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‘Candldatus Phytoplasma spp

Characteristics
*Unculturable*

- Insect vectored plant
pathogens

- Infect most crop species

- Cause developmental
abnormalities that result in
poor seed set, altered plant

architecture, abnormal fruit
development

Detection of phytoplasma DNA: - hes,
in insects: critical for disease management — speed is essential
in plants: provides data on infection rates and disease epidemiology



Molecular “barcoding” using DNA
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“nested” PCR based on 16S rRNA-encoding locus (F2nR2)

P 1 ) Target sequence
' 1.8 kb = 7 10 11 12 13 14

l 2" PCR tube
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R16F2n.=

2nd amplicon

1200 bp

F2nR2
~5hr ~45 min

Gundersen, D. E., & Lee, |. M. (1996). Ultrasensitive detection of phytoplasmas by nested-PCR assays using two universal primer
pairs. Phytopathologia Mediterranea, 35(3), 144-151. doi:10.2307/42685262



Ribosomal groups: defined by RFLP analysis PhyClassifier

(in silico) of F2nR2 sequences Zhao et al. Int J Syst Evol Microbiol 2009;59(Pt 10):2582-2593.
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16Srl-A Aster yellows witches'-broom phytoplasma 16Srl-B Onion yellows phytoplasma mild strain rrnA/rrB
rrnA/rrnB (NC _007716) (NC_005303) and *Ca. Phytoplasma asteris’ (M30790)

* relatedness index F=2Nxy/(Nx+Ny) - 36 ribosomal groups, >100 subgroups
« 2 copies of 16S rRNA-encoding locus in phytoplasma genome
* Not always the same (heterogeneity)


https://plantpathology.ba.ars.usda.gov/cgi-bin/resource/iphyclassifier.cgi

Chaperonins: an alternative barcode

*molecular chaperones present in all bacteria,
archaea and in the cytoplasm, plastids and
mitochondria of eukaryotes

* required for protein folding
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Assessing the “barcode gap”
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Links et al. The chaperonin-60 universal target is a barcode for Bacteria that
enables de novo assembly of metagenomic sequence data PLOS One:
7:€e49755, 2012



Phytoplasma classification and phylogeny tools using
cpn60 | I Y, v o |wi
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Dumonceaux TJ et al. PLOS ONE 2014:9(12):e116030. +— H280p 952-555 bp of template-derived sequence
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RFLP scheme for phytoplasmas based on ¢pn60:

* Perez-Lopez, E. et al. Int. J. Sys. Evol. Microbiol. 66, 5600 (2016)

The CpnClassiPhyR: a cpn(60-based) Classi(fier for) Phy(toplasmas using)

R(FLP) analysis

Muirhead, K. et al. Plant Disease, in press doi 10.1094/PDIS-03-19-0454-A
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Welcome to CpnClassiPhyR

(‘G ytopl ). first known as p -like are wall-less, insect vectored bacteria that cause disease in more than a thousand different plant hosts, affecting weedy, ornamental and crop plants worldwide. Phytoplasmas
have not been successfully isolated in axenic cultures, so traditional taxonomic characteristics are difficult to measure and phytoplasma taxonomy remains under the classification criteria specified for uncultured microorganisms. In addition to the species
classifications, phytoplasma taxonomy is supported by the 16 rRNA gene using restriction fragment length polymorphism (RFLP) of the 165 rRNA F2nR2 fragment with a set of seventeen endonucleases. This approach has identified more than 30 groups of
phytoplasmas, designated 16Sri-16SrXXX, with each group containing subgroups designated by letters. The validation of a computer-simulated (in silico) RFLP as an alternative to the actual (in vitro) RFLP, along with the development of the interactive online
phytoplasma classification tool /PhyClassifier, has increased the accuracy of phytoplasma classification based on 16S rRNA gene sequences.

Limitations of using solely the 16S rRNA-encoding locus for the pl of pi include their limited resolution of closely related taxa, and the fact that the two copies of this locus found in the phytoplasma genome can provide
distinct RFLP typing results (16S rRNA gene heterogeneity). These considerations have led to the inclusion of other gene markers for the characterization of phytoplasma, such as the single-copy ¢pn60 universal target (cpn60 UT).

Following the strategy previously used in the phytoplasma classification scheme based on the 16S rRNA gene, we developed a complementary, coherent system to classify phytoplasmas based on RFLP analysis of cpn60 UT sequences with seven
endonucleases. This classification scheme allows a finer differentiation of phytoplasma strains within the same 16Sr RFLP subgroups, with the identification of cpn60 UT groups and subgroups. This cpn60 UT-based classification system is the basis of the
CpnClassiPhyR, an interactive on line tool that facilitates the classification of phytoplasma strains based on in silico RFLP analysis of the cpn60 UT sequence.

Welcomel

Start CpnClassiPhyR

View Cpn60 UT Groups and Subgroups


http://cpnclassiphyr.ca/
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Phytoplasma genome sequencing

AY-canola (Saskatoon, SK)

F2nR2 (16S) amplification/sequencing:
16Srl-A
16Sri-B

cpn60 amplification/sequencing:
cpn60 I-IB

rp amplification/sequencing:
rpl-B

Heterogeneity??




Phytoplasma genome sequencing

AY-canola (Saskatoon, SK)
Sequencing strategy:
1. lllumina (MiSeq)

2. ONT Minlon (nanopore)

Length (bp)

ﬁﬁv o

16Srl-B rp |1-B 16Srl-A
ﬁt 336,406
cpn60 |-B
24,285
— 3,909

5,099



Molecular diagnostic assays

cpn60-targeted LAMP vs. nested PCR (F2nR2):
-examined 256 samples by LAMP and by 16S nested PCR

Sensitivity/specificity with nested PCR set as gold standard:

1. evaluating test performance using a 2x2 table

All rp PCR POSITIVE

test unde
evaluation: cpn60
LAMP, total

positive 74
negative @ 178 182
total 48 208 256
95%Cl low high
test sensitivity 0.917 0.078 0.838 0.995

test specificity 0.856 0.048 0.808 0.904



Rapid DNA sedquencing to identify pathogens
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Amplification
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