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Lecture Outhine

¢ Introduction to evolutionary genomics

*

% Brief review of next-generation DNA sequencing & its applications

% Benchmarking transcriptome sequencing for functional and
evolutionary genomics

* Transcriptome sequencing for molecular phylogenetics

-- -Coffee Break----

% Genomics within species (using next-generation DNA sequencing)

* Genomics between species (using publicly available genome data)
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Fungi: a Model for Comparative Functional Genomics

Medicine & Industry

+ Candidiasis (yeast infections)

s Aspergillosis

+ Antibiotics (e.g., penicillin, cyclosporin)
* Food (e.g., beer, wine, cheese)

Model Organisms
s Small genome size & high gene density

s Tractable systems for molecular and genomic
studies

Evolution & Ecology
*» Rich ecology and evolutionary history
+ Vital in function of ecosystems (as decomposers)

Rokas@WCG, Czesky Krumlov, 01/21/2011
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Fungi: the Eukaryotic Clade with the Most Genomes
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Galagan et al. (2005) Genome Res.
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Fungi Eat by Absorption

Fungus excretes

digestive enzymes w

- Enzymes break
) down substrate

\ y

materials

paint, glue, hair, etc.

+ Different fungi secrete different enzymes and can only “eat” certain

*» Fungi exhibit remarkable versatility on what materials they can “eat”:
leather, cloth, wood, manure, animal carcasses, live hosts, ink, syrup,

Food is digested
\ Digested food by enzymes
eaten by fungus

\4
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Fungi Eat by Absorption

Diner fries McDonald’s fries

\4
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The GAL Pathway in the Baker’s Yeast S. cerevisiae
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S. kudriavzevii GAL Genes are Syntenic Pseudogenes

Skud: 5026 SPSNFK-L*SYTRDONMPTQSLREF*NGL*MTFTVKFSNDEEFFEQFGALKNES*VSCDK 5202
SP F+ L Y R +++ ++SLR + + T F+ DE+FF+QFGAL NES SCDK
Scer: 381 SPVRFQVLKLYQRAKHVYSESLRVL-KAVKLMTTASFTADEDFFKQFGALMNESQASCDK 439

Skud: 5203 LYGCSCAETDTVCSIALLSGSYNSRL 5280
LY CSC E D +CSIAL +GSY SRL
Scer: 440 LYECSCPEIDKICSIALSNGSYGSRL 465
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V Hittinger, Rokas & Carroll (2004) PNAS
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The Entire GAL Pathway is Degenerate

galactose
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V Hittinger, Rokas & Carroll (2004) PNAS
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But S. kudriavzevii is More Dwerse!

_
IFO1802 Japan 2004: 4
IFO10990 Japan Japanese
IFO10991 Japan GAL-
IFO1803 Japan strains
ZP513 Portugal
ZP537 Portugal
ZP542 Portugal
ZP591 Portugal
ZP594 Port“gai IIlumina
ZP595 Portuga 2007: 1 .
ZP620 Portugal Portu;uée Sequen(:lng
ZP621 Portugal GAL+
7ZP623 Portugal strains ‘
ZP625 Portugal discovered
%11;227 iﬁﬂﬁgﬁ 80,000,000 reads
ZP63(9) Poﬂugal 2,800,000,000 bp
ZP634 Portugal
Sampaio & Gong¢alves (2008) Appl. Environ. Microbiol.
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The Reduced GAL* Network of S. kudriavzevii
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How can we explain such striking polymorphism in a multi-locus gene network?

de novo assembly from ~30x Illumina of
ZP591; confirmed by Sanger

Hittinger et al. (2010) Nature
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The S. kudriavzevii GAL* Network Can Function Without GAL3

25
B s. kudriavzevii
.S- cerevisiae
20 A
15 -
10 -
5 =
0 - ‘
hours No GAL3 With GAL3

Hittinger et al. (2010) Nature
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Spores (24 tetrads)
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S. kudriavzevii GAL Loci Segregate Independently

2 3

# GAL™* alleles

M Observed
M Expected (Mendel)

Hittinger et al.
(2010) Nature
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The GAL* Isolates of S. kudriavzevii are Not Hybrids

Portuguese Y T o e it il A8 ik @ 8. kudriavzevii
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V Hittinger et al. (2010) Nature
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The Two GAL Network States Evolved Within S. kudriavzevii

2 - FM1073

S. kudriavzevii ZP591 - S. kudriavzevii ZP591 FM1074

s — S. kudriavzevii IFO1802 100100 LS. kudriavzevii IFO1802 hesbicn
[s. kudriavzevii IFO1803 S. kudriavzevii IFO1803 g

IFO18027
S. bayanus 1 S. bayanus 100/100 I_FE IFO10991

IFO10990

ZpUpe

S. castellii

IFO1803

S. castellii

GAL genes Genome-wide Genome-wide
between species between species within species
- S. cerevisiae
S. cerevisiae 005 100/100 164
ol S. paradoxus 100/100 _‘:paradoxus BT Emgzi b
. m ; : ZP591 E
100/81 S. mikatae - S. mikatae — FM1072 E

GAL+ GAL-

Only two non-GAL genes in the S. kudriavzevii genome significantly
reject the lineage phylogeny in favor of the GAL gene phylogeny —
both flank GAL loci

Clade Support Values: Posterior Probability / ML Bootstrap
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Ancient GAL Divergence Despite Recent Genome Divergence

GAL genes
between species

Genome-wide
between species

89 % as S. cerevisiae
o I d as S. paradoxus

0.05
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= S. mikatae
e }0042
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n.otaal
: = T
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0.2382 S. castellii

GAL+

V Ultrametric trees constructed using BEAST

GAL-
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The S. kudriavzevii GAL Loci Are Remarkably Divergent

Between -
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V Hittinger et al. (2010) Nature
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Types of Genetic Variation Within Species

E Genes in
Reference Genome

B
:“ E Nucleotide Substitutions
:“ Deletions

Insertions

E “: Inversions

A I A I A I A | B Copy Number Differences

] E E u E Segmental Duplications
\4
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Balanced unlinked Gene Network Polymorphisms (BuGNPs)

- Genes in
REODE B EEE
= | Reference Genome
| H l J XI Multi-locus Genetic Network

How can we explain such striking
polymorphism in a multi-locus
gene network?

V Hittinger et al. (2010) Nature
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How Can We Explain BuGNPs?

“It is now generally understood that
[...] alleles at different loci may not
be randomly associated with each
other in a population. While this
effect is generally regarded as a
consequence of linkage, even
genes on different chromosomes
may be held temporarily or
permanently out of random
association by forces of selection,
drift and non-random mating.”

V Lewontin (1998) Genetics
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Maintaining BuGNPs Through Geographic Isolation

Portugal Japan

V http://nssdc.gsfc.nasa.gov/planetary/image/earth_day.jpg
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Maintaining BuGNPs by Selfing

Sexual
0.001

Outcrossing
0.01
Intra-tetrad
0.94
Autodiploidization
0.05

The reproductive lifestyle of Saccharomyces paradoxus

V Tsai et al. (2008) PNAS
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Maintaining BuGNPs by Selecting Against Intermediates
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Rokas@WCG, Czesky Krumlov, 01/21/2011

2%]|galactose

5% glycerol

2% glucose

Portuguese

S. kudriavzevii

| REIEN

B GALS0T

Hittinger et al. (2010) Nature

76



Rokas@WCG, Czesky Krumlov, 01/21/2011

Lecture Outhine

¢ Introduction to evolutionary genomics

*

% Brief review of next-generation DNA sequencing & its applications

% Benchmarking transcriptome sequencing for functional and
evolutionary genomics

* Transcriptome sequencing for molecular phylogenetics

memmmmmmemmmemememmmememeeemememm-----C Offe@ Break----------

% Genomics within species (using next-generation DNA sequencing)

% Genomics between species (using publicly available genome data)

\4
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Fungal Metabolic Genes Are Often Clustered

Metabolic gene cluster ool QISR

Enzymes 6 a ‘
Metabolic pathway O — Q . ?___9/

\4
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Penicillin is Synthesized by a Gene Cluster

primary metabollsrn

Why genes that / \

partiCipate in fungal a-aminoadipate cwte;ne valine:
metabolic pathways B NI G

cluster?
synthetase

H
I

RO 9 =3P

pcbAB pcbC m -

H.

penDE T 1T

W CooH
Acyl-

transferase

V van den Berg et al. (2007) Q/\fr Il’?)\ PenG

Fungal Genet. Biol. H’ "coon
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The GAL Network In Fungi

Galactose

A

GALl

Y

Galactose-1-Phosphate

A

GAL7

UDP-Galactose

GAL10

Y

UDP-Glucose N )

V Jason Slot
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Variation in GAL Gene Clustering Across Fungi

Saccharomyces (Ascomycota: Saccharomycetes)

GAL7 GAL10 GAL1/3 ORF-X ?  KIF
< -4l | Hill————|

Aspergillus (Ascomycota: Eurotiomycetes)

GAL7 ORF-Y ORF-X GAL10 GAL1 K1F
H——_——— Hil— > Hill-— H— Hil—

Cryptococcus (Basidiomycota: Tremellomycetes)

GAL10 GAL1 GAL7 PTP ORF-Y ORF-X K1F
< - D . a Hi—

Ustilago (Basidiomycota: Ustilaginomycetes)

GAL10 GAL1 GAL7 ORF-X K1F
H_>— Hlll— - Hil»— Hil»>——

Batrachochytrium (Chytridiomycota: Chytridiomycetes)

GAL7 ORF-Y ORF-X GAL10 GAL1 K1F
HE— Hil— Hilp-— H— Hi_—

\4
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The Distribution of GAL Gene Clusters Across Fungi
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Sordariomycetes

Leotiomycetes Pezizomycotina | =t y’r r.r ] L "."
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Pneumocystis carinii
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Phanerochaete chrysosporium

Postia placenta
Cryptococcus neoformans
Cryptococcus grubii
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Tremella mesenterica

Ustilago maydis, Malassezia globosa

Melampsora laricis-populina, S|

—_— lomyces roseus, Puccinia graminis
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Cryptoccus GAL Gene Synteny
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Slot & Rokas (2010) PNAS
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Three Distinct Types of Fungal GAL Gene Clusters

Saccharomyces

GAL7 GAL10 GAL1/3 ORF-X ?  KiIF

— o oo
Candida / Schizosaccharomyces

GAL7 ORF-Y ORF-X GAL10 GALT K1F

e B -
Cryptococcus
GAL10 GAL1 GAL7 PTP ORF-Y ORF-X K1F

— L - @i H—

Slot & Rokas (2010) PNAS
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Schizosaccharomyces Gained Its GAL Cluster by HGT from Candida

Debaryomyces hansenii
Schizosaccharomyces octosporus

Schizosaccharomyces pombe

Schizosaccharomyces japonicus GAL10 recent duplicate
Schizosaccharomyces japonicus GAL10
Candida lusitaniae pseudogene
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Saccharomyces cerevisiae
Saccharomyces paradoxus

Yarrowia lipolytica

GAL10

fusion\

Schizosaccharomyces pombe "
Schizosaccharomyces octosporus| Schizosaccharomyces

Schizosaccharomyces japonicus unclustered GAL10

| Non-Ascomycete GAL10s

Schizosaccharomyces
clustered GAL10

0.8 substitutions / site

| Pezizomycotina (Sordariomycetes, Leotiomycetes,
Dothidiomycetes, and Eurotiomycetes) (31 sequences)

fused
Gal10p

unfused
Gal10p

Slot & Rokas (2010) PNAS
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The Saccharomyces & Cryptococcus Clusters Evolved Independently
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Analogy At the Phenotypic Level

V Chouard (2008) Nature
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Analogy At the Genomic Level

Rokas@WCG, Czesky Krumlov, 01/21/2011

Saccharomyces

GAL7 GAL10 GAL1/3 ORF-X ?  KiIF

— o oo
Candida / Schizosaccharomyces
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— L - @i H—
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Why Cluster?

Clustering allows more precise coordination of pathway
gene regulation

Sharing of regulatory element binding sites
Deleterious metabolic intermediates

Clustering is a selfish property of the pathway

Horizontal gene transfer
No physiological benefit to the host

\4
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Scer TTATATTGAATTTTCAAAAATTCTTACTTTTTTTTTGGATGGACGCARAGAAGTTTAATAATCATATTACATGGCATTACCACCATATACA
Spar CTATGTTGATCTTTTCAGAATTTTT-CACTATATTAAGATGGGTGCAAAGAAGTGTGATTATTATATTACATCGCTTTCCTATCATACACA
Smik GTATATTGAATTTTTCAGTTTTTTTTCACTATCTTCAAGGTTATGTAAAAAA-TGTCAAGATAATATTACATTTCGTTACTATCATACACA
Sbay TTTTTTTGATTTCTTTAGTTTTCTTTCTTTAACTTCAAAATTATAAAAGAAAGTGTAGTCACATCATGCTATCT-GTCACTATCACATATA

* ok dokkk * kK *hk dk ok Kk * W * ok k*k * k * * ok * % * Kk * kk k k *

TATA

Scer TATCCATATCTAATCTTAQITATAIGTTGT-GGAAAT-GTAAAGAGCCCCATTATCTTAGCCTAAAAAAACC--TTCTCTTTGGAACTTTCAGTAATACG
Spar TATCCATATCTAGTCTTAQITATATIGTTGT-GAGAGT-GTTGATAACCCCAGTATCTTAACCCAAGAAAGCC--TT-TCTATGAAACTTGAACTG-TACG
Smik TACCGATGTCTAGTCTTAQITATATGTTAC-GGGAATTGTTGGTAATCCCAGTCTCCCAGATCAAAAAAGGT--CTTTCTATGGAGCTTTG-CTA-TATG
Sbay TAGATATTTCTGATCTTTCTTATATATTATAGAGAGATGCCAATAAACGTGCTACCTCGAACAAAAGAAGGGGATTTTCTGTAGGGCTTTCCCTATTTTG

Wk ke e bk ok R s ke

Gal4 Gald Gal4
Scer CTTAACTGCTCATTGC==---- TATATTGAAGTHCGGATTAGAAGCCGCCGRACGGGCGACAGCCCTCCGANCGGAAGACTCTCCTCCGIGCGTCCTCGTCT
Spar CTAAACTGCTCATTGC--——-- AATATTGAAGT GGATCAGAAGCCGCCGAGJCGGACGACAGCCCTCC GGAATATTCCCCTCCGIGCGTCGCCGTCT
Smik  TTTAGCTGTTCRAG--------— ATTGARATHCGGATGAGAAGCCGCC GGACGACAATTCCCCGRACGGAACATTCTCCTCCGLGCGGCGTCCTCT
Sbay TCTTATTGTCCATTACTTCGCAATGTTGAAAT GGATCAGAAGCTGCC GGATGACAGTACTCCEICGGAAAACTGTCCTCCEIGCGAAGTCGTCT
THAhkhkhkhk kkhkhkhkhk Fhkhkdhk |% k& * F ok ok * dhkk| Prhkdkxx *k * ko ox ok k| kk ok * T xk
Gald
Scer TCACCGG-TCGCGTTCCTGAAACGCAGATGTGOCTCGCGCCGCACTGCTCCGAACAA GATTCTACAA————-— TACTAGCTTTT--ATGGTTATGAA

Spar TCGTCGGGTTGTGTCCCTTAA-CATCGATGTACQCTCGCGCCGCCCTGCTCCGAACAA GGATTCTACAAGAAA-TACTTGTTTTTTTATGGTTATGAC
Smik ACGTTGG-TCGCGTCCCTGAA-CATAGGTACGECTCGCACCACCGTGGTCCGAACTA TACTGGCATAAAGAGGTACTAATTTCT--ACGGTGATGCC
Sbay GTG-ngA?CAC?ECSEEGQT—TACTEAAGCGTCTCGCCCCGCCATACCCCGAACAA CAAATGCAAGAACAAA TGCCTGTAGTG——GCAGTTATGGT

e e de de ok ke de gk o ok ek ok ok ok okok

Scer GAGGA-AAAATTGGCAGTAA----CCTG
Spar AGGAACAAAATAAGCAGCCC----ACTG
Smik CAACGCAAAATAAACAGTCC----CCCG
Sbay GAACGTGAAATGACA%TTCCTTGCCECT

* % %k

CCCACAAACCTT|-CAAATTAACGAATCAAATTAACAACCATA-GGATGATAATGCGA=-===~~ TTAG=--T
CCCATATACCTTIITCAAACTATTGAATCAAATTGGCCAGCATA-TGGTAATAGTACAG- ==~~~ TTAG--G
CCCACATACCTTI-CAAATCGATGCGTAAAACTGGCTAGCATA-GAATTTTGGTAGCAA-AATATTAG--G
CCCAATATACTITGTTCCGTGTACAGC%CQCEGGAT%GA%CQATGA?GGGGTEGCGGTCAAGCCE%CTCG

Mig1

Scer TTTTTAGCQTTATTTCTGGGETAATTAATCAGCGAAGCG--ATGATTTTT-GATCTATTAACAGATA AATGGAAAAGCTGCATAACCAC-———~ TT
Spar GTTTT--TQTTATTCCTGAGACAATTCATCCGCAAAAAATAATGGTTTTT-GGTCTATTAGCAAACR AMATGCAAAAGTTGCATAGCCAC----- TT
Smik TTCTCA--QCTTTCTCTGTGATAATTCATCACCGAAATG--ATGGTTTA--GGACTATTAGCAAACA AATGCAAAAGTCGCAGAGATCA--=-~ AT

"TATGAAAGTAAGATCGCCTCAATTGTA

d g %k

Sbay TETECCGTTTTACTTCTGTAGTGGCTCAT--GCAGAAAGTAATGGTTTTCTGTTCCTTTTGCAAAC‘

& &k * ko * Jode e g ko * * a* *k %
R e U

Scer TAACTAATACTTTCAACATTTTCAGT--TTGTATTACTT-CTTATTCAAAT----GTCATAAAAGTATCAACA-AAAAATTGTTAATATACCTCTATACT

Spar TAAATAC-ATTTGCTCCTCCAAGATT-~-TTTAATTTCGT-TTTGTTTTATT~~~~GTCATGGAAATATTAACA-ACAAGTAGTTAATATACATCTATACT

Smik TCATTCC-ATTCGAACCTTTGAGACTAATTATATTTAGTACTAGTTTTCTTTGGAGTTATAGAAATACCAAAA-AAAAATAGTCAGTATCTATACATACA

Sbay IAGTETTTCTETATTCSGTTTGT&CETCEEAG&EITGTIATETCCGGTTTEACTTTGTCECCQ%TI%TC&QAAC&TC%AIAACA%GI&ETCAACAT?TGT
*

Scer TTAA-CGTCAAGGA---GAAAAAACTATA

Spar TTAT-CGTCAAGGAAR-GAACAAACTATA

Smik TCGTTCATCAAGAA----AAAAAACTA.

Sbay TTATCCCAAAAAAACAACAACAACATATA
* ok Rk

Kellis et al. (2003) Nature
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Mutations in GAL7 Lead to Galactosemia

Organs Affected by Galactosemia Galactose

| 'y , ‘ A
Brain \ GAL1l

' Eyes V

Y
Galactose-1-Phosphate

A

GAL7

Y

UDP-Galactose

A

GAL10

Y

UDP-Glucose

90



Saccharomyces cerevisiae
Saccharomyces kudriavzevii
Kluyveromyces thermotolerans ‘ :‘ ’, »

Saccharomyces bayanus
Kluyveromyces waltii

Saccharomyces kluyveri

Kluyveromyces lactis

Eremothecium gossypii

Why Cluster?
Candida glabrata
Candida / Schizosaccharomyces GAL Gene Synteny

Saccharomyces GAL Gene Synteny
Saccharomyces castellii { 3
Vanderwaltozyma polyspora {
GAL7 ORF-Y ORF-X GAL10 GAL1 ORF-X alt. KI1F
Pichia stipitis, Candida guilliermondii {
Debaryomyces hansenii

GAL7 GAL].O Gm:.:l/B ORF-X *?
Zygosaccharomyces rouxii
Candida lusitaniae

I LT

Candida albicans,C. tropicalis, C. para- *‘_H
_dpsiiosis, Lodderomyces elongisporus { “ .;‘ ."
Yarrowia lipolytica E ol i AL il
Sordariomycetes
Leotiomycetes Pezizomycotina |—’| l-.f - l-’t ""l ".f
Dothidiomycetes [ (33 genomes) [
Eurotiomycetes
Schizosaccharomyces pombe, S. oc!o-{ t
rus
ﬁizosaccharomyces Jjaponicus :: ‘ 3‘ : ::
Taphrina deformans
Pneumocystis carinii
VIR Cryptoccus GAL Gene Synteny
GAL10 GAL1 GAL7 PTP ORF-Y ORF-X K1F
Laccaria bicolor p’. ,."
ggprinops';‘s c}r‘neczea )
anerochaete chrysosporium

Postia placenta { Hilp il HElp- - | [
Cryptococcus neoformans 1‘+H’* o
Cryptococcus grubii E e ol
Cryptococcus gattii Hilp~ il il il
Tremella mesenterica
Ustilago maydis, Malassezia globosa { vilie= Vil = Hil+
Melampsora laricis-populina, Sporobo-

———<llomyces roseus, Puccinia graminis Hilp+ il -l -

Rokas@WCG, Czesky Krumlov, 01/21/2011

phylum
Ascomycota

phylum
Basidiomycota
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Are GAL Genes in Clusters Lost More Frequently?

Two potentially functional GAL states:
clustered - C

unclustered — U

One nonfunctional GAL state:
nonfunctional — N

Rokas@WCG, Czesky Krumlov, 01/21/2011

Rate Restriction LnL 2AL df p-value Mean Transition Rate
gCN = 30.9
none -28.82 qqr\?cl;\l:;?'.os
gNU = 2.2
gNC = gNU -29.64 | 1.62 1 0.25 gNC =gNU =12.9
gCN = qUN -32.95 | 824 | 2 0.02 gCN=qUN =24

Species with Clusters Have Higher Rates of GAL Pathway Loss

Analyses done with BayesTraits (by Pagel & Meade);

http://www.evolution.rdg.ac.uk/SoftwareMain.html
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A Hybrid Model for the Evolution of Gene Clustering

Clustering originates because it allows more precise
coordination of pathway gene regulation and deleterious

“ub i

Araby ~lie

Clustering makes horizo ta-l gene transfer easier

Clustering makes pathway.loss easier

=> Clustering facilitates fungal adaptation to diverse and
changing nutritional environments

V http://www.genome.jp/kegg/
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The Sterigmatocystin Gene Cluster in Aspergillus nidulans

stctW VUTSRQONML K | GF ED CB stcA
== = ) ¢=9 N—-#-N— —b =69 & ¢ ) —)
afld afIR
0 " 10Kb

wheat, maize,
animal feed,
hard cheese,
pecan nuts
and green
coffee beans

Caution

Carcinogen
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The Aflatoxin Gene Cluster in Aspergillus flavus

afly Xw
=4

V
-

Rokas@WCG, Czesky Krumlov, 01/21/2011

B A DhypCC T U aflF

KQPOILGNMEJHSR
e A e e ) o § ) o )

Cereals (maize, sorghum, rice, wheat)
Oilseeds (peanut, soybean, sunflower)
Spices (chilli pepper, black pepper)
tree nuts (almond, pistachio, walnut)
Milk of animals fed contaminated feed

Virtually all sources of commercial
peanut butter in the United States
contain minute quantities of aflatoxin

In the United States, agricultural
economic losses due to AF
contamination of food and feed amount
to $270 M annually
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A Near-Identical ST gene cluster in Podospora anserina

A. flavus  yaxaw av ok afQ ol oo ot oft afG N afM afE afaf afs afR afiB afiD hypC  afic ol aflU aff

AF clNstar =it =yl bbb et ) N e L |

62% o‘

% . )Y
T
A nldUlanS stclW stcV steT steS steQ stcO steN stel stcl stcl stcG stcF afl) afiR stcE  stcC  stcB stcA

R\ _
STonster 39 Heb P e ) 6 & B Yy

53%
63%

|

Z
Podospora anserina % srchchstcT steS steN- - stel stek stel see stcF - afl)  afR stcE steC steB stcA szcomrB steR
ST cluster i--b-N--N—tﬂ-N——N- e e Y s — )
stc
I I 1
0 10 Kb

Slot & Rokas (2011) Curr. Biol.
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P. anserina ST Cluster Conservation Higher Than Background

Difference in Microsynteny Conservation

o
~

&~
N

-1

Sets of 25 contiguous genes from A. nidulans

¢ ST cluster
* Random clusters

Slot & Rokas (2011) Curr. Biol.
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Did P. anserina Acquire the ST Cluster via HGT?

Gene tree expected from species Gene tree expected from HGT

phylogeny

Aspergillus nidulans clade (1 genome) Aspergillus nidulans clade
Aspergillus others (8 genomes) Podospora anserina
Eurotiomycete others (7 genomes) Aspergillus others
Dothidiomycetes (5 genomes) Eurotiomycete others
Podospora anserina (1 genome) Dothidiomycetes
Neurospora (3 genomes) Neurospora
Sordariomycete others (14 genomes) Sordariomycete others
Leotiomycetes (2 genomes) Leotiomycetes

Other fungi (53 genomes) Other fungi

Slot & Rokas (2011) Curr. Biol.
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The P. anserina ST Cluster was Acquired via HGT

Podospora anserina Aspergillus nidulans clade Podospora anserina

Aspergillus nidulans clade Aspergillus others Aspergillus others

Aspergillus others Podospora anserina Aspergillus nidulans clade

Outgroup Outgroup Outgroup
stcW (Figure S1A) stcU (Figure S1C)*
stcV (Figure S1B) stcS (Figure S1E)*
stcR (Figure S1W) stcL (Figure S1H) _
stcQ (Figure S1V) stel (Figure S1K) el
aflJ (Figure S1N) 1 stcG (Figure S1L)
stcE (Figure S1P) stcF (Figure S1M)

steD (Figure S1Q)
Podospora anserina :
Podospora anserina Podospora anserina
Aspergillus nidulans clade . .
. Aspergillus nidulans clade Aspergillus nidulans clade
Aspergillus others
Outgroup Aspergillus others
Outgroup
stcN (Figure S1F)
ted (Fi S1J tcT (Fi S1D
S ) AIET (Flaumist D) afiR (Figure S10)
stcA (Figure S1T) stcC (Figure S1R) stcO (Figure S1U)
stcM (Figure S1G)** g

stcB (Figure S1S)

V Slot & Rokas (2011) Curr. Biol.
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Is the P. anserina ST Cluster Functional?

0 " 10Kb
steWVUTS NML K J | GF EDCB A O QsteR

= ) o o P e e ) (o =) e — e )
aflJ aflR omtB

=5 = — = U e —

=il =i} bl ile) & =PUbiP S} (¥l

2

Expression for 14/24 genes in EST data set

| &

A
A A Best hit in de novo search is the AfIR-
CI C = binding motif

0 - [ ] T 0

O—L

Slot & Rokas (2011) Curr. Biol.
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Parasitol Res
DOI 10.1007/s00436-010-2098-1

ORIGINAL PAPER

Larvicidal activity of metabolites from the endophytic

Podospora sp. against

Josphat C. Matasyoh - Birger Dittrich
Anja Schueffler - Hartmut Laatsch

the malaria vector Anopheles gambiae

Abstract [n a screening for natural products with mosquito
larvicidal activities, the endophytic fungus Podospora sp.

isolated from the plant Laggera alata (Asteraceae) was
conspicuous. Two xanthones, sterigmatocystin (1) and
secosterigmatocystin (2), and an anthraquinone derivative
(3) 13-hydroxyversicolorin B were isolated after fermenta-
tion on M, medium. These compounds were characterised
using spectroscopic and X-ray analysis and examined
against third instar larvae of Anopheles gambiae. The
results demonstrated that compound 1 was the most potent
one with LCsp and LCyy values of 13.3 and 73.5 ppm,
respectively. Over 95% mortality was observed at a
concentration 100 ppm after 24 h. These results compared
farvourably with the commercial larvicide pylarvex® that
showed 100% mortality at the same concentration. Com-
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Ion Torrent Personal Genome Machine Sequencer

lllumina MiSeq 454 | Roche GS Junior
$125,000 $100,000

2x150bp 27 hours 1 Gb 2 x 400 bp 10 hours 35 Mb

[ S —

._ll_]_ﬂ}x__‘illlllllllil,

lon Personal Genome Sequencer

$49,500

1x100bp 2 hours 10 Mb
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