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Abstract:

Tomato (ycopersicon esculentynconsidered as one of the most important
required vegetables in worldwide, with a global annual yield of @@8million tons.
Tomato production is affected byfidrent bacterial and fungal infection with a leading
bacterial infection caused bRalstonia solanacearumcausing a disease known as
tomato wilt in which bacteria invade and extensively colonialize in the vascular tissues
blocking water conducting xylenThe main aim of the current study is to screen and to
monitor the quantitative abundanoé microbiomeand fungal organisms in soil and
plant parts collected from different tomato green houses. The central methodology of
microbiome and fungatvaluation hatwas used in this study was based on adapting
next generation sequenciiyGS) or what is called high throughput DNA sequencing
method. This method is relatively nechnoloy that allowsmass sequencing and
enables the production of a vastay of gaomic informationfrom many organisms in
parallel and it is provides a separate quantitative counting measurement for each
sequenced DNA segment gydJniversal primers that amplify the 16S rRNA gene for
bacterial species and theternal transcribed spacéTS region of fungal pathogens
were used and the product was sequenced by NGS technology.

The study was performed after collection of tomato plants and soil samples from
7 differentgreenhousetocated in Jenirdistrict over a period of four months stiag
from October 2017 to late December 2018. Over the collection period a total of 6
collection time pointswere conducted and in each visit 3 plant samples and 3 soill
samples were collected from each growing green house. At the end of the samples
collecion period a total of 252 of soil and plant samples were collected. For each
collected sample DNA extraction was done, followed by microbiome and fungal DNA

fragment amplification using specific primers adapted to be used later in Illumina



MiSeq DNA segence analysis. The total 252 collected samples were pooled according
to their samples nature, green house origin and visit time to form the 85 pooled MiSeq
DNA library used in NGS analysisA total of 170 FASTQ files were produced that
consists ofpaired (read 1 and read)2for each individual sample. All files were
uploaded on Galaxy platform program (usegalaxy.argiquality filtered. A workflow

for sequence analysis that was based on sequence length and selection of fungi unique
sequences was appli¢dl analyzed samples after joining the relevant readl and read2
from each specific amplicon.

The specific microbiome species that were identified in this study were
considered from plant pathogenic bacteria, most important identified species are
Ralstonia Erwina, Pseudomonas, Stenotrophomonasd Achromobacter These
species are of soil origin and causing different diseases in tomato plant, most important
Is Ralstoniabacterial species that cause tomato wilt disease. The used primers for
specific fungi dentification were less successful and low numbers of reads were
obtained.The main plant pathogen fungi that was identified in both soil and plant leaves
was Alternaria tenuissimawith some other plant pathogenic fungi species such as
Candida sake, Yarmia lipolytica, Wickerhamiell apararugosand others.

Different evidence were discussed that support the assumption of the soil being
a source of infection since many of the identified pathogens are of soil origin and there

was a type of association bet@n microbiome finding in plant and soil samples.
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Chapter one: Introduction and Literature Review

1. Tomato plant pathology:

Tomato: (Solanum lycopersicunms one of the most important economigabetable crop
after potato An averageannualorld production isestimated ofabout 100 million tons
from 3.7 million ha.(FAO. Statstical database, 2014jomatois, considerecda rapidly
growing crop with a gwing period of 90 to 150 days, that needs atinlum daily
temperature for growth betwed8 to 25°C with night temperatures between 10 and,20°C
a condition that is widelywailable in most regions of the worlCuartero et al., 2006
Ropokis et al., 200)8Temperature variation ake 25°C and below 10°@ccompanied by
high humdity and strong wind, conditiorthat produces lower yield Also, high humidity
encourages a highancidence of pests and diseasesulting in tomatdruit rotting. Dry
climates are therefore preferred tomato productior{Cuartero et al., 2008 omato can
be grown on a wide range of soitsit a welldrained, light loam soil with pH of 5 to 7 is
preferred. Water logging increases the incidence of disdéms¢arial and fungaliseases
wilt andeffectson fertilizer requirements amougilnesr et al., 2005
1.1. Tomato diseasesTomato is the world'second most cultivated vegetaliteat is
exposed to mangathogensluring its cultivation or postharvest storaget is susceptible to
more than 200 diseases caused difyerent speciesof pathogenic fungi, rmeatodes,
bacteria, and virusg8ulgarelli D, 2013 IkedaOhtsubo et al., 20)8Thefollowing are the
main pathogen species that affects tomato crop in the Mediterranean region:

1.1.1. Bacterial pathogens Plant pathogenic bacteria cause many serious diseases of
plant throughout the world (Vidhyas@ran 2002;)Bacteria as plant pathogens can cause
severe economically damaging diseases, ranging from spots, mosaic patterns or pustules on
leaves and fruits, or smelly tuber rots to plant death. Some cause hdvasmudistortion

of leaves and shoots called fasciation, or crown gall, a proliferation of plant cells producing



a swelling at the intersection of stem and soil and on roots. The following is a summary of
the most important bacterial plant pathoge@favibactem ichiganensis, Pseudomonas
syringae, Ralstoniaolanacearum and Pseudomonas corrugaihel others.

1.1.2. Fungal pathogens There are thousands of species of plant pathogenic fungi that
collectively are responsible for 70% of all known plant diseases. Plamigestic fungi are
parasites, but not all plant parasitic fungi are pathog8osne fungi are hidden inside their
plant hosts; these are endophytes, defined by their presence inside asymptomatic plants.
Another important group of fungi associated with pdaetmycorrhizal fungi. Mycorrhiza
means ‘fungus root', and it refers to a mutually beneficial association (a type of symbiosis)
between fungi and plant roots. The following is a summary of the most important fungal
plant pathogenAlternaria alternata,Calletot richumcoccodesStemphyliuniotryosum,
Pleosporaherbarum, Phytophthacapsici,Sclerotiniasclerotiorum

1.1.3. Nematodepathogens Plantparasitic nematodes occur in all sizes and shapes. The
typical nematode shape is a long and slender witeranimal,but often the adult animals

are swollen ando longer even resemble wornfantparasitic nematodes range from 250

um to 12 mm in length, averaging 1 mm, to abou8%%um in width. While nematodes

may look dramatically different, they all share some mam featuresThe following is a
summary of the most important nematode plant pathdgeotiapronuba,
HelicoverpazeayVianducaquinquemaculatsexta, Pleosporaherbarum,
PhytophthoracapsiciMeloidogynespp and Belonolaimamgicaudatu

1.1.4. Viral pathogens Plant virus diseases, like diseases caused by other pathogens,
appear to be proliferating at ever increasing rates. Scientific and popular media abound
with terms such as new, emergingsereerging, and threatening human, animal, and plant

diseasesExamplesTobacco mosaic virus, Curtarus, Tomato pseudourly top virus,



Tomato bushy stunt virus, Tomato mosaic virus, Tomato mGieini virus and Alfalfa
mosaic Vvirus.
2. Diagnosis of pathogenic agents plants:

Pathogen detection &f mostimportantfor keging theplant healthand maximizescrop
production Early detection of fant pathogerenablesstanding orrapid response settings
and emergence plan for disease eradicatiorgreenhouses, country borders, natural
landscapes, andthermass production fadies (Mendes et al., 201TTodd et al., 2018
Accurate pathogendetection with high sensitivity test of plantops isa fundamental
measurement in ght disease management anglays a major rolein the economy and
food safety The failure of traditional methodsf early detection ofplant pathogenic
microorganismsat prompt timeand adequately on a routine Izasas led to the
development of culturendependent, highly specific molecular detection and identification
techniquegMcCartney et al., 2003 edersoo et al., 20)8
3. Techniquesusedfor plant pathogen detection:
Several methods and technologies are used in plant pathogen detection, each has different
advantages and disadvantages, new methods that are asehpiing new molecular
technologies proved to be much effective and give rapid identification and better
sensitivity Future tech should not only be able to rapidly detect known plant pathogens but
also to detect new pathogens through library gener@erg et al., 2016Tedersoo et al.,

2018. The following are the most important used methods:

3.1. Traditional pathogen diagnosis

3.1.1. Visual pathogen diagnosisAlthough it is the oldest but still it can give an alert for
emerging diseases, This approach need experiencetdrprieting visual symptoms of
disease, followed by pathogen diagnosis using naked eye or micyoapppratus for

initial pathogen identificationTsui et al., 201l Basically this approacimay be the

3



cheapest and simplest in some occasions, it canragnaose pathogens before the
symptoms are observablegnd it can be performed by the daily available farm@fsourse

visual examination is never effective in identifying the pathogen causative agent of the
symptomatic disease; especially if this is aultesf bacterial or viral infectionfAyliffe et

al., 2014.

3.1.2. Pathogen cultures:Culturing is another traditional method which usually takes a
few daysfor microbil pathogens and about2lweeksfor different fungi. This method is

not practical due to the long incubation time, and the need for expertise and sterile culturing
equipments and working area. From the other side culturing methods are very important for
pathogen isolation and for further research studies.

3.2. Immunological based methodsThese methods are mainly depends on the detection
of pathogen epitopes using specific known antibodiedn general, mmunological
techniques are based on specific and Jaiffimity binding of the targepathogen epitop¢o

a previously commercially produceantibodies(Ray M, 2017. For plant samples, it is
crucial todo samplepreparation stephat include pathogen separat@md concentratioto

enable effective pathogesetection(Thornton, 2004 Separation methods are involved
physical separation techniquessing centrifugation, filtration and electrophorestbese
techniques bring to enrichment of the pathogen antigenic (antigen) macromolecules. The
main immunological antigen detection that are used in plant pathogen detesion a
concentrated on viral antigen detection by enzyme link@adunesorbent assay and slide

plate agglutination method®olasco et al., 1993 New commercially available methods

that depends obio-specific antibodycoated paramagnetic particles have been integrated
into biosensors to separate or isolate targeted pathegersalso adapte(dRettcher et al.,

2015. However,immunological methods anantibaly-coated beads has limitations that

are related tdhigh cost of beads required for effective detection, and the need to find



anibodies with specifigmonoclonal antibodiesand high affinity toensure sensitive and

specific detectioriLépez MM, 2003 Rettcher et al., 2035

3.3.DNA based detectionfPCR and Sanger DNA sequence analysis

DNA based methods enablingtdcting pathogen's specific DNifagments, thisan be
achieved by DNAprobes; which areld techniques that aneot practicaland requires
radioactive DNA labelingFor DNA probe hybridization there is a need for a previous
knowledge on the pathogen type and the use of specific probes for each pathogen that
makes this methods complicafPdavi et al., 2016 A recent molecular techniques were
establisheddr sensitiveand specificdetection of many plant pathogensjreenty DNA
amplification using polymerase chain reaction (PCR) technology followed by either
restriction fragment length polymorphism (RFLP) or more specifically DNA sequence
analysis of themaplified amplicons are more comm¢ghbd-Elsalam, 2003Kuzdralinski et

al., 2017 Schaad and Schuenzel, 2010

331PCR:i's used to detect the presemewbeof a
extracted from thelant infected parfsvhich contairs both plant and pathogen DN#is

will be followed byPCR amplification using pathogen specific primeis obtain thousands

to millions of copiesover three temperatures cyclirgnplification stepsthat arerepeated

about 35 timegBartlett, 2003 O'Sullivan et al., 2003For this purpose specific thermal
resistant enzyme is used named Taq DNA polymerase that can stand the different
temperature cycling. Amplified patlgens’ DNA fagments have to be visualizemh
agarose gel electrophoregiBarnes and White, 2016Schaad and Schoeel, 2010.
Alternatively, it is possible to perform real time PCR amplification using fluorescence
DNA labeling stains (SYBRL1 green, or S\@pto avoid the agarose gel analysis step and it

is possible to use specific incorporated short probes forfeppathogen detection and



amplification (O'Sullivan et al., 2003 PCR method faces several challenges including:
sample preparation, DNA extraction, muléging to detecteveral pathogens.

As it was mentioned earlier ampéfl pathogen specific DNA fragments can be identified
using DNA sequencingechnology(Nezhad,2014 Sharma, 2016 For thispurposethe
traditional Sanger sequencing technique useNdiPs chain termination to determine the
sequence of nucleotides in a DNA strand is ygedef, 2014 Walker and Lorsch, 2013

Xu, 2016. The pathogens common target sequencesnafude the most repetitive DNA

parts such as nuclear intervening transcribed sequences (ITS 1 and ITS2), or the
mitochondrial DNA that include cytochrom b (cyto b) ortaghrome oxidaes (COX 1)
genes(Begerow et al., 203Kemen et al., 2035Xu, 2019. For bacterial detection the
most target genes areetlribosomall6s RNA gene DNA sequencegDavidson and
Epperson, 20218Jo et al., 2016 Most of important plant pathogen geras available in

the GenBank (NCBGenBank, NIH) and can be compared with the obtained sequences
after performing the initial PCRhrough Basic Local Alignment Search ToBLAST)
analysisto find the most relevant and related pathogen. This approaehnyispecific and
sensitive and is used in many other fields including clinical diagnosis of human and animal
infectious diseasg8urks et al., 1991Burks et al., 1983urks and Tomlinson, 1939

The more advances in DNA sequencing technologies the greater the speed and efficiency of
genome sequencing. Analyzing gemes of plant pathogens provides new information
about the processes and genes involved in the host colonization and pathogenicity that
offers identification of unknown plant pathogens.

3.3.2. DNA based methods:Next generation DNA sequencingNGS): Developmenof

next generation sequencing (NGS) technologies laalded toour knowledgegreater
informationthat exceeded many data obtainedlayger sequencingontinuous use of this

technologyis expected to secutkeestablishment dDNA databases for both ham genes



and plant pathogen@meur et al., 201,8Maxwell et al., 2018 Roossinck, 201)/Next
generation sequencing is a technology that dramatically facilitated genome sequencing at
lower costs for all branches of life sciend¢@sy and Sabri, 2015Liu et al., 2012 NGS
emerged in 2005 using commercial Solexa sequencing technology and expanded rapidly to
different systemgLiu et al., 2012 Massart et al., 2034 NGS techniques are basically
grouped into sequencing by synthesis or sequencing by ligation. In sydibssts
sequencing, aftefragmented DNA sampledfixation to the flow cell at specific positions

the complementary DNA strand is synthesized by DNA polymerase while a chemical or
fluorescent signal resulting from the nucleotide incorporation is detected to identify the
sequene (Liu et al., 2012 The main commercial synthediased sequencing technologies

are Roche 454 pyrsequencing, lllumina (solighase bridgeamplification), and lon
Torrent (Abed et al., 2019Ambardar et al., 2016Ravi et al., 2018 Roche 454 pyro
sequencing is based on adhesion of single angai DNA template to a microbead and
amplification using emulsion PCR in such a way that each bead is individually placed
within a well, subjected to the flow cell and incubated with DNA polymerase, ATP
sulfurylase, luciferase, substrates luciferin and aden n-phosphdsjulfate (ASP)
(Ambardar et b, 2019. Following polymerase, dNTP is incorporated into the DNA strand
and produces ATP as the catalyst required for converting luciferin to oxyluciferin in order
to emit light. All free ATP and nucleotides are washed and the process is repeated more
times until the DNA template islongated to the desired lendiymbardar et al., 2006
llluminaNGS sequencingystemis considered the most widely used systawlidphase

bridge amplification is used where each end of a DNA template is ligated with
adaptersVhile one end of adapteonjugated DA fragment is attached to a substrate, the
other end makes a bridge with immobilized primers and generates clusters of identical

template in order to enhance the chemiluminescent s{@mbardar et al., 2026 This



process continues in a cycle in the presence of a mixture of four nucleotitegedoby

image capture while each nucleotide is labeled with a difféheoto-phore.This cycle is
repeated until the DNA fragment is synthesized totatget length(Maxwell et al.,
2018.The basic principle oflon Torrent system, by sequentially adding nuclexgtjdhe
incorporated nucleotide is detected by measuring pH ehduog to the release of H+ ions
(Abed et al., 2019Chen et al., 2018 Next generation sequencing systems are able to
simultaneously read the sequence of millions of short DNA fragments (typRzH{Y0

bps in lengthYMaxwell et al., 2018Ravi et al., 2018 These platforms enable quick, low

cost, and comprehensive sequencing of complex nucleic acid populations with huge impact
on medical academic research andparticular crop genomes which consist of several
thousand million DNA base pair@mbardar et al., 2036Gabrid et al., 2013NGS
systems vary in terms of the length of each sequence read, the total bases sequenced, and
the price of sequence per mdmsse (Mb). NGS systems have also been used to sequence
plant genomes including: genomeTdieobroma cacaaapplegenome, chickpea, and date
palm (Ravi et al., 2018 Many other crop genomes and their wild relas are current

being sequenced.

Sequencing the prokaryotic and eukaryotic plant pathogens and detection of
microorganisms existm in infected plant tissuess arother application of NGS in plant
health. Sequences produced by NGS technology fr@infectedplant include sequences

from any pathogens present. However, this sequence also includes the large genome size of
the host plat, complicating DNA sequencing of the targeted pathogens. Hence, depending
on the pathogen concentration and sample matrix, an extra enrichment step may be
necessary to purify the nucleic acids and to reduce the cwityplend the cost of
sequencingMerriman et al., 2012 Among various targeted enrichmtetechniques in

plant biology, the standard Pdssed, hybridizatiohbased, and sequencepture based



techniques have been widely used along with NGS systems. Standard PCR was used as
effective enrichment technique with the earliest NGS systems, bubdbe high cost and

the challenges for integrating with the new higlhoughput NGS technologies its
application is only limited to the old NGS devid8$Along with the standard PCR, the
technique of multiple displacement amplification (MDA) was devetbpising random
hexamer primers to amplify a relatively complete genome. This can significantly increase
the quantity ad chance of pathogen detecti(hedergeber and Dessimoz, 201Ravi et

al., 2018. In the hybridizatiorbased enrichment technique, when the complex DNA is
applied to the array, the target fragments of DNA hybridize the probes while the non
desred regions are washed away. However, the hybridization techniques needs usage of
blocking DNA which restrain nespecific DNA binding leading to the capturing of "off
target fragments®’ Sequenceapture technology is the alternative to the hybridirati

based enrichment which -sequence targeted regions of genome, where the library of

repetitive sequences is depleted first, while thestarggion is secondly enriched.



Objectives

The main goal of the proposed study is a proof of concept fougbakilness, and cost
effective use of next generation sequencing technology in plant pathogeiagmesis and
comprehensive identification as a main tool for obtaining optimal plant growth. The
specific objectives are:

1. To diagnose and identify differeakpected plant pathogens found in soil and plant parts
over tomato crop production period. This will be done based on different pathogen DNA
segments amplification followed by NGS analysis.

2. To identify on real time morphological and DNA NGS analysis thensity of plant
pathogen infections and suggest an optimal type of pesticide treatment.

3. To associate the above finding with crop varieties pest resistant.

Significant of the study:.

Next Generation Sequencing (NGS)relatively newtechnoloy that albws mass
sequencing ofjenetic material, and enables the production of a aasly of genomic
information from many organismsAdapting NGS technology reduces the cost of DNA
sequencing compared to Sanger traditional method and thasdigling timeconsuming
and tedious traditional cloning stepa NGS sequencing method itpsssible to perform
millions of sequencing reactiosr part of whole genes or reactions that involve different
amplified PCR segments. In the current study we are planning to taapGS analysis
for acquiring comprehensiveinformation on the abundance of microbiome and fungi
pathogenic organisms that affecting tomato crops from different stgdéeshhouse and
over its growth period. The relationship of plant leaves microbianaesoil microbiome is

discussed.
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Chapter Two: Materials and Methods

1. Sample collection

In this study samples from tomato plants &od were collected fron7 different
greenhouse located inJenin city Sample collection was started at the earlyetiof
beginning oftomato plant culturingtarting from Oatber 2017to late December2018
Over thecollectionperiod a total of 6 visits were done from thgréenhouse (Table 1)
In each collectiowvisit; threeplant samples antthreesoil samples wereollected from each
growing greenhouse Samples were collected using sterile collection equipments (scissors,
forceps,100 ml plastic collectiocup, gloves). Caution was highly given not to introduce
any contamination to thgreenrhouseand notto do crass contamination between the
collected samplefegarding soil samplake three samples were collected randomly from
different areas of thgreenrhouseand eaclsamplewas containing about 50 grams of soil.
Plant samples as well were collected randomiynf different corners of thgreerhouse
and each time few leaves were collected from different tomato prmtethe end of the
samples collection period a total of 252 of soil and plant samples were collected.

Table 1: (a) Sampling location GPS Cabnates, (b) samplingnd visitingdate

(a) (b)
Location| Vertical Horizontal Visit # Date
GH-1 35.392111] 32.459719, visit 1 27/10/2017
GH-2 35.391746 32.459719, visit 2 10/11/2017
GH-3 35.38959 | 32.462806, visit 3 24/11/2017
GH-4 35.405814 32.464134, visit 4 12/12/2017
GH-5 35.407177 32.462967, visit 5 23/12/2017
GH-6 35.402564 32.455932, visit 6 05/01/2018
GH-7 35.40413 | 32.454891,
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2. DNA Extraction

DNA was extracted from a total of 1&&amplesand this after pooling the thresoil
samples in one larger container. So, the final numbers of samples (168) was including 126
separate triplicate plant samples dreenhouse, 6 visits, each time 3 samples were
collected, and42 pooled soil samples. DNA extraction for each collecachples was
performed using phenol exttaan method as indicated beldqBartlett, 2003.
DNA was extractedrom leaf samples directly and for soil samples afttegir short
incubation in 50 ml sterile waster followed by suspension centrifugation. Raves and
predicated soisamples weréncubatedin lysis buffer (100 mMTrisHCI, 20 mM EDTA,
1.4M NaCl, 0.2% mercaptoethanol, 2% hexadecytrimethlammonium brpeodéaining
200ng Proteinase K (Sigm&f. Louse, USA The solution was kept ab& for 2 hours
followed by 1:1 volumephenol extractior{pH 8.0)andthenethanol precipitatiomusing a
final concentration of 0.2M NaCl and the addition of 3 volumes 1068 ethanal After
incubation at-20 2C for overnight, DNA was recovered by centrifugation at maximum
speed at (14,000 rpm) for 10 minutes, and then the precipitated DNA was washed using
70% cold ethanol. Thexeracted DNA was suspended in 1A0TE buffer (ImM TrisHCI,

0.1mM EDTA) and kepat-20°C until further uséAbbasi et al., 2013

3. Polymerase Chain Reaction (PCR):

All PCR reactions were performed in a total reaction volume af 85ing reag-mix
PCR kit (Syntezza, Jerusalem, Israel). PCR amplificdboreach indicated systemsing
20 pmolesof eachdirect and reverserimersas they are indicated ihable 2. For each
PCR reactiorbm of the extracted DNArom leaves extract or soil extrasbs addedSo, a
total of 168 reactions were performed for each PCR system (gf8upt1s very important

to note that, each of the shown direct or reverse primers has an additional oligonucleotide
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sequence (known ddumina adaptersthat is neededof next step of idex addition and

later used as a site for NGS sequence analysis (TAblkll PCRs that were used in

preparing the NGS (Miseq) library from different samples were performed applying the

indicated specific primers and their correspondimgjting temperature as {iTable2). The

used temperature profile started9& C for 15 min, followed by 35 cycles of 96 for

30s, 30s at the specified annealing temperature, ard & 1 min, and then concluded

with an elongation step at 72 for 10 mn.

Tabel2: PCR systems and theirdicated primers' sequences that were used in microbiome
and fungi amplification from leaves and soil samples.

PCR group4PCR systen|  Purpose Primers* Tm ( C) Ref

Group 1 |16S rRNA | Microbiomes| Direct: CCTACGGGNGGCWGCAG 60 ( Abbasi
Reverse: AGGACTACHVGGGTATCTAAT etal.,

2018)

Group 2 |18S rRNA | Fungi SUNS1: GTAGTCATATGCTTGTCTC 57 X
SUNS4:  GTAGTCATATGCTTGTCTC

Group 3 |18S rRNA | Fungi FITS4: AGATGTGTATAAGAGACAG 57 X
FITS5: GGAAGTAAAAGTCGTAACAA(

*All used primers synthesized using the below forward and reverse overhang adaptor.
- Forward adaptor: TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG

- Reverse adaptor:

4. Agarose Gel Electrophoreses:

PCR products were run on a 1.5% agarose gel (1.5g agarose,1200ME and

GTCTCGTGGGCTCGGAGATATBAGAGAC

10plEthidium bromidg The50X TAE electrophoresis running buffer (242g Tris base,

57.1ml glacial acetic acid and 100ml 0.5M EDT@#(8.0)). The Gene Ruler 50bp DNA

ladder (Thermo Scientific, # SM0371) was used for sizing PCR amplified products.
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5. High throughput DNA deep sequencing using llluminaMiSeq platform:

This approach was adapted from the NextarerobiomeMiSeq DNA sequence
protocol to be used in detecting microbiome and fungi in plant and soil samples. For this
purpose,three different PCR reactions were performed oneach sample as indicated above.
Emphasis on using special primers adapted foruseitlltimina MiSeq next generabn
sequencing (NGS) system. Each primer is composed of two padspart: Direct and
reverse primers that are specifically designed to target the specific DNA to be amplified (1
bacterial 16S rRNAyene, 2 two systems ofungi ITS). Second partUniversal 5'- tailed
oligonucleotides (complementary region for R1 connected to the direct primer or R2
connected to reverse primer) known as Read 1 and Read 2. These sites will be used later

add sample barcodes (indices)d forDNA sequencing from bothdes.

5.1. Preparation of DNA Template: In order to enable identification of individual

sequences of different DNAs in pooled samples geil, and plant leavesdual
barcode sequences are added to the ends of all DNA amplicons. These sequences,
known asindices, allow for the identification of individual amplicons and their
respective sequences for eaample A uniqguemultiple indices areused for each
different soil or leaves samples, alere pooledonesampletube Figure 1, shows

the primers' regias used in thisMiSeq analysisFor the addition of these primers

and indiceswo PCRswerecarried outithe first one as indicated above to amplify
microbiome and fungi specieandthe secondPCR as it is indicated below was

used for thexddition of thedual bar code indices.
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First-Step PCR

Second-Step PCR

i5_S5xy barcode

Q’mw,

*Surt of For Read
——
e —

Start of Rev Read *
Figure 1. Overview of the double indexing strategy used in the lllumina two-step protocol. During the
llumina sequencing step the amplified genomic sequence including the specific primers (grey and blue bars)

as well as the forward and reverse barcodes (orange bar) are read out.
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5.2.Preparation of MiSeq DNA amplicon library:_The library consists of the total
amplified 168 samples of both microbiome and fungi samples. The amplified amplicons of
the £ soil samples were treated each as single samplesharidree PCR products were
pooled together in order labeled later by their specific indices. The leaves samples (126
samples) were first pooled each three amplified PCR product that are related to the specific
greenhousein each visit into one sample, adotal of anothe42 samples were obtained as

a result of pooling each three related samphasthe end a total of 84 samples were
obtained; plus extr8 negative control samples for setting up the background effbes.
pooled three amplicons in the8® samplesverw purified using magnetic beads method as
indicated below and this was considered as the first step towards the NGS MiSeq library

preparation.

5.2.1PCR products pooling and cleanup usingAMPure XP beads (magnetic beads):
The importance of thistep isto removeuntincorporated nucleotides, primers and salts
using highly efficient magnetic beads purification kit (AMPure XP beads kit / Beckman
coulter, USA). The following purification protocol was used:

A total of 50 m of the pooled three ampbos of each soil oteaves samples were
transferredinto new fresh 200m tube (a strip of 8 tubes were usdd).each tube
containing the pooled PCR producs® m of AMPure XPmagnetic bead&ere addednd
mixed well. The mixed components in the stripgere incubatedat room temperature for 5
minutes.This was followed by transfer of thetrips containing the PCR products and the
beadsto 96 well magnetic plate stantihe strips werdeft for another 5 minutes until the
beads attadd to tube side. (DNA gppose to bind to the magnetic beatisg solution
containing unbound materia(®PCR buffers and salts) were removgd gentile pipetting

without disturling the attached bead®&( this purposenultichannel pipettevas usefiThe
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beadsand the bound DNAverewashed withi200 m of freshly prepare®0% ethanol and

left for another1l minute while strips are not in the magnetic plEten the strips
containing the beads and the washing solution wettgredto magnetic plate and left until
thebeads attached tabe side (about 1 minute), and thitee washingethanolsolution was
removedby pipetting.The washing stepvas epeatd and at the end of the second wash
stripswere leftcontaining the beads without any ethanol on the magnetic plates for about 5
minutes to complete dryingLater thestrips were transferred to regul®CR tube strips
holder, and then 301 of double distilled watewere addedo elute bound DNAThe beads

in DDW were leftfor about 23 minutes.Lastly thestrips were transferredo magnetic
plate tube and then pipette the eluted DNArBAnto fresh tubes.

Note: the transferred 20 suppose to have a representation of the three amplicons

(microbiome and two fungi PCRs) for each analysed single sample.

5.2.2Index addition by PCR: This is the second stage PCR thats used to attach the
dual indices (i5 and i7) linked to lllumina sequencim@@aters. For this PCR the below
indicated indices names written in the sample shvee¢used (commonly they are named
as: N7XX and S5XX). Indeadditions wergerformed inreadymix PCR kit (Syntezza,
Jerusalem, Israel)rhe following is the compositioaf each PCR reaction: (reaction total

volume=25 Im
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Quantity Material

S5 XX index primer 1 51Im

N7 XX index primer 2 5 1m

DNA (quantity to be transferred directly |1 51 m
this tube at the end of magnetic be

purification).

Total 25m

The PCRwas performedn Thermecycler using the following program:

- 5 min at 95C.
- 12 cycles: each composed of
- 30 seconds at 86.
- 30 seconds at 56.
- 30 seconds at 7.
- A final elongation step at 7€ for 5 min.

Representative samplesgreanalysed by Agarose gel electrophoresis in orderdue the
success oflual index addition.

5.2.3. Final preparation of MiSeq pooled and barcoded sequencing libranAfter
addition of the indexes by the second PCR, all the reacti@re purified using the
AMPure XPmagnetic beads protocals indicated above amkactly as done aftgrooling
the first PCR. At the end of this purification step all the individual eluted P@&e
pooled into one tubby mixing 10m from each eluted PCR product. At this stagge t
library is ready to be sent for next generation DNA sequencing (I888)ce Company

(sequencing was done on Miseq machine using 500 cycle kit from lllumina Co.)
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5.2.4. Library quantification and normalization: It is very essential to quantify all the
86 pwled samples. This quantification is best done by Tapestation electrophoresis system
(Agilent Technologies, CA, USA), that analyze DNA fragments (or PCR amplicons) from

35 to 1000 bp in terms of quality, size and concerinati

5.3.Bioinformatics analysis: Raw lllumina sequencing data was generated from all
analyzed PCR amplicons as FASTQ files of readl (forward) and read2 (reverse) for each
individual sample. These sequence reads were uploaded to Galaxy platform at
(usegalaxy.org) for further sequence preaes and analysi¢Ref: Afgan et al) Initially

raw sequences were filtered for quality control at a phred score efj@0alent to 99%
confidence of each nucleotidégllowed by merging forward and reverse reads, the
amplified specific genes were selattaccording to their specific sequence lengtid
sequence identityThe selected sequence reads from eswh and plant leavesvere
analyzed for sequence homology above 97% using BLAST analysis tools in order to
determine number of reads related to dpeonicrobiome or fungoperational taxonomic

unit.
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Chapter three: Results

1. PCR amplifications and MiSeq DNA library quality analysis:

1.1.16s rRNAMicrobiomePCR: Successful amplification was tested each time on 1.5%
agarose gel electrophoresis for both miaote and fungi PCRs. The three used systems
are standard systems that are already well established and optinugedn&iny other
previous studiesFigure 2showeda representedgarose gel electrophoresesults of the
bacterial 16s rRNA PCR system fortboil and plant extracted DNA. A successful DNA

amplificationwas obtained from all examined 168il and plant samples.

Random tested samples (Bacteria PCR system)

M -ve

500 bp

Random tested samples (Fungi PCR system)

500 bp

Figure 2:Agarose gel electrophoresis analysis of amplified microbiome 16s rRNA
from random soil and plant samples collected over the study period.

1.2.1TS rRNA fungi PCR:
Although the two fungi PCR systems were optimized other researchers and these
primers wereused in plant fungi optimization, still not all the tested samples gave a
positive PCR amplification as was seen byrierobiome analysis. Only 40 samples from
the total 82 samplesnalyzed by NGS showedpositivefungi PCR amplification(Figure

3 shawvs the results of random samples analyzed on agarose gel electrophoresis applying the
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ITS rRNA fungal PCR. The second fungi PCR system was less effective and less number
of samples gave a positive PCR amplificatiél. the obtained amplicons from soil or
leaves plant samples whether they showed positive or negative results were included in the

MiSeq DNA library.

Random tested samples (Fungi PCR system)

M

500 bp

Random tested samples (Fungi PCR system)

500 bp

Figure 3. Agarose gel electrophoresis analysis of afigalifungi ITS gene from random
soil and plant samples collected over the study period.
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1.3.MiSeq DNA library analysis and index addition quality control checkAfter the
second PCR that involves the addition of two indicé&xXSand Noxx), a quality analysis

of the obtained pooled and purified DNA amplicons was performed. The indices addition
introduces aboufl30 bp addition on each PCR. So, after the indices addition random
samples were chosen to ensure that the index addition PCRusesssful. As seen in
(Figure 9, for each type of PCR system there wds8@bp advanced shift in amplicon size

as results of indices addition. Later and after the purification of all indexed labeled
amplicons and their pooling in one tube to be usddi®eqlllumina sequences analysis, a
Tapestation electrophoresis analysis (Agilent Technologies, CA, W&&) performed
using SYPBR green | fluorescencketection system and this in order to analyze the
produced library at the quantitative and qualitatesel. Figure 5, shows the Tapedsgia

results

2. NGS MiSeq sequence data:

A total of 170 FASTQ files were received from the service company that performed the
NGS run. The 10 files are considered the raw Illlumireequecing data and they are
consists ofwo different files: Read 1 and Reada@ each individual sample (total number

of sequenced samples i5)8The total size of the obtained FASTQ files reach up to 778

Mb that contains the sequences for each included amplicons that were produced from each
individual analyzed soil or plant leaves samples. All files were uploaded to Galaxy
platform program (usegalaxy.org) as indicated in material and methods. A workflow for
sequence analysis that was based sequence length selection and selection of fumgi uniqu
sequences was applied to all files after joining the relevant readl and read2 from each

specific amplicon
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Figure 4: Band size comparative analysis for some selected amplicons used in MiS
library preparation, before and after indices addition. About 70 bpistafhplicon size

b a -ve M(bp)

seen in (b: after index addition) and (a: without index).

Filename: Sameh.cD5000

500 bp

Gel Image p
Al B1 |
_ =
—
s
]
et - L N
ot
— [Calibrated Conc.| Assigned Conc. | Peak Molarity | % Integrated
— Size core Peak Comment | Observations
= [ng/u] [ng/ul) [nmol/1] Area
— 15 6.43 & 659 Lower Marker
L d ) 207 1.91 - 14.2 51.56
670 1.80 - 4.12 48.494
P
10000 3.25 3.25 0.500 Upper Marker

Figure 5:MiSeq library quality control analysis using a sensitive fluorescent DNA
analysis performed on Tapestation electrophoresis machine. Two bands are seen if
200 bp(NGS primers) and 600 bp (the amplified bacterial and fungi amplicons befor

purification).
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2.1.NGS Microbiome and fungi data analysis.Using Galaxy workflow it was possible

to obtain the exact number of total amphe for each separate analyzed sample from soll
and plant leaves and which belongs to the speciitection date Figure 6 shows a
histogram draw for soil and plant amplicon reads represeb#inggriaand fungi amplified

DNA fragments from all studiedreerrhouse all overthe collectionperiod. t is clearly

seen that total readsbtained from soil samples were much less than those obtained from
plant samples, also total reads in soil started to increase at the end of the study in most of
the greenhouses. On the other hand, the total reads obtained from plant sashoe®d

great variations among differegteerhouse and between different visits as well (Figure 6

b). Although in thanitial visits greerhouse 3 and 4 showed the highest reads all tive

study that reached up to 80,000 reads, whieenhouss 7 and 6 showed the lowest
number of reads all over the study which indicates a cleaner habitat and healthy conditions.
In order to have clear and precious informatnout the microbiome arfdngi abundance

in different greerhouses all over the visits and to highlight the most important
microbiome, a separate analysis of egaerhousewas performed as indicated below.

2.1.1. NGS microbiome analysis in soil and plant sample@verall observationg: For

each of the studiedyreenhouse the most abundanfive microbiome species were
determined in each time of sample collection. For this purpose the total reads that belong to
the bacterial 16 SRNA were translated to unigperational taxonomic uni{©TUs) which

are definedas the closely related group, or the similar sequences grouped by DNA
sequence similarity of a specific taxonomic marker; which is in this case the 16 sSRNAS

gene.
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Figure 6: Comparative histogram analysis of total bacterial and fungal reads found in soil or plar]

leaves obtained per green house at each visit ovstutg period.
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In general there was a slight inverassociation between microbiome abundance found in
soil compared to that in plant leaves and this was true in GH1, GH2, and GH3 (Figure 7).
All over the study period the plant leaves microbiome reads were found to be higher, and
during the visits3 or 4 (middle of the study period) and 6 (at the end of the study period),
the microbiome in leaves showed an obvious increase compared to soil in GH1, GH, and
GH3. This finding is discussed later with suggestions for such possible associ&tieas.

houss 47 were in total showed less abundance of microbiome with a relative complete
consistence in microbiome quantities in soil and plant leaves in-GHA (Figure 8)
Specifically, GH5 showed about level of bacterial contamination in soil and plant leaves all
over the coléction period(6 visits).Also, it was noted that GH3 and GH4 initially started
with higher microbiome contémn plant leaves than in sothat could suggest an external
contamination factor originated from the tomato plantlets at the itirtie@ of grow.lt is

worth to mention at the current time that the water used in irrigation also could be an

important factor in origin of the bacterial contamination as discussed later.
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Figure 8: Comparative total microbiome relationship in soil and plant leaves (green hetgses 4
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