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Overview

Fungal Genomes Sequencing progress

Places to get a genome sequenced for free

Should you go sequence genomes yourself?

Ecological and population applications



Genomes from across the kingdom
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http://fungalgenomes.org/genomes
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How to collect and make sense of this data?

A few resources exist to organize what is 

Ensembl, JGI have integrated systems for some of the data

Phylomedb and InParanoid dbs provides ortholog interface

My lab is working to build pan-fungal genome database interface that is similar to 
resources available at http://eupathdb.org





release 4.2 release 2.1 release 6.3

release 6.0 release 1.1 release 2.0

The philosophy behind EuPathDB databases today ...
 http://EuPathDB.org

➣Curated annotation integrated with automated analyses

 predicted genes, proteins, motifs, structures, functions, pathways, etc

➣Incorporation and integration of diverse data types

 genome & EST sequences, polymorphisms & population genetics data, 

chromatin modifications, transcript/protein profiling (microarrays, RNAseq, 
proteomics etc), interactomes, structural genomics, metabolomics, com-
parative genomics, reagents, field & clinical isolate phenotypes, etc etc

➣Rapid access to both finished and unfinished (draft) data

 unfinished data is increasingly important, as genomic-scale datasets are often 

incomplete (or incompletely analyzed)
➣Enable laboratory researchers to ask their own questions


 the goal is not an Encyclopedia of Parasitology, but hypothesis generation, 
providing tractable target lists amenable to validation at the bench / clinic

➣Universal access.  ~300K hits/mo, 2500+ users, 100+ countries, returning 3x/
mo (ave); 3000+ citations (all EuPathDB); extensive outreach activities

“there’s no such thing as a stupid question”



Cryptosporidium

Geostratigraphic data on 
field isolates



The latest
EuPathDB
component,
featuring
unpublished
genomes
(courtesy of
the Keeling lab)
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What genomes are being generated and where?



Bioenergy Prospective on Fungi

         

Grow Degrade

Lignocellulose 
degraders

Plant symbionts 
and pathogens 

Ferment

Yeasts 
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Fungal Genomics Program Goals

  Develop systematic approaches and scale 
up sequencing and analysis of fungal 
genomes.
  Explore phylogenetic and ecological 
diversity of fungi for DOE relevant science and 
applications



Vol.1. Plant feedstock health
 Part 1. Mycorrhizal Symbiosis 

Part 2. Plant Pathogenicity
 Part 3. Biocontrol

Vol.2. Biorefinery fungi
 Part 1. Lignocellulose degradation
 Part 2. Sugar fermentation
 Part 3. Industrial organisms

Vol.3. Fungal diversity
 Part 1. Phylogenetic diversity 
 Part 2. Ecological diversity

Genomic Encyclopedia of Fungi
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Reading Fungi at Different Resolution

Fungal 
Diversity

Symbionts
Wood rot

Yeasts  
Plant pathogens

Industrial organisms

85%

10%

Stajich et al, 2009



http://www.jgi.doe.gov/fungi



Proposed Targets for JGI Fungal Genomics Project - 
Diversity

 6 

carbohydrate degrading enzymes and the expansions and contractions of carbohydrate active 

enzymes associated with unique lineages and ecologies.   

Fig. 1.  Fungal Tree of Life.  Phylogenetic tree of the current phyla, subphyla, and incertae 

sedis lineages of the Kingdom Fungi. Numbers in parentheses are approximate number of 

genome projects completed or in progress (http://fungalgenomes.org/wiki/Fungal_Genome_ 

Links).  Species names designate target taxa for the early diverging lineages. 

 
 

Early Diverging Lineages of the Fungal Tree of Life.  Molecular phylogenetics has radically 

changed our view of fungal evolution and classification in the last 20 years, and only recently 

has the mycological community been able to have a glimpse at the true fungal tree of life. Until 

recently (6, 14), the Kingdom Fungi was classified into four major phyla – Chytridiomycota, 

Zygomycota, Basidiomycota and Ascomycota – based primarily on morphological traits 

associated with hyphae and reproductive structures (2).  The Chytridiomycota was characterized 

by the production of zoospores with a single posterior smooth flagellum that is homologous to 

the flagellum on animal sperm.  Zoospores are mitotic, motile propagules that play an important 

role in dispersal of a given species in its environment.  Chytridiomycota may be filamentous 

(mycelial) or unicellular depending on the taxon, but in the cases of filamentous growth forms 



JGI FGP Project foci - proposals

Diversity

Fermentation - Yeasts

Growth - symbiotic genomics of mainly basidiomycete

Feed stock - Dothideomycetes

Cellulosic Degradation - Mainly basidiomycetes. Enzyme discovery



You can submit your own proposals

• Community Sequencing Program for 
DOE relevant proposals and how they 
address “global carbon cycling, 
alternative energy production, and 
biogeochemistry.”

• Previously bioremediation, radiation 
resistance, etc. 

• Typically May deadline each year with 
a preproposal deadline in March.

• No funds for you but will sequence 
and annotate the genome and 
provides tools for community 
annotation and participation



Broad Institute

• Fungal Genome Initiative

• Model systems and then Human 
health focused

• Human microbiome project 

• Dermatophyte fungi

• Also other foci that relate to human 
health, e.g. vector biology (A. or 
some crop diseases P. infestans



Other foci

Dimorphic fungi - Onygenales fungi

14 genomes of Coccidioides strains 
(C. immitis and C. posadasii)

Can submit your own proposals to MSC for infectious diseases



Other major centers and projects

Genolevures project generated 6 high quality assemblies and annotations among 
Saccharomycotina.

Genoscope DIKARYOME project will generate yeast genome project sequencing dozens 
of species with yeast forms from Ascomycota and Basidiomycota.

Washington University, St Louis - Histoplasma, Alternaria, 25 strains of S. cerevisiae

Sanger Institute - had completed several fungi (S. pombe, A. fumigatus)

BGI in China - dozens of fungi



DIY?

Should you be sequencing those 
genomes yourself instead?



Strategies for sequencing

Academic sequencing centers

Rates are better - queue may be longer.

Illumina GAII - ~USD$1000-1800 for single-ended (36-72 bp); 
$3000 for 76bp x Paired-End
20-25M Tags = for 76bp PE = 3.8 Gb for $3k = ~100X coverage of 40Mb genome!

Commercial options abound now as well.

Reality is you are going to need Bioinformatics support for anything.

Mixed size insert libraries and read lengths are probably needed to cover repeats



Many places to choose from (1232 machines in 397 
centers as of 1-August-2010)



The hybrid model

Mix reads from different technologies - 
454 & Illumina

Probably limits the biases from different 
technologies but also requires some 
additional work for assembly

Mixed library insert size and paired-end 
data can make all the difference in 
success

Close relative makes scaffolding 
possible.
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Abstract

Filamentous fungi are of great importance in ecology, agriculture, medicine, and biotechnology. Thus, it is not surprising
that genomes for more than 100 filamentous fungi have been sequenced, most of them by Sanger sequencing. While next-
generation sequencing techniques have revolutionized genome resequencing, e.g. for strain comparisons, genetic
mapping, or transcriptome and ChIP analyses, de novo assembly of eukaryotic genomes still presents significant hurdles,
because of their large size and stretches of repetitive sequences. Filamentous fungi contain few repetitive regions in their
30–90 Mb genomes and thus are suitable candidates to test de novo genome assembly from short sequence reads. Here, we
present a high-quality draft sequence of the Sordaria macrospora genome that was obtained by a combination of Illumina/
Solexa and Roche/454 sequencing. Paired-end Solexa sequencing of genomic DNA to 85-fold coverage and an additional
10-fold coverage by single-end 454 sequencing resulted in ,4 Gb of DNA sequence. Reads were assembled to a 40 Mb
draft version (N50 of 117 kb) with the Velvet assembler. Comparative analysis with Neurospora genomes increased the N50
to 498 kb. The S. macrospora genome contains even fewer repeat regions than its closest sequenced relative, Neurospora
crassa. Comparison with genomes of other fungi showed that S. macrospora, a model organism for morphogenesis and
meiosis, harbors duplications of several genes involved in self/nonself-recognition. Furthermore, S. macrospora contains
more polyketide biosynthesis genes than N. crassa. Phylogenetic analyses suggest that some of these genes may have been
acquired by horizontal gene transfer from a distantly related ascomycete group. Our study shows that, for typical
filamentous fungi, de novo assembly of genomes from short sequence reads alone is feasible, that a mixture of Solexa and
454 sequencing substantially improves the assembly, and that the resulting data can be used for comparative studies to
address basic questions of fungal biology.
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Introduction

Fungi are heterotrophic eukaryotes found in nearly all
ecosystems. About 100,000 fungi have been described to date,
but conservative estimates predict at least 1.5 million different

species [1,2]. Fungi exhibit a wide range of different lifestyles,
particularly as saprobes, pathogens or symbionts. As saprobes,
fungi acquire nutrients from dead organic matter and are among
the main recyclers on the planet. They play important roles in the
degradation of cellulose and lignin, contributing greatly to the

PLoS Genetics | www.plosgenetics.org 1 April 2010 | Volume 6 | Issue 4 | e1000891

1 year genome 
project!



Marcet-Hoube and Gabaldón 
PLoS One 2009.

Eurotiomycetes

Sordariales
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Genome annotation
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7,913 genes out of 9,629 have 1:1 Ortholog with N.crassa

http://gb2.fungalgenomes.org/gb2/gbrowse/sordaria_macrospora/



Comparative assembly - improve using Synteny
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Brave new world of population genomics

Resequencing whole genomes quite 
possible when there are reference 
genomes available

For a 40 Mb fungus can easily get SNP 
results from 1 lane of 36 bp or 72bp 
sequence with high quality

For example in Bd we find about 48k 
SNPS among strains with 1 lane 
Illumina ~$1000 - 30Mb genome


