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Measuring 
Transcription
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vector
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Genome
(DNA)

RNA-Sequencing: Alignment using Rail-RNA

slide adapted from jeff leek

Nellore et al. (2016) 
Bioinformatics
http://rail.bio/
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Scaling Up
slide adapted from jeff leek



GTEx
https://commonfund.nih.gov/GTEx



TCGAGTEx
https://commonfund.nih.gov/GTEx
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Project No. of Sample
GTEx

Genotype-Tissue Expression Project
9,962

TCGA
The Cancer Genome Atlas

11,284

SRA
Sequence Read Archive

49,848
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SRA phenotype information is far from complete
SubjectID Sex Tissue Race Age

6620 NA female liver NA NA
6621 NA female liver NA NA
6622 NA female liver NA NA
6623 NA female liver NA NA
6624 NA female liver NA NA
6625 NA male liver NA NA
6626 NA male liver NA NA
6627 NA male liver NA NA
6628 NA male liver NA NA
6629 NA male liver NA NA
6630 NA male liver NA NA
6631 NA NA blood NA NA
6632 NA NA blood NA NA
6633 NA NA blood NA NA
6634 NA NA blood NA NA
6635 NA NA blood NA NA
6636 NA NA blood NA NA
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Missingness limited in GTEx data
SubjectID Sex Tissue Race Age

1 678145 male Lung White 59
2 706551 male Brain White 27
3 590954 female Heart Black or African American 23
4 706553 male Brain White 51
5 706551 male Skin White 27
6 590947 male Lung White 68
7 590933 female Brain White 61
8 706560 female Adipose Tissue White 42
9 678142 male Brain White 40

10 590945 female Uterus White 33
11 706562 female Nerve White 60
12 721000 male Muscle White 54
13 984968 female Ovary White 31
14 720990 male Blood White 53
15 985156 female Brain White 56
16 985125 male Muscle White 44



Missingness limited in GTEx data

Category Frequency
female 3,626
male 6,036
NA 0
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11 706562 female Nerve White 60
12 721000 male Muscle White 54
13 984968 female Ovary White 31
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http://www.rna-seqblog.com/
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GTEx: training GTEx: test TCGA: healthy tissue TCGA: cancer SRA
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Horvath demonstrates that 353 CpGs can accurately predict age

Horvath. Genome Biology (2013)



Can we predict age from 
gene expression data?



How well can we predict age in GTEx?
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R^2 is 0.9487 
 RMSE:  4.104
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How well can we predict age in GTEx?
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R^2 is 0.9487 
 RMSE:  4.104
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Tissue poses 
a problem for 
prediction…
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Even within tissue, signal is pretty weak…
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What about predicting a 
technical aspect of 

sequencing?



Can we predict which 
sequencing approach 
was employed from 

expression data?



SRA: training SRA: test GTEx TCGA

Sequencing Approach

Data Set Used

Pr
op

or
tio

n 
Co

rre
ct

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Number of Regions 80 80 80 80
Number of Samples (N) 24,829 24,828 9,538 9,929

89.2 89.5%
99.9% 93.3%

Sequencing 
approach 

prediction is 
accurate 

across data 
sets



predictions (v0.0.01)

sample_id study pred_sex accuracy_sex pred_tissue accuracy_tissue pred_PE_SE accuracy_PE_SE
SRR660824 gtex male 0.999 Lung 0.961 PAIRED 0.999
SRR2166176 gtex male 0.998 Brain 0.951 PAIRED 0.999
SRR606939 gtex female 0.999 Heart 0.961 PAIRED 0.999
SRR2167642 gtex male 0.999 Brain 0.961 PAIRED 0.999
SRR2165473 gtex male 0.999 Skin 0.961 PAIRED 0.999



If you want to…

Align RNA-Seq data

Learn about human 
expression

Predict phenotype 
information

phenopredict
https://github.com/ShanEllis/phenopredict
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http://rail.bio
$ ./install-rail-rna-V

https://jhubiostatistics.shinyapps.io/recount/
> biocLite(“recount”)




