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Introduction s | Experimental design

The entire dataset (fastqg and bam files) is available from the following website:
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/%\ Overview of the se

To date our knowledge of DNA transcription is brought by Here we produce a complete transcriptome dataset, containing both cDNA- — e e — S

cDNA cDNA RNA FL-cDNA PCS108_LR

the sequencing of RNA molecules which have been first Seq and RNA-Seq, using the lllumina and Nanopore technologies. RNAs Teloprime RNA Samples
reverse transcribed (RT). This RT step is prone to skew were sampled from brain and liver tissues of mice and were mixed with olgodTbeads  Depletionibozero  Depletionfibozers 91 = 2 =
the transcriptional landscape of a given cell and erase Lexogen’s E2 spike-In RNA Variants (SIRVs*) as a control for quantification

1+ strand RT random 15t strand RT oligodT RT (optional) 1= strand RT oligodT

base modifications. The sequencing of these RT-libraries, of RNAs. We follow the protocols recommended by the manufacturers to > swEamss . aowitehing Lot Number of reads 1,267,830 5,834,882

(anchor in one step!) 2 strand synthesis

that we suggest to call cDNA-Seq, has became popular generate the three following datasets on each tissue: Illumina cDNA-Seq, ERETE | | mpmcarion Smeiiicaiith Cumulative size (Gb) 130 703

End-L=palt Atalling Average Size (bp) 1,028.94 1,204.54

with the introduction of the short-read sequencing Q. Nanopore cDNA-Seq and Nanopore RNA-Seq. The first was sequenced

Sequencing Sequencing Sequencing Sequencing N50 (bp) 1,283 1,749

technologies!?. Recently, the Oxford Nanopore using the lllumina platform (TruSeq_SR) and the last two using the MinlON l / B | YT Ry .y ——

Technologies (ONT) company commercially released a device (PCS108 LR and RNAOO1 LR). From the brain tissue, we generated Illumina Nanopore Full-length reads
portable sequencer which is able to sequence native RNA biological (two brain RNA samples, C1 and C2) and technical replicates (R1

molecules® representing the first opportunity to generate and R2) for the three datasets.
genuine RNA-Seq data.

0, (0}
short-reads long-reads >80% single isoform 40.25% 41.08%

sequencing atquencing Accession number ERX2695238 ERX3387950

b i

Additionally, the second was also sequenced using the =in. ey e Overview of the lllumina data from brain samples
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guencing data

RNAOO1_LR TELO_LR

R1

3,003,844 571,098 364,041 210,654 1,691,454
3.28 0.43 0.38 0.20 1.31
1,091.85 758.05 1,032.10 957.17 775.77
1,591 1,357 1,492 1,417 896
1,339,489 154,735 141,970 73,232 389,468

40.73% 53.31% 57.19% 60.61% 60.18%

ERX3387952 ERX2695236 ERX3387949 ERX3387951 ERX2850744

Furthermore, even if short-read technok)gies offer a deep ! llumina platform (PCSlOB_SR) This enables us to Clarify IRESERSR ResUHSR PSTORAR. REAVELIR  TREQIR TruSeg_SR PCS108 SR

sequencing and were helpful to wunderstand the which differences are due to the preparation protocol and

transcriptome complexity and to improve the detection of |l Which are due to the sequencing platform |
rare transcripts, they still present some limitations. Indeed, -] Moreover, we generated a Lexogen’s TeloPrime® library on [tversamplel | CIR1 X X X X

In Itself. C2R2 X X

Brain sample 1 | C1R1 X X X X X RNA Samples
C2R1 X X

Brain sample 2

Experimental design. Five protocols have been used on each tissue. Two were based on short-reads with the Number of reads 53,128,934

read |ength IS a key point to address Complex regions of a both tissues (TELO_LR), this preparatiOn kit 1Is an all-in-one TruSeq protocol (TRUSEQ_SR) and the ONT library preparation (PCS108_SR) and the three others were based Cumulative size (Gb) 15.42

on long-reads with the ONT cDNA-Seq protocol (PCS108 LR), the ONT RNA-Seq protocol (RNAOO1 LR) and

Studied transcriptome_ pl’O'[OCOl fOI‘ generating fU”'length CDNA from tOtaI RNA the Teloprime protocol (TELO_LR). (RT: Reverse Transcription). For the brain, two biological replicates, C1 and Read Size (bp) 151

Sequencing biases of transcripts containing internal runs of poly(T)

Since cDNA synthesis is Initiated with an anchored poly-dT primer (poly-TVN), a relevant question is whether
transcripts containing internal runs of poly(A) or poly(T) are correctly sequenced. This bias has remained
unreported so far, but it is also present in other published Nanopore dataset®. It however concerns a large fraction
of transcripts, 27% of transcripts expressed with at least one read In mouse brain contain at least 9 T's.
Importantly, the bias not only affects read length, but also transcript quantification. In mouse brain, 35% of cDNA-
Seq reads map to transcripts with at least 9 T's, compared to 14% of RNA-Seq reads. This suggests that the
abundance of these transcripts is over-estimated when using cDNA-Seq, at the expense of the other transcripts.

(a) (b) (c)

Sinternal poly(T) (>9Ts) 3
5'to 3' coverage of transcripts containing at least 9 T's 5'to 3' coverage of transcripts containing at least 9 A's TTTT AAAA mRNA
<NVTTTT polyTVN primer

- V: AIC|G
reverse tfanscrlptlon N : AlClGlT R EEEE.

(a) Relative coverage of transcripts

3 for the ONT cDNA-Seq dataset

? TTTT AAAA mRNA and the ONT RNA-Seq dataset for
transcripts covered by at least 10

AAAA ___ NVTTTT cDNA reads around a poly(T). With the
3' 5 ONT cDNA-Seq dataset,

transcripts containing internal runs
cDNA 2nd strand¢

, of at least 9 T's are less covered in
synthesis 5'. The coverage deficit observed
in the ONT RNA-seq dataset is due
5' to indel sequencing errors
AAAA___NVTTTT  4oublestranded associated to homopolymers.

. A cDNA (b) Relative coverage of transcripts
N  RNA(3%6) RRRRE L. Pl for the ONT cDNA-Seq dataset

- RNA (n=519) 3 - RNA (n=356)

1 T T T 1 T T 1 I T T and the ONT RNA-Seq dataset for
75 50 -25 TTTTTIT +25 450 +75 +100 -100 75 -50  -25 AAAAAA +25  +50  +75  +100 i transcripts covered by at least 10

reads around a poly(A). Using the
ONT cDNA-Seq dataset,
transcripts containing stretches of
at least 9 A’s are less covered in 3.
Again, the coverage deficit
observed in the ONT RNA-seq
dataset is due to indel sequencing
errors associated to
homopolymers.

Relative coverage: Number of reads / Max number of reads

Relative coverage: Number of reads / Max number of reads

Relative 5-3' position along the transcript Relative 5-3' position along the transcript

5' truncated cDNA

Mouse (mm10) v chr2 w | |chr2:30,066,286-30,072,703 oo #

| = i) | I ] = T I I I
qAl QA2 QA3 - 3 4 qF1 qF2  qF3 qG1 qG3 qHl qH2 qH3 qH

30,067,000 bp 30,071.000 bp 30,072,000 bp (c) Mechanism explaining why
] ] ] ] . y . '
internal runs of T’s are causing 5

| |
o= ‘ [t ted ds. The PolyTVN
o T i 1] g ] A I.I I Ial l ”I“l l “l ”M Ill “ l "“l l i“l.l ” "li I llﬂ "“!“ l “ II”I gﬁ;ﬁ; Ein:jesatosthe i?]te(r)nél run of

poly(A) of the cDNA so that the

| I second cDNA strand is &'
truncated.

- (d) Example of a gene

named Set visualized with IGV.
Truncated reads are in tracks 2
(ONT cDNA-Seq) and 3 (lllumina,
Nanopore protocol). Non-truncated
reads are in tracks 1 (ONT RNA-
Seq) and 4 (lllumina Truseq). The
region where the truncation occurs
is a poly(T).
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| (a) Correlation obtained for

C2, have been generated and two technical replicates, R1 and R2, have been generated for the second _
biological replicate. For the first biological replicate all the five protocols were used whereas the TRUSEQ SR, Accession number ERX2695239
the PCS108 LR and the RNAOO1_LR were used for the second biological replicates.
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Accuracy evaluation of the gene expression quantification

We alighed reads to the reference transcriptome, used RSEM’ for short reads, and counted
the number of primary minimap2® alignments for long reads. The best quantifications were
obtained for the ONT RNA-Seq and lllumina TruSeq protocols.

( a ) Spike-in quantification lllumina TruSeq (b) Spike-in quantification lllumina-protocole Nanopore

p=0.81, r =0.82 p=054r=057

1.38 < MSE <1.41

=

E2_fmoles

Fe] 0.08125

E2 fmoles

lllumina TruSeq (tpm, log scale)
lllumina Nanopore protocol (tpm, log scale)

i L
0.03125 0.25 1

Real quantification (fmol)

‘ ] ]
0.03125 0.25 1
Real quantification (fmol)

p=0.61, r=0.50 p=0.86, r=0.85
1.55<MSE< 1.57 0.76¢<MSE<0.78

Evaluation of
guantification using the
SIRV E2 spike-in mix.
Reads were mapped
against the SIRV
transcriptome and
quantifications were
computed at the transcript
level (n=67 transcripts).
The observed
quantifications are
correlated with the known
theoretical quantifications
of the spike in.

E2 fmoles

Fe] 0.03125

E2_fmoles

FeJ 0.03125
Fe] 025
=R

$ 4

Nanopore cDNA (number of read, log scale)
Nanopore RNAdirect (number of read, log scale)

lllumina cDNA-Seq.

(b) Correlation obtained
for lllumina with the ONT
cDNA-Seq protocol.

(c) Correlation obtained for
ONT cDNA-Seq. . |
(d) Correlation obtained
for ONT RNA-Seq.

0.25 1 0.03125 0.25 i
Real quantification (fmol) Real quantification (fmol)
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C1

R1

41,562,993 45,719,216 153,610,181  The lllumina and MinlON

data are available in the
12.36 13.60 45.88 European Nucleotide

151 151 151 Archive under the

following accession
ERX3387947 ERX3387948 ERX2695237 number PRIJEB27590

Conclusion

We generated a dataset which we think
should be of general Interest for the
community. This dataset consists of RNA
and cDNA sequencing of the same
samples using both lllumina and ONT
technologies. Importantly, we also mixed
Lexogen spike-in together with our
mouse samples.

Using the spike-in data, we find that the
ONT RNA-Seq protocol Is the most
accurate, slightly better than the widely
used Illlumina TruSeq protocol. In
contrast, the cDNA-Seq data was more
bilased and vyielded a  poorer
guantification.

We further found that transcripts with
Internal runs of poly(T) tend to be
truncated and over-sampled when using
the ONT cDNA-Seq protocol. Biases
associated to internal runs of poly(T) had
remained undetected, although they may
affect more than 20% of expressed
transcripts in mouse.

Quantifying transcripts and not genes is
still challenging. We therefore strongly
recommend to map reads on the
reference transcriptome and not on the
genome, as reference transcripts do not
contain introns, nor poly(A) tails. The
development of dedicated bioinformatics
tools, as well as the Improvement of
alignment tools, seem essential to
correctly handle processed pseudogenes
and quantify transcripts.




