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Sphe S S amlr gl A cow sl)S
bz 2S5BS O ,) (Wang et al. 2009a; 2012)
Leistra & ) L= «(Sauret et al. 2006) o1 3 0T Ll 5635
Angioni et al. ) 2L 5 _el)5 OVsw=e 5 (Matser 2004
ST 832518 Ol 518 Gl el st 25155 (2012
(U.S. Department of Agriculture, 2014 ) Y+\¢ Jl. s
ols Slresee 5o ol o3l 1 SOI1 5 Ol e a5 0535 )
AUL el s e el Sl as b, K]
Comaxr Jlle i Sl o S Camex S5 U2
O Kaa s WaNg cail oo 05035l 5,58 akuly 4 oy S
DGGE (SiSS 5l oslizal b r5,Son Cmosr ¢35 1085 (2004)
fluorescein (FDA)) bl (65 o 5o 5JUT 55 S 2155 1
dowd Aodsind LT 5 o5 S ol zalS (diacetate

S Ol 28 L L 2S5 g5 8 (PLRAS) ©
o o3lial s ol s Ml (S sy Soloy J 55 55k 4
‘@lz a5 s (Minambres et al. 2010) sls 0L 1, oy
S 3,8 WS s S sy (2017) OKes 5 Zhang
bl S gl s sl e O
5Gliws sl ((urease) loy sl «(B-glucosidase) 3l S Sk
s (alkaline phosphatase) ;Glas O:JL<JT «(acid phosphatase)
=B oemes 1wl old (arylsulphatase) UL e o
Sl g als Sl A6S IRNA 05 5l eslizad b oS ST oo s
S oy o Aald sl b anslds 53 S lag SL Comar
5,8 aS sls oL Hlumina MiSeq o, 5 eslaxal b 2y
s (Proteobacteria) L ;SU S, o5 S il 3l o 03535 50

by s 5 (Acidobacteria) L SLgaul  alS

Cewl o (Chloroflexi)

OrAesl b g £ ste Dl 05 Sn f 55 e SASS
&)L&.«i’ 9 db:b‘ CIRAY .12:>u )‘ ealeil ‘Uij) kﬁjw\&l 9
Ll .(Tabacchioni et al. 2000) L3l e oi slad sho ks
bt S g Sk Gy o e ) nl b
IS ) S glag SU Camer Sl o s Ko SsF

(Schloss & Handelsman 1,8 . 513 oLl 5,50 s

doddo

sk 4 e S oo w b S B (o giusliS s
L 2o, L e eslitad 0L 306 slasolan J 28
5 b glslpcs s 035 oS e sl
6T A6 by Bleds b S oloy gl (S5 553
Sl 3l e g S Sl Guas s 6uwl§)l,§y I
ol #U L 3l 50555l (YU et al. 2009) ey
SShale los xS 3 b (Rovral TS) ol 5 iy,
LS iy Sl S 5wl il slagB
3 @‘}‘ 2 2B sl Sl sy ab S g
355l S5 ol 5 s s g Ol GbaalelS
Wik OV/10) wil)lS 5 (IFV) Doyl 2S5
o35 3l eeled S ,B Ogns 0l «Uafari et al. 2017)
Gob Sl AS5 5 S e 5l 8 w3 danS 5 S0
B S S e Camiles JUSG JlEH 3 D
S 3L 68 S Gk 5l s e Jaslens 5 058 Sl St
gl s 5l Bl G e Sl Ciles a3 5 e Sl

(Yangetal 2011) s 4% e

e ole at iz s Dbty abaly 4 SbE o5 S el g
Ay Caslie 5 S Dl s ol plerdse
Topp ) LS oo Wl St ClS 35 53 oo 8 bl
(Awypy e 5> (2003; Prashar et al. 2014
CF pole B3 SGdme Gk 5l el S
laodS (IS A5 5 oS il 4 Jaod Sl s S ey
LS o oS ce 5 ke Ol (el as,
4> .(Figueiredo et al. 2011; Berendsen et al. 2012)
4 e olS Sl e SIIG ) (6555LS e ptens

Dy s Shes Sl
R @3S B e 45 s e OLS s a5 s
5 3U35,4a5 (Chalam et al. 1996) 3U5s 5 slag 5l ol
g5 ol addles 40 e S (Sousa et al. 2004) UL
5ol b allS Loedd Slas S s e s
eslde Gy & sl 0L TGGE 5 DGGE lacsiss
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Jize A "C 5 b 4 s, Sb Olse 4 sdel Csay
Lietal. ) as 1S bl 55 DNA ol sl 0oy b 5 ol
© S A ol Sy S L g WA £ 2 (2014
sl les QLS w bg e sde & 5 dals OLlS w0 by e sue
S ¢ gamn (St S aised 8) Loy ol 5 by b

(o alﬁgc\méjé.wjﬁ)

LG 05 b b s s wnes b oss ! 2005)
«((Next-Generation Sequencing: NGS) (six s oL JIs
slpe Sl oslinal b alas SU mal g S 5 5 g 55 andllas O
on AR S e iy S eslinal Ok T S35
05 S Olge 4 16S IRNA o3 (Wil et al. 2010) ol i
srle 5 (Sajsks g5 adlas s SOl kS
5 & (b SL ST 5 b SL) o)l (Sonsi 56
Je Sb s copl L esdle «(Langille et al. 2013) 55, -
L oo, See 8550581 Sl 3 ABS TRNA 05 5 e (soas
S el s Slsld o4 Segiile ils 5l eslid

.(Oulas et al. 2015) 5 .5 .
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Byed 2 Sl Y ) Sl sla ST s oS ool g5l
3 SSE gly olantl SL Olss 4y Lies oland
Sl ol aly (s eslied b gleb
L e Il e 53 ool 5550 aoli ol Slpadky Slo i
O g 4l el 4 o A e o slias oS Cosle
ol ST anked (g3lus,le ke 4 PCR Clean- Up 2 4>
lodds Jate L3 al= e 55 0T w4 Hbl gl JIg & V4
=S PCRClean-Up |ee 5PCR ,a el Sl Ly Al L]
TapeStation oS 3l eslizal U s iS5 andad o301
S s S G oS s 5 e LA (5,5 65101 System 2000
D000 o L o posios 3L 51 25 Soo 4w b PCR J pozs
Sheslaal b oazds & e 4 5 bl Sample Buffer
DNA (g3l s Sn o (Ll 0303 OIS 15555 o8
545 g0 031> 413 TapeStation System 2000 oSaws 53 3L
3 ddr S w el (IISL s S 5l ol
TapeStation Analysis ) s.ls oz 1 le 5 alaslya  olacdl S

AL e Cus, LB (Software

SQSL 05 b Jls 5 iluwailenr

OLE RNA el 3,815 55585 28305l ol b

Ol DNA leslizel LPCR 3 5,05 55 S RNA &S 5l
S A LSKEIYEY bp ouw Jsba LU K L 0 oS
o dasolis 5 (O K8) Ul 5 e ks Job b ollas
o ) e S Osasl g b SLT 0oy ol
A bl e el (sl Lame 53 63 S S gladloes
jtjsvpjuﬁg;ﬁu&@ﬂdﬁp;4;.,1;45&_%\,.@
85 35,5 sl Colony PCR 5l eslanal b cxals 513 Jb= 5L
35 L oD DNA 68 53 oo 5T 5 s 4ol 55 SQS1

(o) J8) 315 0L 15V Y2 bp Wl 53 BamHI 5 Xbal o 5

b s 5 16S TRNA 05 V4 4ol 25 DNA £ el
IHlumina MiSeq

e3lizal b (a5 Sbe o S Jea YO 51 JSDNA # sn
Power soil DNA extraction ) = ;| DNA gl Al oS )
e A bl el &S 5 s 3llas (MO BIO, USA
ND- Juo) Clssb oKaws 51 eslizad L O clale 5 cois
DNA .5 .5 (8000 8-Sample Spectrophotometer
o o & A S =Y T gles s el ol sl
165 05 VA 4l (s s, @Sl Comar sl
515F modified i ST I esliad L rRNA
806R . sSas JSQ'L&T 3 (GTGYCAGCMGCCGCGGTAA)
Walters et ) (GGACTACNVGGGTWTCTAAT) modified
ol &) Jaadlygis e MSuge 5 o8as s (al. 2015
Il = Sl wby d 25 Mllumina s 5
YO g 54233 Y e 4030 °C (slos j3 adyl (g5lucid ol
Y 500°C,0 ailiYe Q0 C j5 asl Y wlp b oas
L VY 'C s aids 0 e 4 (S OLL L3 5 35 VY C s
2 Sy Gloses STy 103 8 el Glg b skt
S0 ple O nglul) ST s 5ol Jels Yo pl o
51 ¥/0 ul 2x KAPA HiFi HotStart ReadyMix o3l J gl
A el (0 ng/pl) DNA

Sl Dladad conl @3NV Gl s e dndad 2T 51 Olebl ) ey
C3d PCR U games 51 paglsm sl Sladad piman 5 el
L (PCR Clean- Up 1) (3LSL a0 skt cpdy s
AMPure XP beads (Beckman Coulter, Brea, .S 3! oslatel
Gl wdijle OS2 Ly ol &l S5, les USA)
W a3 358 e ile el VA ans 5SS aakd 5 ol
51 estizal U (indices) s axle 5 (aubl) Slbdl gla s
@ Sl lo,eeiy Sy b Nextera XT Index Kit «.s
e Ly e eate VA sddalls 5 etd iS5 Soladad glgsl
Olge 4 odd (g5lu 2l PCR Jgams 310 pl lanl &5 5 5
Y5 Sl gl ST sl o pl e 5 azils S DNA
SIYO Ul of o 4 ¢ yasein IS 5 JIg b Lshl o5 5 ol
5 "X KAPA HiFi HotStart ReadyMix 2 " PCR sslel J ge
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Al ey der 55l e B30 a L oIk Sl S
Caslie oLl 5o ege Jole S Ol ST e
Ol e Jaon gia I e QYWY ol > s s s
il gladenl IS g goe Sl /0 WY Sr Sl sl
e 5l walidal 0) 5 (ASP + GlU) e L araliad £A
Sls8le 5 Ly sl (55 ST (6580165 (Arg + Lys)
S sls oLz (Kyte and Doolittle, 1982) % 5, 4, ProtScale
Sl i 5 (el e) YOV Cgmdpo 53 = V/EVA Slital oy 208
sl gy oot () TR0 Combge 53 Y/
Ao bt 553 Csa ol Slages 5 W o 52 ST o
S sl g SOT 6 (Cadl 3 ISe) wyls Ll 3
S Shes s ek £33 Sl (s ey 3 e
SOPMA Jl53le 5 Ly 55 ps3 Sl 1 23,15 (85
(Jes 3 WIYA) @ gl YAY Gl 55 cnl oS 5l LA
3 (o 8B s 18 (U35 V/0Y) el LB i, T
0053 oLl ey Tl (U053 14/NY) slal oy A
S5 cdled e a5 515 OLAS Softberry Sl s L Sk
Slez a5 SignalP asl ol e sT & L LU s

.;ﬁw\)ﬂ)ﬁjsé%d@M;ﬁ)

OLe: CDNA 13 0L sdd (5lwtilon anlsd ol 155 il
0545 L Il ol sl (g3luli JlS  sboay SQST &5 sdiiS
EAY s SO s 4l 4l TAG 058 L 5 ol 3T ATG
5313 L s I ol BelS glaanl .S o Ol 1y (glael i
ol o jins 5> KTO87235.1 v 2s o,le L 5 o3 NCBI
S ol gl 5 (A5 S 5 Ll A3 44 03
s 3 oyla 4 NCBI s sasc_dglabra o 8 5l
S g3l s yes i 551> BAALZ083.1 5 D86409.1
AL SQS Ly (S5 sk st s e 5 s il 15
nieghbor joining %5, L MEGAS 153l 5 5l eslizl L olals
) alis o mi a8 3l 0L (S ipkd ot s 5 A el
(Y JK5) 5,15 Glyeyrrhiza .o SQS1 L
SQSL e85 Sy il g (o) 2

J s 21> QLS Protparam 158l ;5 Ly a2 o
.Sl C2117H3350N5670602S27 SQSL =55 JIss S5 50
b et e ey S Sl a5 eddannlone (S50 055
Gl o le .l ANA 5 0 5dls kS SV s s I
ol SIISLl LA s s 45 A sl £Y/Y0 55

ol S 5 (Gl £0 31 S L a5 aL)

Index-PCR 5 eslizel 3,50 sl 5T s DNA (slad sod cnd =V J s>

Tablel- List of DNA samples and primers used in Index-PCR

DNA sample Index Primers DNA sample  Index Primers DNA sample  Index Primers
CcB1" N719_S505 CEl N720_S502 FM1 N716_S506

CB2 N719 S506 CE2 N720_S503 FM2 N716_S507

CB3 N719 S507 CE3 N720_S505 FM3 N716_S508

CM1 N719_S508 FB1 N716_S502 FE1 N716_S510

CM2 N719 S510 FB2 N716_S503 FE2 N716_S511

CM3 N719 S511 FB3 N716_S505 FE3 N718_S502

A oy f'—T Sk ses E S o5 Laulsl ek sl M (a8 ) I3 slad s Bl 5 sy ks Foaals ok sel C *
*: C: Control samples, F: Rovral TS samples, B: Before flowering samples, M: Middle of flowering samples, E: End of

flowering samples
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o3l 3,90 SU o land 505 sla Sy

S s bt GLa Ul Sleasl Cos & mbl w5 L
S pH (o oy S b lesl )50 S glad ses
S heys el ety 3 e VY S SO Gl VY0
5 b /Y S O3 AN SN ST slse 5 T
05 5hS 2 oS e TEO 5 WY i ol B sy

sy Sl

Sy sl omiy sla iS5 Sl cu
ss—bie 4y TapeStation System 2000 oS> ;i eslic
L alin 5 s 5 s 0310 5 kS (6 Sl
Cd an G5 Al e A3 5 e sl ) 558 S

Job an landss 35 Gl ey (glo s S2STs sl 5l eel
16S 03 V4 o>l 4 by o a5 V/VY No/ul ke 5 YVabp
© by \b ISa0a JK2) das e 0Lz | (il s TRNA
Ol 1 678 bp J sl 4 (glasks 545 a5 ool Index-PCR
53 SLl lalas puialol s 4 anksd Jsb i3l cdas e
=5 »> Real Time PCR 5l o~ SRR W P CRP
SllS 3 (Sl sbs JI Lol VA 4l J b Sl

(€ K38 das o LS| ol 4

oslimal L VY v o r o ol Ll 1suS L DNA wilsl s
SO s el 3 o S S SO ey 6 sl s TE IX 5
53 BioTek Synergy 2 o&ws 5l esliul L O cuisS 5 clale
4y Gen5 L1l 5 eslizd b 5 (5 Se3ll EA0 IM = 5o J b
P N W W e S PN W U IR PRE ISP
TE Sl eslicul L DNA (slass yo oles clale (NGS wllss
Sloateslad L ccble o5lgs 5 33, Yo ng/ml cbale G 1X
gas a3 0PI s €S ) BioTek Synergy 2 oSaus
Sils 5 kS 5 blis bawsas ok b by G 5 andls
oK 5l eslicl U sl ag asbulS DNA axki o)
Jwl 3l =8 s ¢ S 3lu0 TapeStation System 2000
DNA Cble 5 CoiS and (o I8 6l odd g bl
KAPA S ;leslizul U 5 Real-Time PCR LG L of
= (Anonymous, 2013) .x rl>_;,\ Library Quantification
ssleul L paired-end sequencing ss, L DNA «bols L
—bidcas 3 55 e 5 (Hlumina Miseq) L 5kl (654 255 5

L3 el (CIBIO, University of Trento-ltaly) 4 5 ol

aoals J:.\a.'i 9 4\.1}:{6

asliial Ly bt glaesls (3515 5 o b I ol Cdlips 5l
Albanese et ) . o<l MICCA (Version 1.6.0) 13le 5 5|
(S 5 s sla ST Jp5 i s (al. 2015
oo b Gk IS el S gl il Bl 5 S s S e
3 ,lS (K55St sladly 5 U ¢ il denovo_greedy
AV slven &Ll L (OTUs: operational taxonomic units)
S oslizal LOTU o by je sla JIg plulis s asie
s, «—— sRDP  (Ribosomal Database Project)
Slaatls iomens A3 ol (MSA) Sl (il on
slaae R oLl Jlsle 5 5leslinul Ly Ly 5 Lall g
(McMurdie & Holmes 2013) vegan , ggplot2 phyloseq
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Samplc Table
[ Well | Cone. [ngil | Sample Description | Alert | Ohservations |
‘ Al ‘ 4.23 |]"(m| Robab V4 | & |('aulim! Expired ScreenTape |

S5 axkas @) 16S TRNA 05 V4 wb w by o YVA DP b w0 ol 35 axks « TapeStation System 2000 oKaws 51 sl s 0 1,8 -Y K2
(€) s 4 «liulS Sl w0 by 0 £¥4 0P b w0 glankss «(D) INAEX-PCR & by, 0 678 DP J g 4 o

Fig. 1- Graph derived from TapeStation System 2000; an amplicon with 379 bp refer to V4 region of 16s rRNA gene (a); an
amplicon with 434 bp refer to Index-PCR (b); an amplicon with 439 bp refer to mean of prepared library (c)
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Fig. 2. Comparing relative abundance of the most important bacterial phylum (left side) and bacterial genus (right side). The
graphs was created based on relative abundance of OUTs using R software.
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Fig. 3. Relative abundance of dominant bacterial class (a) and bacterial genus (b) within and between different treatments

*: C: Control samples, F: Rovral TS samples, B: Before flowering samples, M: Middle of flowering samples, E: End of
flowering samples
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Table 2- diversity indices (alpha diversity) in different samples

treatment observed OTU Chaol Shannon
CB” 2147 2652.8 5.62
CM 1525 2090.61 4.81
CE 1906 2423.69 5.57
FB 2184 2633 5.26
FM 1796 2304.1 4,94
FE 1760 2365.36 4.82
Total C 1859.33 2389 5.33
Total F 1913.33 2434.17 5.01
Total BF 2165.5 2642.92 5.44
Total MF 1660.5 2197.36 4.87
Total EF 1833 2394.52 5.19
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*. C: Control samples, F: Rovral TS samples, B: Before flowering samples, M: Middle of flowering samples, E: End of

flowering samples

Axis2 [13%]

MDS using distance method Bray Curtis

01 ® s ®
F 3
A
0.0
L
@ L &
-0.14
4
-0.2 1
F
-0.3 -0.2 -0.1 0.0 01 0.2
Axis.1 [40.4%]

TREATMENT
* CONTROL
& FUMGICIDE

TIME
@ BeforeFlowering
@ EndFlowering

% MiddleFlowering

Bray-Curtis ol . 5l olul,, (PCA) ol ailgo Lo jls 50 -8 JK&
Fig. 4. Principal components analysis (PCA) based on Bray-Curtis distance matric

Rutigliano etal. ) was o 51,3 50 cov |, St (g 5lol-
slaosed L3 5l Sll glac s 51 g bes 5 b 5l <2004

ERNGIN P R e S P F T S ERIT-S ST | S P LRV SGNGR Y

Zhang et al. ) w18 o b S GLSL wlr g5

il o s ol sl Gladlaes S S e s, (2004

S O 3 25,50 o515 (18 slge 3 03 28 s @

S Slapi 5] o il S S 5 S ol

Wl olie jole as x5 Jslge 4 05 cagn JHE 5 03

LUT JL..:J oo S le.& 6‘).2}:4: A 9> J;}SL;a

- \yas um)gmb 1Y o)w |# 099 /w) Gw‘,x&o.uj (WIS



Qb&&a sl

e NN - 09389 gl S 5B WU oy g

LfJJg?A @‘F O a.l.:;:g.’.!: &Lﬁu;&ﬁf J:}J “ ‘(et al. 2012
¢ 5 Pseudomonas Jlsl 5 als s 535 cpand hus s
L0k s e e 3 laesls bl o ke s
o u»‘ L;“ db)) Jﬁ‘)g gCM L .JJ‘J Jf.\;..:: LSLAJ”Jf
s Sphingobacterium (sla > Comax ool Sl 20158
05 kil - Bacterioidetes o>, « lais 45 Chryseobacterim

.(Y Jg,;) Qw\o.&.ﬁ:d}-ﬁ@ﬂ

o3lital b g S mal sz 0955 (S 5 £ 55 S

LBl anw s SO5IST slag, s 3 S gla el
Chaol exli cdd sdalie la OTU slaws clil o s
g5 0ala 0L gl Osle el 5 (£55 sbé Lals OLA)
Barelli et al. ) 1l o baxls cpl o Sage Sl (gl S
b o 5 Jsy Oeas &S Ld Lasie G ol s (2015
U1 S el g5 (220551 45 St pieds e
SR & e B Sl (01120 5L) el sl (35
OTU sluws 5 (Chaol= YE¥ENV) laa,S sbe 3 g5l
L5515 (2004) o, s Wang (Y Jsd) ol ol
Aot U Glme Olads 5 slie 3 Ogdg sl OB ae &S
Sap cme OF S eslizal bl @zl Sk oL s =l
2 e S s S el ey (6 Sk ek
) e (2017) 0L 5 Zhang L s 4 S plrl o
O 3 05w 28 S edd SIS g g edd DU s s
o Ghaie Glag SL G a8 o G050l o3l
5 4 4S 555 . Acidobacteria 5 Chloroflexi (glaasli
e Al JE S ;J slge 4yt 9 OS50 4 o
et S 0 O 8 S Ghae sy s plaasl
oot e L ediles S o S bl 3 edes
53 L SLss Ll i 5l i K 3y 4 «5) TGGE
(Wang et al. s 5158 (Uil o by e oyl oS>
Bacillus Pseudomonas (sla oo Corex ials 2012)
Arthrobacter

Streptococcus [Mycobacterium

5V S G wae aeuly « Corynebacterium , Burkholderia
Sl s E 0 e w e S sl e A
(Fang etal. 2016) .l ols S slas SU Comas

Ssis Sl S S0l b Sl ol VL
o35+ .(Egamberdieva et al. 2008) X ls s> o 3 aiu
5 axdllas (gl 16S TRNA 5 5l eslizad b sy Jos oL 155
"’J:f@ )\j‘; aalaul JJ}A )L.."“’"'f JJJS:‘:A Cé‘f- M.LEA
s 4 s lllumine MiSeq (g5l 5l eslizad L b Iy
slassls Osls 13 Sletl 55 LS« Paired-end sequencing
o s oAb 3 S W kS 5 oS e e Ll

(Tremblay et al. 2015) LiL o eslinul 5,50 sla 3,

5 bgar Gl e i Sl Giss ol =l

ol s L Ll s, e SL sl
Proteobacteria slaasls  glacl Gy 53 kIl
Lxdls Sl awsny s 1y Sl o xi Bacteridetes
53 SOAsS Jh hals g ) lasl 5 s (Y KD
woals g opl glasl Jlsl s 5 1 ls i3 copiotrophic o S
stk Slie esle &S uﬂ S Sl sy e O35 pE
&AS (L| et al 2014) J}.&dd ‘]aff L./L.:JLJL;G °)J§ kﬁ-‘ 6‘):
> Pseudomonas wge i slas SL Carer s SlslE
uu‘ L;“ db}) lJ ol )LQ.;J 6\.&4\4_}&.’ L th.ug h.ﬂ\j‘ AJ?JA
ﬂ.'iU )40 D .LJJL:@ ol sdalin L;ujx.d U’lf.'.("eﬁ )‘ u’i«’
S35 009 mamen 5 (0535, M 0 3l0,8) ol (515,
33 S eas el slo s 2 b Pseudomonas .-
b 5.l eas Pseudomonas a1 oL SU gla s
s Sphingobacterium 5 Sphingopyxis (sls e s
L Candidatus Saccharibacteria o5, « Gl la oo
BE) JN‘L; J‘)j) )La.;: BE) L;QJK hw‘j‘ ‘d}-Jc )JJ:.:.«.:J. L}’"j\Jﬁ
oAl syl Ol e a8 a3l Jals Lol
Coraxr ol Lol 5 55 a8 Codls Lad o il 50 93 o Comar
sl 58l 1y 54 Cames Llalil g Pseudomonas ¢l Ll i
Sl e e G0 dag B 5SS Sl ciles b il S
Mufioz-Leoz et al. 2011; Verdenelli ) . s L SU el

\vag ULM)g).ub Ag o)lo.{;) 4 099 /w) ‘sﬁwlij (WIS -



e NN HT- 08389 gl S HB W6 oy g

Qb\i‘..a sl

Aig.;) a)f Jli) LfLJ;- I Jl;uj JM""’J Ll c.L.::LL;c (a.L.f: 41*@}5
OLen 5 Wang  alesas ol el Gios ol op 50d 50
Iy s WJ; )‘JAA L ﬁ)\v\g}& s_ﬁj..a.n LY )‘} QL:.: (2009b)

S0 WYV sesls pid Bae sk 4y b9 S Comex Ll
oI “ &}Jg’:‘ Comas )L"&'-Lw ¢v.3')'\.)¢b3)l5 s_éf.an )‘ A

> PLY Lﬁu:&?:)l-; d]‘m L L51M"iL T8 e rl;u\ (-;LAU;“AJJ’
sy ek Ll s sl s5lis S

Slagrge oo LU ke 5 Sy Sk 5l S e
g eslaal e palie j> Bua 8

@L’u

Anonymous, 2013. 16S Metagenomic Sequencing
Library  Preparation. Illumina company,
Available at:
https://support.illumina.com/downloads/16s_metag
enomic_sequencing_library_preparation.htm.

Albanese D, Fontana P, De Filippo C, Cavalieri D,
Donati C. 2015. MICCA: a complete and accurate
software for taxonomic profiling of metagenomic
data. Scientific Reports 5:9743.

Angioni A, Porcu L, Dedola F. 2012. Determination of
famoxadone,  fenamidone,  fenhexamid and
iprodione residues in greenhouse tomatoes. Pest
Management Science 68:543-547.

Barelli C, Albanese D, Donati C, Pindo M, Dallago
C, Rovero F, Cavalieri D, Tuohy KM, Hauffel
HC, De Filippo C. 2015. Habitat fragmentation is
associated to gut microbiota diversity of an
endangered primate: implications for conservation.
Scientific Reports 5:14862.

Berendsen RL, Pieterse CM, Bakker PA. 2012. The
rhizosphere microbiome and plant health. Trends in
Plant Science 17:478-486.

Chalam AV, Sasikala C, Ramana CV, Rao PR. 1996.
Effect of pesticides on hydrogen metabolism of
Rhodobacter sphaeroides and Rhodopseudomonas
palustris. FEMS Microbiology Ecology 19(1):1-4.

Chaparro JM, Badri DV, Bakker MG, Sugiyama A,
Manter DK, Vivanco JM. 2013. Root exudation of
phytochemicals in Arabidopsis follows specific
patterns that are developmentally programmed and

o3l b Comorr o 5 0003 g5 St ld e
Aol s Al e sls 0Ll 5 W g g5 laastls S
by sy 2l SL Camer SIS 5 g0 ol e
RO A SR O T B N
5 Ul ol o glowe (3 5150 Jols OWLS s sy 3
Aesiy Dl adey Oled S Gk ol 4t glacdsle b
oS Camexr m SLAS ol sbml s S 0l
d> . .(Chaparro et al. 2013) s55 o LT 31 eslizal ke
e TuaS 5 ZudS p SSIE Ll 5l S elS s,
il Swsis s S Somer Sl S LBl 5 a2
.(Lietal. 2014; Xu et al. 2009)

Slde ) b 5 dhss 508 L b i, slag SU

correlate with soil microbial functions. PloS ONE
8(2): e55731.

Egamberdieva D, Kamilova F, Validov S, Gafurova
L, Kucharova Z, Lugtenberg B. 2008. High
incidence of plant growth-stimulating bacteria
associated with the rhizosphere of wheat grown on
salinated soil in Uzbekistan. Environmental
Microbiology 10(1): 1-9.

Fang H, Han L, Cui Y, Xue Y, Cai L, Yu Y. 2016.
Changes in soil microbial community structure and
function associated with degradation and resistance
of carbendazim and chlortetracycline during
repeated treatments. Science of the Total
Environment 572:1203-1212.

Figueiredo MDVB, Seldin L, de Araujo FF, Mariano
RLR. 2011. Plant growth promoting rhizobacteria:
fundamentals and applications in: Maheshwari,
D.K. (Ed.), Plant Growth and Health Promoting
Bacteria, Springer-Verlag, Berlin, Heidelberg, pp.
21-42.

Gower J, Blasius J. 2005. Multivariate prediction with
nonlinear principal components analysis: Theory.
Quality and Quantity 39: 359-372.

Jafari M, Minaei S, Safaie N. 2017. Detection of pre-
symptomatic rose powdery-mildew and gray-mold
diseases based on thermal vision. Infrared Physics
& Technology 85:170-183.

Langille MGI, Zaneveld J, Caporaso JG, McDonald
D, Knights D, Reyes J, Clemente JC, Burkepile
DE, Vega Thurber RL, Knight R, Beiko RG,
Huttenhower C. 2013. Predictive functional

- \yas um)gmb 1Y o)w |# 099 /w) Gw‘,x&o.u} (WIS



Qb&.«a sl

e NN - 09389 gl S 5B WU oy g

profiling of microbial communities using 16S
rRNANA marker gene sequences. Nature
Biotechnology 1-10. 8.

Leistra M, Matser AM. 2004. Adsorption,
transformation, and bioavailability of the fungicides
carbendazim and iprodione in soil, alone and in
combination. Journal of Environmental Science and
Health 39: 1-17.

Lemos LN, Fulthorpe RR, Triplett EW, Roesch
LFW. 2011. Rethinking microbial diversity
analysis in the high throughput sequencing era.
Journal of Microbiological Methods 86: 42-51.

Li XZ, Rui JP, Mao YJ, Yannarell A, Mackie R.
2014. Dynamics of the bacterial community
structure in the rhizosphere of a maize cultivar. Soil
Biology and Biochemistry 68: 392—-401.

McMurdie PJ, Holmes S. 2013. Phyloseq: an R
package for reproducible interactive analysis and
graphics of microbiome census data. PLoS ONE
8(4): 61217.

Minambres GG, Conles MY, Lucini El, Verdenelli
RA, Meriles JM, Zygadlo JA. 2010. Application
of thymol and iprodione to control garlic white rot
(Sclerotium cepivorum) and its effect on soil
microbial communities. World Journal  of
Microbiology and Biotechnology 26(1) 161-170.

Oulas A, Pavloudi C, Polymenakou P, Pavlopoulos
GA, Papanikolaou N, Kotoulas G, Arvanitidis C,
lliopoulos 1. 2015. Metagenomics: Tools and
insights for analyzing next-generation sequencing
data  derived from  biodiversity  studies.
Bioinformatics and Biology Insights 9: 75-88.

Prashar P, Kapoor N, Sachdeva S. 2014.
Rhizosphere: its structure, bacterial diversity and
significance. Reviews in Environmental Science
and Bio/Technology 13: 63-77.

Rutigliano FA, Ascoli RD, De Santo AV. 2004. Soil
microbial metabolism and nutrient status in a
Mediterranean area as affected by plant cover. Soil
Biology & Biochemistry 36: 1719-1729.

Sauret N, Mirabel P, Wortham H. 2006.
Development of an SPME-GC-MS/MS method for
the determination of pesticides in rainwater:
laboratory and field experiments. Environmental
Pollution 139: 133-142.

Schloss PD, Handelsman J. 2005. Status of the
microbial census. Microbiology and Molecular
Biology Reviews 68: 686-691.

Sousa PJ, Rodrigues JML, Loureiro S, Soares
AMVM, Jones SE, F'orster B. et al. 2004. Ring-
testing and field-validation of a terrestrial model
ecosystem (TME) — an instrument for testing
potentially —harmful  substances: Effects of

carbendazim on soil microbial parameters.
Ecotoxicology 13(1): 43-60.

Tabacchioni S, Chiarini L, Bevivino A, Cantale C,
Dalmastri C. 2000. Bias caused by using different
isolation media for assessing the genetic diversity
of a natural microbial population. Microbial
Ecololgy. 40: 169 176.

Topp E. 2003. Bacteria in agricultural soils: Diversity,
role and future perspectives. Canadian Journal of
Soil Science. 83: 303-3009.

Tremblay J, Singh K, Fern A, Kirton ES, He S,
Woyke T, Lee J, Chen F, Dangl JL, Tringe SG.
2015. Primer and platform effects on 16S rRNA tag
sequencing. Evolutionary and Genomic
Microbiology 6: 1-15.

U.S. Department of Agriculture, Agricultural
Marketing Service, 2014. Science & Technology.
Pesticide Data Program.Available at.
https://www.ams.usda.gov/sites/default/
files/media/2013%20PDP%20Anuual%20Summary
.pdf (verified on 4 December 2016).

Walters W, Hyde ER, Berg-Lyons D, Ackermann G,
Humphrey G, Parada A, Gilbert JA, Jansson
JK, Caporaso JG, Fuhrman JA, Apprill A
Knight B. 2015. Improved bacterial 16S rRNA
gene (V4 and V4-5) and fungal internal transcribed
spacer marker gene primers for microbial
community surveys. mSystems 1(1):1-10.

Wang X, Song M, Wang Y, Gao C, Zhang Q, Chu X,
Fang H, Yu Y. 2012. Response of soil bacterial
community to  repeated  applications  of
carbendazim. Ecotoxicology and Environmental
Safety 75:33-309.

Wang XG, Song M, Gao CM, Dong B, Zhang Q,
Fang H, Yu YL. 2009a. Carbendazim induces a
temporary change in soil bacterial community
structure. Journal of Environmental Sciences
21:1679-1683.

Wang YS, Huang YJ, Chen WC, Yen JH. 2009b.
Effect of carbendazim and pencycuron on soil
bacterial community. Journal of Hazardous
Materials 172: 84-91.

Wang YS, Wen CY, Chiu TC, Yen JH. 2004. Effect
of fungicide iprodione on soil bacterial community.
Ecotoxicology and Environmental Safety 59:127-
132

Will C, Thirmer A, Wollherr A, Nacke H, Herold N,
Schrumpf M, Gutknecht J, Wubet T, Buscot F,
Daniel R. 2010. Horizon-specific bacterial
community composition of German grassland soils
as revealed by pyrosequencing-based analysis of
16S rRNA genes. Applied and Environmental
Microbiology 76: 6751-6759.

\vag uLM),)-AJlJ Ag o)Lo.-fb 4 099 /w) wlg&a} (WIS -



e NN HT- 08389 gl S HB W6 oy g LS 5 5050

Xu 'Y, Wang G, Jin J, Liu J, Zhang Q, Liu X. 2009. community in soil. Journal of Environmental
Bacterial communities in soybean rhizosphere in Sciences-China 21: 179-185.

response to soil type, soybean genotype, and their
g - - ) Zhang M, Wang W, Zhang Y, Teng Y, Xum Z. 2017.
growth stage. Soil Biology and Biochemistry 41(5): Effects of fungicide iprodione and nitrification

919-925. inhibitor 3,4-dimethylpyrazole phosphate on soil
Yang C, Hamel C, Vujanovic V, Gan Y. 2011. enzyme and bacterial properties. Science of the
Fungicide: Modes of Action and Possible Impact on Total Environment 599-600: 254-263.

Nontarget Microorganisms. ISRN Ecology 1-8. Zhang WJ, Rui WY, Tu C, Diab HG, Louws FJ,

Yu YL, Chu XQ, Pang GH, Xiang YQ, Fang H. Mueller JP, Creamer N, Bell M, Wagger MG,
2009. Effects of repeated applications of fungicide Hu S. 2004. Responses of soil microbial
carbendazim on its persistence and microbial community structure and diversity to agricultural

deintensification. Pedosphere. 15(4): 440-447.

Genetic Engineering and Biosafety Journal
Volume 6, Number 2

Evaluation the effects of fungicide Iprodione-Carbendazim (Rovral TS) on cucumber
rhizosphere bacterial structure by Illlumina MiSeq sequencing

Ezazi Robab!, Ahmadzadeh Masoud *, Javan Nikkhah Mohammad !, Salehi Mohammadi Reza? and Donati
Claudio®

1- Ph.D. Student, Professor and Professor of Plant Pathology, Respectively, College of Agriculture and Natural Resources,
University of Tehran

2- Assistant Professor of Horticultural Sciences, College of Agriculture and Natural Resources, University of Tehran

3- Computational Biology Unit, Fondazione Edmund Mach, San Michele all Adige, Trento, Italy

* Corresponding author: ahmadz@ut.ac.ir

Abstract

Studying the effects of fungicides on rhizosphere and soil microbial communities is very important due to
the critical role of microorganisms in soil and plant health. In this study, the effects of fungicide Rovral
TS on dynamic and structure of cucumber rhizospheric bacteria was investigated by Next-Generation
Sequencing based on 16S rRNA gene (V4 region) by means of lllumina MiSeq sequencing in three plant
growth periods. Results showed that among 26 identified phyla and 352 identified bacterial genera for 18
samples, Proteobacteria and Pseudomonas were most dominate phylum and genus, respectively.
Application of Rovral TS was resulted the changes in bacterial structure and dynamic. Decrease of
relative abundance of Pseudomonas in middle stage of flowering in fungicide treatment and in the last
stage of control treatment was observed. Moreover, the relative abundance of Sphingopyxis,
Sphingobacterium and Chryseobacterim in fungicide-treated plants were more than control plant in all
three stages. Analysis of diversity indices revealed that diversity in the rhizospheric soil of control plant
was more than fungicide-treated plants (shanon=5.33), while species richness in control soil was greater
than fungicide treated (Chaol=2324.17). In addition, the effect of plant developing stages on OUT
number, diversity and richness indices (regardless type of treatment) was significant and rhizospheric soil
belongs to before flowering stages benefit more diversity and richness.

Keywords: microbe, cucumber, fungicide, metagenomics

- \yas um)gmb 1Y o)m |# 099 /w) Gw‘,x_io.u} (WIS



