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Abstract:  

Tomato (Lycopersicon esculentum) considered as one of the most important 

required vegetables in worldwide, with a global annual yield of over 100 million tons. 

Tomato production is affected by different bacterial and fungal infection with a leading 

bacterial infection caused by Ralstonia solanacearum causing a disease known as 

tomato wilt, in which bacteria invade and extensively colonialize in the vascular tissues 

blocking water conducting xylem. The main aim of the current study is to screen and to 

monitor the quantitative abundance of microbiome and fungal organisms in soil and 

plant parts collected from different tomato green houses. The central methodology of 

microbiome and fungal evaluation that was used in this study was based on adapting 

next generation sequencing (NGS) or what is called high throughput DNA sequencing 

method. This method is relatively new technology that allows mass sequencing and 

enables the production of a vast array of genomic information from many organisms in 

parallel and it is provides a separate quantitative counting measurement for each 

sequenced DNA segment type. Universal primers that amplify the 16S rRNA gene for 

bacterial species and the internal transcribed spacer ITS 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 different greenhouses located in Jenin district over a period of four months starting 

from October 2017 to late December 2018. Over the collection period a total of 6 

collection time points were conducted and in each visit 3 plant samples and 3 soil 

samples were collected from each growing green house. At the end of the samples 

collection 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 
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MiSeq DNA sequence 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 analysis.  A total of 170 FASTQ files were produced that 

consists of paired (read 1 and read 2) for each individual sample. All files were 

uploaded on Galaxy platform program (usegalaxy.org) and quality filtered. A workflow 

for sequence analysis that was based on sequence length and selection of fungi unique 

sequences was applied to analyzed samples after joining the relevant read1 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, Stenotrophomonas, and Achromobacter. These 

species are of soil origin and causing different diseases in tomato plant, most important 

is Ralstonia bacterial species that cause tomato wilt disease. The used primers for 

specific fungi identification 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 tenuissima, with some other plant pathogenic fungi species such as 

Candida sake, Yarrowia lipolytica, Wickerhamiell apararugosa, and 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 between microbiome finding in plant and soil samples. 
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) ϣузЧϦ ϣГЂϜнϠ сзуϯЮϜ ЭЃЯЃϧЮϜ ЭуЯϳϦNGS ЉуϷЇϧЮ ЭвϝІ ϭлзгЪ (ϒϣтϽуϧЫϡЮϜ ϤϝϦϝϡзЮϜ ЌϜϽв 

 

ϖ сϮϝж ϱвϝЂ :ϸϜϹКϒ Ϲгϲϒ ϞϽЮϜ нϠ 

 

ϖ .ϸ :РϜϽІϖ сЂϝϡЛЮϜ букϜϽϠ 

  

ЉϷЯв 

 ) ϢϼмϹзϡЮϜ ϢϽгϪ ϽϡϧЛϦSolanum lycopersicum ϣϠнЯГгЮϜ ϤϜмϽЏϷЮϜ бкϒ ев ϢϹϲϜм (

 Йв ̪бЮϝЛЮϜ сТ ϭϦϝж сгЮϝК рнзЂ еК ϹтϿт100  омϹЛϠ ϢϼмϹзϡЮϜ ϢϽгϪ Ϭϝϧжϖ ϽϪϓϧт ϩуϲ .еА днуЯв

) ϝлϡϡЃϦ ϢϹϚϜϼ ϝтϽуϧЫϠ еК ϭϦϝж ЌϽв ϝлгкϒ ев ϣтϽГТм ϣтϽуϧЫϠ ЬнЊϒ ϤϜϺRalstonia 

solanacearum(  ЉϳТ нк ϣуЮϝϳЮϜ ϣЂϜϼϹЮϜ ев сЃуϚϽЮϜ РϹлЮϜ .иϼмϹзϡЮϜ ЬнϠϺ бЂϝϠ РϽЛт

 ϣЧуЦϹЮϜ ϤϝзϚϝЫЮϜм ϤϝϠмϽЫугЮϜ ϢϽТм ϣϡЦϜϽвм ϤϝϛуТϹЮϜ ев ϝлЛгϮ бϦ сϧЮϜ ϣуϦϝϡзЮϜ ̭ϜϿϮцϜм ϣϠϽϧЮϜ сТ

 рϽуϧЫϡЮϜ ϹϮϜнϧЮϜ ϣЛϠϝϧвм ϹтϹϳϦ пЯК ϩϳϡЮϜ ϣЧтϽА ϤϹзϧЂϜ ϩуϲ .ϢϼмϹзϡЮϜ ϣКϜϼϿϠ ϣЊϝϷЮϜ

 ϣуϮϝϧжшϜ сЮϝК рмнзЮϜ ЍгϳЮϜ ЭЃЯЃϦ ϹтϹϳϦ ев сЮϝϧЮϜ ЭуϯЮϜ  ϣЧтϽА аϜϹϷϧЂϗϠ ЩЮϺм рϽГУЮϜм

)NGS(ж ϢϹтϹϮ ϣузЧϦ ск ϣЧтϽГЮϜ иϻк . еЫгϦм рмнзЮϜ ЍгϳЯЮ ЭЃЯЃϧЮ ЭвϝІ ϹтϹϳϧϠ ϱгЃϦ ̯ϝуϡЃ

 ϤϝвнЯЛгЮϜ ев ϣЛЂϜм ϣКнгϯв Ϭϝϧжϖ евϣуϪϜϼнЮϜ  рϾϜнϧв ЭЫЇϠ ϣуϳЮϜ ϤϝзϚϝЫЮϜ ев ϹтϹЛЮϜ ев

 ̭ϜϿϮϒ ев ϽЋзК ЭЫЮ ̯ыЋУзв ϝ̯угЪ ϝ̯ЂϝуЦ ϽТнϦмDNA  ϣвϝК ϤϝϚϸϝϠ аϜϹϷϧЂϜ бϦ ϩуϲ .ϣЯЃЯЃϧгЮϜ

 ϤϝзуϮ ЙАϝЧв ϸϜϹКϒ ϢϸϝтϿЮrRNA 16S чЮ ϣЧГзвм ϣтϽуϧЫϡЮϜ ИϜнжITS  ЌϜϽвцϜ ϤϝϡϡЃв ев

 ϝуϮнЮнзЫϦ ϣГЂϜнϠ  ЙАϝЧгЮϜ иϻлЮ ϣтмнзЮϜ ЌϝгϲцϜ ЭЃЯЃϦ ϹтϹϳϦ бϦ ̯ϝЧϲъм ϣтϽГУЮϜNGS. 

  ев ϣϠϽϦ ϤϝзуКм иϼмϹзϡЮϜ ϣϧϡж ев ϤϝзуК ЙгϮ ϹЛϠ ϣЂϜϼϹЮϜ иϻк ϥгϦ7  ϣУЯϧϷв ϤϝϛуТϸ

 ϽϠнϧЪϒ ев) ϽлІϒ ϣЛϠϼϒ ϢϽϧТ Ьы϶ еузϮ ϣзтϹв сТ2017  ϽϡгЃтϸ Ͻ϶Ϝмϒ пЮϖ2017   ( Ьы϶ .

 йКнгϯв ϝв ̭ϜϽϮϖ бϦ ϢϽϧУЮϜ иϻк6  ЙгϮ бϦ ϩуϲ ϤϝзуЛЮϜ ЙгϯЮ ϤϜϼϝтϾ3  м ϤϝϦϝϡзЮϜ ев ϤϝзуК3 

 ЙгϮ бϦ ϤϝзуЛЮϜ ЙгϮ ϢϽϧТ ϣтϝлж сТ .ϢϼϝтϾ ЭЪ сТ ϣϠϽϧЮϜ ев ϤϝзуК252  ϣϠϽϧЮϜ ев ϣзуК

 рмнзЮϜ ЍгϳЮϜ ϬϜϽϷϧЂϜ бϦ ЩЮϺ ϹЛϠм .ϤϝϦϝϡзЮϜмЮϜзуЛϤϝм ̪ ЙАϝЧв ϣУКϝЏв бϪ ев ϢϸϹϳв ев

ЮϜ рмнзЮϜ ЍгϳЮϜ ЭЃЯЃϦ ЭуЯϳϦ бϦ ЩЮϺ ϹЛϠм  .ϤϝтϽГУЮϝϠ ϣЊϝ϶ оϽ϶ϒм ϝтϽуϧЫϡЮϝϠ ϣЊϝ϶ Ϥϝзуϯ

 ϣЪϽІ ϤϝуϯуϦϜϽϧЂϖ егЎ йвϹϷϧЃв ФϽА ϣгϚϜнгϠIllumina MiSeq  .рмнзЮϜ ЍгϳЮϜ ЭуЯϳϧЮ

 ЙугϯϦ бϦ ϹЧЮ252 ϼϝтϿЮϜ ϥЦмм ϣϛуТϹЮϜ бЦϼм ̪ϤϝзуЛЮϜ ϣЛуϡГЮ ϝЧТм ϣзуК ЭуЫЇϧЮ Ϣ85  ϥЯЫІ ϣзуК 

.MiSeq library  йКнгϯв ϝв Ϭϝϧжϖ бϦ ЭуЯϳϧЮϜ ϹЛϠм ̯ϝЧϲъ170  СЯвFASTQ  Ϣ̭ϜϽЦ ев днЫϧт

1 Ϣ̭ϜϽЦм2  ϭвϝжϽϠ пЯК ϤϝУЯгЮϜ ЙугϮ ЭугϳϦ бϦ .ϣтϸϽТ ϣзуК ЭЫЮ)Galaxy ϤϝУЯв ЭуЯϳϧЮ (
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FASTQ/NGS ϹЛϠм . ЭуЯϳϧЮ ЭгК ϽуЂ ХуϡГϦ бϦ ϤϜ̭ϜϽЧЮϜ ϢϻлЮ ϢϸнϯЮϜ ϤϝЊнϳТ ϹзϧЃт ЭЃЯЃϧЮϜ

 ϭвϸ ϹЛϠ ϝлЯуЯϳϦ бϦ сϧЮϜ ϤϝзуЛЮϜ пЯК ϤϝтϽГУЮϜ ев ϢϹтϽТ ЭЂыЂ ϼϝуϧ϶Ϝм ЭЃЯЃϧЮϜ ЬнА пЮϖ

 Ϣ̭ϜϽЧЮϜ1  Ϣ̭ϜϽЧЮϜ Йв2  .йЯуЯϳϦ бϦ ЙГЧв ЭЪ ев ϣЯЋЮϜ ϤϜϺ 

  иϻк сТ ϝзЫгϦϣЂϜϼϹЮϜ  ϣуϦϝϡзЮϜ ЌϜϽвчЮ ϣϡϡЃгЮϜ ϤϝϠмϽЫугЮϜ ИϜнжϒ ϹтϹϳϦ ев Ьы϶ ев

сзуϯЮϜ ЭЃЯЃϧЮϜ ϣжϼϝЧв  ЩзϠ ϤϝжϝуϠ ϢϹКϝЦ сТ ϣуЛϮϽгЮϜ ϣузуϯЮϜ ϤыЃЯЃϧЮϝϠ ϣЂϜϼϹЮϜ ϤϝзуЛЯЮ ев

ϤϝзуϯЮϜцϜ бкϒм ̪ЀϝзϮ ск ϝкϹтϹϳϦ бϦ сϧЮϜ (Ralstonia, Erwina, Pseudomonas, 

Stenotrophomonas, and Achromobacter) . ϣϠϽϧЮϜ ЭЊϒ ев ск ИϜнжцϜ иϻк дϒ ϩуϲ

ϢϼмϹзϡЮϜ Ϥϝϡж сТ ϣУЯϧϷв ЌϜϽвϒ ϟϡЃϦмϜм ̪ ϣтϽуϧЫϡЮϜ ИϜнжцϜ нк ϣугкϒ ϽϫЪц ЁзϮ ев

Ralstonia  ϝϲϝϯж ЭЦϒ ϤϝтϽГУЮϜ ϣтнк ϹтϹϳϧЮ ϣвϹϷϧЃгЮϜ ϤϝϚϸϝϡЮϜ ϥжϝЪ .ЬнϠϻЮϜ ЌϽв ϟϡЃϦ сϧЮϜ

 .ϤϜ̭ϜϽЧЮϜ ев ЭЦϒ ϸϹК пЯК ЬнЋϳЮϜ бϦм ϹЦм бϦ сϧЮϜ ϣуЃуϚϽЮϜ ϣуϦϝϡзЮϜ йЎϽггЮϜ ϤϝтϽГТ ϥжϝЪ

к ϣуϦϝϡзЮϜ ФϜϼмцϜм ϣϠϽϧЮϜ ев ЭЪ сТ ϝкϹтϹϳϦ сAlternaria tenuissima  ИϜнжцϜ ЍЛϠ Йв ̪

) Эϫв ϤϝϦϝϡзЯЮ ϣЎϽггЮϜ ϤϝтϽГУЮϜ ев оϽ϶цϜYarrowia lipolytica,  Candida sake,

)Wickerhamiella pararugosa 

  ев ϹтϹЛЮϜ дϒ ϩуϲ омϹЛЯЮ ϼϹЋв ϣϠϽϧЮϜ дϒ ЌϜϽϧТϜ бКϹϦ ϣУЯϧϷв ϣЮϸϒ ϣЇЦϝзв ϥгϦ

ϧЮϜ ЭЊϒ ев ск ϢϸϹϳгЮϜ ϣЎϽггЮϜ ЭвϜнЛЮϜ пЯК ϼнϫЛЮϜ еуϠ АϝϡϦϼъϜ ев Инж Шϝзк дϝЪм ϣϠϽ

рϽуϧЫϡЮϜ ИнгϯгЮϜ .ϣϠϽϧЮϜм ϤϝϦϝϡзЮϜ ϤϝзуК сТ 
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Chapter one: Introduction and Literature Review 

1. Tomato plant pathology: 

 Tomato: (Solanum lycopersicum) is one of the most important economical vegetable crop 

after potato. An averageannual world production is estimated of about 100 million tons 

from 3.7 million ha. (FAO. Statistical database,  2014). Tomato is, considered a rapidly 

growing crop with a growing period of 90 to 150 days, that needs an optimum daily 

temperature for growth between 18 to 25ºC with night temperatures between 10 and 20ºC, 

a condition that is widely available in most regions of the world (Cuartero et al., 2006; 

Ropokis et al., 2018).Temperature variation above 25ºC and below 10ºC, accompanied by 

high humidity and strong wind, conditions that produces a lower yield. Also, high humidity 

encourages a higher incidence of pests and diseases resulting in tomato fruit rotting. Dry 

climates are therefore preferred for tomato production (Cuartero et al., 2006).Tomato can 

be grown on a wide range of soils but a well-drained, light loam soil with pH of 5 to 7 is 

preferred. Water logging increases the incidence of diseases bacterial and fungal diseases 

wilt and effects on fertilizer requirements amount (Elnesr et al., 2015) 

1.1. Tomato diseases: Tomato is the world's second most cultivated vegetable that is 

exposed to many pathogens during its cultivation or post-harvest storage. it is susceptible to 

more than 200 diseases caused by different species of pathogenic fungi, nematodes, 

bacteria, and viruses (Bulgarelli D, 2013; Ikeda-Ohtsubo et al., 2018). The following 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 

plants throughout the world (Vidhyase karan 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 hormone-based distortion 

of leaves and shoots called fasciation, or crown gall, a proliferation of plant cells producing 
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a swelling at the intersection of stem and soil and on roots. The following is a summary of 

the most important bacterial plant pathogens: Clavibacterm ichiganensis, Pseudomonas 

syringae, Ralstonia solanacearum and Pseudomonas corrugate, and 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. Plant pathogenic fungi are 

parasites, but not all plant parasitic fungi are pathogens.  Some fungi are hidden inside their 

plant hosts; these are endophytes, defined by their presence inside asymptomatic plants. 

Another important group of fungi associated with plants is mycorrhizal 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 pathogens Alternaria alternata, Colletot richumcoccodes, Stemphylium botryosum, 

Pleosporaherbarum, Phytophtho racapsici, Sclerotinias clerotiorum. 

1.1.3. Nematode pathogens: Plant-parasitic nematodes occur in all sizes and shapes. The 

typical nematode shape is a long and slender worm-like animal, but often the adult animals 

are swollen and no longer even resemble worms. Plant-parasitic nematodes range from 250 

um to 12 mm in length, averaging 1 mm, to about 15-35 um in width. While nematodes 

may look dramatically different, they all share some common features. The following is a 

summary of the most important nematode plant pathogens Noctuapronuba, 

Helicoverpazea, Manducaquin, quemaculatasexta, Pleosporaherbarum, 

Phytophthoracapsici, Meloidogynespp and Belonolaimus longicaudatu. 

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, emerging, re-emerging, and threatening human, animal, and plant 

diseases. Examples Tobacco mosaic virus, Curto virus, Tomato pseudo-curly top virus, 
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Tomato bushy stunt virus, Tomato mosaic virus, Tomato mottle Gemini virus and Alfalfa 

mosaic virus. 

2. Diagnosis of pathogenic agents in plants: 

 Pathogen detection is of most important for keeping the plant health and maximizes crop 

production. Early detection of plant pathogen enables standing on rapid response settings 

and emergence plan for disease eradication in greenhouses, country borders, natural 

landscapes, and other mass production facilities (Mendes et al., 2011; Todd et al., 2018). 

Accurate pathogen detection with high sensitivity test of plant crops is a fundamental 

measurement in plant disease management and it plays a major role in the economy and 

food safety. The failure of traditional methods of early detection of plant pathogenic 

microorganisms at prompt time and adequately on a routine basis has led to the 

development of culture-independent, highly specific molecular detection and identification 

techniques (McCartney et al., 2003; Tedersoo et al., 2018) 

3. Techniques used for plant pathogen detection:  

Several methods and technologies are used in plant pathogen detection, each has different 

advantages and disadvantages, new methods that are based on adapting 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 generation (Berg et al., 2016; Tedersoo et al., 

2018). The following are the most important used methods: 

3.1. Traditional pathogen diagnosis:  

3.1.1. Visual pathogen diagnosis: Although it is the oldest but still it can give an alert for 

emerging diseases, This approach need experience in interpreting visual symptoms of 

disease, followed by pathogen diagnosis using naked eye or microscopy apparatus for 

initial pathogen identification (Tsui et al., 2011). Basically this approach may be the 
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cheapest and simplest in some occasions, it cannot diagnose pathogens before the 

symptoms are observable, and it can be performed by the daily available farmers. Of course 

visual examination is never effective in identifying the pathogen causative agent of the 

symptomatic disease; especially if this is a result of bacterial or viral infections (Ayliffe et 

al., 2014).  

3.1.2. Pathogen cultures: Culturing is another traditional method which usually takes a 

few days for microbial pathogens and about 1-2 weeks for 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 methods: These methods are mainly depends on the detection 

of pathogen epitopes using specific known antibodies. In general, immunological 

techniques are based on specific and high-affinity binding of the target pathogen epitope  to 

a previously commercially produced antibodies (Ray M, 2017). For plant samples, it is 

crucial to do sample preparation steps that include pathogen separation and concentration to 

enable effective pathogen detection (Thornton, 2004). Separation methods are involved 

physical separation techniques using centrifugation, filtration and electrophoresis, these 

techniques bring to enrichment of the pathogen antigenic (antigen) macromolecules. The 

main immunological antigen detection that are used in plant pathogen detection are 

concentrated on viral antigen detection by enzyme linked immunesorbent assay and slide or 

plate agglutination methods (Nolasco et al., 1993). New commercially available methods 

that depends on bio-specific antibody-coated paramagnetic particles have been integrated 

into biosensors to separate or isolate targeted pathogens were also adapted (Rettcher et al., 

2015).  However, immunological methods and antibody-coated beads has limitations that 

are related to high cost of beads required for effective detection, and the need to find 
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antibodies with specific (monoclonal antibodies) and high affinity to ensure sensitive and 

specific detection (López MM, 2003; Rettcher et al., 2015). 

3.3. DNA based detection (PCR and Sanger DNA sequence analysis): 

DNA based methods enabling detecting pathogen's specific DNA fragments, this can be 

achieved by DNA probes; which are old techniques that are not practical and requires 

radioactive DNA labeling. For 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 complicated(Pravi et al., 2015). A recent molecular techniques were 

established for sensitive and specific detection of many plant pathogens, currently DNA 

amplification using polymerase chain reaction (PCR) technology followed by either 

restriction fragment length polymorphism (RFLP) or more specifically DNA sequence 

analysis of the amplified amplicons are more common (Abd-Elsalam, 2003; Kuzdralinski et 

al., 2017; Schaad and Schuenzel, 2010).  

3.3.1. PCR: is used to detect the presence of a pathogenôs (DNA). DNA first have to be 

extracted from the plant infected parts, which contains both plant and pathogen DNA, this 

will be followed by PCR amplification using pathogen specific primers to obtain thousands 

to millions of copies over three temperatures cycling amplification steps that are repeated 

about 35 times (Bartlett, 2003; O'Sullivan et al., 2003).For this purpose specific thermal 

resistant enzyme is used named Taq DNA polymerase that can stand the different 

temperature cycling. Amplified pathogens' DNA fragments have to be visualized on 

agarose gel electrophoresis (Barnes and White, 2016; Schaad and Schuenzel, 2010). 

Alternatively, it is possible to perform real time PCR amplification using fluorescence 

DNA labeling stains (SYBR1 green, or Syto-9) to avoid the agarose gel analysis step and it 

is possible to use specific incorporated short probes for specific pathogen detection and 
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amplification (O'Sullivan et al., 2003). PCR method faces several challenges including: 

sample preparation, DNA extraction, multiplexing to detect several pathogens.  

As it was mentioned earlier amplified pathogen specific DNA fragments can be identified 

using DNA sequencing technology (Nezhad, 2014; Sharma, 2016). For this purpose the 

traditional Sanger sequencing technique uses di-dNTPs chain termination to determine the 

sequence of nucleotides in a DNA strand is used (Knief, 2014; Walker and Lorsch, 2013; 

Xu, 2016). The pathogens common target sequences are include 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) or cytochrome oxidaes (COX 1) 

genes (Begerow et al., 2010; Kemen et al., 2015; Xu, 2016). For bacterial detection the 

most target genes are the ribosomal 16s rRNA gene DNA sequences (Davidson and 

Epperson, 2018; Jo et al., 2016). Most of important plant pathogen genes are available in 

the GenBank (NCBI,GenBank, NIH ) and can be compared with the obtained sequences 

after performing the initial PCR through Basic Local Alignment Search Tool (BLAST) 

analysis to find the most relevant and related pathogen. This approach is very specific and 

sensitive and is used in many other fields including clinical diagnosis of human and animal 

infectious diseases (Burks et al., 1991; Burks et al., 1985; Burks and Tomlinson, 1989). 

The more advances in DNA sequencing technologies the greater the speed and efficiency of 

genome sequencing. Analyzing genomes 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 sequencing (NGS): Development of 

next generation sequencing (NGS) technologies have added to our knowledge greater 

information that exceeded many data obtained by Sanger sequencing, continuous use of this 

technology is expected to secure the establishment of DNA databases for both human genes 
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and plant pathogens (Ameur et al., 2018; Maxwell et al., 2018; Roossinck, 2017).Next-

generation sequencing is a technology that dramatically facilitated genome sequencing at 

lower costs for all branches of life sciences (Aly and Sabri, 2015; Liu et al., 2012). NGS 

emerged in 2005 using commercial Solexa sequencing technology and expanded rapidly to 

different systems (Liu et al., 2012; Massart et al., 2014). NGS techniques are basically 

grouped into sequencing by synthesis or sequencing by ligation. In synthesis-based 

sequencing, after fragmented  DNA samples fixation 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 

sequence (Liu et al., 2012). The main commercial synthesis-based sequencing technologies 

are Roche 454 pyro-sequencing, Illumina (solid-phase bridge amplification), and Ion 

Torrent (Abed et al., 2019; Ambardar et al., 2016; Ravi et al., 2018). Roche 454 pyro-

sequencing is based on adhesion of single or primed 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 adenosine 5ǋ-phosphosulfate (ASP) 

(Ambardar et al., 2016). 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 is elongated to the desired length (Ambardar et al., 2016). 

IlluminaNGS sequencing system is considered the most widely used system, solid-phase 

bridge amplification is used where each end of a DNA template is ligated with 

adapters.While one end of adapter-conjugated DNA 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 signal (Ambardar et al., 2016). This 
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process continues in a cycle in the presence of a mixture of four nucleotides, followed by 

image capture while each nucleotide is labeled with a different fluoro-phore. This cycle is 

repeated until the DNA fragment is synthesized to its target length (Maxwell et al., 

2018).The basic principle of  Ion Torrent system, by sequentially adding nucleotides, the 

incorporated nucleotide is detected by measuring pH change due to the release of H+ ions 

(Abed et al., 2019; Chen et al., 2018). Next generation sequencing systems are able to 

simultaneously read the sequence of millions of short DNA fragments (typically 25-400 

bps in length) (Maxwell et al., 2018; Ravi et al., 2018).  These platforms enable quick, low 

cost, and comprehensive sequencing of complex nucleic acid populations with huge impact 

on medical academic research and in particular crop genomes which consist of several 

thousand million DNA base pairs (Ambardar et al., 2016; Gabriel et al., 2014).NGS 

systems vary in terms of the length of each sequence read, the total bases sequenced, and 

the price of sequence per mega base (Mb). NGS systems have also been used to sequence 

plant genomes including: genome of Theobroma cacao, apple genome, chickpea, and date 

palm (Ravi et al., 2018). Many other crop genomes and their wild relatives are current 

being sequenced. 

Sequencing the prokaryotic and eukaryotic plant pathogens and detection of 

microorganisms existing in infected plant tissues is another application of NGS in plant 

health. Sequences produced by NGS technology from the infected plant include sequences 

from any pathogens present. However, this sequence also includes the large genome size of 

the host plant, 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 complexity and the cost of 

sequencing (Merriman et al., 2012). Among various targeted enrichment techniques in 

plant biology, the standard PCR-based, hybridization-based, and sequence-capture based 
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techniques have been widely used along with NGS systems. Standard PCR was used as 

effective enrichment technique with the earliest NGS systems, but due to the high cost and 

the challenges for integrating with the new high-throughput NGS technologies its 

application is only limited to the old NGS devices.
146

 Along with the standard PCR, the 

technique of multiple displacement amplification (MDA) was developed using random 

hexamer primers to amplify a relatively complete genome. This can significantly increase 

the quantity and chance of pathogen detection (Ledergerber and Dessimoz, 2011; Ravi et 

al., 2018). In the hybridization-based enrichment technique, when the complex DNA is 

applied to the array, the target fragments of DNA hybridize the probes while the non-

desired regions are washed away. However, the hybridization techniques needs usage of 

blocking DNA which restrain non-specific DNA binding leading to the capturing of "off-

target fragments".
147

 Sequence-capture technology is the alternative to the hybridization-

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

repetitive sequences is depleted first, while the target region is secondly enriched. 
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Objectives: 

 The main goal of the proposed study is a proof of concept for the usefulness, and cost 

effective use of next generation sequencing technology in plant pathogen pre-diagnosis and 

comprehensive identification as a main tool for obtaining optimal plant growth. The 

specific objectives are: 

1. To diagnose and identify different expected 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 the intensity 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) is relatively new technology that allows mass 

sequencing of genetic material, and enables the production of a vast array of genomic 

information from many organisms. Adapting NGS technology reduces the cost of DNA 

sequencing compared to Sanger traditional method and this by avoiding time-consuming 

and tedious traditional cloning steps. In NGS sequencing method it is possible to perform 

millions of sequencing reactions for part of whole genes or reactions that involve different 

amplified PCR segments. In the current study we are planning to adapt the NGS analysis 

for acquiring comprehensive information on the abundance of microbiome and fungi 

pathogenic organisms that affecting tomato crops from different studied green-houses and 

over its growth period. The relationship of plant leaves microbiome and soil microbiome is 

discussed.  
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Chapter Two: Materials and Methods 

1. Sample collection: 

 In this study samples from tomato plants and soil were collected from 7 different 

green-houses located in Jenin city. Sample collection was started at the early time of 

beginning oftomato plant culturing; starting from October 2017 to late December 2018. 

Over the collection period a total of 6 visits were done from the 7 green-houses (Table 1). 

In each collection visit; three plant samples and three soil samples were collected from each 

growing green-house. Samples were collected using sterile collection equipments (scissors, 

forceps, 100 ml plastic collectioncup, gloves). Caution was highly given not to introduce 

any contamination to the green-house and not to do cross contamination between the 

collected samples. Regarding soil samples the three samples were collected randomly from 

different areas of the green-house and each sample was containing about 50 grams of soil.  

Plant samples as well were collected randomly from different corners of the green-house 

and each time few leaves were collected from different tomato plantlets. At the end of the 

samples collection period a total of 252 of soil and plant samples were collected.    

Table 1: (a) Sampling location GPS Coordinates, (b) sampling and visiting date  

(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 168 samples and this after pooling the three soil 

samples in one larger container. So, the final numbers of samples (168) was including 126 

separate triplicate plant samples (7 green-houses, 6 visits, each time 3 samples were 

collected), and 42 pooled soil samples. DNA extraction for each collected samples was 

performed using phenol extraction method as indicated below (Bartlett, 2003).  

DNA was extracted from leaf samples directly and for soil samples after their short 

incubation in 50 ml sterile waster followed by suspension centrifugation.  Plant leaves and 

predicated soil samples were incubated in lysis buffer (100 mMTris-HCl, 20 mM EDTA, 

1.4M NaCl, 0.2% mercaptoethanol, 2% hexadecytrimethlammonium bromide) containing 

200ng Proteinase K (Sigma, St. Louse, USA). The solution was kept at 65
o
C for 2 hours 

followed by 1:1 volume phenol extraction (pH 8.0) and then ethanol precipitation using a 

final concentration of 0.2M NaCl and the addition of 3 volumes 100% cold ethanol. After 

incubation at -20 
ƺ
C 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.  The extracted DNA was suspended in 100 ml TE buffer (1mM Tris-HCl, 

0.1mM EDTA) and kept at -20
o
C until further use(Abbasi et al., 2013). 

 

3. Polymerase Chain Reaction (PCR):  

 All PCR reactions were performed in a total reaction volume of 25ml using ready-mix 

PCR kit (Syntezza, Jerusalem, Israel). PCR amplification for each indicated system using 

20 pmoles of each direct and reverse primers as they are indicated in Table 2. For each 

PCR reaction 5ml of the extracted DNA from leaves extract or soil extract was added. So, a 

total of 168 reactions were performed for each PCR system (group 1-3). It is very important 

to note that, each of the shown direct or reverse primers has an additional oligonucleotide 
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sequence (known as Illumina adapters) that is needed for next step of index addition and 

later used as a site for NGS sequence analysis (Table 2). All PCRs that were used in 

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

indicated specific primers and their corresponding melting temperature as in (Table 2). The 

used temperature profile started at 95̄ C for 15 min, followed by 35 cycles of 95̄C for 

30s, 30s at the specified annealing temperature, and 72C̄ for 1 min, and then concluded 

with an elongation step at 72̄C for 10 min. 

Tabel2: PCR systems and their indicated primers' sequences that were used in microbiome 

and fungi amplification from leaves and soil samples. 

 

PCR groups PCR system Purpose Primers*  Tm ( C̄) Ref 

Group 1 16S rRNA Microbiomes Direct:   CCTACGGGNGGCWGCAG 
Reverse: AGGACTACHVGGGTATCTAATCC 

60 ( Abbasi 

et al., 

2018 )  

Group 2 18S rRNA Fungi  SUNS1:   GTAGTCATATGCTTGTCTC 
SUNS4:   GTAGTCATATGCTTGTCTC 

57 x 

Group 3 18S rRNA Fungi  FITS4:    AGATGTGTATAAGAGACAG 
FITS5:   GGAAGTAAAAGTCGTAACAAGG 

57 x 

*All used primers synthesized using the below forward and reverse overhang adaptor.  

- Forward adaptor: TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG 

- Reverse adaptor:  GTCTCGTGGGCTCGGAGATGTGTATAAGAGAC 

 

4. Agarose Gel Electrophoreses: 

 PCR products were run on a 1.5% agarose gel (1.5g agarose, 100ml 1X TAE and 

10µlEthidium bromide). The 50X TAE electrophoresis running buffer (242g Tris base, 

57.1ml glacial acetic acid and 100ml 0.5M EDTA (pH 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 Illumina MiSeq platform:  

 This approach was adapted from the Nextera microbiome MiSeq 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 forusein the Illumina MiSeq next generation 

sequencing (NGS) system.  Each primer is composed of two parts: First part:  Direct and 

reverse primers that are specifically designed to target the specific DNA to be amplified (1-

bacterial 16S rRNA gene, 2- two systems of fungi ITS). Second part:Universal 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 to 

add sample barcodes (indices) and for DNA sequencing from both sides.  

 

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

sequences of different DNAs in pooled samples i.e., soil and plant leaves, dual 

barcode sequences are added to the ends of all DNA amplicons. These sequences, 

known as indices, allow for the identification of individual amplicons and their 

respective sequences for each sample. A unique multiple indices are used for each 

different soil or leaves samples, all were  pooled one sample tube. Figure 1, shows 

the primers' regions used in this MiSeq analysis. For the addition of these primers 

and indices two PCRs were carried out: the first one as indicated above to amplify 

microbiome and fungi species, and the second PCR as it is indicated below was 

used for the addition of the dual bar code indices. 
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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 42 soil samples were treated each as single samples, and the three 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 

green-house in each visit into one sample, so a total of another 42 samples were obtained as 

a result of pooling each three related samples. At the end a total of 84 samples were 

obtained; plus extra 3 negative control samples for setting up the background errors. The 

pooled three amplicons in these 85 samples werw purified using magnetic beads method as 

indicated below and this was considered as the first step towards the NGS MiSeq library 

preparation.  

 

5.2.1. PCR products pooling and cleanup using AMPure XP beads (magnetic beads): 

The importance of this step is to remove un-incorporated 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 ml of the pooled three amplicons of each soil or leaves samples were 

transferred into new fresh 200 ml tube (a strip of 8 tubes were used).To each tube 

containing the pooled PCR products; 30 ml of AMPure XP magnetic beads were added and 

mixed well.The mixed components in the strips were incubated at room temperature for 5 

minutes. This was followed by transfer of the strips containing the PCR products and the 

beads to 96 well magnetic plate stand, the strips were left for another 5 minutes until the 

beads attached to tube side. (DNA suppose to bind to the magnetic beads).The solution 

containing unbound materials (PCR buffers and salts) were removed by gentile pipetting 

without disturbing the attached beads (for this purpose multichannel pipette was used).The 
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beads and the bound DNA were washed with 200 ml of freshly prepared 80% ethanol and 

left for another 1 minute while strips are not in the magnetic plate.Then the strips 

containing the beads and the washing solution were returned to magnetic plate and left until 

the beads attached to tube side (about 1 minute), and then the washing ethanol solution was 

removed by pipetting. The washing step was repeated, and at the end of the second wash 

strips were left containing the beads without any ethanol on the magnetic plates for about 5 

minutes to complete drying. Later the strips were transferred to regular PCR tube strips 

holder, and then 30 ml of double distilled water were added to elute bound DNA. The beads 

in DDW were left for about 2-3 minutes. Lastly the strips were transferred to magnetic 

plate tube and then pipette the eluted DNA (20 ml) into fresh tubes.  

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

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

5.2.2. Index addition by PCR: This is the second stage PCR that was used to attach the 

dual indices (i5 and i7) linked to Illumina sequencing adapters. For this PCR the below 

indicated indices names written in the sample sheet were used (commonly they are named 

as: N7XX and S5XX).  Index additions were performed in ready-mix PCR kit (Syntezza, 

Jerusalem, Israel). The following is the composition of each PCR reaction: (reaction total 

volume= 25 ml). 
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Quantity  Material  

S5 XX index primer 1 5 ml 

N7 XX index primer 2 5 ml 

DNA (quantity to be transferred directly to 

this tube at the end of magnetic bead 

purification). 

15 ml 

Total 25 ml 

 

The PCR was performed on Thermo-cycler using the following program: 

 - 5 min at 95
o
C. 

 - 12 cycles: each composed of 

  - 30 seconds at 95
o
C. 

  - 30 seconds at 55
o
C. 

  - 30 seconds at 72
o
C. 

 - A final elongation step at 72
o
C for 5 min.  

Representative samples were analysed by Agarose gel electrophoresis in order to prove the 

success of dual index addition.  

5.2.3. Final preparation of MiSeq pooled and barcoded sequencing library:After 

addition of the indexes by the second PCR, all the reactions were purified using the 

AMPure XP magnetic beads protocol, as indicated above and exactly as done after pooling 

the first PCR. At the end of this purification step all the individual eluted PCRs were 

pooled into one tube by mixing 10 ml from each eluted PCR product.  At this stage the 

library is ready to be sent for next generation DNA sequencing (NGS) Service Company 

(sequencing was done on Miseq machine using 500 cycle kit from Illumina Co.).  
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5.2.4. Library quantification and normalization: It is very essential to quantify all the 

86 pooled 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 concentration.  

 

5.3. Bioinformatics analysis: Raw Illumina sequencing data was generated from all 

analyzed PCR amplicons as FASTQ files of read1 (forward) and read2 (reverse) for each 

individual sample. These sequence reads were uploaded to Galaxy platform at 

(usegalaxy.org) for further sequence processing and analysis (Ref: Afgan et al). Initially 

raw sequences were filtered for quality control at a phred score of 20 equivalent to 99% 

confidence of each nucleotide, followed by merging forward and reverse reads, the 

amplified specific genes were selected according to their specific sequence length and 

sequence identity. The selected sequence reads from each soil and plant leaves were 

analyzed for sequence homology above 97% using BLAST analysis tools in order to 

determine number of reads related to specific microbiome or fungi operational 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 microbiome and fungi PCRs. The three used systems 

are standard systems that are already well established and optimized from many other 

previous studies. Figure 2 showed a represented agarose gel electrophoresis results of the 

bacterial 16s rRNA PCR system for both soil and plant extracted DNA. A successful DNA 

amplification was obtained from all examined 168 soil and plant samples.  

 

 

 

 

 

 

 

 

 

 

 

1.2. ITS rRNA fungi PCR:  

Although the two fungi PCR systems were optimized by other researchers and these 

primers were used in plant fungi optimization, still not all the tested samples gave a 

positive PCR amplification as was seen by the microbiome analysis. Only 40 samples from 

the total 82 samples analyzed by NGS showed a positive fungi PCR amplification. (Figure) 

3 shows the results of random samples analyzed on agarose gel electrophoresis applying the 

 

 

 
 

Figure 2:Agarose gel electrophoresis analysis of amplified microbiome 16s rRNA 

from random soil and plant samples collected over the study period.  
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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 amplification. All the obtained amplicons from soil or 

leaves plant samples whether they showed positive or negative results were included in the 

MiSeq DNA library.  

   

 

 
 

 

Figure 3: Agarose gel electrophoresis analysis of amplified fungi 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 check:After the 

second PCR that involves the addition of two indices (S5xx and N5xx), a quality analysis 

of the obtained pooled and purified DNA amplicons was performed. The indices addition 

introduces about 130 bp addition on each PCR. So, after the indices addition random 

samples were chosen to ensure that the index addition PCR was successful. As seen in 

(Figure 4), for each type of PCR system there was a 130 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 used in MiSeq Illumina sequences analysis, a 

Tapestation electrophoresis analysis (Agilent Technologies, CA, USA) was performed 

using SYPBR green I fluorescence detection system and this in order to analyze the 

produced library at the quantitative and qualitative level. Figure 5, shows the Tapestation 

results 

 

2. NGS MiSeq sequence data:  

A total of 170 FASTQ files were received from the service company that performed the 

NGS run. The 170 files are considered the raw Illumina sequecing data and they are 

consists of two different files: Read 1 and Read 2 for each individual sample (total number 

of sequenced samples is 85). The 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 fungi unique 

sequences was applied to all files after joining the relevant read1 and read2 from each 

specific amplicon 
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Figure 4: Band size comparative analysis for some selected amplicons used in MiSeq 

library preparation, before and after indices addition. About 70 bp shift in amplicon size 

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

 

 

 

 
Figure 5:MiSeq library quality control analysis using a sensitive fluorescent DNA 

analysis performed on Tapestation electrophoresis machine. Two bands are seen in size 

200 bp (NGS primers) and 600 bp (the amplified bacterial and fungi amplicons before 

purification). 

 

 

-ve 
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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 amplicons for each separate analyzed sample from soil 

and plant leaves and which belongs to the specific collection date. Figure 6 shows a 

histogram draw for soil and plant amplicon reads representing bacteria and fungi amplified 

DNA fragments from all studied green-houses all over the collection period. It is clearly 

seen that total reads obtained 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 green-houses.  On the other hand, the total reads obtained from plant samples showed 

great variations among different green-houses and between different visits as well (Figure 6 

b). Although in the initial visits green-houses 3 and 4 showed the highest reads all over the 

study that reached up to 80,000 reads, while green-houses 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 information about the microbiome and fungi abundance 

in different green-houses all over the visits and to highlight the most important 

microbiome, a separate analysis of each green-house was performed as indicated below. 

2.1.1. NGS microbiome analysis in soil and plant samples (overall observations):  For 

each of the studied green-house the most abundant five 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 unique operational taxonomic units (OTUs) which 

are defined as 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 sRNAS 

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

leaves obtained per green house at each visit over the study period. 
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In general there was a slight inverse association 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 visits 3 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 associations. Green-

houses 4-7 were in total showed less abundance of microbiome with a relative complete 

consistence in microbiome quantities in soil and plant leaves in GH4-GH7 (Figure 8). 

Specifically, GH5 showed about level of bacterial contamination in soil and plant leaves all 

over the collection period (6 visits). Also, it was noted that GH3 and GH4 initially started 

with higher microbiome content in plant leaves than in soil, that could suggest an external 

contamination factor originated from the tomato plantlets at the initial time of grow. It 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 7: Comparative total microbiome relationship in soil and plant leaves (green houses 1-3). 
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Figure 8: Comparative total microbiome relationship in soil and plant leaves (green houses 4-7). 

 

 
















































