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One fungus, one name

Fungal Taxonomy and naming undergoing a revolution
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Why is this hard?

• ITS is easier to amplify because it is multicopy and concerted evolution keeps the copies 
homogenized(*) and rRNA genes will change more slowly helping make universal primers 
possible(*)

• Curated sequence database of marker to taxonomy needs to be built

• Taxonomy specified to different depths for some lineages, especially early branching ones

• ITS cannot really be used to build trees - it is a good barcoding molecule as it changes 
rapidly. Though in some lineages not rapidly enough and resolving in those lineages requires 
another marker

• LSU is good for backbone and major grouping but hard to resolve species or even genus 
often with this molecule.

* Assumptions that mostly/often hold true
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Speaking the same 
language

• Unified Taxonomy

• Multiple marker sequences

• ITS, SSU, LSU

• COI1 

• Assembling the Fungal Tree of Life 
markers

• (RPB1, RPB2, EF1alpha)

• Phylogenomically chosen 40-60 
protein coding genes.
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What’s in GenBank for ITS? (ca 2010)

Neocallimastigomycota 267605

Ascomycota 79597

Basidiomycota 45393

Glomeromycota 3809

Chytridiomycota 485

Microsporidia 482

Blastocladiomycota 10

1-454 run
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Some ITS databases

• UNITE (unite.ut.ee) - UNITE barcoding sequences: 3878 ITS sequences of 1508 species 
from 255 genera
Fungal ITS sequences in database (UNITE + INSD): 205,688

• Extracts from GenBank ~ 

• In case of uncurated data there are many mis-specified taxonomy assignments to 
sequence.

• Worst are endophytic fungi that are assigned to plants or other improper specimen 
identification

• Need: Expert curation, collection. Much of this is being done very well by UNITE team and 
collaborators.  We (Sloan funded project) do want to help
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LSU & databases

• Ribosomal Database Project (MSU) has a Naive Bayesian classifier for Fungal LSU - http://
rdp.cme.msu.edu/classifier/

• Still new to us to be able to test out (Liu et al 2011) but promising and quite fast as it doesn’t 
have same alignment-based 

• Vast majority of data being generated seems to be ITS, but sometimes there is a paired LSU 
study.
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Playing with real data

• Amend et al PNAS 2010 “Indoor fungal composition is geographically patterned and more 
diverse in temperate zones than in the tropics.”

• 72 samples of fungi from 6 continents. Sampled ITS2 region and the D1-D2 region of LSU 
with 454-FLX

• Main finding of increasing species diversity with increasing latitude 
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Fig 1. Amend et al 2010
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MG-RAST with Fungal Data
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Hits summarized by different taxonomic levels
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Rarefaction curve (1 sample)
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Summary	
  of	
  Indoor	
  Fungal	
  Metagenomes	
  using	
  MG-­‐
RAST	
  tools

Analyses	
  performed	
  with	
  KbaseKit	
  R	
  package
(Kevin	
  Keegan,	
  Daniel	
  Braithwaite)
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R	
  package	
  to	
  download	
  and	
  analyze	
  MG-­‐RAST	
  annotated	
  data

Install	
  the	
  KbaseKit
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Save	
  in	
  simple	
  format	
  for	
  R,	
  Matlab,	
  Excel	
  etc.

Batch	
  download	
  data	
  from	
  MG-­‐RAST
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AKer	
  normalizaLon	
  and	
  
standardizaLon,	
  data	
  are
more	
  comparable,	
  but
non-­‐normal

DistribuLon	
  of	
  species	
  level
taxonomic	
  abundances	
  for
128	
  samples

Preprocess	
  (normalize	
  and	
  standardize	
  the	
  data
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PCA	
  of	
  normalized	
  counts	
  –	
  Painted	
  by	
  rRNA	
  type
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InvesLgated	
  ITS	
  and	
  28S	
  samples	
  to	
  determine	
  taxa	
  that	
  exhibit	
  the	
  most	
  significant	
  differences

28S ITS
Abundance
Red(low)	
  -­‐>	
  Green(high)

10%	
  most	
  abundant	
  taxa	
  
that	
  are	
  significantly	
  different
between	
  28S	
  and	
  ITS
(Mann	
  Whitney	
  test	
  –
Bonferroni	
  adjusted	
  p-­‐value
0.05)
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PCA	
  of	
  normalized	
  counts	
  –	
  Painted	
  by	
  sampled	
  country

Wednesday, March 7, 12



PCA	
  of	
  normalized	
  counts	
  –	
  Painted	
  by	
  sampled	
  elevaLon
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VAMPS with Fungal 
data

• Testing the use of GAST and the 
UNITE ITS database on the Amend 
et al data.

• Good recall for this dataset - 8% of 
data is unknown, but still evaluating 
correctness of assigned taxa

• Have also tested leave-one-out 
cross validation with test ITS data 
and there is reasonable ability to 
recall taxa.

• With MBL team, be testing an 
integration of ITS data into the 
standard VAMPS analyses.

LOO CV
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Thanks

VAMPS-MBL
Sue Huse
Anna Shipunova
Mitch Sogin

MG-RAST
Daniel Braithwaite
Travis Harrison
Kevin Keegan
Andreas Wilke

UCR
Steven Ahrendt
Daniel Borcherding 
Raghu Ramamurthy(FungiDB)

QIIME
Gail Ackerman
Jesse Stombaugh
Rob Knight
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