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Phytophthora species identification using I'TS rDNA and COI genes from DNA of
culture samples and the IDphy website for BLAST and phylogenetic tree analysis

In this protocol, we present strategies for BLAST and draft phylogenetic analysis of sequences of the
internal transcribed spacer rDNA (ITS rDNA) and cytochrome ¢ oxidase subunit 1 (COI) generated from
DNA extracted from cultures of Phytophthora suspect samples. This SOP, along with the steps for
analyzing your sequence, can be found on the Molecular page of IDphy: Molecular and Morphological
Identification of Phytophthora based on the types.
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I. Related SOPs
SOP-PID-01 Molecular: Equipment, materials, and reagents for DNA extraction and PCR
SOP-PID-02 Molecular: DNA extraction for Phytophthora species using Qiagen kit
SOP-PID-03 Molecular: Primer dilutions for PCR amplifications
SOP-PID-04 Molecular: Gels, electrophoresis, and photos

II. Introduction
The genus Phytophthora, with 182 species described as of May 2018, contains members that cause
significant economic impact to crops, ornamentals, and forest ecosystems around the world. The
genus contains 162 culturable species, one described with an assembled mitochondrial genome (P.
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betacei, Mideros et al. 2018), eight unculturable species, five hybrids, three lost species, and three
invalid species (see Appendix, page 26). Many species are of quarantine importance for the USA,
including 29 species of concern listed by Plant Epidemiology and Risk Analysis Laboratory
(Schwartzburg et al, 2009) (page 27), Offshore Pest Information System (OPIS), or Cooperative
Agriculture Pest Survey (CAPS). In order to facilitate molecular identification for the 161 culturable
Phytophthora species, we are providing in this SOP the voucher sequences of ITS rDNA and COI
and an ITS rDNA draft phylogenetic tree system based on 161 species, including 139 ex-types and
22 well-authenticated specimens (selected by Dr. Gloria Abad to be good candidates for epitypes
for lost specimens). The ITS rDNA phylogenetic tree is the most updated for the genus
Phytophthora since Cooke et al. (2000) published the ITS rDNA phylogeny including 49 species and
9 ex-types. This SOP is part of IDphy: Molecular and Morphological identification of Phytophthora
based on the types (https://idtools.org/id/phytophthora/), which includes a Lucid key, a tabular key,
and sequencing analysis.

Equipment, materials, and reagents
See SOP-PID-01 Molecular: Equipment, Materials, and Reagents for DNA extraction and PCR

1.7 mL microcentrifuge tubes

0.2 mL PCR 8-tube strips with attached flat caps

Sterile filter (barrier) pipette tips for the corresponding pipets
Gloves

Molecular grade (MG)/DNase free water (any vendor)
Primers and reagents for PCR amplification

Primer preparation for amplification and sequencing
See SOP-PID-03 Molecular: Primers dilutions for PCR amplifications.

Note: Primer stock and working concentrations do not need to be prepared each time the PCR assay
is conducted. Primer solutions are stored in small aliquots at the working concentration in a -20°C
freezer until needed to avoid detrimental effects caused by repeated freeze/thaw of reagents. Primers
should not be used longer than 12 months from date of preparation. It is recommended that new
reagents be tested (using controls) as a measure of quality control prior to testing samples.

Order primers with purification: standard desalting.

Table 1. Primers for ITS rDNA amplification and sequencing

Primer Sequence 5°-3° Working concentration

ITS rDNA universal primers, White et al 1990
ITSS 5" - GGAAGTAAAAGTCGTAACAAGG -3’

10 uM for amplification
5uM for sequencing
10 uM for amplification
S5uM for sequencing

ITS4 5’ —=TCCTCCGCTTATTGATATGC -3’
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Table 2. Primers for COI mtDNA amplification and sequencing

Primer Sequence 5°-3° Working Concentration

COI primers, Robideau et al 2011

10 uM for amplification
SuM for sequencing
10 uM for amplification
SuM for sequencing

COIF-1 | 5> - TCAWCWMGATGGCTTTTTTCAAC -3’

COIR-1 | 5>~ RRHWACKTGACTDATRATACCAAA -3’

The following steps must be done in a decontaminated PCR hood/enclosure on a new
disposable paper mat.

Concentrated freezer stock solutions (100 pM) of primers

o Centrifuge tubes with lyophilized primers and probes briefly, 20-30 seconds at > 10,000 rpm
(6,708 x g), before opening to ensure that the lyophilized material is at the bottom of the tube.

e Rehydrate primers to 100 pM in molecular grade (MG) water. The amount of MG water is
determined by multiplying the nmoles provided by the vendor by 10 in pL. Example: for 47.54
nmoles of primer add 475.40 uL of MG water for a concentration of 100 pM.

e Vortex, centrifuge briefly, and chill on ice for approximately 30 min. Keep primers on ice
during process of preparing working solutions.

e Store the 100 uM stock solution of primers at -20°C.

Working solutions of primers for PCR amplifications (10 pM)

e UV all necessary 1.5 mL microcentrifuge tubes for 10-15 min or use Stratlinker UV
Crosslinker.

e For each primer, make 1 mL of a 10 pM solution: add 100 pL of the 100 uM stock solution
to 900 uL of sterile MG water in a 1.5 mL microcentrifuge tube.

e Vortex for 5-10 seconds, then centrifuge briefly (10-20 seconds) at 10,000 rpm (6,708 x g).

e Aliquot 100-200 pL of the primer in UV-treated microcentrifuge tubes.
Store tubes in -20°C freezer.

Solutions of primers to submit for sequencing (5 pM)

e For each primer, make 1 mL of a § pM solution: add 50 pL of the 100 uM primer stock to
950 puL of sterile MG water in a 1.5 mL microcentrifuge tube. Vortex for 5-10 seconds and
centrifuge briefly (10-20 seconds) at 10,000 rpm (6,708 x g). Dispense 50 pL aliquots in 0.2
mL PCR 8-tube strips.

e Label tubes for each primer (suggestion: use different color markers).

e Submit one 0.2 mL tube with 50 pL of each primer for the amplification of 10 samples.
You will need 5 pl for each sequencing reaction. If more than 10 samples are submitted,
include 2 or more tubes.

e Store the stock solution and working solution at -20°C for future use or on ice for same-day
use.

V. Sample preparation for PCR assays
e Extract DNA from the sample cultures following the protocol outlined in SOP-PID-02
Molecular: DNA extraction for Phytophthora species using Qiagen kit
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e Determine concentration of DNA in a Qubit or NanoDrop, and adjust concentration to 500 pg/ul
(if possible). If not possible, work with the undiluted DNA and 1:10 dilutions as too highly
concentrated DNA could inhibit PCR amplification.

e On a clean (decontaminated and new lab mat) work surface, label one 1.5 mL microcentrifuge
tube for each sample. UV the tubes containing only MG water for 15 minutes (i.e. 1:10 dilution
using 45 pL of MG water).

o If samples are frozen, thaw briefly for about 5-10 min at room temperature until completely
thawed. Vortex 5-10 seconds and centrifuge briefly, 20-30 seconds at 10,000 rpm (6,708 X g) to
settle the liquid at the bottom of the tubes. Place DNA extracts in ice until needed.

VI. Master mix preparation for PCR assays

Master mix preparation and aliquoting must be done in a decontaminated PCR

workstation/enclosure.

e Thaw the primer mixes and all other reagents, except Taq polymerase, at room temperature.
Vortex reagents for 5-10 seconds, then centrifuge 20-30 seconds at 10,000 rpm (6,708 X g) to
settle the liquid to the bottom of the tube. Place back in ice.

e Taq polymerase should be kept on ice after removal from the freezer. Mix Taq polymerase by
flicking the tube several times and place back on ice.

e Calculate the volume of each reagent needed to prepare the master mix for the total number of
reactions (Table 3). The total number of reactions should include the number of DNA samples, a
positive control, and a non-template water control (NTC). Prepare one or two extra reactions for
every 10 reactions needed to ensure sufficient volume for all samples.

e In a decontaminated PCR workstation, prepare the master mixes for ITS rDNA and COI PCR
(Table 3).

e Ensure that the master mix is thoroughly mixed by slowly pipetting up and down several times.
Keep the master mix for on ice until dispensed into 0.2 mL reaction tubes.

Table 3. ITS rDNA and COI master mix.

. ITS rDNA col
Master Mix ] )
1 Reaction (pL) | 1 Reaction (pL)

MG water 14.50 14.50
PCR 10X Reaction Buffer (provided with Taq polymerase) 2.50 2.50
50 mM MgCI2 (provided with Taq polymerase) 1.25 1.25
Primer F (10uM) 2.50 2.50
Primer R (10pM) 2.50 2.50
10 mM mixture dNTPs 0.50 0.50
5u/pL Platinum Taq Polymerase (Invitrogen) 0.25 0.25
DNA 1.00 1.00
Total Vol. (ul) 25.00 25.00

e Mix Master Mix well by pipetting up and down several times, then pipet 24.0 uL into the 0.2 mL
tubes. Close the caps on the tubes to prevent contamination during transportation to sample
addition area.
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VII. Addition of sample or control DNA

Note: Do not add controls or samples DNA while working inside the PCR workstation.

Working on a new disposable lab mat to prevent contaminating the area with target DNA, add 1 pL
of each sample DNA dilutions and controls into each of the designated tubes (total volume 25 uL).

VIII. Thermocycler parameters
e PCR cycling conditions for ITS rDNA and COI are presented in Table 4.

e Turn on the thermocycler and allow the machine to run through its self-testing procedures. For
more information on instrument set-up see the user’s manual for the thermocycler to be used.

o Place the PCR tubes into the thermocycler and check to make sure the cycling parameters (below)
are correctly programmed.
e Start the run.

Table 4. PCR cycling conditions for ITS rDNA and COL

a. Denaturation step of | min, 25 sec at 95°C

b. Followed by 34 cycles each consisting of:

1. 35 sec denaturing at 92°C

ii. 55 sec annealing at 62°C

iii. 50 sec elongation at 72°C

c. 10 min extension at 72°C

d. Followed by a 4°C incubation
from protocol described by White et al. 1990

PCR Cycling Conditions for COI

a. Denaturation step of 2 min at 95°C

b. Followed by 35 cycles each consisting of:

i. 30 sec denaturing at 95°C

ii. 30 sec annealing at 58°C

iii. 30 sec elongation at 72°C

¢. 5 min extension at 72°C

d. Followed by a 4°C incubation
from protocol described by Robideau et al. 2011

IX. Gel electrophoresis and submission of samples to sequencing facility
see SOP-PID-04 Molecular: Gels, electrophoresis, and photos (ITS rDNA and COI).

Agarose gel electrophoresis of PCR products with ITS rDNA and COI markers with some Phytophthora
isolates is presented in Table 5.
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Table 5. Example of Phytophthora specimens with amplified products using ITS rDNA and COL

Results " ITS=ITSGF & ITS4 R (White etal 1990) ~ 850 bp
# Sample
ITS | COlI
1 |P_austrocedri_ET_P16040_5 Pos Pos 1 42 s34 5 lal k7 12t s B it Bt a0 B
2 |P_inundata_EA_P8479_20 Pos Pos 0 .:.:. 3 8
— e — — o - -
3 |P_pinifolia_ET_P16100_49 Pos | Pos - o
4 |P_rubi_ET_P16899_54 Pos Pos
5 |P_cactorum__P1430_135 (contamination PosS | Ne
_cactorum__P1430_135 ( ) g L by 00,
6 |P_capsici__P1314_136 Pos Pos
7 |P_cinnamomi__P2121_137 Pos | Pos COIFARY (Robideau ot al 2011)~ 730 bp
8 |P_colocasiae_ P8604_138 Pos Neg
9 |P_cryptocgae_ P1380_139 Pos Pos
10 |P_dreschleri__P1691_140 Pos Pos
11 |P_fragariaefolia__P19990_141 Pos Pos
12 |P_infestans__P1381_142 Pos Pos
13 |P_infestans__P19941_143 Pos Pos )
14 |P_insolita_ET_P6195_144 Pos | Pos it

Note: Typically, the PCR product sequencing samples and sequencing primers are submitted in
separate 8-strip PCR tubes. On average, 15 uL per tube of post-electrophoresis PCR product is
remaining for each sample. Generally, 5 uL of each 5 uM sequencing primer is needed per sample.
Clearly label each tube following the order receipt. If you are submitting samples with faint bands,
it is recommended you provide the gel image to the sequencing facility to alert personnel for proper
processing of difficult samples.

e PCR clean-up is required when submitting PCR product. Either request this from the sequencing
facility, or use a PCR clean-up kit such as Qiagen’s QIAquick PCR Purification Kit.

e Using an appropriate sequencing software (Geneious, Bioedit, etc) to obtain FASTA sequences for
your samples.

e Import the ABI files for the sequences amplified with ITS rDNA or COI forward and reverse
primers, perform the assembly, generate the consensus sequence, and obtain the FASTA sequence.

e Copy name and sequence and paste into a document for quick reference (add > in front of the
sequence name; the recommended font is Courier New, size 8).

X. Identifying Phytophthora unknowns — sequence analysis

Follow along with these steps from the /Dphy website molecular section.
http://idtools.org/id/phytophthora/molecular.php

|Dphy: Molecular and morphological identification of PhyZap/hithorabased on the types

ABOUT = FACT SHEETS KEYS [® MOLECULAR MO G GALLERY

For first time molecular identifiers, use the following FASTA sequences for unknown examples 1
and 2 to practice the steps. Once you understand the process, you can use it to identify your own
unknown sequences.



http://idtools.org/id/phytophthora/molecular.php

USDA-APHIS-PPQ-S&T- BELTSVILLE LABORATORY
IDPHY: MOLECULAR AND MORPHOLOGICAL IDENTIFICATION OF PHYTOPHTHORA

SOP-PID-05.05 MOLECULAR

Copy sequence using Control-C on a PC or Command-C on a Mac. Paste sequence using Control-
Shift-V on a PC or Command-Shift-V on a Mac.

Example 1: NCBI BLAST ANALYSIS

>Phytophthora sp P6950WPC ITS
CCACACCTAAAAACTTTCCACGTGAACCGTTCAACCTTTTAGTTGGGGACTCCTCGTCGGCGGC
TTTCGGGCTGCTGGTGGGTTGAGACCTATCAAAACGAGTGATTTGGGCTGCAAGGTCTGAGTTG
CGAGTTTTCTTTTTAAACCCATTACCTAAATACTGATTATACTGTGGGGACGAAAGTCTCTGCT
TTTAACTAGATAGCAACTTTCAGCAGTGGATGTCTAGGCTCGCACATCGATGAAGAACGCTGCG
AACTGCGATACGTAATGCGAATTGCAGGATTCAGTGAGTCATCGAAATTTTGAACGCATATTGC
ACTTCCGGGTTATGCCTGGGAGTATGCCTGTATCAGTGTCCGTACATCAACCTTGGCTTCCTTC
CTTCCGTGTAGTCGGTGGATGGGAATGCCAGACGTGAAGTGTCTTGCTGTAGCGGTCTTCGGAC
TGCGGCGGCGAGTCCTTTGAAATGTAGATACTGTTCTTCTCTTTGCTCGAAAAGCTGTGCAGAA
TGTATGTTGTGGAGGCTGCCATCACGGCATGTCGGCGACTGATTTCGTGCTGAGGCGTTTTGGA
GAGGGGTTCGATTCGCGGTAGTGTTGGTTTCGGCCGAACAATCTGCTTATTGGGTTCTTTTCCA
GGCTTTGGCGTTTGCGGAGTCGGTGTACCGTAGCTGTGCGTGGCTTGGCCTTTGAACGCTCGTT
TTGTGTGGCGAAGTAGAGTGGCGAAGTGTTTGTTTTCGGACGAATGCGGCTGCCGAGTGGACGA
AAATATTTTGGGAAAATTTAGTGTGCGCTTTGCCTTCGGGTATTGTGTGCATCTCAA

Example 2: NCBI BLAST AND DISTANCE TREE ANALYSIS
>Phytophthora sp Ph3450 ITS
GGTTGAGGCCTATCAAAGCGAGTGATTTGGGCCGCAAGGTCTGAGTTGCGAGTTTTCCTTTTAA
ACCCATTACTTAAATACTGATTATACTGTGGGGACGAAAGTCTCTGCTTTTAACTAGATAGCAA
CTTTCAGCAGTGGATGTCTAGGCTCGCACATCGATGAAGAACGCTGCGAACTGCGATACGTAAT
GCGAATTGCAGGATTCAGTGAGTCATCGAAATTTTGAACGCATATTGCACTTCCGGGTTATGCC
TGGGAGTATGCCTGTATCAGTGTCCGTACATCAACCTTGGCTTCCTTCCTTCCGTGTAGTCGGT
GGATGGGAATGCCAGACGTGAAGTGTCTTGCTGTAGCGGTTTTCGGACTGCGGCGGCGAGTCCT
TTGAAATGTAGATACTGTTCTTCTCTTTGCTCGAAAAGCTGTGCAGAATGTATGTTGTGGAGGC
TGCCATCATGGCATGTCGGCGACTGATTTCGTGCTGAGGCGTTTTGGAGAGGGGTTCGATTCGC
GGTAGTGTTGGTTTCGGCCGAACAATCTGCTTATTGGGTTCTTTTCCAGGCTTTGGCGTATGCG
GAGTCGGTGTACCGTAGTTGTGCGTGGCTTGGCCTTTGAACGCTCGTTTTGCGTGGCGAAGTAG
AGTGGCGAAGTGTTTGTTTTCGGACGAATGCGGCTGCCGAGGAGGCGATAAATATTTTGGGAAA
ATTTAGTGTGCGCTT
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First, identify Phytophthora unknown species using BLAST analysis with vouchers of the
ITS rDNA gene of 139 ex-types and 22 well-authenticated species (steps 1-7).

1) Go to NCBI BLAST blastn suite and perform a nucleotide BLAST analysis of the Phytophthora
unknown FASTA sequence.

N|H U.S. National Library of Medicine NCBI Mational Center for Biotechnology Information

®
BLAST > blastn suite
Standard Nucleotide BLAST

blastn | blastp | biastx | thlastn | iblastx

BLASTN search i using a i ue
Enter Query Sequence ~ =

Enter accession number(s), gi(s), or FASTA sequence(s) & 4 1 ) paSte you r U n knOwn S FASTA Seq Ue n Ce | nto
>Phytophthora sp P6950WEC w From l:l th e q U e ry bOX

CCACACCTARARRCTTTCCACETERACCGTTCAACCTITTAGTTEGGGACTCCTCETCEECEECTIT A
CBGGCTRCTGETEGETTGARACCTATCARARCEAGTRAT TTGEGCTECAARGTCTGAGTTGCAAGTT
TTCTTTTTARACCCATTACCTARATACTGATTATACTCTGEGGACGARAGTCTCTGCTTITARCTAG Wi To[ ]
ATAGCARCTTTCAGCAGTEEATGTCTAEGCTCECACATCRATGARGARCGCTECERACTGCEATACE

Or, upload file Browse.. | &

Job Title [Phytophthora_sp_PS50WPC
Enter a descriptive fitie for your BLAST search &

[l Atign two or more sequences &

Choose Search Set
Database CHuman genomic + transcript OMouse genomic + franscript ® Others (nr eic.):

R [Nucleotide colletion (nr) v|@ === 2) Enter "Phytophthora" for the organism. The
T [Phytophinors (w4769 L ki system will autopopulate with "taxid 4783."

Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown &)

Exclude [ Models (xmixP) L] Unculturedienvironmental sample sequences

Optional

Limit to [ Sequences from type material

Optional

Entrez Query [ | YoulllIT Create custom database
Optional Enter an Enirez query to limit search &

Program Selection
Optimize for ® Highly similar sequences (megablast)
) More dissimilar sequences (discontiguous megablast)
© somewhat similar sequences (blastn)
Choose a BLAST algorithm &

3) Click BLAST to conduct the search.

( BLAST earch database Nucleotide collection {nr/nt) using Megablast (Optimize for highly similar sequences)
[ show resutts in a new window
(=) Algorithm parameters é
=== Ontional: you can limit the number of target
General Parameters

T sequences.

Sequences Select the maximum number of aligned sequences to display &

Short queries ly adjust for short input @

2) In the “Description,” look for the names of species that have the closet alignment with your query
(unknown) sequence.
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U, National Library of Medicine NCBI. National Center for Biotechnology Information Signinto NCBI

Results include details about your query

BLAST S it w i aceressinn Home  RecentResults  Saved Strategies sequence, including length
BLAST Results

| ) Your search is limited to records L 5 { » Full Entrez Query | "
EdiLand Resubmi _Save Search Stalegies > Eomatingoptions, > Downicad Yoyl Hew 1o read s sage _ Blastreport desciption JEX here 10 Sae the new BLAST results page Under Descriptions, you'll find the closest

Job title: Phytophthora_sp_P695OWPC matches to your unknown query sequences. Look
for 99-100% matches with sequences from
CPHST BL or CBS from type material. Our

sequence appears to match P. boehmeriae

RID EGICTG26014 (Expires on 05-26 01:10 am)
Query ID Id|Query_61017 Database Name nr
Description Phytophthora_sp_P63SOWRC Description Nudeotide collection (nt)
Molecule type dna Program BLASTN 2.9.0+ 5 Citation
Query Length 825

Other reports: > Search Summary [Taxonomy reports] [Distance tree of results] [MSA viewer]

©Graphic Summary S Descriptions
S
Distribution of the top 100 Blast Hits on 100 ¢
Mouse over to see the fitle, click to shf

Note the accession numbers for these validated

Color key for alignment Seloct Al None Selecteci0 sequences

W40 W40-50 W 50-80 | T Agraents . >
I 1 | ) \ o Max  Total | Query Per. p
b L 300 450 b Score Score] Cover [vally ident | | Ao°25Sion
O e qenes for 1151, 5.85 1ANA, (Tsgffomplete sequence, isolate: Boshmeriae PE9S0 1524 1524 100% 00 00% AB367304.1

O e voucher Pme001 intermal fferives spacer 1, parial sequence 5 55 ribosomal RINA gene, compiele sequence: and infemal ranscribed 1519 1519 100% 0.0 Mo823382.1

O ey train GPHST Bl 79 ntermal vanscibes spaces 1 arkl seauenc: 5 85 bosomal BNA gene and ntemal yanscrbed spaces 2_comoled 1519 1510 100% 00 99.88% | Mo7aaasa 1 |

[ prtophtnora boer Strain Extype CEHST Bl 326 lolema uanseribed spacer 1, panial sequence. 5,55 thosomal BNA gene a0d niemaltianserbed spacer 1519 1519 100% 0.0 99.88% | MG7833521

o GBS 291,29 1T teqion; from TYPE material 1519 1519 100% 00 99.88% | NR 1478841

O strain OCPCH0 smal subuni ribosomal RNA gene. partial sequence: intemal L AMA gene, and inlems 1519 1519 100% 0.0 99.88% KUS158051

e shrsin (0070
L
53

The unknown sequence appears to match most closely with P. boehmeriae. However, we must
compare the unknown sequence with one from the ex-type to be sure.

Note the accession numbers of the three matches to CPHST BL or CBS type material specimens:
MG783383, MG783382, NR 147884.

First, use the clade table to find the clade where the possible species positions. For this example, P. boehmeriae
positions in clade 10b.
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Species Year | Clade Species ‘ear | Clade Species Year | Clade Species Year | Clade
P. acerina 2014 | 2e |P.coofalroo 2013 | @a |P. lacustrs 2013 Bb (P. prodigiosa 2017 Bb
P. apathidicida 2015 5 P. crassamura 2015 b |P. lateralis 1042 Be |P. pseudocryphogea 2015 Ba
P. alni alni 2004 ¥a |P.cryptogea 1818 da (Pl 2015 X2 |P. pseudolaciucae 2015 | B
P. alni multiformis 2004 ¥a |P. dauci 2013 Bb | P. litchii 2007 4 P. pseudorosacearum 2018 | Ga
P. alni uniformis 2004 73 |P.drechsler 1831 8a |P.litoralis 2011 8b |P. pseudosyringas 2003 3a
P. alticola 2017 4 P. elongata 2010 2d |P. macilentosa 2014 Ba |(P. pseudotsugae 283 1a
P. amaranthi 2016 | 2o |P. enythroseptica 1818 83 |P.macrochlamydospora 1ee1 10a (P. psychrophila 2002 3a
P. amnicola 2012 | 6b |P.=urcpasa 2002 7a |P. meadii 1818 2a |P. quercetorum 2008 4
P. andina 2010 iz |P.fallax 2004 10a |P. medicaginis e Ba |P.guercina pheieie] 3b
P. aquimorbida 2012 | 8a |P. flexucsa 2017 | ¥a |P. megakarya 1674 4 P. quininea 1247 10a
P. arenaria 2011 4 |P. fluvialis 201 Gb |P. megasperma 1631| &b |P. ramorum 2001 | Be
F. asiatica 2014 | ¥b |P. foliorum 2004 Be |P. mekongensis 2017 2a |P.richardiae 1e27 10a
P. asparag 2012 6 |P.formosa 2017 | ¥a | P. melonis 2007 Th |P.riparia 12| 6b
P. attenuata 2017 | #a |P. fragariae 1840 ¥a | P. menge 2009 2 P. rosacearum 2000 | &a
P. austrocedri 2007 8d |P. fragariasfolia 2014 | Te P. mexicana 1623 2b (P. b 2007 Ta
P. balyanboodja 20168 | Ba |P.frigida 2007 2d |P. mirabdis 1864 1c |P. sansomeana 2008 Ba
P. bilorbang 2012 | 8b |P.gallica 2003 10b | P mississippiae 2013 | &b |P. siskiyouensis 2008 2
P. bisheria 2008 2d |P. gemini 2011 | @a |P. morindae 2010 10b |P. sojae 1858 | Tb
| P. boehmeriae 1827 I 10b IF . gibbosa 2011 | 6b |P. moyoof 2014 | Bb |P. stricta 2014 | X1
B boud:E'a 2"_"'.5 7 4 |P. glovera 201 2b | P. multivesiculata 1ae3 2 P. syringae 1205 | &d
P. borealis 2012 | 8b |P. gonapodyides 1827 Gb | P. multivora 2008 2c  |P. tentaculata 1206 -
P. botryosa 1858 | 2a |P.gondwanensis 2017 10B | P. nagaii 2014 | Te P. terminalis 2015 2a
P. brassicas 2002 8o |P.gregata 2011 b |P. nemorosa 2003 Ja |(P. thermophila 2011| 6b
P. cactorum 1886 1a |P.hedraiandra 2004 1a |P.nicotianas 1804 1 P. trifol 1e81 Ba
P. cajani 1978 | 7B |P.heveas 1829 5 P. niederhauser 2014 Tb |[P. ropicalis 2001 2
P. cambivora 1927 Fa N P. hibernalis 1825 Bc | P. obscura 2012 ) &d (P tubulina 2017 3b
P. capensis 2010 | 2c¢ |P. himalsiva 2011 23 |P.occultans 2015 2a |P. tymhenica 2017 Ta
P. capsici 1922 | 2b |P. humicola 1885 [ @a |P. cleae 2018 2 P. uliginosa 2002 Ta
P. captiosa 2006 10a |P. hydrogena 2014 | 8a | P. omamentata 2015 8b  [P. versiformis 2017 3b
P. caryas 2016 | 2e |P. hydropathica 2010 | 8a | P. pachyplewa 2014 2c  (P. vignae 1857 | Tb
P. castansas 1976 5 P.idaei 1893 1a |[P. palmivora 1810 4 P. virginiana 2013 Ba
P. castanetorum 2017 | 3 |P.iicis 1857 3a |P.parsiana 2008 Ba |P. vulcanica 2017 Ta
P. chiamydospora 2015 | Bb |P.infestans 1878 ie |P. parvispora 2014 P Fa The 161 culturable Phytophthora
P. chrysanthemi 2011 p Ba |P. msolita 1831 86 |P. phaseoli 1889 1c SpeCE s pbieshed wa of Febmgry
2018 used for the phylogenetic
P. cichon 2013 | 8b |P.mntercalars 2015 10 |P. pin a25 2c tree of the ITS riOMA. In bold are
P. cinnamom 1222 [NFa | P. intricata 2013 | 7a |P. pinifolia zo08 | &b |species of concern for the USA
P. citricola 1927 | 2¢ |P.Imundata 2003 | Ba | P. pisi 2013 | Tb [e.\raluatedwith apESies
published as of 2009 by USDA-
P. citrophthora 1925 | 2a |P.ipomoeas 2002 ic |P. pistaciae 2001 | Tb PERAL). In red are invalid
P. clandestina 1885 -F'. ranica 1971 -P plurivora 2009 | 2e | species (Index Fungorum). Mot
P. cocois 2015 kil P. irigata 2003 B3 | P. pluvialis 2013 3a indu,dEd N hy't? L
species, § unculiurable species,
P. colocasiae 1200 | 2a |P. kernoviae 2005 10b |P. polonica 2008 B 3 lost species. Source "IDphy:
P. condilina 2018 | 8a |P. kwongenina 2013 | Ba |P. pori 1831 | 8b molecular and morphological
identification of species based on
P. consiricta 2011 10z |P. lactucas 2013 Bb | P.primulae 1852 Eb the types”.
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3) Once you have found the clade, check the appropriate accession number table in the appendix to find the
accession number for the ex-type of the possible species.

ITS and COI accession numbers for Phytophthora species in clades 9, 10

SPECIES NAME, YEAR %‘2 TYPE ISOLATE CODE ITS rDNA col
P. estuarina (2016) gr | CCIBt 415;\]($gg|5';\'CLUDED KT886034 N/A
P. rhizophorae (2016) T | COBra1S2 (}"F?ETE')NCLUDED KT886031 N/A
P. aquimorbida (2012) 9% | ET CPHST BL 128 (P19964) | MG783376 | MH136847
P. chrysanthemi (2011) 9% | ET CPHSTBL 94 (P19843) | MG865472 | MH136868
P. hydrogena (2014) 9% | ET CPHST BL 129 (P19968) | MG865508 | MH136902
P. hydropathica (2010) 9% | ET CPHST BL 68 (P19616) EU583793 N/A
P. irrigata (2008) 9% | ET CPHSTBL 41 (P16861) | MG865520 | MH136914
P. macilentosa (2014) 9% | ET CPHST BL 125 (P19993) | MG865527 | MH136922
P. parsiana (2008) 9% | ET CPHSTBL 47 (P15164) | MG865562 | MH136952
P. virginiana (2013) 9% | ET CPHST BL 165 (P19829) | KC205544 | MH477761
P. insolita (1981) 9 | ET | CPHSTBL 144,45G (P6195) | MG865515 | MH136909
P. polonica (2006) 9% | ET UASWS°1(9F,81'905'Z';)ST BL109 | pQ3geat10 | MH136960
P. prodigiosa (2017) 9% | ET PF6e (CBS 135138) KC875840 | KT366918.
P. captiosa (2006) (16) 10a | ET CPHSTBL 11 (P10719) | MG865469 | MH136865
P. constricta (2011) 10a | ET CPHSTBL 61 (P19614) | MG865480 | MH136876
P. fallax (2006) 10a | ET CPHSTBL 63 (P10722) | MG865489 | MH136885
Z'g';‘f)"(’f%h'amyd°s'°°ra 10a | ET CPHSTBL 71 (P10263) MG865528 | MH136923
P. quininea (1947 (13) 10a | ET CPHST BL 54G (P8488) | MG865580 | MH136972
P. richardiae (1927) 10a | SE1 R'CH'P77?§7'7%';;"'ST BL76 | AB367498 | MH136974
P. boehmeriae (1927) (14) | 10b | ET CPHST BL 32G (P6950) | MG783382 | MH136852
P. gallica (2008) 100 | ET CPHSTBL 35 (P16826) | MG865497 | MH136893
P. gondwanensis (2017) | 10b | ET W1858 (CBS 139336) KP070695 N/A
P. intercalaris (2015) 100 | ET 45B7 (CBS 140632) KT163268 N/A
P. kernoviae (2005) (2) 100 | ET CPHSTBL 91 (P19827) | MG865521 | MH136915
P. morindae (2010) 100 | ET CPHST BL 49G (P19748) | MG865543 | MH136936

Note: In the Appendix and in the IDphy website, there is a table for each clade that contains accession
numbers for ITS rDNA and COI sequences for the ex-type or another well-authenticated specimen.
Go to the Clade 10 table on pg 23 to find the accession number for the ITS rDNA sequence of the ex-
type of P boehmeriae, CPHST BL 32G (P6950 WPC): MG783382.
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4) Go to NCBI BLAST blastn suite and select “Align two or more sequences.” Paste the FASTA sequence
of the unknown in the upper box and the accession number of the possible species match in the lower
box (for this example, P. boechmeriae in Clade 10, MG783382). Perform the BLAST and...

NlH W5, National Library of Medicine Sign in to NCBI

® e
BLAST  blastn suite Home Recent Results Saved Strategies  Help

Align Sequences Nucleotide BLAST

Paste FASTA sequence of
the unknown specimen.

blastn = blasip blastx thlastn iblastx

Ressi page
Bookmark

ELASTN progr search leotid bjects using a

query. m
Enter Query Sequence

Enter accession number(s), gi(s), or FASTA sequence(s) & Query subrange &

>Phytophthora sp PE950WEC
CCACACCTARRARTTTTCCACGTGRACCGTTCARCCTITIAGTIGEGEACTCCTCETCGECEECTIT A From[ |
CGEGCTGCTGETGERT TRAGACCTATCARLACGAGTGAT TTGGECTGCARRETCTGARTTGCEAGTT
TTCTTTITTAARCCCATTACCTARATACTGATTATACTGTGEGGACGARLGTCTCTGCTTTTARCTAG v To[ ]
M TAGCRACTTTCAGCAGTGEATGTCTAGGCT CRCACATCRATGAARARCGCTGCRAACTGCGATACG

Select "Align two or
more sequences”

Or, upload file Browse...

L]

Job Title [Phytophthora_sp_PE950WPC
Enter a descriplive fitle for your ELAST se

[V Align two or more sequences &

Enter Subject Sequence

Enter accession number(s), gi(s), or FASTA sequence(s)
MET783382

Paste the accession
number of the reference
specimen.

Or, upload file Browse.. | &

Program Selection
Optimize for @) Highly similar sequences (megablast)
O More dissimilar sequences (discontiguous megablast)
O Somewhat similar sequences (blastn)
Choose a BLAST algorithm &

| Search nucleotide sequence using Megablast {Optimize for highly similar sequences)

] show resuilts in a new window

(+)Algorithm parameters



https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE=MegaBlast&PROGRAM=blastn&BLAST_PROGRAMS=megaBlast&PAGE_TYPE=BlastSearch&BLAST_SPEC=blast2seq&DATABASE=n/a&QUERY=&SUBJECTS=
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5) ...check the alignment. Does it align 99-100%? If so, we should confirm it’s a good reference

Specimen.
U S. National Library of Medicine Signin to NCBI
& 1
BLAST » blastn suite-2sequences » RID-EVSCN3EB114 Home  RecentResults — Saved Strategies  Help
BLAST Results
Edit and Resubmit Save Search Sirategies Formatiing options & Download Youlllll} How to read this page  Blast report descriptio

Blast 2 sequences

Job title: Phytophthora_sp_P6950WPC

RID EYSCH3EB114 (Expires on 05-31 07:28 am)

Query ID Icl|Query_33289 Subject ID MG783382.1
Description Phytophthora_sp_P&350WPC Description Phytophthora beehmeriae strain ex-type CPHST BL

Molecule type dna 32G internal transcribed spacer 1, partial sequence;

Query Length 325 5.85 ribosomal RMA gene and internal transcribed
spacer 2, complete sequence; and large subunit _ 0
ribosomal RNA gene, partial sequence LOO k for 99 'T OO /ﬁ

Molecule type nudleic acid -
g L alignment

Program BLASTN 2.9.0+ ¥ Citation

Other reports: & Search Summary [MSA viewer]
Graphic Summal

@ Dot Matrix View |

EDescriptions

Sequences producing significant alignments:

oA b Sy - CONFIRMATION: click

| Max | Total Query E | Per | .. . _ Ithrougmf%mﬁmf F-‘\hPPT |

i - I

r ] # Phviophthora bochmerise

, | * i ———
| * |

R Ty [ L A LS 1 o —
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6) It is very important to verify that the reference sequence is from a type or other well-authenticated
specimen. Check the fact sheet for the accession number you used as the reference for your unknown
(click the accession number link in the alignment results, as shown above).

= NCBI  Resources ¥ How To &

Nucleotide Nucleotide v | |@

Advanced

() The Nucleotide database will include EST and GSS sequences in early 2019. Read more.

GenBank ~ Sendto: » .
Change region shown

Phytophthora boehmeriae strain ex-type CPHST BL 32G internal

transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene
and internal transcribed spacer 2, complete sequence; and large

subunit ribosomal RNA gene, partial sequence

GenBank: MGT83382.1
FASTA Graphics PopSet

Customize view

Analyze this sequence
Run BLAST

Pick Primers

Highlight Sequence Features

Go to: (v
Lo o v Find in this Sequence

LOocTs MGTE3382 864 bp DHA linear FLN 07-5EP-2018
DEFINITICH Phytophthora boehmeriae strain ex-type CPHST BL 32G internal
transcribed spacer 1, partial sequence; 5.85 ribosomal ENZ gene and

internal transcriked spacer 2, complete sequence; and large subunit Rehtediinfomaton

ribosomal ENA gene, partial sequence. Taxonomy
ACCESSION  MGTE3382
WVERSION MGTE338Z2.1 kopoet
KEYWORDS
SOURCE Phytophthora boshmeriae
ORGANISM Phytophthore boehmeriae Recent activity
Eukaryota; Stramencpiles; Oomycetes; Peronosporales; Tum OFf
Peronosporaceae; Fhytcphthora. e
REFEREMCE 1 (bases 1 to 564) [ Phytophthora boehmeriae stre
AUTHORS  Abad,Z.G., Bienapfl,J.C., Burgess,T.I., Coffey,M.D. and type CPHST BL 32G interne N
Redford,R.J.
TLE IDphy: Molecular and Meorphological Identification of See
Phytophthorabased cn the Types (Online Resource)
JOURMAL Unpublished
REFERENCE 2 |(bases 1 to 864)
AOTHORS Abad,Z.G., Bienapfl,J.C., Enight,L.M., Jennings,K.C. and
Srivastava, 5.K.
TITLE Direct Submission
JOURMAL Submitted (11-JAN-2018) Center for Plant Health Science and
Technology, Contact Z. Glcria Abad USDA-APHIS-PPQ-S5sT, Powder Mill
Rd, EBeltswville, MD 20705, USA
COMMENT $#Lssenbly-Data-START##
Sequencing Technclogy :: Sanger dideoxy seguencing
$#L=zenbly-Data-END##
FEATURES Location/Cualifiers
=ource 1..564
/organism="Fhytophthora boehmeriae”
/mol_type="gencmic DNA"
/strain="ex-type CPHST BL 326"
fisolate="IMI130614"
/host="Boehmeria nivea"
/type_material="type material of Phytophthora boehmerize™
/db_xref="taxcn:109152"
country="Taiwan"
fcollecticn date="1923" by
fcollected by="Sawada"™
< >

The ITS rDNA sequence for specimen Phytophthora sp P6950WPC is confirmed to be
Phytophthora boehmeriae based on comparison with the sequences from the ex-type.

For practice, you can evaluate the second unknown species, Phytophthora sp Ph3450 ITS,
following all the steps indicated above. The sequence is listed again below for convenience.
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>Phytophthora_sp Ph3450_ITS
GGTTGAGGCCTATCAAAGCGAGTGATTTGGGCCGCAAGGTCTGAGTTGCGAGTTTTCCTTTTAAACCCATTACTTAAATACTGATTATACTGTGGGGACGAAAGTCTCTGC
TTTTAACTAGATAGCAACTTTCAGCAGTGGATGTCTAGGCTCGCACATCGATGAAGAACGCTGCGAACTGCGATACGTAATGCGAATTGCAGGATTCAGTGAGTCATCGAA
ATTTTGAACGCATATTGCACTTCCGGGTTATGCCTGGGAGTATGCCTGTATCAGTGTCCGTACATCAACCTTGGCTTCCTTCCTTCCGTGTAGTCGGTGGATGGGAATGCC
AGACGTGAAGTGTCTTGCTGTAGCGGTTTTCGGACTGCGGCGGCGAGTCCTTTGAAATGTAGATACTGTTCTTCTCTTTGCTCGAAAAGCTGTGCAGAATGTATGTTGTGG
AGGCTGCCATCATGGCATGTCGGCGACTGATTTCGTGCTGAGGCGTTTTGGAGAGGGGTTCGATTCGCGGTAGTGTTGGTTTCGGCCGAACAATCTGCTTATTGGGTTCTT
TTCCAGGCTTTGGCGTATGCGGAGTCGGTGTACCGTAGTTGTGCGTGGCTTGGCCTTTGAACGCTCGTTTTGCGTGGCGAAGTAGAGTGGCGAAGTGTTTGTTTTCGGACG
AATGCGGCTGCCGAGGAGGCGATAAATATTTTGGGAAAATTTAGTGTGCGCTT

o  What is the species?
e Further evaluate example species 2 with the following confirmation steps.

You can then further confirm identity using an “align two or more sequences” BLAST and a
phylogenetic tree analysis that includes the accession numbers of all species in the clade
(steps 8-10).

7) Go to NCBI BLAST blastn suite and select “Align two or more sequences”. Paste the FASTA sequence
of the Phytophthora unknown in the upper box. Paste all the accession numbers in the appropriate clade
in the lower box.

NlH U.S. National Library of Medicine Sign in to NCBI

®
BLAST > blastn suite Home Recent Results Saved Strategies Help

Align Sequences Nucleotide BLAST

blastn blastp blastx thlastn iblasix

BLASTN prog search nv i bjects using a ide query. more.... Reset page
ER e ol Do ot o the FASTA sequence
Enter accession number(s), gi(s), or FASTA sequence(s) e Query subrange Of t h e un k nown s p ec | men

>Fhytophthora sp Ph3450_ITS
GeTTEAGECCTATCARGCEACTEATTTGAECCRCARGETCTGAGTTECEACTTTICCTTTT;ARCE A From[ ]
CATTACTTARATACTGATTATACTETEEGEACGARAGT CTCTGCTTTTAACTAGATAGCAACTTTCA
GCAGTGGATGTCTAGGCTCGCACATCGATEARGARCGC TECGAACTECGATACGTAATGCGRATTEC Wy To ]
AGGATTCAGTGAGTCATCEARATTTTEARCGCATATTECACT TCCEEET TATECCTEEEAGTATECT

Select "align two or more
sequences

Or, upload file Browse.. | &
Job Title |
Enter a descripiive fitle for your BLAST s:

[V Align two or more sequences &

Enter Subject Sequence

Enter accession number(s), gi(s), or FASTA sequence(s) &
070695

Paste ALL accession
il numbers for the
L2y | E— appropriate clade.

Or, upload file Browse.. &

Program Selection
Optimize for ®) Highly similar sequences (megablast)
O More dissimilar sequences (discontiguous megablast)
O Somewhat similar sequences (blastn)
Choose a BLAST algorithm &

BLAST

earch nucleotide sequence using Megablast (Optimize for highly similar sequences)

(+]Algorithm parameters

[ show results in a new window
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8) Check the alignment of the unknown with all species in the clade. Do you observe 99-100% alignment
with the same species as before? Check the alignment for each of the closest species.

Edit and Resubmit Save Search Sirategies ¢ Formatiing options & Download

Blast 2 sequences

Job fitle: Phytophthora_sp_Ph3450_ITS

Other reports: ® Search Summary [Distance tree of results

(= Graphic Summary

Mouse over to see the fitle, click to show alignments

Distribution of the top 12 Blast Hits on 12 subject sequences &

RID F2ZNERSTS114 (Expires on 06-02 00:27 am)
Query ID Id|Query_161656 Subject ID 12 subjects
Description Phytophthora_sp_Ph3450_ITS Description »See details
Molecule type dna Molecule type nudeic acid
Query Length 719 Subject Length

Youl[ll} How to read this page

Blast report description
~

L Click here to confirm these results
using a phylogenetic tree in step 10

Color key for alignment scores
M =40 W 40-50 W 50-80 W s0-200 M >=200
I \ I o I I
1 100 200 300 400 500 600 700 [EIDownload ~ GenBank Graphics
Phytophthora sp. gondwanense isolate W1858 note Sydney Royal Botanic Gardens cu
spacer 1. partial sequence; 5.85 ribosomal RNA gene, complete sequence; and internz
Sequence ID: KPO70695.1 Length: 768 MNumber of Matches: 1
Range 1: 64 to 768 GenBank Graphics
Score Expect TIdentities “Gaps ‘Strand
1297 bits(702) 0.0 704/705(59%) _0/705(0%) Plus/Plus
(©Descriptions
BiDownload - Bank Graphics
L producing signi i i i i
Phytopht boehmeriae strain ex-type CPHST BL 32G internal transcribed spacer 1
Select: All None Selected:0 gene internal transcribed spacer 2, complete sequence; and large subunit riboson
il Alignments o Seq e ID: MG783382.1 Length: 864 Number of Matshes: 1
Description Max | Total Query E Per. 5 on ffange 1: 82 to 799 GenBiank Gm_gh = .
Score Score Cover value Ident Score Ex Identities Gaps Strand
1249 bits(676 a 705/719(38%) 1/719(0%) Plus/Plus
O e sp. isolate \WW1858 note Sydney Roval Botanic Gardens culture coll 1297 1297 98% 0.0 99.86% KPO70695.1 s — eSS —
O P ige sirain ex-type CPHST BL 32G intemal franscribed spacer 1, parfial s 1249 1249 100% 0.0 98.05% MGT83382.1
EiDownload +~ GenBank Graphics
O en iae sirain Ex-type CPHST BL 91 infemal franscribed spacer 1, parfial sequ 1029 1029 98% 0.0 93.09% MGS865521.1
X . . . X ophthora kernoviae strain Ex-type CPHST BL 91 internal transcribed spacer 1. p
[ Phyiophthora morindae sirain Ex-type CPHST BL 49G infemal transcribed spacer 1. parfial seg 1016 1016 99% 0.0 92.49% MGSE65543.1 gen lete sequence; and interal franseribed spacer 2, parfial sequence
[ phytophinora gallica sirain Ex-type CPHST BL 35 internal franscribed spacer 1, parfial sequenc 854 854 89% 0.0 90.67% MG865497.1 Sequence ID- 521.1 Length: 827 Number of Matches: 1
[0 phytophthora laris isolate 45B7 infernal spacer 1, partial 585hbe 787 787 B82% 00 9064% KT163263.1 Range 1: 79 to 778 GenBan
) Score Expect entities Gaps Strand
[ enylophthora quininea sirain Ex-type CPHST BL 54G intemnal franscribed spacer 1, partial sequ 706 706  77% 0.0 89.56% MGB8655801 1029 bits(557) 0.0  660/709(93%) 10/708(1%) Blus/Plus
Oe 701 85%

The unknown species appears to be P. gondwanensis, as that is the closest match. But before we decide,
we can use a distance tree to further evaluate the match.

9)

Prepare a distance tree through NCBI. In the results for the full clade multi-sequence alignment, click

“Distance tree of results” under “Other reports.” For “Tree method,” select “Neighbor joining.” For
“Sequence label,” select “Taxonomic name.” Unknown will be marked in yellow.

Note: NCBI-BLAST computes a pairwise alignment between a query and the database sequences
searched. It does not explictly compute an alignment between the different database sequences.
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BLAST®

Blast Tree View

Home Recent Results Saved Strategies Help

This tree was produced using BLAST pairwise alignments. more

Reset Tree
BLAST RID F2R4SESR1IN Query ID Id|Query 100550 Database n/a
Tree method Max Seq Difference Sequence Label
[ Neighbor Joining v]e [0.75 v] @ [ Taxonomic Name (if av | &
4 44 b ar alignment. Click on bree |abel to select sequence to download
B T S T OF R ross | @ wknd 2] 7 -

== |

Phiytophithora quin nea

~ Phytophthora macrochlamydospora

Fhytophthom richardiase

* Phytophthora constricta

Phyviophthora fallax

Phytephthora captiosa

Phytophthora gallica

Phytophthora interca laris

- 2 Phytophthora kemovine

This tree indicates that the unknown matches most closely with Phytophthora gondwanensis. If each step
of the analysis gives you the same result, you can confirm that your unknown specimen
Phytophthora sp Ph3450 ITS is Phytophthora gondwanensis, based on the comparison with the ex-type.

Conclusion
If you follow steps 1-10 with an unknown specimen, and each test matches the unknown with the
same result, and that is a type or another well-authenticated specimen, then you can confirm

that the ITS rDNA sequence for your specimen is a particular species, based on comparison with
sequences of the ex-type and other types in the same clade.
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Revision V2

Substantial modifications to version V1 of the SOP:

e Combine sequencing of ITS rDNA (in SOP-PID-05) with sequences from the COI region.

o Include new accession numbers for sequences of ITS rDNA to replace the old codes for the ex-types
and well-authenticated specimens submitted to NCBI by the CPHST Beltsville Laboratory (through
collaboration with Dr. Subodh Srivastava, bioinformatician.

e Include accession numbers for sequences of the COI region from the ex-types and well-authenticated

specimens submitted to NCBI by CPHST BL (with Dr. Srivastava).

Add molecular protocols for amplification and sequencing for the COI barcoding gene.

Remove content regarding submissions to Genewiz sequencing facility.

Include instructions for the BLAST and phylogenetic tree sequencing analyses

Add new tables to the appendix for: clade 1; clade 2; clade 3, 4, 5 and X; clade 6; clade 7; clade 8;

and clades 9, 10; with their respective updated phylogenetic tree using material from CPHST BL.
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Appendix
ITS and COI accession numbers for Phytophthora species in clade 1
SPECIES NAME, YEAR | CLADE | TYPE ISOLATE CODE ITS rDNA col
P. nicotianae (1896) 1 SE1 CPHSTBL 44 (P7661) | MG865550 | MH136943 S Ll e
P. cactorum (1886) 1a SE1 CPHSTBL 9 (P0714) | MG783385 | MH136858 mggggggg mmggggg
P. hedraiandra (2004) 1a ET CPHST BL 4 (P19523) MG865504 | MH136898 MG865504 | MH136898
MG865509 | MH136903
P. idaei (1995) (17) 1a ET CPHST BL 38 (P6767) | MG865509 | MH136903 MG865575 | MH136967
P. pseudotsugae (1983) 1a ET CPHST BL 51 (P10339) | MG865575 | MH136967 mgggggg mmgggﬁ
P. clandestina (1985) (17) ET CPHSTBL 15 (P3943) | MG865477 | MH136873 MG865591 | MH136983
— FJ801734 | MH136846
P. iranica (1971) ET CPHST BL 40 (P3882) | MG865519 | MH136913 MG865512 | MH136906
P. tentaculata (1996) (5) ET CPHST BL 29 (P8496) | MG865591 | MH136983 MG865518 | MH136912
P13365 (WPC), CPHST BL MGB6SS41 | MH136934
P. andina (2010) ET (Wpc), FJ801734 | MH136846 MG865564 | MH136956
32 (P13365)

P. infestans (1876) 1c SE1 CPHST BL 142 (P1381) | MG865512 | MH136906

P. ipomoeae (2002) 1c ET CPHSTBL 21 (P10225) | MG865518 | MH136912

P. mirabilis (1986) 1c ET CPHST BL 25 (P3008) | MG865541 | MH136934

P. phaseoli (1889) 1c SE1 CPHST BL 28 (P10150) | MG865564 | MH136956

haseoli. SE1 P660Y 1889 HO261640

=% P
Phytophthora 161 spp. ITS s34 [P andia £T P13365 2010 FJ801 734
100} P infestans.SE1 142 1876 MGBE5512
rDNA tree 2/23/2018 1901 I b mirabilis ET 25 1386 MGE65541
605 P ipomoeae.ET 21 2002 MGB65518

51.8 e e— F ramea £ 40 1971 MGBBEEIS T
ARR franica. C L 1

P rentaculata.ET 29 1996 5 MGE65591
o988 P nicotianas.SE1 44 1896 MGBE5550

F idaei.ET 38 1995 17 MG865509
894 ML P cactorum.SE1 9 1886 MGT83385
100 P pseudotsugas ET 51 1983 MGBE5575
P hedraiandra.ET 4 2004 MGB865504
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ITS and COI accession numbers for Phytophthora species in clade 2

SPECIES NAME, YEAR clzg.z TYPE ISOLATE CODE ITS rDNA col

P. mengei (2009) 2 ET | CPHSTBL31 (P16862) | MG865539 | MH136932
Z'g';‘;')"‘(i;’g)s““'ata 2 ET | CPHSTBL50G (P10410) | MG865544 | MH136937
P. oleae (2018) 2 ET Pota ( CBS7669) KY982930 | MF083569
P. siskiyouensis (2008) 2 ET | CPHSTBL56 (P15122) | MG865586 | MH136978
P tropicalis (2001) 2 ET | CPHSTBL58 (P10329) | MG865596 | MH136987
P. botryosa (1969) (15) | 2a ET |M|131639215(,PC3)4P£|58)T BL | AF266784 | MH136855
P. citrophthora (1925) 2a ET | CPHSTBL60 (P0479) | MG865476 | MH136872
P. colocasiae (1900) 2a | SE1 | CPHSTBLA173 (P6317) | MG865479 | MH136875
P. himalsilva (2011) 2a ET | CPHSTBL 102 (P19820) | MG865507 | MH136901
P. meadii (1918) (4) 2a | SE1 | CPHSTBL81 (P19007) | MG865529 | MH136924
P. mekongensis (2017) | 2a ET PF6a2 (CBS 135136) | KC875838 | KT366920
P. occultans (2015) 2a ET | CPHSTBL 163 (P19955) | MG865555 | MH477753
P. terminalis (2015) 2a ET | CPHSTBL 164 (P19956) | MG865592 | MH136984
P. amaranthi (2016) 2b ET Cg&;gzgg 4117)4 MG783373 | MH477739
P. capsici (1922) % ET | CPHSTBL33G (P1091) | MG865467 | MH136863
P. glovera (2011) 2% ET | CPHSTBL36 (P11685) | MG865500 | MH136895
P. mexicana (1923) 2b | SE1 | CPHSTBL24 (P0646) | MG865540 | MH136933
P. acerina (2014) 2c ET | CPHSTBL 114 (P19934) | MG518642 | MH136845
P. capensis (2010) 2 ET | CPHSTBL10 (P1819) | MG865466 | MH136862
P. caryae (2016) 2 ET NJB2013-AF-08 KJ631538 N/A

P. citricola (1927) 2c ET | CPHSTBL34 (P0716) | MG865475 | MH136871
P. multivora (2009) 2c ET | CPHSTBL 104 (P19594) | MG865546 | MH136939
P. pachypleura (2014) 2c ET | CPHSTBL 146 (P19987) | MG865558 | MH136948
P. pini (1925) 2c ET | CPHSTBL48 (P3274) | MG865565 | MH136957
P. plurivora (2009) 2 ET | CPHSTBL74 (P16840) | MG865568 | MH136959
P. bisheria (2008) 2d ET | CPHSTBL6 (P10117) | MG783381 | MH136851
P. elongata (2010) 2d ET | CPHSTBL62 (P19596) | MG865485 | MH136881
P. frigida (2007) (18) 2d ET | CPHST BL39G (P16947) | MG865496 | MH136892

Phytophthora 161 spp. ITS 53.1
rDNA tree 2/23/2018

P terminalis.ET 164 2015 MGB65592

P himalsilva.ET 102 2011 MGB65507

P occuftans.ET 163 2015 MGB65555

P cifrophthora ET 60 1925 MGB65476

P bouryosa.ET IMI136915 1969 AF266784

F colocasiae. SE1 173 1900 MGB65479

P meadii.SE1 81 1918 MGB65529

P mekongensis.ET PF6a2 2017 KC875838
P capsiciET 33G 1922 MGBG5467

P glovera.ET 36 2011 MGB65500

P amaranthi.ET 174 2016 MGT83373

P mexicana.SE1 24 1923 MGB65540

P mengeiET 312009 MG855539
P siskiyouensis.ET 56 2003%1?6%?25586

85.1y P acerina.ET 114 2014 MG!
—L P caryae.ET NJB2013-AF-08 2016 KJ631538
P capensis.ET 10 2010 MGB65466
P multivora.ET 104 2009 MGB65546
P pini.ET 48 1925 MGB865565
|—— P plurivora.ET 74 2009 MG865568
|— P pachypleura.ET 146 2014 MGB65558
L P citricola.ET 34 1927 MGB65475
06 P frigida.ET 18 2007 MG865496
a7z P bisheria.ET 6 2008 MGT83381
P el ta.ET 62 2010 MGE65485
ivesiculara.ET 50G 1998 MGB65544

6.7

P multive
P oleas.ET Pola 2018 KY982930

ITS rDNA

COl

MG865539
MG865544
KY982930
MG865586
MG865596
AF266784
MG865476
MG865479
MG865507
MG865529
KC875838
MG865555
MG865592
MG783373
MG865467
MG865500
MG865540
MG518642
MG865466
KJ631538
MG865475
MG865546
MG865558
MG865565
MG865568
MG783381
MG865485
MG865496

MH 136932
MH136937
MF083569
MH136978
MH136987
MH 136855
MH136872
MH136875
MH136901
MH136924
KT366920
MH477753
MH136984
MH477739
MH136863
MH136895
MH136933
MH136845
MH136862
MH136871
MH136939
MH136948
MH136957
MH136959
MH136851
MH136881
MH136892

CL2
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ITS and COI accession numbers for Phytophthora species in clade 3, 4, S and two in no clade

SPECIES NAME, YEAR C&%E TYPE ISOLATE CODE ITS rDNA col ITS rDNA col
o CPHST BL 103 ( MG865510 | MH136904
P. ilicis (1957) 3a SE1 P6099) MG865510 MH136904 MGB85548 | MH136941
CPHST BL 27 KC529657 | MH136966
Ly N MG865576 | MH136970
P. pluvialis (2013) 3a ET LC-9.2 0390350(;8 (MYA KC529657 N/A MF036182 | MH477760
MG865578 | MH136848
P. pseudosyringae (2003) 3a ET CP';'PS;TO‘?;? G MG865574 | MH136966 MF036196 | MH477743
SPHSTBL 52 KX011279 | MH136919
P. psychrophila (2002 3a ET MG865576 MH 136968 KX247599 | MH136928
psychrophila (2002) (P10433) MG783377 | MH136949
KJ372244 | MH136969
P. castanetorum (2017) 3b ET BD292 (CBS 142299) MF036182 N/A MG865524 | KP295222
. CPHST BL 110 MG865533 | MH136866
P. quercina (1999) (1) 3b ET (P10439) MG865578 MH136970 MG865559 | MH136874
MG865577 | MH136899
P. tubulina (2017) 3b ET TUB1 (CBS 141212) MF036196 N/A MG602692 | MH136981
TP13.46 (CBS mgggggg MH136918
P. versiformis (2017) 3b ET 142005), CPHST BL KX011279 MH477760
MG865505
189 (TP13.46)
TBFO0GOA10 MG865589
P. alticola (19) (2017) 4 NT (CBS141718) KX247599 N/A MG865523
) CPHST BL 78
P. arenaria (2011) 4 ET (P19599) MG783377 MH136848
. VHS26806, CPHST BL
P. boodjera (2015) 4 ET 181 (VH26806) KJ372244 MH477743
Y CPHST BL 145
P. litchii (2007) 4 SE (P19950) MG865524 MH136919
P. megakarya (1979) (22) 4 SE1 | CPHSTBL 22 (P1664) | MG865533 MH136928
. CPHST BL 105
P. palmivora (1910) 4 SE1 (P0B33) MG865559 MH136949
CPHST BL 52G
P. quercetorum (2008) 4 ET (P15555) MG865577 MH136969
L CPHST BL 154
P. agathidicida (2015) 5 ET (P15175), ICMP 17027 MG602692 KP295222
P. castaneae (1976) (14) 5 ET CP'("PS;TO?E';?;”G MG865470 | MH136866
. CPHST BL 157
P. cocois (2015) 5 ET (P19948) MG865478 MH136874
P. heveae (1929) 5 ET CPHST BL 67 (P3428) | MG865505 MH136899
. CPHST BL 127
P. stricta (2014) X1 ET (P19972) MG865589 MH136981
o CPHST BL 123
P. lilii (2015) X2 ET (P19991) MG865523 MH136918
ngeudosyﬂ ae.ET 51G 2003 MGB65574
Phytophthora 161 spp. ITS o e S 133 1957 Modoail
rDNA tree 2/23/2018 i P pluvialis ET LC-9.2-020506 2013 KC529657
P psychrophila.ET 52 2002 MGB65576
BBG P castaneforum.ET BD292 2017 MF036182 C L 3
| o P versiformis.ET TP13.46 2017 KXD1 1279
P quercina.ET 110 1999 MGBG55T:

P tubuiina.ET TUB1 2017 MF036196
60A1 47599

26.2, P alticola.NT TBFO060A10 2017 KX24750
o0.s (221 L P boodjera ET VHS26806 2015 K.J372244
: P arenaria ET 78 2011 MGT83377
az P querceforum. ET 52G 2008 MGT783377
s P palmivora SE1 105 1910 MGB65559 C L4
- P litchi. SE 145 2007 MGB65524
1 P megakarya SE1 22 1979 22 MGBE5533
oo.6; P agathidicida ET 154 2015 MG60269
P castaneae ET 47G 1976 MGE65470
‘Wl_ﬁ_P cocois.ET 157 2015 MGE65473 CL5
s ETF? ?r1 grngMTﬁ%gsgg? 4 MGBE5589
Sincia.|
P Iili ET 123 2015 MGBE5523 N O C L
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ITS and COI accession numbers for Phytophthora species in clade 6

82.5

100

P bilorbang.ET CBS161653 2012 JQ256377

P lacustris.ET Iso.P245 2013 AF266793

P riparia.ET 111 2012 MGB65583

93.3 P condilina ET WH25244 2018 KJ372262
P humicola.ET P3826 1985 HQ261578
P inundata.PT1 20 2003 MGBG65516

P gemini ET P15880 2011 HQ261693

51.9 P cooljalroo ET CLJ0100 2018 HO0129
. rq kwongonina ET VH23298 2018 JN547636

um ET VH29592 2018 KJ372267
P rosacearum.ET Is0.52 2009 EUS25376

P asparagi ET LT288 2012 INVALID EF185089

P balyanboodja ET VHSC25675 2018 KJ372258
57

SPECIES NAME, YEAR CI'_I\%E TYPE ISOLATE CODE ITS rDNA col
P. balyanboodja (2018) 6a ET VHSZ567§/EJS% '2(532’?59)” BL186 | (372058 | MH477741
P. condilina (2018) 6a ET CBS 115029, CPHST BL 184 KJ372262 | MH477744 ITS roNA co
: (VH25244) KJ372258 | MH477741
. CLJO100, CPHST BL 185 KJ372262 | MH477744
P. cooljalroo (2018) 6a ET (CLI0100) HQO012957 | MH477745 HQO12957 | MH477745
P. gemini (2011) 6a ET P15880 (WPC) HQ261693 | HQ261440 nggg}ggg 38321‘3“2‘2
P. humicola (1985) 6a ET CPHST BL 42G (P3826) HQ261578 | HQ261325 MG865516 | MH136910
IN547636 | MH477747
P.inundata (2003) 6a PT1 CPHST BL 20 (P8479) MG865516 | MH136910 KJ372267 | MH477757
EU925376 | MH477758
P. kwongonina (2018) 6a ET VH2329(§/'HCZZ';§’J) BL 187 JIN547636 | MHA477747 JQ029956 | MH477740
JQ256377 | MH477742
(Pz'oﬂséi“d°r°sa°ear“m 6a ET VHSZ%?&HS&Q%T BL 188 KJ372267 | MH477757 | | HMO004232 | MH136854
MG865471 | MH136867
P. rosacearum (2009) 6a ET OSU52, CPHST BL 53 (P3112) EU925376 | MH477758 MG865481 | MH136887
P. amnicola (2012) 6b ET DH228, CPHST BL 100 (P19862) | JQ029956 | MH477740 mggggigg mmggggg
. CBS 161653 , CPHST BL 101 MG865501 | MH477746
P. bilorbang (2012) 6b ET (P19863) JQ256377 | MH477742 MG865503 | MH136916
. AKWAB8.1-0708, CPHST BL 93 AF266793 | MH136921
P. borealis (2012) 6b ET (P19794) HMO004232 | MH136854 MG865526 | MH136930
MG865535 | MH136935
P. chlamydospora (2015) 6b ET CPHSTBL 156 (P6133) MG865471 | MH136867 Mogeaats | MHAT7750
P. crassamura (2015) 6b ET CPHST BL 150A (P20138) MG865481 N/A KJ372256 | MH136947
MG865556 | MH136958
P. fluvialis (2011) 6b ET CPHST BL 64 (P19584) MG865491 | MH136887 MG865566 | MH136975
MG865583 | MH136985
P. gibbosa (2011) 6b ET CPHSTBL 65 (P19586) MG865499 | MH136894 MG865593
P. gonapodyides (1927) 6b SE1 CPHST BL 66 (P7050) MG865501 | MH136896
P. gregata (2011) 6b ET CPHST BL 37 (P19588) MG865503 | MH477746
P. lacustris (2013) 6b ET P245, CPHST BL 69 (P10337) AF266793 | MH136916
P. litoralis (2011) 6b ET CPHSTBL 70 (P19591) MG865526 | MH136921
P. megasperma (1931) 6b ET CPHST BL 43 (P6957) MG865535 | MH136930
P. mississippiae (2013) 6b ET CPHST BL 126 (P19994) MG865542 | MH136935
. VH27218, CPHST BL 182
P. moyootj (2014) 6b ET (VH27218) KJ372256 | MH477750
P. ornamentata (2015) 6b ET CPHST BL 152B (P19906) MG865556 | MH136947
P. pinifolia (2008) (3) 6b ET CPHST BL 49 (P16100) MG865566 | MH136958
P. riparia (2012) 6b ET CPHST BL 111 (P19799) MG865583 | MH136975
P. thermophila (2011) 6b ET CPHST BL 77 (P19593) MG865593 | MH136985
P fluvialis.ET 64 2011 MGB65491
Phytophthora 161 spp. ITS 827 Fan e AR el
rDNA tree 2/23/2018 Pgt&;;%’;’ﬁéﬁigﬁfﬁé%%ﬁ%
=L sregata 1 37 2011 MG865503
O p meraesama SE] 434831 Masganas
as| 0.1 —————P pinifoliaE] 49 2008 3 MG865566
P chlamydospora.ET 156 2015 MGB65471
P gonapodyides.SE1 66 1927 MGB65501
P borealis.ET MYA-4881 2012 HM004232
P mississippiae ET 126 2013 MGB65542 C L6
P ornamentata.ET 152A 2015 MGB65556
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ITS and COI accession numbers for Phytophthora species in clade 7

SRECIESIEME TS _ | 1vpE ISOLATE CODE ITS rDNA col ITS rDNA col
YEAR CLADE
IMI392314, CPHST BL 1 GU993881 | MH136991
P. alni (6) (2004) 7a ET (P16203) GU993881 | MH136991 MG783372 | HQ261241
P. alni multiformis (6) (GU259293 | MH136992
(2004) 7a ET | CPHSTBL2 (P16202), P16202 | MG783372 | HQ261241 KU517154 | MH136860
16206D1244 (WPC), CPHST BL MG783387 | MH136869
P. alni uniformis (2004) 7a ET 3 (531620);3) GU259293 | MH136992 MG865473 | MH136884
MG865488 | MH136890
P. attenuata (2017) 7a ET TW129 (CBS 141199) KU517154 N/A KU517152 | MH136953
KU5171 MH13697
P. cambivora (1927) 7a SE1 CPHST BL 155 (P19997) MG783387 | MH136860 Mlégesfgi MH1§SSSS
P. cinnamomi (1922) 7a ET CPHSTBL 12 (P2110) MG865473 | MH136869 KU517155 | MH136859
KC478667 | MH136931
P. europaea (2002) 7a ET CPHST BL 37G (P10324) MG865488 | MH136884 MG865584 | MH136944
KU899188 | MH477754
P. flexuosa (2017) 7a ET TW78 (CBS 141201) KU517152 N/A MGS65597 | MH136979
P. formosa (2017) 7a ET TW107 (CBS141203) KU517153 N/A MF036209 | MH136989
MG783378 | MH136891
P. fragariae (1940) 7a SE1 CPHST BL 18 (P19539) MG865494 | MH136890 MG783386 | MH136940
MG865536
P. intricata (2013) 7a ET TW259 (CBS 141211) KU517155 N/A MO865552
P. parvispora (2014) ET CBS 132772, CPHST BL 98 MG865567
(14 7a i (P19847) KC478667 | MH136953 F 74004
P. rubi (2007) 7a ET CPHST BL 54 (P16899) MG865584 | MH136976 mggggggg
P. tyrrhenica (2017) 7a ET PH154 (CBS 142301 ) KU899188 N/A MG865495
MG865547
P. uliginosa (2002) 7a ET CPHST BL 59 (P10413) MG865597 | MH136988
P. vulcanica (2017) 7a ET X3a (CBS 141216) MF036209 N/A
P. asiatica (2014) 7b ET CPHST BL 124 ( P19977) MG783378 N/A
P. cajani (1978) (22) 7b SE1 CPHST BL 116 (P3105) MG783386 | MH136859
P. melonis (2007) (7) 7b ET CPHST BL 23 (P6870) MG865536 | MH136931
(Pz'oq'j?erha“se”' 7b ET CPHST BL 45 (P10616) MG865552 | MH136944
P. pisi (2013) 7b ET CPHST BL 133 (P19612) MG865567 | MH477754
Z‘Z';"Stac'ae (AR 7b ET ATCC MYA-4082 FJ746648 N/A
P. sojae (1958) 7b SE1 CPHST BL 180 (P3248) MG865587 | MH136979
P. vignae (1957) (17) 7b SE1 CPHST BL 30 (P3019) MG865598 | MH136989
P. fragariaefolia (2014) 7c ET CPHST BL 141 (P19990) MG865495 | MH136891
P. nagaii (2014) 7c ET CPHST BL 121 (P19989) MG865547 | MH136940

P attenuata. ET TW129 2017 KU517154
Phytophthora 161 spp. TS

rDNA tree 2/23/2018 P formosa. ET TW107 ZUIIY KU517153

Fintricata ET TW259 2013 KUS17155
P cambivora SE1 155 1927 MGT783387
a3 P europaea ET 37G 2002 MGB65488

834 52.6l03 3 P tyrhenica.ET PH 17 KUB99188
P uliginesa ET 59 2002 MGB65597
P vulcanica ET X3a 2017 MF036209 C L?
Mmomr ET 12 1922 MGB65473
. P parvispora. ET CB3132772 2014 KCA78667
- o84~ P cajani.SE1 116 1978 MGT7 83386

P vignae.SE1 30 1957 MGB65598
P melonis.ET 23 2007 7 MGB65536

803 P niederhauseni ET 45 2014 MG865552
F asiatica.ET 124 2014 MGT83378
P sojae. SE1 180 1958 MGB65587

P pisiET 133 2013 MG865567
100 P fragariaefolia.ET 141 2014 MGB65495
— P hagaiET 1212014 MG365547
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ITS and COI accession numbers for Phytophthora species in clade 8

ITS

ITS rDNA

COl

MG865483
MG865484
MG865486
MG865532
KP288376
MG865585
MG865594
MG783384
KC478773
KC478761

KC478768
MG865569
MG865570
MG865573
MG865492
MG865506
MG865522
MG865581
MG783380
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SPECIES NAME, YEAR | 10 | TYPE ISOLATE CODE ITS rDNA col
P. cryptogea (1919) 8a ET CPHST BL 16 (P1738) MG865483 | MH136878
P. drechsleri (1931) 8a | SE1 CPHST BL 17 (P1087) MG865484 | MH136879
P. erythroseptica (1913) 8a | SE1 CPHST BL 80 (P6180) MG865486 | MH136882
P. medicaginis (1991) 8a ET CPHST BL 83 (P19830) MG865532 | MH136927
P. pseudocryptogea (2015) |  8a ET VHS161 (1\?H1Cg Hi)T BL 183 KP288376 | MH477756
P. sansomeana (2009) 8a ET CPHST BL 55 (P8051) MG865585 | MH136977
P. trifolii (1991) 8a ET CPHST BL 57 (P6980) MG865594 | MH136986
P. brassicae (2002) 8b ET CPHSTBL 8 (P7517) MG783384 | MH136857
P. cichorii (2013) 8b ET CBS 115029 KCA478773 N/A

P. dauci (2013) 8b ET CBS 127102 KCA78761 N/A

P. lactucae (2013) 8b ET BPIC 1985 (P19875) KCA78768 N/A

P. porri (1931) (8) 8 | SE1 CPHST BL 147 (P9186) MG865569 | MH136961
P. primulae (1952 (17) 8 | SE1 CPHST BL 148 (P10703) MG865570 | MH136962
P. pseudolactucae (2015) 8b ET CPHST BL 118 (P19992) MG865573 | MH136965
P. foliorum (2006) 8¢ ET CPHSTBL 38G (P10974) MG865492 | MH136888
P. hibernalis (1925) 8 | SE1 CPHST BL 41G (P3822) MG865506 | MH136900
P. lateralis (1942) 8¢ ET CPHST BL 42 (P3361) MG865522 | MH136917
P. ramorum (2001) 8¢ ET CPHST BL 55G (P10103) MG865581 | MH136973
P. austrocedri (2007) (3) 8d ET CPHSTBL 5 (P16040) MG783380 | MH136850
P. obscura (2012) 8d ET CPHST BL 84 (P19796) MG865554 | MH136946
P. syringae (1905) 8d | SE1 CPHST BL 57G (P10330) MG865590 | MH136982

Phytophthora 161 spp. ITS | o —iﬂipﬁ’i}ggfﬁfgé %—; ?ﬁ%ﬁ%ﬁ%@&aﬁm
rDNA tree 2/23/2018 - [ Parechaen SE 17 1931 Msesad
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ITS and COI accession numbers for Phytophthora species in clades 9, 10

SPECIES NAME, YEAR | 1S _ | TYPE ISOLATE CODE ITS rDNA col
P. estuarina (2016) ET IN%ELBSQIB%QSEE) KT886034 N/A
P. rhizophorae (2016) ET IN%?_EBEE’IZN %DETE) KT886031 N/A
P. aquimorbida (2012) 9a ET | CPHSTBL 128 (P19964) | MG783376 | MH136847
P. chrysanthemi (2011) 9a ET | CPHSTBLO4 (P19843) | MG865472 | MH136868
P. hydrogena (2014) 9a ET | CPHSTBL 129 (P19968) | MG865508 | MH136902
P. hydropathica (2010) 9a ET | CPHSTBL68 (P19616) | EU583793 N/A
P. irrigata (2008) 9a ET | CPHSTBL41 (P16861) | MG865520 | MH136914
P. macilentosa (2014) 9a ET | CPHSTBL 125 (P19993) | MG865527 | MH136922
P. parsiana (2008) 9a ET | CPHSTBL47 (P15164) | MG865562 | MH136952
P. virginiana (2013) 9a ET | CPHSTBL 165 (P19829) | KC295544 | MH477761
P. insolita (1981) 9b ET CPHS(TP%';;;')“' 45G | MG865515 | MH136909
P. polonica (2006) 9b T | UASYISO 1(9& g;';fT BL | Q396410 | MH136960
P. prodigiosa (2017) 9% ET PF6e (CBS 135138) | KC875840 | KT366918.
P. captiosa (2006) (16) 10a ET | CPHSTBL11 (P10719) | MG865469 | MH136865
P. constricta (2011) 10a ET | CPHSTBL61 (P19614) | MG865480 | MH136876
P. fallax (2006) 10a ET | CPHSTBL63 (P10722) | MG865489 | MH136885
:"grgf)c(';’%h'amyd”pma 10a ET | CPHSTBL71 (P10263) | MG865528 | MH136923
P. quininea (1947 (13) 10a ET | CPHSTBL54G (P8488) | MG865580 | MH136972
P. richardiae (1927) 10a SE1 R'CH'F;g?ghCSZ';'ST BL | AB367498 | MH136974
P. boehmeriae (1927) (14) | 10b ET | CPHSTBL32G (P6950) | MG783382 | MH136852
P. gallica (2008) 10b ET | CPHSTBL35 (P16826) | MG865497 | MH136893
P. gondwanensis (2017) 10b ET W1858 (CBS 139336) | KPO70695 N/A
P. intercalaris (2015) 10b ET 45B7 (CBS 140632) KT163268 N/A
P. kernoviae (2005) (2) 10b ET | CPHSTBLO1 (P19827) | MG865521 | MH136915
P. morindae (2010) 10b ET | CPHSTBL49G (P19748) | MG865543 | MH136936
S ~ W Pcapriosa.ET 11 2006 MGB65469 |
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NOTE: P. estuarina and P.

rhizophorae position in sub-

clade 9a. These species were
not included in the ITS
rDNA phylogenetic tree
prepared on 2.23.2018.
Phytophthora estuarina
positions close to P.
macilentosa and P.

rhizophorae positions close
to P. virginiana.
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Phytophthora species not included in the ITS phylogenetic tree or voucher sequences

Phytophthora unculturable species | Phytophthora hybrid species

P. cyperi (1935) P. x heterohybrida (2017)
P. cyperi-bulbosi (1953) P. x incrassata (2017)

P. eriugena (19xx) P. x stagnum (2014)

P. leersiae (1992) P. x pelegrandis (2009)
P. lepironiae (1942) P. x serendipita (2012)

P. oryzo-bladis (2001)

P. polygoni (1922) (22) Phytophthora lost species
P. verrucosa (1940) P. italica (1996) (9)

P. japonica (1974) (10)
P. inflata (1949)

assembled mitochondrial genome (no specimens available)
P. betacei (2018)
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Table 1. Phytophthora species of concern to the United States

OPIS list updated

Phytophthora species PERAL CAPS 2017-2019 2015 U.S. Regulated
P. alni subsp. alni 2009 2017, 2018, 2019 2015 Level A 2017
P. amarnathi 2017

P. alticola 2009

P. amaranthi 2017
P. austrocedrae 2009 2017*, 2018*, 2019* | 2015 No level asigned

P. boehmeriae 2009 2017
P. botryosa 2009

P. cajani 2009

P. captiosa 2009

P. castaneae 2009

P. chrysanthemi 2017
P. citricola 2017
P. clandestina 2009

P. frigida 2009 2017
P. idaei 2009

P. kernoviae 2009 2017, 2018, 2019 2015 Level A

P. macrochlamydospora 2009

P. meadii 2009 2017
P. megakarya 2009

P. melonis 2009

P. multivesiculata 2009

P. parvispora 2009 2017
P. pinifolia 2009

P. pistaciae 2009

P. porri 2009

P. primulae 2009

P. quercina 2009 2017
P. quininea 2009

P. ramorum 2017
P. sojae 2017
P. tentaculata 2009 2017
P. vignae 2009

SOURCES:

PERAL = Schwartzburg K, Harzog H, Landry C, Rogers J, Randall-Schadel B. 2009. Phytophthora of Concern to
the United States February 18, 2009. USDA-APHIS-PPQ-CPHST-PERAL, Raleigh, NC.

CAPS = Cooperative Agriculture Pest Survey - Pest Lists 2017-2019 https://caps.ceris.purdue.edu/pestlists  * In

additional List of CAPS

OPIS = USDA- Offshore Pest Information Program Pathogens List 212 - Updated 2015

U.S. Regulated Plant Pest Table (Last modified Nov. 15, 2017).

Z. Gloria Abad, Ph.D. - USDA-APHIS CPHST-Beltsville Laboratory

9/28/2018
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Phytophthora ITS rDNA
tree with 161 species
including 139 Ex-types
212372018

Pmaaa ET Twm zm? HUST7154
2004 USRI

5865473
I——Po'rmﬂ CS13ZTT2 201

Fainnamomi ET 12 1522 M

P pIs|ET 133 2013 MiGA8S567

oy

FTagarasmiZ ET 141 2014 MGAESSS
ET 1212014 MGHES54T c
[ mem;mn 16 1319 M
SE1 &0 1913 M
(o i ET VH1G118 KP2B6I78
Farechsien SE1 17 1931 M a
w 7 sansaneana

PUILET 57 1981 MGHBS54
Fmedicaginis SE1 &3 1551 MGHBSEI2
e Fpom SE1 147 1331
P ESSIEEET 8
L PaaucLET CBS1Z7IM2 2013 KC47a081

PravorunET 556G 2001 MGBASSA1

Pglavera T 38 2011 Mmsssm
FanarantlET 174 2016 ME7EIIF)
GRES540

Foleas T Pola 2018 KYSE0

PAVBISET 61 2011 MCESE
Famlauu—r D228 2012 JOI2H56
L moyo ET VH2T218 2014 KIIT2256
F‘In'a‘ls_fmmﬂ MGARS526
F thermophlla ET 772011 MG65533
s E

ForassanwaET 1504 2015 MGHES2A1
5363505

i
{mgaspemaa‘] 431331 M
P pinifola ET
= %@T m z:ﬁueassa?w
P ganapodyaes.

an\ss\:p\ae
AT 1A 1S Hess
F.:uum:grcmmasa 2012 JORSENTT
3 AF 20670

riparia £ MEGBE558
a3 et BF i fasas 20 k7222
- '\mouu:r P38 1985 HOE1578
PT1 20 2003 MGHESS1E
F garmin. ‘r Dism 1 Haziges

P coolalrma £1 C _mm 2ma 001,

poeucare
PasparglET LT 20T Nu\_n £ 60068
Pphaszall SE1 PEE0

ET P13365 2010 FA01734

P intesar 142 1878 MGAASE12

Fmirablis ET 25 1986 MGB85541

Flpompeac ET 21 2002 MGBES518
NDDISL\IM.EI' 15 ISS 17 MGERS4TT

= F casiansionunET B3 2017 MFO91A2
P versttmis ET TP1348 2017 1001 1273
MGBESSTE

FREbuna ET TUS! 2017 MFO35156
2 P GO NT TEFODBOAI0 2017 KOO4T55
Fboogfera £T Vi Im 2015 KIaT2284
F arenaria £T 78 2011
PouercatnimET 536G 2008 G'.mm'
Fpaimvora SE1 105 1910 MGH65559
FUBChLSE 145 2007 MGBE5524

Pmegakarya SE1 22 1579 22 MG06553)

me Paganialcioa £ 154 2015 M G606
s %4 | Peasianeas ET 475 1976 MGAES4T0
F cocals ET 157 2015 MGHE547E

F hevese ET 7 142 MG365505
ET 127 2014 MGBGS589

Foatrics.
FUILET 1232015 MGABSS2)

2

MGESSIEY
P SE1 148 1352 MGSESSTO
| GPE

45 2005 3 MGHSHE b

Jyanboodia T WHSC2567S 2018 KII72258 a
2557

CL7

b CL8

CL2

CL6

b cL1

CL3

CL4

| cLs
MIIMI&Q CL

P eap
m F RIS ET 612008 M5
s P oonsrica ET 61 2011 MGB5260 a
W P QUINNSaET S4G 1547 MGBSSSE)
o  PmacrochiamydosporaET 71 1591 MGBSSS2E
AEETEH
MCTESEZ

ET W858 2017 KPOT0RIS
P hemoniae ET 31

2005 MGBSEL! b
Fmaringss T 263010 MGHSSE
P e o e 2018 KT8

P gallica £T 352008 M

En) Fu J.vg.maqal.‘rmm‘a KC:235544

LET 801 2010 NVALID EUSE3753

aue Fnyﬂm;pua

AT
PparsEna T

47 2008 MGAB5562
rr m 2014 MSABSS2T

ET 91

MEAE5ST2
:aq,\mnua ET 128 2012 MGTEII8

P InsalBa T 144 1951 MGBAS515
P prodigiasa ET PF&e 2017 KCATSA40
P polnica ET P131445 2006 DO

- -05.05 MOLECULAR

This figure shows the
arrangement of sequences of
161 culturable species
described as of February 2018
in a neighbor-joining
phylogenetic tree with 1000
bootstraps. This treeis based
on the ITS rDNA sequences of
139 ex-types and 24 selected
specimens (selected by the
author of the tree).
Phytapythium sidhum is
outgroup. Scale bars unit:
number of nucleotide
substitutions per site.

Species in bold are 26
Phytophthora(culturable) of
biosecurity concern cited by
PERAL (Schwartzburg et al.
2009).

Zoom in on the figure to read
it.
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. Gloria Abad, Ph.D. USDA-APHIS-PPQ-CPHST-Beltsville Laboratory 2/23/2018

umsindhum T CHS124518 2010 HMW 244425




	Abad Z.G., Burgess T.I., Bienapfl J.C., Redford A.J. and Srivastava, S. 2021. IDphy: molecular and morphological identification of Phytophthora based on the types. An International Online Resource. Plant Disease Feature Article (in progress for 2021).
	Martin F.N., Abad Z.G., Balci Y., and Ivors K. 2012. Identification and detection of Phytophthora: reviewing our progress, identifying our needs. Plant Disease 96: 1080-1103.
	Mideros M.F., Turissini D.A., Guayazán N., Ibarra-Avila H., Danies G., Cárdenas M., Myers K., Tabima J., Goss E.M., Bernal A., Lagos L.E., Grajales A., Gonzalez L.N., Cooke D.E.L., Fry W.E., Grünwald N., Matute D.R., Restrepo S. 2018. Phytophthora bet...
	Robideau G.P., De Cock A.W., Coffey M.D., Voglmayr H., Brouwer H., Bala K., Chitty D.W., Desaulniers N., Eggertson Q.A., Gachon C.M., Hu C.H., Kupper F.C., Rintoul T.L., Sarhan E., Verstappen E.C., Zhang Y., Bonants P.J., Ristaino J.B., Lévesque A.C. ...
	Schwartzburg K., Hartzog H., Landry C., Rogers J., Randall-Schadel B. 2009.  Phytophthora of concern to the United States February 18, 2009. USDA-APHIS-PPQ-CPHST-PERAL, Raleigh, NC.
	White T.J., Bruns T., Lee S.B., Taylor J. 1990. Amplification and direct sequencing of fungal ribosomal RNA genes for phylogenetics.  Pages 315-322 in: PCR protocols: A Guide to Methods and Applications.  Innis MA, Gelfand DH, Sninsky JJ, White TJ, ed...

		2021-03-09T09:56:40-0500
	NICOLE ODONAHUE


		2021-03-09T10:09:17-0500
	ZOILA ABAD


		2021-03-09T10:20:33-0500
	MARK NAKHLA


		2021-03-09T11:23:48-0500
	YAZMIN RIVERA RIVERA




