT wawtilsuiugiuteya NCBI lnevin1sesniuy

primer vouAazlUsAu A8 GenScript (https://www.genscript.com/ss|-bin/app/primer)

INZRPRR
Spot
Protein name Primers 5°-3’ TM°C  Size (bp)
no.
0 Beta-hydroxyacyl-acyl  carrier protein Fw = GGTGGATCTCGAGACAACTTC 58 82
(ACP) dehydratase Rw = TCAGTGTATCGCCAGCAATC 59
1 Pathogenesis-related protein 1 (PR-1) Fw = CCTGGGTGTCCGAGAAGCA 60 133
Rw = ACAGCCGATGGCGGTGGAGT 60
2 Superoxide dismutase (SOD_Mn) Fw = TTTGGAAGAACCTCAAGCCT 58 125
Rw = GCCTTCTGCATTCATCCTCT 59
5 APx1 - Cytosolic Ascorbate Fw = TAGGGAGGACAAGCCTCAAC 59 72
Peroxidase (APX) Rw = CTCAGGTGGTCAGAACCCTT 59
8 Ascorbate peroxidase (POD1) Fw = CAGGGAGGACAAGCCTCAG 58 63
Rw = CAGAACCCTTAGTGGCATCA 58
19 Chaperonin (Cpn) Fw = TATGCTGGGACTGAGGTTGA 56 134
Rw = TGAGAGGCTTCATGTCCTTCAC 57
20 Glutathione S-transferase 1 (GST-I) Fw = AGAGCTGTTGAGGGAAGGAA 56 82
Rw = AGCGGTGTACTGGTTAGCCT 59
8 APx1 - Cytosolic Ascorbate Peroxidase Fw = GCAACGATGTCCTGATCACT 57 73

Rw = AGAGGGCAACAATGTCCTGAT 57




2.8 n1sAnwnanssuvataulyllusind1dlng

insaineulsdudazineaninansinyaiediuiunldlunisfinwinisuanieenves
gu lngldsndiy 0.5 niusienisadneuleiviavelin dnualviazsidealululasiaumad wagld

ansazanglunisananuananeiusanliululsazaulayl

nsanateulesl superoxide dismutase (SOD) (EC 1.15.1.1) 8 0.2 M citrate
phosphate buffer (pH 6.5) 7 4 s wadya NENENSAYaNgYeIU)n3en (reaction mixture)
Usuws 3 1adans (50 mM phosphate buffer pH 7.8 ,13 mM methionine ,75 uM
nitroblue tetrazolium (NBT), 0.1 mM Ethylenediaminetetraacetic Acid (EDTA), 0.05 ml
enzyme extract, 2 UM riboflavin) 1d 2 M riboflavin Lﬂuawﬁaqmﬁw nad A uLazdl
vaeaNaNaNsazats vesUfsen lundiafiuasannnasslrivigesisawus 18 W uaan 10
Ul seegine 5 wuRues  UASentssuiAn diuvaoanauasazatsvesujisendilaileld
ansavaneieuludann Wuvasn AuauUizen dawaamwaumsazmmaailﬁﬁ%mﬁlajgﬂLLm
JunaealsitinUfisen (Blank) uaziilonsu 10 unil ngaufizenlastvaeananasazaioves
UfAzen Ul ludfle waztiluindinsgandunasiiainuendu 560 unlums (1 wiaeves

wulesl (unit enzyme) WU 50% VBIAINIIAANTULAINIANIULIIARY 560 nm YBIMABN

AIUAY) (Beauchamp way Fridovich, 1971)

nsanaeulesl Ascorbate peroxidase (APX) (EC1.11.1.1) @28 0.1 M phosphate
buffer (pH 7.0) vinnsinfanssnvesoulys laeld 1 dadans ¥93 0.25 Jadans of 100 mM
potassium phosphate buffer (pH 7.0), 0.25 §adans of 1 mM ascorbate, 0.25 adans of
0.4 mM EDTA-4H, 0.19 #adans distilled ‘ffﬂ, 0.05 a@ans enzyme extract and 0.01
fadans of 10 mM H,O, LLa3‘13111J’3’®mm'§@mﬂﬁuumﬁmmmmﬁ'u 290 UNMULUAT Lan

ATIAFBUNIAALENTIANAIYDY ascorbate (Nakano Wag Asada, 1981)

nsafiaeulel Catalase (CT) (E.C.1.11.1.6) vilalagld 50 mmol phosphate buffer
(pH 7.0) vnsiefanssuveeulel 1 fadans vesansazaiy 0.95 daaans v89 50 mM

potassium phosphate buffer (pH 7.0) Wauiu 10 mM H,O, waz 0.05 Uaddns enzyme
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extract UarilUinA1 N1sgANAULAINIANEIATY 240 UTLUWAT AINNITYALEINANSIYDS

H,O, (Nakano Wag Asada, 1981)

nM1sRsIdeuUIu Salicylic acid (SA) Taanisana SA sanunansntagly ethanol
ntwinsnsIRInssuvesteuled Ineinfanssuveteulsd UHATEINTRANGULES VBs
FeCl, Muasuly wisuiileuiunsmuinsgiuves Salicylic acid u3gns 99nusEmM Sigma

(Warrier, Paul wag Vineetha, 2013)



una 3
Nan1MAaRarIAIIzidaya

Mnuan1snaassluszeziaan 90 Tu wuin e Brevibacillus sp. SUTAT islasiuiu

(%
1 Y

lupaslsduailvnaduasunisidng mnfivvedluneslsduasiiudnuivalesvadlunaslsg ng

Qe

[

gosangiuglaegaitvdAgydmeaifideisauiisuiuganiunu (control) (115199 1) Fatiu

TunsAnwndalaunde SUTA7 unlalunisneasssaly wierdadenilnanonisawasunisiang

Y

snisvastunaslsgnaziiuinulvalasvealumaslsen Tnslunisnaassdusnslulaiden

a

nagaulanzluneslsgraneiug A tuberculata \Wevanninansasiaveslageiian lngle

q
NsAnwBvEnavessneImIHansidngsIniisuasnsasaUssventosluneslsg uaz
& s oA v Y o & | & [y

Woslumaslsguileldsiudu  SUTAT MelNan1snaaeanudn 81m159e 4 gas laun 1)
Hoagland solution thﬁu, 2) Hoagland solution qmtﬁm weilvisinneanasaluysuiuem
(2.0 ppm), 3) Hoagland solution A3¥EAS, 4) Hoagland solution A39anT uilvis1nWeanesa
Tud3unas (2.0 ppm) F8vEnatunisduadunisdngiie lae Hoagland solution @msiiulyi

sueanesaludsuiam (2.0 ppm) Winaduasunisidigiy wagnisadalesvesaesily

Y

AoslsglaogesliidAgBveads Awnnsnen 2 was 3

M13199 1 uansdnwiualesvedlumeslsgviugnsuduiie PGPR 1 90 Jundanisugn

Spores No. % Roots colonization
Treatments
A. tuberculata C.etunicatum A.tuberculata C.etunicatum
Control 350 + 130 € 210+3496° 4933+ 662° 4210+3.19°

SUT 47 (Brevibacillus sp.) 1931+ 2065° 558 +4750° 7097 +800° 5131+ 1.68°

SUT 19 (Pseudomonas

) 1086 £ 1367° 453+4594° 6455+ 566° 4787 +264°
sp.

SUT 1 (Bacillus sp.) 180 +2775° 225+ 25°€ 4812+ 869" 4352+ 336"

11



A15197 2 wanslesiduinsidndsniivvedluneslsgnn 90 Jundsnisuan

Percent Root colonization

Hoagland's solution

Treatment Full strength Half strength
Full strength Half strength
low phosphate low phosphate
Control 12.626+0.83° | 6.876+0.81° 7.398+0.83° 7.698+1.44
ACC deaminase . . . .
17.538+1.62 13.606+1.30 9.812+0.98 10.818+1.28
containing bacteria
Sinorhizobium BL3 | 18.004+3.01° | 10.392+1.16™ | 9.114+0.81° 8.892+2.18"
Azospirillum sp. 13.488+2.51° | 10.558+1.35" | 7.034:0.83° | 11.43:2.32°
Brevibacillus sp. SUTA7 | 26.284+2.51° | 18.720+2.13" 16.25+1.37 19.87+1.87"

M13199 3 uansdnwiualesvedlumeslsgin 90 Jundanisugn

12

Number of spores production

Hoagland's solution

Treatment Full strength Half strength
Full strength Half strength
low phosphate low phosphate
Control 161301117 | 136.00+7.23" 125.0032.05° | 174.00+10.06"

ACC deaminase
containing bacteria
Sinorhizobium BL3

Azospirillum sp.

Brevibacillus sp. SUT47

134.33+£10.27

170.00+£15.31
145.00+£17.01

172.00+5.51

151.004551

133.67+4.48"
160.67+8.41°

253.00+17.10°

172.6748.37"

199.33+9.35°
169.33+6.74°

211.67+8.67

176.33+4.63"

139.00210.69"

175.3323.18"

206.33+35.98"

3 Y1 A Vo L a 5 a1 ! o 4
nuan sneasiuledn nsniylasusigreanesdlulsuui Tdiugevinlvie

gousu Wenlueeslsiliinendelusiniiuiiniy dudelumeslsgiedinuaudilunisaady

=

o

wazdsesmmeanasalulaala iWeuandsuiuiimaniaannsdunsginasesity 3

< 1 [ d' d‘l’ 1 Yo & Y a = 1 gj
Wunraamdsnundesilueeslsenazlasuannfivle iewmiafeyvinuu Johanssonhagaus



2004: F. Smith wag Smith, 1997) ludiuwes e SUTAT finsdaasunisuanalesveaiosn

(% '
&Y ] =

lupaslsdnlagany diuntdseradumse We SUTA7 \u PGPR  fianunsandn lulagesluu

[

(1AA) wazada biofilm 1¢ uenaniidsdiauannsalunisgadunoaneald uenainidsdinng
01U W Paenibacillus fusnldanidelureslsdnesifimnuanmnsalunsiudiunudu
Tyvoadoslunodlsgnld (Horii uag Ishii, 2006) aehslsAnuiadeduitdwasonisdaasuns
wAmaesveatonluneslsdldaaiulilfiAnn PaPR viadesluneslsdufinetnafio us
fansegnglinisaiuanvesitvme Ineaniz nalnanistesiudiies (plant defense system)
wazszuugfiaufuvesiia (plant immunity) uariededuy q MAsdesdnity ssuunisd

a

Feu10uM19T30IN (symbiotic  signaling)  wazladeaeusndu WU n13eLATEn ungll

Y

AT Wusu (Baron way Zambryski, 1995; Bonfante uag Requena, 2011; Garcia ~

Garrido wag Ocampo, 2002)

v O = v o A o & A YU a a
farualavinn1sneasunsiiiuauIuaUasvaslunaslsg e lasudnsnau1antnles

7051UU IAA TAYNANISNAABINUI NISIY Wia SUTAT sauduitalumaslsen denaliiniswing

=

Tuualesventenluaeilsgiegdidvddgydmisedn Weolssuiisuiunisldlnlngesiuu

IAA TuszAUAMILTNTUNLANANAY TAWUINNAUTUTUYDY IAA 100 ppm  TANaAITLL

o w =~

$nnuavedvecluneslsgniintuldoseiiteddy wewSouieusunsli 1A Fiseiuay
dududu q Uil 1) fefuanmanimaaestuandliifiudn Inlngeslu 1AA Tdiutaelums
duaSumaiiusnnualasvendesluneslstdemuiu venanidmuinge sUTAT awnse
LsenstaseLAulaueITINLazaUTIN (early root hair production) 16t ('gﬁﬁ 2) Meienandumaun

1NN1SA W SUTAT atunsandnlulngasiau IAA 19 F9n19659015095 R UlnuB95 InNwaLIU

o

1%

va & a 4 A ° v & | v v = 9 £ = P )
sinlailidumsinuilunsvibiidesluneslsgudrdsniivlauniu Fegenndesiunis
NARDINNI1BUNINDU (X. Wang, Pan, Chen, Yan Way Liao, 2011) agnelsinunisld 1AA 3
Havsluiafeuiniasidauiusgiunnududunmingauuniiy Wunhdunni1annnisnaasd

Tlngasluy IAA @1U150LANINUIUAUDSVRILTDI1bUADS SRR WidIAItaeniILile

v v
S v a

Wiguieuiunisldiae SUTAT anndedunail aunsansauyfigiuladn We suT47 dnaln
drAyuedauenniienniinanunluilewiul dwludalainisfnviitensisaeuuasiigay

mnalndu 9 selulagldmealianisnisiesginiglusau (Proteomics technique)
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700
a
600
500 b
400 c c
c
c
c I I I

0 I I

Control IAA 25 ppm  IAA 50 ppm  IAA 75 ppm  IAA 100 ppm  IAA 150 ppm  Brevibacillus sp.

SUT47

3

Spore numbers/plant
[=]
o

2

o
o

1

o
o

SUN 1 nomuamsdnuaUesvestlupaslsdsodu Welvlwlngesluy 1AM Aanududun

upneAeiY LSsuisudunislaie Brevibacillus sp. SUT4T

a

4

Control SUT47 SUT47+AM

JUT 2 Uanen19L5aNSLa3eyraeuusIN (early root hair production) F1alnaiiinainnisldiae

Brevibacillus sp. SUT47 1W3guiigufiuganiuny

Aatuedunsd  Brevibacillus  sp.  SUT47  F9ninannsivaeunIngiuYednis

wanseanvadlusiuluwadadunidlagds 2-Dimension Gel Electrophoresis (2-DE) ivelw
aa | a Y - a ¢ & |

nyunalnfidnasiensiiunsiignniuasnsiiuvesaUesvendeslumeslsgn  Tngns

NARDINUIN AN SUTA7 lasuatsindnainsindilng (root exudates) N1 7 Ju 1oy

a a6

wan 12 il Weqdund SUTA7 dimsuansesnvedlusiuuwandainie suT47 alilasy

]

A a v I Ao v a aa = a v i a
'ﬁ']TV]Naﬁ]‘ﬂ']ﬂi']ﬂ%']'ﬂWﬂ@U'NﬂJuaﬁq UUINIIADG ‘Z]'QI‘UiG]U@\Tﬂa']'J LLﬁ@Ql’ﬁu@]']i'NVl 4

14
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A9199 4 uanswaveslusAunianseanlu@e Brevibacillus sp. SUTAT Tunasnnaasdiile

lgsuansivaesainsindalng (root exudates) fieng 7 1w iuaan 12 Halus

Tophit protein Peptide | Mascot Mw' Fold
matched‘ score® (kDa) change

L-lactate dehydrogenase OS Bacillus megaterium 275 35,129 0.66 0.001
YA ATP synthase F1 subunit alpha Bacillus megaterium DSM 319 23 1208 54,613 2.07 0.010

L-lactate dehydrogenase Bacillus megaterium DSM 319 14 680 35,227 1.50 14 0.010

ﬂ L-lactate dehydrogenase Bacillus megaterium QM B1551 12 558 35,227 1.25 1l 0.011
“ delta-1-pyrroline-5-carboxylate dehydrogenase Bacillus megaterium QM B1551 20 930 56,671 1.29 1.7 0.016
“ inosine-5'-monophasphate dehydrogenase Bacillus megaterium QM B1551 21 915 52,810 0.98 1.7 0.017
ﬂ malate dehydrogenase Bacillus megaterium QM B1551 8 416 33,336 0.71 15 0.017
GTP-sensing transcriptional pleiotropic repressor CodY Bacillus megaterium QM B1551 7 254 28,870 0.13 1.4 0.017

“ translation elongation factors (GTPase)-like protein Bacillus megaterium WSH-002 18 1034 77,359 1.02 14 0.022
“ acetyl-CoA acetyltransferase Bacillus megaterium QM B1551 18 910 41,074 2.71 1.4 0.024
“ inosine-5'-monophasphate dehydrogenase Bacillus megaterium QM B1551 22 996 52,810 SITEN 1.4 0.030
“ delta-1-pyrroline-5-carboxylate dehydrogenase Bacillus megaterium QM B1551 19 852 56,842 1.01 2.0 0.032
m catabolite control protein A Bacillus megaterium QM B1551 5 286 38,713 0.32 13 0.041
m pyruvate dehydrogenase E1 component subunit alpha Bacillus megaterium QM B1551 13 653 41,405 138 1.6 0.042
iron containing alcohol dehydrogenase Bacillus megaterium QM B1551 5 281 42,092 0.41 1.4 0.044
n delta-1-pyrroline-5-carboxylate dehydrogenase Bacillus megaterium QM B1551 19 918 56,671 177 12 0.048
1172 NADH dehydrogenase Ndh Bacillus megaterium QM B1551 6 345 41,728 0.54 6.4 0.150

“ universal stress protein family domain-containing protein Bacillus megaterium QM B1551 9 400 18,453 3.58 5.7 0.198
m 305 ribosomal protein 58 Bacillus nealsonii B 150 14,768 0.26 9.9 0.364
s 188 hypothetical protein BMQ_4708 Bacillus megaterium QM B1551 5 172 23,160 0.16 5.4 0.411

duanudiusseninamsuansesnvedlUsiusening  Wedunisd  SUTAT  Aunis

wanseanvadlusiuluisiugnmewelunaslsgntiu Igvimsfnulaegadalusiuaingn

d1lna Tuusgamavanosisdl dnlne,  drlwefivhnsugnideluneslss, drlwefiugn
Heduvdd SUTAT way dnlnaiiugnitieqdunds sUTa7 fafuideluneslsin eguanis
Wasuwaseslusiulusndrlnasioudioutu ne38 2-DE 71 7 uay 30 Tu wan1svaaed
w1 dnsuanseenveslusiuunnsinsedeiidodfyBmeeda Weuinavesniuanseanyes
Tusiuluusiazyanismeassndioudiouiu ddusiudinan uandlflupmseil 5 uay 6

ANUAIAU
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M990 5 uanawavedlusiuiiuanseantusindilng luusynnisnaass lawa 41alwe (non-

inoculation) gmluanivihnisugnizeluaeslsgn d1alnaiiugnl

[
=1

Y09

auUN

Mgnweqaunsd SUTAT swuiuwelumeslsgn 7 7 Jundenisugniae

3¢ SUTA7 way 917lne

Protein up( ‘ Ydown( * ) regulate

Spot Gene ontology/Biological Peptide  Mascot Maize
Tophit protein Organisms Mass PI Maize Maize
Process a Maize +AMF
no. matched’ score FAMF  +SUT47
+SUT47
alpha-soluble NSF intracellular protein
26 Zea mays 17 572 32605 110 1578 - 421% 4.07¥
attachment protein transport
Mitochondrial ATP
21 - Zea mays 17 462 27573 072 136 4034 6954 12924
synthase
phosphotransferase
34 adenosine kinase Zea mays 21 854 36465 097 497  166¥ - 36.234
activity
81  Legumin-like protein nutrient reservoir activity ~Zea mays 7 223 38047 - 2.09 3954 11214 -
glycine decarboxylation
123  hypothetical protein via glycine cleavage Zea mays 7 218 17372 - 17.14  1463¥ - -
system
S-adenosylmethionine S-adenosylmethionine
230 Zea mays 16 623 43202 094 1088 586W¥ - -

synthase

biosynthetic process

4 - Wsfiulinsuanseen iuwnnTu dewieuiu gaemunu

V¥ - lWsiufinsuansesn anaiy Wewleuiu ganiuau

- = lalwy nswanseanvedlusAusenan?



M990 6 uanawavedlusiuiiuanseantusndilng luusynnisnaass lawn 41alwe (non-

a 6

inoculation) 41ilwanivihnisugniweluaeslsg dnlnenugniseadumsd SUTAT uay 41alne

(%
=

Mgniweqaunsd SUTAT swuiuwalunaslsdn 7 30 Tunasnisugnive

17

Protein up(4)/down(¥) regulate
Peptide
Spot Tophit protein Gene ontology/Biological Organisms Mascol Mass PI Mai Mai Maize
no. Process matched score Maize aize aize
a +AMF +SUT47 LSUT47
0 Putative uncharacterized hydro-lyase activity / Sorghum 6 223 24479 035 - 44.674 - 3.004
protein Sb07g006390 (ACP)  defense response to
fungus
1 pathogenesis-related protein Cellular Component Zea mays 1 55 15304  4.38 - 5.674 36.004
1(PR-1)
2 Superoxide dismutase superoxide dismutase Zea mays 10 466 25571 144 - 34.334 - 31.674
(SOD_Mn) activity/superoxide
metabolic process
5 ascorbate peroxidase (APX)  peroxidase Zea mays 15 524 27468 1.3 - 38.004 - 11.334
activity/response to
oxidative stress
8  ascorbate peroxidase (POD1) peroxidase Zea mays 15 571 27468  2.04 16.33 7.67¥ 6.67¥ 8.00¥

activity/response to
oxidative stress

19 Chaperonin (Cpn) ATP binding Zea mays 7 364 25796  0.69 11 26.674 574

20  Glutathione S-transferase 1 glutathione transferase Zea mays 9 339 24003 5.44 16 6¥ 324
(GST-I) activity

28  APx] - Cytosolic Ascorbate peroxidase Zea mays 12 455 27462 1.03 12.67 10.67¥% -
Peroxidase activity/response to

oxidative stress

4 - sfulinsuancenn Winanndu dielsuiu gamunu
V¥ - Wsiulinsuansesn anaiy Wewfleuiu ganiuau

= lanu nsuanseanvedlusiufing

TRgNaN15LaEnIeDNURIlUTAUIINTINTIINAT 30 TU LAAINANITHENIDDNYDILUTAUN

wauls Tnaidunguuedlusiuiieivesiunalnnistesiudvesiiy (plant defense system)

Y v

way spuugiiAutungluiiy (plant immunity) detduieliidladenalnanisvihauvestusiu
lungudenany Fslavinis@nwinisuansesnvesd uvesngulusiunasianulagldinaia
Quantitative Reverse Trancscriptase-PCR (gRT-PCR) wamimaamamﬂugﬂmwﬁ 3 WUl

oA Y v o = Y
nswanteanvesduielvesiussuunislesiudivesiiy (plant defense  system) Lo
pathogensis-related 1 (PR1) uazszuuniiAuiuluiiy aenndesiuranisnaaeulusiu
TnaanglusAulunguues Relative oxygen specie (ROS) laun superoxide dismutase (SOD)

Wag NAUYeY ROS-scavenging Laun ascorbate peroxidase (POD) wag (APX) %ﬂgﬂumjm



manaiinisuansesnvesdulaesiuluusunaigeludae 7 Ju Faduriafidesluneslsd

2 v

mMasigilusseziusn (pre-symbiosis) wABUILAANITUANIDBNANIDTLYLLIANNLTY U6l

sgalsfimuderinisinnsanluudazyanisuaaesluwdaziu wuil gan1svaaesdnilnei

1 IS

Ugniieqdun3d SUT4A7 sauiuidelunaslsyn dnswanseenvesdulungudananininiinisiy

Warsialavianiaiesadanen tnsanien 7 Tu faandlimiiuiinisidide SUTA7 Jdutae

(%

lunisannistesiusassyuugiinuiuvesiivlagdinavilvivesluaaslsgranaunsadngsinivg

v
A 0% a

Ioannuazrdredu Wuniidunedt nsanasvessyuugliauiuvesiiviuagiuss@nsainuiniu

Wedgniae SUT4T sauiuiielumeslsen Tuvihueadiiudunadalusiiu (protein-encoding

'
=

genes) pathogensis-related 1 (PR1) in1suaniaanvesdusgluseiuiiangn waznuindng

Y 9

A A a X o A o v & oA ' a
wansoanvesguguinuluiun 14 lnsmsyanisnaaesildidenluneslsguiivegiaies

¥
=) a

wazdl 30 Tuluganisveassdnilnaiivgniieqdunid SUTA7 swududeluneslsdn Fauandli

wiugdnsmuaNTIIUTEIINTeY Wegduvisd SUTAT wiawweluaeslsdn Tieglusedu
< d' 1 YA o & a o = = v v a <

wisnzauluszey Welilvliduiuiesunifuanudnly Geaenadesiuniufniiuges

Gilroywazaady (2014)
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b uPB
a 10.00 = APC
10.00 .POD
8.00 APX
8.00
B GST
&
6.00 I 6.00 PR
E I | =S0D
4.00 4.00
ECPN
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- U 1, b = &UAWT 2, ¢ = dUAIAT 3 way d = §UAYT 4 membrane protein
PB1A10.07c (gene reference) (PB), Putative uncharacterized protein Sb07¢006390 (ACP),
pathogenesis-related protein 1(PR-1), Superoxide dismutase (SOD_Mn), ascorbate
peroxidase (APX), ascorbate peroxidase (POD1), Chaperonin (Cpn) wazGlutathione S-

transferase 1 (GST-I)
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aeluiiy laun SOD, POD, CT (catalase) wag SA (salicylic acid) #113511m3§11 (Methods
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31]17i 4 wanawananssuvesteulwilusndlned 7, 14, 21 uay 30 Ju lag a = superoxide
dismutase (SOD) b = ascorbate peroxidase (POD) c = catalase (CT) way d = salicylic

acid (SA)
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==

ATIANU SA gelian usazanauiloivilionygelu wavlfanssudesniimnyanisveaes 9 14,

21 uag 30 Tu (JU7 4. d) namilagagudie Weiivldsuanumieaiinandvisnavesdslidyin

'
a

(abiotic) ¥38 91NBNENAFWTIn (biotic) Anw aneliineyyadaszavauneluwadii iy

' v
Y S a
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2

= v I
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Fniliwadfivnne (program cell death) sethufioansiuiunsazaues H,0, fwavnan
wuleailungy ROS-scavenging Feanansawasy H,0, Wilusandiay waziild (Atkinson uay
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Laul“dﬂum:m ROS-scavenging enzyme
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