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Abstract
Objective

During the last decade, about 20-30% of the Zagros forests have faced a problem called oak
decline. The aim of present study was to investigate the bacterial diversity in the healthy and
declined forest areas by comparing two methods culture-dependent and culture-independent
methods.

Materials and methods

Sampling was done from different tissue and soil of oak trees in the forests of llam province. In
the culture-based method, using microbiological and molecular methods the bacteria in the
samples were isolated and identified to the genus and species level. In order to study

metagenomics in culture-independent method, total microbial DNA was extracted directly from
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the samples and prepared metagenomic library using conventional and index primer, the diversity

of bacterial was examined using Illumina’s Miseq platform and then the results of the two methods

were compared.

Results

Based on the culture-based method, only 3 phylum were identified, while in the metagenomics

method, 9416 OTUs were obtained, that were divided into 12 phylum. In both methods, 3 families

of Bacillaceae, Enterobacteriacea and Xanthomonadaceae were observed as the dominant

families. The species diversity within a sample (Alpha diversity) was higher in the rhizosphere

sample and in the Eyvan and Gale jar areas than other samples. The species diversity between

samples (Beta diversity) was in Eyvan, Gale jar, Chavar, Tangedalab and Arghavan appear more

similar to each other than the sites samples. Bacterial community of stems and leaves were more

similar and also bulk and rhizosphere were more similar in bacterial species composition.

Conclusions

In the metagenomics method, very few species are identified, while in the culture method, the

probability of this is low. Also, in the culture-independent method, alpha and beta diversity can

be studied more comprehensively. In the culture-based method, the bacterial population can be

identified up to the species level, while in the culture-independent method, it is usually identified

up to the genus level. Therefore, it is suggested to use a combination of two methods

simultaneously in studies of microbial communities.
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Figure 1. Phylogenetic tree derived from the neighbour-joining model in MEGA software
(Version 6.0) based on the 16S rRNA gene sequences of the Firmicutes (a) and

Proteobacteria (b) strains. The bootstrap analysis with 1,000 replicate data sets was

performed.
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Figure 1. Continued

10l ¢, oprobacillus catentfornus (MG592703)
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Figure 1. Continued
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Figure 2. Bacterial family distribution in eight sites
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Table 1. Species of bacteria isolated from different samples of oak tree in eight site from

Ilam province

Number of isolates in ] o o
] ) . . Number of isolates in different sites
Species (Family) different sample

s,

Le | Ro | St | Rh | Bu G|A|E|S|C|O|T| M

Acinentobacter calcoacelticus

(Moraxellaceas) 2 5 0 1 0 0O(5(2)0j1|0|0]|O0

Bacillus cereus (Bacillaceae) 2 0 2 0 0 2|11)]0|0|2|0|0]|O
Bacillus endophyticus (Bacillaceae) 0 1100 0 0oj1/0(0|0|O0f0]| O
Bacillus megaterium (Bacillaceae) 0 11010 0 oj1/0(0|0]|0O0f0]|O
Bacillus methylotrophicus (Bacillaceae) 0 0|0] O 2 1(1|j]0(0|0|O0Of0]| O
Bacillus mojavensis (Bacillaceae) 2 0O|1]0 0 1(1|j]0(0|212]|0(0]| O
Bacillus mycoides (Bacillaceae) 0 0 1 0 0 o|j1|j0|{0|0|0O|0]|O
Bacillus pumilus (Bacillaceae) 1 2 2 0 0 ojojojojo|1|2]|2
Bacillus safensis (Bacillaceae) 1 11010 0 1(0|0f0|2]|0|0]|O
Bacillus simplex (Bacillaceae) 0 03] 0 0 1(0|12(0|2|0|0]| O
Bacillus subtilis (Bacillaceae) 1 11210 0 2|10(1(0|212]|]0f0]| O
Bacillus thuringiensis (Bacillaceae) 1 0|0] O 0 ojofl1(0|0|0f0]| O
Bacillus toyonensis (Bacillaceae) 0 0 1 0 0 ojojoj1j010(|0]|O
Bacillus vallismortis (Bacillaceae) 1 0 1 0 0 o|j1|j0|1|0|0|0]|O
Bacillus velezensis (Bacillaceae) 1 0|1]0 0 oj1/0(12|j0|0f0]| O
Brenneria goodwinii (Pectobacteriaceae) 2 0|4] 0 0 0|0|4(0|0]|0f2]|0O0
Clostridium Sp (Clostridiaceae) 2 1 0 0 5 5]12)J]0|0|0|0|1]|O0

Dickeya chrysanthemi

. 1 2 1410 2 o(o0f(3|0|2|3|1]|0
(Enterobacteriaceae)

Lysinibacillus fusiformis (Bacillaceae) 1 11010 0 o|jofjo0oj0|2|0(0]| O

Lysinibacillus xylanilyticus (Bacillaceae) 1 1 0 0 0 0|j2|0|0|0O|0O|0O0]|O

Paenibacillus apiarius (Paenibacillaceae) 0 1 2 0 0 ojojojojo|0|0]| 3
Pantoea agglomerans

. 0 4 16| 0 4 o|(o0jo0|4]0]|5|0]|5
(Enterobacteriaceae)

Pseudomonas granadensis

0 0|0] 3 4 o(ojofojojo|o|7
(Pseudomonadaceae)
Serratia marecescence

. 2 0|0] 3 4 0(0j0|3]0]|3|3]|0
(Enterobacteriaceae)

Stenotrophomonas maltophilia
9 6 | 0] O 0 0|j0|0Oj0|4]|2|5]| 4

( Xanthomonadaceae)

zLe: Leaf; Ro: Root; St: Stem; Rh: Rhizosphere, Bu: Bulk **G: Gale jar; A: Arghavan; E: Eyvan; S: Sale abad; C:

Chavar; O: Chogha sabz; T: Tange dalab; M: Malek shahi

Ye

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



https://www.google.com/search?sxsrf=ACYBGNTwOw2NIZA1f2HOVFtnl_36o6-L8g:1568384091347&q=Moraxellaceae&stick=H4sIAAAAAAAAAONgVuLUz9U3MIm3ME1fxMrrm1-UWJGak5OYnJqYCgDWqpQcHQAAAA&sa=X&ved=2ahUKEwiG-oqF_s3kAhUS6aQKHe0MA_QQmxMoATAWegQIERAZ&sxsrf=ACYBGNTwOw2NIZA1f2HOVFtnl_36o6-L8g:1568384091347
https://en.wikipedia.org/wiki/Enterobacteriaceae
https://www.google.com/search?sxsrf=ACYBGNRp4tVJ1ngkjXXg8spq12NYrO2lhA:1568384761770&q=Bacillaceae&stick=H4sIAAAAAAAAAONgVuLUz9U3sCzKys1ZxMrtlJicmZOTmJyamAoAEp6qhRsAAAA&sa=X&ved=2ahUKEwi7m-LEgM7kAhUC6KQKHf3jC6QQmxMoATAXegQIDRAU&sxsrf=ACYBGNRp4tVJ1ngkjXXg8spq12NYrO2lhA:1568384761770
https://www.google.com/search?sxsrf=ACYBGNRp4tVJ1ngkjXXg8spq12NYrO2lhA:1568384761770&q=Bacillaceae&stick=H4sIAAAAAAAAAONgVuLUz9U3sCzKys1ZxMrtlJicmZOTmJyamAoAEp6qhRsAAAA&sa=X&ved=2ahUKEwi7m-LEgM7kAhUC6KQKHf3jC6QQmxMoATAXegQIDRAU&sxsrf=ACYBGNRp4tVJ1ngkjXXg8spq12NYrO2lhA:1568384761770
https://www.google.com/search?sxsrf=ACYBGNSotHgwvger2jSxiRZps2cA8C5bzA:1568384982032&q=Xanthomonadaceae&stick=H4sIAAAAAAAAAONgVuLUz9U3MIk3TTNcxCoQkZhXkpGfm5-XmJKYnJqYCgD129y0IAAAAA&sa=X&ved=2ahUKEwi6jOatgc7kAhUPMuwKHRbQCB8QmxMoATAdegQIEBAH&sxsrf=ACYBGNSotHgwvger2jSxiRZps2cA8C5bzA:1568384982032

RN,

V€Y (ol )0 g (g0l

wamsml,

2 b 55 b5 sla I allln () > 1S 51 im0 (5B 13 55y galsn Sl ol 3T gl
lassly 4y S JyuS 5 ae b Jlg ol 48wl cassy AVE b g Sl IS 3lawr s (uSlsdlo Liposll (Sglo o,
L Greengenes g ,o (sloodly ool wlwl p g5 09,5 o saisles OTU .50 (sdis09)5 o99—wSE (65,Sas
oy oL )3 b JIg5 (saem FASTA (sla s .50 Cbusl Fast tree jl sslicwl b b g caalus yolol g 03,8 cads
b pokd) 09,5 VY jd oailes Jlgs ¥¥F as sl asgs a5l (OTU) sanles Jlgy G s (sinddgs cals /Y L
b (SogiguST (guaiib (WIS

Wil ad ) o5 ) aaigad o o by 55 9 bame S b Wiged S5 )3 oo 559,80 €95 Wl 55 pislio LT 1o
o5 (BOTU) laeiss (oo (Slsl 8 5 0luss ol 2 ()02 a5905 et A) hlizms (slalame (32 9 (S g g,
woler > OS] g5 g e bl ¥ S 8 (o 0 oot g5 el jl ooline 1L W ggi5 adllas ol 13 29 o
Pl et gy 53 i3 o S ) (il (gl digas) oKty g ddlaio )5STB 93 j) 4B S 2 slo Wigad o 3 1y 2L S
o 5 9 (Hrhizosphere= 2.05, P < 0.05) 392 )15,58 2 (i 955 j) 903 ol & S yauog ) Wigei g5 )55
A Com ) youw old cladiaed )D g4 (09 pS odalii 0 .5 odali o gyl me BB S 5 Sy Bl iy sladiges
STV (gloani | 15 pm0 )5 Logltian 0 oLS jis 5ld (slog Sl &5 b e 95 eyl & oo |y Ay 9 5 930,
Bulgarelli et al. 2013; ) 5,135, 156 6Sh Caren g9y Slgse cplplis 51 L3 Jaxe sla Sogll 5 oo
Blybl laxe g yhw 93y ;500 (Sgm D98 oo yhe ghd D g0 LialS cel bale ol 4en ((Czajkowski et al. 2010
blize 3148 cunl slabawly Laies a5 1,55 .(GaNS et al. 2005) ool (yuoj 0,5 59y Sl sST o5 i 5 o ddisy
Populus deltoids 5,5 445 ggy p & lalie s> > (Hardoim et al. 2011) xél o 51 olS 3 S o0
95 ASygo ) g Sy g dBlo Sl i s ghly g adia) ) (LSl dmels g9 & Wi ) A (pl 4 S8 O )90
b owoen (Cregger et al. 2018) s Iy capli o po b s ol b aS 5g i SB g Bl 5 ()5 anols
(Jin et al. 2014) 1! cws 4 3 Stellera chamaejasme &5 (cg) » (olie

Healesar= 2.08, P ) ,l> a5 (Hepwan= 2, P < 0.001) )lgs) 3blio ¢ g,l5 paiges sblio rpo y> W £45 dun 5o p
RS 93 50 g )1 ye3 p sblie ple 4 Cuns gyt 95 5 (Hehoghasabz= 2.34, P < 0.001) ;. i 4 (< 0.001
Ol 4 g8 €85 Cogo Slnl bob g9y 2 (65Sk 5 @1B) (955 £95 (map 4 CdS (e STl oMl L oS

(Alidadi et al. 2019; Ahmadi et al. 2020) sz 395 55 oYU £45 51 jls aF g jwlis sblie 45" N ) does

¥ Js3)

Yo

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



BN,

(VELY Jloe ) 0 ko V€ 0)93) (55,515 (559)9iSTgm: aloo

s,

Alpha diversity index

Bulk Roat

Lt Razossnes  Re  Sum

Rnzossners
Ssample Type

Wigod Ciliseo glil 1> OTU Lwluol 3 3l 5 dmels W £i5 ¥ JSUS

Figure 3. Comparison of alpha-diversity indices of the sample type

Alpha diversity index

\ [

Arghavan Chavr ChagnaSabz Eyvan Galadar Nalek3nan Salenabad TangsDalats
Site

G105 dged Bliske 3blie 3 OTU (wlw! p b 58U arels W o5 £ JSW

Figure 4. Comparison of alpha-diversity indices of the site sampled
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Figure 6. Heat map depicting differences in estimated bacterial family abundance between

sample type and sampling site. Bacterial families are shown vertically, with colored bars

corresponding to the classes shown in Figures 6 a, b.
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