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Overview

* Massive parallel sequencing to
improve confirmatory
diagnostics

e Challenges of using genome
sequencing for microbe
identification

e Solutions through validation
initiatives
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Whole genome phylogenetics
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e Should we call this Xvv?
e The U.S. strain Xvv702 is 99% identical to other Xvv strains

e Xvv702 is 98% identical to X. campestris pv. musacearum and X. vasicola pv.
holcicola

» Species cutoff is considered to be 95%
* Do all Xv have the same host range?
* Seed transmissible?
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e Citrus greening caused by Candidatus Liberibacter asiaticus

* Major threat to the multi-billion dollar U.S. citrus industry

* The bacterium has low-titer and unevenly distributed in the tree
* Pathogen is unculturable

* New, early-detection technologies need confirmatory tools

N N <o -
& N I ,
Division of Plant Industry, Florida Department of
Agriculture

Photo by T. Gottwald 2007
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SR 0 Stotes Devartmont o Agriculture Partial 16S rRNA sequencing for identification

Custom 16S rRNA assay

lllumina 16S rRNA assay

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 bp
vi. vz || va | va

»: unspecific applications
VARIABLE REGIONS: group or species-specific applications
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Challenges of using genome sequencing

 Genome identification works well when:
 Good organism database exists
* Pathogen present in high titer
* Risk needs to be assessed for different/new organisms
* How do you know when you have done enough sequencing in a
metagenomics sample to be sure something is not there?
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Microbiome — HLB case example

-

Photo by T. Gottwald 2007



(UN]DLAN

= |
United States Department of Agriculture

No standard pathogen analysis
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https://ppdictionary.com/bacteria/gnbac/pneumoniae.htm

Jeffrey W. Lotz, Florida Department of Agriculture and Consumer Services, Bugwood.org

Three bacteria isolated from mexican fruit fly

Ratio of mapped reads

Name Reference genome Accession Total reads Mapped reads over total
AGO1-Klebsiella-spp-Silvestre-KPS Klebsiella pneumoniae CP014123.1 10,238,524 8,443,522 82.61%
AGO1-Klebsiella-spp-Silvestre-KPS Serratia marcescens UMHS, 7, 5 CP018927.1 10,238,524 2,510,532 25.09%
AGO02-Klebsiella-oxytoca-planta-KOP Klebsiella michiganensis M1 CP008841.1 7,136,680 6,155,236 86.47%
AGO02-Klebsiella-oxytoca-planta-KOP K. oxytoca KONIH5 CP026275.1 7,136,680 6,075,025 85.36%
AGO03-Klebsiella-spp-Planta-KPP Klebsiella pneumoniae CP014123.1 7,786,294 5,538,373 71.74%

AGO3-Klebsiella-spp-Planta-KPP Enterobacter hormaechei CP010384.1 7,786,294 2,695,441 35.56%
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Lib-1 5,746,156 5,322 0.07%
Lib-2 7,832,186 21,103 0.25%

Lib-1

Mame Consensus length AVErage coverage Reference sequence Reference length

dnaG mapping 51 0.48 dnaG 1947
gyrB mapping 6.29E-3 gyrB 2354
muts mapping 0.02 muts 2677
nusG mapping a 0.00 nusi 224
rpoB mapping 1 3.87E-3 rpoB 4139
tufB mapping 0 0.00 tufg 1178
MName Consensus length Total read count Average coverage Reference seguence Reference length

dnaG mapping 39 37 0.34 dnaG 1947
gyrB mapping 0 0 0.00 gyrB 2384
muts mapping 0 0 0,00 muts 2677
nusG mapping 0 0 0.00 nusG 524
rpla mapping 0 0 0.00 rpla B96
rpoB mapping 153 1 3.62E-3 rpoB 4139
tufB mapping 41 3 0.05 tufB 1178
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Challenges knowing when something is not there

‘ ‘
Add ZymoBIOMICS® DNA Extraction Bioinformatic analysis
Spike-in Control | to Library Preparation
sample

to measure absolute
Next-Gen Sequencing microbial abundance

Figure 1. The ZymoBIOMICS Spike-in Control | is added to samples and undergoes NGS-based microbial analysis.
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sequencing for microbe
identification

e Solutions through validation
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Two-thirds of researchers fail to reproduce another scientist’s experiments

e Study tried replicating five experiments: two were repeated, two were inconclusive, and one failed.

* A Nature survey reported over 70% of researchers have tried and failed to reproduce another
scientist’s experiments

* Scientific culture promotes impact over substance, flashy findings over dull, confirmatory work that
most of science is about.

 There are important differences between replication and reproducibility

Feb 2017 - https://www.bbc.com/news/science-environment-39054778
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Using statistics to boost assay performance

Verification and Validation of XX assay to detect
XXX organism

Participants:

} 5] I ]

Fitness for intended purpose
Highlight purpose.

Purposz Tiervalidsion Repotipe

Basay comerson WA Vexificabon—
Repestahiliy shlewith

[ Tl g ———
(o Teproducihility).
aany

Speciales, mhmse Tir2 Validahon - pracison,

dagnosbemm e accuzacy, reproduchilily
withinlab

[T — Ta? T —
gt

Explanation of purpose (Introduction)

This should provide context about the nature of this assay and to what degree the re-
port 1s demonstrating verification or validation. It should discuss whether this 1s a
modification of an existing assay (such as switching a reagent or assay machine),
application of an existing technology (hydrolysis probe based rtPCR). or implemen-
tation of an entirely new assay.

Can include minimum background explaining the need for the assay or modifica-
tion.

Please refer to SOP-B-09.01 to review overall procedures. Particularly, section 5.5
and 3.6 cover what sections of this document are necessary for qualitative and real-
time assays.

Materials

The material section should primarily be tables listing the information about the
samples used, broken into separate tables based on purpose. For example a table
listing pure cultures used, a separate table for diagnostic samples used, and yet an-
other table with the analytes used for LOD testing. Please include simple references
i the table below to find the material in this section.

Methods
The methods section should be chiefly concerned with the methods used to validate
the assay. with a brief outline of the methods of the assay itself

Precision
The degree of dispersion (such as variance, standard deviation, or coefficient of var-
iation) within a series of measurements of the same sample tested under specified

conditions.
Calculations
Forel formla
Ao Nem () —AVERAGE]
Stawbad Detion () =3 B
Coeloia of Vamtion =STDEVOAVERAGE)
CV)
e e— G B0, SRV D)
@ Fazx—

Add additional tables for additional assay targets in Precision category.

Repeatability
Level of agreement between replicates of the same sample in the same exact condi-
tions by the same operator. equipment. and reagents.

Table : Assay #1 targeting X

Qs | MemRepored | StDer N FPeine
Valne

Tugh

e

Tow

Analyte = identifier. Try having 3-5 different analytes (samples. gBlock. cultures.
etc).

Quantity = how much of assayed material is present (concentration. mass. high/low.
gold-standard Ct value, etc.). Try having 3-5 different quantities that span the range
(per analyte)

Reported value = the result the assay directly reports (e.g. Ct. optical density, ab-
sorbance). Average of assay replicates (try to replicate 3-5 times).

Technical replicates = repeats of same reaction mix run at the same time_

Assay replicates = repeat of the same biological material using different reac-
tion mixtures. Can be an average of technical replicates.

Standard Deviation (St Dev) = the extent of deviation for a group as a whole.
N = number of times the assay was performed on the sample.

%% Positive = the percentage of analytes which reported a positive result.

Linearity

Ability within a given range to obtain test results which are directly proportional to
the concentration (amount) of analyte in the sample.

Extra lines are for multiple analytes and/or repeats, and also for different back-
grounds (e.g. water, plant DNA)

Use appropriate table for single or multiplex assay and delete unused table

Table for singleplex:

Table for multiplex:

i= 4 TS T oz
T ooy 0530
e of Varigir:
=T [V Eped | Mem [P S ==
whe |Rgowd | ofVaigim

=
o

Insert hinearity plots

Intermediate precis
Level of agreement by
the same lab. For exai
gent lots in any comb:
other (for example, g

Coefficient of variati
values where the % p
dence interval (CT).

Reproducibility
Ability of a test meth
the same method in d;

Accuracy
Sensitivity (Analytical) = Limit of Detection (LOD)
Estimated lowest amount of an analyte in a specified matrix that can be reliably dis-

tinguished from absence of the analyte (a blank). Positive results are expressed as a
percent and the probability of detection

LOD = Lowest analyte quantity detected.
Suggested cutoff = Instrument value of LOD (= 2 Standard Deviations)
Matrix: (e.g. water)

Table: Assay limit of detection highlighted

Amhe O=ty Sy Hlreis

Specificity (Analytical)
Analytical specificity refers to the ability of an assay to identify a specific organism
or analyte, rather than any other.

Table: Pure cultures tested and the result from the assay (or assays) with standard
deviation or error.

}Amb\'e }Am;?lmuh }
[ [ ]

Selectivity
The capability to discriminate between the organism of interest and other organisms
and components of the sample, such as host tissue.

Table :

}B‘htnx IAnal)E } Oty }Amral }

Sensitivity (Diagnostic)
Proportion of known infected reference samples that test positive in the ass;
fected plants that test negative are considered to have false-negative results

Sensitiv: # true positives / (# true positives + false negatives) x 100

Calculate based on results using defined cutoffs.

Specificity (Diagnostic)

Proportion of known uninfected reference plants that test negative in the assay; un-
infected reference plants that test positive are considered to have false-positive re-
sults.

Specificity of true negatives / (# true negatives + false positives) x 100

Calculate based on results using defined cutoffs.

Conclusion

Explain any anomalies in the validation data. justify assay modification

Appendix

Make note of location of raw data.

When submitting for review, please make raw data accessible for reviewers.

https://wwiw.apsnet.org/edcenter/disimpactmngmnt/Pages/Assay ValidationGlos-
sary.aspx
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PRECISION: The degree of dispersion (such as variance, standard deviation or coefficient of variation) within a series of
measurements.

. REPEATABILITY
. LINEARITY
. INTERMEDIATE PRECISION

. REPRODUCIBILITY
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ACCURACY: Assessment of nearness of a test value to the expected value. The expected value may be obtained from
a known reference standard (plant pest, pathogen, or biomolecule associated with either), reagent of known
activity, or well-documented titer.

« SENSITIVITY (ANALYTICAL) — LIMIT OF DETECTION

SPECIFICITY (ANALYTICAL)

SENSITIVITY (DIAGNOSTIC)

SPECIFICITY (DIAGNOSTIC)

SELECTIVITY
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INTERMEDIATE PRECISION: Level of agreement between replicates of the same sample in similar
conditions by the same lab (ICH Q2, 2005). For example, the sample is tested by analyst A and analyst
B, or tested on instrument ABC and DEF, or tested using reagent lots UVW and XYZ on different days, in

any combination (VIM, 2007).

Mixed Model analysis

Effect Summary
Source LogWerth PValue
Log CFU/reacticn L s e —— 0.00000

Platform 5018 = T 0.00001
Technician 0.978 n N A 0,10530
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 PPQ S&T using genomics for identification and diagnostic
Improvement

 Remainder of PPQ does not have bioinformaticians at the ready

* Need information to perform risk assessment
* |dentification, pathogenicity, transmissibility, etc.
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* How do you measure microorganism risk?

* How do you prove a negative?
* How do you ensure protection of phytobiome diversity?
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