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Supplementary
Information

Materials & Methods

Cell isolation

All samples were obtained from NHS Blood and Transplant blood donors and processed
within 3 hours of collection or from cord blood donations at Rosie Hospital, Cambridge
University Hospitals. Collections followed informed consent (ethical approval REC East
of England 12/EE/0040). Detailed protocols, including antibody panels, are available at
http://www.blueprint-epigenome.eu/. Briefly, neutrophils and monocytes were isolated
from peripheral blood whole units (460 ml) or from cord blood units. Peripheral blood
mononuclear cells (PBMCs) were separated by gradient centrifugation (Percoll 1.078
g/ml) whilst neutrophils were isolated from the pellet, after red blood cell lysis, by CD16
positive selection (Miltenyi). PBMCs were further separated using a second gradient
(Percoll 1.066 g/ml) to obtain a monocyte rich layer. Monocytes were further purified by
CD16 depletion followed by CD14 positive selection (Miltenyi).

The purification of macrophages (MO), LPS activated macrophages (M1), alternatively
activated macrophages (M2), endothelial cell precursors, erythroblasts, megakaryocyte,
naive B lymphocytes, naive CD4 lymphocytes and naive CD8 lymphocytes used in this
study has been described extensively'#. Regulatory CD4 lymphocytes (T regs), CD4
central memory lymphocytes (CM) and CD4 effector memory lymphocytes (EM) were
isolated by flow activated cytometry (FACS) using the following surface markers
combinations: T regs, CD3+ CD4+ CD25+ CD127low; CD4 CM, CD3+ CD4+ CD45RA-
CDo62L+; CD4 EM, CD3+ CD4+ CD45RA- CD62L-. CD8 central memory lymphocytes
(CM), CD8 EM and CD8 terminally differentiated effector memory lymphocytes (TDEM)
were isolated by FACS using the following surface markers combinations: CD8 CM,
CD3+ CD8+ CD62L+ CD45RA-; CD8 EM, CD3+ CD8+ CD62L- CD45RA-; CD8 TDEM,
CD3+ CD8+ CD62L- CD45RA+. B memory lymphocytes and B class switch
lymphocytes were isolated by FACS, using the following surface markers combinations:
B memory, CD19+ CD27+ IgD+; B class switch, CD19+ CD27+ IgD- CD38dim. Natural
Killer cells (NK) were isolated by FACS using the following surface markers: CD3-
CD56dim CD16+. Eosinophils and basophils were isolated from a mixed leukocytes
pellet obtained by sedimentation of whole blood 6% hydroxyethyl starch (Grifols,
Cambridge, UK) for 30 minutes using EasySep (Stemcell Technologies) as previously
described®. Monocyte derived dendritic cells were generated from cord blood CD34
depleted PBMCs after a second Percoll gradient (1.066 g/ml) to enrich monocytes using
a PromoCell dendritic cell isolation kit. Bone marrow derived mesenchymal stem cell
isolation has been previously described®. Platelets were isolated from platelet rich



plasma after leukocyte (CD45+) depletion as previously described?. The purity of each
cell fraction was assessed by flow cytometry and/or morphological analysis after
cytospin preparation and staining. The purified cells were resuspended in Trizol.
Samples that did not meet predefined criteria of cell purity (>95%) were not sent for
sequencing.

RNA extraction

RNA was extracted from TRIzol according to the manufacturer’s instructions, quantified
using a Qubit RNA HS kit (Thermofisher) and quality controlled using a Bioanalyzer
RNA pico kit (Agilent).

Library construction and sequencing

With the exception of platelets, eosinophils and basophils, libraries were prepared using
a TruSeq Stranded Total RNA Kit with Ribo-Zero Gold (lllumina) using 200ng of RNA as
input. Platelet, eosinophil and basophils samples were prepared with the Kapa stranded
RNA-seq kit with riboerase (Roche) according to the manufacturer's instructions.

Small RNA extraction

RNA was extracted using the miRNeasy Mini Kit (Qiagen) from cell pellets provided
their RNA Integrity Number (RIN) was between 7.3 and 10, as assessed with an RNA
6000 Nano kit on a 2100 Bioanalyzer (Agilent). Small RNA libraries were prepared using
the NEBNext® Multiplex Small RNA Library Prep Set for Illumina (New England Biolabs)
and the LongAmp Taq 2x Master Mix. Size selection was performed with 6%
polyacrylamide gels, and library quality was verified on a 2100 Bioanalyzer (Agilent).
Equimolar (2 nM) amounts of each library, as verified with Picogreen® dsDNA
Quantification Reagent (Promega), were pooled and sequenced on an lllumina HiSeq
2000 using 50 bp single end reads.

CircRNA identification and comparisons

Backsplice junctions were identified using CIRI’, CIRCexplorer®, find_circ®,
circRNA_finderP"™® and  PTESFinder'" (parameters: JSpan=10, PID=0.85,
segment_size=65), mapping against the human genome build GRCh37. Junctions
called by fewer than three methods were removed. The genomic positions of backsplice
junctions were compared to previously identified junctions in circbase'? (obtained
05/2018), annotated splice sites in Ensembl 75 and known segmental duplications'? in
the genome. Backsplice junctions overlapping multiple genes, readthrough transcripts or
segmental duplications were excluded from downstream analyses.

Backsplice classification
Backsplices were classified into five groups based on their genomic locations relative to



Ensembl 75 annotations exonic_known: the backsplice corresponds to known splice
sites; exonic_novel: the backsplice overlaps at least one annotated exon and utilises
only one known splice site; intronic: the backsplice is internal to an annotated intron;
intergenic: the backsplice does not overlap any annotated exons or introns, and
antisense: the backsplice is antisense to annotated exons or introns.

Modelling of circRNA expression.

The read counts reported by PTESFinder were normalised by dividing them by the total
number of splicing reads in each sample and multiplied by 108. For each sample, we
computed the abundance proportion (AP) of a gene as the number of backsplice reads
in that gene divided by the total number of spliced reads of any kind in the sample.
Differential expression analysis was performed using DESeq2'4. Z-scores for
differentially expressed backsplices identified by DESeq2 were computed over samples
from the normalised backsplice read counts.



Supplementary Figures.

Figure S1: Schematic of the bioinformatic pipelines. Paired end reads (75bp and
150bp; left), were trimmed to remove adapter sequences, quality controlled and aligned
to the human transcriptome with Bowtie. The alignments were modelled by MMSEQ to
estimate gene and transcript level expression. The reads were also aligned to the
human genome with STAR and fed to StringTie to identify novel genes. The reads were
aligned to the human genome with three aligners (STAR, Bowtie and BWA) to identify
circRNA species and model their expression levels. Single end reads (50bp; right) were
aligned to the human mirnome with RapMap. The alignments were modelled by
MMSEQ to estimate miRNA expression levels.
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Figure S2: Principal components analysis and hierarchical clustering of gene and
miRNA expression. S2A: Proportion and cumulative proportion of variance explained
by successive principal components, derived from the log expression estimates of
genes with a log expression estimate greater than zero in at least one sample. S2B:
Proportion and cumulative proportion of variance explained by successive principal
components, derived from the log expression estimates of miRNAs with a unique read
count >10 in at least one sample. S2C: Heatmap of the Spearman rank correlation
coefficient (rho) of genes with a log expression estimate greater than zero in at least
one sample. The rows and columns have been ordered by complete linkage hierarchical
clustering using 1-rho as the distance measure. $2D: Heatmap of the Spearman rank
correlation coefficient (rho) of miRNAs with unique read count >10 in at least one
sample. The rows and columns have been ordered by complete linkage hierarchical
clustering using 1-rho as the distance measure.
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Figure S3: Novel non-coding and potentially protein coding genes overlap with
transposon-associated regions and other repetitive or low complexity regions.
Box plots of the fraction of the genomic annotated IncRNAs, novel non-coding genes,
novel potentially protein coding genes and known protein coding genes which overlap
transposon-associated regions and other repetitive or low complexity regions. The
centre mark and lower and upper hinges of the boxplots respectively indicate the
median, 25th and 75th percentiles. Outliers beyond 1.5 times the interquartile range
from each hinge are shown. Pairwise Wilcoxon signed-rank test P values Bonferroni
corrected are reported.
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Figure S4: circRNA abundance in blood cells. Box plots of circRNA abundance
proportions in each type of blood cell. Abundance proportions were derived by dividing
total backsplice read counts with total splice reads from host genes. The width of each
box is proportional to the number of samples of each cell type. The centre mark and
lower and upper hinges of the boxplots respectively indicate the median, 25th and 75th
percentiles. Outliers beyond 1.5 times the interquartile range from each hinge are
shown.
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Figure S5: Overview of the web application's functionality. S5A: homepage, the
user selects one of four options, red arrow. S5B: independently of the option chosen,
the user enters the name of the gene for which he wishes to visualise expression (red
arrow). S5C: visualisation of the expression levels of a single gene (switch to transcript
expression by selecting the tab indicated by the red arrow). Each bar indicates the
median logz expression+1 in a cell type. The dots show the individual values for the
available replicates. The graphical representation and the expression values can be
downloaded as a PDF (green arrow) and a csv file (blue arrow), respectively. GATA1 is
used as an example. S5D: visualisation of transcript expression for a single gene as a
heatmap, where each row represents a different transcript originating from the queried
gene. GATA1 is used as an example S5E: visualisation of gene expression for multiple
genes as a heatmap showing median expression in each cell type. Each row represents
one of the queried genes. GATA1 and TLR4 are depicted as examples.
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Supplementary files description

Supplementary file 1 lists the protein coding genes accounting for 50% and 75% of the
transcriptional output of each cell type.

Supplementary file 2 contains the miRNAs accounting for 75% of the small RNA
transcriptome.

Supplementary file 3 contains the genomic coordinates of the novel genes identified by
guided transcriptome reconstruction.

Supplementary file 4 contains the differentially expressed circRNAs found by pairwise
comparisons of functional categories of cell type.
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