Biological sequence analysis
In the post-data era
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1. an embarrassing personal history



introns in a bacteriophage!? seriously?

Cell, Vol. 47, 81-87, October 10, 1986, Copyright © 1986 by Cell Press
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At least three... maybe more?

Miller et al, Microbiol Mol Biol Rev. 67:86, 2003
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Group | self-splicing introns
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RNA structure induces pairwise correlation
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Pattern matching of RNA consensus

H1 s1 H2 s2 H3 s4 H2 s5 H4 s6 H4 s7 H5 s8 H1 sO H6 s10 H6 s11 H5 s12 H7 s13 H7

H1560

H2 3:5 0 GCN:NGC
H3360

H4 3:5 0 ARN:NYU
H5 4:5 0 GACU.AGUC
H66:90

H7 5:80
s14:8 Daniel Gautheret, Francois Major, Robert Cedergren

s2 36 CABIOS 6:325, 1990
s3 40:400
s4 2:6
s50:0

s6 30:400
s7 4:5 cann
s8 3.6

s9 0:1

s10 4:1000
s11 5:9 agn
s12 3:6

13 5:400 a modification of Henry Spencer's regex code
SR Eddy, unpublished, 1991



Hidden Markov Models in Computational Biology:

Applications to Protein Modeling
UCSC-CRL-93-32

Anders Krogh*T, Michael BrownT, I. Saira Mian§,
Kimmen Sjéla‘nderT, David Haussler!
f Computer and Information Sciences

§ Sinsheimer Laboratories

University of California, Santa Cruz, CA 95064, USA.

email: krogh@nordig.ei.dth.dk, haussler@cse.ucsc.edu

August 17, 1993

Figure 1. The model.



Attempt to repeat some analytic method that is
considered unreliable and difficult until patience and
hard work yield results similar to those published by
the author. Pleasure derived from success, especially
if it has come without the supervision of an instructor

(that is, working alone), is a clear indication of
aptitude for experimental work.

“Advice to a Young Investigator”
Santiago Ramon y Cajal
1916

... HMMER written as a reimplementation of Krogh, Haussler; 1993
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| had proposed to develop reporter fusions to neural-specific promoters as a tool to
visualize axonal processes in live animals, facilitating genetic screens...

| have started to play with... green fluorescent protein (GFP) from the jellyfish...

| found out at the worm meeting in June that Marty Chalfie’s lab is onto the same idea.
Chalfie has already obtained bright fluorescence in the axons of the six touch
neurons...

[GFP introduced: Chalfie et al, Science 263:802, 1994]/

%

Image from Yishi Jin, UC Santa Cruz
GABAergic neurons in C. elegans

Somewhat embarrassingly, my most productive work has been unrelated to the
original proposal, resulting from some moonlighting as a computational biologist... and
a lingering interest in RNA structure from my thesis work.... | invented a new kind of
statistical model, related to HMMSs, which can model the two-dimensional structure
consensus of RNAs. - progress report for my postdoc grant, 1993



HMMER: profile HMMs of proteins and DNA structure

Infernal: profile SCFGs of RNA sequence/structure

Biological
sequence
analysis

1 [ [ ]

Durbin et al., Biological Sequence Analysis, 1998
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but: 1) I'm a biologist, not a mathematician or computer scientist
2) My biology project was totally, utterly scooped
3) | got into comp bio as a side hobby
4) Tools and methods, not fundamental biology
4) All | really did was learn from other people



2. | will now argue that these are ideal conditions.



100 years of incremental engineering
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30 years of incremental engineering
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Science vs. engineering in computational biology

Science: an idea, a new algorithm to solve a problem: a paper.
Engineering: a useful tool that many people use: software.

Besides solving a problem, a "useful tool" also:
» Works on real (messy) data, not just exemplars

* |s usable by biologists
(documented, robust, easy to obtain and learn)

 Outlasts the student or postdoc who developed it
(perpetually maintained)

* Becomes a building block for even better things
(simple interface for a complex function)

* |s easier to use than to reinvent.

(solves the problem thoroughly) These cost time and money,.
They don'’t result in papers.



The fallacy:
You are rewarded for how many publications you have.

The truth:
You are rewarded for how much impact you have.

The (underappreciated?) consequence:
It is worth the time and effort to engineer useful tools.



Arbitrage (n.):
the practice of taking advantage of a value difference
between two markets

Academics believe that their career system only values publications.

The biology research community demands strong computational tools.

My comp bio work consciously exploits the middle ground.
To a significant extent, | take other people's ideas and papers,
and engineer the community's advances into robust computational tools.



HMMER accelerated 1000x; Infernal accelerated 10,000x

ORIGINAL PAPER " ic comonomaicsniss:

Sequence analysis

Striped Smith—-Waterman speeds database searches six times
over other SIMD implementations

Michael Farrar

Received on June 22, 2006; revised on November 13, 2006; accepted on November 14, 2006
Advance Access publication November 16, 2006
Associate Editor: Nikolaus Rajewsky

SIMD = single instruction multiple data: vector-parallel operations
a market driven in large part by graphics and games

Intel/AMD: SSE (Streaming SIMD Extensions)
AVX (Advanced Vector Extensions)



Planning for permanence by taming exponential growth

Pfam 27:

We leverage community annotation
Seed alignment |
Seed alignments are stable, permanent

Profile We invest in scalable methods (HMMER, Infernal)

Full alignment Thus the rest of Pfam is automatic



3. Scientific publication: a 350 year old tradition of open science.
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The first scientific journal:

Journal des sgavans
(1665)

‘for the relief of those either
too indolent or too occupied to
read whole books’

-Denis de Sallo, founder
quoted in Bernard Houghton, Scientific Periodicals (1975)
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The Cech report (2003)

“... the fundamental purpose of publication of scientific information is to
move science forward. More specifically, the act of publishing is a quid
pro quo in which authors receive credit and acknowledgement in
exchange for disclosure of their scientific findings.

An author’s obligation is not only to release data and materials to enable
others to verify or replicate published findings (as journals already
implicitly or explicitly require) but also to provide them in a form on
which other scientists can build with further research.

All members of the scientific community — whether working in academia,
government, or commercial enterprise — share responsibility for upholding
community standards as equal participants in the publication system, and
all should be equally able to derive benefits from it.”

“Sharing Publication-Related Data and Materials:
Responsibilities of Authorship in the Life Sciences”
National Research Council, National Academy of Sciences, 2003



“Open data” has been the scientific community standard
since journals began in 1665.

Then why is everyone so exercised about “Open” everything
these days?

The problems today are
really more about new mechanism than new principle.

What happens when it takes more than reading the paper to
convey the key result?

 Large data sets e.g., the Celera human genome
« Software papers like “FOQ: a program to do X"
» Materials e.g., transgenic mice

* The literature itself  full text indexing/retrieval



“An article about computational science in a scientific
publication is not the scholarship itself, it is merely
advertising of the scholarship. The actual scholarship is
the complete software development environment and that
complete set of instructions that generated the figures.”

Buckheit and Donoho (1995)

cited in Robert Gentleman, Stat App Genet Mol Biol 4:2 (2005)
emphasis mine



4. Two magic tricks



s GAL4-GH146

From one neuroblast:
a precise lineage
of ~40 neuron types

An intrinsic program?

Seriously?




Genomic analysis of individual neuronal cell types

UNC-84

Isolation of Nuclei TAgged
in specific Cell Types

(INTACT)
Deal and Henikoff, 2010, 2011

Anti-GFP-Dynabeads



VS.

Darwin's Sandwalk at Down House

Yes, of course, we do need But more often we're exploring.
sophisticated infrastructure:
software engineering For one-off data analysis,
databases premium is on expert biology

ontologies... and tools as simple as possible.



| like control experiments. | don't trust statistical tests.

A statistical test: See the error?

The complete sequence analysis of the chromo-
some reveals 182 ORFs of =100 amino acids. ORFs of this
length have <0.2% probability of occurring by chance in S,

e 32
cerevisiae DNA™. The complete DNA sequence of yeast chromosome Il
Oliver et al, Nature 357:42 (1992)

A negative control experiment, using simulation:

% esl-shuffle yeastgenome | \
esl-translate —m —1 100 - | grep "~>" | wc —1

383



[1] [2]
% esl-shuffle yeastgenome | \
esl-translate —m -1 100 - | grep "™>" | wc —1

[3]

(1] We build a repertoire of trusted methods, like protocols.
2] Data analysis presumes data availability.

3] The command line is a powerful data analysis environment.



| look at "big data” by taking small subsamples.

% cat SupplementaryTable1.txt | randline.pl | head -10
given a bazillion data lines in Supplementary Table1...

randomly sample 10 rows
(...presumes Table S1 in tabular electronic form.)

if 10/10 look good, dataset is in good shape
If 9/10 are artifacts, dataset is in bad shape

If an artifact, design new experiments to fix. Repeat.



genome:
RNA:

genome:
RNA:

a "microexon?"

CCCCCTGGTG|aottag————agagcg |CGGG |gtgcca——tttaaggtgcgoc |CACT
CCCCCTGGTG| | CGGG | | CACT

CCCCCTG|gtgagttag————agagcgcggggtgcca————tttaag |GTGCGGCACT
CCCCCTG| | GTGCGGCACT

no. an unexpected artifact.
(polymorphisms in strain RNA was from)



Lincoln Stein (2003)

Will bioinformatics be like biostatistics, or like molecular cloning?
Should data analysis be outsourced?

Or should we analyze our own data?

Biologists will be fluent in computational analysis.
This is not "interdisciplinary”.
Rather, the discipline of biology will adapit.

Meanwhile, strong computational tools will always be in demand.
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