Standardizing the Next Generation of

Bioinformatics Software Development With
BioHDF (HDF5)

BioHDF BoF SC09

;

geosplza“




Overview

 Driver: bioinformatics challenges in Next
Generation DNA Sequencing (NGS)

* BioHDF project and examples
 HDF5 (Hierarchical Data Format)
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Next Generation DNA Sequencing

“Transforms today’s biology”

) . . NGS'is Poweriul
Democratizing genomics

“Changing the landscape” “Genome center in a mail room”

“The beginning of the end for microarrays”

Q;—
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Example: Measuring Gene Expression

dbEST - Jan 20, 2009 Other Technologies
Total Organisms 1,683 Experiment Measurements
Total ESTs 59,498,205 SAGE 1,000-100,000
Human 8,163,902 Microarrays 1.4 M (probes)
Mouse 4,850,605 0.8 M (probes)
48 K (transcripts)
Maize 2,018,337
Arabidopsis 1.526.124 Next Generation Sequencing
Cattle 1517143 Instruet Measurements
Pig 1.476.771 454 Titanium 1,000,000
lllumina GA 80,000,000
Soybean 1,380,071 )
SOLID V3 180,000,000
Zebra Fish 1,380,017
5 others ~1.000,000 Greater sensitivity, higher dynamic ranges

+ Qualitative data: isoforms, alleles, ...
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NGS is Daunting

“Prepare for the deluge”

“Byte-ing off more than you can chew”

“These sequencers are going to totally screw you”

Are you ready for Next Gen?

“If the data problem is not

addressed, ABI’s SOLiD, 454’s

GS FLX, Illumina’s GAII or any of
the other deep sequencing
platforms will be destined to sit in
their air-conditioned rooms like a

Stradivarius without a bow.”

© Copyright 2009 Geospiza, Inc. All Rights Reserved.
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NGS Data are Analyzed in Three Phases

Primary Data Analysis - Images to bases

Images Image Analysis

sw

Ref Seq +
Aligner

Assembler

One or more
Data sets

Contigs + Annotation

Base Calling

TCGATTTACGATCGATCGITGCATGCTG
CTAGTTTCOATTTACGATCGATCATTGC
ICGATTTACGATCGATCGTTGCATGCTGH
TACGATCGATCGT TIGCATGCTEGGGTA

TCGATCGTTGCATGCTCGOGTAGTGET

TTTAGGATCOATCOTTGCATGCTG
TTTACGATCGATCGTTGCATGCTGG

TAGTTT GATTTACGATCGATCGTTGCA
AGGATCGATCGTTGCATGC TG

A r/.'rr‘r.nrﬁmrnr SCTGGGGTAG

ATGGOCTGGGCTAGTT TCRATTTACGA
CCTGGGCTAGTTTCGATTTACGATOGAT
GCTAGT TTCGATTTACGATCGATCGTIG
JATCGATCGT TGCATGCTOGGETAGTGL
TTOGAT TTACGATCGATCGTTGCATGC T

Sequences +
Quality values
Run quality

Secondary Data Analysis

Aligned Reads

TGC TAGGTTCATGC
A_GCGTAAGGCTAGGTTCATGCT
AT _CGTAAGGCTAGGTTCATGCT
ATG TAGGTTC
ATGC TAAGGCTAGGTTCA

TGCG_AAC

Gene lists

Read Density
Variant list

Sample, run quality

242244244
{ol
b=}
§

slslstslsls

CA
ATGCGTA  GGTAGGTTCA
(ATGCGTAA  CTAGGTTCA

TA - - TT AGGTTCGAA

Secondary Data
Production
De novo assembly =>

Differential expression
Methylation sites
Gene association
Genomic structure
Experiment, science

© Copyright 2009 Geospiza, Inc. All Rights Reserved.
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Secondary Analysis is Complex

Examples: MAQ - hitp://mag.sourceforge.net

Secondary Analysis for:
ChIP-Seq Tag profiling Resequencing

Resequencing

Mapass2 Work Flow
' ’e(f_?g:{z,?e ’ ' reads (fasta) '
fasta2bfa fastg2bfqg
Y Y
reference (.bfa) reads (.bfq)
statistics on
reads ond their [Pk maten /" "\ mepmerae
alignments L // \ mar ge
pileup, = P
cli(gnme)nt o gl n_mtent'in
.map! N plain tex
read bases and mapview
qualities ot each
position assemble
. q improved
'“'%'m,os‘i"g? Gl | Rkl [y (.cns) mee ¥ consensus by
using dbSNPs

cnsfy

cns2ref

wiwi n

consensus averaged
sequences and information in a
qualities (.fasta) 1 window
reference
seguences
(.fasta)

alignment
information

_consensus
information

(inpul ) I key files |

© Copyright 2009 Geospiza, Inc. All Rights Reserved.

Variant
File Stats Report

ZQ/ Bed file
2 per chromosome

(raw and filtered) 1 per chromosome

Story repeats for BWA, Bowtie,
TopHat, Mapreads, SOAP ...
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Complexity Limits Scale and Productivity

« Data are fundamentally unstructured

* Solve problems with redundant data processing

— Incremental processing with data filtering
— New question - rerun alignments

« Each question needs a new output format
— One file for tables of alignments
— Another file with bases aligned to see mismatches
— Another file to ask statistical questions

— More files and images for visualization
— Files are linked by virtue of being in the same directory
— Perl hashes fill up and keep running out of disk space

geosplza
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Makes Getting Answers Difficult

Process Applications
Gene Expression Small RNA

N Reads In|Matched % of Total Uniquely Matched
Lo 67898 16880.64 NR_003287 28S ribosomal RNA LOC100008589 12  rRNA rotal Raads ot Total [ommm i Romem B [ [Semmm G
23231 5775.64 NM_002055 glial fibrillary acidic protein GFAP 17 mRNA Adapter/Primer 24266126] 1442572 S94] 2435] 02| 243
I I l I | I IO n read S e ¢ v ? FRNA, tRNA, repeats| zzs2s5s6| 3725514 s 337835
14380 3575.12 | . M\‘Nu\k NR_003286 18S ribosomal RNA LOC100008588 21[Un  rRNA miRBase (human) 19100042 2589883 10.67 2134471 344244 | 504793 [484996 [418865 [261076 [100087 [ 20410
= - ) Transcriptome 16510159 990931 .08 904887 | 354847 109045 [209842[231152
13416 333545 |k Momidlliall] M oo6888 sz'l't';‘;d“"" 1 (phosphorylase kinase, CALML 14 mRNA |cenome 15519228 3074080 267
4 ; lung . Match Length Distribution (miRBase(human))
12661 3147.75 Aﬁh i \ NR_002819 adenocarcinoma transcript 1 MALATL 11 miscRNA
(non-protein coding) o
®
10649 2647.53 m NM_005909 microtubule-associated protein 18 MAP1B 5 mRNA o
— — § wom
10584 2631.37 . NR 002715 RNA, 7SL, cytoplasmic 1 RN7SL1 14 miscRNA i
10053 2499.35 |, Ml My i el| MM 000533 proteolipid protein 1 PLPL X mRNA ,
. : e e e
Ig n O 9594 2385.24 ‘A,«J.‘JLM%M;A |#ly|  NM 199478 proteolipid protein 1 PLP1 X mRNA
9346 2323.58 | ol MM 001101 actin, beta ACTB 7 mRNA
v
refe re n Ce d ata 8460 2103.31 m NM_152793 chromosome 7 open reading frame 41 C7orfal 7 mMRNA . .
mmniet et (oresprryise ke, Epi-Genomics
8137 2023.00 it oot Jh| WM 005180 CEP CALM3 19 mRNA
o028 199541 Ll bl it 005082 i, b 4 I Reference Reads Max. Density Data View ~ Overview
7829 1946.43 NM_002373 microtubule-associated protein 1A MAPIA 15 mRNA J
— l chr1 115109 36 Genome Browser | . ,‘
7364 1830.82 i NM_004321 kinesin family member 1A KIF1A 2 mRNA WG ,i)uw ‘»l»u“’\"‘ Y
— ) : I |
. -
7230 179751 | i | e 13081y SYReProsomalassociated protein, SNAP2S 20 mRNA
Il eukaryotic translation elongation chr2 100061 3729 WIG  Genome Browser |
7185 1786.32 |l iynsihsi M 001961 £\ o> EEF2 19 mRNA ‘
P f'l f t 7075 1758.97 liﬂv‘w:-'l.’/\ i NM_001831 clusterin c 8 mRNA Ii. b
a rse I eS re O rl I la N i i ] chr3 63867 12 WIG  Genome Browser ‘&m, WAM A
I 6921 172068 | . /\ NR 001568 ""‘:'." YECPRSTICRNAMLIGoRPRtEn BCYRNL 2 miscRNA e
v coding) 100 O TR
e ——
data Create re OI lS chra 69857 64 WIG ~ Genome Browser l ] [N
] R e B

2
&
¢
: Variation Analysi
mA mC mG aT B Niother § arla Ion na ySIS
sa00000 H Reference Reads Variants (raw) Variants (filtered) Data View | Overview
soonn ans sosess 2100 e em— T
H 2000000 100 o 1000000 7‘ Il ”i
eV I eW re S u S y 1500000 Reads/Transcript chr2 76870 2436 138 BED WIG Genome Browser 'IWM L “MM"
v 181
. . 1000000 U Ik
make decisions "
e ——— 1
s 0 15 2 e 0 3 chra 72492 2180 141 BED WIG Genome Browser
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And Comparing Between Samples Hard

Explore Data Between Samples

Process
And drill into details
10 - 100
mi"ionl reads mm” Compare expression Alternative splicing
Align to

reference data

l

Review results,
make decisions

|

| Repeat n times,
With n samples

-log(P)

18545959
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What is Desired

1. Scalable systems with smoothly operating user interfaces
2. Summarize results and drill into details for single samples
3. Compare results between samples and within groups

4. Integrate multiple high-dimension datatypes

Data must be structured, indexed, and annotated

Integrated Legacy
Applications Project File Applications
Program ) (1 f Reads, > XML [— Viewer
Alignments,
Annotations

sioje|suel |

Project [T

~ XML |«
R =
Viewers

Need a better way to work with NGS data and information

DLEEE

geosplza
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Current Efforts

« SAM (Sequence, Alignment, Mapping) format
— 1000 genomes
— Text-base format to hold alignment data

BAM and SAMTools

— Binary SAM

— Designed to improve data handling performance
— Indexes data, compression

Useful model and first binary implementation
standard (bigBed, bigWig)

Developed as specific point solutions
« Benchmarking standard

Li H., et. al. 1000 Genome Project Data Processing Subgroup, 2009. The
Sequence Alignment/Map format and SAMtools. Bioinformatics 25, 2078-2079.

geosplza
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Performance is Only One Requirement

* Reduce systems complexity
— Separate data model and implementation
— Development and debugging tools

* Integrate diverse data and information
* Platform maturity
* Broad, stable support

* Extensible systems that can meet the
unknown requirements
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Current Efforts Address Performance

Examples: MAQ - hitp://mag.sourceforge.net

Secondary Analysis for:
ChIP-Seq Tag profiling Resequencing

Resequencing

Mapass2 Work Flow
' ’e(f_?g:{z,?e ’ ' reads (fasta) '
fasta2bfa fastg2bfqg
Y Y
reference (.bfa) reads (.bfq)
statistics on
reads ond their [Pk maten /" "\ mepmerae
alignments L // \ mar ge
pileup, = P
cli(gnme)nt o gl n_mtent'in
.map! N plain tex
read bases and mapview
qualities ot each
position assemble
. q improved
'“'%'m,os‘i"g? Gl | Rkl [y (.cns) mee ¥ consensus by
using dbSNPs

cnsfy

cns2ref

wiwi n

consensus averaged
sequences and information in a
qualities (.fasta) 1 window
reference
seguences
(.fasta)

alignment
information

_consensus
information

(inpul ) I key files |
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Variant
File Stats Report

ZQ/ Bed file
2 per chromosome

(raw and filtered) 1 per chromosome

Story repeats for BWA, Bowtie,
TopHat, Mapreads, SOAP ...
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BioHDF Project

 NIH STTR

— Geospiza, Seattle WA
— The HDF Group, Urbana/Champaign IL

« Goal: Use an existing proven technology to move
bioinformatics problems from organizing and
structuring data to asking questions and visualizing
data

— Develop data models and tools to work with NGS data in HDF
(Hierarchical Data Format)

— Create HDF5 domain-specific extensions and library modules to
support the unique aspects of NGS data => BioHDF

— Integrate BioHDF technologies into Geospiza products

* Deliver core BioHDF technologies to the community
as open-source software

geosplza
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Data Model

Data Model

- HDF

— Groups
— Datasets
e — Attributes
= =] « BioHDF
= — Sequences
ap — Reference DBs
— Alignments
— Gene Models
;ﬁ (annotations)
— Single or Multiple

alignment refmap annotation

files

geosplza
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Example Implementation

Analysis Pipeline Script

Summary Report

adapter.pl -bowtie_file failed.map < ${reads} > ${reads}.masked
import_read -£ analysis.hS -i fastg < §{reads}.masked ,
import_alignment -f analysis.h5 -a byproduct -i bowtie < failed.map Small RNA Analysis

= 3 -£ analysis.h5 - = > .£
“export_read - analysis.h5 -x byproduct > masked.Za ik st o skl % ol

bowtie -n 1 -k 10 --concise -f -p 2 junk masked.fa junk.map [Adapter/primer | 7,817,431  4,993] 0.6
nS_import_alignment -£ analysis.h5 -a junk_all -i bowtie < junk.map =T e

reads.fq

bowtie -n 1 -k 10 --concise -f -p 2 mirbase masked.fa mirbase.map miRBase 7,602,981 | 2,396 0.03
hS_import_alignment -f analysis.h5 -a mirbase_all -i bowtie < mirbase.map — 7.600.585 | 510694 | 6533
bowtie -n 1 -k 10 --concise -f -p 2 rna masked.fa transcript.map Genome 2,493,639 | 1,934,830 |  24.75
hS_import_alignment -£ analysis.h5 -a transcript_all -i bowtie < transcript.map = T T e 715 |

bowtie -n 1 -k 10 --concise -f -p 2 genome masked.fa genome.map
nS_import_alignment -f analysis.h5 -a genome_all -i bowtie < genome.map

nS_filter_alignment -f analysis.hS -a junk_all -o junk \

aligner x byproduct .
gnel Ay O B A 0 o SOy () e 2085 § Annotated Gene List
e bowt'e -x bypreduct -x junk
.g. e (0 o (RO P =7 analysis.hS -a transcript_all -o transcript \ =71 ey S WS e
X byproduct -x junk -x mirbase ‘—-ALIA-.
nS_filter alignment -£ analysis.hS -a genome_all -o genome \ 2000 |t A 0002085 gt s o p e
-x byproduct -x junk -x mirbase -x transcript o 3 W OCiocee e A
. . o cogny I 1 5hcicnryime s, P
hS_index_alignment -f analysis.hS \ s e ML o -
-a byproduct -a junk -a mirbase -a transcript -a genome en o presmrmrmnirs | —
(v e cote)
hS_summarize alignment -f analysis.h5 \ 10609 264750 A (5909 meronade assocuted sruten 18 w5 e
-a bypreduct -a junk -a mirbase -a transcript -a genome 1~ = g -3
h5_cluster_alignment -f analysis.h5 -a genome e DH9081) protsoted e | e
oy ML199478 prencid e x e
summary_from_h5.pl --h5_file analysis.h5 --max_mm 1 \ s R )
byproduct junk mirbase_tr” transcript® genome* > summary stats.html [ -
e 20 B .
report_from hS.pl -hS_file analysis.h5 -aln_name mirbase -hS_ref mirbase.h5 \ R g B ) e o
~title 'miRBase Report' -spl't table 20 - n_rd 10 -group_by reference \ r
-order_desc n_rd -line_fmt 'n_rd;rpm;ref_le N7 rd _img;ref_annot;ref_seg' \ e | NLCOOR7 b, beta ¢ LT Y
> mirbase_report.html / o 40 1000272 e csncite o 34 ———
Gene model 4 it L iy 4 o1
78 s ML e asscued e w3 e
+ f r t 7o mn QLN ey ot g "
orma o | st e -
wi e NGl g YAy 3 e
HDFwew (HDF5 GUI tools)

E;d IQM - . h5ls (HDF5 command-line tools)

custer - jagnments/gencens) - /U O B $ /opt/hdf/bin/hSls -r analysie.hS

analysis.h5

™ / Group
/alignments Group
) Grou

T eno_pos | num_resa | |
147 56

/alignment Dataset (2:364’6/ af}
/ 50331/1

* @ mrbase 2
:3,’ l,;’,u‘ i s;mubase!xelmp Dataset
- @ rwsroLn A . . . s L:a'\sc:'.p_
o : Pipelines executed via
o GSAE remote analysis s i:i:-:n
o /sequences/secues Dataset

[E=E i server (RAS) - API ,

geosplza
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Enables Deeper Integration: Data and Results

——i;7// reads

4 Series of sources

j/ ref data

A
Z

A

alignments

.

queries

A 4
—
Mee~e—

HDF file1

Sample 1

\ 4

v

HDF file2

Sample 2

A

A 4

formatters

v

HDF file(n)

Sample (n)

\ 4

annotations

Integrate data across platforms

=

BA EC BG OT  ENother mA0 mECA EGz O

7 “" -

W@m

EEBEEE2¢

)
)
: )
)
)
] T ' =

Integrate samples / annotations

-
=
=
=
=
-
=
=
comp.
70
860
S0
40
30
20
Data by .
129923390

range

Wwig

Sample 1 (exon-crossing)
Sample 2 (exon-crossing)

i i

129924396

129925402 129926408 129927414

.bed

file \

nnnnnnnnnn

123524 000] 123524500] 125325000] 125525508] 123328000] 125526500]
UCSC Genes Based on RefSe nd_Comparat iv: ics

Gap Locat ions
niFrot, GenBank, CCOS a

=
.-
-
-
- S

eeeeeeeeeee

==

wa 1§30 Gene Collect ion Fu

o o o 1
3 -
— - = s
— - ———
= o
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Simplifies Data Mining

Ve / One alignment step, different questions

Sources

Small RNA Analysis
Adapter/
Primers Database Reads In Matched % of Total

Adapter/Primer | 7,817,431 4,993 0.06
mtDNA rRNA, snRNA 7,812,438 | 209,457 2.68

. miRBase 7,602,981 2,396 0.03
Transcript 7,600,585 | 5,106,946 65.33
Genome 2,493,639 | 1,934,830 |  24.75
Not Mapped 558,809 7.15

Exon Splicing / Exon Analysis
junctions / “Subtractive” Database Reads In Matched % of Total
y queStiOn Adapter/Primer | 7,817,431 4,993 0.06
rRNA, snRNA 7,812,438 | 209,457 2.68
alignments } / Genome 7,602,981 | 6,616,055 84.63
queries Exon Boundary 986,926 420,285 5.38
“Biology” Not Mapped 566,641 7.25
= question

HDF file1 Splicing / Exon Analysis

formatters

Sample 1 Examine Database ReadsIn Matched % of Total
Omm imm 2mm
match quality Adapter/Primer | 7,817,431 4,993 0.06 4,993 0 0
T~ rRNA, snRNA | 7,812,438 | 209,457 2.68 | 165,523 | 34,863 9,071
Genome 7,602,981 | 6,616,055 84.63 | 5,396,006 | 999,514 | 220,535
annotations Exon Boundary | 986,926 | 420,285 5.38 | 343,536 | 62,943 | 13,806
Not Mapped 7,817,431 566,641 7.25

geosplza
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HDF vs BAM Performance

Data Input
10000
1000
F
w 100 " BioHDF
[11]
£ WmBAM
'_
10
1 -
10 100 1000
Reads (1E6)
Data Export
10000
1000
F
ko) " BioHDF
g 1% mBAM
E
’_
10
1 -
10 100 1000
Reads (1E6)

Avg. 8x import
Improvement

Avg. 4x export
Improvement

Improved
compression

Improved
organization

Consistent scaling

© Copyright 2009 Geospiza, Inc. All Rights Reserved.
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Additional Performance

Test Case: 9.3 million GA reads aligned to HG build 36.1

fasta file

(4-core 3GHz Intel Xeon)

609 MB - no random access

143 MB - compressed,
random access

Bowtie Alignments =
fasta + alignment

1033 MB - no random access

284 MB - index,
374 MB + index

Export Alignments (ch5):
100 Mbase region

10 Mbase region

1 Mbase region

0.1 Mbase region

~1 M alignments 1470 ms
450000 alignments 735 ms
44000 alignments 735 ms
4000 alignments 735 ms
600 alignments 735 ms

~1 M alignments 1100 ms
450000 alignments 540 ms

44000 alignments 62 ms
4000 alignments 19 ms
600 alignments 15 ms

Development

> Months - develop file formats,
indices, access libraries, and
debug to make efficient

Days, Weeks - write 1/0
code - parsers, loaders,
and access methods

HDF improves storage, access, and development efficiency
without adding computational overhead

© Copyright 2009 Geospiza, Inc. All Rights Reserved.
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Value of Development Time

Instead Of: D Splice ex0ns Exons observed
] ] Index Sample A vs Sample B
» Developing and debugging low
. 1294 0.00603 116 o4
level infrastructures to support
il tuitifhimoncfd)

0

“novel” binary data formats

« Optimizing high-end hardware o718 o064 22 ] II I
system o-
* Tuning and redesigning RDBMS 146206 oosst 3 ol I |
and other implementations o lbrctecorsssstosss
3682 0.00668 25 o4
Focus on: LJ .
»  Working with 100s of million reads

for 100s of samples 729967 000896 20 E::I " l

* Measuring gene expression

0.2
* Identifying isoforms i1 000902 26 o] I II II
« Observing sequence and structural 0  —

variation
«  Drilling into details from summaries e R °'2i| J
0 Azl 02 =

geosplza
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Why HDF?

HDF: 20 Years in Physical Sciences

HDF - Hierarchical Data Format v
Format for Efficient storage &
scientific data /O performance \/
Store, organize all kinds Big data & big data
of data applications
Elle Efficiency
format v
Emphasis on °°m'm
standard data models Data
Establish conventions
improve interoperability Models
v
1/0 software Standard
& tools APIs
Software to access Standard
data interfaces
Free I/O library, free Enforce conventions,
and commercial tools avoid duplicate effort \/

A platform for creating software to
work with many kinds of scientific data

© Copyright 2009 Geospiza, Inc. All Rights Reserved.

Arrays, rich data types, groups
accommodate every kind of data

Store any combination of data
objects in one container.

Performance: fast random access
and efficient, scalable storage

Portability, data sharing: platform
independent, self describing,
common data models

Tools for viewing, analysis:
HDFview, MATLAB, others

Widespread: used in academia,
govt, industry - MATLAB, IDL,
NASA-Earth Observing System
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HDF5 Platform

« HDF5 Abstract Data Model

— Defines the “building blocks” for data organization and
specification

— Files, Groups, Links, Datasets, Attributes, Datatypes,
Dataspaces

« HDF5 Software

— Tools
— Language Interfaces
— HDF5 Library

 HDF5 Binary File Format

— Bit-level organization of HDF5 file
— Defined by HDF5 File Format Specification

;




HDF Software

Tools, Applications, Libraries

v"Command Line Tools

HDEI/OEibrary [ Slelulbly }

[ Library Extensions

orrie [ERETEE

[ Modifications

geosplza
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HDF5 API and Appllcatlons

aClimate 8 myApp [ - MATLAB®
Model
Domain Data 468 etCDF? ony Pic BioHDF
Objects library library, Field3 library,

HDFS5 API

HDF5 Data Model Objects
Groups, Datasets, Attributes, ...

Int | Dataspace| Datatype Chunked Version and so
Nternals | sejection | Conversion Storage | Compatibilit on...
Virtual File

Layer

I/O Drivers

Tunable Properties
Creation, Access, Transfer, ..

HDF5 Library

geosplza



practice

Article development led by J00{ueR
Sueelcmong

001:10.1145/1582764.1562781

acceleration in the rate at which images

are produced; changes in image de-

signs tocope with new scientific i instru-
and

The biosciences need an image format
capable of high performance and long-term
maintenance. Is HDF5 the answer?

BY MATTHEW T. DOUGHERTY, MICHAEL J. FOLK, ZADOK,
HERBERT J. BERNSTEIN, FRANCES C. BERNSTEIN,
KEVIN W. ELICEIRI, WERNER BENGER, CHRISTOPH BEST

Unifying

Biological

Formats

with HDF5

THE BIOLOGICAL SCIENCES need a generic image format
suitable for long-term storage and capable of
handling very large images. Images convey profound
ideas in biology, bridging across disciplines.

Digital imagery began 50 years ago as an obscure
technical phenomenon. Now it is an indispensable
computational tool. It has produced a variety of
incompatible image file formats, most of which are

already obsolete.

Several factors are forcing the obsolescence:
rapid increases in the number of pixels per image;

42 COMMUNICATIONS OF THE ACM

cete 2008

w30

mmmmmufmmlcmpcrab-lino(lm
ages collected in different labs on dif-
ferent instruments; and research meta-
data dictionaries that must support
frequent and rapid extensions. These
problems are not unique to the biosci:
ences. Lack of image standardization is
a source of delay, confusion, and errors.
for many scientific disciplines,

There is a need to bridge blological
and scientific disciplines with an im-
age framework capable of high com-
putational performance and interop-
erability. Suitable for archiving, such
a framework must be able to maintain
images farinto the future, Some frame-
works represent partial solutions: a
few, such as XML, are primarily suited
for interchanging metadata; others,
such as CIF (Crystallographic Informa-
tion Framework),” are primarily suited
for the database structures needed for
crystallographic data mining: still oth-
ers, such as DICOM (Digital Imaging
and Communications in Medicine),’
are primarily suited for the domain of
clinical medical imaging.

What is needed is a common image
framework able to interoperate with
all of these disciplines, while provid-
ing high computational performance.
HDF (Hicrarchical Data Format)* is
such a framework, presenting a his-
toric opportunity to establish a coin
of the realm by coordinating the imag-
ery of many biological communities,
Overcoming the digital confusion of
incoherent biorimaging formats will
result in better science and wider ac-
cessibility to knowledge.

Semantics: Formats,

Frameworks, and Images

Digital imagery and computer tech:
nology serve a number of diverse bio:
logical communities with terminology
differences that can result in very dif-
ferent perspectives, Consider the word

Jormat, To the data-storage communi-

ty the hard-drive format will play a ma-

An xray Sottis of L B2

Prepared to Manage Systems Biology Data

detector (SN901).

jor role in the computer performance
of a community’s image format, and
to some extent, they are inseparable.
A format can describe a standard, a
framework, or a software tool; and for-
mats can exist within other formats,
Image is also a term with scveral
uses. It may refer to transient electri-
cal signals in a CCD (charge-coupled
device), a passive dataset on a storage
device, a location in RAM, or a data
structure written in source code. An-
other example is framework. An image
framework might implement an image
standard, resulting in image files cre
ated by a software-imaging tool. The
framework, the standard, the files, and
the tool, as in the case of HDF,' may be
50 interrelated that they represent dif-

ferent facets of the same ;p«iﬂnlitm

HDF5 lnmhln across a variety of

Because these temms are so
and varied due to perspective, we shall
use them interchangeably, with the em-

plmm on thc stongv:and nmn@rlmm
of n

s.  Through
xuppon from NASA (National Acro-
nautics and Space Administration),
NSF (National Science Foundation),
DOE (Dep of Energy), and oth:

xqulshlon lhmugh nn‘hhmg

| Data Format Version 5
HDFS is a generie scientific data for
mat with xupporllng software. Intro-

1988 version, III)N. NCSA ional

ers, HDF5 continues to support inter-
national research. The HDF Group, a
nonprofit spin-off from the University
of Ninols, manages HOFS, reinforcing
the long-term business commitment
to nulnuln the fwmll for purposes of

Center for Supercomputing Applica-
tions) developed both formats for
high-performance management  of
large llduogcnwm scientific data.

igned to move data efl be-
tween secondary storage and melnm).

and p
R«-auw an | HDFS file can contain
almost any collection of data entities
in a single file, it has become the for-
mat of choice for organizing hetero-
gencous collections consisting of very
large and complex datasets. HDFS is
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Benefits

000 HDFView

« Separates the model,
. ! .
implementation, and =

FileJURL |/Usersimsw/Desktop/seqc_birain_3.txt.h5 v

VIeW Of the data (5] seqc_brain_3.txt.hS BE Tableview - cluster - jalignmentsfgenome/ - jU.. [ [X

. ¢ @ alignments Table
- Combines data from s | LR |

o~ @ exoncross all |l e

1 ref_id heg_pos end_pos num_read
mUItIple Samples ? @ genome 22 5705 14703 454656 -

£ alignment 22 661 5649 246223
1 556117  [559948  [244852
i CompreSSK)n and Other Fl luster 554322  [556061  [63856

8 readmask

Q

1

2

=

performance advantages :
: l

3

0

22 14712 16570 47040
4 134290167|134291100(41455
4 79982071 |79983331 (32404
16 48538223 |48538748 |27540
2
2
4
1
S

o~ ) genome_all

 Rapid prototyping - Qi

o= ) junk_all 10

97819217 |97819732 |20338
97818721 |97819082 |18158

134291101]134291462|14506
: . 11 49310335 (49310542 (14429
enVIronment & Qmirbase_tr ; 12 62341988 (62342229 (14024
o C) mirbase_tr_all | 13 10 10486225 |10486552 [12565
e Significant reduction in - @uanscript | M2 13540l ass oTioss
g u - € transcript_all | 16 |1 87905671 [87905992 |10865
. 17 |4 134288734|134289496(10687
development tlme ? @ sequences : 18 |0 559952 [560170 9975
B seqid : 19 |4 79981593 79981750 (9813
; 20 |17 43633622 43633808 |9797

6

« Approaching problems e o —L L TR TN T

cluster (1136145282

dlfferently Compound/Vdata, 1270853 %

I af attrilito

\_Log Info | Metadata

Only had to define the model, data importers, and export tools
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Geospiza - Bioinformatics since 1997

GeneSifter "™ Laboratory and Analysis Software Systems

 For: Core, Service, Data
Production Laboratories and
Research Scientists

* Working with: Sanger
Sequencing, Microarray, Next
Generation Sequencing, and (or)
other platforms

* GeneSifter supports: Laboratory
operations, Data Management,
Multiple Levels of Data Analysis

« Delivered cost effectively:
through hosted and on-site
delivery models.

From Samples to Results™
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Next Steps

More information, getting involved

Contact: todd@aqgeospiza.com

Dana Robinson derobins@hdfqroup.org

http://www.biohdf.org
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