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Need For Parallel Data Processing 
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45 genome annotations, average 8 data tracks 
§  5 or 6 for some Chlorophytes 
§  Chlamydomonas reinhardtii has 27 
 

Large variation in track feature density 
Populus trichocarpa 

 Primary Tr: 41,335       Alt. Tr: 31,678 
 EST Alignments: 3,898,010  EST Assemblies: 237,993 
 BLASTX Proteins: 2,237,632  BLATX Proteins: 508,948 

Glycine max 
 Primary Tr: 56,044       Alt. Tr: 32,603 
 EST Alignments: 1,974,371  EST Assemblies: 193,245 
 BLASTX Proteins: 2,710,298  BLATX Proteins: 795,488 

547 nodes       4680 cores (7.36Gb RAM avg) 
 
“interactive nodes”: 24 core; 256 Gb 



Usual Installation Workflow 
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Reference sequence conversion to JSON"
prepare-refseqs.pl"

Annotation data "
from GFF3 "
and FASTA:"

flatfile-to-json.pl"

Feature name indexing for keyword searching"
generate-names.pl"

Annotation data from 
existing"

Bio::SeqFeature::Store 
database:"

biodb-to-json.pl" JSON data"
generation"

repeated for"
each track"
in series"

Website display"
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New Parallel Workflow 
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prepare-refseqs.pl!

Generate tmp directory 
per track type with 
access to seq/ via 

softlinks."

e.g. for P. trichocarpa:"
<outroot>/Ptr/!

<outroot>/Ptr.track1.tmp/!
<outroot>/Ptr.track2.tmp/!
…!

<outroot>/Ptr.trackN.tmp/!

Refseq processing is run as before"

flatfile-to-
json.pl"

for track1!

flatfile-to-
json.pl"

for track2!

flatfile-to-
json.pl"

for trackN!… JSON track data generation run in parallel 
on compute cluster"
 

Data consolidation in original output 
directory, with error checking"

Website display"

generate-names.pl!

Detection of potential perl exceptions (e.g. database 
connection errors, out-of-memory conditions, etc.) 
followed by JSON data copy and directory diff to 
ensure a complete data consolidation 



biodb Run Time Comparisons 
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Primary Transcripts" 41,335"
Alternative Transcripts" 31,678"
RepeatMasker Masked Regions" 573,268"
PASA Aligned ESTs" 191,633"
PASA Assembled ESTs" 86,677"
PASA Aligned Sibling ESTs" 3,706,377"
PASA Assembled Sibling ESTs" 151,316"
BLAT Alignments of ESTs from related 

species"
8,919"

Protein alignments by BLASTX (1E-5)" 2,237,633"
Protein alignments by BLATX"
(50% ID,20% coverage)"

479,524"

Assembly Gaps" 5,835"
v2.2 Annotation Mapped Transcripts" 41,763"

Populus trichocarpa 
parent feature  
counts per track 

Step User Time 
System 

Time 
Wall 

Clock Time CPU 
Max. vmem 
RAM Usage 

Full data in series 02:39:17 00:08:48 06:15:57 02:48:06 1.600 Gb 
Aligned EST SIB (parallel) 01:09:41 00:03:44 03:05:09 03:03:34 5.25 Gb 
v2.2 Transcripts (parallel) 00:00:06 00:00:01 00:02:33 00:00:08 127.527 Mb 

biodb-to-json.pl runs 



flatfile Run Time Comparisons 
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Primary Transcripts" 41,335"
Alternative Transcripts" 31,678"
RepeatMasker Masked Regions" 573,268"
PASA Aligned ESTs" 191,633"
PASA Assembled ESTs" 86,677"
PASA Aligned Sibling ESTs" 3,706,377"
PASA Assembled Sibling ESTs" 151,316"
BLAT Alignments of ESTs from related 

species"
8,919"

Protein alignments by BLASTX (1E-5)" 2,237,633"
Protein alignments by BLATX"
(50% ID,20% coverage)"

479,524"

Assembly Gaps" 5,835"
v2.2 Annotation Mapped Transcripts" 41,763"

Populus trichocarpa  
parent feature  
counts per track 

Step User Time 
System 

Time 
Wall 

Clock Time CPU 
Max. vmem 
RAM Usage 

v2.2 Transcripts 00:00:04 00:00:00 00:00:19 00:00:05 112.469 Mb 
Aligned EST SIB 00:06:42 00:00:04 00:07:28 00:06:46 2.722 Gb 
BLASTX Alignments 00:24:59 00:00:16 00:27:38 00:25:16 4.524 Gb 

flatfile-to-json.pl runs 
(all in parallel) 

Effectively a 12-fold 
reduction in run time 
versus biodb-to-json.pl 
run in series! 
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State of Name Indexing 
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Reference sequence conversion to JSON"
prepare-refseqs.pl"

Annotation data "
from GFF3 "
and FASTA:"

flatfile-to-json.pl"

Feature name indexing for keyword searching"
generate-names.pl"

Annotation data from 
existing"

Bio::SeqFeature::Store 
database:"

biodb-to-json.pl" JSON data"
generation"

repeated for"
each track"
in series"

Website display"

Many algorithmic improvements since JBrowse v1.10.7 

We take advantage of several “power user” options in v1.11.0 
 

§  Incremental indexing 
 

 Process monitoring and “partial” index checkpointing  
 

 Autocompletion settings for certain tracks where this is useful (Transcripts) 
   and full name indexing where it is not (aligned ESTs) 
 
§  Custom search attributes 

 
Allows for unique links per gene/transcript from Phytozome frontend views 

 via our internal DB ids 
 
Crucial for genomes where prior versions are mapped forward, such that 

 transcript name are no longer guaranteed to be unique themselves 
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One of Our Fastest Growing Data Types 
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Initial project started 
with resequencing 
16 P. trichocarpa 
individuals 
 
Joint variant calling 
(GATK) 
 
 
 

  
 
Soon to expand 
to over 1000 trees 

Slavov, GT et al. (2012) New Phytologist, 196: 713–725.  

 6,717,307 SNV 
679,681 deletions 
793,463 insertions 

74,085 indels 



Direct VCF Visualization is Nifty 
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Practically Drag and Drop Visualization 
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Diversity Data Mirrored in Phytozome Gene View 
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Beyond Whole Genome Sequencing 
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Plant Gene Atlas 

Transcriptome sequencing of varying growth conditions, different tissues and multiple 
 developmental stages 

 
§  Read alignment, cuffdiff analysis to determine FPKM values indicating expression 

level variation 



Phaseolus vulgaris example 
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Phaseolus vulgaris example 
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Summary 

§  GFF3 conversion is pleasantly fast 
Reconverted Primary and Alt. Transcript, BLAST, BLATX 
for all 45 genomes in 181 parallel cluster jobs in 2 hours 

  
§  Name indexing continues to be the major data 

processing bottleneck 
 Much improved from just a few releases ago, however 
 (run times varied 47 min to 2hr 50 min) 

§  RNA-seq and SNP/indel call data analyses are quick to 
drop in to an existing JBrowse instance 
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