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 Cytochrome Oxidase | (COl)
 Good primers designed that amplify a 727bp region of COI
 No introns in oomycete COI (as opposed to true fungi)

Cox |l Cox |
0 Fm50 Fm83 1260
. Fm82 Fm78  Fm79 \lim3078 Fme4 778 Fmi77

spacer

Oom-COl-Lev-up-> <-FM85-mod

Martin, F. N., and P. W. Tooley. 2003. Phylogenetic relationships among Phytophthora
species inferred from sequence analysis of mitochondrially encoded cytochrome oxidase |
and Il genes. Mycologia 95:269-284.
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Introduction

Ciomycetes, which include water moulds and
downy mildews, are terrestrial and aguatic
fungi-like organisms belonging to the kingdom
Stramenepila. They include important plant
pathogens such as the causal organisms of
the potate famine in Ireland | PAYOPAENONS
infastans), and Sudden Oak Death Syndrome
(Phytophtnora ramorum) devastating California.
This group also includes fish pathogens
(Saprokegnia paresiva) and mammalian
pathogens (Pythium hsiiosum), as well as
biological control agents such as Leganidium
gfganteum, which infects the larvas of
mosgquitoes, or the mycoparasite Fyihium
aliganarum. Comycetes are commonly found
in fresh water, coeans, soil, and can also be
airbame. Our research to date has focussed
on the gensra PYINLM and FRYIODNMNOGE.
The currant taxonomic groupings of FYTLM
and Phytophtora are supplemented
significantly by molecular data, specifically
from muclear DNA sequences of the TS
{Intemal Transcribed Spacer) and LU (Large
Subunit) regions of rOMA (Lévesque and de
Cock 2004). While analyses of these genes
and spacers have produced phylogenetic
relationships that are generally consistent with
morphological species concepts, thers ars still
potential weaknesses in these genses in terms
of their usefulness for identification. For
example, some species of PYINUM share the
same TS seguence.

The use of a different gene that may provide
resolution o species-level identification is
therefore of great interast, especially
considering that in PYEILM, identification to
the species lavel is crucial in determining the
ecological role of the organism.

2ur research to date has focussed on the

walidity of COV bacode sequencing for
comycete species delimitation.

Uﬂ'hlﬁ i

Materials and Methods

PCR amplification of SO0 was performed using
primers designed to amplify the barcode
region of all comycetes. The forward primer
designed was -
TCAWCWMGATGGECTTTTTTCAAC-3". The
primary reverse primer used was 5
RRHWACKTGACTDATRATACCAAA-Z which
was modified from Fm85 (Martin and Tooley
2003). In a few cases an internal reverse, 5'-
CYTCHGGRTGWCCRAAAAACCAAA-T, was
used when the primary reverse did not yisld 3
good PCR product. Sequencing of PCR
products was performed with an ASI Prism®
3130xL.

Results and Discussion

QO barcode sequences were easily cbtained
using the primers designed. The barcode
ragion of the ocomycetes sequanced did not
contain any introns, and in the vast majority of
samplas, a 7T27bp fragment was sequenced as
opposed to some samples for which a 850bp
fragment was obtained with the intemal
reverse primer.

The sequences of the barcode region wers
highly variable, with many species showing
intraspecific varation in COJ. The barcode
region still exhibits ability in species
identfication howsver, because conspecfic
barcode sequences clustened together, as
seen in Figure 1.

The phylogenstic relationships created with
the barcode region did rot match the
previously established ones that matched
marphological characters in the genus
Fytnium (Levesque and de Cock 2004), but
this was not an unexpected resuft, as short
DMA regions do not generally provide enough
wariable characters to produce accurate
phylogenies.

Resclution of Pyt species boundary
ambiguities that ITS cannot discriminate was
not achieved with GOV In cases whers two
Fyinium species shared identical ar similar
(285%) ITS sequences, they also had similar
or idenfical COF sequences. In many cases,
the classification of an ambiguous pair as
separate species was based on subtle and
guestionable morphological differences. Itis
possible that with further study and muiti-gene

analysis, these species with identical barcodes ™

may be conspecific.

Conclusions

Although COV relationships are not congrusnt with existing phylogenies, our
results have provided unigue GOl sequences for most species of Pythium
and Phytopithora sequenced so far. We have also discovered intraspecific
variation of COI sequences in some species studied, including the recently
defined species of PYNUM attranthatfium. Although infraspecific vaniation
exists in OO, the clustering of conspecific COf sequences is reliable for
identifization. Future investigation will be made into species complexes such
as Pythium ireguiare, and the ability of COV to diseriminate amang members
aof such complexes.

Figure 1. Py Sragrrestat COL A heurtis seancs wia paikimes n
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Interspecific divergence for various markers and clades

Interspecific Divergence

Clades A-D Clades E-J Clade K
Average
Marker | Length | Mean | Min | Max | Mean | Min | Max | Mean | Min | Max
LSU 1452 3.8% [ 0.0% | 81% | 6.0% [0.0% | 9.9% | 5.8% | 0.0% | 9.3%
ITS 825 11.4% | 0.0% | 22.3% | 24.8% | 0.0% | 36.8% | 21.0% | 1.9% | 27.3%
COl 679 7.7% | 0.0% | 11.5% | 6.0% | 0.0% | 11.2% | 6.2% | 0.0% | 9.9%
Mean Interspecific
Divergence per
Clade
Marker | A B D
LSU 2.3% 2.2% 0.4%
ITS 8.7% 8.2% 2.8%
COl 6.2% 6.9% 3.4%
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Saprolegnia parasitica CBS113187 COI
lutarium CBS22288 ITS e
capilosum CBS22294 TS ‘Saprolegnia ferax CBS30537 COI
flevoense CBS23472 ITS
monospermum CBS15873 ITS J —— 5 changes

50 changes
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ITS - 444 Pythium strains

10 changes
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There are also analogies between

functional genomics

 Identify Up and Down
regulated genes.

some techniques:
EST's
and arrays

e Quantify most important
genes affected

RT-qPCR

and

molecular diagnostics using
phylogenetic databases

ldentify « Up and Down »
regulated species.

some techniques:
PCR/cloning/sequencing
and arrays

Quantify most important
species in pathosystem

(RT)-gPCR



Oligo arrray for Pythium species
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Pythium species array

GGGGT TGC TIGGC TAGCATCCG

Each pair of dots is a
«signature» DNA
fragment for a species
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Detection with DNA arrays

extract DNA from sample

\!
PCR: amplify-label barcode using oomycete-specific primers
\J
Hybridization: mix PCR product
and a DNA Array
\J
read results (NG, | _ -
Gccp f*p L!ab{-:-l incorporated during PCR ampllﬁcatlon
«*PCR product | / / QW%%\‘ \-\
from sample 2" | g %,
"\ GTGAGTCTTCTCTGCAGCACCT crroas

LELEEEEPELETEETT

CACTCAGAAGARACGTCGT—SPECIES

0 |
\/NH specific oligo
=amino linker

G

Surface of nylon membrane or glass slide




Vo, T2, 2006

TABLE 1—Confiried

ARRAY FOR PYTHIUM DETECTION

2605

tted on the DNA arrays*

Sequence

Sequence

Location Code Oirigins) of olipoancleotide Soque moe

Clé anl92 risosperian = grrheromuanes AGTTAATTCTGTACGOGTGGT

D& anlf3 aristoaperian = arrhemomuanes GTTAATTCTGTACGCGTGG

Ela an ] AR = aPPROrCoRes GITAATTCTGTACGOGTGOT

Fl& myr 1 5 GUTCTGOGOGAGTGGG

Glé myrl % CTGCTGTTATGGOGGAC

H1& n'r.'.'rl'r'-! mamoddrn = mrgbens TGCTGTTATGGOGGACT
sclert 7R s lerodeic hiom GTGTAGTAGAACTTTGCTGOTC
Cilm2 1D gromimicolds, imfarmm CGATOTACTTTTICAAACDCA
Gla2 11 irrinticols, irflarm COATGTACTTTTCAAACCCATT
infla gflation GGCGCATGTATGTGTGTCTG
EE.I: 13 gramimicoda TOCACAGACTAATCCCAAATT
gralld P e TR CTCTOGAGLGT AAAGLGAGG
gralls gramninicols GGCTGCATGTATGTGTAGTC

NS

perit New spocies GOTGOAGCCGTCAGGTTCT
plun plurisporivem CATTTGTTTGGTTCTGOCGA
CaToTd caleraianm, orulogrr TACATGCAGCTCTACCTTOGTT®
catlll coler et GGTTTCTGOCGATGTACT

C18 1or223 towikoasiam GGTTTTGCCOGATGTACTT

s orl 2 [Pe Pt GGTTTTGOCGATGTACTTT

El8 g2 25 PR R CTCTTGGACGOOCTACT

Fi& angus BN kA CATGTATGTGCGGCTTTGE

G18 vol201 voluiten AATGTAGTTTATTCTGTATGCG

H18 wol202 volutiem GTTTATTICTGTATGCGOG

s wol 203 volutian GTGTTTGAGAGAAGTGCTGAC

AlD Suln2ii salcarrurm-dissimnale pyrilobum GTGGLOOGCTTITATTGTGG

B19 wul232 wulcutrum AACCGTAATAATCATGTTTTGT

C19 wul233 sileaivm ACCGTAATAATCATGTTTTGT

D19 disa23d dissimile TATTGTGGCTTGOCGATG

El9 diss 235 dizsimily GUTTTATTGTGGOTTGOD

F19 paril236 parilobuan GCAGCAACCTCCTACTACAC?

G19 pariliT? pyeilobian GTGTAGTAGGAGGTTGCTGCT

H19 wan 204 ViR fer Pl GTGTGACTTGTGAACGCATTG

e wan 08 VT AAGOGTGGATAGTGGOGTA

AlD sD

B0 NS

C20 InGr241 mndiornm, grardisporan gium GOGTTOGAGCATYACACTT®

[0 grund grardisporargiuem GTGCTTTGCTGCTGCTGAG

E20 Inul43 Wi CLTTGATCTCTCTIGTGTCTTA

F20 Insi244 m-.ra;-l'l- IR GGCTTGAGGCTGAADGAAG

G NS

H0 NS

120 rostrlsl [ ST CAGCAGAGOGTGAAGTGTCTC

“Codes ara b first few rers of & spocies or groogp Erom which i oligonacleotides wero desigesd. Oligomuckantides wird desigoed (rom 1he positive-spase serand

III*Ih ITS suaencis, incloding the 585 rRNA pone, aacept for those indicatod
L - o = Cilor o B el i el o Lo S

James T. Tambong, A.W. de Cock,
N.A. Tinker, and C.A. Lévesque.
2006. Oligonucleotide array for

identification and detection of Pythium
species. Applied & Environmental
Microbiology 72:2691-2706

TTCTTAACGGAACAAGCG
TGTATGTGTGTIGTGGGCG

TGGCGTGOGTTTTGCGT
CTTTCGTTCTCACAGTATAATCAGT®
CGACTACACGGAAGGAAGAA
AGGTOGAGTTGCTTTGET
GTCGAGTTGCTTTGCTCT
CTGTTGGCTGTATTTGATACTG
TGCTGGCTTTGTTGCTGG
GAGCTTCATTGTTTGGCG
TGOGGGTGCTATTTTGAC
CTGCTTTGCATGAATGTG
ACACACAACAAATAACGACAGS
GTTTTTGCATACTTGTGTGTG
AGGTOGTGTTGCTGTG TG
GGUTGACTTACTTTTTCAAA
TTGGTATATTTGTTTATGCACA
GOGGGTGTGCTGTGOG
GOGGGTGCTGATGCGAC
GAAGGTTGTGTGTIGTTATGTG
AAGGTTGTGTGTTGTTATGTG
GGTCGTGTGTIGCTGTGTG
GGTCGTGTGTITGCTGTG
GGCTGACTTATCTTTTTCAAA
TGTGTGTGCAGTTGAGGGC
TAGGTCAGCOGOGCAC?Y
TGTTGCATGCGOGGET
GAGTGTGTGTGTTGTCGGT
CGAGTGTGTGTGTTGTOGGT
TGOGTATGOGGATGTCTCT
TCAGCAAATCCGCATC?
CGTTCAGCCTCAAATCTT?
GAGTCTGCGTCTATTTTGGA
TCTGCGTCTATTTITGGATG
GCTTCGTCGCAAGACTTG
TTCGTCGCAAGACTTGA
TGTTCTGTGTCTCGTCTTGT
CTGTGTCTCGTCTTGTCAAAA
TGTGCCTCGTCTTSTTGAAA
GOCTAACATACCGCOCAAY
GAACGAAGGTGAGCTGCT
TGAGCTGCTGTTATGGTGG
TATTTTTGTATTGTGGCTTGO
AGAAGGCACAGAACATAATTTT
CTGCCGATGCTTTTTCAA
GOGATGCTTTATTGCGT
CTGCCGATGTATTTTTCAAAC
GAAGACGAAGCACAGAACATA
TGCAAMGTCGGGCOGAA"
ACAATTAAGCAGSCCACCT®
CGGGAGAGCTGAACGAAG
TGTTCTGTGCGATCTCCTC
CTGTGCTTITICTCCTCGG

ACGAAAGTTTCTGGTTTTAAT
CGAAAGTTTCTGGTTTTAAT

TCTTCTCGGAGAGAGCTG
TCTTCTCGGAGAGAGTTGA
TGACTGGAGTTGTTTTCTGTT
CGCTCTAGCTTCGGTTAGA
CGAAACAGAGCGTTCAAGA®?
AACGAAAGTTTATGGTTTTAAT
ACGAAAGTTTATGGTTTTAAT
TTGCAATTTATTGTGAACAA
CAAAMACTTTCGTTCTCGGA"
GTGTGACCTTCGAATGOGG

TTTCGCTGCGTTCTTCATCGY
CWAGASATCCRYYGYTGAAAS
GTGTGGTAATGATCCTTCCG”
CGAGCCTAGACATCCACTGY
CATCCACTGCTGAAAGTTG®
AATCCTGCAATTCGCA®
GTGACCTTTGGCGATGG
TTGATTGTGCTGGCGG
GAGCATGTTTTGGGCTTC
GOGTTTTGAGTGTGTGTTC
GAATTTGTGTTTTGATACCGTC
GAGTGTGCTTGCGCAATT
ATGTCACAAACGGTTCACGT?
COAGGAAGGCGAGCTATCT
AAACAATTCACGTGGAAAGY
GOCGTTGTCTTGTTCTTTTGT
AGGGCGTTTATTGTGTCGT
CCCCTTTTTTTTTAACATGAA
GOGTGTCGTTGCTTTGTGA
CCCCCTTTTTTTTTATTTTGT
CGGGOAGGATGAGCTATC
GTGOGTGTTCTCTCTGTTTTG
ACCGAAGTCGCCAAAAR
CGCTAGACTTGCTTACAGTT?
TGCAAGTTATGATGGACTAGCT
GTGTTTTCCTATTTTT GGG
CATTTTTGGACACTGGAAC
GOGAAAATGTCCTACTAAAC?
AGATGGAAAATGTGCAGATG
GOTGTTTTCATTTTTGGAC
GTGAACTGTCTTACTTAGTTTTG
TGAACTGTCTTACTTAGTTTTGE
TGCTTGATTGTATGCOGGG
CGTGGTGCGUTGTTTATCT
GGTGGOGTCTTGTCTTCT
GTTGAGTGTGTTGTCTTTTGE
GGTTGGTCTCGTAATGTAAATT
GATCTGGTGTTTTCGGATAC
CCAGTTCAAGCACACAACCY
GGUGAAAACAGATTCCACAY
ACTGTCAAACCTGTTCTGTGC
GGTTGGTTTTCTTICTTGTGAG
GTCTCCTGTTTTATATATGGG
CAATGTGTGTGTGCGGGAC
AACCGTCAAGTAATAGATTCAGT
TACTTGCCTGTGTCGCTCTTT
GOTCGGAGTAAAATCTGG
GOTOGGAGTAAAATCTGGC
ACGCTAGGGGTTAATGCTC
TCTATCTTTTTAAACCCATTACT
ATCTATTTTTTAAACCCATTCTT
ATTCGCCAAAGTCGCCGT®
TTGTGCCGTTGCTGTTGTC
TCTTTCAMAACCCATACATTAAA
GGCTGATCGAAGGTCG
CAAAGACTTTOGTCCTCACA®
TATCGCACTTTATTGTGTGTGT
GTOGCACTTGATTGTGTGTAT
GTGGOGTTAGCAAGCATTGTA
COAGAGGATATTGTGATGCA
GGAGGATGTGGATGGATGG
TGTGCTGTATTTATATCGTGCG
TCTTCTTGGAGATGTGTGCG
GTACACCTCAAAGCAAACGC?
GOGAGOGAGGAGGAGAAGA
TITTCTOGATTGCTTTTTAATT
CGATTGCCGTTTTTAATGA
GGGTGTTTTTTTCATTTTTG

Continued on following page

Continued on following page




Soll processing with Pythium ITS array

2700 TAMBONG ET AL. ArrL. Environ. MicrogioL.

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20
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35

atterns of digoxig€nin B amp\icons wting offsoil. OWg representativeN\sample out of
four replicates that very similar hvbhy(di#rm rns and spwed the Jeetgmplex. Spols Al to W are universN, family- or
genus-specific oligoghicleotides as doserffedfm T: 1. Chemilumindgrams wfre Nygefied atr ledN twice, arkd similar patwgns were obNined. The
species detected jf all spileemples wefe F acaftthicim (G12, H12), \ arvheperTaneN B16, C16, ANY. P. volutum (G1E, IITINE. forulosum (A8,
C18, D18), P. yénterpolii (H1Y), P. nfonospermum (B13, D13), P. acrogaefm (CT), P. minus (F7), P. attrantheridium (F9), P. sylvaticum (C10, D10,
E10y, P. heterothallicum (D3), P. nunn (G6, H6), and P. rostratum™(120).

FI1G. 3. Hybridizatio

13 Pythium species found by array hybridization



Effect of soil compaction on populations

of different Pythium species
(hybridization signals of species-specific
oligonucleotides spotted on DNA array)

60000

50000

40000
Mean signals

. 30000
(in quanta)
20000

10000
o)

Compacted
Non-compacted

rostratum
heterothallicum
torulosum
sylvaticum
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Validation of DNA array quantitative data by real-time PCR using tagman chemistry:
P. rostratum

0.75]
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@
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| 0.5 ©
. . >
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o i )
=|0.25- c
w - @
=l i [}
- =
D—;._. ._|_. — |_. r— T Non-compacted
10 20 cli] 40 Compacted
Cycle
y=-0.32x + 4.89; 2 = 0.997 a
. - 0'000025.‘
Uy )
£ 0.00002-
o
C 0.0000151
o
(&)
<« 0.00001+
2
0O 0.0000051
0.
B T | T T T T | T T T T | T T T T | T T T T |
15 20 7K 20 5 Non-compacted
Compacted

Standard curve based on known
DNA concentration of P. rostratum



Validation of DNA array results for P. heterothallicum by Real-time PCR

36 35.97a

32
31l

Mean Ct values
w
w

[Fluorescence|

l:l I I I | 1 I I 1 | I I T T | I I I I | I I Non_
10 z0 a0 40 Compacted
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20 il 30 35

Standard curve based on known DNA
concentration of P. heterothallicum



Phylogenomics



LSU (D1-D3)
Max. Pars. tree
125 sequences

96 CBS

29 GenBank

Albuginales

Peronospora parasmca
+<—— Peronosporales

hytophthora infestans
hytophthora capsici

hytophthora sojae
hytophthora ramorum

U U UT

+«— Pythiales

thium ultimum

100

T Rhipidiales
lachlya minima AF235937

Plectospira myriandra AF119606
Aphanomyces cladogamus CBS10829

1y( " .
Aphanomyces euteiches CBS15473
Brevilegnia variabilis CBS110006 28 I n S I e a e S
Dictyuchus monosporus CBS34931
Brevilegnia delica CBS14352
ictyuchus sp AF235944
Achlya flagellata CBS10735
Thraustotheca clavata CBS3433:
Thraustotheca !erresms CBSIOQBSI 28
Achlya recurva CBS108!
Isoachlya toruloides AF235947
Achlya dubia CBS10138
Achlya aquatica CBS10367
Saprolegnia asterophora CBS53167
Protoachlya paradoxa CBS 15845
Saprolegnia diclina CBS113343 ip
Saprolegnia rodrigueziana CBS119354
terrestris CBS110063
ia megasperma CBS38652 ip
ia monilifera CB: 67 ip
I ora CBS21335
ia litoralis CBS53567
i hypugyna CBSSGS72
ia parasitica
I dellca 05534562
ta CBS14965
Saprolegnia ferax CBS17342
Saprolegnia lapponica CBS28438
Saprolegnia furcata CBS54267
Saprolegnia eccentrica CBS19938
Saprolegnia semihypogyna CBS109568
Calyptralegnia achlyoides CBS31481
Aplanopsis spinosa CBS11261
Aplanes androgynes CBS57967
Achlya papillosa CBS10152
Leptolegnia sp AF235948
Leptolegnia caudata CBS68069

963 Saprolegnia monoica CBS32735

Sa rolegnia turfosa CBS31381
chlya sparrowii CBS10249
Achlya colorata CBS10237

L e Haliphthorales

— 10 changes



“Whole Genome Sequencing of Pythium ultimum”
funded by US National Science Foundation & USDA
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Pythium ultimum Transcriptome and Diagnostic Marker
Development

« EST Library DAOM BR144 = CBS 805.95 RGO e
— Starved and nutrient rich media Pythium ultimum, J. Lang
— Sequenced using Sanger (9,578 reads) and 454 technologies (90,664 reads);

total = ~10Mb
— 34,495 unique sequences in hybrid assembly
« Sanger & 454 were complementary
— 91% of sequences were similar to other oomycetes

 Testing markers to differentiate Pythium from Phytophthora based on available
EST and genomic sequence
— First set based on EST derived SSRs — variable results, even strain

differentiation
« Some primers amplified a few Pythium sp., but not all

— Second set based on introns, exons or intergenic regions
+ Most primers are specific to P. ultimum



Google Hits

straminipila 1860 Oomycota 129,000
straminopile 121 oomycetes 161,000
straminipile 87

stramenopile 8010 oomycete 60,800
stremenopile 1 oomycetous 2,810

stramenipilous | 2 peronosporomycetes | 5,120

straminipilous | 1760

straminopilous | 16 Peronosporomycota 2,240

stramenopilous |17 peronosporomycete 498

peronosporomycetous |9

An identity crisis in the oomycetes?



A more coordinated approach for
assembling the oomycete tree of life Is needed

"AOTOL™?



Assembling the mycologists of oomycete
for the tree of life Peronosporales
“AMOOTOL” Pythiales

Albuginales
Saprolegniales

Atkinsiellales

Leptomitales

Rhipidiales
Dr Gordon Beakes :“_z:“"“_":'?s
Mycology pidiopsidales
School of Biology and Psychology Haptoglossales
Newcastle University Erychasmales

Email: g.w.beakes@ncl.ac.uk Draft — Order Tree

Protists Tree of Life -
P atri Ck Kee | | N g we= These branches may not be monophyletic
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