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Introduction 



Motivation: High-throughput biology 



Biobanking & Cohorts (BBMRI-NL) 
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Imputation & Genome Wide Association Studies 

15,000 samples 12,000,000 SNPs ~10,000 hours 
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cloud Target 
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cloud 

Cluster 
compute 
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compute 

Challenge: easily move pipeline between backends 

ease of use vs. redundancy & scale 

Tool 
environment 

Data 
environment 



Challenge: many, changing, analyses... hard to maintain??? 

#!/bin/bash  

#PBS -q test 

#PBS -l nodes=1:ppn=4 

#PBS -l walltime=08:00:00 

#PBS -l mem=6gb 

#PBS -e $GCC/test_compute/projects/batch4/intermediate/test1/err/err_test1_BwaElement1A102a_FC81D90ABXX_L7.err 

#PBS -o $GCC/test_compute/projects/batch4/intermediate/test1/out/out_test1_BwaElement1A102a_FC81D90ABXX_L7.out 

 

mkdir -p $GCC/test_compute/projects/batch4/intermediate/test1/err 

mkdir -p $GCC/test_compute/projects/batch4/intermediate/test1/out 

printf "test1_BwaElement1A102a_FC81D90ABXX_L7_started " >>$GCC/test_compute/projects/batch4/intermediate/test1/log_test1.txt 

date "+DATE: %m/%d/%y%tTIME: %H:%M:%S" >>$GCC/test_compute/projects/batch4/intermediate/test1/log_test1.txt 

date "+start time: %m/%d/%y%t %H:%M:%S" >>$GCC/test_compute/projects/batch4/intermediate/test1/
test1_BwaElement1A102a_FC81D90ABXX_L7.txt 

echo running on node: `hostname` >>$GCC/test_compute/projects/batch4/intermediate/test1/
test1_BwaElement1A102a_FC81D90ABXX_L7.txt 

 

/target/gpfs2/gcc/tools//bwa-0.5.8c_patched/bwa aln \ 

/target/gpfs2/gcc/resources/hg19/indices/human_g1k_v37.fa \ 

$GCC/test_compute/projects/batch4/rawdata/110121_I288_FC81D90ABXX_L7_HUMrutRGADIAAPE_1.fq.gz \ 

-t 4 \ 

-f $GCC/test_compute/projects/batch4/intermediate/A102a_110121_I288_FC81D90ABXX_L7_HUMrutRGADIAAPE_1.fq.gz.sai 

 

printf "test1_BwaElement1A102a_FC81D90ABXX_L7_finished " >>$GCC/test_compute/projects/batch4/intermediate/test1/log_test1.txt 

date "+finish time: %m/%d/%y%t %H:%M:%S" >>$GCC/test_compute/projects/batch4/intermediate/test1/
test1_BwaElement1A102a_FC81D90ABXX_L7.txt 

date "+DATE: %m/%d/%y%tTIME: %H:%M:%S" >>$GCC/test_compute/projects/batch4/intermediate/test1/log_test1.txt 

This changes per pipeline 



Mission: e-science infrastructure for biobank bioinformatics 

Dramatically reduce the expertise and time 

To design, execute and change large workflows 

Using standard scripts bioinformaticans know and love 

Across BigGrid sites, PBS/SGE clusters, and local servers/clouds 



Results 

1.  Generic ‘compute’ framework + operating procedures 
•  Design:  workflows, protocols, parameters 

•  Run:  worksheets, command-line submit, pilot jobs database 

•  Deploy:  harmonized tool and file management 

2.  Imputation pipelines 
•  Preparing reference data (once)  4 steps, 20min 

•  QC and chunk the study data  2 steps, 20min/chr 

•  Phase the study data per chunk  2 steps, 6h/500 sample/chr 

•  Impute the study data and merge  2 steps, 6h/500 sample/chr 

3.  Whole exome/genome sequencing pipelines 
•  Sequence alignment, realignment  17 steps, 5-6 days/lane/barcode 

•  Variant calling & QC  13 steps, 2 days/sample 



How to design 

Once per pipeline 



Generic ‘compute’ framework 
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Example 
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Workflow = dependency graph 



Protocol = freemarker templates 

#MOLGENIS walltime=15:00:00 nodes=1 cores=4 mem=6!
#FOREACH leftbarcodefqgz!
!
module load bwa/${bwaVersion}!
!
getFile ${indexfile}!
getFile ${leftbarcodefqgz}!
!
bwa aln \ !
${indexfile} \ !
${leftbarcodefqgz} \ !
-t ${bwaaligncores} \ !
-f ${leftbwaout} \!
!
putFile ${leftbwaout}!

template of the actual analysis 

resource management 

data management 

tool management  

data management 



Parameters: csv file, can have freemarker too J 

... 300 parameters 



Worksheet = parameter values (or ‘compute targets’) 

continued... 



Example: smart iteration using ‘foreach’ 
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How to run @ BigGrid 



Job pilot framework 

worksheet	
  

protocol	
  

workflow	
  

parameters	
  
design 

run 
script	
  

generator	
  

CSV dependency graph of ‘protocols’ 

Directory of script templates (*.ftl) 

CSV parameters + defaultvalues 

CSV with each row is a task/sample 

Pilot job database 

submitPilots.sh Until all ‘done’ 



Generic ‘compute’ framework 

•  Manual: github.com/molgenis -> molgenis_apps/doc/compute 



Tutorial workflow: ‘invitation for a party’ 

1.  Create worksheet 

2.  Generate your analysis run 
 sh molgenis_compute \!

!–workflowDir=invitationWorkflow \ !!

!–worksheet=myworksheet.csv \ ! ! !!

!–run=myrun –host=ui.grid.sara.nl ! !!

! ! ! 

3.  Submit: run on local, cluster or as grid pilot jobs 
sh runPilots.sh ui.grid.sara.nl <user> <password> grid 



•  http://localhost:8080/compute  

Simply monitor using the web user interface (incl. logs) 



Debugging and ‘retry’ 

•  Just mark the job as ‘ready’ to start from middle 

•  All logs are easily available in database 



Alignment & SNP calling pipeline 

•  Manual: github.com/molgenis -> molgenis_apps/doc/compute 



Alignment & SNP calling pipeline 

•  Inputs 
•  Worksheet describing the samples 

•  Sample *.fq files 

•  Alignment reference VCF 

•  Outputs 
•  BWA (re-)aligned BAMs 

•  GATK SNP vcf 

•  QC report 

•  Workflow 
•  SRM upload data 

•  Generate and run pipeline 

•  SRM download data 

 

31 steps, ≥ 2 days per sample 



Alignment & SNP calling pipeline 

1.  Create worksheet 

2.  Generate your analysis run 
 sh molgenis_compute \!

!–workflowDir=workflows/ngs/alignAndSnpCall \ !!

!–worksheet=myworksheet.csv \ ! ! !!

!–run=myrun –host=ui.grid.sara.nl !!

! ! ! 

3.  Submit: run on local, cluster or as grid pilot jobs 
sh runPilots.sh ui.grid.sara.nl <user> <password> grid 



Imputation pipeline 

•  Manual: github.com/molgenis -> molgenis_apps/doc/compute 



Minimac Imputation pipeline (within BBMRI-NL VO) 

•  Inputs: 
•  Worksheet 

•  Study PED/MAP  

•  Reference VCF 

•  Outputs: 
•  Imputed PED/MAP 

•  Workflow 
•  SRM upload study & reference 

•  Prepare reference (wf1, once) 

•  Chunk samples (wf2) 

•  Phase & Impute (wf3+4) 

•  SRM download imputed 

Study  
PED/MAP 

Reference 
VCF 

Prepare 
Reference Chunk sample 

Phase 
Chunks 

Impute chunks 
minimac 

Imputed result 
PED/MAP 

4 workflows, ≥ 12 hours per 500 sample/chr 



Generic ‘compute’ framework 

1.  Create worksheet 

2.  Generate your analysis run 
 sh molgenis_compute \!

!–workflowDir=workflows/prephase \ !!

!–worksheet=myref.csv \ ! ! !!

!–run=myrun  –host=ui.grid.sara.nl!

! 

3.  Submit: run on local, cluster or as grid pilot jobs 
sh runPilots.sh ui.grid.sara.nl <user> <password> grid 



How to deploy 

Harmonize the ‘backends’ 



Harmonized file management: getFile/Putfile 

•  getFile and putFile 
•  are back-end specific 

•  now, we 
•  check if the files are present (cluster or localhost) 

•  do srm/lfn file transfer (grid)   

•  Input 

•  Generated output 
!
getFile $WORKDIR/groups/gonl/projects/
imputationBenchmarking/eQtl/hapmap2r24ceu/
chr20.map!
!

getFile ${studyInputPedMapChr}.map!



“Harmonized” tool management 

Static linked binary 
without dependencies 

Dynamic linked binary 
With complex dependencies 

Tool in input sandbox 
“getFile(‘tool.zip’)” 

Tool deployed as  
“load module” 

  In $VO_BBMRI_NL_SW_DIR 
•  Download 
•  Configure 
•  Compile 
•  Install 

In $WORKDIR  
•  Download 



‘Harmonized’ tool management: modules 

•  Build on standard ‘modulecmd’ (apt-get install ....) 

•  http://www.bbmriwiki.nl/svn/ebiogrid/modules/  

#%Module1.0#####################################################################!
##!
## bwa 0.5.8c_patched modulefile!
##!
!
proc ModulesHelp { } {!
        global toolversion!
        global toolname!
!
        puts stderr "Set up the environment for $toolname version $toolversion\n"!
}!
!
# for Tcl script use only!
set toolname         bwa!
set toolversion      0.5.8c_patched!
set tooldir          "$env(VO_BBMRI_NL_SW_DIR)/tools/$toolname-$toolversion"!
!
module-whatis   "Sets $toolname environment."!
prepend-path    PATH    "$tooldir/"!
setenv          BWADIR  "$tooldir"!
!



Modules installed (should we coordinate with others?) 

•  GATK/1.0.5069 

•  Python/2.7.3 

•  R/2.14.2 

•  bwa/0.5.8c_patched 

•  capturing_kits/SureSelect_All_Exon_30MB_V2 
•  capturing_kits/SureSelect_All_Exon_50MB 

•  capturing_kits/SureSelect_All_Exon_G3362 

•  fastqc/v0.10.1 

•  fastqc/v0.7.0 

•  gtool/v0.7.5_x86_64 

•  impute/v2.2.2_x86_64_static 

•  jdk/1.6.0_33 

•  mach/1.0.18 

•  minimac/beta-2012.10.3 

•  picard-tools/1.61 

•  plink/1.07-x86_64 

•  plink/1.08 



Deployment is a b$tch 

•  Debugging on the grid is hard 
•  Can’t login to each cluster to see why it fails  

•  Typical deployment script is > 100 lines 

•  NB: the UI is *not* the same as the grid sites re modules 

•  Should we instead have gone for *one* module  
•  in the form of a VM?? 



Pitfalls 

•  File management 
•  File permissions 

•  SRM does not know directories as we do 

•  ‘normal’ users still ask us to do their file management 

•  How many files do we have now? 
•  diskpool info: ~143 TB 

 

•  How many cpu hours did we burn yet? 
•  not measured: Jan/Barbara aligned; Jan/Laurent/Kai have 

called indels; Alex has imputed 



Concluding remarks 



Project 

Done: 

•  D01: Backend MOLGENIS/GRID integration based on pilot framework 

•  D02: BBMRI-NL alignment pipelines integrated and running  

•  D03: Minimal data tracking and pipeline orchestration dashboard 

•  D04: Education: collaborators assisted to use alignment  

•  D05: Imputation pipelines added; pipelines running on D01 

Partly done (still ongoing): 
•  D06: Workflow wizards and user friendly monitor tools added on D03 

•  D07: Education: BBMRI-NL team assisted to impute 100,000 GWAS 

Comments: 

•  We dramatically *underestimated* the work to deploy files and tools 
on the grid. We did not realize the grid is not homogeneous. 

•  We had to shorten our project plan from 2 to 1.5 years because end 
of eBioGrid. This cancelled our Galaxy connectivity plans. 

 



When to use ‘compute’ versus e.g. ‘galaxy/taverna’ 

•  Use compute when 
•  You are a programming bioinformatician 

•  Working with big data files 

•  Running large relative routine pipelines 

•  Need to debug (all scripts + logs are fully available) 

•  You assume you will want to change the scripts 

•  Use galaxy/taverna when 
•  You prefer graphical user interfaces 

•  Working with limited amount of data 

•  Running ad-hoc pipelines in a exploratory fashion 

•  Don’t expect to debug (scripts + logs are hidden) 

•  You asume that everything just works 



Read more 

•  Publications 
•  Byelas et al, Proceedings of the International Conference on 

Bioinformatics Models, Methods and Algorithms, Barcelona, Spain, 
11 - 15 February, 2013 

•  Byelas et al, Proceedings of the International Conference on 
Bioinformatics Models, Methods and Algorithms, Vilamoura, Algarve, 
Portugal, 1 - 4 February, 2012 

•  Byelas et al, Proceedings of the 19th International Euromicro 
Conference on Parallel, Distributed and Network-based Processing, 
PDP 2011, Ayia Napa, Cyprus, 9-11 February 2011. 

•  Demo sessions 
•  MOLGENIS/compute workshop at BioAssist meeting, 12 oct ‘12 

•  MOLGENIS/compute demo at the 4th IWSG4LS, 23-25 may ‘12 

•  MOLGENIS/compute demo at NBIC-2012, 23 apr ’12 

•  Posters 
•  Netherlands Proteomics Conference, NPC-2011, 13 jan ’11 

•  Connecting Biobanks - Towards a Dutch Biobanking Hub, 19 nov ’12 



Further steps 

•  We are using it daily 
•  Impute 15-20k samples on BigGrid 

•  Move in-house analysis to BigGrid (requires private VO) 

•  Support BBMRI-NL RP-3 

•  Further improve grid usage 
•  Smarter pilots with automatic module detection 

•  Deploy pilot database on SARA cloud? 

•  Polish supporting tools 
•  Add smart defaults and better warnings 

•  Automatic execution logs evaluation (instead of by hand) 

•  File storage synchronization system (with CTMM, SARA?) 

•  Graphical analysis of big workflows (visual analytics) 

•  Execution statistics (especially for on the grid) 

•  Support is welcome J 



eBioGrid biobanking team 

•  George Byelas 

•  Pieter Neerincx 

•  Martijn Dijkstra 

•  Feerk van Dijk 

•  Ger Strikwerda 

•  Wil Bruins-Koetsier 

•  Morris Swertz 

Acknowledgements 

And you, our local, national and international collaborators  

•  Jan Bot 

•  Mathijs Kattenberg 

•  Tom Visser  

•  Barbara van Schaik 

•  David van Enckevort 

•  Irene Nooren 

•  eBioGrid/BBMRI-NL/NBIC 

 



We use ‘compute’ daily, you are welcome to join J 

http://www.molgenis.org/wiki/ComputeStart 

1.  Generic ‘compute’ framework + operating procedures 
•  Design:  workflows, protocols, parameters 

•  Run:  worksheets, command-line submit, pilot jobs database 

•  Deploy:  uniform tool and file management 

2.  Imputation pipelines 
•  Preparing reference data (once)  4 steps, 20min 

•  QC and chunk the study data  2 steps, 20min/chr 

•  Phase the study data per chunk  2 steps, 6h/500 sample/chr 

•  Impute the study data and merge  2 steps, 6h/500 sample/chr 

 

3.  Whole exome/genome sequencing pipelines 
•  Sequence alignment, realignment  17 steps, 5-6 days/lane/barcode 

•  Variant calling & QC  13 steps, 2 days/sample 

Contact: m.a.swertz@rug.nl  


