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The genus Phytophthora is agriculturally and ecologically important. As the number of Phytophthora species continues to grow, identifying isolates in this genus has become increasingly challenging even by DNA sequencing. This study evaluated nine commonly used genetic markers against 154 formally described and 17 provisionally named Phytophthora species. These genetic markers were the cytochrome-c oxidase 1 (cox1), internal transcribed spacer region (ITS), 60S ribosomal protein L10, beta-tubulin (β-tub), elongation factor 1 alpha, enolase, heat shock protein 90, 28S ribosomal DNA, and tigA gene fusion protein (tigA). As indicated by species distance, cox1 had the highest genus-wide resolution, followed by ITS, tigA, and β-tub. Resolution of these four markers also varied with (sub)clade. β-tub alone could readily identify all species in clade 1, cox1 for clade 2, and tigA for clades 7 and 8. Two or more genetic markers were required to identify species in other clades. For PCR consistency, ITS (99% PCR success rate) and β-tub (96%) were easier to amplify than cox1 (75%) and tigA (71%). Accordingly, it is recommended to take a two-step approach: classifying unknown Phytophthora isolates to clade by ITS sequences, as this marker is easy to amplify and its signature sequences are readily available, then identifying to species by one or more of the most informative markers for the respective (sub)clade.
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INTRODUCTION

The genus Phytophthora currently consists of approximately 200 formal and provisional species with many high-impact plant pathogens (Erwin and Ribeiro, 1996; Yang et al., 2017). For example, P. infestans and P. sojae are major threats to potato and soybean production, respectively (Erwin and Ribeiro, 1996). Phytophthora ramorum (Goheen et al., 2002; Rizzo et al., 2002, 2005) and P. cinnamomi (Zentmyer, 1980; Shearer et al., 2004) are destructive forest pathogens causing tree decline in the U.S. and Australia, respectively.

Identifying Phytophthora isolates to species is the first and critical step to support plant biosecurity. This process is now done primarily by DNA sequencing. Concerted efforts have been made to identify genetic markers and improve the accuracy of DNA sequence-based identification. As a result, a variety of markers have been identified and utilized (Cooke et al., 2000; Martin and Tooley, 2003; Kroon et al., 2004; Blair et al., 2008; Robideau et al., 2014). Meanwhile, many signature sequences from ex-types (type-derived cultures) and authentic isolates (representative isolates designated by the originators of the respective species) have been generated (Cooke et al., 2000; Kroon et al., 2004; Blair et al., 2008; Martin et al., 2014; Yang et al., 2017), although their availability in public repositories depends upon species (Kang et al., 2010). These two lines of advancement have raised several questions of practical importance. What genetic markers are most useful? Is their resolution dependent upon (sub)clade? How many markers are required to identify Phytophthora isolates within a respective (sub)clade to species?

Answers to the above and other related questions will help identifying Phytophthora species accurately in the timeliest fashion and at the lowest cost. To this end, Martin et al. (2012) indicated that a set of genetic markers may be required for the most accurate identification. These included the internal transcribed spacer region (ITS), 60S ribosomal protein L10 (60S), beta-tubulin (β-tub), elongation factor 1 alpha (EF-1α), enolase (ENL), heat shock protein 90 (Hsp90), 28S ribosomal DNA (28S), tigA gene fusion protein (tigA), cytochrome-c oxidase 1 and 2 (cox1 and cox2), subunit 9 of NADH dehydrogenase (nad9), ribosomal protein S10 (rps10), and SecY protein (secY) coding regions. Correspondingly, reference sequences from various markers have been compiled for many known Phytophthora species (Cooke et al., 2000; Kroon et al., 2004; Blair et al., 2008; Grünwald et al., 2011; Park et al., 2013; Martin et al., 2014; Yang et al., 2017). In separate studies, Martin et al. (2014) and Martin and Tooley (2003) provided the average pairwise species distances for the concatenated nuclear and mitochondrial genes, and five mitochondrial markers, namely cox1&2, nad9, rps10, and secY.

The objectives of this study were to evaluate nine commonly used genetic markers against more than 170 Phytophthora taxa and identify the most informative markers for individual (sub)clades.

MATERIALS AND METHODS

Sequence Selection

Nine common genetic markers, namely ITS, cox1, 60S, β-tub, EF-1α, ENL, Hsp90, 28S, and tigA, were evaluated. Sequences of 180 Phytophthora isolates representing 154 described and 17 provisionally named species were analyzed. These included 116 ex-types and 28 authentic isolates (Table 1). Eight taxa were represented by two or three isolates due to the lack of sequence data for all regions of individual isolates. The majority of 60S, β-tub, EF-1α, ENL, Hsp90, 28S, and tigA sequences originated from two previous studies (Blair et al., 2008; Yang et al., 2017). ITS and cox1 sequences of 90 and 79 Phytophthora species, respectively, were downloaded from GenBank (Benson et al., 2018). Sequences from P. sp. ohioensis (ST18-37) were obtained from the Phytophthora Database (Park et al., 2013). Seventy-nine and 86 isolates were sequenced for ITS and cox1, respectively in this study as described below to fill the signature sequence gaps in current public repositories.


Table 1. Information and GenBank accession numbers of isolates used in this study.
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DNA Extraction, Amplification, and Sequencing

To extract genomic DNA (gDNA), a 5 × 5 mm agar plug was cut from the actively growing edge of a fresh culture and transferred to 20% clarified V8 broth. Cultures were incubated at room temperature (c. 23°C) for 7–14 d to produce a mycelial mass. The mass was blotted dry on sterile tissue paper, transferred to a garnet bead tube and lysed in a FastPrep®-24 (MP Biomedicals, Santa Ana, CA). gDNA was purified using a custom Maxwell® 16 FFS nucleic acid extraction kit in combination with a Maxwell® Rapid Sample Concentrator (Promega, Madison, WI).

A pair of primers including the forward primer ITS6 and reverse primer ITS4 (Cooke et al., 2000) was used to amplify the ITS region. The cox1 fragment was amplified with the primer pair COXF4N and COXR4N (Kroon et al., 2004). PCR reaction mixtures were prepared with Takara Taq DNA polymerase (Takara Shuzo, Shiga, Japan) according to the manufacturer's instructions. Each cox1 PCR reaction mixture contained an additional 2-μL 25 mM MgCl2 and 0.25-μL Bovine serum albumin (BSA) per 25-μL. Thermal cycling protocols were described previously (Cooke et al., 2000; Kroon et al., 2004). All PCR products were evaluated for successful amplification using agarose gel electrophoresis. Sequencing reactions were run in both directions with the same primer pairs used for amplification at the University of Kentucky Advanced Genetic Technologies Center (Lexington, KY) or Eton Bioscience Inc. (Durham, NC). Results were viewed in Finch TV version 1.4.0 (Geospiza, Seattle, WA), aligned using Clustal X (Larkin et al., 2007), and edited manually to correct obvious sequencing errors and code ambiguous sites according to the International Union of Pure and Applied Chemistry (IUPAC) nucleotide ambiguity codes to produce a consensus sequence. All sequences produced in this study have been deposited in GenBank (Table 1).

Rates of PCR success for all nine genetic markers were estimated by calculating the percentage of successful amplifications over all PCR reactions performed by the authors for each marker during the past 6 years.

Genus-Wide Distance Analyses

All nine genetic markers were analyzed for overall species distances resolved across the genus Phytophthora. Sequence datasets of each marker were aligned using the MUSCLE version 3.7 (Edgar, 2004) in MEGA version 7.0.26 (Kumar et al., 2016). Alignments were manually modified when obvious errors were present. The alignment of each marker was then trimmed to an equal size and question marks were inserted to represent missing data at both ends of short sequences. DNA sequence distances were calculated using the Kimura 2-parameter (K2P) distance model (Kimura, 1980) to explore the maximum, minimum and mean distances across the genus.

Distance Analyses Within Individual (Sub)Clades

Four selected markers that had relatively high mean species distances across the genus (cox1, ITS, tigA, and β-tub) were analyzed for distances within individual (sub)clades. Phylogenetic (sub)clade assignments for each species were identified according to the recent study by Yang et al. (2017). Sequence datasets within individual (sub)clades of each marker were aligned and edited as described above. Maximum, minimum, and mean distances within individual (sub)clades of each marker were calculated as described above.

Comparison of Individual-Marker Trees With Concatenated-Sequence Tree

Each marker tree for all four selected markers (cox1, ITS, tigA, and β-tub) included a set of identical 150 Phytophthora taxa, plus two outgroup taxa: Elongisporangium undulatum (basionym: Pythium undulatum) was used as the outgroup taxon for ITS, tigA, and β-tub, while Pythium aphanidermatum (Uzuhashi et al., 2010) was used for the mitochondrial marker cox1. The sequence dataset of each marker was aligned in MEGA 7 and edited as described above. Then, the four alignments were combined in MEGA 7 to produce a concatenated sequence alignment. Phylogeny reconstructions including four individual-marker trees and a concatenated-sequence tree were carried out using both Maximum likelihood (ML) and Neighbor joining (NJ) methods with the K2P model and 1000 bootstrap replications in MEGA 7. Alignments and phylogenetic trees have been deposited in TreeBASE (S22998).

To validate the accuracy of the concatenated-sequence trees, the clade affiliation of individual species was compared with those presented in previous phylogenetic studies. The overall topological scores between the concatenated-sequence trees and individual-marker trees were calculated using Compare2Trees version September 2011 (Nye et al., 2006).

RESULTS

PCR Consistency, Amplifications, and Sequence Alignments

The ITS region was the easiest genetic marker to amplify (Table 2). The rates of PCR amplification success for β-tub, 28S, 60S, Hsp90, and EF-1α were also high (>90%; Table 2). Markers tigA, ENL, and cox1 (using primer pair COXF4N and COXR4N) had relatively low success rates (≤ 80%) with the tigA being the most difficult (Table 2).


Table 2. PCR consistency and overall species distance across the genus Phytophthora by genetic marker.
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Sequences could not be obtained from 11 taxa for 60S, 2 for β-tub, 12 for EF-1α, 12 for ENL, 3 for Hsp90, 11 for 28S, 16 for tigA, 2 for ITS, and 6 for cox1 (Table 2). These taxa were excluded from distance analyses of individual markers. Eleven taxa missing any of cox1, ITS, tigA, or β-tub sequences were also excluded in the comparison of individual-marker trees with concatenated-sequence tree.

Sequence lengths were consistent for all markers except for the ITS, in spite of missing data at either or both ends of short sequences. Length of ITS sequences varied from 744 bases (P. hydrogena in cluster 9a1 of subclade 9a) to 848 bases (P. intercalaris in clade 10).

Among the nine markers, the aligned length was the shortest for 60S and longest for Hsp90 (Table 2). The aligned length of concatenated sequences (cox1, ITS, tigA, and β-tub) of 150 Phytophthora taxa plus the outgroup was 4,714 bases.

Genus-Wide Distance Analyses

The mean species distance of cox1 was the highest among the nine markers (Table 2). ITS had the highest genus-wide resolution among the nuclear markers, followed by tigA and β-tub (Table 2). ENL, 28S, 60S, Hsp90, and EF-1α had lower species distances (mean distance < 0.04). EF-1α had the lowest resolution across the genus (Table 2). Species pairs with identical sequences (distance = 0) were found for all markers.

Distances Within Individual (Sub)Clades

Four markers including cox1, ITS, tigA, and β-tub, were selected for distance analyses within individual (sub)clades. Species distances (mean values and ranges) for 10 Phytophthora clades and 20 subclades according to previously assigned numbers (Yang et al., 2017) are listed in Table 3.


Table 3. Species distance of the four most informative genetic markers with recommendations for identifying isolates in each Phytophthora (sub)clade.
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Among the four markers, tigA and cox1 had relatively high distances within most (sub)clades. Species with identical sequences were found in 3 clades and 2 subclades for cox1, 2 clades and 2 subclades for tigA, 5 clades, and 8 subclades for β-tub, and 6 clades and 5 subclades for ITS (Table 3). Species pairs with identical sequences of each marker in individual (sub)clades are listed in Table 4.


Table 4. Species pairs with identical sequences for four genetic markers.
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For clade 1, there were no identical β-tub sequences, while identical species pairs were found for the other three markers (Table 3). No identical sequences of cox1 or tigA were found in clades 2 and 6. All markers except for the ITS had acceptable to high (minimum distance = 0.002–0.027) resolution within clade 3, 4, and 5. Identical ITS sequences were found in clade 5. Almost identical ITS sequences (distance ≤ 0.001) were found in clades 3 and 4. tigA was the only marker of unambiguity for clade 8, although almost identical tigA sequences were present in that clade (Table 3). No identical sequences of cox1 or ITS were found in clade 9. All markers provided high resolution among clade-10 species.

Comparison of Individual-Marker Trees With Concatenated-Sequence Tree

The resulted clade assignments and clade affiliation of individual species (Table 1) based on the concatenated-sequence tree (TreeBASE S22998) were nearly identical to those generated in previous phylogenetic studies (Blair et al., 2008; Martin et al., 2014; Yang et al., 2017) except that the placement of P. quercina was ambiguous.

All trees from sequences of the three nuclear markers had similar topologies (score = 75.3–81.7%) to those of the concatenated-sequences trees in both ML and NJ analyses. In contrast, cox1 sequences produced trees of distinct topologies (TreeBASE S22998). The overall topological similarities to the concatenated-sequences trees were approximately 45% lower than those of nuclear markers in both analyses (Table 5).


Table 5. Similarity of individual-marker trees to concatenated-sequence tree.
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DISCUSSION

This study identified four most informative genetic markers for identifying Phytophthora species: cox1, ITS, tigA, and β-tub. The resolution of each marker depended on (sub)clade. These results along with the signature sequences generated by Cooke et al. (2000), Kroon et al. (2004), Blair et al. (2008), Martin et al. (2014), and Yang et al. (2017) enable first responders, diagnosticians, and researchers to identify Phytophthora isolates with confidence at minimal cost in the briefest time possible.

ITS

Using the ITS sequence to identify Phytophthora isolates has several advantages. First, the ITS region has the most comprehensive sequence database when compared to other markers. As this marker has been proposed as the barcode for fungi and oomycetes (Seifert, 2009) and later designated as the barcode for all fungi (Schoch et al., 2012), almost all known Phytophthora taxa have been sequenced for the ITS region. Subsequently, sequencing the ITS region of unknown Phytophthora isolates has become a common practice in research labs and plant disease clinics. Second, the ITS region amplified by the primer pair ITS6/ITS4 has the best universality across the genus and the highest PCR consistency among markers evaluated in this study (Table 1). Third, the clade affiliations of individual species based on the ITS sequences mostly accord with those based on multilocus sequence data (Table 5).

Despite the above merits, ITS alone is not sufficient to identify all Phytophthora isolates to the species level. Identical ITS sequences have been observed in 16 pairs of species in clades 1, and 5–8, more than any of tigA, β-tub, and cox1 (Table 4). These identical and other almost identical ITS sequences (distance ≤ 0.001 or difference between sequences ≤ 10 bases) were found in clades 1–9, while those for tigA, β-tub, and cox1 only occurred in 4, 5, and 4 clades, respectively (Table 3). This result indicates that it is important to use additional markers to identify Phytophthora isolates in all clades, perhaps with the exception of clade 10.

Due to its high universality, availability, and PCR consistency, the ITS region is an ideal first genetic marker for identifying Phytophthora isolates to clade.

cox1 Amplified by the Primer Pair COXF4N/COXR4N

The cox1 has the highest genus-wide resolution among the evaluated markers (Table 2). Only three species pairs with identical cox1 sequences were found (Table 4). However, using cox1 alone for identifying Phytophthora isolates presents a few problems. First, cox1 had the second lowest PCR success rate (Table 2). In cases, adjusting MgCl2 and BSA concentrations, and annealing temperature were required for a successful amplification. However, it is important to note that the presented PCR success rates (Table 2) were calculated based on all PCR amplifications done by the two authors in the past 6 years, while many other factors could influence the PCR success rate, such as the quality of DNA templates and primers, and different PCR operators and thermocyclers. Second, (sub)clade-classification solely by cox1 may conflict with those assigned by multi-locus analyses (Table 5). Thus, using cox1 alone may lead to misidentification of unknown Phytophthora isolates at the (sub)clade-level. Third, due to the uniparental inheritance of mitochondria, it is impossible to separate a hybrid Phytophthora species from its maternal parent based on the cox1 sequence. This is increasingly important as Phytophthora hybrids have been commonly found in many ecosystems (Nirenberg et al., 2009; Man in't Veld et al., 2012; Nagel et al., 2013; Yang et al., 2014; Husson et al., 2015; Jung et al., 2017). This problem not only occurs for cox1, but also for other mitochondrial markers that were not evaluated in this study.

tigA

The tigA has moderately high genus-wide resolution (Table 1). High similarity in topology between the tigA tree and the multi-locus tree (Table 5) makes this marker useful in assigning Phytophthora isolates to (sub)clades. Additionally, it had excellent resolution within most individual (sub)clades. Species with identical tigA sequences were found only in subclades 1c and 9a1 (Table 3). However, this marker has the lowest PCR success rate of 71%. In addition, internal primers were usually required for sequencing (Table 1), which increases the cost. Both factors potentially compromise the usefulness of the tigA marker.

β-tub

The marker β-tub had the fourth highest genus-wide resolution. High similarity in topology between the β-tub tree and the multi-locus tree (Table 5) makes this marker also useful for assigning Phytophthora taxa to (sub)clades. Like ITS, β-tub is easy to amplify (Table 2), which further adds to its usefulness. However, 22 species pairs in clades 2, and 6–9 have identical β-tub sequences (Table 3). Thus, β-tub does not have the resolution required for identifying Phytophthora isolates to species in these clades.

CONCLUSIONS

Among the nine genetic markers evaluated in this study, cox1, ITS, tigA, and β-tub were the most informative for the genus Phytophthora. Both ITS and β-tub were easy to amplify but had limited species distance within some (sub)clades. Comparatively, cox1 and tigA had high resolution within most (sub)clades but they were relatively difficult to amplify. In addition, cox1 was not useful for assigning species to (sub)clades nor for identifying hybrid taxa. Taken together, a two-step approach is recommended: identifying unknown Phytophthora isolates to clade level with ITS sequences then to species level with one or more additional markers (Table 3). For example, β-tub can be used to readily identify all species in clade 1, cox1 for clade 2, and tigA for clades 7 and 8 (Table 3).These recommendations along with available signature sequences enable first responders, diagnosticians, and researchers to identify Phytophthora isolates with confidence at reduced time and cost.
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1a P cactorum 2266 P10194 PRhododendron  Ohio,USA na®  MHE20014 MHG20100 KX250369 KX250370 KX250371 KX260372 KX250373  KX260374  KX250375
.
P hedraiandra 625 111725 19523 T Vibumumsp. The 2001 AYTEO11S AYTOTOST KX250397 KGS0398 KX250399 KXRS0400 KORSO401  KX80402  KX250408
Nethertands
Pidaci 34D4 97195 MYA40SS 813728 P6T67 T Rubusidacus  Scotland, UK 1987 FUB01946  EUOBOT20 EU0BOI30 EUOBOT3 ELB0IS2 EUOS0ISE ELOB0I3  EU0SOISS
Pidasi 313727 A AV564185
P pseudotsugae 52088 331662 P10339 T Psendotsuga  Oregon, USA 1976 AY564199  FUBCR112  EUOS0426 EUOBO427 EUOB0428 EUOSO420 EUCBO430 EUOBOMST  EU0BOG2
mendesii
1b P clandestina 3261  347.85 56710,60438 27803 PGS T Titolium Australia 1985 MH620101 EU070866 EUO79867 EUO79863 EUO79869 EUO79870 EUO79871 EUOT9872
subtemaneun
P clandestina 287317 AY564172
Piranica 6104 37472 60207 158064 P8B2 T Solanum Iran 1960  AYS64180 MHG20102 KX250430 KX250440 KX250441 IKX250442 KX2SOM3  KX250444  KX250445
melongena
P tentacuata 3068 MYA3655 Agyranthemum  Genmany 2004 MHG20015 MHE20103 KX250453 KO260454 KX250455 KX250456 KXR50457  KXR50458  KX250459
futescens
1o Pandiva P13365 T Solanum Ecuador 2001 FUB01734  EUOBO1S2 EUOBOIS3 EUOSO1S4 ELOBOISS EUOSOTSS EUOSOTS7  EU0BO1SS
breviolum
P andina A AY564160
Pinfestans 27A8 Solanum Mexico 1992 KOTB3447 KOTB3443 KX2504T4 KOS04TS KX250476 KX250477 KX250478 KX250479  KX250480
taberosum
P ipomosae 3185 109229 P10225 T Ipomoea Mexico 1999 MHG20016 MH620104 EUB0B30 EUOB0B31 EUOB0832 EU0B0B33 EUOS0S34 EUOB0B3S  EUCB083S
longipedunculata
P mirabis 30c1 84069, P300S A Miabits jalapa Mexico na.  MHG20017 MHG20105 KX250481 KX250482 KX250483 K250484  KO50485 KO250486  KX250487
MYA-4062
P phaseol 2084 Phaseolus Delaware, USA 2000 MHG20018 MHG20106 KX250405 KX250496 KX250497 KX250498 KX250499 KX250500  KX250501
knatus
1 P, icotianae 22F9 15410, Nootiana North Carina, n.a.  KF317091 KF317070 KX250500 KXS0510 KX250511 KXRS0512 KX250513  KX250514  KX250515
MYA-4037 tabacum usa
2 P botryosa 6206 58160 136015 P342s T Hevea brasilensis Malaysia 1966 MHE20010 MHB20107 KX250S37 KX250538 KX250530 0250540 KOXS0541  KX250542  KOX250543
P cirophthora 0385 Imigation water  Viginia, USA 2000  KF317006  KF317075 KX250544 KX260545 KX250546 KX250547 KX2S0548  KX280549  KX25050
P, colocasiae 3503 Colocasia Hawai, USA 2005  KF317007 KFB17076 KX250565 KX260566 KX250S67 KX250568 KX250560 KX250570  KX25067H
esculenta
P himalsiva 61G2 128767 T Quercus Nepal 2005 MHG20020 MHG20108 KX50572 KXRS0573 KX250574 KXRS0S75 KX@505T6 KX@50577  KXR50578
leucotricophora
Pmeadii 619 21068 129185 Hevea brasiiensis India 1987  AYS64192 MHE20100 KX250503 KX250594 KX250505 KX250596 KX250507 KO250598  KX250599
P ocutans 6580 101657 T Buxus The 1998 MH620021 JXO78155 KXP50600 KOX250601 KX250602 KX250603 KX250604 KX250605 KX250606
semperviens  Netherlands
P torminalis 6588 133865 T Pachysandra  The 2010 JXO7B168 JXOTBI67 KX2S0607 KX250608 KX250609 KX250610 KX250611 KX250612  KX250613
terminalis Nethertands
2 P amaranthi T Amarantus  Teivian 2008 na GUI1585 na. KI179949  na. na. na na. na.
icolor
P capsici 22F4 16399, A Capsicum annum NewMedco, 1948 KFG17094  KFO1T073  KX250835  KOS0636  KXGS0637  KXR50638  KOS0630  KO60840  KX250641
MYA-4034 usa
P glovera 6284 121969 Piiess T Neotiana Brazi 1995 MH620022 MHG20110 KX250649 KX250650 KX250651 KX260652 KX250653 KX260654  KX250655
tabacum
Pmengei 4282 MYA-4554 T Perseaamericana Calfornia, USA na.  MHE20023 EUTAB545 KX250656 KOR50657 KX250658 KX260850 KX250660 KX250861 KX250662
P.mexicana 4564 55488 46731 92550  POG4S Solanum Agenina na. MHG20024 MHE20111 KX2S0670 IOQRS071 KK2S0672 KXSOS73  KQSOST4  KHRS0STS  KX2S0676
lycopersicum
P siskyouensis 4187 122779 MYA4187 Pis122 T Steamwater  Oregon,USA 2003  KF3IT102 KFG17081 KX250677 KOQRS078 KXRS0679 KOQSOS80 KXQS0881 KOQS0882  KX250683
P tropicals 3508 43491 76651, T Macadamia  Hawaii, USA na.  MH620025 MH620112 KX250698 KX250699 KX250700 KX250701 KX250702 KX20703 KX250704
MYA-4218 integritolia
P sp. brasilensis 46705 PO A Theobroma  Brazil 1969 na. GU259388  EUOB049 EUOB0420 EUOSO42! EUOBO4Z2 EUOBO423  EUOBD24  EUIBO42S
cacao
2 P acerna 61H1 130981 T Acer ttaly 2010 MHG20026 JXO51285 KX2SO712 KXRSOT13 KX2S0T14  KXRSOTS KX@SOTI6 KXQSOTT  KX2S0718
pseudoplatanus
P capensis 6201 128319 Pi819 T Cutisadentata SouthAfrca  na.  MHE20027 MH620113 KX250726 KOQ50727 KX250728 KX250729 KX20730  KX280731 KX250732
P citicola 3348 22188 60440 21478 POTI6 T Cittus sinensis  Teiwan 1987 KFG17005 KFO17074 KX2S0747 KOX@S0748 KXRS0749 KXRSO7S0 KX@S0751 KX@S0752  KXRS0753
P muttvora 5505 12004 T ol Western 2007 FUBTS08  FJ0TS21  KXGSOTTS KXRSOTTE  KXRSOTTT KXQSOTT8  KXQSOTT9  KX2S0780  KX250781
Australa,
Australia
P pachypleura 61HT 502404 T Acuba jeponica UK 2008 MHG20028 MHG20114 KX250780 KX2S0700 KX250791 KX250792 KXRS0793 KX250794  KX250795
Ppini 45F1 64532 T Prusresinosa Minnesota, 1925 KFSI7100  KF317079  KX250810 KO250811 KX250812 KX250B1S KX250814 KX250815  KX250816
usA
P plurivora 269 MYA3657 A Kalmia latiola  Western 1998 KFGI7101  KF317080 KX250817 KX250818 KX250819 KX250820 KIX250821 KX250822 KX250823
Australa,
Australia
Praonemzans 612 A Agathosma  Souh Afica 2005 MHE20020 MHE20115 KX250850 KX250860 KX250861 KX250862 KI250863 Ki250864  KX250865
betuina
20 P bisheria 31E6 122081 P10117 T Frageria x North Carolina, 1999 MHG20080 MHG20116 EUOBOT41 EUBOT42 EUBOT43 EUOBOT44 EUOBOT4S EU0BOT46  EUCSOT4T
ananassa usa
P elongata 5504 125799 T ol Western 2004 MHG20031 MHG20117 KX250804 KX250805 KX250896 KX250897 KX250898 KX250899  KX250000
Australa,
Australia
P figida 4768 T Eucalyptus smithi South Afrca 2001 KF317008  KFI17077  KX250015  KX250016  KXG50017 KX@50918  KX250919  KO250920  KX250921
2 Pmulliesicuata  29E3  545.96 PlO410 T Cymbidium sp.  The na  MH620032 MH620118 EUOB006S EUOB00G6 EUOS00G7 EUOBO0S EUCBO0ED EUOBOOTO  EUCBOOTH
Netherlands
Ptaonaquatiis 385 MYA4577 A Steamwater  Viginia, USA 2006  KF317103 FUBS6126  KX250020 KX250030 KX250931 KX260932 KX250933 KX250934  KX250935
3 Pilcis 6247 114348 T lexaquiokun  The na.  JX524150 JX524158 KX250050 KX250951 KX250952 KX250053 KX250054 KO250955  KX250956
Netherands
Pnemorosa 414 MYA-2048 T Lithocarpus Calfornia, USA na.  KFSIT104  KF317082 KX250064 KX250065 KX250066 KX250967 KX250968 KX250969 KX250970
densiforss
P plaials 6083 MYA-4930 T Rainwater Oregon,USA 2008 MHG20033 MHG20119 KX250071 KX20072 KX2S0O73 KX260074 KXRS0075 KX260076  KX2S0077
Ppseudosyingae 308 111772 MYA4222 T Quercusrobur  Gemvany 1997  KFB17105 KFG17083  KX2S0078 KOQRS0079 KX250060 KOX250981 KO50982  KHRS0983  KX250984
P psychrophia 2005 80395 T Quercusrobur  Germany 1995 KF356200  KF356227  KX250002 KO250993  KX250904  KX260995 KX250996 KX260997 KX250998
4 P atticola 4765 121939 P16043 A Eucalpptus dumi South Africa  na.  KFBI7106  KFS17084  KX251006 KX251007 KX251008 KX251009 KX2S1010 KX251011  KX251012
P arenaria 65C2 127950 T Soil Western 2009 MHG20084 MHE20120 KX251013 KX251014 KX251015 KX251016 KX@51017 KX251018  KX251019
Australa,
Australia
P boodfera 133637 Sol Western 2012 KIG9B688  KU72244  na. Ki372283  na. KIB96738  KIS96710 n.a. na.
Australa,
Australia
P megakarya 61J5 23883 42100 202077 T Theobroma  Cameroon  na.  MHE20035 MH620121 KX251034 KO51035 KX51035 KX251087 KX251088  KORS1039  KX251040
cacao
P palmivora 2269 MYA-4038 Theotroma  CostaRca  na.  KF317108 KFG17086 KX251055 KO251056 KX251057 KX251058 KX251059 KX251060 KK251061
cacao
P quercetorum 1807 Soil South Carolina, 1997  KF358240  KF358208 KX251062 KX251063 KX251064 KX251065 KX251086 KX251067 KX251068
usa
P quercina 3005 78495 MYA4084 T CQuercusrobur  Gemany 1995 KF358241 KF358220 KX252654 KX252655 KX252656 KX252657 KX252658 KX262650 KX252660
P sp. ohioensis STIB97 A ol Oho,USA 2006 na. Phytophthora Phytophthora Phytophthora Phytophthora Phytophthora Phytophthora Phytophthora Phytophthora
Database  Database Database Database Database  Database  Database Database
5 P agathidcida 6705 PisI7s T Agathis austras NewZealand 2006 MHE2003 KP295308 KXS1076 KXRS1077  KX2S1078 KX2S1070  KX251080  KO251081  KOX251082
P castancae 617  567.85 36818 325014 T Soil Taivan na.  AYSGH190 MHG20122 KX251007 KO251008 KX251009 KX251100 KX@51101 KX251102  KX251108
P cocois 6706 T Cocosnucilera  Hawaii, USA 1990 MH62007 KP205304 KX251104 KO51105 KX251106 KX251107 KX251108 KX251100  KX251110
P heveas 2201 20629 180616 T Heavaesp.  Malaysa  na.  AYS64182 MH620123 KX251111 K251112 KXZ51113 KOX251114  KX251115 KX251116  KX251117
6a P balyanbooda 143058 Soi Western 2011 MF326863 KU372288  na. MF326806  na. na MF3268%2  na. na
Australia,
Australia
P condilina 143059 Soil Western 2011 MF326843 KIT2262 na MF326814 na. na. MF326859 n.a. na.
Australa,
Australia
P.coofarioo 143062 Sol Western 2008 HQO12881 HQO12957 na. MF326816  na. na. HO012025 n.a. na.
Australa,
Australia
P gemini 4641 123382 A Zosteramarina  The 1999 MHG20088 FU217680 KXO51125 KXO51126 KX@51127 KIQ51128 KO@51129 KO251130  KX251131
Netherlands
P humicola 32F8 20081 52179, P3826 T Soi Taivan 1976 KF112862 KF112855 KOQ51130 KORST140 KX25T141 10R51142 KORSTI48  KOXRS114¢  KXE51145
MYA-4080
Pinundata 3003 390121 T Ctea'sp. Spain 1996 KF112883  KF112856 KX251153 KX251154 KX251165 KX251166 KX251167 KX251168  KX251159
P kwongonina 143060 ol Western 2010 MFG26847 UNSATGI6 na MF328824  na. na MF326876  na. na
Australa,
Australia
P pseudorosacearum 143061 ol Western 2013 MF326858 KUOT2267 na. MF326827 na. na. MF326878 na. na.
Australa,
Austraia
P rosacearum ant MYA-4456 T Mealus domestica Calfornia, USA naa.  MHG20039  MHE20124 KXES1445  KO@51446  KIQ51447  KXR51448  KIXR51449  KOR51450  KXR51451
P sp. personi P11555 A Neotiana North Carolina, n.a. FUB01604 EUOS0312 EUOBO313 EUCSO314 EUOBOBIS EUCBO3IS EUOBOGIT  EU0BO31S
tabacum usa
P sp. personi A MFa26861
P taxon walnut 40A7 A Imigation water  Viginia, USA 2006 MHG20040 MHG20125 KX251452 KX251453 KX251454 KX251455 KX251456 KX251457  KX251458
6 P amricoa 61G6 131652 T Stream water  Western 2009 MHG20041 MHE20126 KX51167 KX251168 KKR51169 KXRS1170 KX@STITI  KX@51172  KX2S1173
Australa,
Austraia
P bilorbang 6168 131653 T Sol Western 2010 MHG20042 MHG20127 KX51181 KX251182 na, K518 K@51184  KIR51185  KX251186
Australa,
Australia
P borealis 6082 132023 MYA-4881 T Steamwater  Alasia,USA 2008 MHG20043 MHE20128 KX2STIT 051188 KXRSTIO KOS11S0 KIRS1191 KOR51192  KX251193
P chlamydospora 28765 380736 T Prunus sp. United Kingdom 1971 AF5418%0 KF750602 na. na na
P16851 JF273125 GUSO4846
Soil Western 1995 HQO12878 HO012022
Australa,
Australia
P crassamura 6601 140357 T ol aly 2012 MHG20044 KPBS3AO3 KXK251201 KOQS1202 KQ51203 KOQ51204 KOR51205 KO251206  KX251207
P, fuvials 5586 120424 T Streamwater  Western 2009 MHG20045 MHG20120 KX251208 KX251200 KKR51210 KX251211 KX251212 KX251213  KX@51214
Australia,
Australia
P gibbosa 6288 127951 T Soi Western 2009 MHG20046 MHG20130 KX251222 KXR51223 KOXR51224 KX251225 KO251226  KO251227  KX261228
Australia,
Australia
P.gonapodyides  G4AB  §54.67 60351 Pog72 Resenvoir water  na. 1967  KO733448 KF112854 KX251206 KO251237 KX251208 KOX251230 KXR51240 KO51241  KX251242
P gregata 6289 127952 T ol Western 2000 MHG20047 MHG20131 KX251250 KX251251 KX51252 KXR51253 KO51254 KO251265 KO@51256
Australia,
Australia
Placustis 380725 P10337 T Saixmatsudana England, UK 1972 JFB96561  AF266790 EUOB0S30 EU0BOS31 EUOS0S32 EUOB0S33 EUCBOS34  EUOBOS3S  EUOB0S36
P torals 5580 127953 T Soi Western 2003 MHG20048 MHG20132 KX251278 KOX@51279 KX251280 KO251281 KO@51282 KOR51283  KX251284
Australa,
Australa
P megasperma 6207 40272 58817 32035 Pasoy T Athaearosea  Washingion 1931 MH620040 MHG20133 KX251285 KO251285 KX251287 KO251288  KO251280  KO251200 na
0C. UsA
P mississippiae 703 MYA-4946 T Imgationwater  Mississippi, 2012 KF112860 KF112852 KX251305 KO@51306 KXR51307 KXR51308 KXR51309 KXRS1310  KX251311
usA
P omamentata 6602 140847 T ol aly 2012 MHG200S0 KPBS3I06 KX251310 KRS0 KX251321 KXR51322 KOR51323  KOX251324  KX251325
P pinitola 4Tt 122026 P16100 T Pinus radata Chie 2007 UNOGSOB0 MHE20134 KOX2S13  IO@S13B  KXRSIS  KORS1E  KRSIRT  KHR51338  KXR51330
P riparia 60B1 132024 MYA4882 T Steamvwaer  Oregon,USA 2006  MHE20051 MHE20135 KX51347 KO(S51348 KX251340 KOR51350 KOQ51351 KOQ51352  KX251353
P, thermophia s6C1 127954 T Soi Western 2004 MHG20052 MHG20136 KX251354 KX251355 KX251356 KX251357 KO251358 KX251359  KX251360
Australa,
Austraia
P x stagnum 49F3 MYA-4926 T Imigationwater  Viginia, USA 2007  KCE31619 na. KX251375  KOR61G76  KX251G77  KX251378  KX251079  KX251380  KX251381
6 P asparagi 6204 132005 MYA4826 T Asparagus Michigan, USA 2006 MH620053  MHB20137 KXS1478  KO51474  KXO51475  KO51476  KOQB1477  KQ51478  KX251479
offcinals
P sp. sulawesiensis P65 A Syzvgim Indonesia 1980 HQ261458 EFS00257 EU0B034S na EU0B0346  EU0B0S47 EUOB0348  EUOB0SAS  EUCBO350
aromaticum
7a Pattenvata 6705 141199 T Castanopsis  Taiwan 2013 MHG20054 KUSITISA KX251600 KXRS1610 KX251611 KX251612 KX251613 KK251614  KX251615
caresi
hizosphere soil
P eurcpaca 6242 109049 T Sol France 1998 MH620055 MHG20133 KX251522 KX251523 KX251624 KO51525 KXRS1S6  KXRS1S27  KXK251528
P flexuosa 6703 T Sol Taivan 2013 MHG20056 KUSITIS2 KK251616 KXO51617 KX251618 KXR51619 KX251620 KOQ51621 KX251622
P fomosa 67C4 T Sol Tiven 2013 MHG20057 KUSITISS IOX251623 KO@S1624 KOXR51625 KOR51626 KOQ51627  KOR51628  KX251620
P fragariae 613 20946 181417 P63t T Fragaria x Engand, UK na.  MHE20058 MHG20130 KX251543 KX251544 KX251545 KX251546 KO51547 KO261548  KX251549
ananassa
Pintricata 6789 T ol Taivan 2013 MHE20050 KUSITISS KX251630 KX251631 KX251632 KO251633 KX251634 KOR51635  KX251636
Prubi 4607 90442 T Rubusidasus ov. Scoland, UK na.  DQB74736 HQG4340 KX2S1564  KOS1S65  KXES1S66  KXRS1S67  KN251568  KHRS1560  KX2S1570
Glen Clova
P ulginosa 6243 109054 P10413 T Soi Poland 1998 MH62000 MHG20140 EUOBOO1! EUOBOOT2 EUCBOOTS KX251S71 KX251672 EUOBOOTS KX25173
P uniomnis Aus sp. Sweden 1996 KUBBI01O AF139367 na. KUB99260 na. na. KUBS9417 na na
Pxai 4TA7 302314 T Anus sp. UK 1904 KUBBIOIT MHG20141 KX251588 KOR51580 KX251500 KX51501 KX251502 KX251503  KX251504
P x cambivora 22F6 48719, Abies sp. Oregon,USA na.  MHE20061 KT183037 KX251404 KX251495 KX51496 KX251497 KOX251498 KO261490  KX251600
MYA-4076
P x heterohybrida 67C1 141207 T Streamvater  Taiwan 2013 KUSITIAS KUSITIST KX2S1637 IO@S1638 KOX51609 K510 KIQ51641  KHR51642  KXR51643
P x incrassata 67C2 141200 T Streamvater  Taiwan 2013 KUSITISO KUSITISE KX251644 KXR51645 KX251646 KX251647 KO251648 KX251649  KX251650
P x multformis. 392816 P16202 Abies sp. The 1994 KUSBIOTS AF139368 na. KUB99239 na. na, KUB93% na. na.
Netherlands
o P asiatica 61H3 133347 T Puerarialobata  Japan 2005 MH620082 MH620142 KX251665 KX251666 KOR51667 KOQ51668 KO251660 KORS1670  KX251671
P cajari 45F7 44388 P3105 T Cajanus cajani India na.  MHG20063 MHE20143 KOX251686 KOQSIGS7 KXQ51688 KXR51680 KX251690 KOR51691  KX251692
P melonis 45F3 5860 52854 T Cucumis satiss Japan na.  MHE20064 KTI83041 KXOS1707 KOQSITOB K@S1T00 KIQSITIO KQ@SITI  KQ@SITI2  KXSITIS
P nioderhauseri  S1E7 P10817 A Thuja occidentals North Caroina, 2001  MHE20065 MHE20144 KX251728 KOQ51720 KOR51730 KORS1731 KORS1732 K0RS1738  KOXR51734
usa
Rpisi 60A¢ T Pea Sweden 2009 MHG20066 KT183042 KX251735 KXR51736 KXRS1787 KX@51738 KX251739  KX251740  KX251741
P pistaciae 3306 MYA40B2 386658 T Iran 1985 MHE20067 KT1B3043 KOQ51748 KORS1740 KX2S1750 KXRSI7S1 KORS1752  KXRSITSS  KXRS1754
P sojae 2208 31262 16705, 181375 Ontario, 1959 MHG20088 MHG20145 KXR51762 KX251763 KX251764 KXRS1765 KORSIT66 KXR51767  KX251768
MYA:3899 Canada
P vignae 4506 46735 na na  MHG2008 MHE20146 KX2S1TT6 KORSITIT KXRSITT8  KXRSITTO  KNRSITB0 KXRSI781  KX51782
7c P cinnamomi 611 14422 46671 22088 P2110 T indonesia 1922 MHG20070 MHG20147 KX51811 KOQS1812 KX251813 KX251814 KXR51815 KX251816  KX251817
Ppanvispora 6608 132772 T haly 2011 MHG20071 KCAT8G67 KX251830 KO@51840 KX251841 KO251842 KX251843 KOR51844  KX251845
Psp.ax 46HS A Vigiia, USA 2008 MHG20072 MHG20148 KX251846 KX251847 KX251848 KX251849 KX251850 KX251851 KX251852
7d P fragariasfolia 61H 135747 T Japan 2005 MHG20073 MHG20149 KX251853 KX251854 KX251855 KX251856 KX251857 KX251858  KX251859
P nagai 61Hs 133248 T Japan 1968 MHE20074 MHG20150 KX251860 KO251861 KX251862 KX251863 KX251864 KX251865 KX251866
ga P eryptogea 61HO 11319 180615 P1738 T reland na.  MHG20075 MHG20151 KX251867 KX251868 KX251860 KX251870 KOS18TH  KX251872  KXR51873
P drechsior 2305 20235 46724 P1087 T © Calfforia, USA na.  MH620076 MH620152 KX251838 KX251880 KX251800 KX251891 KX251892 KX251893 KX251894
Penthroseptica 6102 12923 34684 P1693 T Ireland na.  MHG20077 MHG2053 KX251805 KX251806 KXR51807 KX251898 KX251899 KO251900  KX251901
P medicagin's 234 MYA3900 Oho,USA  na  KF338206 KFG58223 KX251902 OX251903 KX251904 KX251905 IOX51906  KOX251907  KX251908
P pseudocnyptogea 109749 T Western 2006 KP288342  KP288376 na.
Australa,
Australia
P pseudocryptogea 52402 P3103 Solanum Ecuador na. EUOS0626  EU0B0S27  EUOB0S23  EUOB0G29  EUI0B0GA0  EUOBOG3T
marginatum
P richardiae 455 2403 60853,46734 525060 T Zantedeschia  USA na. MHG20078 MHG20154 KX51923 KNR51924 KX251925 KOR51926 KNR51927  KO251928  KX251929
aothiopica
P sansomeana a3 MYA-4455 T Gycine sp. Indana, USA na.  MHG20070 MHE201S5 KX251980 O@S1931 KX251902  KOQS1933  KQ51934  KO251935  KX251936
P tioli 6200 117687 T Tiolumsp.  Mississppi.  na.  MHE20080 MHE20156 KX251958 KOQ51050 KX251060 KXR51961 KOR51962 KX251963  KX251964
usa
P sp. kelmania 247 MYA-4162 A Abies concolor  West Virginia, 1998 MHG20081 MHG20157 IKX251986 KOX251967 KX251988 KX251980 KX251900 KX251991  KX251992
usa
8 P brassicae 618 17987 P7517, T Brassica oleracea The 1986 MH620082 MHE20158 KX252000 KO252001 KX252002 KX252003 KX252004 KX252005  KX252006
P19521 Netherands
P cichori 6208 115020 T Ciohorium ntybus The 2004 MHE20083 MHE20160 KX252007 KOR52008 KX252000 KOR62010 KX252011 KX282012  KX252013
vax. folosum  Netherlands
P dauci 61E5 127102 T Daucus carota~ France 2000 MHG20084 MHG20160 KX252014 KX252015 KX252016 KX252017 KX252018 KX262019  KX252020
P lactucae 61Fa T Lactuca satia  Greece 2001 MHG20085 MHG20161 KX252042 KO252043 KX252044  KO252045 KXR52046  KO252047  KX252048
P primulae 2059 62097 Prinulaacais  Germany 1997  KF356238  KF356226 KX252063 KO252064 KX252065 KX262066 KX252067 KX252068  KX252069
P pseuddactucae 187103 Lactuca sativa  Japan 2013 na AB89438  na. na. na. na na. na. na
P taxon castiis 61E7 131246 A Fragaria x Sweden 1995 MHE20085 MHE20162 KX252008 KORS2000 KX252100 KORS2101 KX252102  KO252103  KXRS2104
ananassa
P taxon parsley. 6161 A Petroselioum  Greece 2006 MHG20087 MHG20163 KX252105 KXO52106 KX252107 KX52108 KX252100 KO252110  KX252111
crispum
& P foliorum 48 121655 MYA3638 P10O74 T Rhododencron  Tennessee, 2004 EU124918  MH620164 KX252112 KO@62113  KX252114 KX262115 KX262116 KX62117  KX252118
. usa
P, hibermalis 20H1 27031 60352 36906 PESTH Citus sinensis ~ Portugal 1931  MH620088 KT183030 KX252110 KX262120 KX252121 KX252122 KX252123 KX262124 KX252125
P lateralis 22H9 MYA-3898 A Chamaecyparis  Oregon, USA na.  MH620080 MH620165 KX252133 KO252134 KX252135 KX252136 KX252137 KX262138  KX252130
lawsoniana
P ramorum 3262 Camelia japonica South Carolina, na.  MHE20000 MH620166 KX252147 KX252148 KX252149 KX262160 KX262151 KX262152 KX252163
usA
] P austrocedrae 4186 122911 MYA-4074 T Austiocedtus  Argenfina 2005 KF356203  KFGS8220 KX252168 KOQRS2169 KX2S2170 KRS217H  KKR52172  KXRS2173  KX52174
chiensis
P obscura 600 120273 T ol Gemany 1994 MHG20001 MHE20167 KX252175 KO@S52176 KXR52177 KXQS2178 KXQS2179 K)252180  KX252181
P syringac 21H9 34002 POBI9 Citrus sp. Calfomia, USA na.  MHE20002 MHG20168 KX252106 KX262107 KX252108 KOX62100 KX262200 KOX262201  KX250202
8 Psticta s8A1 MYA-4944 T Inigation water  Mississppi, 2012 KF192702  KF192604 KX252210 052211 KX52212 KO60213  KXKRS2214  KOK62215  KX252216
usA
Sa cluster R aquinorbida 4086 MYA4578 T Imigation water  Viginia, USA 2006  GOR04536 FJBGGT27  KX252238 KOX252230 KX252240 KX2S2241 KOKRS2242  KOXRG2243  KOXR52244
9at)
Pohysanthemi  61F1 123163 T Chrysanthemum  Japan 2000 MHG20096 KT183088 KX252066 KX262267 KX250268 KX252260 KX@52270 KX252271 KX252272
x morifolm
P hydrogena 463 MYA-4919 T Inigation water  Viginia, USA 2007  KC249962 KC249050 KX252080 KOX262081 KX252282 KX252283 KOXR50284  KOXR62285  KOX252286
P hydropathica 0501 MYA-4460 T Inigation water  Viginia, USA 2000  KC733452 EUSB3703 KX252204 KO262005 KX252206 KX262207 KKR52298  KOX262209  KX252300
Pinigata 2807 MYA-4457 T Imigation water  Viginia, USA 2000  KC733453 EUG3634 KX252315 KX252316  KX252317 KX252318  KXKRS2319  KX252320  KX252321
P macientosa 58A7 MYA-4945 T Imigation water  Mississppi, 2012 KF192708  KFI92700 KX252343 0252344 KX252345 IOX252346  IOS234T  KO262348  KOX252349
usa
P parsiana 41C3 395320 T Feuscaica ren 1991 KCT33455 KCT33446 KX252357 K252358 KX252350 KX252360 KOR52361 KX262362  KX262363
P virginiana. 462 MyA-4027 T Inigation water  Viginia, USA 2007  KC295546 KC206544 KX252078 KX252070 KX252380 KX252081 KX252382 KX252083  KX252384
Paflparsina Gl 47C8 A Pistaciavera  Iran na. MHG20004 MHG20160 KX252007 KX252308 KX252000 KX252400 KX252401  KOX262402
P aff. parsiana G1 395228 PB61S Pistaciavera lran 1992 EU080201
Paff.parsianaG2  47C5 395330 A Pstaciavera  ran 1902 MHE20005 MHG20170 KX252433 KORS2434 KX252435 KOXR52436  KOS2437 0252438 na
Paf.parsianaG3 4708 A Pistaciavera  Iran na  MHE20006 na. KX25263  KO2652464  KX252465 KX252466  KX252467 KX252468 na.
P sp. cuyabensis PE213 A na. Ecuador 1993 na FUB02118  EUOS0G64 EUOB0SGS EUOB0BES EUOBOGE7 EUCBOGES EUOBOGED  ELIOSO33T
Psp.lagoarana 6085 Pe217 T na. Ecvador na. MHG20007 MHG20171 KX252503 KX252504 KX252505 KX252506 KO@52507 KO@52508  KX252509
a(cluster R macrochiamydospora33E1 P10264 Gycinemax  NewSouth  na.  KC733454 KC733445 KX252510 K)252511 KX252512 KX52513 10252514 KX252515
%2 Gt Wales,
Australia
P macrochiamydospora- P10267 Gycinomax  NewSouth 1994 £U080007
at Weles,
Australia
P macrochiamydosporad3Ds 2403 60353 340618 Zantedeschia  The 1927  MH620008 MHG20172 KX252516 KX252517 KX252518 naa KX52519  KX252520  KX262521
G2 aethiopica Netherlands
P quininea 4604 40748 46733 T Cinchona Peru na.  MHG20099 MHG20173 EUOTB02 EUOTO803 EUOTOB04 K252524  EUOT9805 EUOT9806  EUOT9807
offcinals
9a (duster P insolita 3BE1 60179 38789 288805 T ol Taivan 1980 AYS64188 GUIT1612 EUOBOTZS EUOBOIZ6 EUOB0177 EUOBOIZ8 EUCBO179  EUOBOISD  EUCBO1SH
%0)
P polonica 409 P15005 A Soil Poland 2006 KC733456 KFG58225 EUOB2S6 KO262546 EUOBO2S8 EUOBO250 EUOBO260 ELOBO261  EUOB0262
P pseudopolonica 142610 na. KYTO7115  na. KYTO7104  KY767198 na na. na. na
% P captiosa 46H7 PlOTI9 T Eucalptus NewZealand 1992 KC733449 MHG20174 EUOT9658 EUOTO650 EUOT9660 EUOTS61 EUOTIS62 EUOTO663  EUOTO664
saligna
P constricta 6503 125801 T Sol Western 2006 KC733450 MHG20175 KX252561 KX262562 KX252563 KX252564 KOX52565 KX262566 KX252567
Australa,
Australia
P fallax 4602 Plo722 T Eucalptus NewZedland 1997 KC733451 MHG20176 KX252668 KO262560 KX252570 KXS0571 KRSOST2 KX2S2573  KXO52574
delegatensis
10 P boehmerize 45F9 20129 180614 P69 T Boshmeriae nivea Taivwan 1927  KT183047 KT183035 EUCSO161 EUOBOTE2 EUOBOTE3 EUOOT64 EUOBOTES EUOBOTES  EUOSOTST
P galica SOA1 111474 P16826 T Quercus robur  France. 1998 KFGI7112 KF317000 KX252580 KO252500 KX252601 KO252502 KO252503 KO262504  KX262505
P gondwanensis 2267 MYAGE na. Oho,USA  na  KT183046 KT183035 KX252603 KX252604 KX252605 KX252606 KOX252607 KX252608  KX252609
Pintercalaris 4587 140632 TSD-T T Streamwater  Vigina, USA 2007  KT163315 KT163268 KX252610 KO262611 KX252612 KX252618 KX262614 KX262615 KX252616
P kemoviae 4608 10956 Rhododendron  England, UK 2004 KT183043  MHE20177 EUOB004T EUOS0042 EUOS0043 EUOB0D44 EUCBO04S EUOBOO4S  KX252631
ponticum
P morindae 6285 121982 T Morindacirfolia Hawaii, USA 2005  KT183050 MH620178 KX252633 Ki252634 KX252635 KX252636 KX252637 KX252638 KX252639
var,citifoia
Psp. boehmeriae-lke 45F8  357.52 60173 32199 PIOT8 A Citussinensis ~ Argentina 1939 KF3I7411  KF317080  KX252640 KO252641 KX252642 KX252643 KX252644 KX252645 KX252646
na. Pl 135746 T Liium sp. Japen 1987 ABBSGT86 MGBGSS23 ABBSGT7O ABBSGTE2 ABBSGTSS ABSSGTOl ABBSGTO4  ABBSGTO7  ABBSG800
Outgroup Elongisporangium 101728 337230 Piege2 T Laricsp. Scoiland, UK 1989 FUB02126 V08041 EU080445
wndiatum
Pytiam AY564163
‘aphanidermatum

2Molecular phylogenetic (subjclade as indicated by the concatenated-sequence tree (TreeBASE $22998).
bisolate identiication: CH, Chuanxue Hong laboratory at Virginia Polytechnic Institute and State University, Virginia Beach, VA, USA; GBS, Centraalbureau voor Schimmelcultures Fungal Biodiversity Centre, Utrecht, The Netherlands;
ATCC, American Type Culture Collection, Manassas, VA, USA; M), CABI Biosciences, UK: WFC, the World Phytophthora Genetic Resource Collection at University of California, Riverside, USA

“Ex-types (T) or authentic (4)isolates (designated as representative isoletes by the originators of the respective species).

INarker: cox1, cytochrome-c oxidase 1 gene; TS, internal transcribed spacer region; 60S, 60S Ribosomal protein L10; -tub, beta-tubulin; EF-1a, elongation factor 1 alpha; ENL, enolase; Hsp90, heat shock protein 90; 28S, 285
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Marker: cox, cytochrome-c oxidase 1 gene; ITS, intemal transcribed spacer region; 60S, 60S Ribosomal protein L10; p-tub, beta-tubulin; EF-1a, elongation factor 1 alpha; ENL,
enolase; Hsp90, heat shock protein 90; 288, 28S ribosomal DNA; tigh, tigh gene fusion protein.
Olnteral primers for sequencing tigA and Hsp90 are listed in Blair et al. (2008).
“Rate of successful PCR amplification for each marker done by the authors during the past 6 years.
@Number of species (one isolate per species) included in the sequence alignment of each marker.

©Overall species distance (mean + standard error) calculated using the Kimura 2-parameter (K2P) distance model in MEGA 7.
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