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Exploring Phylogeny of Rhodococcus fascians Isolates using 16S ribosomal DNA Sequence Analysis

INTRODUCTION

Background

The Oregon State University Plant Clinic (a diagnostic laboratory) has been exploring Rhodococcus fascians as a causal agent of leafy galls and shoot proliferation in plant samples submitted by independent growers and nurseries.  From these submissions, the Plant Clinic has acquired an extensive collection of R. fascians isolates via purification and identification based on colony morphology, Biolog analysis, and diagnostic polymerase chain reaction (PCR).  

R. fascians is a Gram-positive, aerobic, actinomycete belonging to the family Mycobacteriaceae and is the only phytopathogen in its genus (5, 23).  It is a phytopathogen responsible for several symptoms on a wide range of hosts; one estimate of the host range includes 86 genera in 39 plant families (5).  Morphologies of Plant Clinic isolates were Gram-positive bacilli; however isolates in the literature have been reported as pleiomorphic with the capability to form branched hyphae that break up into both bacilli and cocci (5). 

Historically, pathogenesis was first determined by inoculating germinating sweet peas (23).  Subsequent inoculations have been performed on many hosts including tobacco, herbaceous perennials, and ornamentals.  The leafy gall is the most common symptom and is characterized as ‘ongoing shoot meristem initiation accompanied by suppression of shoot outgrowth’ (23).  Other common yet less severe symptoms include uncontrolled shoot proliferation, various forms of leaf deformation, decreased flower production, and witches’-broom formation (5).  Colonization of the plant by the bacterium is primarily epiphytic and leaves are more commonly colonized than the stem or crown (5).  Symptoms, specifically leafy galls, are formed at the site of bacterial introduction and continuous shoot proliferation only occurs in the presence of bacterial colonization (5).  

Bacteria spread through hyphae formation as well as within slime layers.  Additionally, bacteria can avoid environmental stress by colonizing more protected regions of the plant such as junctions of epidermal cell walls.  While certain aspects of R. fascians pathogenesis remain unknown, it has been determined that genes for leafy gall formation are carried on a linear plasmid and hormonal imbalances of the host are implicated in symptom formation (5).  

Mechanisms of R. fascians pathogenesis are partially attributed to the production of phytohormones, which also play a major role in Agrobacterium tumefaciens pathogenesis, the agent responsible for crown gall disease.  Virulent strains of R. fascians carry the ipt gene which encodes the isopentenyl transferase enzyme that catalyzes the first step in cytokinin biosynthesis (5).  Interestingly, the ipt gene has been involved in reduced symptom formation or non-pathogenic colonization of other phytopathogens while it is designated as ‘indespensable’ to R. fascians pathogenicity.  Cytokinin production has a synergistic effect when coupled with pathways that degrade other phytohormones such as auxins (5).   
Exploration of phylogenetic relationships between R. fascians isolates could lead to a better understanding of the bacterium’s diversity.  Sequence analysis of conserved regions of 16S ribosomal DNA (rDNA) and 16S rRNA genes is a commonly applied method to elucidate bacterial phylogeny among different isolates and database sequences (11).  Prokaryotic evolution is more difficult to evaluate than eukaryotic evolution, which can be determined by several factors including physiology and fossil observation (11).  Conversely, bacterial evolution is restricted to evaluation from the molecular standpoint, relying on regions of sequence similarity and deviation to explain evolutionary relationships.  

16S rDNA and rRNA genes are molecular indicators that encompass the central dogma of molecular biology, and illustrate how regions of DNA transcribe to RNA that is subsequently translated to protein.  Ribosomal RNA encoded by rDNA contains both conserved and variable regions among different types of bacteria.  This, in addition to its universal distribution in all organism and large size, make it a frequently used indicator of phylogeny (11).  Sequences of variable regions among members of the same species could possibly correlate with host range or mechanisms of pathogenesis. 

R. fascians isolates from non-plant origins such as fly larvae, polar seas, and ice caps have been reported (12, 14, 22).  Exploration of genetic diversity through 16S rDNA sequence analysis will lead to a better understanding of relatedness among isolates in our collection as well as between our isolates and those reported in the literature and databases.  

Statement of Purpose

A goal of research in Melodie Putnam’s laboratory is to understand more about R. fascians as a plant pathogen on various hosts as well as its presence on non-plant sites and other environments.  Preliminary sequence analysis of 16S rDNA of 21 isolates in the collection revealed some with sequence similarities to environmental isolates.  Additional sequence analysis of more isolates will be employed to determine the relatedness of isolates in the collection to others for which sequence information is available. Two particular goals of the research are to examine pathogen diversity, and to confirm R. fascians diagnoses for comparison with previous Biolog results.  Construction of a phylogenetic tree will assist in visualizing relatedness and further characterization of future R. fascians isolates. 

MATERIALS AND METHODS

Initial Biolog diagnosis

We have previously employed Biolog, Inc. software for diagnostic purposes.  It is an assay that measures substrate utilization for yeasts, Gram-negative (GN) and Gram-positive (GP) microbes.  Three days are necessary for completion of the assay.  Sample colonies for Biolog were purified by streaking on nutrient agar (NA) then streaked to trypticase soy agar (TSA) to get pure cultures.  Gram stains were performed on each sample and Gram-positive organisms were prepared in bacterial suspensions of 19% ± 2% transmittance.  Suspensions were inoculated into pre-coated 96 well Biolog GP plates and incubated for 16-24 hours at 27°C.  Plates were read with the SoftMax optical density reader at 590 nm.  Optical densities of each well correlating to substrate utilization were entered into the Biolog database for genus and species identification.  Identification was based on pattern recognition by formation of a purple color in wells where substrate utilization occurred.  

Selection of isolates

Isolates for phylogenetic analysis were chosen from a master spreadsheet of the strain collection and compiled according to Biolog, diagnostic PCR and in some cases, fatty acid analysis.  The master spreadsheet contained 194 isolates designated by Plant Clinic accession number; one representative isolate from each accession was sequenced.  The first two digits of the accession number indicated the year the isolate was entered into the storage collection.  Isolates designated with an ‘A’ followed by an accession number where solicited from donors with infected plants presumed to be colonized by A. tumefaciens. 

Isolate collection

The R. fascians culture collection was maintained at -80°C.  Isolates were streaked on NM plates (appendix A) that were incubated at 27°C and checked for purity before DNA extraction.  

Template preparation for direct PCR 

Templates were prepared from plant washes using the InstaGene Matrix (BioRad) or by various boiling methods of single colonies modified from literature (15).  A preliminary experiment conducted to test these methods compared cell suspensions, boiled cell suspensions, and centrifuged, boiled cell suspensions as templates for PCR.  Cell suspensions (one loopful of isolate 02-815 per 330 µl) were prepared in molecular grade (MGB) water or 10 mM Tris, 1 mM EDTA (TE) (Invitrogen).  Additional 1:10 dilutions were made from each suspension.  Aliquots of 100 µl were boiled for 10 min, boiled for 10 min then centrifuged, or left untreated.  1 µl from each isolate was used as a template for PCR. 

96 well format

To facilitate downstream PCR for future sequencing runs, 40 μl of each DNA preparation was transferred to duplicate 96 well PCR plates that contained 40 μl TE buffer.  Plates were stored in sealed plastic bags at -20°C.  Frozen DNA preparations from previous diagnostic PCRs were thawed, vortexed (3-7 s), spun down (2-3 min at 10,000-12,000 rpm), and stored in the same fashion.  

16S rDNA PCR

PCR was utilized to assess efficiency of DNA extractions, sequencing primer efficacy, and to obtain products for 16S rDNA sequencing.  PCR amplification of extracted DNA was performed with universal PCR primers; 27F AGAGTTTGATCMTGGCTCAG and 1492R TACGGYTACCTTGTTACGACTT (17).  The “M” and “Y” primer redundancies represent A+C and C+T, respectively, according to the International Union of Pure and Applied Chemistry (IUPAC) nomenclature.  16S PCR primer pairs were previously used as positive controls in diagnostic assays (13).  The integrities of amplifications were confirmed with the incorporation of both positive and no-template controls.  For each PCR, 50 μl cocktails containing 45 μL Taq Supermix (Invitrogen), 1 µl 50 pmol primers, and 3 µl MBG water were dispensed with 1 μl template DNA to reaction tubes.  All reactions were run with the UNI-N program: 

1
94C for 2’

2
94C for 1’

3
60C for 1’

4
72C for 1’

5
Go to 2 10X

6
94C for 1’

7
63C for 1’

8
72C for 1’

9
Go to 6 25X

10
72C for 4’

15 μl PCR products were visualized by electrophoresis in a 1.2% agarose gel: 1.4 g agarose and 120 ml 1X TBE buffer (108 g Tris base, 55.8 g boric acid, 80 ml 0.25 M EDTA, pH 8.3 for 1 L 10X).  Gels were run for 30 minutes at 170V, stained with ethidium bromide (EtBr, 0.5µg/mL) for 25 minutes, de-stained in 1X TBE, and then imaged with Doc-It Life Science Imaging software. 

Preparation of PCR products for sequencing

PCR products were prepared for sequencing with an Exonuclease I/Shrimp Alkaline Phosphatase (Exo I/SAP) protocol (10).  Exo I degraded excess primer from the reaction mixture containing extension products while SAP (Fermentas) catalyzed the dephosphorylation of DNA and deoxyribonucleoside triphosphates or dNTP’s.  A cocktail of 40 µL 10x SAP buffer (Fermentas) plus 1.0 µL Exo I (NEB) and 2.0 µL SAP was prepared.  The cocktail was dispensed in 5 µL aliquots to wells on a PCR reaction plate.  The plate was incubated in the thermocycler at 37°C for 40 min then at 80°C for 20 min for enzyme inactivation.  PCR products were submitted to Macrogen Inc. (908 World Meridian Center, 60-24 Kasan-dong, Kumchun-ku Seoul, Korea 153-023) for di-deoxy DNA sequencing with sequencing primers (see below).  Primers were diluted to 5 μM in 10 µM Tris, pH 8, according to Macrogen submission criteria.   
Sequencing primer design

The initial 21 sequences generated by Dr. Huang (USDA/ARS, US National Arboretum Floral and Nursery Plants Unit, 10300 Baltimore Ave, Beltsville, MD 20705), database R. fascians 16S rDNA sequences, and database sequences with high similarity to the initial 21 sequences were compared in a multiple sequence alignment through the Center for Genome Research and Biocomputing (CGRB) website (http://bioinfo.cgrb.oregonstate.edu/).   Conserved regions were used to design sequencing primers using the Primer3 program (19) and primers were ordered from Invitrogen.  The following primers were tested for DNA sequencing; however a majority of all 16S sequences were generated using SF, SR, QiF, SF5, and SR5: 
5’ GCTAACTACGTGCCAGCA 3’ QiF

  5’ CAGCTCGTGTCGTGAGATGT 3’ SF5

5’ AGAGTTTGATCCTGGCTCAG 3’ SF

3’ GTGCAATATTCCCCACTGCT 5’ SR5   
3’ TACGGCTACCTTGTTACGACTT 5’ SR
5’ CTCGTGTCGTGAGATGTTGG 3’ SF6




5’ GCGTGCTTAACACATGCAA 3’ SF2 

3’ ATTACCCCACCAACAAGCTG 5’ SR6
3’ TGTTACGACTTCGTCCCAAT 5’ SR2

5’ ATCATGCCCCTTATGTCCAG 3’ SF7
5’ CGTGGGTAGCAAACAGGATT 3’ SF3 
5’ GGGCTTCACACATGCTACAA 3’ SF8
3’ GTGGAAGGAACCCACACCTA 5’ SR3

5’ TGGTAGTCCACGCCGTAA 3’ SF4

3’ ACAGATCCCGTGGAAGGAAC 5’ SR4
Primers SF and SR are the universal 16S primers with the degenerate positions conformed to the R. fascians sequences from the preliminary sequencing of the 21 isolates. 

DNA sequence analysis with web-based Bioinformatics

Sequences generated by each primer were saved as text files in the FASTA format, which is the “greater than” sign followed by a single-line description and sequence data.  Various programs on the CGRB website were used to analyze sequences, including Align2, Cap3, ClustalW, and SeqTool. 

The align2 program was employed to compare relatedness between two particular isolates.  One hundred percent similarity occurred between A76, 05-340-1, and 05-340-2-2, and between A73a, 02-815, and 02-816e which were part of the preliminary 21 isolate set sequenced by Dr. Huang.  Only isolates A73a and A76 were used in the final phylogenetic analysis, and were representative of the other aforementioned isolates. 

Sequences generated by each sequencing primer in the submitted set were assembled into longer, continuously overlapping sequences or contigs using Cap3 (7).  The Cap3 program allowed us to visualize primer extension to verify that primers were sequencing the desired regions of 16S rDNA.  A ClustalW algorithm (21) identified erroneous nucleotides at the beginnings and/or ends of each sequence which were subsequently trimmed for proper assembly.  Orientations of each contig were checked with similar database sequences using the nucleotide blast (Blastn) algorithm through NCBI (http://www.ncbi.nlm.nih.gov/).  Errors in orientation were corrected with the reverse complement function in SeqTool. 

A multiple sequence alignment of all contigs was constructed with the ClustalW algorithm in the BioEdit Sequence Alignment Editor (http://www.mbio.ncsu.edu/BioEdit/bioedit.html).  ClustalW aligned related isolates by changes in nucleotide residues at conserved regions in the sequence and the alignment was saved as a FASTA file extension.  The FASTA file extension was applicable to several genetic analysis programs including PAUP, TreeView, and Molecular Evolutionary Genetics Analysis (MEGA) software.  Phylogenetic and molecular analyses were conducted using both TreeView v. 32 (16) and MEGA 3.1 (9).  Numerical values of percent isolate identities were calculated with the distance function on the EMBL-EBI ClustalW program (http://www.ebi.ac.uk/clustalw/index.html). 
RESULTS
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[image: image2.emf][image: image3.emf]Instagene preparations consistently yielded good template preps (data not shown), but other methods were explored to reduce time and costs.  From these methods, it was determined that suspending bacteria in 100 μl sterile, de-ionized water followed by 10 min in a boiling water bath yielded the most PCR products (figure 1 and table 1).  Results of efficient template preparation were determined by band intensity; the strongest bands were assigned ++’s, the lighter bands +, and the faint bands were designated accordingly.  Comparison of band intensities to the DNA mass standards (Invitrogen) revealed that amplified DNA was about 1,500 base pairs in length.  Subsequent DNA extractions involved suspending whole cells in 100 µl MBG water and boiling suspensions for 10 minutes.  
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16S rDNA PCR


PCR products (figs. 2 and 3) were sequenced by Macrogen Inc.  Comparison of band intensities with the Invitrogen DNA mass standards revealed that adequate amplification of target DNA sequences was not achieved in every sample; only adequately amplified products of 1,500 base pairs were submitted for sequencing.  Identities and corresponding diagnostic information of preliminary isolates sent to Macrogen are displayed in table 2.  


	Date
	Isolate designation
	Original Host Information
	P450
	Fas-1 nem-2

	Sequenced by Dr. Qi Huang

January/February 2006
	A3b
	Heliopsis ‘Loraine Sunshine’
	+
	

	
	A21d2
	Oenothera “Siskiyou’
	+
	

	
	A22b
	Leucanthemum ‘Becky’
	+
	

	
	A24C
	Iberis semipervins ‘Purity’
	-
	

	
	A25f2
	Nemesia ‘Natalie’
	
	

	
	A44a
	Veronica ‘Minuet’
	+
	

	
	A45-2
	Veronica ‘Royal Candles’
	+
	

	
	A73a*
	Aster ‘Violet Queen’
	+
	

	
	A76†
	Veronica ‘Royal Candles’
	+
	

	
	A78
	Leucanthemum ‘Becky’
	+
	

	
	02-815*
	Campanula ‘Sarastro’
	+
	

	
	02-816c
	Viola ‘Purple Showers’
	+
	

	
	02-816e*
	
	+
	

	
	04-516
	Aster chemosis ‘Woods Pink’
	-
	

	
	05-339-1
	Hosta ‘Blue Umbrella’
	+
	

	
	05-340-1†
	Hosta ‘Carnival’
	+
	

	
	05-340-2-1
	Hosta ‘Carnival’
	-
	

	
	05-340-2-2†
	Hosta ‘Carnival’
	
	

	
	05-561-1
	Lavender
	
	

	11/21/07

(June 19th set B PCR products)
	06-871
	Phlox ‘Flame Pink’ a
	+
	+

	
	06-873a
	Veronica a
	+
	+

	
	06-873b
	Veronica b
	+
	+

	
	06-621-4
	Nemesia #2
	+
	+

	1/30/07


	06-234-2a
	Heuchera ‘Princess Anastasia’
	
	

	
	06-412-2b
	Hosta NA
	
	

	
	06-235-2c-4
	Heuchera X ‘Hollywood’
	
	



Certain isolates from the preliminary set were positive for the fas gene that was amplified by primers pairs specific to regions of the Fasciation inducing (Fi) plasmid, a linear plasmid that induces virulence (3).  The fas virulence locus is organized into six open reading frames (ORFs) whose ‘expression is specifically induced during the interaction with host plants’ (3).  ORF1 and part of ORF2 encode a P-450 cytochrome protein from actinomycetes (3). 

The 21 preliminary 16S rRNA genes were compared to database sequences with Blastn which revealed similarity to environmental R. fascians or bacteria belonging to the Rhodococcus genus (results of related database sequences found in table 3).  Strong phylogenetic groups were initially identified using ClustalW within the 21 preliminary genes, related database genes, and genes found in recent literature.  A majority of the preliminarily sequenced Plant Clinic (PC) isolates grouped tightly with the CAGY6 strain recovered from a municipal wastewater treatment plant in Minneapolis.  Other strong groups consisted of R. fascians isolated from marine environments and artic bacteria. 

Sequencing chromatograms of all subsequent submissions were evaluated to determine the success of primers in annealing to target DNA sequences.  Primers Qi, SF, SF5, SR, and SR5 were most successful at yielding accurate sequence of about 1,500 base pairs.  Chromatograms from these runs displayed stronger peaks, minimal baseline noise, and fewer ambiguities (designated ‘N’).  A majority of isolates began with the nucleotide sequence AGAGTTTGATC and ended with GGTAGCC.  A comprehensive spreadsheet of sequenced isolates is found in appendix B.

	NCBI accession #
	ID
	Source
	Reference

	AF181689
	Rhodococcus spp.
	Alkane-degrading bacteria in Antarctica 
	1


	AY957914
	Uncultured bacterium
	Biofilms in drinking water
	Williams et al*


	Y11196
	R. fascians
	Characterization of rrnB operon from D188
	18

	AB211229
	R. fascians
	Poly(butylene succinate)-degrading Bacteria, Japan
	Ishii et al*


	AY730713
	R. fascians
	Partial seq. 16S rRNA gene, Ireland
	Xu et al*


	AY771765
	R. fascians
	Arctic bacteria, S. Korea
	Lee et al*


	X81930
	R. fascians


	Partial 16S rRNA gene
	20

	X79186
	R. fascians 
	Partial16S rRNA gene
	8

	AF538745
	CAGY6 strain
	Partial 16S rRNA, municipal wastewater, Minneapolis
	LaPara*


	AJ244659
	Rhodococcus spp. 
	Partial 16S rRNA gene
	Fritz et al*

	AY745830
	Rhodococcus spp.
	Pigmented, heterotrophic bacteria in marine environments
	4

	DQ060383
	Rhodococcus spp. 
	Arctic ocean marine sediments
	Yu et al* 


	AB010908
	Rhodococcus spp.
	Deep-sea           actinomycetes
	Colquhoun et al*


	AY582940
	Rhodococcus spp.
	Deep-sea sediment from Pacific Ocean
	Xie et al*





Unrooted phylogenetic trees were visualized with TreeView version 32 for Windows, and MEGA software.  Trees visualized with TreeView did not contain calculated bootstrap values, and were introductory analyses used simply to determine where isolates grouped relative to one another.  A more sophisticated analysis was performed with MEGA software, which allowed a distance analysis to be performed with the Jukes-Cantor model neighbor joining (NJ) algorithm.  Bootstrap values were generated from 1,000 replications and are shown at clade nodes in the final tree. 

The final phylogenetic tree (fig. 4) contained 84 isolates of uniform sequence length (exactly 1577 base pairs); 70 Plant Clinic isolates (including sequences from the preliminary analysis) and 14 related database sequences.  The outgroup was comprised of 12 Plant Clinic isolates that belonged to the phylum Proteobacteria. Three other clades or families were observed and named according their most closely related database sequences; the Microbacteriaceae, CAGY6, and deep-sea actinomycetes.  

The Microbacteriaceae was the smallest clade and contained only four PC isolates.  The CAGY6 clade contained 18 PC isolates and two database sequences, the CAGY6 bacterium isolated from a municipal wastewater treatment plant in Minneapolis (AF538745) and a Rhodococcus species recovered from the Western Mediterranean sea (AJ244659).  The deep-sea actinomycetes clade was the largest with 36 PC isolates and 12 database sequences.  A wide range of hosts was represented in this clade, especially within the database actinomycetes obtained from deep sea and Arctic Ocean marine sediments (DQ060383, AB010908).  Other database sequences within this group belonged to alkane-degrading bacteria (AF181689) and pigmented bacteria recovered from marine environments. 

As expected, isolates from the same host, designated by having the same accession number, displayed the highest percent identities.  However, this was not a trend seen from every host.  Tables 4 and 5 compare similarity scores from isolates recovered from the same host and report the closest relative species from the NCBI 16S rDNA database.  

	Isolate
	% Identical
	Closest database sequence
	Host(s)



	05-339-1
	99.0
	AY957914, R. fascians
	Hosta ‘Blue Umbrella’ 

	05-339-2
	
	
	

	06-873a
	99.0
	AF538745, CAGY6 strain
	Veronica spicata ‘Red Fox’ 

	06-873b
	
	
	

	A12
	88.0
	AF538745, CAGY6
	Salvia ‘Purple Sage’ 

	A12be
	
	DQ166179 Frigoribacterium sp. 
	

	A73a (02-815, 02-816e)
	99.0
	AF538745, CAGY6 strain
	Aster, Campanula, Viola

	02-816c
	
	
	

	A76
	99.0
	AB211229, R. fascians
	Veronica,  Hosta

	05-340-2-1
	
	
	

	06-739a-1
	99.0
	A. tumefaciens
	Lantana

	06-739a-2
	
	
	

	02-925a
	97.0
	AF538745, CAGY6 strain
	Erysimum ‘Wenlock Beauty’

	02-925c
	
	
	

	05-2224-3a
	98.0
	AB211229, R. fascians
	Verbena ‘Shawn Ann’ 

	05-2224-3b
	
	
	

	06-156-3c
	99.0
	AF538745, CAGY6 strain
	Campanula

	06-156-4
	
	
	

	06-470-1-2
	99.0
	AB010908, Rhodococcus sp.
	V. spicata ‘Sunny Border Blues’

	06-470-3
	
	
	

	06-975-2b
	94.0
	AY206687, Rhizobium rhizogenes
	Acanthus spinosus

	06-975-11
	
	AE009324, A. tumefaciens
	

	06-1477-1a
	99.0
	AB010908, Rhodococcus sp
	Salvia

	06-1477-1b
	
	
	



	Isolate A
	Isolate B
	% Identity
	Closest database sequence
	Host



	05-2254-2


	05-2254-3
	77
	Pseudomonas sp.
	Veronica ‘Sunny Border Blue’

	
	05-2254-4
	98
	AB010908
	

	
	05-2254-5
	96
	Y11196 R. fascians
	

	
	05-2254-6
	98
	Y11196 R. fascians
	

	05-2254-3

	05-2254-4
	78
	
	

	
	05-2254-5
	77
	
	

	
	05-2254-6
	78
	
	

	05-2254-4


	05-2254-5
	97
	
	

	
	05-2254-6
	99
	
	

	05-2254-5
	05-2254-6
	97
	
	

	06-235-1-1

    
	06-235-2a-1   
	98
	AB010908, R. fascians
	Heuchera X ‘Hollywood’

	
	06-235-2c-4   
	98
	
	

	06-235-2a-1   
	06-235-2c-4
	98
	
	

	06-516-1
	06-516-3
	99
	AB211229 R. fascians


	Veronica ‘Tickled Pink’

	
	06-516-5
	88
	
	

	06-516-3
	06-516-5
	88
	Microbacteriaceae bacterium KVD-unk-02
	

	06-621-1 (Pseudomonas sp.)   
	06-621-4     
	77
	AF538745, CAGY6 strain
	Nemesia

	
	06-621-4-2   
	77
	
	

	06-621-4     
	06-621-4-2   
	98
	
	

	06-418-1


	06-418-1a
	78
	AF538745, CAGY6 strain
	Veronica ‘Royal Candles’

	
	06-418-5
	98
	Pseudomonas sp.
	

	06-418-1a
	06-418-5
	78
	
	



DISCUSSION

16S rRNA PCR from 96 well plate

 Use of a 96 well format for PCR reactions was efficient for large sequencing runs; however methods for obtaining adequate PCR products were not perfected.  Consequently, the 96 well plate was not utilized to its full potential.  Cross-contamination was a potential problem with use of this format, which was prevented in part by making two plates per set.  It was easy to cross-contaminate samples since the plates served as working stocks.  Problems encountered in PCR reactions included improper DNA extraction, improper mixing of PCR cocktails, and evaporation of PCR products.  

Primer analysis

PCR products of the initial 21 isolates sequence by Dr. Huang were cloned into a TOPO TA vector (Invitrogen) followed by sequencing using the M13 primers of the TOPO TA vector and internal sequencing primer QiF, designed by Dr. Huang.  

PCR product:

M13F----------------------------------------( 




QiF-------------------------------------(






(-----------------------------------------------M13R 

The remaining sequences were generated by directly sequencing PCR products.  Initially the forward and reverse (SF and SR) 16S universal primers were used for DNA sequencing, along with an internal primer that amplified the middle of the product.  This resulted in a strong, central sequence with rough ends.  We then designed primers to generate accurate sequences to the ends of the PCR product:


SF--------------------------------(


QiF--------------------------------------(




     (-------------------------------------------------------------------SR



SF2------(    SF3------(    SF4------(    SF5------(



(-----SR2   (-----SR3     (-----SR4    (-----SR5 

The eventual goal was to find a set of three primers to generate a complete 16S sequence as follows, but there was not enough time during the course of this work.  Future research will include designing primers that will effectively sequence the extreme ends of the PCR product: 





QiF------------------------------------(
(---------------------------------------------?

?---------------------------------------------------(
Phylogenetic groups

Only sequences of uniform length and percent identity 75 or greater with other isolates were used in the final phylogenetic analysis.  Some isolates existed with the same accession number, due to the fact that several colonies recovered from the same host exhibited similar morphological characteristics of R. fascians.  Relatedness between such colonies was particularly important to this analysis.  Another important aspect of the analysis was to confirm previous diagnoses performed with Biolog software.  Though a majority of isolates in our collected had a Biolog similarity score to R. fascians, the values were too low and thus were not definitive.  

The three major clades were designated in order from top to bottom: the deep-sea actinomycetes, CAGY6, and the Microbacteriaceae.  The families Microbacteriaceae and Mycobacteriaceae, to which R. fascians belongs, belong to the order Actinomycetales, which explains why they are fall next to each other in the final tree.  The Proteobacteria outgroup (bottom clade) contained two genera within the phylum Proteobacteria, including Pseudomonas and Agrobacterium (A. tumefaciens and A. radiobacter), with the exception of 06-298-1a, which was 99% identical to A. tumefaciens and 99% identical to isolate 06-1059b-c.  This particular strain was previously diagnosed as A. radiobacter with Biolog.  Isolates 06-418-1 and 06-418-5 were 98% identical and were identified as Pseudomonas species.  Two other isolates with high identity (99%) were 06-739a-1 and 06-739a-2, and were both identical to A. tumefaciens. 
Isolates 06-872, 06-1474-1a, 06-516-5, and A12be made up the Microbacteriaceae. Isolate 06-872 was sequenced from a 16S PCR product prepared with InstaGene Matrix kit as opposed to boiling DNA extraction method, and was identified as a Microbacterium species.  Isolates 06-1474-1a and 06-516-5 were 98% identical.  Interestingly, different accession numbers indicated that these isolates were not recovered from the same plant; 06-1474-1a was recovered from a Salvia species while 06-516-5 was recovered from Veronica.  Blastn also identified these isolates as a Microbacterium species.  Isolate A12be was a Frigoribacterium species recovered from Salvia ‘Purple Sage.’  Frigoribacterium is another genus in the family Microbacteriaceae.  Previous Biolog analysis had diagnosed A12be isolate as M. testaceum. 

The remaining isolates formed clades with other R. fascians sequences.  Five of the preliminary sequences (A30c, A44a, A73a, A22b, and A12) resided within the CAGY6 clade.  Isolate 02-925a was unexpectedly 98% identical to A30c, and displayed a slightly lower relatedness to isolate 02-925c which was derived from the same host; A30c was recovered from a Veronica species while 02-925a was recovered from an Erysimum species.  

Members of the deep-sea actinomycete clade grouped with the D188, arctic, and deep-sea sediment database sequences.  Six of the preliminary sequences (A25f, A21d2, A76, A24c, A78, and A3b) were found within this group.  Isolate A78 was recovered from a Leucanthemum species and was 99% identical to the S. Korea Arctic bacteria sequence (AY771765).  Isolate 05-339-2 was 99% identical to the alkane degrading database sequence (AF181689).  This clade was the most diverse in host range, simply due to the large number of isolates that grouped with each other. 

Bootstrap values calculated with the NJ analysis tested the reliability of our inferred tree.  These values, however, were not as definitive in determining relatedness between isolates as the distance values calculated through EMBL-EBI.  While the distance values determined the percent identity between two isolates based on their conserved nucleotide residues, bootstrap values provided numerical support for the consistency of each group (2).  Consistency in this case examined how many times certain isolates would group with each other within a set number of NJ replications.  The typical number of replications for generating bootstrap values is between 500 and 1,000 with the higher number of replications yielding more reliable values.  Our final tree was generated with 1,000 replications. 

The most reliable bootstrap values were located at the nodes of each clade.  The deep-sea actinomycetes had a bootstrap value of 83, which reliably set that clade apart from the others.  However, the low bootstrap values of 55-66 within this clade collapsed any sub-branches describing relatedness between two isolates.  While a majority of isolates fell into the deep-sea actinomycetes clade, little can be determined about the isolates’ relatedness to one another.  Any subgroups within the CAGY6 were also collapsed due to low bootstrap values, leaving the actual positions of isolates in this group indeterminable.  Isolates 02-925a and A30c were the only two R. fascians species with a high enough bootstrap value to confirm their consistent placement next to each other in the tree.  The Microbacteriaceae and Proteobacteria outgroup were most reliable in their bootstrap values of 99, and relative placement of isolates in these clades was also very reliable.   

CONCLUSION

 We could begin speculating on possible correlations between isolate and host from this rough, preliminary data.  Any ambiguities in 16S rDNA sequences will be resolved by re-amplifying previously sequenced strains in order to obtain more PCR products for additional sequencing.  Accumulating multiple, assembled contigs of each strain will increase accuracy and confirmation of the sequencing results.  Database sequences from cultured bacteria in listed in table 3 will be requested from respective laboratories and tested for pathogenicity on plants. 

This analysis has revealed that R. fascians can indeed colonize a wide range of hosts.  The 70 Plant Clinic isolates identified came from different species belonging to 21 different plant genera, with the related database sequences providing another 14 environmental sources.  The recovery of R. fascians from marine and aqueous environments could help us understand the environmental stability of this organism, which has important implications for growers of herbaceous perennials. 

Obtaining higher bootstrap values would determine the genetic diversity that exists between isolates in our collection.  Though the similarity scores are very high, we have no way to determine relatedness between individual isolates within each clade without reliable bootstrap values.  However, speculations of isolate diversity can be made from simple inoculation experiments until techniques of phylogenetic analysis are more efficient.  
Recalling that R. fascians is the only phytopathogen in its genus helped explain how database sequences from non-plant sources and PC isolates resided within the same clades.  ‘The genus Rhodococcus is primarily an environmental taxon that includes ‘species of veterinary, clinical, and industrial importance’ (6).  A common metabolic function of species within this genus is the ability to degrade a diverse range of xenobiotics, or biochemicals that are not commonly found in the organism where it resides (6).  Some of the chemicals degraded by Rhodococcus species include aromatics, mercury, biphenyl, and toluene.  Unique metabolizing properties of some species allow them to reside in marine or aqueous environments.  Recognition of the genetic flexibility of the genus will aid in the creation of effective management schemes to reduce losses in nurseries caused by R. fascians.
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APPENDIX A

New Media (NM)
Developed by Marilyn Miller, M.S.

Department of Botany and Plant Pathology

Oregon State University, Corvallis, OR 97331






g/ 500ml

g/1000 ml

Mannitol





5.0


10.0

Casein






2.0


4.0 

Peptone





2.0


4.0 

NH4Cl






0.5


1.0

MgSO4· 7 H2O




0.15


0.3

NaCl






0.1


0.2

Yeast Extract





1.5


3.0

KH2PO4





0.25


0.5
de-ionized H2O




500 ml


1000 ml

pH to 6.5

Bacto agar





7.5


15.0

After autoclaving: 

Cycloheximide (2%)




5.0 ml


10.0 ml
APPENDIX B

Figure 1


1.2% agarose gel of DNA extraction experiment using isolate 02-815. Lane 1, Invitrogen 100 bp ladder; lane 3 TE; lane 4 TE boil; lane 5 TE boil + spin; lane 6 10-1 TE; lane 7 10-1 TE boil; lane 8 10-1 TE boil + spin; lane 9 H2O; lane 10 H2O boil; lane 11 H2O boil + spin; lane 12 10-1 H2O; lane 13 10-1 H2O boil; lane 14 10-1 H2O boil + spin, lane 15 no template control; lane 16 + control. 
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Table 1


Results of PCR to determine methods of efficient template preparation. 
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Figure 2


1.2% agarose gel of PCR products (11/17/06) sent for sequencing. Lanes 1 and 12 Invitrogen 100 bp ladder; lanes 2 and 11 empty; lane 3 06-871; lane 4 06-873a; lane 5 06-873b; lane 6 06-621-2; lane 7 06-621-4; lane 8 A44a; lane 9 A3b; lane 10 diluted A3b. 





Figure 3


1.2% agarose gel of PCR products (1/17/07) sent for sequencing. Lanes 1 and 12, Invitrogen 100 bp ladder; lanes 2 and 11 empty; lane 3 06-235-1a; lane 4 06-298-1a; lane 5 06-234-2a; lane 6 06-325-1; lane 7 06-412-2b; lane 8 06-235-2c-4; lane 9 A25f; lane 10 no-template control. 





Table 2


All R. fascians strains sent in for 16S rDNA sequencing before 4/13/07.  * Indicates 100% similarity to isolate A73a; † Indicates 100% similarity to isolate A76. 





Table 3


Similarly related R. fascians used for ClustalW analysis.  Similar sequences were found in a nucleotide Blast search through the National Center for Biotechnology Information (NCBI) website. * Partial 16S rRNA gene obtained from unpublished source. 








Figure 4


Unrooted, phylogenetic tree of 70 PC isolates and 14 database sequences based on a neighbor joining algorithm with Jukes Cantor model. Bootstrap values were generated from 1,000 replications.





Table 4


Similarities of paired isolates recovered from the same host and their closest 16S rDNA database relatives. 





Table 5


Similarities of grouped isolates recovered from the same host and their closest 16S rDNA database relatives. 








