
1

Alpern, Gardeux et al., Additional File 1

Additional File 1: Supplementary figures

BRB-seq: ultra-affordable high-throughput transcriptomics enabled by bulk RNA 
barcoding and sequencing 

Daniel Alpern*1,2, Vincent Gardeux*1,2, Julie Russeil1, Bastien Mangeat3, Antonio C. A. Meire-
les-Filho1,2, Romane Breysse1, David Hacker4 and Bart Deplancke1,2,#

1 Institute of Bioengineering, School of Life Sciences, École Polytechnique Fédérale de Lausanne 
(EPFL), CH-1015 Lausanne, Switzerland 

2 Swiss Institute of Bioinformatics, CH-1015 Lausanne, Switzerland

3 Gene Expression Core Facility, School of Life Sciences, École Polytechnique Fédérale de Laus-
anne (EPFL), CH-1015 Lausanne, Switzerland

4 Protein Expression Core Facility, School of Life Sciences, École Polytechnique Fédérale de Lau-
sanne (EPFL), CH-1015 Lausanne, Switzerland

* Shared first author

# To whom correspondence should be addressed: bart.deplancke@epfl.ch



2

Alpern, Gardeux et al., Additional File 1

RT - oligo(dT) / 
Template Switching

[DNA::mRNA]n DNA::mRNA[Total RNA]n Full length
cDNA

Pre-amplification

3’-biased
Library

FASTQFASTQ(s)

Amplification and
Indexing Sequencing DemultiplexingPooling

Starting RNA
amount Tn5 A/B | B/B

Fragmented
cDNA

Tagmentation

# PCR cycles #PCR cycles

a

b

BRB-seq with E3V6NEXT oligo BRB-seq with BU3 oligo

U
M

I c
on

te
nt

 p
er

 b
as

e

2 4 6 8 10

0.
9

1.
0

1.
1

1.
2

SCRB-seq (Soumillon et al.)

2 4 6 8 10

0.
8

1.
0

1.
2

1.
4

1.
6

A
C
G
T

2 4 6 8 10 12 14

0.
0

0.
5

1.
0

1.
5

c

d

0

500

1000

10
01

20
0

30
0

40
0

50
0

60
0

70
0

10
00

30
00

60
00

Fragment size, bp

0
20
40
60
Library yield, ng

Tn5-A/B

Nextera
Tn5-B/B

R
FU

TruSeq

RNAtag-seq

PCR

PCR

Reverse
Transcription

Adapters
ligation

rRNA
depletion

2nd-strand
synthesis

Fragmenta-
tion

in vitro
transcription

Fragmenta-
tion

RNA

RNA

Adapter
ligation

Library
amplification

3’ RNA
enriched

Full length

5’ RNA 
enriched

3’ RNA 
enriched

Full length

dsDNA

ssDNA

dsDNA

Tagmentation

DNase

SCRB-seq

STRT-seq

CEL-seq2

Reverse
Transcription

Fragmenta-
tion

DNA

DNA Pol / 
Rand. primer

3’ RNA 
enrichedQuantSeq

3’ RNA 
enrichedTagmentationBRB-seq

2-3 days / up to 96 
samples

3 days / 96 
samples

2-3 days / dozens of 
samples

2 days / 96-192 
samples

1-2 days / 96-192 
samples

Preparation time

1 day / 96 samples

1-2 days / 96-192 
samples

60 EUR

n/a

2 EUR

20 EUR

2 EUR

n/a

n/a

Estimated 
price/sample

Illumina

Shishkin et al., 2015

LM-seq Full lengthssDNA 2 days / 192 
samples 11 EUR Hou et al., 2015

Soumillon et al., 2014

this manuscript

Lexogen

Islam et al., 2012

Hashimshony et al., 2016

Reference

DNA Pol /
nick transl.

DNA Pol /
nick transl.

DNA Pol /
nick transl.

mRNA 
selection

Random 
primer

Specific 
primer

Oligo-dT

BC oligo-dT
TSO

BC oligo-dT

Oligo-dT /
BC TSO

BC oligo-dT

RNA BC
adapter

Random 
primer

Early (samples) multiplexing

Late (libraries) multiplexing

Figure S1. Evaluation of data produced with SCRB-seq. a. State-of-the-art bulk and single-cell 
RNA-seq approaches allowing different levels of sample multiplexing. Every box corresponds to a 
standardized step of the protocol. Diamonds represent the multiplexing steps: early (yellow) or late 
(red). The right table shows the throughput of each protocol and the estimated library preparation 
cost per sample in Euros. Legend: BC, barcoded; TSO, template switch oligo; ssDNA: single-strand-
ed DNA; dsDNA: double-stranded DNA. b. The key steps of the initial SCRB-seq protocol, with four 
of these considered critical for optimization: i) the amount of input RNA, ii) the number of pre-ampli-
fication cycles post RT, iii) the Tn5 enzyme type, and iv) the number of amplification cycles post tag-
mentation. c. The UMI base content in i) SCRB-seq samples (here D1T0A sample) with E3V6NEXT 
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10bp UMI oligo ii) BRB-seq performed with bulk RNA and E3V6NEXT oligo, and iii) BRB-seq with 
our modified BU3 oligo, bearing a 15bp UMI, the five last nucleotides being non-T. d. The library 
profiles and yields after tagmentation with various Tn5 enzymes: in-house made Tn5-A/B and Tn5-
B/B and Illumina Nextera. 
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Figure S2. Experimental design and performance assessment of the method. a. The experi-
mental design for preparation of the RNA samples. Human adipocyte stromal cells (hASCs) were 
differentiated using the adipogenic induction and maintenance cocktails during 7 days each to ob-
tain adipocytes. The cells at both differentiation time points (t0 and t14) were used for RNA extrac-
tion. To prepare the libraries, two aliquots of each of two RNA samples at different dilutions (1 – 2000 
ng) were used as technical replicates. b. Assessment of the impact of the initial RNA amount and 
number of pre-amplification cycles. c. Assessment of the impact of the number of amplification cy-
cles for the second amplification (post tagmentation). d. Assessment of the impact of Tn5 enzyme 
type. For the b. c. & d. performances were evaluated using different quality measures: uniquely 
mapped reads, level of duplication, rate of MT-rRNA reads, and complexity (number of detected 
genes). For an unbiased comparison, libraries were downsampled to one million (b.) or 100k (c. and 
d.) single-end reads (see Methods)
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Figure S3. Comparisons of different BRB-seq workflows with variable RT enzymes and sec-
ond strand generation methods. a. Comparison of fragment size profiles. b. Comparison of the 
ratio of reads assigned to MT-rRNA transcripts. c. Comparison of read alignment performances. The 
no/multiple alignment values are derived from the STAR alignment, and no gene/ambiguous and 
mapped to genes correspond to the annotation of the reads to the genes by Htseq. d. Comparison of 
the ratio of reads that are found contaminated whether by BRB-seq adapter sequences or stretches 
of more than 6 polyAs during the trimming step (performed using the BRB-seqTools software). Leg-
end: MMH, Maxima Fermentas Minus H Enzyme; SSII, Superscript II Enzyme; SSS: Second-Strand 
Synthesis using Nick translation; PCR: pre-amplification by Polymerase Chain Reaction.



6

Alpern, Gardeux et al., Additional File 1

Tru
Seq

BRB-se
q

Adipocyte~Adipocyte
GO:0044242~cellular lipid catabolic process
GO:0050661~NADP binding
GO:0055088~lipid homeostasis
GO:0006638~neutral lipid metabolic process
GO:0006631~fatty acid metabolic process
GO:1990777~lipoprotein particle
hsa00010~Glycolysis / Gluconeogenesis
GO:0005504~fatty acid binding
hsa04975~Fat digestion and absorption
GO:0019216~regulation of lipid metabolic process
GO:0016042~lipid catabolic process
GO:0045444~fat cell differentiation
hsa04923~Regulation of lipolysis in adipocytes
GO:0030258~lipid modification
GO:0034185~apolipoprotein binding
GO:0010876~lipid localization
GO:0006869~lipid transport
GO:0005319~lipid transporter activity
hsa00071~Fatty acid degradation
hsa00062~Fatty acid elongation
hsa03320~PPAR signaling pathway
GO:0005811~lipid particle
GO:0019915~lipid storage
GO:0016126~sterol biosynthetic process
GO:0034440~lipid oxidation
GO:0019395~fatty acid oxidation
GO:0000062~fatty−acyl−CoA binding
GO:0009062~fatty acid catabolic process
GO:0006635~fatty acid beta−oxidation
GO:0071616~acyl−CoA biosynthetic process
GO:0035337~fatty−acyl−CoA metabolic process
hsa01212~Fatty acid metabolism
hsa01040~Biosynthesis of unsaturated fatty acids

5

10

15

20

25

30

Odds ratio

a

b

Tru
Seq

BRB-se
q

0.58
0.61

0.0

0.2

0.4

0.6

PR
 A

U
C

Tru
Seq

BRB-se
q

0.88 0.91

0.00

0.25

0.50

0.75

R
O

C
 A

U
C

Tru
Seq

BRB-se
q

0.80
0.84

0.00

0.25

0.50

0.75

FC
 c

or
re

la
tio

n 
B

R
B

-s
eq

 v
s 

Tr
uS

eq

Figure S4. Assessment of BRB-seq performance relative to TruSeq. a. Evaluation of BRB-seq’s 
performance relative to TruSeq represented by different quality markers and using the data down-
sampled to 1M single-end reads. Both samples are compared to the “gold standard” TruSeq ~30M 
paired-end reads. b. Functional enrichment of the identified differentially expressed genes (FC > 2 
& FDR < 5%) between TruSeq and BRB-seq. Functional Enrichment was performed on gene sets 
linked to adipocyte differentiation in different databases: Gene Ontology (Biological Processes, Mo-
lecular Functions and Cellular Components), and KEGG pathways. Odds ratio is calculated using a 
Fisher’s Exact Test.
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Figure S5. The RNA fragment size profiles of intact samples and their degraded counterparts 
after one or two minutes of fragmentation. Left panel represents the t0 samples (pre-adipocytes), 
while the right panel features the t14 samples (differentiated adipocytes). Legend: RQN, RNA qual-
ity number (maximum is 10).


