


Reverse ecology: population 
genomics, divergence and 

adaptation!
!
!

John Taylor!
UC Berkeley!

http://taylorlab.berkeley.edu/!



Fungi and how they 
adapt.!



What are Fungi?!
!

Where are Fungi in the Tree 
of Life?!

!
Adaptation.!



Parasol !
Mushroom!
Macrolepiota!

procera!

Mushrooms!



Three Parts of a Mushroom - C. T. Ingold!



Hypha with nuclei, Tulasnella sp.!



The Hypha!

Jacobson, Hickey, Glass & Read!



A. H. R. Buller 1931!

The Mycelium!



Yeast: growth and “spores” at the same time. !

http://genome-www.stanford.edu/Saccharomyces/	

Diane Nowicki and Ryan Liermann	




Leavened Bread!

http://en.wikipedia.org/wiki/Bread!

Alcoholic Beverages!

www.apartmenttherapy.com!



Leavened Bread!

http://en.wikipedia.org/wiki/Bread!

Alcoholic Beverages!

www.apartmenttherapy.com!

: perso.club-internet.fr 



!
Total Revenue for  Selected Industries!
!
Alcoholic Beverages !$1000 Billion!
!
Automotive ! ! !$900 Billion!
!
Aerospace ! ! !$666 Billion!
!
Crude oil ! ! !$1300 Billion!



http://www.ssca.ca/conference/2002proceedings/monreal.html!

Symbiosis, arbuscular mycorrhizae!
http://mycorrhizas.info/resource.html!
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Symbiosis, arbuscular mycorrhizae!
http://mycorrhizas.info/resource.html!



Symbiosis, with 90% of plant species!
http://mycorrhizas.info/resource.html!



Remy, Taylor et al. 1994!

Devonian Fossil!
400 mya!

Modern Glomales!



Symbiosis, Ectomycorrhizae!
Antonio Izzo - Tom Bruns!



Symbiosis, with Oaks and Pines!
Antonio Izzo - Tom Bruns!



Batrachochytrium & 
Sierran yellow-legged frog.!

Photos from Vance Vreedenberg and Jess Morgan!



. . . and another 30% of amphibians.!

Photos from Vance Vreedenberg and Jess Morgan!



What are Fungi?!
!

Where are Fungi in the Tree 
of Life?!

!
Adaptation.!



Baldauf. 2003. Science!



Baldauf. 2003. Science!



Baldauf. 2003. Science!



Baldauf. 2003. Science!LCA!



Blastocladiella simplex!

Mammalian!
Spermatozooan!

Fungal!
Zoospore!

LAST COMMON ANCESTOR - FUNGI & ANIMALS!

Stajich et al. 2008 Current Biology! Wrench et al. 2010. Animal Repro Sci!
Equus ferus caballus!



Animals

Microsporidia

Rozella 

Chytridiomycota  

Blastocladiomycota

Entomophthoromycotina

Mucoromycotina  

Glomeromycota 

Ascomycota

Basidiomycota

?

Neocallimastigomycota  

Dikarya

(Zygomycota I)

(Zygomycota II)

Animals!
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Fungi!

Animals!



Neurospora !



Sordariales, Neurospora!

Nobel Prize in Physiology or Medicine, 1958!

Beadle! Tatum! Lederberg!

One gene - one enzyme!
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!

Where are Fungi in the Tree 
of Life?!

!
Adaptation.!
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Divergence�



Divergence� Adaptation �



Lava!
flows!

Adaptation:!
What environmental factors?!
What adaptive phenotypes?!

Hopi E. Hoekstra and Michael W. Nachman. 2005. UC Press!



http://obson.files.wordpress.com!



Sand!

Lava!



Adaptive Coat Color!

Feder, ME and T Mitchell-Olds. 2003. Nature Reviews Genetics!
!

Chaetodipus intermedius!



Feder, ME and T Mitchell-Olds. 2003. Nature Reviews Genetics!
!



What environmental 
factor?!

What phenotype?!













1,363 Individuals!
3.3 billion nucleotides!

392,935 vary!



1,363 Individuals!
392,935 SNPs!



1,363 Individuals!
392,935 SNPs!

1 in every 8500 nucleotides !



Louise Glass! Rachel Brem! John Taylor!



Louise Glass! Rachel Brem! John Taylor!

Charles Hall! David Kowbel! Julie Walsh! Chris Ellison!



Neurospora species!
Villalta C, Jacobson D, Taylor J!

2009 Mycologia!



Neurospora species!
Villalta C, Jacobson D, Taylor J!

2009 Mycologia!



Neurospora!
crassa!

Dettman et al. 2003!
 Evolution!



Neurospora!
crassa !
Clade A!



Genome sequence data!
!

Illumina Next-Generation-Sequencing!
• 63 strains total!

SNPs!
• ~135,000 SNPs!

•  ~One every 400 nucleotides!



Louisiana!

Caribbean!

Ellison 2011 PNAS!



Unexpected population structure in Neurospora crassa from 
the Caribbean Basin!

Ellison 2011 PNAS!



Two recently diverged populations!
Temperature: 9°C difference in mean annual!

                           minimum temperature (5°C vs 14°C)!
Latitude: 2.4 - 10.6 degree difference in latitude!

Ellison 2011 PNAS!



Divergence!
Between!

populations!

Population!
1!

Population!
2!

“Speciation Islands”!



Divergence!
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2!

“Speciation Islands”!



Islands of genetic differentiation in a steam of gene flow!

“Speciation Islands”!



“Islands of divergence – Speciation Islands”!“Islands of divergence – Speciation Islands”!

Ellison et al. 2011. PNAS!



Rest of the genome!

Ellison et al. 2011. PNAS!



Chromosome 3 Speciation Island!

Ellison 2011 PNAS!



Chromosome 3 Speciation Island!

Ellison 2011 PNAS!



Chromosome 3 Speciation Island!

Hunger et al. 2006. J Bacteriol. !

MRH4-like!



Two recently diverged populations!
Temperature: 9°C difference in mean annual!

                           minimum temperature (5°C vs 14°C)!
Latitude: 2.4 - 10.6 degree difference in latitude!

Ellison 2011 PNAS!



Chromosome 7 Speciation Island!

Ellison 2011 PNAS!



Chromosome 7 Speciation Island!

Ellison 2011 PNAS!



Chromosome 7 Speciation Island!

frq!



Two recently diverged populations!
Temperature: 9°C difference in mean annual!

                           minimum temperature (5°C vs 14°C)!
Latitude: 2.4 - 10.6 degree difference in latitude!

Ellison 2011 PNAS!



Chromosome 7 Speciation Island!

Works with chaperones to fold cytoskeleton proteins!

Ellison 2011 PNAS!



PAC10 rescue[s] . . . cold-sensitivity . . . of 
the yeast deletion mutants.!



Louisiana v. Caribbean!
Temperature:  9°C difference in lowest annual temp - 5°C v. 14°C!

!

Latitude:         2.4° - 10.6° difference in latitude!

Ellison 2011 PNAS!



Growth at 10˚C!
Growth at 25˚C!

p=0.03!

N. crassa!
wild strains!

Ellison et al. 2011. PNAS!





Neurospora gene knockout collection!

Ellison et al. 2011. PNAS!



Ellison et al. 2011. PNAS!



Growth at 10˚C!
Growth at 25˚C!

RNA helicase!

Ellison et al. 2011. PNAS!

p=0.05!



Growth at 10˚C!
Growth at 25˚C!

Pre foldin!

p=0.048!

Ellison et al. 2011. PNAS!



What environmental 
factor?!

What Phenotype?!
Which genes?!



Genes:!
Cold Shock RNA helicase.!

Prefoldin chaperone.!
Circadian Clock Oscillator.!

!
Environmental factors:!
Minimum temperature.!

Day length.!
!

Growth as the phenotype!
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!
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Day length.!
!

Growth as the phenotype!

Reverse!
Ecology!



Medicine – Fungi That Cause Systemic Disease!
 !
San Joaquin Valley Fever Fungus!
Coccidioides immitis!
 !
Arizona Valley Fever Fungus!
Coccidioides posadasii!

Hector and Laniado-Laborin!
2005. PLoSMedicine!



Medicine – Fungi That Cause Systemic Disease!
 !
San Joaquin Valley Fever Fungus!
Coccidioides immitis!
 !
Arizona Valley Fever Fungus!
Coccidioides posadasii!

Ashburn and Emmons 1942. 
Archives of Pathology 34:791-800.!



Biofuels – Yeasts to Make Ethanol at High Temperature!
 !
Thermophilic yeasts!
!
Kluyveromyces marxianus!
Issatchenkia orientalis!

Bagasse Pile in Louisiana!



Biofuels – Yeasts to Make Ethanol at High Temperature!
 !
Thermophilic yeasts!
!
Kluyveromyces marxianus!
Issatchenkia orientalis!

http://www.ncyc.co.uk/yeast-ncyc-2791.html!



Ecology – Fungi that from Mutualistic Symbioses with 
Plants!
 !
Ectomycorrhizal Fungus!
Suillus brevipes!

http://www.mykoweb.com/CAF/species/Suillus_brevipes.html!



Ecology – Fungi that from Mutualistic Symbioses with 
Plants!
 !
Ectomycorrhizal Fungus!
Suillus brevipes!

http://www.celsias.com/article/outsourcing-our-offsets/!



What are Fungi?!
!

Where are Fungi in the Tree 
of Life?!

!
Adaptation.!



Great recent talk on human genomic medicine!
http://pmb.berkeley.edu/regentslecture!

!



• Chris Ellison 
• Rachel Brem 
• Louise Glass 
• Charles Hall 

• David Kowbel 
• Juliet Welch 

• David Jacobson 

Chang-Lin Tien	

Graduate Fellowship	




Questions?!




