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Why a new pipeline?

1. New tools are faster
2. Tooling around new tools is lacking

– Expression QC
– Genotyping/fingerprinting

3. Automation for reprocessing large datasets

4. Reproducibility
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What is PISCES?

1. Single sample analysis of individual mRNA-seq libraries 
– species detection, SNP fingerprinting, library geometry detection, and 

quantitation using salmon

2. Multiple sample aggregation of analysis results
– summarization, TMM normalization, and differential expression analysis of 

multiple libraries to produce data formats ready for visualization and 
further analysis 

3. Multiple sample aggregation of quality control (QC) results
– visualization of mRNA-seq library QC metrics
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PISCES is a package that eases the
burden of processing large numbers of
mRNA-seq libraries, and subsequently
reducing errors in parameter selection
and QC validation and consisting of
three analysis modules:
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PISCES implementation details

1. PISCES is implemented as a python3 package

– bundled with all necessary dependencies to enable reproducible analysis and 
easy deployment

2. Configuration files are specified to: 

– build transcriptome indices

– supply sample metadata

– define contrasts for differential expression analysis using DEseq2

– define default program parameters 

3. Development versions will be available on Bitbucket, with python 
packages installable using pip.
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PISCES stats at Novartis Oncology 
(December 2016)
1. 2,894 RNAseq samples processed

– ~30 CPU years for our previous cufflinks-based pipeline
– ~2/3 CPU years for PISCES
– We can reprocess TCGA, GTEx... When we need

2. 9,475 lines of code
– 8757 python
– 718 R

3. Six “stable” releases
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PISCES workflow

§ pisces index
§ pisces run
§ pisces qc
§ pisces summarize
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ØOnce
ØOnce each sample

ØOnce each experiment
ØOnce each experiment
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PISCES “index”

1. Creates transcriptome FASTA from input GTFs and 
genomic FASTAs

– Optionally masks sequence – ATCccccGTA → ATCNNNNGTA 
– Add as many as you need: e.g. mouse/human xenograft

2. Incorporates “extra” user-defined FASTA files
– e.g. viral sequences, repetitive elements

3. Generates salmon and bowtie2 index files
– Bowtie2 indices are only used for QC metrics
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Reproducible index builds
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Reproducible index builds
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PISCES workflow

§ pisces index
§ pisces run
§ pisces qc
§ pisces summarize
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ØOnce
ØOnce each sample

ØOnce each experiment
ØOnce each experiment
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PISCES “run”

• Minimal examples
– pisces run –fq1 r1_1.fq.gz r1_2.fq  –fq2 r2_1.fq …
– pisces run –fq1 r1.fq.gz
– pisces run … --sample-type xeno –-salmon-indices gencode
– pisces run … --threads 8 --name patient_10_liver
– pisces run … --config user-config.json
– All parameters have defaults, or are inferred from the FASTQ files
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PISCES “run”
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PISCES “run”
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PISCES “run” outputs
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• --name “BA-83-ZT03”
• *fastqp* Python clone of FastQC

– https://github.com/mdshw5/fastqp

• *fastq_fingerprint.vcf: genotypes derived from kmer counts
• *pct_human_mouse: estimate of mouse/human percent derived 

from beta-actin kmers
• qcANALYSIS: picard metrics from 100,000 downsampled

alignments using bowtie2
• Salmon directory contains one or more salmon quant.sf files 

corresponding to –salmon-indices defined in --config
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PISCES workflow

§ pisces index
§ pisces run
§ pisces qc
§ pisces summarize

Business Use Only15

ØOnce
ØOnce each sample

ØOnce each experiment
ØOnce each experiment
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PISCES “qc”

• Minimal examples
– pisces qc –tab out.table –tall out.tall [dir1 
[dir2...]]

– pisces qc –metadata samples.csv
– pisces qc –fingerprint [dir1 [dir2...]]

• --tab output gathers statistics in a wide table
• --tall output is a tidy table used for visualization

• --fingerprint produces a table of sample identities and 
pairwise probabilities
– Use this to find sample swaps
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PISCES “qc” Spotfire vis
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PISCES “qc” Spotfire vis
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PISCES “summarize”

• Minimal examples
– pisces summarize [dir1 [dir2...]]
– pisces summarize –metadata sample.csv
– pisces summarize –metadata sample.csv –group-by 
cell_line –norm-by treatment –control-factor DMSO

– pisces summarize –metadata sample.csv –deseq-
contrasts contrasts.yaml –patsy ~treatment+cell_line

• Output files are prefixed by –name

Business Use Only19



Business or Operating Unit/Franchise or Department

PISCES “summarize”

• Minimal examples
– pisces summarize [dir1 [dir2...]]
– pisces summarize –metadata sample.csv
– pisces summarize –metadata sample.csv –group-by 
cell_line –norm-by treatment –control-factor DMSO

– pisces summarize –metadata sample.csv –deseq-
contrasts contrasts.yaml –patsy ~treatment+cell_line

• Output files are prefixed by –name
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PISCES “summarize”

• Output tables are genes/isoforms x samples (rows x 
columns)

• Read salmon files using tximport in DESeq2 package
• Annotation for gene-level summaries provided by 

https://github.com/stephenturner/annotables
• “Tidy” deseq table is 5 column: contrast, log2fc, log10p, 

basemean, stderr

• Normalization: TPM > remove mito/ribo genes > 
calculate TMM scaling on protein coding genes > TMM 
scale all genes
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PISCES “summarize”

metadata.csv:

SampleID,UUID,CellLine,Treatment,Time,Directory,Groups
A3_DMSO_6hr_R1,CA-96-XXXX,A375,DMSO,6hr,../CA-96IY67/PISCES,A3_DMSO_6hr
A3_DMSO_6hr_R2,YA-97-XXXX,A375,DMSO,6hr,../YA-97-IB67/PISCES,A3_DMSO_6hr
A3_DMSO_24hr_R1,WA-95-XXXX,A375,DMSO,24hr,../WA-95-XA65/PISCES,A3_DMSO_24hr
A3_DMSO_24hr_R2,SA-95-XXXX,A375,DMSO,24hr,../SA-95-XE65/PISCES,A3_DMSO_24hr
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• Minimal examples
– pisces summarize –metadata sample.csv –group-by 
cell_line –norm-by treatment –control-factor DMSO
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PISCES “summarize”

contrasts.yaml

Treatment:
- [DrugA_1uM_6h, DMSO_0uM_6h]
- [DrugA_5uM_6h, DMSO_0uM_6h]
- [DrugA_1uM_16h, DMSO_0uM_16h]
- [DrugA_5uM_16h, DMSO_0uM_16h]
- [DrugB_1uM_6h, DMSO_0uM_6h]
- [DrugB_5uM_6h, DMSO_0uM_6h]
- [DrugB_1uM_16h, DMSO_0uM_16h]
- [DrugB_5uM_16h, DMSO_0uM_16h]
- [shRNA1_0uM_48h, Dox_0uM_48h]
- [shRNA2_0uM_48h, Dox_0uM_48h]
- [shRNA1_0uM_72h, Dox_0uM_72h]
- [shRNA2_0uM_72h, Dox_0uM_72h]
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– pisces summarize –metadata sample.csv –deseq-
contrasts contrasts.yaml –patsy ~Treatment~CellLine
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PISCES “summarize”

Business Use Only24



Business or Operating Unit/Franchise or Department

PISCES “summarize”
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PISCES “summarize” Spotfire vis
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Near term development goals

1. Normalization efforts
– Best practices for TMM normalization
– Investigate shoal for improving abundance estimates during pisces

summarize
– https://github.com/COMBINE-lab/shoal

2. Automated re-identification of samples against a 
multi-sample VCF

3. Determine best practice for sequence masking

4. Open source visualizations
5. Publication
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Takeaways

1. PISCES was developed to solve real-world issues:
– Large number of datasets 
– Realize gains in efficiency using new “alignment-free” tools
– Quick, routine QC of each sample, with fingerprinting identity
– Identify sample/species swaps
– Integrated tools to produce analysis or visualization-ready tables
– Packaging of tool dependencies
– Reproducibility of results
– Standardization of RNAseq analysis within NIBR

2. PISCES builds on (mostly) open-source tools
3. I’ll be publishing the framework as a preprint Q1 2017
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Thank you


