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Most diferentially expressed mRNAs

Most differentially expressed miRNAs
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Supplementary Figure 1.
Figure 1. Comparison between the results obtained using the miARma-Seq
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miRNAs showing extreme differences in Fold change (FC) determined by miARma-Seq
and reported elsewhere'. The experimentally validated miRNAs are indicated with an
asterisk. (B) logFC values of ten mRNAs showing extreme differences in FC determined
by miARma-Seq and reported elsewhere?. (C) logFC values of the experimentally
validated mRNAs determined by miARma-Seq and reported elsewhere?. (D) Ten
circRNAs showing extreme differences in the number of mapped reads that were
identified by miARma-Seq and those reported elsewhere®. (E) Sixteen experimentally

validated circRNAs determined by miARma-Seq and reported elsewhere .
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ReadCount [miARma/mANAS/results/Readcount_results/)
Filename Processed Reads Assigned reads swrand Number of identified entities
SAR1039508_top_bw2.bam 20427995 20474721 (83.8%) o 26797
SAR1039509_top_bw2.bam 22280316 18720845 (84.0%) no 26705
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Differential Expression Analysis by edgeR [mIARMA/mANAS/results/EdgeR_resuits/]
arison File Number of DE

Untreated-Treated Asthma_top_bw2_EdgeR_results_Comp.is 2047 1082
Q Goseq | Analysis_results/)
File = Represented
edgeR_resutado Functional_Analysis_Down xis m 1060 GO Blological Process
edgeR_resuitado Functional_Analysis_Down xis 5 o GO Cellular Component
edgeR_resultado-Functional_Analysis_Down xis 10 a8 KEGG Pathways
edgeR_resutado Functional_Analysis_Downxis 3 147 GO Molecular Function
edgeR_resuitado Functional_Analysis_Up.xis s 1328 GO Biological Process
edgeR_resultado Functional_Analysis_Up.xis 6 7 GO Cellular Component
edgeR_resultado-Functional_Analysis_Up.xis s 3 KEGG Pathways
edgeR_resultado-Functional_Analysis_Up.xis 2 176 6O Molecular Function

Supplementary Figure 2.
Examples of miARma-Seq output files. (A) A histogram of the read length after pre-

processing of the sample. (B) Heatmap of the most strongly expressed elements
according to Fold Change (the 250 differentially expressed elements). (C) Differential
expression analysis output table. (D) Expression plot. (E) Summary report with the main

statistics of the analysis.



SUPPLEMENTARY TABLES

Supplementary Table 1. Most used methods in transcriptomics.

Expert

Expert

Method Data Software included OS | Requisites 7!=’otent|al Know. Know. USAGE Type of analyses Model_
type issues e o | type organism
Use Install
Q: Fastqc
'Fl)'é(;,.utAdapt,Mlnlon,Rea Differential
o . Expression: mirnas,
A.Bowt|e1.,Bowt|e2,Top mRNAs, circRNAS:
. Hat, BWA; T
miRNA K Identification:
EQ: FeatureCounts, Java, R circrnas; miRNAs
miARmaSeq | mRNA 8|tr’|‘,;r:'|srl.3eep2; 3 and Perl. N/A NONE NONE Contf. file Enrichements Any
) . mirnas-mrnas target
circRNA sgAgdéS;mé?gf’_ prediction (3
- =0geR, a; methods); miRNA de
Fx: Goseq; novo pred
Target: miRGate (3 P
types of analyses)
ForR Quality, a!lgnment,
miRNA program R processing to 21 .
QuasR Q: QcReport,; further use R organisms
. . . R mers. Adv. R . .
(Gaidatzis et mRNA A: Bowtie; 3 lanquage Excent language YES R script programs for stored in
al, 2015) EQ: Qcount guag Pt guag Differential Bioconduct
bowtie is .
(1) expression, SNPs, or
ChipSeq, etc.
. Adv. R Differential
Subrgad/edg miRNA Aligner: subread; R For language & R script Expression: mirnas,
eR (Liao et mRNA - 3 program YES Any
EQ: featureCounts. language command Bash CLI | mRNAs,
al, 2013) mers. : .
line Enrichements, SNPs




. Expert Expert
Method Data Software included OS | Requisites 7!=’otent|al Know. Know. USAGE Type of analyses Model_
type issues e o | type organism
Use Install
Q: Fastqc;
. T: Cutadapt; . Differential
Cap-miRSEq miRNA | A: Bbowtie,miRdeep; Many in (2), (3), Adv.comp. . Expression: mirnas;
(Sun et al SNPs: . 3 local . YES Conf. file A N/A
2014) s: GATK; installation (4). skills de novo predlctlon,
Q:Htseq; SNPs in miRNAs
DE: EdgeR
Omics Pipe miRNA Many in ), (3) RNASeq, Whole
(Fisch et al, mRNA AWS of Amazon 3 local (4)’ ’ NONE YES Conf. file | Exomes, Whole N/A
2015) installation ' genomes, Chipseq
. Bedtools
ViennaNGS . Y
(Wolfinger et Alcljg?ed Modules to process 1 Btt)a.dgr.aptlgt 7) iAdv.PerI YES Perl t N/A N/A
al, 2015) ata iles obigwig, R, anguage scripts
’ Samtools
E|>c<’rt)reSS|on Q: in-house code; RNASeq and Human,
po mRNA | A: bowtie 1 Many 1), (2) NONE YES web YAseq mouse,
(Friedman, DE: D microarrays d
etal 2011) : Deseq and rat
Perl,
Gene- A: Cashx, bowtie, bwa; MySQL, R,
Counter DE: NBPSeq, EdgeR, as well as )
(Cumbie et mRNA Deseq; 1 Ctt (2) NONE YES Conf. file | RNAseq Any
al, 2011) Fx: GoRich software
(CASHX)
zggzrato et | miRNAs | A:bowtie; 1 JPa\tﬁér:{ @ ég\r/ﬁ YES Spg:'g?: g;‘f‘f’?zr:'f'l‘ mirnas, |\ a
DE: deseq; denovo y ’ mp. Perl miRNA-mRNA target
al, 2013) and Perl. skills . o
scripts prediction

Supplementary Table S1 cont.




Method Data Requisites Potential | Expert Expert | USAGE Tvoe of analvses Model
type Software included [o}] q issues Know. Know. | type yp y organism
Use Install
A: mirdeep,tophat- g;(ff?';esr:i:r!' mirnas
BioVLAB- : cufflinks; pression. '
MMIANGS | MRNA | BE: edgeR, limma JRE for the MRNAS; Human,mo
mRNA N 9 o ’ 2 (2), (5) NONE N/A web Enrichements; use,macac
(Chae et al, FX:David; browser . .
Arrays ) mirnas-mrnas target | a, and rice
2015) miRNa-mRNA T
: prediction; miRNA
target:MMIA
de novo pred
GALAXY miRNA
(https://galax mRNA Sveral tools (hundreds) | 2 several (2),(5) NO YES web all Any
yproject.org/)
Q: Fastqc,NGS QC Differential
toolkit; A:Tophat; . .
RAP Alternative Splicing: An 3), (5) Expression: mRNAs;
(D'Antonio et mRNA - ; P g 2 PR NO N/A web Chimera; Eukaryotes
SpliceTrap; Account (6) . I
al, 2015) X L . Poliadenyalation;
Chimeric: Chimerscan; Solicin
DE: Cuffdiff2, DESeq plicing
Dsap (Huang Only
et al 2010) miRNAs | in-house code software | 2 N/A works for | Basic skills | N/A web miRNAs N/A
illumina

Features of different methods. This is an illustrative table and other alternative

features are indicated. Software included: Q: quality, T: trimming, A: Aligner, EQ:

methods are not included. Only representative

EntityQuatification, DE: Differential expression,

Fx: Functional analyses, Target: mMRNA-mirNA; OS: Operative System, 3 (Mac, Lin & Win), 1 is Unix, 2 is Web-based. Potential

issues: (1) methods not widely tested in the NGS scientific community, (2) Several dependencies, (3) Data privacy issues, (4)

Potential payment requested, (5) Bandwidth issues and/or queue saturation, (6) restrictions on number of files and/or data size, (7)

this tool is a collection of core modules to process files; Expert Know. Use, Expert knowledge required to use it: Adv.: Advanced,

Comp.: computational; Expert Know. Install: Expert knowledge required for installation. N/A stands for not available/not identified.




Supplementary Table 2. Identification and DE of miRNAs and mRNAs

Experiment | Time # of | FD # of RNAs | % overlap | Pearson p-value of | %
course | RNAs | R identified between coefficient | Pearson overlap
or total as DE in | procedure | of Coeffcient | with

original s correlatio | of validate
work n Correlatio | d

n experim

entally

miRNA total at | 12 0.05| 5 100 0.97 0.0076 100

trsanscriptom 16h (1)

e total at | 94 0.05 | 86 83.7 0.98 <2.2e-16 100
32h (1)
total at | 135 0.05 | 119 85.7 0.98 <2.2e-16 100
48h (1)
total (1 | 154* 0.05 | 137* 85.4 N/C N/C 100
)

Total ( | 554 N/A | 501 91.8 - - 100
2)

mRNA Total 1052 | <0. | 316 98.4 0.99 <22e-16 | 100

transcriptom | (1) 05

e14

Identification and DE of miRNAs and mRNAs. PLEASE NOTE that these values are
illustrative, as precision cannot be computed. The recall must be taken with
caution. Those are comparisons with original works as internal control of the tool. (1)
indicates Differentially Expressed (DE) RNAs. *indicates unique entities as some
miRNAs can be DE in various time courses; (2) Total number of expressed miRNAs. N/C
(Not calculated): correlations cannot be calculated as certain miRNAs can be detected

Supplementary Table 3. Identification of circRNAs

According | # of RNAs | # of RNAs % Pearson p-value of % overlap
to # of identified identified overla | coefficient Pearson with
reads* in original pping | of Coefficient experimen
work correlation of tally
Correlation validated
circRNAs
>1 229 141 61.9 0.81 <2.2e -16
CircRNAS™ | >4* 124 78 87.5 0.78 3.9e-13 84.2

Identification of circRNAs . * Recommended elsewhere'® (>4). Out of these 19 validated
circRNAs we have identified 16.



SUPPLEMENTARY TEXT

METHODS

Quality assessment and pre-processing

Quality assesment is a standard and important procedure in NGS analysis, as it detects
sequencing errors. On the other hand, low quality reads, low complexity bases (those
biased in their nt composition), high number of N content, and high number of
duplicated reads, are very important issues to consider before performing aligment and
entity quantification steps. In this regard, miARma-Seq wuses fastQC

(http://www.bioinformatics.babraham.ac.uk/projects/fastqc/), a widely used method to

perform quality checking.

Since miRNAs have an estimated size of 22 nucleotides, pre-processing of the samples
is mandatory to remove adapter sequences and low-quality bases, which could affect
the correct alignment of the reads and in particular, that of short sequences <50 bp.
Cutadapt* and Reaper® are designed to trim the adapter sequence or part of it, as well
as to perform additional filtering (low complexity).

One common problem when a user is dealing with data from public databases is the lack
of experimental information, including the nature of the adapter sequences, which is
essential information required by most trimming software. To avoid this problem,
miARma-Seq implements the Minion software®, which performs an adapter sequence
prediction based on the most frequent sequences at the 3’ end of the read. In this sense,
miARma-Seq can automatically predict the adapter sequence even if this information is
not provided, checking the data obtained with Minion. Besides, miARma- Seq uses Blat

software (https://genome.ucsc.edu/cgi-bin/hgBlat) in order to rule out over-expressed

biological sequences that can be identified as potential adapters. In this way, Cutadapt®
or Reaper® can be provided with adapter sequences for the subsequent analysis.

In addition, miARma-Seq also includes an in-house tool to remove a specific number of
nucleotides from the 3’ or 5’ end that usually contain low quality information meant to be

used in miRNA, mRNA and circRNAs samples.



Alignment

miARma-seq implements different aligners according to the kind of the data to be
analyzed. For miRNAs, Bowtie1®, Bowtie2’ or both simultaneously can be used.
According to Bowtie developers, for reads smaller than 50bp (usually whay is found in
miRNASeq experiments), Bowtie1 is recommended.

For novel miRNA prediction, miARma-Seq implements mirDeep2®, which collects non-
aligned miRNA-Seq data to predict novel miRNAs based on different features, such as
the ability of a pre-miRNA to form a hairpin structure or to follow the pattern of Dicer
processing.

In the case of RNASeq, TopHat® is provided as the main tool for mRNA alignment and
exon junction calculation. TopHat in miARma-Seq is implemented to use Bowtie1®,
Bowtie2’ or both. As explained before, for reads shorter than 50bp, bowtie1® is
recommended. In any other case, Bowtie2 is highly recommended.

For circRNA processing, the BWA aligner’® was implemented in miARma-Seq (as
recommend') since BWA-MEM implements a local alignment that maximizes the exact

matches. In any case, a standard binary alignment file (BAM) is generated.

Entity quantification

Because the number of reads from a RNA transcript (counts) is proportional to the
abundance of that transcript'®, the number of counts in biological entities must be
summarized. For that purpose featureCount (ref) is implemented. It is a highly efficient
general-purpose read summarization program that counts mapped reads for genomic
features. For novel miRNA quantification, miRDeep2 (ref) provides this feature and in
the case of circRNAs, miARma-Seq implements the CIRI" tool, which is based on
paired chiastic clipping signal detection in BAM files, quantifies the reads, and also

performs a systematic filtering to remove false positives.

Differential expression analysis

Most expression studies focus on the identification of entities differentially expressed
(DE) between two different experimental conditions. Of these two valuable tools

(edgeR™ and Noiseq™) to identify DE elements, edgeR is a widely employed tool that
10



not only identifies DE elements between two experimental conditions but it also performs
more complicated comparisons. This is a key issue in studies analyzing time series or
combined drug effects. Therefore, unlike most of the available analytic tools that can
only compare two experimental conditions, miARma-Seq can identify DE elements in
any kind of experiment design. Another common difficulty in DE analysis is the lack of
biological or technical replicates to perform the analysis. Although it is strongly
recommended to avoid this situation due to the poor reliability of the results,
experimental issues occasionally force researchers to perform their experiments without
replicates due to the lack of samples or the poor quality of the replicates. In these
situations, miARma-Seq implements Noiseq, which allows technical replicates to be
simulated in order to increase the reliability of the results. Weakly expressed elements
may also distort the results as elements with low read counts might not reveal true
biological information. Filtering these weakly expressed elements has been proposed as
an appropriate way to avoid this problem. Thus, miARma-Seq offers the user the
possibility of filtering the data to introduce a minimum cut-off value among other
parameters. Normalization is also a key step to facilitate sample comparison in this kind
of analysis and by default, miARma-Seq normalizes the data, although users can skip

this step or even chose the normalization method that best fits their data.

11



RESULTS AND DISCUSSION

To check whether the tool works as it should, we compared our results with previous
studies. Please note, that in all cases recall should be taken with caution, as it is not
possible to calculate precision because the information of False positives (FP) and False
Negatives (FN) is incomplete in the experimental datasets. In experimental studies is
rare to find the 100% of results experimentally validated. Usually only 10-20 selected

targets within the potential positive results are validated.

miRNA transcriptome analysis

In order to evaluate the ability of miARma-Seq to detect, identify and assess the DE of
miRNAs, a miRNA expression dataset’ was analysed (GEO experiment GSE47602).
Briefly, this experiment measures miRNAs regulated under different hypoxic conditions
in the MCF7 cell line. It contains 2 replicates in normal conditions and 2 replicates taken
after 16, 32 and 48 hours in hypoxic conditions. A total of 554 miRNAs were identified,
with a 91.8% overlap with previous results. The Differential expression (DE) analysis of
the three experimental conditions compared to control samples identified many DE
miRNAs (FDR<0.05) at different time points. The results correlated very well with the
previously reported data: Pearson correlation at 16 h, 0.97 (P.val =0.0076); 0.99 at 32 h
(P.val < 2.2e-16); and 0.98 at 48 (P.val < 2.2e-16: Supplementary Fig. S1). In addition,
miARma-Seq correctly identified 100% of the DE miRNAs experimentally validated by
gPCR. The differences in the results are mainly due to the different miRBase annotation
database employed and the weakly expressed elements, which were filtered out in our
analysis. Indeed, we find a strong correlation (>0.97) for the expression of the common
miRNAs in each experimental condition.

The miRNA-Seq data from the hypoxic cell indicated above was used to detect novel
miRNAs. A total of 113 novel miRNAs were identified. Of which, 9, 11 and 14 were
Differentially Expressed after 16, 32 and 48 hours of hypoxia, respectively
(Supplementary Fig. S1).

In addition, we inspected the expression of experimentally validated miRNAs and we
verified that every validated miRNA was detected in our pipeline, ascribing a similar
value to those reported with in vitro techniques. These results demonstrate the suitability

of our pipeline to detect and analyze known miRNAs.

12



Furthermore, the miARma-Seq pipeline includes the miRDeep2 tool that predicts novel
miRNAs and applying this DeNovo analysis to a published dataset identified more than
one hundred novel miRNAs. Unfortunately, no information regarding validated novel

miRNAs was available to compare with our results.

Genome-wide expression analysis of mMRNA

The miARma-Seq pipeline was also applied to genome-wide expression data to
identify mRNAs in a set of primary human airway smooth muscle cell lines treated with

dexamethasone?, (Supplementary Table S2, Supplementary Fig. S1).

The miARma-Seq platform identified a total of 1052 DE genes in the samples
(FDR<0.05), detecting 98.48% of those found in the original study and with a correlation
of 0.99 (P.val < 2.2e-16). The numbers of identified DE genes are in agreement with
those obtained in well-established software for similar comparative analyses (for details
See15’16).

The vast majority of the DE mRNAs described were detected previously. In
addition, the correlation between the expression of common mRNAs in both experiments
was almost perfect (Supplementary Table S2), even though another tool was that used
originally to summarize the reads and for the DE analysis, Cufflinks'’. This strong
consistency between the results obtained with both tools, Cuffdiff and EdgeR”, is not
"1 Furthermore, all DE mRNAs

experimentally validated were detected with our pipeline, supporting the validity of the

surprising given that they are both robus

results obtained with miARma-Seq.

Detection of circRNAs from RNA-Seq data

The detection and identification of circRNAs from RNA-Seq data is a recent
incorporation into the RNA-Seq analysis setting. To verify our circRNA analysis
implementation, we used the data available from the GEO GSE49321 experiment °.

The analysis of RNA-Seq data derived from seven samples of HEK293T cells®
identified 229 circRNAs (Supplementary Table S3), detecting 61.9% of the circRNAs
described in the original work. The highest and lowest numbers of reads identified in
each circRNAs were compared (Supplementary Fig. S1), and we evaluated the

experimentally validated circRNAs detected. A total of 16 out of 19 experimentally

13



validated circRNAs were identified by miARma-Seq (Supplementary Fig. S1,
Supplementary Table S3).

Nevertheless, the overall correlation of the counts of common circRNAs was good
(0.81, P.val <2.2e -16) as the tool identified most of the validated circRNAs (84.2%),

supporting its use in our pipeline for circRNA detection.

The main differences in the circRNAs detected were derived from the filtering process
during the analysis with CIRI. Notably, when we compared our results with the circRNAs
previously reported to be expressed above a recommend threshold'®, our pipeline
identified a total of 87.5% of the circRNAs. In addition, the dataset selected for validation
comes from a single cell RNA-Seq experiment, which may be distinct to traditional RNA-
Seq experiments, explaining the differences found between both sets of results.
Nevertheless, the overall correlation of the expression values (counts) of common
circRNAs was good as the tool identified most of the validated circRNAs, supporting its

use in our pipeline for circRNA detection
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