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ABSTRACT

This study aims at genomic analysis of PGPRs in an attempt to understand the feasibility of
using them as agents in promoting plant growth as well as in biocontrol against fungi that
cause severe losses in food security such as Seeding damping off disease. This study allowed
a deeper understanding of some characteristic isolates at the genetic level.
In this study, two samples of rhizobacterial strain S1 and S2 were used. The genetic study by
molecular analysis of the segment "ADNr 16S" and the phylogeny study made it possible to
demonstrate the affinity of the S1 isolate of Klebsiella africana Kp7T with a similarity of
99.57% and the affinity for the S2 isolate of the type Pseudomonas. juntendi with a similarity
of 99.64%.The genomic study of the rhizobacterial strain S1 and S2 was carried out as a
study of genes associated with functional groups (COG) through the process of genetic
analysis (Annotation) by the RAST server, then genetic identification using the Prokka
program in order to discover and identify the genes related to the promoting plant growth
mechanism , biocontrol and finally studying the genetic groups responsible for Secondary
metabolism by the ANTISMASH software analysis tool. The results of the genetic analysis
of the this isolats can be summarized as follows

The presence of a relatively important genetic frequency with regard to genes related to
nitrogen metabolism, stress response, phosphorus metabolism, and iron acquisition and
metabolism. The absence of genes responsible for motility and chemotaxis was also noted in
strain S1 and its presence in strain S2.The genetic identification also allowed the discovery of
genes related to the production of phytohormons, as the presence of genes involved in the
production of auxin (IAA) was identified within the genome of the S1 strain important in
phytostimulation, and the absence of these genes was observed in the S2 strain. Regarding
nitrogen fixation, presence of genes encoding for nitrogenase enzyme which fixes
atmospheric nitrogene , was detected in S1 and S2 strains .

As for the genes that contribute to the dissolution of inorganic phosphorous, many of them
have been identified in both strains S1 and S2, such as the genes that encode several enzymes
that play an important role in the manufacture of compounds that dissolve mineral
phosphates, such as glycolic acid (GA). Likewise, genes encoding the synthesis of
siderophore and volatile organic compounds (VOCs) have been identified in the two strains
S1 and S2, which are compounds that stimulate root formation and increase disease
resistance and drought tolerance. Also, in the S1 and S2 strains, genes that contribute to
stress tolerance such as betA and betB were found important one such as glycine-betaine
synthesis and genes encoded for the production of antioxidant enzymes and free radical
stresses against in plants, the most important of which are: SOD: Superoxide dismutase,
peroxidase (POXs) and catalase (CAT). Several gene groups (Clusters) responsible for the
production of secondary metabolic compounds have also been identified that play a role in
biological resistance and act as antibiosis for pathogens in the S1 and S2 strains, the most
important of which are NRPS and Bacteriocin.

The overall results obtained show the importance of the S1 and S2 strains in promoting plant
growth by providing nutrients, stress resistance and biocontrol against pathogens. Therefore,
the possibility of testing their use as individual or combined biological inoculates is very
encouraging to complete the applied study in the agricultural field.

Key words: PGPRs bacteria, Pseudomonas sp, Klebsiella sp Biocontrol, Stress
Resistance, genomic analysis
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Genomic analysis

I. Used tools

Genome annotation is the process of identifying and labeling all the relevant features on a
genome sequence (Richardson and Watson, 2013). At minimum, this should include
coordinates of predicted coding regions and their putative products, but it is desirable to go

beyond this to non-coding RNAs, signal peptides and so on.
I.1. PROKKA,Versionl.13:

Prokka a command line software tool that can be installed on any Unix system. Prokka
coordinates a suite of existing software tools to achieve a rich and reliable annotation of
genomic bacterial sequences. Where possible, it will exploit multiple processing cores, and a
typical bacterial genome can be annotated in ~10 min on a quad core desktop computer. It is
well suited to iterative models of sequence analysis and integration into genomic software
pipelines. The Rapid Annotation of Prokaryotic Genomes or PROKKA is a program for the
rapid annotation of prokaryotic genomes. A typical 4 Mbps genome can be fully annotated
in less than 20 minutes. For rRNA prediction, this app currently uses Barrnap (written by the
author of PROKKA and recommended in case of speed preference over absolute accuracy)
(Seemann, 2014).

1.2. ROARY, Version3.12.0:

Roary is a high speed stand alone pan genome pipeline, which takes annotated assemblies in
GFF3 format (produced by Prokka) and calculates the pan genome. Using a standard
desktop PC, it can analyse datasets with thousands of samples, something which is
computationally infeasible with existing methods, without compromising the quality of the
results. 128 samples can be analysed in under 1 hour using 1 GB of RAM and a single

processor. To perform this analysis using existing methods would take weeks and hundreds
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of GB of RAM. The rapid large-scale prokaryote pan genome analysis or ROARY is a tool

that rapidly constructs large-scale pan genomes, identifying essential and accessory genes.
ROARY enables pan genome construction of thousands of prokaryotic samples on a

standard desktop without compromising the accuracy of results (Page et al., 2015).

1.3. NCBI:

The National Center for Biotechnology Information (NCBI) is part of the United States
National Library of Medicine (NLM), a branch of the National Institutes of Health (NIH).
The NCBI is located in Bethesda, Maryland and was founded in 1988 through legislation
sponsored by Senator Claude Pepper. The NCBI houses a series of databases relevant to
biotechnology and biomedicine and is an important resource for bioinformatics tools and
services. Major databases include GenBank for DNA sequences and PubMed, a
bibliographic database for biomedical literature. Other databases include the NCBI
Epigenomics database. All these databases are available online through the Entrez search
engine. NCBI was directed by David Lipman, one of the original authors of the BLAST
sequence alignment program and a widely respected figure in bioinformatics. He also led an
intramural research program, including groups led by Stephen Altschul (another BLAST co-
author), David Landsman, Eugene Koonin, John Wilbur, Teresa Przytycka, and Zhiyong Lu.
David Lipman stood down from his post in May 2017.

(https://en.wikipedia.org/wiki/National Center for Biotechnology Information)(https://ww

w.nchi.nlm.nih.gov).

1.4. BLAST:

The Basic Local Alignment Search Tool (BLAST) finds regions of local similarity between
sequences. The program compares nucleotide or protein sequences to sequence databases
and calculates the statistical significance of matches. BLAST can be used to infer functional
and evolutionary relationships between sequences as well as help identify members of gene

families.
1.5. RAST, Version2:

In 1995 the first complete genome became available. Since then, hundreds more have
been sequenced, and it has become clear that thousands will follow shortly. This has led to
the obvious conclusion that most of the annotations that will be associated with these newly-

sequenced genomes will be provided through technologies that are largely automated, and a
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growing number of efforts focusing on different aspects of automated annotation have

emerged. In this paper we describe the RAST Server, a fully automated annotation service
for complete, or near-complete, archaeal and bacterial genomes. The service seeks to rapidly
produce high-quality assessments of gene functions and an initial metabolic reconstruction.
Initially the server was planned for use by the National Microbial Pathogen Data Resource
(NMPDR) community, but very quickly the global utility of such a service became apparent.
Users of the facility upload a genome as a set of contigs in FASTA format, and they receive
access to an annotated genome in an environment that supports comparison with an
integration of hundreds of existing genomes. The complete annotation is normally produced
within 12-24 hours, and the existing implementation can support a throughput of 50-100
genomes per day. However, it is important to note that speed is not the central requirement
for such a system; accuracy, completeness and consistency will ultimately be the criteria
used to evaluate the success or failure of a service such as the one described. To date, the
server has been used by over 120 external users to annotate over 350 genomes. RAST bases
its attempts to achieve accuracy, consistency, and completeness on the use of a growing
library of subsystems that are manually curated, and on protein families largely derived from
the subsystems (FIGfams). In the sections below we describe the steps the RAST server
implements to automatically produce two classes of asserted gene functions: subsystem-
based assertions are based on recognition of functional variants of subsystems, while
nonsubsystem-based assertions are filled in using more common approaches based on
integration of evidence from a number of tools. The fact that RAST distinguishes these two
classes of annotation and uses the relatively reliable subsystem-based assertions as the basis
for a detailed metabolic reconstruction makes the RAST annotations an exceptionally good
starting point for a more comprehensive annotation effort. Briefly, the Rapid Annotations
using Subsystems Technology or RAST is a fully automated service for the annotation of
bacterial and Archean genomes. It identifies sequences encoding proteins, rRNA and tRNA
genes. It also assigns functions to genes and predicts the subsystems represented in the
genome and uses this information to reconstruct the metabolic network (Aziz et al., 2008).

(http://rast.nmpdr.org/).
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1.6. antiSMASHVersion4.1:

antiSMASH allows the rapid genome-wide identification, annotation and analysis of
secondary metabolite biosynthesis gene clusters in bacterial and fungal genomes. It
integrates and cross-links with a large number of in silico secondary metabolite analysis
tools that have been published earlier. Is a web server and stand-alone software for
predicting  secondary = metabolite  gene  clusters in  bacterial  genomes
(http://antismash.secondarymetabolites.org) (Weber et al., 2015).

1.7. BioEdit:

BioEdit is one of the most common program used in molecular biology studies. It was
developed initially as a biological sequence alignment editor written for Windows only. It
contains many features for sequence alignments modes of easy hand alignment, Split
window view, user defined color, information based shading and auto integration with other
programs such as ClustalW and Blast. However, in the last few years it was developed
dramatically to integrate many other features and functions and useful molecular tools for
molecular biologist such as several modes of hand alignment, plasmid drawing and
annotation, restriction mapping and much more. It became one of the widely used programs
in molecular biology with its multipurpose toolsin molecular biology. The freeware license
and its efficient up to date modules beside its quick ability to produce results make it one of
the most popular programs for molecular biologist nowadays. (Hall et al., 2011)
(https://perl.developpez.com/telecharger/detail/id/1909/BioEdit).

1.8. MEGA version 7:

The molecular evolutionary genetics analysis (Mega) software implements many analytical
methods and tools for phylogenomics and phylomedicine. Here, we report a transformation
of Mega to enable cross-platform use on Microsoft Windows and Linux operating systems.
Mega X does not require virtualization or emulation software and provides a uniform user
experience across platforms. Mega X has additionally been upgraded to use multiple
computing cores for many molecular evolutionary analyses. Mega X is available in two
interfaces  (graphical and command line) and can Dbe downloaded from

www.megasoftware.net free of charge (Kumar et al., 2018).
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I1. Methods

I1.1. Annotation and mining

So at this point we have our High Quality Draft Genome, which is ready for the next step:
deciphering that genome or annotation. Annotating a genome involves analyzing the
nucleotide sequence that constitutes the raw information to extract biological information.
This analysis pursues two successive objectives, the first is to locate genes and coding
regions and the second is, once these genes are located, to identify or predict their biological
function. These two stages are initially based on the use of sophisticated algorithmic tools,

the development of which is one of the fields of bioinformatics.

There are several bioinformatic tools for genome annotation, all of which are based on the

same principles: that is,

* By comparing the sequences with respect to genes present in genomic databases (eg:
GenBank);

* By analyzing molecular signatures indicating precise biological structures and functions

(this is called ab initio annotation).
The tools that we will use for our genome are:
* Russian annotator (yes, again) PROKKA,;

* The annotator included in the NCBI server, the NCBI Prokaryotic Genome Annotation
Pipeline (this annotation will be done when submitting the genome to the GenBank

database);
* The RAST annotator (online);
* The AntiSMASH annotator (dedicated to secondary metabolism).

As for the PROKKA tool, it is considered to be the most precise, and the most revealing.
The “the NCBI Prokaryotic Genome Annotation Pipeline” tool is considered to be the most

universal (available when submitting genomic sequences to the GenBank database).
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The RAST tool is surely the best organized (because it will give us results organized in

subsystems of genes, so we can go directly to see families of genes according to their
biological role. Before being able to use it, we must have a account at the level of its site

(because it is an online application; rast.nmpdr.org/).

And finally, antiSMASH (Medema et al., 2011; Weber et al., 2015) is undoubtedly the

software that has come, in recent years, to revolutionize the prediction of secondary
metabolites from DNA. The antiSMASH, is dedicated to clusters of secondary metabolite
genes, so for studies on antibiotics and non-ribosomal peptides (NRPs) for example, it will
be especially the prediction/annotation results provided by this tool that will be the most
interesting. One of the advantages of antiSMASH is its ease of use. Available online, it

allows genomes or protein sequences to be sent for analysis on dedicated servers.
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kil ¢ jad) ) Jadll
Thiopeptide -
> Aias Jalds Lepal L el Leati Al dpadinl) 4 gl Glabiaall (0 228 4 Clariy o4l)
paall Hedad ol oal) Al L Sl s o gana b Jiina ol (815 cal jal) dun ga L pSHl) 2
MRSA: ) Oslisiinall 4a5lidd) Staphylococcus aureus s Uslis 45l o3 slaci (1o
(o alaia) Jae ) ailed I 5 (Methicillin-resistant Staphylococcus aureus

Butyrolactone -

Bacteriocin -
O s S O 5ST erda JS A L i) Lerial ) Clagiad) (e Alile (A Gl g S
el saes 60 ) 20 (e (35S (i S e (e ale K

e 0585 O (S Cua Ay gaal) laliaall (ailiad Lo (814 s ilabian il g S a3 Y
LSl Gy gad el () Sy LS Aia jaall d880l) dall LK) oy e olizalll 6l ol jall
AL e A8 Amae gl 2 Llle anse S af all ) Bliall of Jaa gl 4380l 4al)
Axial)

< Overview 5.5, m}

NZ_LOARO01000003 (original name was: NZ_LOAR01000003.1)

1
I —1
Region Type From To Most similar known cluster Similarity
NRPS & 12,014 64,304 tumnerbactin @ NRP 23%
Region 2.2  thiopeptide @ 377,666 403,935 O-antigen & Saccharide 14%

NZ_LOARO01000011 (criginal name was: NZ_LOARO1000011.1)

1

Region Type From To Most similar known cluster Similarity
butyrolactone @ 113,405 124,190

NZ_LOARO01000020 (original name was: NZ_LOAR01000020.1)

Region Type From To Most similar known cluster Similarity
bacteriocin @ 87,298 95,728

pyia Jaly 4l cllitial e S sl dle gaaall paea e ISD ;1684
antiSMASH 3l ikaul 5 Klebsiella sp. S1
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S2 A :L“,J\ﬂ\ GSJA.U\ 11

: 52 All Autijal) Audiatt) Audal 1.1

(= (phylogénie) Alwill 4l ;05 "ADNr 16S" dxdadll o jall Jalailly daiall) 4 jall i
» @Y gl Pseudomonas  wiall daciiall gl @Y e §2 Ajall ol b
. %99.64 W 08 4,La5 4y Pseudomonas juntendi|BML3|MK680061

Pseudomonas monteiliijNBRC 103158|BBI1S01000088
' pseudomonas plecoglossicida|NBRC 103162|BBIV01000080
\—,7 Pseudomonas entomophila|L48|CT573326

>3 82— Pseudomonas mosselii|CIP 105259|AF072688

Pseudomonas shirazica|VM14|OLKI01000048
2 Pseudomonas asiatica|RYU5|MH517510

Pseudomonas taiwanensis|BCRC 17751|EU103629

— Pseudomonas juntendi|BML3|MK680061

—S2

68

| [ Pseudomonas hunanensis|LV[JX545210
| Pseudomonas alloputida]Kh7|LT718459
Pseudomonas capeferrum|WCS358[JMIT01000002

Pseudomonas umsongensis|DSM 16611|NIWU01000003

0.0020

eesosml LU addl cpall al Jdas Gl e S50 )l 5as (17)Jsal
Pseudomonas i ¢ W5 <81 £ 5915 ST A adl (&8 cpass )5 orRNA 16S
Pseudomonas g sil aladiu) &5 Qa3 1000 e W (Z50<) bootstrap ~f (= &
Sl i jid a3 & e senall z A g5 [CDC 2970-59]AF025369 juntendi

bl a8l 2 55 Gpeall il B o ) T cijally de siie dad sail

Pseudomonas sp. S2 asiall Aalall madlall 1,11

o G+C s sise Jansias bp 6,181,873 (sl JAePseudomonas sp. S2 a s s 53~
Jsb lausia 43 Lite (L Julus) CDS 5715 Slo psuall ssiny (6 Joaad)) %61.5
Sle 2l dad il CDS e Lia (%73.52) 4201 J dasslsad) 1 soV1 Gaas 5 bp 1081
Al ae i) Julid (9626.48) 1514 <aiead i il 320 a4l e ) cililes
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Akl £ jal Gl Juaail)
e 23 TRNAS 22 4c sane Lo yast i dncal Ji8) 5 A5 je e Adida g ld g p Ll e
AginaY) (aleall (e 37 Jici tRNA 4 80

.Pseudomonas sp .S2 a s 1 dalall ma3all | (6)J 922!

dxals e 309 SPseudomonas sp .S2
6,181,873 pb Size
61.5% GC Content
101794 N50
16 L50
1 Number of Contigs (with PEGS)
372 Number of Subsystems
5715 Number of Coding Sequences
96 Number of RNAs
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6100000
B
'y,

If:"’

3050000

Adalall s yalall ) s ladl 5 Al e Pseudomonas sp .S2 asial s il Jiiai (18) Jsdl
¢ (BoJ) mSall Loy 8l e CDS 12 50 ¢ (Leal) (alal) g y30 e CDS 01 5000 2 58
15 5l ¢ (2pul) JE g o5l ol (sl 4 5 Al ¢ (azadl) 1 pasysm i Ll 23 3 a0
gl phaaiul i (@25 / ML) GC g st 16 30l ¢ (il / () GC (s 5iae

Aday Al o3 383 DNAPIotter

1315 alai¥l L8 el i€ aa ) (s sboiia 55 i) JSA 8 daia sal) iy A eaia 53

.Pseudomonas sp. S2 s s> A'5—'3
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kil ¢ jad)

gl Jadll

(COG) Zuiigll clially Aadiyal) cilisall 2,11

Pseudomonas sp. S2 s & (COG) duiuda ol lially Adas yall liall (19 JSi)) eday
Ak 545 27 e ) fall &5 (RASTRIA sl 5 (Annotation) sl dalsill dlee SIS (b

(19 JSad) (Aae i dakail)

p i sl Adleiall Gl Gads Lo (G L S s il 58 0505 (19) S8 JBA (e Jaa3
(Stress Reponse) dgayl dalaidl) cilisall 4y SIX (Nitrogen metabolism) <s3Y)
g Agsuall Dliall 2say ba3 WS (Phosphorus metabolism)_siw sall a5 gilisa g

Al dalal Al oda IBEGY i Lae (Motility and chemotaxis) 48 -l

Subsystem Coverage Subsystem Category Distribution

/

72%

(=] |
(=] |
(=] |
(=] |
(=] |
=) |
=) |
(=] |
(=] |
(=] |
=] |
=] |
=) |
(=] |
(=] |

HFEEE®

Subsystem Feature Counts

Cofactors, Vitamins, Prosthetic Groups, Pigments (196)
Cell Wall and Capsule (36)

Virulence, Disease and Defense (67)
Potassium metabolism (10)
Photosynthesis (0)

Miscellaneous (38)

Phages, Prophages, Transposable elements, Plasmids (12)
Membrane Transport (110)

Iron acquisition and metabolism (29)
RNA Metabolism (62)

Nucleosides and Nucleotides (101)
Protein Metabolism (232)

Cell Division and Cell Cycle (0)

Motility and Chemotaxis (27)

Regulation and Cell signaling (53)
Secondary Metabolism (5)

DNA Metabolism (91)

Fatty Acids, Lipids, and Isoprenoids (101)
Nitrogen Metabolism (11)

Dormancy and Sporulation (2)
Respiration (123)

Stress Response (105)

Metabolism of Aromatic Compounds (71)
Amino Acids and Derivatives (457)

Sulfur Metabolism (42)

Phosphorus Metabolism (27)
Carbohydrates (249)

e sl paadl e il (Ao dl Ladail) duda ol clial) Cuaa i) Jiiad (19) Jsid)
.Pseudomonas sp. S2 asusl RAST il
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Pseudomonas sp .52 agis 8 4 geal) dadlsal) g il gad 3y ety ddag jal) lial) 311

Gliall LStk Pseudomonas sp .S2 asis! Prokka gt aladiuly Jadl poadll e
olal 5y oS0l dum o) ) Al yall g bl i o 3 L Alaiall

salgay) Jaad g& A4S L) ciliall 1.3.11

3535 o= Prokka gl alasiuliPseudomonas sp. 52 sl casual) dalaill s
Augaad) cbbeay) dans Lela 50 cunli clisig g by i Al Aalgd) cilial) e € 2

rlial) ila aal L4 sl
- 1-aminocyclopropane-1-carboxylic acid (ACC) deaminase

il 8o S i adli (2l iy dasll g (ACC) il g 8- 1-0lis o sl siaal- 1 (mas
Al A Agdal) nl) LK e 2l e gLV AT (ssandl pae 5 (g saall dleadl (i yall
Sl s Y 58 55 JalE a5 Lae ACC dalhall sy 530 ACC deaminase zliy
s A ACC deaminase a =Y ziiall cuall dga g Adiiaall GULAN 8 aleal) Bas Caidas

Al Clalga ) Andlse 8 AL aila el e JyPseudomonas sp .S2 ALl

Jany Aslaiall il (e 220 LedPseudomonas sp .S2 Akl ¢ a saall Jilas CadS LS
e ) i) e gtall 25 Q) i e A 5Ll

.Glycine-betaine qu<il betB s betA -
.Glycine betaine transporter -
.Proline/betaine transporter -

.Trehalase -

.Osmoregulated proline transporter OpukE -
.Proline iminopeptidase -

.Proline-specific permease -
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Q-ﬁ,l,lﬁﬂ/ £ jall g.uL\’J/ Jadll
LS pall (g 38 5 an glii)) clull gal 45l 4 padl SlaleaY) o &
(Reactive oxygen species or ROS) e il fpas¥) Gl e :Jie LAl 3 Ll
DS gl s anSY g all il Jie duasl AheS LS e 4
G Sy A i (N HLeh sl 13 5 ¢ el Ledalaal | plas 1 Aol e
el UMAT 3 5lia 3 5adl odaldl oda 3 all ) odall el e 30 j8a 58S5 <l g yiST) 2 ga
Dstall aila ol ey Y e Clis sae e CalSl Ula i ) Jiall dau

Lanl 5yl
Catalase -

Catalase-related peroxidase -
Catalase-peroxidase -

Superoxide dismutase [Fe -

Superoxide dismutase [Mn/Fe -

Peroxide stress resistance protein YaaA -

Alkyl hydroperoxide reductase AhpD -
L ganl) b Sl gdll 413 oo A gipmall ciliall 2,311

Q) e LaS JSAy Josae g (aes 8 (GA: Gluconic acid) <losSslall (aes
Gin ) Gis (ged) Db sone 1- S slall dand s (s pall GA GalaS 2%y | Samal) Cldu gl
el aladiuy sl el LS pyrrolo-quinolone quinine (PQQ) e buall dalall s
sl Gl ddleiall Gliall e naall M) ) Pseudomonas sp. S2 »sual Prokka

(PQQ) 2elusall alall i 5 @l 58 lal) anal

Al o st 4 Al e gy el Gl dallea aia 3 5 Al (g5 ke jaaa
e sb (5 gac U ld w8l AN Ay aaliy Ala 4/ 057 wlPseudomonas  sp. S2
) Glmall Al g4 ali) 23y g3 g o(ketogluconic  acid-2) <l S sla 518D

e 8 la_S)

Phosphogluconate dehydratase -

2- ketogluconate reductase -
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kil ¢ ja ) el Jadl
el Gla ¥y iiPseudomonas sp .S2 asus Geda (AT Gl 3y e i a3 LS
A (o 5 pene N il 03 e

Protein phosphatase CheZ -
CheY (e syl &3 dalee apuii b o OIS Slesll Qi) jlue 8 laga 5o anly
-((CheY-P)

Exopolyphosphatase -
(POlYP) (s sanll e Cldws sdll dazie Jilad 8 534

ALl i ga g ) B AS jLdall cilinadl 3.3,11

Indole-) IAA ztl J 4 suidiPseudomonas sp .S2 asis & cliall e e e LSS
:leiw (e (3-acetic acid

Tryptophan synthase alpha chain and beta chain -

Indole-3-glycerol phosphate synthase -

Aldehyde dehydrogenase -

S L Bale clall saial) LSl (aedd clil) gad el 8l 8 Lage 1550 JAA el
awadd) ) 6 et g el g s colully ddag pall L Sl Leaiss ) clipusY|

D o oal clisen ) 8 aalud 8 Gl Pseudomonas sp .S2 asis (el LS
i s pll 8 jial) il

Isochorismate pyruvate lyase -
s hlunlldl mes ((Salicylic acid) cllsadladl (mes (50 p U A& adlug 2 5Y) 138
UALAJA\} ‘C“‘“J “_53}.54!\ d.\.mﬂ\} caJ}L'j} L_ILL’A\ gad @ :U}JA.A J\JJ‘ Al LS'ILU BELDL)

o) yaY) e 2 il gy b
Cytokinin riboside 5'-monophosphate phosphoribohydrolase -

Y el Lt 3 oSyl o) lne b Jamy (35S siaedl Loy oy 33
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Akl £ jal sl Juadl)

syaad) o L) L8 Adata) clial) 4,311

Jony aglon shsia g2 IS5 (8 Wlul say Bl 3 58S sl Jigy eadll e e
e gy lifigylly Ll Glaiyl e waell 0 S0 Jiiag delue JelaS sl

G lall e 40 b Y a3 3ea e 23S Pseudomonas sp. S2 asial sl Julail)
) s e caaall Ll ddke Ll

Ferrous-iron efflux pump FieF -
Iron-utilization periplasmic protein -
periplasmic iron-binding protein -
Ferripyoverdine receptor -
Bacterioferritin -

Ferri-bacillibactin -
Ferric-pseudobactin -

Ferrochelatase -

Ferredoxin -
lee Caradll Glall vaall el Jliee Jele oSl AL o328 Jag calinl) 4ala (pe Sl aael)
bl sai jias o maly S Sy
1 ol ) 481yl & Aldial) cilial) 4,311
i e olall ddbise 2l @l AibeS GlShe Gl a3 Al dydad) LyaSill o
Pseudomonas asis (ssise e Capil) 2 cAilall (mhal) Gilise aa Lleld iy oS
sl i) 8 dals LS s @il sae e . S2

.Hydrogen cyanide synthase -

.Chitinase -

.Protease -

56

——
| —



Akl £ jal walil) Juadl)

S () e A giguall Ldad) e ganall 4.1

8i 3pa g oo aiSPseudomonas sp .52 ALl a sual antiSMASH daae ) s1a¥) Jilas
dacal LS ezl e Wgsue 5S35 8 ) 200 b Ao sall (Clusters) i Cile sane

Aage 4y 5

m antibiotics & Secondary Metabolite Analysis SHell

SMﬂ Version 4.1.0 /LD\_] ® @ @

Select Gene Cluster:

{ Overview oeoo )

Identified secondary metabolite clusters

Cluster Type From To Most similar known cluster MIBiG BGC-ID

The following clusters are from record NC_021505.1:

Cluster 1 Nrps 1400979 1477790 -
Cluster 2 Nrps 1743841 1796794 -
Cluster 3 Bacteriocin 3458456 3469289 -
Cluster 4 Bacteriocin 3877300 3888133 -

R I WAL U N 1 R
TUBINGE! 7 / groningen whe

A

© oF Zqb

If you have found antiSMASH useful, please dte us.

pya JAh Ul Gllsiuadl e i Al dadl dle geaall gea g IS (20)JSAd)
antiSMASH 313l iaul 53 Pseudomonas sp. S1

Al A B Apay V) LS all U aalus 8 ) diad) Cle sanall 35 5(20)JSEN ek

.NRPS -

.Bacteriocin -
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;i) Lzdlia

&Y ol bl gl s OISl e i aaed A lenlis 33l e H3) (aY)
By Slslasll Alasind @l 8 Loy (Adiaal Jualsall def)) sase L pladnd 2y ol
PEINEEVL PRCHEIPEN | CHIWOR PIVI. g ' WEN S RKENI B VRN - W L S P VS S P
A A Jualadl o o saie iyl W PGPRs o ogialll el dualall 2Ll 3 gaall
Pieterse et al., 2003; Van der Ent et al., 2009; ) aslall (mhe¥) Gliss (10 22l

Egamberdieva et al., 2011).

rdadi 5 Slill a0 PGPRs st caS )i Al il (e aaall (e il

(b€l (bl Gaea dAA g 3ol liseed) dina ozl e syl (1)

Bpplaiall GLSally ¢ caldiyy
Chlad) z) @oh oo 4ol ()l Lyl 228 Lall GEKH an clall; sleall (2)
aaall Lilgdy HON ((GUSHla 3-15 3Lal) bl @l Al clapy) cdygall

.(Siderophores)

L) Gaag il cudis (3)

LAY chiraly Saeall clan ) 303 (4)
gDy A gall laleaY) doaes (5)

(PGP) clall sail 8)jaall LyiSh (e aaall 8 29350 (555 w3 58 ACC deaminase a3
(Saleem et al., 2018; Toklikishvili et ~ Pseudomonas s Bacillus <y & Lo,
sliall adiy Cilaall ads cuad cllll alga) Jaad a3 LyaSill asls s al.,2010)
oe ACC deaminase aiyil zlu) of calaiadll il (ras A5kl (ol classa s Aaslalls
Al bl e it saill Bsale JS5 Jgw PGP LSy 4l jaddll cpall juas Gojkha
(Grichko et al. 2001; ) islleall e clslall e ST LysSll sty Aallad) clslall
el 2z Klebsiella sp. S1 aBlul of cyelsl Jiall Julsill =3l . Tavares et al.2018
ADL) L o(Liu et al., 2016) 4l Juag Lal allae Al sda ayiy) 1igd il
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2l e Lalar 3850 130 2y i) 1agd je il uall el Pseudomonas sp. S2
.(Arshad et al., 2008; Ali et al. 2014 )

Al DA e Al Gahells claleadd Gapd) Jalgal) (o lest Gplaa o 5,08 bl
z ) A Cus sleal) Cagyl i Ball jsdall £y sasd) 508 Baliadl pUatll ey ol
& aally Alall ¢l 5auSU salias clasii) Lein e Al Glpally laiil) (e Arasls Ae sana
¢((POXs) 3lawsSy,ull ,(SOD: Superoxide dismutase) jliewn 1Sl luw i (gslal)
oAby Aagliay Aglall Aleall & Alixd)l ((PPOS) Sl Jouadsdl ((CAT) Dals

-(Amil-Ruiz et al., 2011; Thakker et al., 2013)

o135 ¢ A3 Jial ddlasl (g5 S O, Superoxide Hlall wusY) z by
Db (H205) comspuied) aaopm o LS DA il gl e el (3 sy 43ld andais 2
o Julls ((Hayyan et al., 2016) (CAT) Dl (e il clay) deds dlaty Laf
L eSO Ampeall Lall WA paen 8 52083 dlias age glis olas CAT 5 SOD
o8t el Pseudomonas sp. S2 s Klebsiella sp. S1 il o sl sl Caig

alell alaill 13g) yaial) i)

¢(Lignin) cpialll salal (geaadl saasll & oty aaii) g8 (Peroxidase: POX) law
asngd at Aalall AadY) 0 0l Cun el 4y e el i) Jlas b ol
Sasl Jsud s ail s @Al 4ga (e .(Thakker et al., 2013) diapedll Jalsall
by s (Quinones) wilisi€ ) ddsidll <S5l 3281 (PPO: Polyphenol oxidase)
PPOs igjlad 5)lay) &5 L i< L(Richter et al., 2012) bl (ealyl daslia 8 Laga s
ekl ¢ auhs b (Richter et al., 2012) (ahe¥) Glinses @liY) s @il e gl b
I ki clua sae 2589 Pseudomonas sp. S2 5 Klebsiella sp. S1 bl Lasua
Cise Aaglie A aDlall (5l Ll J) i L «Polyphenol oxidase , Peroxidase

Ll s cans aglall LAY

ey bl sai 30a5 Aaydall LyaSll DA (e oS @a A Al clisee)) ) s

.(Goudjal et al., 2013; Khamna et al., 2010) sl Alaialy 5530l cula)
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b L-tryptophan Dliu) =il sas ails ek a5l 2 (IAA) elind=3-Jomy) jaea
&\JJ (= 2l (Ruanpanun et al. 2010 ¢ Sapak et al. 2008) aadall dall clulkl)
<) 3ab) Gob oo Glall o Guuan s IAA Zl) e 558l Lol Streptomyces Jia Lya<il)
¢Tokala et al.2002 ¢Aldesuquy et al.1998) il Galall Gyslly Al Adlaialy sl
ol &3 ] blhag Al RSl & . (Khamna et al. 2010 <El-Tarabily et al.2008
5iie cilua sae el Pseudomonas sp. S2 5 Klebsiella sp. S1 bl of e

AA Z ) 8 ddaxie cilayy

<Y 4 glucanase 5 Chitinase y HCN 5 aaall dadlgl aens doaal iias culadl sac
DA e Al 4ol (aleY) Gliwe aca Gud) o el 52 aali Eus PGPRs

il s e s Aygal) AadSA) b dealaall L

Hydrogen cyanide (jlasyugll b z Y Adalall L)l Lyl elal (e oo §0Y1 &
oabe¥) e e vl ad 8l (53l clphill slame e S a5 HCN
i .(Passari et al., 2015; Aydi Benabdallah et al., 2016) Fusarium Jiw dslal)
Jaawll Hydrogen cyanide synthase (all Klebsiella sp. S1 oalblal) ¢l e i<
dgsaad) A8 A1 8 HON 2] o) e s)lay) & eellsy Lo s0le \HCON ) 3 bl
Bl e Ll A28l 5ia il o328 . (Shimizu, 2011) Pseudomonas fluorescens 1 duus)l

. (Gamalero et al., 2010) G_‘atﬁg (Liuetal., 2016)

G2l .PGPRS ¢l 435l a8l ilaw (e (53] 4aws s Siderophore aaall L)yl - )
Agyial) LSl aelis o L Aakall abeY) dalse daslia ddadil 8 Laga g0 aall Lailyl # L)
Sadeghi et al., 2012 ) Lall o woall (alaid Je bl Siderophore JI dauidl
I apdall clial) 35y e RSN 23 sl dalall il A e -(Verma et al., 2011;
.52 581 bl MUS 8 Siderophore

Aesane Gad (NRPS) Zaegioyll 5 lasull A4 clial) Glegans e el &
Cane etal. ) Lpall Glalcaal) elld 8 Lo cbaglsn ddadill daagjouyll e clainll (e desiie

e o LS mamy Sl s Baiee Raagiswll L il 0% L e (1998
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Giloaally LiSpny) Jia o) b e dads QS QIR 6 s Gaagioul) e clanl)
WK o Zaall cluhall el o&ly .(Cheng et al. 2002; Horwood et al. 2004)
Blunt et ) dugisall e claiall dege jaladS Wal cijels 38 Goydally Lopad) Zadall daal)

-(al. 2007, 2008
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Ll

o

Al

4, LSl slavadl clall saill 33aaall 5 sadall LSl e Aala gl gl aladi) o)
5 LSl Al dgalic Allad L g1 635 5y (a gl on 8IS (PGPRs)  (Slall saill 5 ) el
Cilida i (Phytoremediation) ( <lanall i dal 53y 5 Al dallaall oS Jlasindd 4
e Gal g s peall s duleall Al ) Jualaall (5 gl e Lali Al 3l aabial
> st sl Saill 8 Lgtaaal 5 L) gai adady i dad A LoSSA) Ul A 50 Caaga s catinue
¢ paal) Lalalle ) shudll 4403 5 < 3V Cudil «lyarall b 63 1sae JKEL( Phytostimulation )
dand 5 al ) Clisse da Aagliall 5 4l Al Gl el 5 Aglall Gl gesed) Z L)
A a5 4 sl Dlalea)
& il (205 W ) sal 5 PGPRs ildial saaaall dpads gl il 48 pead 4l jall 228 Cy
A e Ay a5 A gall slgaY) Jal g2l daglia 5 PGPR il gl 3 jésa &l ae L iiSall LS
(S2)  sp s (S1) Klebsiella sp LSSl (e il asial dldas 4l ol (3 kil
At aaa3 o LSl 4y dal) ddiatl) Al ol ) Gl & 3 kil o35 (Pseudomonas
5 ADNr16S (padl Slbad s dalad IS (e L) il il g 63 () A IS ol
LSl e il jall Aalall o siaadl clibd Abdas ) s < sl ((Phylogeny) bl 4l
4wl )2 (NCBI 4uaie Jlaxils proteobacteria 4w (e 43 5ll & aalss iSYI PGPRs
asinll Gunnn g Aday A (e 4 Aalall G das g5 AL 4 sl Aalel il
psin (A (COG) dpipha sl lially dlayi yall Ciliad) 4 3 ¢ DNAPlotter gl aladiuly
el sl Llee I e Klebsiella sp. (S1) s Pseudomonas sp (S2)
asial Prokka gl aladiuly iall aaadll mews ¢ RASTAA daul si(Annotation)
> shonll aSailly bl e jed GG Aslaid) Gliall Jeo caail)l 5 caliisl gl sl
Laepdl  ddail) sl Al sl (al¥l e Agsuedl duall Gle seaddl Al g
roble e Jianiddl i) aa¥ 5 LY (Kay cantiSMASH

Alall Au 3y "ADNr 165" dakdll el Jdadll Al ) ciSe -

4wy Klebsiella africana Kp7T g sl (e S1 AP )& @l o (phylogénie)
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Ll

dwd Pseudomonas juntendi g s (xS2 Al )&y %99.57 e yaE aulis

.%99.64 W a8 4L

Nitrogen ) g YY) Ll ddlatall Cliall ady W o Lo oy s Sl oy -
(Phosphorus )_stwsdll Daiu) «(Stress Reponse) dea¥L ¢(metabolism
WS (Iron Acquisition and metabolism) waall Ladl ol g &) 5 cmetabolism
AL & ( Motility and chemotaxis) 4S,all e Ayl cliall Gl las
S2 Al 8 osa ST

aSaiill g laill gad 3 e lally Aslaiall Glial) GLEKL (Annotation) sl waaill e

D leadl 5 ol

-indole-3-acetic acide (JAA) S1 ALl & asa daad o3 Al ligayedl -
e 5 ails 8 sacluall Clay i1 5idall Clliall 5 cilall Suad L8 aled) aS YL
S2 ALl A& () e el 138

Dl syl a3 jadall s dsas S25 S1 oDl A pasd S V) cud -
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