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FDA’s Voluntary Genomics (eXploratory) Data Submission 
(VGDS/VXDS)
• Defined in Guidance for Industry on Pharmacogenomics (PGx) Data 

Submission (draft document released in 2003; final publication, 2005): 
o To encourage the sponsor to interact with FDA through submission of PGx data on a 

voluntary basis

o To provide a forum for scientific discussions with the FDA outside of the application review 
process

o To establish a regulatory environment (both the tools and expertise) within the FDA for 
receiving, analyzing and interpreting PGx data

• Set up a bioinformatics infrastructure to address three VGDS goals:
o Data repository (developed ArrayTrack)
o Reproduce the sponsor’s results
o Conduct alternative analysis



Sponsor FDA

Poor reproducibility between different analysis methods and platforms

20%

Updated from Federico Goodsaid, The 3rd MAQC Project 
Meeting, Palo Alto, CA, December 1-2, 2005
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P.K. Tan et al., Nucleic Acids Res 31, 5676 (Oct 1, 2003).

E. Marshall, Science 306, 630 (Oct 22, 2004)

Different Data Analysis Methods,
with the Same VGDS Data Set



MicroArray Quality Control (MAQC) 
An FDA-led community wide consortium effort to assess technical performance and application of 
genomics technologies (microarrays, GWAS and next-gen sequencing) in clinic and safety evaluation.

QC and reliable use 
of Whole Genome 
Sequencing (WGS) 
and Targeted Gene 
Sequencing (TGS) in 
clinical application 
and regulatory 
science research

MAQC-IV/SEQC2
2015 - Present
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MAQC/SEQC Objectives:

5

Lab efficiency; this can be achieved 

Platform  specific; difference rests on how  to 
assess low expression

MAQC1 criterion (p+FC) to ensure cross-lab and 
cross–platform reproducibility

Sample

RNA

Array or Seq

DEGs

If the same samples provided to different labs, 
platforms with different analysis protocols ……

Can we get the same DEGs?

11 Labs 3 Platforms
- Illumina
- SOLiD
- 454

6 reference samples

MAQC-III/SEQC1 Study Design



1. Reproducibility ≠ Statistical Significance 
• Reproducibility is a third dimension beyond sensitivity 

and specificity:

• It is not commonly considered by statisticians 

• Need a new performance metric to balance reproducibility 

and statistical significance

• How to generate a reproducible DEGs (fold-change + 
p-value): 
• Rank genes by FC and remove these with p-value smaller 

than a threshold
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MAQC Consortium, Nat 

Biotechnol, 2006



2. Not all the genes are created equal

The “treatment effect” dictates the 
concordance between two platforms in 
detecting DEGs

7Wang et al Nat Biotechnol (2014)

The concordance between the two 
platforms is high for the highly 
expressed genes, not for the weakly 
expressed genes

RNA-Seq agrees with qPCR for low 
expressed genes

RNA-Seq vs. microarrays



3. Not all the statistics are created equal
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T-test vs ANOVA

(P-value) = f(                                   )
Calculation of Statistical Significance

Log2 (Fold Change of A/B)
Standard Error

If we calculate DEGs of A vs B in an experiment 
involving A, B, C and D groups
- t-test considers the variance only for A and B  
- ANOVA considers the variance for all A-D



My recommendation for reproducible
transcriptomics data analysis

• Apply the MAQC reproducible DEGs rule (fold-change + p-value)
• Recommendation: Rank genes by FC and remove these with a lesser stringent p-value

• Not all the genes are created equal:

• The error structure varies among genes (e.g., high and low expression), which is technology 

(platform) dependent (e.g., RNA-seq vs AFX)

• Recommendation: remove these genes behaving badly

• Not all statistical methods are created equal:

• There is no “correct” method, and we should focus on the “less” wrong method.

• Recommendation: Limma is the “less” wrong method
9



Reproducibility in Questions !!!
• “In 2012, OECD invested ~$59 billion in biomedical 

research - ~89% of which may have been wasted on 
science that cannot be reproduced. Are we looking 
at a $52.5 billion white elephant?” (by GEN)

• Up to 85% resources are wasted in irreproducible 
science

• The rate of retractions increased by a factor of ~11 
between 2001 and 2010

• Not correlates with journal impact factor
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Irreproducibility in Preclinical Study
• Translational implication in drug development:

• Only 20-25% of published data can be reproduced and translated for drug development (by Bayer Health)
• Only 11% of cases can be reproduced (by Amgen)

11Freedman et al. Reproducibility2020: Progress and Priorities
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2013

2012Sanger Institute:
138 drugs tested on 
727 cell lines

Broad Institute:
24 drugs tested on 
1,036 cell lines

Irreproducibility in Cell Based Assays

Common: 471 cell lines + 15 drugs



The cause of irreproducibility is diverse
• Some factors can be corrected/avoided:

• Selective reporting: Victims of “publish and 
perish” paradigm 

• Sloppiness

• QC of experimental parameters

• Data fabrication – Evil! And hurting patients 
such as the Duke scandal

• Computational reproducibility – a distinct 
phenomena in the big data era:
• In silico mistakes (algorithm errors): data too 

big to be examined individually

• Inadequate statistics: #samples vs resources

• Difference between analysis protocols

Ret
ract
ed
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Excel causes errors in nearly 

20% of genomics papers



Computational
Reproducibility

Data Pre-
processing

Statistical
methods

Performance 
metrics

Computational reproducibility in analysis of 
high-throughput genomics data

• When come to the 
choice of analysis 
methods for genomics 
data, it is much to do 
with choosing a “less” 
wrong approach than a 
“correct” approach. 
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www.MAQCSociety.org

MAQC Society Annual Conferences:
- April, 2017: NC, USA

- Feb, 2018, Shanghai, China

- April, 2019, Trento, Italy

- April, 2020, NC, USA

- April, 2021, Seville, Spain

http://www.maqcsociety.org/
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SCIENCE IS AN ISSUE OF 
REPRODUCIBILITY OVER 
INNOVATION, IF YOU 
DON’T REPRODUCE IT 
DOESN’T INNOVATE


