Genetic transformation of Nucleotide Binding Site- Leucine Rich Repeat (NBS-LRR) of Mi gene for developing resistance against Meloidogyne incognita in tomato (Solanum Lycopersicon)



Abstract
The work aimed at the molecular isolation of the tomato ‘Nucleotide Binding Site-Leucine Rich Repeat (NBS-LRR)’ region of Mi gene which confers resistance to root-knot nematodes, a group of wide-spread plant pathogens. Root-knot nematodes (Meloidogyne spp.) are the most important contributors and are spread world-wide with 42%annual yield loss of tomato plants. Mi gene confers resistance to root-knot nematodes. Developing transgenic plants is an effective approach for improving tolerance to biotic stresses. To address these issues, we worked on, isolation of NBS-LRR related sequence of Migene from nematode resistant tomato cultivarSL-120 by direct gene isolation method, designing and validation of Mi gene specific primers in resistant tomato cultivars using various software and Agrobacterium mediated transformation of Mi gene in susceptible tomato cultivars. Besides its practical implication, the isolation of disease resistance locus is expected to shed light on the nature of host resistance and to provide material for molecular studies.
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Introduction
Tomato (Solanum Lycopersicon L.), a member of the Solanaceae family, is a major vegetable crop and consumed all over the world (Mueller et al., 2005) which is originated  from the South American Andes and its use as a food originated in Mexico, and spread throughout the world following the Spanish colonization of the Americas. India is the third largest tomato growing country having cultivation area of 8.7 lakh hectares with a production of 17.50 million tonnes with productivity of 21 tonnes during 2011-12 (FAOSTAT 2012: www.faostat.fao.org). It is a perennial in its native habitat, although often grown in outdoor climates as an annual. It has relatively small 950 Mb genome size and is a genetic model for crop improvement (Arumuganathan and Earle, 1991).
Tomato is affected by various diseases caused mainly by fungi, bacteria and nematodes. Nematodes found to be a very fatal infective agent and cause severe yield losses. Plant parasitic nematodes are important endoparasite pathogen of many crop species and cause crop losses every year all over the world (Cai et al., 1997).  Among them, root-knot nematodes (Meloidogyne spp.) are the most contributors and spread worldwide. These parasites are prevalent in the open fields and in controlled environment production systems (Ammiraju et al., 2003).  Disease symptoms are characterized by the presence of galls or root knots on infected plants. These root knots alter the uptake of water and nutrients and interfere with the translocation of minerals and photosynthates in the host (Milligan et al., 1998), resulting in poor yield, stunted growth, wilting, and susceptibility to other pathogens.
The high impact of these particular nematodes on agriculture can be attributed to their global distribution and combined ability to infect almost every species of crop grown (Sasser et al., 1980). Biotechnology offers several benefits for nematode control in an integrated management strategy, such as reducing risks to the environment and to human health, accessibility for food producers in the developing world, and the possibility of achieving durable, broad-spectrum nematode resistance (Atkinson et al., 2003). There are essentially three approaches for engineering resistance, transgenic expression of natural resistance genes in heterologous species, targeting and disruption of the nematode; and feeding site attenuation (Thomson, 2008).	Comment by Maher: there is not in reference list 
	Comment by Maher: there is not in reference list	Comment by Maher: there is not in reference list
As physical methods, chemical methods and breeding strategies are going on to control the nematode problems, there is the need for development of genetic modifications. Potentially, the use of resistant cultivars is the most efficient and environmentally safe control measure to retard invasion by the root knot nematodes (Holliday, 1989). Genetic modification allows the development of plants resistant to a range of nematodes.  Current control of root-knot nematodes is deficient and needs an integration by combining several pest management strategies. Another method of control is dependent on environmentally hazardous chemical pesticides, but that has become difficult due to the withdrawal of effective nematicides and soil fumigants from the market (Oka et al., 2001). Mi gene confers resistance to root-knot nematodes, and it was introgressed through breeding to Lycopersicon esculentum from its wild relative L. peruvicanum in the early 1940s by embryo rescue. It is difficult to be introduced into other susceptible cultivars by cross breeding between L. esculentum and L. perurianum (Messeguer et al., 1991).
To expedite genetic improvement in tomato, genetic engineering can be used as a powerful and novel tool to complement the traditional methods of plant improvement. The two critical steps to be mastered for transformation of plants are transfer of foreign DNA into the plant cell and regeneration of plants from transformed cells. In many species recovery of transgenic plants is difficult, because cells accessible for gene transfer may not be suitable for plant regeneration. Methods employing the soil bacterium Agrobacterium tumefaciens were developed in the mid-1990s (Hiei and Komari, 2008). The screening methods employed for selection of successful transformants have evolved with time setting up new bench marks in accuracy and sensitivity; beginning with antibiotic selection markers like Kanamycin resistance (Kanr) and Hygromycin resistance (Hygr), using reportable markers like Histochemical gus assay, Luciferase assay or expending gene encoding green fluorescent protein (GFP). Cloned genes and transgenic plants have now become a standard tool in plant stress biotechnology. Development of a simple and effective approach for genetic transformation is therefore of major interest (Yookongkaew et al., 2007).
Developing transgenic plants is an effective approach for improving tolerance to biotic and abiotic stresses. Hence, establishment of an efficient transformation system is also essential for genetic modification and transfer of putative gene of interest. Development of nematode resistant tomato cultivar needs more attention towards tomato genetic improvement program. The work presented here aims at the molecular isolation of the tomato NBS-LRR region of Mi gene which confers resistance to root-knot nematodes, a group of wide-spread plant pathogens. Hence, the present study was done to investigate and attain the objectives such as, Isolation of NBS-LRR related sequence of Mi gene from nematode resistant tomato cultivar SL-120. Designed and validated Mi gene specific primers in resistant tomato cultivars and Agrobacterium mediated transformation of Mi gene in susceptible tomato cultivars.
Materials and methods
The present investigation was carried out at Centre of Excellence in Biotechnology, Plant Tissue Culture Laboratory and in collaboration with Department of Nematology, B. A. College of Agriculture, Anand Agricultural University, Anand. The materials and methods used during the course of present investigation are described below.
Experimental Material
The seeds of tomato cultivars for the present study were procured from the Main Vegetable Research Station, Anand Agricultural University, Anand.




Table 1. List of tomato cultivars used in present study
	No.
	Tomato cultivar
	
	

	1.
	SL-120 (Root knot nematode resistant)
	
	
  Cultivar used for Mi gene isolation.

	2.
	     AT-3
(Root knot   nematode susceptible)
	


	Cultivar used for genetic transformation with isolated Mi gene.


Nematology study 
Collection of root and soil samples: The root and soil (100 cc) samples from each pot were collected three weeks after seeding or planting of tomato. To collect the soil sample from each pot, root system was removed carefully with maximum roots. After removing the root systems, the soil was mixed thoroughly. It was placed in respective polyethylene bag as per the treatments and transferred to the laboratory for further nematode extraction.
Staining and counting of nematodes in roots: To study the penetration and multiplication of nematodes in roots, the roots were washed free of soil and stained in boiling 0.05 per cent acid fuchsine lacto phenol solution (Franklin, 1949) for two minutes. After cooling, the stained roots were washed gently in plain water and thereafter kept in plain lacto phenol till they were teased and observed under stereo binocular microscope to count the number of nematodes.	Comment by Maher: there is not in reference list
Mi gene isolation and cloning
Total RNA isolation protocol from tomato seedlings: Total RNA was extracted from the root of resistant SL-120 healthy plant grown in sick plot using the Trizol reagent (Invitrogen) according to manufacturer’s instructions, with minor modifications. Trizol reagent is a monophasic solution of phenol, guanidine iso-thiocyanate and other components which facilitate the isolation of a cultivar of RNA species of large or small molecular size. Trizol reagent maintains the integrity of the RNA, while disrupting cells and dissolving cell components and also provides an immediate and highly effective inhibition of RNase activity during sample homogenization or lysis. 
First-strand cDNA synthesis: cDNA synthesis was performed in duplicates for every RNA sample that passed the quality control measures. Reverse-transcription (RT) reactions were performed simultaneously for all samples. cDNA was synthesized from1.5 μg of total RNA using Superscript III reverse transcriptase (Invitrogen). 50 μM oligo (dT)20 primers were used with 1 μL reverse-transcriptase in a 20 μL reaction volume following the manufacturer’s instructions. The 20 µl cDNA samples synthesized were diluted to a final volume of 100 µl by adding 80 µl nuclease free water and aliquot into 5 tubes containing 20 µl each and stored at -200C until downstream application.
Designing of gene amplification primers for directional cloning
In the present study, primers were designed for isolation and directional cloning of Mi gene from nematode resistant cultivar SL-120. The gene involved in nematode resistance, Mi was targeted for in silico design of primers that can possibly amplify Mi gene from cDNA template of nematode resistant tomato cultivar SL-120. Targeted Mi gene for designing gene amplification primers was Mi1.1with accession number NM_001247693.1	. The designing of primers followed a set of stringent criteria; the primers designed were from CDS (coding) sequences of gene.  BLASTN tool of NCBI database was employed to obtain complete CDS of genes of interest. The CDS sequence was then extracted from complete coding sequence and this was brought in as sequence information for each gene’s primer design. The next step was to select 20 base pairs each of forward (from 5’ of gene) and reverse (from 3’of gene) primer information from the whole CDS sequence. Sequence massager, a net based tool was used to reverse the orientation of reverse primer so it would amplify 3’ region of gene from primers 5’ to 3’ alignment and not the flanking region of the gene. The restriction recognition sites were incorporated in 5‘end of each primer pair respective to the multiple cloning sites (MCS) of binary vector pRION-101 DNA, such that the isolated gene would be ligated to the vector in right orientation in relation to its promoter and enhancer leading to its expression. The above mentioned process referred as pivotal in directional cloning of genes. A few random bases were inculcated to primer sequence in its 5’ end to modify its physical properties. Once a rough draft of primer sequence is developed it’s further polished by accounting on many parameters like primer length, GC content and Temperature of melting, 3’ end sequence, secondary structures such as hairpin, self-dimer and hetero-dimer.  IDT oligo Analyzer 3.1, a net based tool was used to check the above parameters. NEB Cutter, online software tool for in silico digesting the gene with all NEB restriction enzyme were used. Designed primer sequences were then taken to primer BLAST algorithm to ensure that the identities of primers were matching coding sequence from which they were designed. The primers were synthesized at Eurofins Genomics India Private Limited, Bangalore. 	Comment by Maher: Analyser
Mi gene amplification through designed primers
The cDNA prepared from nematode resistant cultivar was used as the template for amplification of Mi gene. PCR was carried out by using Emerald Amp-GT PCR Master Mix (Takara). All PCR reactions were performed in 0.2 mL thin walled PCR tubes. PCR tubes containing reaction Mixture were tapped gently and short spin at 10,000 rpm for 30 sec. The tubes were then placed in the Thermal Cycler (Labcycler Sensoquest) for cyclic amplification. While working with multiple samples, a master mix consisting of appropriate multiples of different reaction components were prepared on Mini cooler in 1.5 ml eppendorfEppendorf tube and dispensed into different tubes, followed by addition of primer-template combinations.	Comment by Maher: Lab cycler
TA cloning of Mi gene to pTZ57R/T cloning vector
TA cloning system utilizes one-step cloning of PCR products with 3’-dA overhangs. The InsTAclone PCR Cloning Kit (Fermentas) was used to clone the isolated, purified Mi gene to a high quality TA cloning vector pTZ57R/T9 (Figure 1).
[image: ]
Figure 1. Map of the pTZ57R/T cloning vector (Fermentas)
Cloning protocol
Set up ligation reaction in a 0.6 mL tube on ice.  The optimal insert/vector ratio taken for ligation in this experiment is 3:1. Net based ligation calculation software (www.fermentas.com/reviewer) was used to figure out reaction mixture set up. The ligation mix was vortexed and centrifuged briefly; incubated at 4ºC overnight to maximize the number of transformants, and stored the ligation mixture at - 20 ºC till transformation event.

Transformation of cloning vector into competent cells
Preparation of LB agar petri plates: The LB agar petri plate was used to grow the untransformed cells as well as for screening of the transformed cells. A 90 mm petri plate having capacity of 30 ml was used and 2.5% LB agar (Hi media) was sterilized by autoclaving at 15 lbs pressure (1210C) for 15 min. Ampicillin (50 μg/ml of LB agar) was added at the time of petri plate pouring. For blue/white selection of transformants, spread 40 μl each of X-Gal stock solution (20mg/ml) and IPTG stock solution (100 mM) on the surface of plate. Alternatively, for batch use, add 1 μl of each stock per 1 ml of LB agar which was cooled to 550C. The un-inoculated petri plates were incubated at 370C for overnight to test the sterility.	Comment by Maher: trans formants
Preparation of competent cells: E. coli DH5-α cells were made competent for transformation by Competent Cells Preparation Kit B(GeNei, cat no : 611660200011730) as described by manufacturer.
Transformation procedure
1. Five microliter of ligation mixture was added to 100 μl of the competent cells and mixed gently.
2. The mixture was kept on ice for half an hour.
3. Heat shock was given for 2 min at 420C followed by snap chilling on ice for five min.
4. One milliliter LB broth was added and the cells were incubated at 370C for 2 h with shaking at moderate speed.	Comment by Maher: millilitre
5. Transformed cells were collected as pellet and 1 ml supernatant was removed.
6. Pellet was re-suspended in remaining 100 μl of media.
7. The transformed cells were spread on LB plate containing ampicillin for blue-white screening.
8. Plates were incubated at 370C for 18 h.
9. White colonies developed were picked and sub cultured on LB plate containing antibiotics (ampicillin) followed by overnight incubation at 37°C. 
Storage of transformed bacterial cultures: Stocks of the liquid glycerol cultures were prepared by Mixing of one volume of LB medium containing bacterial cultures in logarithmic stage of growth, with one volume of 50% (v/v) sterile glycerol, and vortexed thoroughly to ensure complete dispersal of glycerol. For the preparation of frozen stocks, the mixture was flash frozen with liquid nitrogen and immediately transferred to -70°C without any delay.
Sequencing of Mi gene
Isolation of plasmid harboring Mi gene: Isolation of plasmid was done from the bacterial clones which were confirmed to be positive for the insert through colony PCR. The quantity (ng/μl) and quality (A260/A280, A260/A230) of extracted plasmid was assessed employing Nanodrop and a working concentration of 50 ng/ μl was diluted as the template for sequencing reaction.	Comment by Maher: Nano drop
Sequencing of cloned Mi gene: For efficient sequencing pJET1.2/Blunt cloning vector (Thermo Scientific, cat: #K1231, Figure. 2) was used. Cloning into this vector was carried out according to instruction given by vender. pJET1.2/Blunt containing Mi gene insert was sequenced using vector specific primers (Table 2) by ABI PRISM® 3500 Genetic Analyzer (Applied Biosystems, USA), with BigDye® TerMinator v3.1 Cycle sequencing kit (Applied Biosystems, USA).	Comment by Maher: Biosystem
[image: ]
Figure 2. Vector map of pJET1.2/blunt vector used for sequencing
Table 2. Primer sequence used for full length gene sequencing
[image: ]
Cycle sequencing of Mi gene: Cycle sequencing was performed following the instructions supplied along with BigDye® TerMinator v3.1 Cycle Sequencing Kit. The reaction was carried out in a final reaction volume of 20 μl using 200 μl capacity thin walled PCR tube. 
Purification of extension product: After the reaction, the extension products were purified by ZR DNA sequencing Clean-up kit (Zymo Research, cat: D4051) as per protocol suggested by manufacturer. The purified product was dissolved in 10 μl of Hi-Di-formamide.	Comment by Maher: form amide
Setting up of capillary electrophoresis and sequence analysis: The sequencing mix was resolved in 50 cm capillary containing POP7 polymer (ABI). Further, electrophoresis and data analysis is performed on the ABI PRISM® 3500 Genetic Analyzer using appropriate Module, Basecaller, Dye set/Primer and Matrix files. Raw data was analyzed by sequencing analysis software of Applied Biosystems.	Comment by Maher: Base caller	Comment by Maher: analysed
Directional cloning of Mi gene to binary transformation vector 
Double digestion of cloning vector: For directional cloning and plant genetic transformation binary vector pRI-101-AN-DNA (Takara, cat :cat: 3262) was used. This vector contained AtADH 5’UTR enhancer from Arabidopsis, CaMV 35S promoter and NOS terminator. As per the resistance is concern CaMV 35 S as a constitutive promoter was selected for driven the expression of Mi gene.
Gel extraction and purification of double digested templates: Double digested Mi gene product and pRI AN 101 DNA binary vector were loaded in a 1.0% low melting agarose gel containing 0.5 μg/ml ethidium bromide, along with 1 KB PLUS DNA ladder and visualized under UV light and documented by gel documentation system (Biorad, USA). Gel elution of separated fragments from agarose gel was carried out, using gel cutting tips (CSL–GelX4); the DNA band of interest was quickly located, by illuminating the gel on a long wavelength (>300 nm) UV transilluminator to minimize potential damage to the DNA molecules by nicking. Double digested Mi gene product and linearized pRI AN 101 DNA binary vector were extracted and purified as per the instructions supplied by Quaigen Gel Extraction Kit and quantified with Nanodrop spectrophotometer.
Ligation of pRI AN 101 DNA transformation vector with Mi gene: Rapid ligation kit (Thermo Scientific) was used to ligate Mi gene (insert) with the pRI AN-101 DNA binary transformation vector. The protocol followed was based on the manufacture’s instruction except the time of incubation was modified to 220C for 1 h followed by 40C overnight incubation.
Transformation of binary vector (Mi gene) to E. coli competent cells: The protocol of transformation and screening of transformants is in concordance to earlier sections except selection of bacterial colony on Kanamycin LB medium plate because of binary vector having KanR gene. 

Transformation of pRI-AN-101-Mi construct to Agrobacterium competent cells 
Plasmid isolation of pRI AN 101 DNA harboring Mi gene insert: Isolation of plasmid was done from the bacterial clones harboring binary vector with gene; expending ZR Plasmid Miniprep-Classic (Zymo Research) and adopting the protocol advised by manufacturer. The quantity (ng/μl) and quality (A260/A280, A260/A230) of extracted plasmid was assessed employing Nanodrop.
Preparation of Agrobacterium competent cells: Hundred milliliter of Yeast mannitol broth (Table 3) containing antibiotic rifampicin 50 mg/l was inoculated with 1 mL of an overnight culture of Agrobacterium LBA4404 (Table 4) and incubated with shaking at 28°C. Cells were grown to log phase (OD600 0.5-0.8) and pelleted at 4500 rpm for 10 min. at 4ºC. The supernatant was discarded and cells were resuspended in 1 mL ice-cold 0.1 M CaCl2, incubated on ice for 30 min. and then dispensed in 100 µL aliquots in Microfuge tubes, quick frozen on liquid N2 and stored at -70°C.	Comment by Maher: millilitre
Transformation of Agrobacterium Using Freeze Thaw method: The competent Agrobacterium cells were thawed on ice and 0.5 to 1 µg of plasmid DNA was added.  The mixture was kept on ice for 5 min and then frozen into liquid nitrogen for another 5 min, and then the mixture was incubated for 5 more Min at 37ºC in a water bath.  1 mL of YEM was added to each tube, sealed well and kept on a shaker (220 rpm) at 28ºC for 6 h.  The cells were collected by pelleting at 4500 rpm for 30 sec in a micro centrifuge and were spread on YEM agar plates containing appropriate antibiotics (Kanamycin and Rifampicin).  The plates were incubated for 2 days at 28ºC. 20 mL liquid cultures were grown from the colonies and used for carrying out min-preps. This plasmid DNA was used as the template for PCR with the original sequence-specific primers for confirmation of putative colonies.  The glycerol stocks were prepared from the cultures of confirmed colonies. In this investigation, agrobacterium competent cells were transformed with pRI-AN-101-DNA binary vector harboring the isolated Mi gene. 

Table 3.  Agrobacterium strain and their antibiotic selection marker
	Strain
	Opine group
	Ti plasmid
	Antibiotic marker

	LBA4404
	Octopine
	pAL4404
	Rifampicin (50 mg/l)




Agrobacterium mediated transformation of tomato cultivar AT-3 
Reagent set up for transformation protocol: Modifications were made in the developed Plant tissue culture media compositions for in vitro regeneration of AT-3 cultivar to incorporate steps of transformation in the same cultivar, by Agrobacterium strain LB4404 harboring binary vector pRI-AN-1010-Mi gene construct. 
Induction of calli from AT-3 tomato cultivar
1. Tomato seeds were collected followed by for surface sterilization.
2. Surface sterilization was based on the protocol mentioned in step.
3. Seeds were inoculated in MS basal media for seed germination for 7-8 days.
4. After 8 days cotyledonary leaf was cut and incubated the explants in TM 15 M media at 28-300C, for 14 days. This is the callus pre-induction step.
Table 4. Treatment codes and characteristics of transformation media
	Treatment codes 
	Consumption specifics of media

	AB plate 

	Culture of A. tumefaciens strain with appropriate antibiotics in the dark at 280C for 3 days

	AAM medium
	Used for preparation A. tumefaciens inoculum

	Antibiotic stock solution
	Kanamycin 50 mg/ml, Rifampicin 50 mg/ml, Cefatoxamine 250mg/ml

	TM 15 M
	Basic media is MS. This was used in callus induction, callus proliferation, pre-culture, Co-cultivation media during transformation experiment

	TM 15 M1
	Basic media is TM 15 M with addition of 30 mg/l Kanamycin and 250mg/l of Cefatoxamine. This media allows selective growth Kan+ transformed callus.

	TM18 S
	Basic media with addition of selection antibiotic Kanamycin (30mg/l). It facilitates shoot regeneration media

	TM 24 R
	Basic media with addition of selection antibiotic Kanamycin (30mg/l). It helps in rooting of shoots



5. Yellowish white in color and globular in shape calli were selected and placed in 5 ml sterile water in a 90-mm Petri dish. Calli were cut into small pieces of 0.5–1 mm in diameter using a scalpel in the sterile water.	Comment by Maher: colour
6. Removed the water, and transfered the calli with forceps to TM 15 M media. 5–10 calli were placed on a single plate.	Comment by Maher: transferred
7. Incubated under continuous illumination (3000-5000 lux) at 280C for three days. 
Preparation of A. tumefaciens inoculum
Preparation of a glycerol stock of Agrobacterium
1. Using a sterile loop, collected a single colony of Agrobacterium strain LBA4404 carrying pRI-AN-101-DNA harboring Mi gene insert and inoculated 10 ml of AAM medium containing 50 mg/l rifampicin and 50 mg/l kanamycin in a 50ml sterile tube.
2. Placed the tube on a shaker at 250 rpm in the dark at 280C overnight.
3. Transfered 12 ml of AAM liquid medium to a 50ml capacity disposable tube containing 8ml of sterile glycerol solution. 	Comment by Maher: transferred
4. Added stock solutions of rifampicin and kanamycin to give the same concentrations as for growing the bacteria in culture. 
5. Mixed the solution and filter-sterilized through a 0.2 μm filter into a new 50 ml capacity sterile tube.
6. Transfered 0.5 ml of the overnight Agrobacterium suspension to a 1.5 ml capacity screw-capped cryotube containing 0.5 ml of the glycerol/AAM mixture. 	Comment by Maher: transferred
7. Inverted the tube to mix and stored at −70 ◦C.
Culture and pretreatment of Agrobacterium
1. Transferred loopful of a glycerol stock of Agrobacterium strain LBA4404 containing pRI-AN-101-DNA harboring Mi gene insert and streak on semisolid medium incorporating 50 mg/l rifampicin and 50 mg/l kanamycin; incubated in the dark for 2 days at 280C.
2. Using a sterile loop, collected three to four colonies of Agrobacterium and inoculated 50 ml of AAM medium containing the same concentration of antibiotics as in Step 1 in a 250 ml capacity Erlenmeyer flask. 
3. Placed the flask on a shaker at 250 rpm in the dark at 280C for overnight incubation.
4. Pelleted the bacteria by centrifugation (3500 g, 30 Min, 100C) and discard the supernatant. Resuspend the bacteria in 20 ml MgSO4 (10 mM) contained in a 50 ml capacity sterile falcon tube.
5. Repeated centrifugation and resuspended the pellet in a small volume of liquid AAM medium.
6.  Added medium to give an optical density (OD) of the Agrobacterium suspension of approx. 1.0 at 600 nm.
Inoculation and co-cultivation of callus with Agrobacterium
1. Soaked actively proliferating calli in 5 ml sterile water in 90-mm Petri dish.
2. Slanted the Petri dish, collected the calli to the lower side of the Petri dish and remove the water.
3. Added 1.0 ml of bacterial suspension to the slanted dish and mixed the calli and the suspension by pipetting.
4. Incubated the slanted dish for 10 min at 250C.
5. Mixed the calli and the bacterial suspension again by pipetting. Removed the suspension using a pipette and then removed the excess bacterial medium from the tissues by blotting with sterile filter papers.
6. Transfered the calli with forceps to TM 15 M media and sealed the plate with parafilm. Approximately 5-10 calli were placed on a single plate.	Comment by Maher: transferred
7. Incubated in the dark at 28-300C for 2 days. This is the co-cultivation step of calli.
Washing of infected calli and selection Kanamycin- resistant calli
1. Collected the infected calli in a 50 ml sterile tube and washed with sterile water by shaking the tube. Repeated the washes until the rinse water is clear. Rinsed the calli with sterile water, adding 250 mg/l Cefatoxamine to kill Agrobacterium cells. The tube was kept at 220 rpm for 30 min.
2. Poured the callus suspension through sterilized stainless-steel sieves held over sterile beaker.
3. Placed stainless-steel sieves containing calli onto sterile filter paper towels and dried well.
4. Transferred the calli onto first selection medium TM 15 M1. Up to 10 calli were placed on one plate.
5. Sealed plates with petri plate sealer. Incubated at 28-300C under continuous illumination at about 3000-5000 lux for two weeks.
6. Transferred a pool of Kanamycin-resistant proliferated, yellowish white calli to the second selective medium and sealed the plate with petri plate sealer
7. Incubated under continuous illumination (3000-5000 lux) at 28-300C for 10 days. This was the second selection phase. Up to 5-10 Kanamycin-resistant calli were placed in a single petri plate, which is then sealed with petri plate sealer.
Regeneration of transformed plants
1. Transferred proliferated calli with forceps to regeneration medium TM 18 S.  Sealed the plate with petri plate sealer. 
2. Plants were readily regenerated from yellowish white calli.
3. Incubated under continuous illumination (3000-5000 lux) at 28-300C for two weeks. This was the regeneration step.
4. Transferred the regenerated plantlets (shoots) to root induction medium TM 24 R in sterile glass tubes containing 14 ml of media.
5. Incubated under continuous illumination (5,000 lux) at 300C for two weeks. This was the rooting step.
Molecular analysis of the putative transformed tomato T0
Confirmation of putative transformants using PCR: The DNA isolated from tomato transgenic plants (T0) plants were primarily screened for the presence of the T DNA by PCR using Mi gene specific primers. The PCR products were analyzed by gel electrophoresis and documented by Gel Doc (Biorad, USA.).	Comment by Maher: analysed

Isolation of genomic DNA from putative transgenic plants
Preparation of stock solutions for DNA extraction: The reagents and buffers for DNA isolation were prepared as per Sambrook et al., .(1989). 	Comment by Maher: there is not in reference list
Genomic DNA isolation: The DNA of tomato cultivar AT-3 belonging to transformed and control (Non transformed) plants were extracted by the method as described by Zaidani et al., .( 2005).	Comment by Maher: there is not in reference list






Results and Discussion
Mi Gene Isolation and cloning
After two weeks of infection, seedlings of resistant tomato cultivar SL-120 were selected for total RNA isolation. Isolation and cloning of Mi NBS-LRR repeat rich region was carried out as per the procedure described in materials and method. 
Quality and quantity assessment of total RNA
Total RNA from the resistant cultivar of tomato was extracted using the Trizol reagent (Invitrogen) in accordance with the instruction provided by the manufacturer, with minor modifications. Quality and quantity of total RNA was measured using Nanoquant (TECAN make). The readings of the above parameters are given below (Table 5).	Comment by Maher: Nano Quant
Table 5. Qualitative and quantitative analysis of Total RNA using NanoQuant	Comment by Maher: Nano Quant
	Tomato cultivar
	ng/µL
	260/280

	SL-120 (resistant)
	1350
	2.03

	AT-3 (susceptible)
	1214
	2.04


First-strand cDNA synthesis: cDNA was synthesized from 1.3 μg of total RNA using Superscript III reverse transcriptase (Invitrogen). Fifty μM oligo (dT) primers were used with 1 μL reverse-transcriptase in a 20 μL reaction volume adopting manufacturer’s instructions. The synthesized cDNA was diluted five times to its reaction volume and used as template for Mi gene isolation. After the dilution, cDNA samples where run in 1 % agarose gel and presence of band within a sample confer successful cDNA synthesis (Plate 1. A).
Designing of Gene amplification primers: To amplify NBS-LRR region of Mi gene from cDNA template of SL-120 (nematode resistant cultivar) the necessary primers were designed based on the available data on Mi gene. This primer was designed from accession no. NM_001247693.1. There are three open reading frames (ORF) identified so far such as Mi 1.1, Mi 1.2 and pseudogene. The Mi locus of the tomato confers resistance to root knot nematodes. This gene was first introduced into cultivated tomato, Lycopersicon esculentum from the wild species L. peruvianun followed by embryo rescue of interspecific crosses (Williamson, 1998). 

[image: ]
Figure 3. Potential area for NBS-LRR region of Mi gene

      The Mi1.1 gene (Accession number:  NM_001247693.1) sequence information is accessed from NCBI gene bank database. The NBS LRR repeat rich region of Mi 1.1.gene was explored by subjecting CDS sequence to LRR repeat finder online software tool (LRR finder, Royal veterinary College, University of London: www.lrrfinder.com/) to find out the potential region for NBS-LRR leucine rich repeats. This potential sequence was used for designing primers. From the outcome it has been concluded that the potential LRRCT (Leucine Rich Repeat C- terminal) region start from 371 to 925 amino acid bases and 926 to 973 which is a significant area of LRR repeat (Figure 3). Thus primers were designed by introducing restriction site at the end of the primer start from 5’ position of both forward and reverse strand as mentioned in materials and methods. Mi gene sequence was first subjected to NEB Cutter online software tool for in silico digestion of gene with all available NEB restriction enzyme. For directional cloning zero cutters (those restriction enzymethose restriction enzymes that do not the gene of insert) were selected for placing the restriction site at 5’ end of both forward and reverse primer (chapter 3); that these restriction sites must be present in Binary vector pRI-AN-101-DNA (Takara). The sequence information of designed gene amplification primers areis given in Table 6.
          Table 6.  Mi gene amplification primers
	Sr. No.
	Primers
	Sequences (5’-3’)

	1
	Mire F
	ATGGTACCATGGAAAAACGAAAAGATAATG

	2
	Mire R
	ATTGAGCTCCTACTTAAATAAGGGGATATTCTTTTG



Mi gene amplification
The cDNA prepared from nematode resistant cultivar (SL-120) was used as the template for amplification of Mi gene. Mi gene specific designed primers were used to differentiate between resistance and susceptible cultivars. PCR amplification was carried out both in susceptible and resistant tomato cultivar. A 1700 bp band was observed in resistant cultivar and absence of this band in susceptible cultivar (Plate 1.B). Present investigation was in general agreement with previous study of Devran Baysal (2012) showing ~1600 bp bands present in resistant plants but absent in susceptible plants. Hence, this amplification product could also useful to support the possibilities of using marker assisted selection for M. incognita resistance breeding. Response of Mi gene in nematode resistance interaction is imparting with series of signalling pathway happening in root as well as shoot. From the various studies it has been revealed that Mi-1-mediated resistance to Meloidogyne incognita in tomato may not rely on ethylene but hormone perception through ETR3 participates in limiting nematode infection in a susceptible host (Mantelin et al., 2013). Mi-1 encodes a nucleotide binding (NB) leucine-rich repeat (LRR) resistance (R) protein. Infection of tomato roots with M. incognita differentially induces ET biosynthetic genes in both compatible and incompatible interactions It was also testified that salicylic acid may imparting in the expression pattern of pathogenesis-related genes PR-1, PR-2 and PR-5, that leads to systemic acquired resistance (SAR), in roots and shoots of tomato plants pre-treated with exogenous SA and subsequently infected with root-knot nematodes (Molinari et al., 2014).	Comment by Maher: there is not in reference list	Comment by Maher: there is not in reference list	Comment by Maher: there is not in reference list
PCR purification and quantification of purified products
Gel Extraction Kit (Qiagen) was used for elution and purification of PCR amplicons. The eluted product is dissolved in 25 µl of 1 X TE buffer. The same was run in 1 % Agarose gel and quantified for its quantity and quality using Nanodrop. The amplified product was 97.0ng/µL. The molecular cloning of this eluted DNA was performed.
Molecular cloning (TA cloning) of Mi gene
TA cloning utilizes 3’-dA overhangs of PCR products. The purified PCR product was ligated to pTZ57R/T (TA cloning vector, Fermentas) vector. These ligated products were transformed and multiplied into E. coli DH5-α. Transformed cells produced distinct white colonies (Blue white screening) on LB agar plate containing ampicillin as selective media. The white clones were pick, plated and used as templates for colony PCR and subsequent plasmid isolation. The results from digital colony counting confirmed high degree of transformation percentage to a share of 94.11 % white colonies from the total number of colonies (Table 7).
       Table 7. Results obtained by colony counter
	Colony Type
	No. of colonies
	% of colonies

	White colonies
	113
	94.11

	Blue colonies
	17
	5.05


Sequencing of Mi gene
The purified PCR product was also introduced into the sequencing vector pJET 1.2/blunt (Fermentas) and subjected to sequencing using vector specific sequencing primers with BigDye® Terminator v3.1 Cycle sequencing kit (Applied Biosystems, USA) and resolved by ABI PRISM® 3500 Genetic Analyzer (Applied Biosystems, USA) (Figure 4). Cloned insert of ~981bp Mi gene was covered by forward sequencing primer and ~987bp of the insert was covered by reverse sequencing primer (Table 8, Figure 4). Nucleotide BLAST was used to find homology of sequenced insert with other sequences in the gene bank (Figure 5). Homology search revealed that sequenced insert was 100 % identical with tomato accession number, NM001247693.1 having description ‘Solanum lycopersicum plant resistance protein (Mi-1.1), mRNA’ is the sequence from which gene amplification primers were made to confirm the amplified product as Mi1.1 from nematode resistant SL-120 tomato cultivar. After sequencing, this query sequence was subjected to NBS-LRR finder tool which showed significant leucine rich hit (Figure 6). Amino acid composition of sequenced insert was calculated using MEGA sequence analysis tool that showed maximum leucine rich amino acid codon present in the sequence.
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
Figure 4. Sequencing profile of cloned Mi gene using ABI 3500 genetic Analyzer



	Table 8.  Nucleotide sequence of insert amplified from SL-120 tomato cDNA

	Sequence read from forward Sequencing primer (981bp)
	CTCAAGCCATGCTTGCTGTATTTTGCAAGTTTTCCGAAGGACACTTCATTGACAATCTATGAGTTGAATGTTTATTTCGGTGCTGAAGGATTTGTGGGAAAGACGGAGATGAACAGTATGGAAGAAGTGGTGAAGATTTATATGGATGATTTAATTTACAGTAGCTTGGTAATTTGTTTCAATGAGATAGGTTATGCACTGAATTTCCAAATTCATGATCTTGTGCATGACTTTTGTTTGATAAAAGCAAGAAAGGAAAATTTGTTTGATCAGATAAGATCAAGTGCTCCATCAGATTTGTTGCCTCGTCAAATTACCATTGATTGTGATGAGGAGGAGCACTTTGGGCTTAATTTTGTCATGTTCGATTCAAATAAGAAAAGGCATTCTGGTAAACACCTCTATTCTTTGAGGATAATTGGAGACCAGCTGGATGACAGTGTTTCTGATGCATTTCACCTAAGACACTTGAGGCTTCTTAGAGTGTTGGACCTGCATACGTCTTTTATCATGGTGAAAGATTCTTTGCTGAATGAAATATGCATGTTGAATCATTTGAGGTACTTATCCATTGACACACAAGTTAAATATCTGCCTTTGTCTTTCTCAAACCTCTGGAATCTAGAAAGCCTGTTTGTGTCTACCAACAGATCAATCTTGGTACTATTACCGAGAATTTTGGATCTTGTAAAGTTGCGAGTGCTGTCCGTGGATGCTTGTTCTTTCTTTGATATGGATGCAGATGAATCAATATTGATAGCAGAGGACACAAAGTTAGAGAACTTGAGAATATTAACGGAACTGTTGATTTCCTATTCGAAAGATACAAAGAATATTTTCAAAAGGTTTCCCAATCTTCAGTTGCTTTCATTTGAACTCAAGGAGTCATGGGATTATTCAACAGAGCAACATTGGTTCTCGGAATTGGATTTCCTAACTGAACTAGAAACACTCTCTGTAGGTTTTAAAAGTTCAAACACA

	Sequence read from reverse sequencing primer (987bp)
	GGGAATCTTCTAGAGATCTTGCTGAAAACTCGAGCCATCCGGAAGATCTGGCGGCCGCTCTCCCTATAGTGAGTCGTATTACGCCGGATGGATATGGTGTTCAGGCACAAGTGTTAAAGCAGTTGATTTTATTCACTATGATGAAAAAAACAATGAATGGAACCTGCTCCAAGTTAAAAATAGAGATAATACCGAAAACTCATCGAGTAGTAAGATTAGAGATAATACAACAATAAAAAAATGGTTTAGAACTTACTCACAGCGTGATGCTACTAATTGGGACAATTTTCCAGATGAAGTATCATCTAAGAATTTAAATGAAGAAGACTTCAGAGCTTTTGTTAAAAATTATTTGGCAAAAATAATATAATTCGGCTGCAGGGGCGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGTTACATCGAACTGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGYCCCGAGACGTTTCATGATGAGCACTTTAAGTTCTGCTTGTGGCGCGGTATTATCCGTATTGACGCGGGCAGGAGCAACTCGTCGCGCAACTATTTCTCAGAATGACTGCTGAGTACTCCAGTCAGAAAAGCATCTTACGGATGCATGACGTAAGAATATGGCATGGCTGCTACCTGAGGATACCTTGGCATAGCTCGGACCGATCGGGGACTGAGGACTACGTCTTGGCACAT


Directional cloning of Mi gene to binary transformation vector
The synthesis of cDNA using modified oligonucleotides to initiate each strand of DNA synthesis allows the insertion of unique restriction enzyme recognition sites at either end of the cDNA so that cloning of the cDNA fragments can only occur in one direction. The oligo primers mire (Forward) and mire (Revere) were used for gene specific amplification having additional sequences at the 5’-end that encode a KpnI (restriction enzyme recognition site (5’-GGTACC-3’) to forward primer and SacI(5’-GAGCTC-3’). Consequently, the produced cDNA contained an KpnI site its 5’ -end and a SacI site at its 3’-end. The placement of these sites revealed that the cDNA could be cloned directionally.
[image: I:\mi gene ankita\Untitled.jpg]
Figure 5. Nucleotide Blast of query Mi sequence dusing BLAST online search tool.	Comment by Maher: dosing

Digestion and elution of Mi insert and binary vector
Double digestion was performed with two restriction enzymes in specialized Cutsmart buffer (NEB) at 370c for 2 hour. Digestion of cloning vector was carried out to excised Mi insert from pTZ57R/T-Mi vector with KpnI HF and BamHI restriction enzymes. The same enzymes were used for digestion of binary vector (pRI-AN-101-DNA) (Plate 2). The reaction of each restriction digestion was subsequently run in 1 % low melting agarose gel, eluted and purified.	Comment by Maher: Cut smart
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	6.3
	10.7
	1.5
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	5.5
	6.6
	4.8
	9.9
	6.6
	4.4
	0.7
	3.3
	272





Figure 6.  LRR significant hit revealed by sequenced Mi gene with amino acid composition in the present sequence




Transformation of pRI-AN-Mi to E. coli competent cells
The double digested vector as well as insert were ligated using Rapid Ligation Kit (Thermo Scientific, cat k142) at 160c overnight. Escheria coli strain DH5-α were used for transformation. Competent E. coli cells were made by Competent Cell Preparation Kit (B) (611660200011730, GeNei, Bangalore). The positive clones of E. coli were renamed as E. coli pRI-AN-Mi. Positive clones bearing correct insert were again confirmed by colony PCR using gene specific primers.
Transformation of pRI-AN-Mi to Agrobacterium competent cells
Plants do not contain any naturally occurring plasmid DNA molecules. However, a bacterial plasmid, the tumour inducing (Ti) plasmid of the soil microorganism Agrobacterium tumefaciens, has been used extensively to introduce genes into plant cells.
Isolation of pRI-AN-Mi plasmid
           Positive E. coli transformants were used as starting material to isolate pRI-AN-Mi plasmid, employing ZR plasmid Min PreClassic kit (Zymo Research, cat: D4016) and following suggestions from the manufacturer. The quantity and quality of purified plasmid was checked using Nanoquant spectrophotometer (Table 9).	Comment by Maher: Nano quant
Table 9. Qualitative and quantitative analysis of purified plasmid
	Plasmid name
	ng/µL
	260/280

	pRI-AN-Mi
	300.9
	1.8



Co-cultivation of callus with Agrobacterium
            One microgram of plasmid DNA was used to transform 100 µL competent Agrobacterium LB 4404 cells. Callus of AT-3 tomato cultivar was co cultivated with A. tumefaciens LB 4404 (harboring pRIAN_Mi). Actively proliferating yellowish to greenish, nodular embryogenic calli was used for co cultivation. It is critical that bacterial inoculum should be prepared fresh and diluted to optimal concentration. To achieve this afore mentioned aim fresh overnight culture of A. tumefaciens was used for preparation of inoculum by measuring its optical density (OD) which was in a range of 0.6 to 1.0.
The pretreatment of A. tumefaciens with vir inducing compound, particularly acetosyringone before co-cultivation was necessary for promoting effective transformation (Hiei and Komari, 2008); also it is required for transcriptional activation of A. tumefaciens machinery. Thus 200 μM of acetosyringone were added to broth as well as to the pre culture of callus in media. The total number of calli co cultivated with A. tumefaciens LB 4404 (harboring pRIAN_Mi) was 200. The co cultivation medium was media (200 μM of acetosyringone), it was incubated in dark at 250C for 3 days. In order to eliminate A. tumefaciens after the co cultivation, use of antibiotic and anti-necrotic compounds were required. The adhering bacteria were killed by the Cefatoxamine wash.  In the present study 250 mg/l Cefotoxamine was used to kill Agrobacterium cells. The washed calli was dried and placed on selection media.
Selection of putative transgenic calli with kanamycin resistance
Optimum concentration of selective agent is required to avoid the non-transformed tissue as escapes, for higher concentration of antibiotic would be toxic to cells while lower concentration will be unable to check the growth of non-transformed calli. In the present experiment a single selectable marker gene (NPT II for kanamycin resistance) was used for screening and development of putative transformants. Kanamycin is an amino glycoside antibiotic which causes death of untransformed plant cells by inhibiting its transcription and translation machinery.  Chan et al., 1992, reported transformation of NPT II gene into different crop by A. tumefaciens and kanamycin at 20 mg/l was used in selection media.  In the present study 30 mg/ l kanamycin was added in the selection media. Selection of putative transgenic calli in the current investigation was carried out by two stage selection scheme using two selection media. The first selection media (30 mg/l Kanamycin + 250mg/l of Cefotoxamine) (Plate 3) allows selective growth Kan+ transformed callus. The second selection media is allows proliferation of transformed callus. Some calli on first selection media turned brown after 2 weeks and some completely black indicating selective elimination of non-transformed calli. While in some cases a small portion of calli turned brown indicating non transformed calli while the remaining portion of calli was greenish in morphological appearance (Plate 3).	Comment by Maher: there is not in reference list	Comment by Maher: allowing
Plant regeneration from putative transformed calli
  The actively proliferating calli picked out after second selection passage was transferred to regeneration media (Kanamycin (30mg/l)) containing selection antibiotic and was incubated under continuous illumination (5,000 lx) at 300C for two weeks. The development of green small shoots from the greenish calli was observed followed by multiple shoot formation at later stage. (Plate 4). Wu et al., 2002, reported the loss of morphogenetic capacity in the established transformed callus and suggested that the reduction of culture period can enhance plant regeneration frequency. The current study has been focused on the above concerns and developed a protocol in which transformed callus to shoot regeneration transition has been at higher percent. The regeneration of transformed T0 line from transformed (T0) calli is shown in Plate 5. The regenerated shoots were transferred to root induction medium (Kanamycin (30mg/l) and incubated under continuous illumination (5,000 lx) at 300C for two weeks. Callus derived from cotyledonary leaves were used as target tissue for Agrobacterium mediated transformation. In present investigation cotyledonary leaves showed promising for calli development with high percent of regeneration capacity. This is in general agreement of earlier report of Khoudi et al., (2009) suggested that primary leaves were three times more efficient than cotyledon in terms of regeneration percentage, productivity and transformation frequencies independently of the medium and genetic construct used. Callus induction was observed after 5th day in 5000Lux light intensity at 280c +/- 2 condition, cultured in media (MS + Zeatin (1.5mg/l) +IAA (1mg/l) + 2% Sucrose + 0.9% Agar).
Co-cultivation up to 48 hours is sufficient for proper transformation but the efficiency of transformation can be increase for 72 hour at 108 cell/ml reported earlier by Sharma et al.,(et al., (2009). Actively proliferating calli, which were dark yellow, dark green in color, friable, compact and globular in shape was used for transformation experiment. Out of 150 calli; 78 calli were showed survival in selection medium showing 52 per cent transformation efficiency which was maximum as compared to previous study of Manamohan et al., (2011) showing 34 percent in Arka Vikas tomato cultivar using IBA (0.1mg/l) and IAA at similar concentration. This may because of tissue culture regeneration protocol is dependent on many factors including explant and genotypes. In the present study, remarkable high efficacy of transformation was observed. This have been clearly showed that the amalgamation of different level of hormones, incubation time for agrobacterium infection and other environmental factors may impart high transformation efficiency regeneration in tomato. From this study, it have been concluded that IAA (1.5 mg/l) and Zeatin (1mg/l) could be a best source of media combination for high transformation regeneration efficiency of transformed tomato calli.	Comment by Maher: there is not in reference list	Comment by Maher: colour	Comment by Maher: there is not in reference list	Comment by Maher: has
Molecular analysis and confirmation of the putative transformed tomato (T0 plants)
The transgene concentration in genomic DNA is usually considered in the range of femtograms (10–15) which cannot be detected in the form of band through agarose gel electrophoresis. The PCR helps in increasing the concentration of particular sequence of DNA from femtograms (10– 15) to micrograms (10-6) which can be easily be detected on a gel. In current study PCR was employed to check the presence of Mi gene insert in T0 generation of transformed tomato by using gene specific primers. Total genomic DNA was isolated from putative transformed tomato plants and used as template for the gene specific PCR and the genomic DNA isolated from susceptible AT-3 cultivar of tomato plant was used as a positive control. A characteristic band of 1700bp was detected through agarose gel electrophoresis, authenticating successful transformation of Mi gene (Plate 6). Overall study to investigate transformation of NBS-LRR region of Mi gene was successfully achieved into T0 plants. Development of an efficient in vitro regeneration protocol for AT-3 tomato cultivar was successfully performed. Isolation of NBS-LRR related sequence of Mi gene from nematode resistant tomato cultivar SL-120, designing and validation of Mi gene specific primers in resistant tomato cultivars and Agrobacterium mediated transformation of Mi gene in susceptible tomato cultivars were successfully achieved.
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		Plate 1.    PCR profile of tomato cultivars
(A)    c-DNA Amplification from total RNA extracted from resistant plant
(B)    Mi gene specific amplification present in resistant (R) SL-120 and absent in  
    Susceptible (S) AT-3 cultivars of tomato
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Plate 2.	Restriction Digestion of vectors for directional cloning
(A) TA vector digestion using KpnI and BamHI to excise Mi gene
(B) Binary vector digestion using KpnI and BamHI for directional cloning
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Plate 3.  Calli response to selection media and their proliferation after co-cultivation with Agrobacterium .
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Plate  4.  Shoot induction and multiple shoot formation from transformed calli. 
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	Plate 5.  Regeneration of transformed T0 line  from transformed (T0) calli
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	Plate 6. Confirmation of putative transformant using PCR
					*S  :S :   Susceptible (AT-3)
			*T0: Transformed line
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Primer sequences

pJET1.2 forward sequencing primer, 23-mer | 5-CGACTCACTATAGGGAGAGCGGC-3'

pJET1.2 reverse sequencing primer, 24-mer | 5-AAGAACATCGATTTTCCATGGCAG-3'
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