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DIARRHEAL DISEASE KILLS 800,000 CHILDREN EACH 
YEAR

(more than HIV, malaria, and measles combined)

Over half of all cases could not be attributed to 
any known pathogen

DIARRHEAL DISEASE KILLS 800,000 CHILDREN EACH 
YEAR

(more than HIV, malaria, and measles combined)
GEMS study: 22,000 children under 5

from 7 African and Asian countries
(Lancet, 2013)



 

Healthy Sick
3000 samples
~1000 clinical variables
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~10,000 sequences/sample



17th century biology



21st century biology
>F4BT0V001CZSIM rank=0000138 x=1110.0 y=2700.0 length=57

ACTGCTCTCATGCTGCCTCCCGTAGGAGTGCCTCCCTGAGCCAGGATCAAACGTCTG

>F4BT0V001BBJQS rank=0000155 x=424.0 y=1826.0 length=47

ACTGACTGCATGCTGCCTCCCGTAGGAGTGCCTCCCTGCGCCATCAA

>F4BT0V001EDG35 rank=0000182 x=1676.0 y=2387.0 length=44

ACTGACTGCATGCTGCCTCCCGTAGGAGTCGCCGTCCTCGACNC

>F4BT0V001D2HQQ rank=0000196 x=1551.0 y=1984.0 length=42

ACTGACTGCATGCTGCCTCCCGTAGGAGTGCCGTCCCTCGAC

>F4BT0V001CM392 rank=0000206 x=966.0 y=1240.0 length=82

AANCAGCTCTCATGCTCGCCCTGACTTGGCATGTGTTAAGCCTGTAGGCTAGCGTTCATCCCTGAGCCAGGATCAAACTCTG

>F4BT0V001EIMFX rank=0000250 x=1735.0 y=907.0 length=46

ACTGACTGCATGCTGCCTCCCGTAGGAGTGTCGCGCCATCAGACTG

>F4BT0V001ENDKR rank=0000262 x=1789.0 y=1513.0 length=56

GACACTGTCATGCTGCCTCCCGTAGGAGTGCCTCCCTGAGCCAGGATCAAACTCTG

>F4BT0V001D91MI rank=0000288 x=1637.0 y=2088.0 length=56

ACTGCTCTCATGCTGCCTCCCGTAGGAGTGCCTCCCTGAGCCAGGATCAAACTCTG

>F4BT0V001D0Y5G rank=0000341 x=1534.0 y=866.0 length=75

GTCTGTGACATGCTGCCTCCCGTAGGAGTCTACACAAGTTGTGGCCCAGAACCACTGAGCCAGGATCAAACTCTG

>F4BT0V001EMLE1 rank=0000365 x=1780.0 y=1883.0 length=84

ACTGACTGCATGCTGCCTCCCGTAGGAGTGCCTCCCTGCGCCATCAATGCTGCATGCTGCTCCCTGAGCCAGGATCAAACTCTG



Same versus different

16S WGS 

WGS 

meta-genome assembly



 

16S analysis is easy

Must compare all versus all
(at least) 

30,000,000 X 30,000,000 = 9 X 1014 (900 trillion pairs)

It's ultimately just clustering... 

ACTGCT--CATGCTGCCT--CGTAGGAGTGCCTCCCTGAGCCAGGATCAAACGTCTG

ACTGCTCTCATGGTG-CTCCCGTAGTAGTGCCTCC-TGAGCTAGGATC—ACCTC---

(each pair, a full dynamic programming alignment)



 

Indexing can help

...

ACTGACTGCATGCTGCCTCCCGTAGGAGTCGCCGTCCTCGACNC

ACTGACTGCATGCTGCCTCCCGTAGGAGTGCCTCCCTGCGCCATCAA

ACTGACTGCATGCTGCCTCCCGTAGGAGTGTCGCGCCATCAGACTG

ACTGCTCTCATGCTGCCTCCCGTAGGAGTGCCTCCCTGAGCCAGGATCAAACTCTG

...
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Backtrack within
dynamic programming table

trie
of sequences

DNAclust – Ghodsi et al. 2011



 

Large clusters can be found quickly

Select a random set of √n sequences
Cluster them
Recruit sequences to the clusters found

... repeat

O(n + c ∙ o(nL))

n sequences of length L
c clusters

=>
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Still too slow - curse of dimensionality
• If we want to find all clusters O(n2) seems unavoidable

• Curse of dimensionality

• Simple filtering techniques do not work
• Key issue - error

3⋅35⋅(500
5

)≈95⋅1012 sequences within 5 mismatches in first 500bp and one mismatch in 
last position

O(n2) time required to find 
unclusterable sequences
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Annotation

Now that clustering is solved
What do the clusters represent?



 

Google: "taxonomic annotation"

● Database of known pages
● Report all that contain 

keyword

● Ranking important (which 
of the thousands is most 
relevant)



Annotation – as easy as a database search

5467_464        HM038000.1.1446   E-value: 6e-96  Bit score: 350 

Bacteria;Cyanobacteria;Melainabacteria;Vampirovibrionales;Vampirovibrio chlorellavorus

E-value – how many random alignments one expects for the same alignment score/quality

Note: database organized hierarchically to allow one to generalize from inexact matches

Kingdom;Phylum;Class;Order;Family;Genus;Species;



5467_464        HM038000.1.1446 Identity: 80.00%  E-value: 6e-96 Bitscore: 350

Bacteria;Cyanobacteria;Melainabacteria;Vampirovibrionales;Vampirovibrio chlorellavorus  
Bacteria;Proteobacteria;Alphaproteobacteria;Caulobacterales;Caulobacteraceae;Brevundimonas;
                                                                                                                                 Brevundimonas mediterranea  

Bacteria;Proteobacteria;Alphaproteobacteria;Caulobacterales;Caulobacteraceae;Brevundimonas;
                                                                                                                                 Brevundimonas bacteroides

Bacteria;Firmicutes;Clostridia;Clostridiales;Ruminococcaceae;Butyricicoccus;Butyricicoccus pullicaecorum

1 in 5 letters is different 



Why biological annotation is hard
• When sequence is in database – it's a CS problem
• How do we generalize from unknown sequences?
• How do we know we are right?

Formally: name equivalent to function

isolate
perform experiments
come up with correct Latin declination



New information: correlation across samples

Quince – Concoct
Borenstein – Metagenomic deconvolution



Associating taxonomy markers with genes



Naming is still an issue
Catabacter hongkongiensis

Christensenella minuta

Christensenellaceae



Database correctness is still an issue

Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;Hyphomicrobiaceae;Gemmiger;
Gemmiger formicilis

Bacteria;
Firmicutes;
Negativicutes;
Selenomonadales;

Bacteria;
Firmicutes;
Clostridia;...



Important future/continuing challenges
Dealing with errors

• Algorithmic:
– Incorrect reconstructions/predictions
– Missing information

• Software errors
– 15-50 bugs/1000 lines of code
– Celera Assembler – 300,000 loc

Computationally modeling biology
... while not ignoring the biology

1011000101000101011011!=
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Assembling two cities
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Mycoplasma genitalium, 25 bp reads
Kingsford et al., BMC Bioinformatics 2010



Is my assembly correct?

Work with Chris Hill, Atif Memon



Model-based testing

Unknown Genome Assembly

Magic
biological

biochemical
biophysical

signal processing
etc.

Reads

Assembler
computational magic

Model 
of

Magic

Same?

Magic
biological

biochemical
biophysical

signal processing
etc.

Work with Mohammad Ghodsi, Chris Hill, Bo Liu, Todd Treangen, Irina Astrovskaya



Back to biology



Impact of diarrhea on microbiota



Uninfected 
control

Positive 
control 
(EAEC O42)

pg/ml
IL-8

Polarized human colonic (T84) monolayers reveal variation in 
injurious behavior for streptococcal isolates

Streptococcal isolates incubated with polarized T84 monolayers at 37C for 
3 hr; IL-8 release measured by EIA. Results of triplicates



Departure from Additivity in 
Rotavirus/Shigella Co-infection

 Significant increase in OR by factor >2

Rotavirus



Pos                    Neg



 Significant reduction in OR by factor >2

Departure from Additivity in 
Lactobacillus/Shigella Co-infection



Pos          Neg
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I feel I am nibbling on the edges of this world when I am capable of getting what Picasso 

means when he says to me—perfectly straight-facedly—later of the enormous new 
mechanical brains or calculating machines: “But they are 
useless. They can only give you answers.” How easy and comforting 
to take these things for jokes—boutades!  

William Fifield, The Paris Review, 
1964

Does anyone really believe that data mining could produce the 
general theory of relativity?

Ed Daugherty, Michael Bittner
Epistemology of the cell, 2011
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