0.67/-/-

1007508 |84

E Nannochloropsis gaditana
Nannochloropsis salina
Glossomastix chrysoplasta

0.82/-/- Aureococcus anophagefferens
{ E_ Pelagococcus subviridis
Pelagomonas calceolata
—&udochanonella farcimen
Pedinellales

Pinguiococcus pyrenoidosa Finguiophypee
Pelagophyceae
Dictyocha speculum
Dictyochophyceae

Phaeophyceae
Mischococcales Xanthophyceae
Phaeothamnophyceae
Raphidophyceae
Mallomonas sp.
Synura sp. Chrysophyceae
Ochromonadaceae
Eustigmatophyceae

Bacillariophycidae
1.00/86/97] W halassiosirales Bacillariophyceae
Rhizosolenia setigera
Phytophthora sp. S
Pythium sp. Oomycetes S
! 0.85/66/71 Saprolegniaceae §
Hyphochytrium catenoides Hyphochytriomycetes 2
Developayella elegans Developayella o
' Caecitellus parvulus Bicosoecida
Nerada mexicana ©
g———— Japonochytrium sp. . i &
L—— Thraustochytrium sp. Labyrinthulida 2
Blastocystis hominis Blastocystis
—— Cryptomonas sp.
Y cuiliardia theta Cryptophyta
—— Isochrysis galbana
—+ T——— Prymnesiaceae Haptophyta
0.90/-/- Pavlova sp.

Gymnodiniaceae y

1—1 Peridinales Dinophyta

T—Q— Aconoidadida
Eimeriorina Apicomplexa

Chlorarchionphyceae

0.1

Thaumatomonas sp. Cercozoa

Lineage Heterokonts

1.00/89/84 Ectocarpales
H-_Ll_aminariaceae
Fucales
_& Tribonema .sp
HavRE Phaeothamniales
0.55/61/59— Chattonnella sp.
H&/acuo/aria virescens
Heterosigma akashiwo

Khakista Phaeista
Ochrophyta

Heterotrophic

Riisberg et al. (2009)



i Diatoms (Bacillariophyceae)

= Microalgae with valves of pectinous
material impregnated with silicates




Diatoms (Bacillariophyceae
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http://researcharchive.calacademy.org/research/diatoms/index.html



i Diatoms (Bacillariophyceae)

s Unicellular;

s Photoautotrophic,
heterotrophic, symbionts;

m Exoskeleton with silicates;
m Essential in the marine
trophic chain;

s Contribute to 45% of the
primary ocean productivity
and 20% of global
productivity




Diatoms (Bacillariophyceae)

Girdle bands

Frustules

| Hypotheca I

http://researcharchive.calacademy.org/research/diatoms/index.html



Diatoms (Bacillariophyceae)
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i Diatoms (Bacillariophyceae)
A »

"

Silaffins/LCPA/silacidins
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Fig.6 — Adapted representation of the frustules
formation [8]. A) Internal illustration of a diatom,
silica intake via SIT proteins and
polymerization in SDV. B) Frustule formation in
SDV, fusion of SDV membrane with plasma
membrane and exocytosis of newly formed

exoskeleton.



Lineage Heterokonts

1.00/89/84, Ectocarpales
{ F Laminariaceae
Fucales

Phaeophyceae

Xanthophyceae

Mischococcales
_& Tribonema .sp
Phaeothamniales

0.97/67 Phaeothamnophyceae
0.65/61/697— Chattonnella sp. &
Vacuolaria virescens Raphidophyceae 2
0.87/-/4 Heterosigma akashiwo s
Mallomonas sp. =
Synura sp. Chrysophyceae @
Ochromor %
1.00/75/66 pSi: i . &
T Nannochioropsis salina Eustigmalophyceas £
Glossomastix chrysoplasta Pinguiophycsae ©
Pinguiococcus pyrenoidosa
m Aureococcus anophagefferens
—+__{— Pelagococcus subviridis Pelagophyceae
Pelagomonas calceclata
Dictyocha speculum 8
Pedinellales <
il i P idae
T 0igErE Thalassiosirales Bacillariophyceae
: o
- — Phytophthora sp. 5
Tyt S 2 =
—q 0.85/66/71 T saprolegniaceas e
0.8917- Hi hytrit tenoide Hyphochytriomycetes 2 £
Developayella elegans Developayella ]
Casoilohus penvil Bicosoecida 3
Nerada ]
——— Japonochytrium sp. . . &
—_— Thrausrcchyt‘rvium sp. Labyrinthulida g
Blastocystis hominis Blastocystis
Cryptomonas sp.
Y Gutarda theta Cryptophyta
—— Isochrysis galbana
4+— T—— Prymnesiaceae Haptophyta
Pavlova sp.
Gymnodiniaceae )
Peridinales Dinophyta
Aconoidadida
Eimeriorina Apicomplexa
hior
7l nas sp. Cercozoa

Riisberg et al. (2009)



Heterotrophic Heterokonts: Pseudofungi
i Class Oomycetes

Phytophthora infestans

Mildew (lettuce) Mildew (potato)



Phytophthora infestans
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ni

Laminarin (8-1,3-glucan with 3-1,6 cross-links)

Similar to fungi: hypha-like structures

They are diploid: the true fungal hyphae are haploid

Cell wall: essentially composed of cellulose instead of chitin

Reserve polysaccharide: laminarin (B-1,3-glucan with -1,6 linkages)



Phytophthora infestans

Kamoun & Smart (2005) Plant Disease 89: 692-699



Phytophthora infestans

Sporangia in sporangiophores Zoospores



Phytophthora infestans
SPRING spm?mb e @!.(A,/W”“W SUMMER

Zoospores and
sporangia infect
leaves

. R ? .t 3
Zoospores and sporangia

Sporangiophores
are produced on / ™
Germ penetrate leaf surface
either through stomata or

directly through
epidermal cell wall

Zoospores and
sporangia wash off
leaves and into soil

infecting tubers prior
to harvest

AN

EARLY R
, B v’ ‘\

Infected seed and voluntoer
potatoes

Pathogen overwinters in cull
potato piles and volunteer
potatoos missed after harvest

WINTER




Phytophthora infestans and fungi use similar

infection strategies

Large-Scale Gene Discovery
in the Oomycete Phytophthora infestans

Reveals Likely Components

of Phytopathogenicity Shared with True Fungi

Thomas A. Randall,’ Rex A. Dwyer,' Edgar Huitema,? Katinka Beyer,? Cristina Cvitanich,! Hemant
Kelkar,! Audrey M. V. Ah Fong,* Krista Gates,! Samuel Roberts,* Einat Yatzkan,' Thomas Gaffney,’
Marcus Law,! Antonino Testa,? Trudy Torto-Alalibo,? Meng Zhang,® Li Zheng,' Elisabeth Mueller,®

John Windass,® Andres Binder,” Paul R. J. Birch.® Ulrich Gisi,” Francine Govers.® Neil A. Gow,!”

Felix Mauch,! Pieter van West,'° Mark E. Waugh,'? Jun Yu,” Thomas Boller,? Sophien Kamoun,? Stephen

T. Lam,! and Howard S. Judelson*

To overview the gene content of the important pathogen
Phytophthora infestans, large-scale cDNA and genomic se-
quencing was performed. A set of 75,757 high-quality ex-
pressed sequence tags (ESTs) from F. infesfans was obtained
from 20 cDNA libraries representing a broad range of
srowth conditions, stress responses, and developmental
stages. These included libraries from P infestans—potato
and —tomato interactions, from which 963 pathogen ESTs
were identified. To complement the ESTs, onefold coverage
of the P infestans genome was obtained and regions of cod-
ing potential identified. A unigene set of 18,256 sequences
was derived from the EST and genomic data and charac-
terized for potential functions, stage-specific patterns of ex-
pression, and codon bias. Cluster analysis of ESTs revealed

major differences between the expressed gene content of
mycelial and spore-related stages, and affinities between
some growth conditions. Comparisons with databases of
fungal pathogenicity genes revealed conserved elements of
pathogenicity, such as class III pectate lyases, despite the
considerable evolutionary distance between oomycetes and
fungi. Thirty-seven genes encoding components of flagella
also were identified. Several genes not anticipated to occur
in oomycetes were detected, including chitin synthases,
phosphagen kinases, and a bacterial-type FisZ cell-division
protein. The sequence data described are available in a
searchable public database.

Randall et al. 2005 Molecular Plant-Microbe Interactions 18: 229-24 3.



Convergent evolution

Low-GG,

Gram positive Plancto-
Thermotogales mycetales
Aquificales

Spirochaetes
Chlamydiales N

Deinococcales L
e
Gram positive

Cyanobacteria
Proteobacteria

an=®

Bacteria

Mitochondria

Crenarchaeota
Thermo- Desulfurococcales
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Euryarchaeota
Halobacteriales
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a Thermoplasmatales
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.’ Methanococcales
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“Land plan \ Opisthokonta
Green algae>/ A
Plantae Red algae A T oaronagellates
Glaucophytes *
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Delsuc et al.(2005) Nature Rev. Genetics 6: 361-375
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