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ABSTRACT

Microbial volatiles have an important role in plant growth promotion and protecting them against plant pathogens. In
this work, we evaluated whether B. subtilis volatiles promote plant growth and induce resistance against P. syringae
pv. tomato DC3000. Arabidopsis seedlings were exposed to bacterial volatiles in two compartments I-plate system.
Volatiles increased plant growth significantly compared to control. Exposure of plant with bacterial volatiles reduced
disease index from 80% to 40%. Pathogenic bacterial population in plant leaves reached up to 1.1x10° CFU/g aerial
part wet weight in volatile treatment, however pathogen population reached up to 1.3x10% in control plants.
Expressions of PR-1, PDF1.2, and ChiB have been evaluated as marker genes for salicylic acid, jasmonic acid and
ethylene-depended pathways, respectively. Bacteria volatiles boosted the expression of PR-1 and PDF1.2,
significantly. These genes expressed strongly and rapidly which represented plant defense priming by bacteria
volatiles. In conclusion, volatiles from B. subtilis GB03 not only improved plant growth significantly but also
increased expression of defense-related genes and eventually suppressed disease in Arabidopsis.
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Table 1. Primers used in this study

Primers Sequences Accession numbers
PR1_F 5'-CCAGACAAGTCACCGCTACCC-3' PR1 (AT2G14610)
PR1_R 5'-CCCTAAAGAACGACACCGTCAA-3' PR1 (AT2G14610)
PDF1.2_F 5'-AATGAGCTCTCATGGCTAAGTTTGCTTCC-3' PDF1.2 (AT5G44420)
PDF1.2_R 5'-AATCCATGGAATACACACGATTTAGCACC-3' PDF1.2 (AT5G44420)
ChiB_F 5'-GCTTCAGACTACTGTGAACC-3' CHIB (AT3G12500)
ChiB_R 5'-TCCACCGTTAATGATGTTCG-3' CHIB (AT3G12500)
AtActin_F 5'-GTTAGCAACTGGGATGATATGG-3' AtACT2 (AT3G18780)
AtActin_R 5'-CAGCACCAATCGTGATGACTTGCCC-3' AtACT2 (AT3G18780)
SAS 9.1, SAS institute, ) SAS ' s Jae s, g See O ol (g Sie) +) STy Lglses

osls 2iST, 55 Jlojs -d,5 alowl (Cary, NC

5 talesTSAS Jlidle 3L g lel &5 51 ey

o= g @b
20 a8 o eolitwl 5w g0 slas s 5l eesl opl o
Gigw Sl AU L3 SenS S a8 oS ]
oS wals gy 0 cé S e )3 B subtilis GBO3
I sleeSy ol g o s CedsTl Aipe o
039l S low lawgr waday HalS we ol 5l A6
Sy dopohe Sl i 4 (Sodl gl g wias
B. subtilis &g 5l 250 )3 slacaS 5 Lol () JSi3)
il Sasa 1) (6 lew b ieS wiindlyi oo GBO3
[PECRE VI [P YW SRR CH IWSTRRWIRY RSP VRPN GY X
Gl g Ojgody asly wisls GalST (g)len was
ol il 58 1y e galyl (slaazals o,
TGRS S Sy g Oy Gl (VS
VIE 4l Oliee cnl L3 GlecaS 5l e 9 092 05
oS wby RIE Gl sl S w8
OLBe 5 (ro g 313 392 518 slaceS 5 dlavla,
s xS as wisls Las (Vespermann et al., 2007)
Serratia Bacillus b i 4 Gles
UigeS  Wusles oo Burkholderia 4 Pseudomonas
oS F G s Gl ) gl 0y
Rudrappa et al., 2010; Ryu et ) Joo Uy een
L3l @ ol wl, mli8l o ogial ¢ (al., 2003
site b 5l eogame sl i S atdl sl oo,
Al el 0gzge oS Wi, 0 Y8 oS s
o 5l o 8L 5l (S5 09,5 Lawgi 45 (5900

3. General linear model

oSy wal) (S mle Gy &l byl
3 sielsSas ) CDNA I jiddgiSes ) (S yel 50
T LS g Sl I o JsapS Ve Jolono
FelSee Ve a 5SS s O s S
dor oLl 1SS a p y938) diges o (6l o,
S5 POR (il s 48,5 i 55 oo JISuiss 1,55
Chromo4 Real- sliws 5l oolatwl L 28ly b
LU s (K0l Sysm oS ,5 esLy) Time-PCR
235 plnil nj 5%l

500, d4ads 00 Do a adgl cld g
a0 0 Lyl o as > Jom oS (ugandes
Proisilocidmly lp 4l (ow Do 4 Gugendes
Jlail lp 4l oo Sue 4 eged 4250
&l asl FY Soe 4 ugaad &30 VY g o ,55le]
Jlesi 5l ooliial L RNA s e 0 alosil Lausy
dmlne 5381 05 MRNA olo Gl B 2 035
A oolatwl oy dlaly sl acwloe (gl o

ACPTarget(control-sample)

Ratio ‘(ETarget)
= (ERef)ACPRef(control—sample)

5 Sl Gilepsid @l Sl B ol o a8
e e Al ds o e ol SIS aS LS

6)Lni 6"“4'."“‘"“

oy & Slao 1Sk Awslie 5 wibly &5
Sleslinl b g (P<+/-0) Y)ld‘jiu Oglas JSlas

1. Brillion SYBR green
2. Least significant difference


www.sid.ir

VY0 b g 5mb oF 8)Leds Y 5,90 oyl ) (Si50alS idls YaA

Blometal., ) s,5 aub |, s ool Lalls 35,000
aS” Serratia odorifera &55 518 G, (2011
5 S5k el ol olad! BB T 50 auilw 0 g
Jdo a4 2 ),.sl.s o)l 00 s g1 0,
Sligel JI pé oS5 5 audlpuisd Jutass oy

(Girén-Calva et al., 2012) <ol 054

100
80
60

40

Disease index (%)

20

Olyeds 098 o0 odgi lopg iSlgeg S g Lasligegagu
3PS Shegiyy slasligegages Lk I ol Jele
S o,y (Blom et al, 2011) ol oals 433 L3
wBltezr 5l ekl b Gepmgsiay] (3, oo
Pseudomonas — &gw (j5,0u0 dbibew (Zilbge)

Aubew 51 oolatwl uxen 5 protegens CHAO

Disease Index (%)

Fresh wight (%)

GB03

65SL s low ot 2alS g erem gl o, ial3l o Bacillus subtilis GBO3 &g 4,3 slacaS 5 36 ) JSs
Qo0 g Cawl oal a8 5 LAl 0w Ve leieds (0,5 V/F) e 0SS 59 Pseudomonas syringae pv. tomato DC3000

el 00l 0oLt QT 4 S aald 39
Figure 1. Effects of volatiles from Bacillus subtilis GB03 on Arabidopsis growth promotion and suppression of
disease caused by Pseudomonas syringae pv. tomato DC3000.
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Figure 2. Effects of volatiles from Bacillus subtilis GB03 on population growth of Pseudomonas syringae pv. tomato

DC3000 in Arabidopsis. Bacterial population have been determined by serial dilution method after 0, 3 and 6 days.
Data converted to log CFU/g wet weight of aerial parts.
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Figure 3. Effects of B. subtilis volatiles on relative expression of PR1, PDF1.2, and CHIB as markers of salicylic
acid, jasmonic acid, and ethylene, respectively. Gene expression assessed 0-12 hours post pathogen inoculation.
Internal graph represents gene expression in control.
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