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Molecular identification of citrus endophytic bacteria in the east of Guilan province
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ABSTRACT

This research was conducted to identify endophytic bacteria over five years old citrus trees in the east of Guilan
province. A total of 63 endophytic bacteria were isolated from symptomless leaves of Citrus aurantium, Citrus
sinensis, Citrus sinensis var. thomson, Citrus unshiu, Citrus limon, Fortunella margarita, and Citrus medica.
Isolates were grouped based on colony type and color. Then, morphological and biochemical characteristics of the
six isolates were assessed as the candidate of different groups. According to molecular studies and phylogenetic
analyses of the 16S rRNA region, these isolates were identified as Bacillus megaterium, Bacillus cereus,
Arthrobacter agilis, Acinetobacter junii, and Pseudomonas azotoformans species. Among them, three species
including A. agilis, A. junii, and P. azotoformans are reported as citrus endophytic bacteria from Iran and the
world for the first time. Morphological, biochemical, molecular, and phylogenetical analyses are able to
differentiate the genus and species of the endophyte isolates.
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Tablel. Name and geographical coordinates of sampling areas

Region Name Latitude
Siyahkal 4109676
Lahigan 4117118
Komleh 4112472

Parashkoh 4110967

Sy 5 IS8 elul peganog)S Sl e &5 WS
p e slaog 5 sonles Glgrea byl 5l alos

Slorbgn g wlbdbcs ) Oluogas b ;)
oo il 2L SL sldcadgul

Gilwlaz oL iSh codgnil Y olaws cwyp opl o



(Y qu.?) KWW ‘_;,li)’)l «(Schaad et al, 2001) wuéfjb 9O e G‘Lwl....u s U.JL.»\
Sl glacadsail slas 1Sl olardinn 5 owlidcsy, Sluogas .Y ooz
Table 2. Morphological and biochemical characteristics of selected endophytic bacteria
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Figure 1. PCR product of extracted DNA from endophytic bacteria on agarose gel. Lane 1, DNA Ladder 100bp; lane
2, Lapot 3-3 isolate; lane 3, Ab-Pom1-1 isolate; lane 4, Kom-Pob5 isolate; lane 5, Si-Ps1 isolate; lane 6, Ton-Pom1-1
isolate; lane 7, Parash-Po12 isolate; lane 8, negative control (PCR materials without DNA).
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Table 3. The properties of selected endophytic bacterial isolates sequenced in this research

Isolate Taxon Host Isolation Isolation time GenBank
region accession no.
Parash-Po12 Bacillus megaterium Citrus sinensis Parashkoh May 2017 MG199053
Ton-Pom1-1 Arthrobacter agilis Citrus sinensis Tonkabon December 2016 MG199051
Si-Ps1 Bacillus cereus Citrus sinensis Siyahkal March 2017 MG199050
Kom-Po5 Bacillus megaterium Citrus sinensis Komleh May 2017 MG199049
Ab-Pom1-1 Acinetobacter junii Citrus sinensis Abasabad May 2017 MG199048
La-Pot 3-3 Pseudomonas azotoformans Citrus sinensis var. Lahigan March 2017 MG199047
thomson’s
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Table 4. The characters of bacterial isolates obtained from GenBank.
Isolate Taxon Reference GenBank accession
n0.16S rRNA (NCBI)
1AM 13418 Bacillus megaterium Suzuki & Yamasato, 1994 NR_043401
GMA479 Bacillus megaterium Hattori et al, 2012 AB 738793
GMA446 Bacillus megaterium Hattori et al, 2012 AB 738785
GMA327 Bacillus megaterium Hattori et al, 2012 AB 738784
3.6PT7 Bacillus cereus Luang et al, 2019 MK 648344
P19 Bacillus cereus Das & Thakur,2018 MK 088296
SUSB7 Bacillus cereus Bhutia et al,2019 MK 780061
PDLW Arthrobacter agilis Ben Chobba et al., 2011 JN 934384
MO0606 Arthrobacter agilis Zhang et al, 2013 KF 924209.1
ATCC 17908 Acinetobacter junii Maslunka, 2012 HE 651916
KS 0034 Pseudomonas azotoformans Anzai et al, 2019 NR_037092
EN4 Pseudomonas azotoformans Hassanshahian& Ghafari, 2013 HF 572854
DSM 2661 Methanocaldococcus jannaschii Bult et al, 2019 NR_074233
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Figure 2. Phylogenetic tree constructed with maximum likelihood method based on 16S rRNA. The
sequence of Methanocaldococcus jannaschii DSM 2661 was used as an out group. Thirteen related
sequences were obtained from GenBank (isolates studied are marked in bold). Numbers above the
branches show the bootstrap values with 1000 replicates. The index line represents the change of five
nucleotides in each position
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