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Comparison of RNA-seq and microarray data

We performed a dedicated experiment to evaluate the validity of combining data from both
microarray and RNA-Seq methods in COLOMBOS, ie. following the COLOMBOS
homogenization strategy. In this experiment, we measured the exact same four RNA samples in
parallel on Illumina MiSeq and on Affymetrix E. coli Genome 2.0 arrays (see Materials and
Methods below for details). The four samples consisted of two biological replicates of two strains
growing in exponential phase in minimal medium: the Escherichia coli K12 MG1655 wild-type
(biological replicates designated WTB and WTC) and a AydcR (b1439) mutant (biological
replicates designated 23A and 23B). The microarray data were processed using the homogenization
and normalization pipelines as described in the original COLOMBOS publication (1); the RNA-seq
data were processed as described below in the Materials and Methods in this document. The three
condition contrasts that end up in COLOMBOS for both the RNA-seq and the microarrays were
defined as shown in Table ST1: the wild-type sample WTB was used as a common reference for the
other three samples.

Figure S1, S2 and S3 show that for all the three comparisons, the bulk of the data lies on the red
bisector, which represents 'perfect' correspondence between the two technologies. This is a visual
indication that there is good correspondence between the log-ratios obtained from microarrays and
those obtained from the RNA-seq data. More detailed analysis reveals that:

1. There is agreement between the two technologies with a Pearson correlation coefficient
going from 0.39 (moderate positive relationship) to 0.70 (strong positive relationship).

2. The 'error noise' is in the same range for both platforms. One of the underlying assumptions
of our normalization strategy is that the bulk of the genes do not change their expression
between two conditions, i.e. that the log-ratios for a condition contrast should feature a
prominent 'noise' distribution (which we assume Guassian) around 0, implying no change.
(Note that during the normalization, we do not force the data to comply with this, instead
we rely on this assumption to assess the appropriateness of the normalization afterwards.)
We estimated this Guassian noise' distribution for all three contrasts in a robust way (i.e.
taking outliers into account) using an iterative approach. The means were never
significantly different from zero and the standard deviations for both the microarray and the
RNA-seq data for all the contrasts are given in Table ST1. The strong similarity of these
standard deviations between identical contrasts measured on the different platforms suggest
that the measurement range of expression differences is comparable between the two
technologies.

3. Taking into account point 1 and 2 above, a more informative way to assess the agreement
between the two technologies than an overall correlation, is to see if genes showing obvious
expression differences (i.e. away from the estimated noise distribution values) were
consistently reported by both technologies. This is indeed the case in Figures S1, S2 and
S3, where the genes with higher magnitudes of expression changes are generally situated in
the bottom-left and top-right quadrants close to the bisector.

Our results are in line with several other studies (28-36) that reported substantial agreement
between RNA-seq and microarray technologies, further giving validity to the idea that we can
enrich the COLOMBOS compendia with data from both technologies.



Contrasts Pearson correlation G microarray o RNA-seq

WTC vs WTB 0.70 0.2103 0.2221
23Avs WIB 0.59 0.1438 0.1644
23B vs WTB 0.39 0.1496 0.1575

Table ST1: Pearson correlation coefficient, and robust standard deviation estimates for both
microarray and RNA-seq data for the three comparisons (WTC vs WTB, 234 vs WTB, 23B2 vs
WTB).
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Figure S1: Comparison of the logratios between both technologies RNA-seq (Y-axis) and
microarrays (X-axis) for the condition contrast comparing two biological replicates (WTC vs WTB).
Red line: bisector; dashed blue line: 95% confidence interval of the estimated robust noise
distribution; dashed-dotted blue line: 99% confidence interval of the estimated robust noise
distribution; the box plots alongside the X and Y axis give further information on the shape of the
logratio distributions for the microarrays and RNA-seq respectively.
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Figure S2: Comparison of the logratios between both technologies RNA-seq (Y-axis) and
microarrays (X-axis) for the condition contrast comparing AydcR to the wild-type (234 vs WTB).
Red line: bisector; dashed blue line: 95% confidence interval of the estimated robust noise
distribution; dashed-dotted blue line: 99% confidence interval of the estimated robust noise
distribution; the box plots alongside the X and Y axis give further information on the shape of the
logratio distributions for the microarrays and RNA-seq respectively.
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Figure S3: Comparison of the logratios between both technologies RNA-seq (Y-axis) and
microarrays (X-axis) for the condition contrast comparing AydcR to the wild-type (23B vs WTB).
Red line: bisector; dashed blue line: 95% confidence interval of the estimated robust noise
distribution; dashed-dotted blue line: 99% confidence interval of the estimated robust noise
distribution; the box plots alongside the X and Y axis give further information on the shape of the

logratio distributions for the microarrays and RNA-seq respectively.




Materials and Methods

Bacterial strains and growth conditions

Escherichia coli wild-type, AydcR and AyjiR strains (27) were grown at 37°C with agitation in M9
salts (Sigma-Aldrich) supplemented with 0.2 % glucose, 2 mM MgS0O4 and 100 uM CaCl2.

RNA isolation

Overnight cultures were diluted 100-fold into fresh medium and grown until mid-exponential phase
(OD595 = 0.15). The RNA content of 40 ml bacterial culture was stabilized by adding 1/5 volume
of ice-cold phenol:ethanol (5:95) after which cells were harvested by centrifugation. The cell pellet
was frozen in liquid nitrogen and stored at -80°C. Total RNA was isolated as described in (26).
Briefly, cell pellets were resuspended in 1 ml of TRIzol after which the cells were lysed by
mechanical disruption using a Precellys 24 (Bertin Technologies) at 6500 rpm for 45 seconds with
0.25 ml of 0.1 mm glass beads. The organic and aqueous phase of the lysed cells were separated by
Phase Lock Gel tubes (heavy type) after which total RNA was isolated using the Purelink RNA
MiniKit (Ambion). Two treatments of 2 ul TURBO DNase (Ambion) were carried out to remove
DNA contamination, which was checked afterwards by PCR (30 cycles). RNA was precipitated in 3
volumes of isopropanol and 1/10 volume of sodium acetate, washed twice in ethanol and dissolved
in nuclease-free ultrapure water. RNA integrity was evaluated using Experion RNA StdSens Chips
(Bio-Rad). RNA quantity and purity was assessed by measuring the A260/A280 and A260/A230
ratio of all samples using the NanoDrop ND-1000. The ratios of all samples were > 1.8.

RNA-seq — [llumina MiSeq

RNA concentration and purity were determined spectrophotometrically using the Nanodrop
ND-1000 (Nanodrop Technologies) and RNA integrity was assessed using a Bioanalyser 2100
(Agilent). Ribosomal RNA was removed using the Ribo-Zero Magnetic kit for Gram-negative
bacteria (MRZGN126) (Epicentre) starting from 2 pug total RNA and using the protocol from the
manufacturer. rRNA depleted RNA was finally purified by ethanol precipitation and resuspended in
7 ul water. 1 pl was used for Nanodrop quantification and 0.5 pl was diluted to the appropriate
concentration for analysis on the BioAnalyer pico RNA chip. 2.5 ul purified rRNA depleted RNA
was used as the input for the Illumina TruSeq RNA sample prep kit (RS-122-2001) using the
instructions provided in the Illumina TruSeq RNA sample preparation version 2 guide (part#
15026495 revision C — May 2012) starting on page 47. 2.5 ul rRNA depleted RNA was mixed with
15.5 ul EPF and incubated in the thermocycler for the “Elution 2 — Frag — Prime” program. With
the adaptor ligation, care was taken that each sample was ligated with a differently barcoded
adaptor and that the combination of barcodes resulted in sufficient diversity when reading each
barcode position. Upon adaptor ligation and purification, half of the volume rather than the total
amount was used in the subsequent enrichment step. Amplification was for 15 cycles and upon
magnetic bead purification, the final libraries were eluted in 3 pl water. Each library was quantified
by a Qubit (Life Technologies) measurement and the average length of the library molecules was



determined by running each library on a BioAnalyzer High Sensitivity chip. Molarity was
calculated from both the concentration and average length. Each library was diluted to 10 nM and
an equal volume was taken from each library to yield an equimolar 10 nM library pool. Following
the instructions provided in the MiSeq System User Guide, the library pool was denatured and
diluted to 6 pM. 5% of PhiX was added and the total mixture was run on a MiSeq 50 cycles kit.

Microarrays — Affymetrix E. coli Genome 2.0 arrays

RNA concentration and purity were determined spectrophotometrically using the Nanodrop
ND-1000 (Nanodrop Technologies) and RNA integrity was assessed using a Bioanalyser 2100
(Agilent). Per sample, an amount of 50 ng of total RNA was amplified and converted to cDNA
using the NuGEN Ovation Pico WTA System v2. cDNA was fragmented and biotin labeled using
the NuGEN Encore Biotin Module. All steps were carried out according to the manufacturers
protocol (NuGEN). A mixture of purified and fragmented biotinylated cDNA and hybridisation
controls (Affymetrix) was hybridised on Affymetrix E. coli Genome 2.0 arrays followed by staining
and washing in a GeneChip® fluidics station 450 (Affymetrix) according to the manufacturer’s
procedures. To assess the raw probe signal intensities, chips were scanned using a GeneChip®
scanner 3000 (Affymetrix).

RNA-seq: Read Mapping and Quantification of transcript level

Reads in FASTQ format were mapped to the Escherichia coli K12 MG1655 genome sequence
(GenBank accession no. NC _000913) using Bowtie version 2.0.5 (20) with default settings. The
level of transcription for each gene was estimated using HTSeq-count v0.5.4p2 with the union
resolution mode to deal with reads that overlap more than one gene
(http://www-huber.embl.de/users/anders/HTSeg/doc/count.html). The obtained read counts are
further processed with dedicated analysis pipelines to account for the specifics of RNA-seq, such as
the commonly observed heteroscedasticity (40) due to dispersion dependent on the mean count
level (low counts show a much higher dispersion than high counts) for which we compensate for by
taking advantage of variance-stabilizing data transformation techniques (37-39).



http://www-huber.embl.de/users/anders/HTSeq/doc/count.html
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