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About this tutorial

e Intended audience

- You are

e Molecular biologist who uses bioinformatics
tools in research

o System administrator who looks for new
software options for an organization

e Martian secret service agent
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e Bioinformatics today

e Task complexity factors

e Computational workflows - overview

e Unipro UGENE project: features and capabilities

o UGENE Workflow Designer

e Cloud computing basics

e Running workflows in the cloud 23

e Free discussion
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Bioinformatics today

e Bioinformatics 15 years ago
- Pharmaceutical companies were not interested;

- Life scientists believed that it was an outlet for failed
biologists that want to play around with computers;

- Computer scientists did not even consider ,
1t important, they confused it with bio-inspired fﬂv =
“computer sciences”
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Bioinformatics today

e Bioinformatics in 2002

- Pharmaceutical companies believe that it is the most efficient way to
streamline the process of drug discovery;

- Some life scientists believe it is the solution to all problems in life
sciences and that it will allow them to avoid doing some experiments;

- Computer scientists are very interested. The scope and complexity of
the domain makes it the ideal field of application of new software
techniques and specialized hardware developments.
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Bioinformatics today

e Bioinformatics in 2010

- Pharmaceutical companies use it routinely, but have realized that it
complements rather than replaces experimental work;

- Computer scientists may have jumped on another fancy subject.

- The United Nations has designated 2010 the International Year of Biodiversity

- Life scientists use it every day and try to
learn on how to deal with >9000
tools and methods available

% Unipro



Bioinformatics today

Biological problems that computers can help with:

- I cloned a gene -is it a known gene?
- Does the sequence match? Is the sequence any good?
- Is the sequence similar to other known sequences?

- Which gene family does it belong to?

- The gene | 'm interested in was found in another organism, but not in mine. How can |

look for it?
- How is the gene expressed in different types of tissues?
- What is the biological function of the protein encoded by the gene?

- Is the gene associated with any disease?

What computer science is to molecular biology is like
D ) what mathematics has been to physics
A Unipro Larry Hunter, ISMB’94
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Task complexity factors
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Miescher: Discovers DINA

Avery: Proposes DNA as ‘Genetic Material’

Watson & Crick: Double Helix Structure of DINA

Holley: Sequences Yeast tRINAAR

Wu: Sequences A Cohesive End DINA

Sanger: Dideoxy Chain Termination
Gilbert: Chemical Degradation

Messing: MIL3 Cloning

Hood et al.: Partial Automation

* Cycle Sequencing
* Improved Sequencing Enzymes
» Improved Fluorescent Detection Schemes

Adapted from Messing & Llaca, PNAS (1998)




Task complexity factors

Number of databases and protocols

Some words about DNA databases:

gggtctctcttgttagaccagatctgagcctgggagectctctggctaactagggaacccactgecttaagectcaataaagecttgecttgagtgettcaagtagtgtgtgecegtetgttgtgtgactctgatagectagagatceccttcagaccaaatttagtcagtgtgaaaaatctctagcagtggegece
tgaacagggacttgaaagcgaaagagaaaccagagaagctctctcgacgcaggactcggcttgctgaagcgecgcacggcaagaggcgaggggacggcgactggtgagtacgccaaaattttgactagecggaggctagaaggagagagatgggtgcgagagecgtcgatattaagecgggggaggattagatag
atgggaaaaaattcggttaaggccagggggaaagaaaaaatatagattaaaacatttagtatgggcaagcagggagctagaacgattcgcagtcaatcctggcctattagaaacatcagaaggttgtagacaaatactgggacaactacaaccagcccttcagacaggatcagaagaacttagatcattat
ataatacagtagcaaccctctattgtgtgcatcaaaagatagatgtaaaagacaccaaggaagctttagataagatagaggaagagcaaaacaaaagtaagaaaaaagcacagcaagcagcagctgacacaggaaatagcagccaggtcagccaaaattaccccatagtgcagaacatccaggggcaaatg
gtacatcaggccatatcacctagaactttaaatgcatgggtaaaagtagtagaagagaaggctttcagcccagaagtaatacccatgttttcagcattatcagaaggagccaccccacaagatttaaacaccatgctaaacacagtggggggacatcaagcagccatgcaaatgttaaaagagaccatcaa
tgaggaagctgcagaatgggatagattgcatccagtgcatgcagggcctcatccaccaggccagatgagagaaccaaggggaagtgacatagcaggaactactagtacccttcaggaacaaatagcatggatgacaaataatccacctatcccagtaggagaaatctataagagatggataatcctgggat
taaataaaatagtaaggatgtatagccctaccagcattctggacataaaacaaggaccaaaggaaccctttagagactatgtagaccggttctataagactctaagagccgagcaagcttcacaggaggtaaaaaattggatgacagaaaccttgttggtccaaaatgcgaacccagattgtaagactatt
ttaaaagcattgggaccagcagctacactagaagaaatgatgacagcatgtcagggagtgggaggacccggccataaagcaagagttttggcagaagcaatgagccaagtaacaaattcagctaccataatgatgcagaaaggcaattttaggaaccaaagaaaaattgttaagtgtttcaattgtggcaa
agaagggcacatagccaaaaattgcagggcccctaggaaaaggggctgttggaaatgtggaaaggagggacaccaaatgaaagattgtactgagagacaggctaattttttagggaaaatctggecttcccacaggggaaggccagggaattttcctcagaacagactagagccaacagccccaccagcece
caccagaagagagcttcaggtttggggaagagacaacaactccctctcagaagcaggagctgatagacaaggaactgtatccttcagcttcectcaaatcactctttggcaacgaccceccttgtcacaataaagataggggggcaactaaaggaagctctattagatacaggagcagatgatacagtattag
aagaaataaatttgccaggaagatggaaaccaaaaatgatagggggaattggaggttttatcaaagtaagacagtatgatcaaatactcgtagaaatctgtggacataaagctataggtacagtattagtaggacctacacctgtcaacataattggaagaaatctgttgactcagattggttgcacttta
aattttcccattagtcctattgaaactgtaccagtaaaattaaagccaggaatggatggcccaaaagttaaacaatggccattgacagaagaaaaaataaaagcattagtagaaatctgtacagaaatggaaaaggaaggaaaaatttcaaaaatcgggcctgaaaatccatataatactccagtatttge
cataaagaaaaaagacagtactaaatggagaaaattagtagatttcagagaacttaataagaaaactcaagacttctgggaagttcaattaggaataccacatcccgcagggttaaaaaagaaaaaatcagtaacagtactggatgtgggtgatgcatatttttcagttcccttagataaagaattcagga
agtacactgcatttaccatacctagtataaacaatgagacaccagggattagatatcagtacaatgtgcttccacagggatggaaaggatcaccagcaatattccaaagcagcatgacaaaaatcttagagccttttagaaaacaaaatccagacatagttatctatcaatacatggacgatttgtatgta
ggatctgacttagaaatagggcagcatagaacaaaaatagaggaactgagacaacatctgttgaagtggggatttaccacaccagacaaaaaacatcagaaagaacctccattcctttggatgggttatgaactccatcctgataaatggacagtacagecctatagtgctgccagaaaaggacagctggac
tgtcaatgacatacagaagttagtgggaaaattgaattgggcaagtcagatttacccagggattaaagtaaagcaattatgtagactccttaggggaaccaaggcactaacagaagtaataccactaacaaaagaagcagagctagaactggcagaaaacagggaaattctaaaagaaccagtacatggag
tgtattatgacccatcaaaagacttaatagcggaaatacagaagcaggggcaaggtcaatggacatatcaaatttatcaagagccatttaaaaatctgaaaacaggaaaatatgcaagaatgaggggtgcccacactaatgatgtaaaacaattaacagaggcagtgcaaaaaataaccacagaaagcata
gtaatatggggaaagactcctaaatttaaactacccatacaaaaagaaacatgggaaacatggtggacagagtattggcaagccacctggattcctgagtgggagtttgtcaataccecctecccttagtaaaattatggtaccagttagagaaagaacccataataggagcagaaactttctatgtagatgg
ggcagctaacagggagactaaattaggaaaagcaggatatgttactaacaaagggagacaaaaagttgtctccataactgacacaacaaatcagaagactgagttacaagcaattcttctagcattacaggattctggattagaagtaaacatagtaacagactcacaatatgcattaggaatcattcaag
cacaaccagataaaagtgaatcagagatagtcagtcaaataatagagcagttaataaaaaaagaaaaggtctacctgacatgggtaccagcgcacaaaggaattggaggaaatgaacaagtagataaattagtcagtactggaatcaggaaagtactctttttagatggaatagataaagcccaagaagaa
catgaaaaatatcacagtaattggagggcaatggctagtgattttaacctgccacctgtggtagcaaaagagatagtagccagctgtgataaatgtcagctaaaaggagaagccatgcatggacaagtagactgtagtccaggaatatggcaactagattgtacacatttagaaggaaaaattatcctggt
agcagttcatgtagccagtggatatatagaagcagaagttattccagcagaaacagggcaggaaacagcatactttctcttaaaattagcaggaagatggccagtaaaaacagtacatacagacaatggcagcaatttcaccagtactacagttaaggccgectgttggtgggcaggaatcaagcaggaat
ttggcattccctacaatccccaaagtcaaggagtagtagaatctataaataaagaattaaagaaagttataggacagataagagatcaggctgaacatcttaagacagcagtacaaatggcagtattcatccacaattttaaaagaaaaggggggattggggggtacagtgcaggggaaagaatagtagac
ataatagcaacagacatacaaactaaagaactacaaaaacaaattacaaaaattcaaaattttcgggtttattacagggacagcagagatccactttggaaaggaccagcaaagcttctctggaaaggtgaaggggcagtagtaatacaagataatagtgacataaaagtagtgccaagaagaaaagcaaa
gatcattagggattatggaaaacagatggcaggtgatgattgtgtggcaagtagacaggatgaggattagaacatggaaaagtttagtaaaacaccatatgtatgtttcaaggaaagctaagggatggttttatagacatcactatgaaagtactcatccgagaataagttcagaagtacacatcccacta
gggaatgcaaaattggtaataacaacatattggggtctacatacaggagaaagagactggcatttgggtcaaggagtctccatagaattgaggaaaaggagatatagcacacaattagaccctaacctagcagaccaactaattcatctgcattactttgattgtttttcagaatctgctataagaaatgce
catattaggacatatagttagccctaggtgtgaatatcaagcaggacataacaaggtaggatctctacagtacttggcactaacagcattagtaagaccaagaaaaaagataaagccacctttgcctagtgttacaaaactgacagaggatagatggaacaagccccagaagaccaa cacaaaggga
accatacaatgaatggacactagaacttttagaggagctcaagaatgaagctgttagacattttcctaggatatggctccatagcttagggcaacatatctatgaaacttatggagatacttgggcaggagtggaagccataataagaattctgcaacaactgctgtttattcattt attgggtgtc
aacatagcagaatagacattcttcgacgaaggagagcaagaaatggagccagtagatcctagactagagccctggaagcatccaggaagtcagecctaggactgcttgtaccaattgctattgtaaaaagtgttgectttcattgeccaagtttgtttcataacaaaaggcttaggcatctcctatggcaggaa
gaagcggagacagcgacgaagagctcctcaagacagtcagactcatcaagtttctctatcaaagcagtaagtagtacatgtaatgcaatctttacaaatattagcagtagtagcattagtagtagcagcaataatagcaatagttgtgtggtccatagtattcatagaatataggaaaataagaagacaaa
acaaaatagaaaggttgattgatagaataatagaaagagcagaagacagtggcaatgagagtgacggagatcaggaagaattatcagcacttgtggaaatggggcacgatgctccttgggatgttaatgatctgtaaagctgcagaaaatttgtgggtcacagtttattatggggtacctgtgt aga
agcaaccaccactctattttgtgcctcagatgctaaagcgtatgatacagaggtacataatgtttgggccacacatgcctgtgtacccacagaccccaacccacaagaagtagaactgaagaatgtgacagaaaattttaacatgtggaaaaataacatggtagaccaaatgcatgaggatata gtt
tatgggatcaaagcctaaagccatgtgtaaaattaaccccactctgtgttactttaaattgcactgattatgggaatgatactaacaccaataatagtagtgctactaaccccactagtagtagcgggggaatggaggggagaggagaaataaaaaattgctctttcaatatcaccagaag: aagagat
aaagtgaagaaagaatatgcacttttttatagtcttgatgtaataccaataaaagatgataatactagctataggttgagaagttgtaacacctcagtcattacacaggcctgtccaaaggtatcctttgaaccaattcccatacattattgtgcccecggectggttttgecgattctaaag tigataa
aaagttcaatggaaaaggaccatgtacaaatgtcagcacagtacaatgtacacatggaattaggccagtagtatcaactcaactgctgttaaatggcagtctagcagaagaagaggtagtaattagatcagacaatttctcggacaatgctaaagtcataatagtacatctgaatgaatct gaaatta
attgtacaagactcaacaacattacaaggagaagtatacatgtaggacatgtaggaccaggcagagcaatttatacaacaggaataataggaaaaataagacaagcacattgtaacattagtagagcaaaatggaataacactttaaaacagatagttacaaaattaagaga, atttaagaataaaaca
atagtctttaatcaatcctcaggaggggacccagaaattgtaatgcacagttttaattgtggaggggaatttttctactgtaattcaacacaactgtttaacagtacttggaatggtactgcatggtcaaataacactgaaggaaatgaaaatgacacaatcacactccca%aa aaaacaaattat
aaacatgtggcaggaagtaggaaaagcaatgtatgcacctcccatcagaggacaaattagatgttcatcaaatattacagggctgatattaacaagagatggtggtattaaccagaccaacaccaccgagattttcaggcctggaggaggagatatgaaggacaattggaga gaatitatataaatata
aagtagtaaaaattgaaccattaggagtagcacccaccaaggcaaagagaagagtggtgcaaagagaaaaaagagcagtgggaataataggagctatgctccttgggttcttgggagcagcaggaagcactatgggcgcagcgtcaatgacgctgacggtacaggccagacaattattgtet gtat%g&g
caacagcagaacaatttgctgagggctattgaggcgcaacagcatctgttgcacctcacagtctggggcatcaagcagctccaagcaagagtcecctggctgtggaaagatacctaagggatcaacagctecctggggttttggggttgetctggaaaactcatttgecaccactgectgtgegttg aataé&Qf
ttggagtaataaatctctgagtcagatttgggataacatgacctggatgcagtgggaaagggaaattgataattacacaagcttaatatacaacttaattgaagaatcgcaaaaccaacaagaaaagaatgaacaagagttattggaattagataactgggcaagtttgtggaattggtttagcataac
attggctgtggtatataaaaatattcataatgatagtaggaggcttggtaggtttaagaatagtttttactgtactttctatagtaaatagagttaggcagggatactcaccattgtcgtttcagacgcgectecccagccaggaggggacccgacaggcccgaaggaatcgaagaagaaggtggagaga
gacagagacagatccggtcaattagtggatggattcttagcaattatctgggtcgacctgecggagecctgtgectcttcagctaccaccgecttgagagacttactcttgattgtaacgaggattgtggaacttctgggacgcagggggtgggaagecctcaaatattggtggaatctecctacaatatitgg
tcaggaactaaagaatagtgctgttagcttgctcaacgccacagccatagcagtagctgagggaactgatagggttatagaagtattacaaagagcttgtagagctattctccacatacctagaagaataagacagggcttagaaagggctttgcaataagatgggtggtaagtggtcaaaaagtagta
attggatggcctactgtaagggaaagaatgagaagagctgagccagcagcagatggggtgggagcagtatctcgagacctggaaaaacatggagcaatcacaagtagtaatacagcaactaacaatgctgattgtgcctggctagaagcacaagaggaggaggaggtgggttticcagticagaccteag
acctttaagaccaatgacttacaagggagcgttagatcttagccactttttaaaagaaaaggggggactggaagggctaatttggtcccagaaaagacaagacatccttgatttgtgggtccaccacacacaaggctacttcectgattggcagaactacacaccagggccagggatcagatatccact

tgoggfgctteaagctagtaccagttgagccagagaaggtagaagaggccaatgaaggagagaacaacagattgttacaccctgtgagectgcatgggatggaggacccggagaaagaagtgttagtatggaggtttgacagecgectagtactecgtcacatggec¢gagagetggcatcega,
agg ﬁl f@ttctacaagggactttccgctggggactttccagggaggcgtggcctgggcgggactggggagtggcgagccctcagatgctgcatataagcagctgctttttgcctgtactgggtctctcttgttagaccagatctgagcctggg gctctctggctaact
ca gcttgccttgagtgcttca

@@mﬁmrrmmiﬂn




Task complexity factors

Number of available methods, tools, data formats

BLAST,FASTA,SSEARCH,CLUSTAL,MUSCLE ,MAFFT,KALIGN,UCLUST,HMMER?2,
HMMER3,GARLIC,CONSED,CGVIEW,ERGO,EBBIE,MAUVE,MATTREE,COVE,
PSIBLAST,GOR,PSIPRED,EXPASY,EMBOSS, PHYLIPP,SAM,CASP,BLOCKS,PRIMER3,CSBLAST,HHPRED,BIOCONDUCTOR,M
UMMER,FEAST,BOWTIE,MAQ,SOAP,BIOPERL,POA, PRANK, FOLDALIGN,RMAP,SITECON,SHRIMP,BATWING,ASAP,
BEAST,MEGA,MESQUITE,SEMPHY,TNT,BIOEDIT,BIOPYTHON,GALAXY, TAVERNA, GENEMARK,
AMAP,MEME,PPSEARCH,ELPH,GENESCAN,ARTEMIS,CLANN,GENLUX,CRNPRED,BRAGI,DIP4FISH
ANGIS,AFFYMETRIX,GENECHIP,ARLEQUIN,BIOPHP,BIORUBY,BIOEXTRACT,BIOSLAX,BISKIT,CYTOSCAPE,DAVID,DIALIGN
-T,DIALIGN-TX,DNASTAR,ETBLAST FOLDX,FORMATDB,GENSCAN,GENTLE,GESS,GENMAPP,GENE,ACE, UGENE,ARGO,
DESIGNER,GENEDATA,ENEPATTERN,GENEVESTIGATOR,JALIGNER, MEGAN, ARKA
MODELLER,OLIGO,JPRED,STRIDE, TESS,GLIMMER, BIOECLIPSE,ENSEMBL,ASTERIAS,DPVIEW,
PAUP,PSORT,PHYLOSCAN,PUPASUITE,PYMOL,RAPTOR,RASMOL,STING,SIMBIOSYS,SNAGGER,SOAPLAB,SPLITSTREE,ST

EMLOC, T-COFFEE,PILER,USEARCH,DELTASTAT,DCSE,ASID,ARB,ANGLER,
TREEFINDER,UCSF CHIMERA,UTOPIA,VECTOR NTI,YASS,MUSCA,JASPAR

+ 9000 more (from Wikipedia)

 Facts:
- A part of these tools use incompatible data formats
- A part of these tools are not available for your computer platform
- A part of these tools are too slow to be used effectively
- A part of these tools cost money and have not free license
- A part of these tools has critical bugs that can affect your results
- A part of these tools lacks documentation
- A part of these tools are not supported nor developed anymore

- You have no idea what most of these tools about or how to use them ...

% Unipro



Unipro UGENE project

about

BLAST ,FASTA,SSEARCH, CLUSTAL MUSCLE MAFFT KALIGN UCLUST , HMMER2,
HMMER3,GARLIC,CONSED,CGVIEW ERGO ,EBBIE, MAUVE, MATTREE,COVE,

PSIBLAST,GOR PSIPRED ,EXPASY EMBOSS PHYLIPP SAM,CASP,BLOCKS,PRIMER3 ,CSBLAST,HHPRED ,BIOCONDUCTOR, M
UMMER,FEAST ,BOWTIE,MAQ,SOAP ,BIOPERL ,POA, PRANK, FOLDALIGN ,RMAP,SITECON,SHRIMP BATWING,ASAP,
BEAST MEGA MESQUITE,SEMPHY , TNT,BIOEDIT ,BIOPYTHON,GALAXY, TAVERNA, GENEMARK,

AMAP,MEME ,PPSEARCH ,ELPH,GENESCAN ,ARTEMIS, CLANN,GENLUX,CRNPRED ,BRAGI,DIP4FISH
f-‘tNGIS,AFFYME.-"E!X,GEN’ECHIP,ﬁRLEQUIN,BIDPHP,BIDEUBY,BIDEXTEACT,BIDSLAX,BISKIT,C".-’TDSO-‘LPE,;-‘LLIGN

-T,DIALIGN-TX,DNASTAR ETBLAST FOLDX FORMATDB,GENSCAN,GENTLE,GESS, GENMAPP, GENE ,ACE, { MRGO,
DESIGNER,GENEDATA ,ENEPATTERN,GENEVESTIGATOR, JALIGNER MEGAN, ARK
MODELLER,OLIGO,JPRED,STRIDE, TESS, GLIMMER BIOECLIPSE ENSEMBL ,ASTER
PAUP,PSORT,PHYLOSCAN ,PUPASUITE PYMOL ,RAPTOR,RASMOL,STING,SIMBIOSYS, SN
EMLOC, T-COFFEE ,PILER, USEARCH,DELTASTAT ,DCSE AS

TREEFINDER ,UCSF CHIMERA,UTOPIA,VECTOR NT.

DPVIEW,
,SOAPLAB,SPLITSTREE, ST
JANGLER,

JMUSCA,JASPAR

« UGENE is one of a number of bioinformatics projects

E

e The goal of UGENE project is to integrate all other
popular bioinformatics tools within a

- Single application
- Unified data model
- Powerful user interface

» Do all above in open source

% Unipro



UGENE capabilities

(v1.7.2)

Algorithms:

% Unipro

Multiple sequence alignment using MUSCLE 3,4, KAlign, ClustalW, MAFFT;
HMM profiles search, based on the source of HMMER2 and HMMER3 tools;
PCR Primers design using Primer3;

Protein secondary structure prediction using GORIV and PSIPRED;
Phylogenetic analysis with Phylip;

Search for restriction enzymes and integration with REBASE;

Extremely fast repeat finder;

DNA to reference assembly using Bowtie and own algorithms;

Search for transcription factor binding sites using collection of weight
and frequency matrix based algorithms (SITECON, JASPAR, UniProbe);

Various statistical reports: GC content/deviation, |.Entropy, Karlin ...
Classic algorithms: ORFs, Smith-Waterman, protein back-translation;
Comparing whole genomes using dotplot viewer;

» maore




UGENE capabilities

Visualization:

@ Unip
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DNA/Protein sequence & annotations

Multiple sequence alignments

3D structures and surfaces
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Phylogenetic trees
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ATGGCACATCCCtCaCA+cTAGGAaTTCCAAGACGC+CcTCacC+
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[1ATEGECACATCCCACACAATTAGGATTCCAAGACEBCECCTCACC
[1ATEECACATCCCTCEBCABCTABGGEGATTCCAABGATIECACTTCACT
[1ATEECACATCCCTCACAACTABGGEATTCCAABACEBCEBCCTCCCT
[1ATEGECACATCCCTCACAGBCTA GG TTTCCAAGACECACCTCACC



Data formats

Genbank
EMBL
CLUSTAL
MSF
STOCKHOLM
FASTA
FASTQ
NEWICK
NEXUS

ABI

SCF
HMMER2/3
MMDB

PDB

GFF

SAM

CSv

Plain text

% Unipro

UGENE capabilities

(v1.7.2)

e UGENE supports import and export data
between all these formats

e All of these formats are auto-detected
automatically

e User can work with files stored in gz1pped
(compressed) form

e Data files can be located on remote
servers

» User is provided with powerful
scripting language to extend the
supported formats list




UGENE capabilities

(v1.7.2)

High performance computing

o UGENE is created to utilize effectively computational power as
well as small workstations (P1 MMX, 64Mb RAM) as large data
centers

e For the algorithms included UGENE has special optimizations for:
- Multi-core CPUs
- SIMD instruction sets (SSE,SSE2,AltiVEC)
- CELL CPU architecture
- NVIDIA GPUs with CUDA library
- ATl GPUs with ATISTREAM library
- Direct x86/x86_64 assembler snippets
- Distributed computations

% Unipro



UGENE capabilities

(v1.7.2)

Joining all together Workflow Designer

o Task complexity

0 inqueue
HM M

« Rich algorithm libraries (|

P
rofile
e
o
-

-

'X! B!

e Unified data formats

e High performance

0in queue

e Powerful user interface

% Unipro



UGENE Workflow Designher

e Goal

- to make complex
things simple

o Key feature
- Simplicity

e How? o}
- See next slide

% Unipro



UGENE Workflow Designher

e A complete workflow sample
(a screenshot of User Interface)

Read FASTA

Fead all
sequences from @\
dickv primary cd h

s.fa and oukput )
each in turn, |§;quencel
___-1q.--. , :
N\‘x Write Genbank
\\9' Faor each sequence *

From Read FASTA,

add Genbank, enkry %

ko document me.gb, %

e Q: What will this workflow do?

% Unipro



% Unipro

UGENE Workflow Designer

layout

U UGENE - [Workflow Designer - Search sequences with profile HMM ]

m File  Actions Setkings  Toals  Window  Help -
NN SN =R [ 4 8 | = & | 0% - Itemstyle
Ohiects Samal | Property Editor
L SRS Read HMM profile Task name:
(= Daka sinks ] i~ | HMM Search
. Write FASTA Read HMM profile(s) from HMM search | Searches each input
Fr3. hmm sequence for significantly similar
] sequence matches to all specified
. Wirite Genbank HIM profiles. In case several
o) profiles were supplied, searches with
. wWrite Clustalw all profiles one by one and outputs
united sek of annotations For each
, sequUence
. Write Stockhalm HPM proFiIe|
- - . : Task parameters can be configured
= B | I
( aslt ANA/S5 ) JL HMM annotations) in the "Parameters" widget suited
3 T il below,
L ORF Maker i HMM Search : Write Genbank
1
1 I .
A% Find substrings { For each sequence from Sequence | For each sequence from Sequence Tterations
l reader, search HMM signals using I@ iyl tEader and sek of annokations Clone  Add  Remove
W crmith-ak h 1 &ll profiles provided by Read HMM | from HMM Search, Sequence - -
. e GLerman searc = profile, . Use default settings. : reader, add Genbank entry to Defaul iteration
- I Qukput the list of Found regions { document result.gb,
=7 tollocation search | annatated as hmm signal. I
1 1
S S ) N A J
“=  Find repeats T
Parameters
= Multipl l 5 e —
[ ultiple sequence alignment | i — Value
m MUSCLE alignment ® Result ...otation
=] HMMER. koals | CanpRAEn Rl ‘Number af s8qs
B8 Write HMM profile ker by.. E-value
me Read all sequences From Filer by Iow score
muting.gb and output ach in
H & .
e Read HMM profile turn.
Ha . Filter by high E-value : E-value
B HMM build filkering can be used to excude low-
probability hits From result
HE' HMM search @
= SITEC bl 1 ] = >
| Lo 2: Tasks | | L] 3:Log Mo ackive basks g




UGENE Workflow Designer

basics

o Using drag&drop interface construct computational
diagram from a set of algorithmic blocks or processes.

e Processes can be connected with each other using data-
flow channels if they have input and output ports of the
same data types.

e Each process in a diagram has a set of configurable
parameters, specific to the logic of the algorithm it
represents.

« Validate the workflow, correct any errors and launch it.
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UGENE Workflow Designher

practice

e Lesson 1 - Data format conversion

- Goal: extract sequences from PDB files
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UGENE Workflow Desigher

practice

e Lesson 2 - Multiple sequence alignment

- Aligh multiple files and save the result into
desired file format &

L
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UGENE Workflow Designer

bractice

e Lesson 3 - Assemble a sequence

- Run DNA assembly with Bowtie
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UGENE Workflow Designer

reuse

e Run workflow multiple times

- Run the same workflow multiple times
for different data sets
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UGENE Workflow Designer

e« Create new shell command
from workflow

- Use your own workflow as a
stand alone command line tool

- Example:

[ File Actions Settings Tools Window Help

SITECON

—.|5equence| | annotations

I Sitecon
model

[+ [

L o wm B B ¢ P oo @ TR d R W
o _I annotations
P SITECON -
Y | annotations | fSearch |

Sitecon

- UGENE - [Workflow Designer - Search for transcription factor binding sites |[_| [0 [x

EIEE]

-

|Conﬁgure command line aliases k:ON

TFBS Lo = Genban |

Sitecon

madol model

[«

| & 2: Tasks H [ 3: Log

[+]

No active tasks

ugene align --in=filel.aln —--out=file2.ali

- Where

« ‘align’ is the name of the workflow
e ‘--in’ and ‘--out’ are

cmd-line aliases
for workflow parameters

% Unipro

Objects

Write Genbank
Search TFBS
Search TFBS

Read Sitecon model
Search TFBS

Read Sitecon model
Read Sitecon model

Configure command line aliases i X

eguence reader

Schema parameter  Command line alias

Location in
Accession filter

Merging gap gap
Mode

Ok l [ Cancel




UGENE Workflow Designer

[U] Script editor

N Used script || | E]
 Script new features
- use embedded scripting language
to des]gn new workflow Flo="my_*+c+"_'(new Date(). fornac ( "aa_dd_yy") +"fa'
building blocks
’ Clear l [ Save as.. Done ] [ Cancel
ir Write alignment '! *
% i
| Save all MSAs F |
bl ] T
= document unset, ! Marne Yalue Scripk %
- -, - d Document Format sam no scripk e *
Cutput file na script : L
Existing file .o
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Part 2.

Cloud Computing
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Cloud Computing

basics

 Basically: the virtual servers available over
the Internet.

e One can use those servers to execute
specific functions: storage, computation etc.

//7 . Claud
| Clond Sersice )7 Platorm

\ (&3 Queue) {eq Y eb Frontend)

Cloud —
Infrastuchire Cloud Storage
(eq Eilling VHs) [eq Database)

The functions
provided as
services.
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Cloud Computing

basics

e Customers do not own the physical
infrastructure.

- They consume resources as a service and pay only
for resources that they use.

e Cloud providers: o

- Google App server, Amazon EC2, 5
Microsoft Azure, etc...
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Cloud Computing

basics

o The difference between cloud-providers is the type of
resources/services their sell

« Example of cloud resources

- Storage ( Box.net, DropBox, Oosah ...)
« Easy and chip to rent a huge amount of storage for your documents
« Available in different geographical locations 24/7
Backup services
Can be used for any purpose or limited (only photos, videos...)
Have special tools to upload data

Pay per GB, plus web traffic

- Hardware and application infrastructure (Amazon, GoogleApp, Azure...) £

e Run your own programs (sometimes limited to certain architecture)
» Rent storage/CPU/memory resources 1
» Use various additional services: load balancing, billing, database accounts Lo

Pay per storage, traffic, CPU and memory resources, additional services
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Cloud Computing

basics

 Example of cloud resources (continued...)

- Software applications
e Access to preinstalled software application
e Database
o Office-like document processing suites

- Web services

e A protocols to run complex computations
remotely
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Cloud Computing

e UGENE cloud model

- Server part of UGENE can be
installed and utilize resources
of infrastructure-level cloud
providers (like Amazon EC2)

- UGENE users will see the UGENE
server as remote service and
utilize it as a service-level
cloud provider
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UGENE Workflows

in the cloud

e As simple as local workflow:
- Add remote machine on the cloud
- Launch the workflow

 All your local data will be sent to remote
computer

@
e Check the task progress in “Tasks” area

3
o After task is finished, UGENE will fetch the res14l g ©
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UGENE Workflows

in the cloud

Using open Amazon EC2 installation of UGENE:

Multiple j
sequence . Multiple +
| " t sequence |
Alignment reader | gignmen ] MUSCLE zlignment Write Stockholm
— | o )
Read M5A {multiple For each MSA from Save all MSas from
sequence alignment) Alignment reader, build MUSCLE to document
blocks from COLaln. the alignment using 12.sto,
MUSCLE default™
preset and send it to
output,
U Remote machine monitol 2] x|
Host Protocol Fing Add... |
http://127.0.0.1:8080/rservic... Cloud support transport protocol f a |
emove
U Add remote machine %
Modify.. |
ICI-:uuu:I support transport protocol ;I
Fing |
Lrl: : . 73. 1580, 209: i i
I Ihttp [/184.73. 180, 202: 8080/ rservice jengine — |
User name; Idljl_ld b
[:% Get public machines |
= Paszword I I
@ . 13 Add cancel Run Cancel |
AYUnipro




UGENE Workflows

in the cloud

« UGENE team provides you with a free account

to access to UGENE server instance (see screenshot on
the previous page)

- This account is limited by hardware resources
(Amazon is not free for us, unfortunately)

- You can install the same UGENE service for you organization
»

« Using popular cloud provider (example: Amazon) 2

 Inside of the private network of your organization! %
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UGENE as a Service

for your organization

« Why UGENE as a Service in your private
network/organization is a good solution

? o
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UGENE as a Service

for your organization

Show these facts to your network administrators and managers:

- No need to install a lot of software: UGENE package integrates
dozens of tools and will get more in the future

- Users can create new algorithms in Workflow Designer that are

e Safe for execution and secure

« Effectively utilize distributed environment

- No need to pay license fee or ask additional Lo
funds for software

- Ask us for support if needed!
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Appendix

Some technical details

e UGENE is written in C++, using QT4 library

e Code license: GPLv2

3 1 4 : . UGENE Test Report - precommit testing
L d D]Str]but]on bundle Slze- 1 2Mb generated by UGENE
M aHe 25 2010 22:10:20
Total Runtime: 207 s Number of tests  Pass Fail Excluded Success Rate
Total: 1947 1947 0 26 100%
[ ] P la tfo rm S u p po rted : Annotator plugin tests 30 30 0 0 100%
. . Document format tests 266 266 0 0 100%
W] n d OWS L] n UX MaCOS Enzymes plugin tests 16 6 0 0 100%
’ ) ORFMarker plugin tests 25 25 0 0 100%
Repeat finder tests 17 177 0 0 100%
. SequenceWalker tests 10 10 0 0 100%
PY Syste m req u 'I re m e n tS : Smith WateTrman Tests classic 2 35 30 0 1002/0
ask tests 10 10 0 0 100%

Pentium 166MMX, 64Mb RAM

e Test base contains ~5000 tests g e
\. Ubuntu %

 Web-site with additional info “ 2
http://ugene.unipro.ru

“ugene” package in Ubuntu ¥

Ubuntu » "ugene” package i

w\'u"v [' A d
% Unipro soLaris AP é ﬂ'
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