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Supplementary Figures

Note

Each supplementary figure is followed by its title and caption on the following page. Links and page numbers
in the Table of Contents refer to figure captions.
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Supplementary Figure 1: RNA Capture enrichment, PacBio cDNA Size
Fractionation and Sequencing

(a) gPCR validation of enrichment

Quantitative PCR was performed to assess capture performance. Templates were pooled cDNA, before and
after capture. Separate amplifications were performed on cDNA prepared for MiSeq (fragmented) or PacBio
(full-length). Primers were designed to a selection of target sequences: GAPDH/ GNBL21/ Actb/ Gusb are
housekeeping mRNAs; Spike-in 1&2 were targeted in the capture library; Spike-in 4 was present but not targeted.
Lnc 1-4 and mR 1-4 refer to randomly selected, targeted IncRNAs and mRNAs respectively. Note that spike-ins
are common to human and mouse experiments. y-axis shows the value of (Ct-POST - Ct-PRE), where Ct refers
to the PCR threshold cycle. PCRs were carried out in technical triplicate and the mean is shown. Also shown
are error bars denoting the standard deviation.

(b) Size fractionation of captured cDNA

cDNAs were size selected into five ranges. The last three were selected for subsequent sequencing.

(c) Agarose gel electrophoresis of size-selected post-capture cDNA samples

(d) Template length-dependence of PacBio sequencing

Each panel shows data from a different sequencing library. Top row: human; bottom row: mouse. The first
three panels of each row show post-capture PacBio data for indicated size-selected fractions. The fourth panels
of each row show similar data for pre-capture MiSeq data, which did not undergo size selection. Every point
represents one of the synthetic ERCC spike-in RNA sequences added to samples prior to library preparation.
x-axes show the length of these sequences. y-axes show the normalised sequencing efficiency: the sequencing
reads per molecule, normalised to length and sequencing depth. Details may be found in the Methods. Lines
show the best linear fit, and shading indicates the 95% confidence interval.

(e) Spike-in detection curves for individual human tissues

Data are analogous to Figure 2e, but broken down by tissues (rows). First column: pre-capture samples, with
MiSeq sequencing; Second column: post-capture samples, with HiSeq sequencing; Third column: post-capture
samples, with PacBio sequencing. Note the log scales for each axis. Each point represents one of 92 spiked-in
synthetic ERCC RNA sequences. 42 were probed in the capture design (light green), while the remaining 50
were not (dark green). Lines represent linear fits to each dataset, whose parameters are shown above. Given
the log-log representation, a linear response of read counts to template concentrate should yield an equation of
type y = ¢ + mx, where m is 1.
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Supplementary Figure 2: Sequencing library structure and statistics

(a) Read mapping statistics

Shown are the numbers of reads, broken down by originating sample, which could be mapped to the genome.
"Undeter" refers to reads from which the barcode could not be confidently identified. "hs": human; "mm": mouse.

(b) ROI demultiplexing efficiency

The y-axis indicates the fraction of reads in each pooled sample whose sample of origin could be inferred
based on hexamer barcodes. x-axis columns indicate the three size-selected fractions of each species.

(c) Schematic structure of PacBio reads and library adapters

Indexed adapters carry a unique 6-nt barcode, specific to the originating sample. The adapter and barcode
sequences are available in Supplementary Data 3.

(d) Demultiplexed ROIs by sample of origin

Undetermined reads are not shown. "hs": human; "mm": mouse.

(e) Capture enrichment by tissue

Pre-Capture data was generated using MiSeq reads of pooled cDNA prior to capture, while PostCapture
data represents PacBio ROI reads. "Undeter" refers to reads from which the barcode could not be confidently
identified, and hence from an undetermined sample. Colours refer to the biotype of the feature to which the
reads map. These feature classes are composed of targeted features (Figure 1b) or off-target features (either
genic in dark blue, or intergenic in orange). Most off-target genic features are protein-coding genes. Notice
the increase in representation of targeted features (mainly IncRNAs, light blue) in Post-capture compared to
Pre-capture samples.

(f-g) Capture performance in individual tissues for Capture Short-Seq (CSS, data from
Clark et al., 2015) (f) and CLS (g)

The y-axis shows the percent of all mapped ROIs originating from targeted regions. Enrichment is defined
as the ratio of this value in Post- and Pre-capture samples. Note that pre-capture rates in (f) were estimated
using pre-capture MiSeq libraries generated in the present study.

(h-i) Comparing capture protocols shows that long cDNA targets yield lower capture
efficiency

Samplel: Original CLS protocol (as used and described here), PolyA-selected, unfragmented. Sample2:
Improved CLS protocol (see Methods), PolyA-selected, unfragmented. Sample 3: Improved CLS protocol, Total
RNA, unfragmented. Sample 4: Roche SeqCap RNA protocol, Total RNA, fragmented. (h) Performance statistics
for the four captures. Compare the on-target rates for Post-capture ("postCAP") material in Sample2/Sample4
and Sample3/Sample4. (i) Performance statistics for in-house data provided by Roche, for SeqCap capture of
fragmented kidney cDNA.

(j) Breakdown of sequenced reads by gene biotype, pre- (left) and post-capture (right),
for mouse

Colours denote the on/off-target status of the genomic region from which the reads originate, namely:
Grey: reads originating from annotated but not targeted features; green: reads from targeted features, including
IncRNAs; yellow: reads from unannotated, non-targeted regions. The ERCC class comprises only those ERCC
spike-ins that were probed in this experiment. Note that when a given read overlapped more than one targeted
class of regions, it was counted in each of these classes separately. Equivalent human data are found in Figure
2c.

(k) Results of the selection of High-Confidence Genome Mappings (HCGMs)

The number of double-bounded ROIs with and without HCGM (see definition in Methods) is represented in
human ("hs", left panel) and mouse ("mm", right panel). The total number of double-bounded ROIs is reported
at the top of each bar, in light grey.
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(1) Post-Capture HiSeq read mapping statistics

(m) Sequencing error rates in human (top) and mouse (bottom) samples

The rate of sequencing error per sample and sequencing platform is represented on the y-axis. Sequenc-
ing errors are subdivided into mismatches (magenta), deletions (grey) and insertions (orange) with respect to
the genome reference. The top of each bar corresponds to the global error rate in each library. "Undeter":
undetermined reads, i.e., non-demultiplexed (not available for HiSeq libraries).
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Supplementary Figure 3: Examples of known IncRNAs with changes in
their annotated structures
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Supplementary Figure 4: Examples of known IncRNAs with almost no
change in their annotated structures
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Supplementary Figure 5: Examples of known IncRNAs with changes in
their annotated structures (II)
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Supplementary Figure 6: Exon and Intron Discovery by CLS

(a) Novel exonic bases discovered by CLS

Figures show the number of nucleotides that (i) are annotated in the targeted GENCODE IncRNA annotation
but not detected ("Only in GENCODE"), (ii) are annotated and detected by CLS ("Common") or (iii) detected
nucleotides that are not present in GENCODE and hence novel ("Only in CLS"). Left: human; Right: mouse.
Note that nucleotide counts are from collapsed (merged annotations) and hence are non-redundant. Data on
novel nucleotides only refer to ROIs that map to targeted IncRNA loci.

(b) Discovery of splice junctions (SJs) in targeted IncRNAs for mouse

GENCODE v.M3 is used as a reference. The y-axis denotes counts of unique SJs. Only "on-target" junctions
originating from probed IncRNA loci are considered. Grey represents annotated SJs that are not detected. Dark
green represents annotated SJs that are detected by CLS. Light green represent novel SJs that are identified by
CLS but not present in the annotation. The left column represents all SJs, and the right column represents
only high-confidence SJs, supported by at least one split-read from Illumina short read sequencing. Equivalent
human data is in Figure 3b.

(c) Discovery of splice junctions (SJs) in targeted IncRNAs for human (comparison with
miTranscriptome)

Novel splice junction discovery with respect to miTranscriptome (top panel) and the union of GENCODE and
miTranscriptome (bottom panel) SJ sets. The figure layout and color legend is analogous to (b).

(d) Novel splice junctions by tissue in targeted loci

Figures display the number of splice sites discovered by CLS and compared to GENCODE annotations,
broken down by tissue. Only high-confidence, HiSeq short read-supported CLS junctions are considered.

(e) Splice junction discovery statistics by tissue and biotype

Figures display the number of splice junctions discovered by CLS and compared to GENCODE annotations
in human (left panel) and mouse (right panel), broken down by tissue and ROI biotype. Only high-confidence,
HiSeq short read-supported CLS junctions are considered.

(f) Analysis of intron retention (IR) rates

Top panel: Proportion of transcripts with at least one retained intron in IncRNA and protein-coding CLS
transcripts in human (left) and mouse (right). Bottom panel: Proportion of GENCODE IncRNA and protein-
coding transcripts with at least one retained intron in human and mouse samples. Red indicates IR rate in
IncRNAs, while blue indicates IR rate in protein coding transcripts.
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Supplementary Figure 7: Splice site (SS) motif and evolutionary analysis

(a) Splice site motif quality in mouse

Panels plot the distribution of predicted SJ strength, for acceptors (left) and donors (right). Splice site
strength was computed using position weight matrices from geneid. Data are shown for non-redundant SJs
from CLS transcript models from targeted IncRNAs (top), protein-coding genes (middle), or background distribu-
tion sampled from randomly-selected AG (acceptor-like) and GT (donor-like) dinucleotides (bottom). Analogous
human data can be found in Figure 3c.

(b) Evolutionary conservation of known and novel splice sites

Panels show the distribution of splice sites (broken down by donor and acceptor sites) as a function of
base-level nucleotide conservation ("medianConsScore", as calculated by PhastCons 100 vertebrate alignments)
(y-axis) and predicted splice site strength ("SSscore", as determined by the geneid software) (x-axis).

(c) Evolutionary conservation of splice sites

The figures show the rate of conservation of different classes of splice sites (SSs). Conservation is defined
by having a high-strength predicted SS at the orthologous site in the other genome. Orthologous regions were
obtained from whole-genome alignments. Percentages only relate to those SSs for which an alignment exists
(see (d) and (e)), HiSeq-supported, and deemed "strong" (i.e., with a positive geneid score) in both the original
and target genomes. Upper panel: conservation of human SSs in mouse; Lower panel: conservation of mouse
SSs in human. Dark shades: all sites; Light shades: known/novel subsets of SSs. Background sites (referred
to as "Random subset") are nearby putative SSs with no evidence of splicing, but with similar geneid scores,
see (f) and (g). The actual SS counts are specified above each bar. Statistical significance for each set of SSs
was estimated using Chi-square test of conserved /non-conserved sites, compared to background sites, and the
obtained p-values are reported on each bar.

(d) human (hg38) to mouse (mm10) liftOver mapping statistics

Depicted in green are the number of hg38 strong SSs of each category for which an orthologous site could
be found in mm10 using whole-genome alignments.

(e) mouse (mm10) to human (hg38) liftOver mapping statistics

Depicted in green are the number of mm10 strong SSs of each category for which an orthologous site could
be found in hg38 using whole-genome alignments.

(f) geneid score distribution of human splice sites used in the conservation analysis

The "Random subset" category corresponds to splice sites sampled from the "Random" set, such that its
overall score distribution mimics that of IncRNA and protein-coding sites, depicted in the two upper panels.

(g) geneid score distribution of mouse splice sites used in the conservation analysis

Legend: see (f).
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Supplementary Figure 8: Discovery/Saturation analysis

(a) Novel splice junction discovery as a function of sequencing depth in mouse

Each panel represents the number of novel splice junctions (SJs) discovered (y-axis) in a simulated anal-
ysis where increasing numbers of mapped ROIs (x-axis) were randomly sampled from the experiment. The
SdJs retrieved at each read depth were further stratified by level of sequencing support (Dark brown: all PacBio
SJs; Orange: HiSeq-supported PacBio SJs; Black: HiSeq-unsupported PacBio SJs). Each randomization was
repeated fifty times, and a boxplot summarizes the results at each simulated depth. The highest y value repre-
sents the actual number of novel SJs discovered. Analogous data for human is to be found in Figure 3d.

(b) Novel transcript discovery simulations for human (upper section) and mouse (lower
section)

Each panel represents the number of novel transcript models (TMs) discovered (y-axis) in simulated analysis
where increasing numbers of mapped ROIs (x-axis) were randomly sampled from the experiment. The random-
izations were repeated a hundred times, and a boxplot summarizes the results at each simulated depth. The
highest y value represents the actual number of novel TMs discovered.

(c) Splice junction discovery simulations for human (upper section) and mouse (lower
section) using captured HiSeq reads

Each panel represents the number of splice junctions (SJs) discovered (y-axis) in simulated analysis where
increasing numbers of HiSeq reads (x-axis) were randomly sampled from the experiment. The randomizations
were repeated five times, and a boxplot summarizes the results at each simulated depth (purple: all HiSeg-
derived SJs; brown: HiSeq-derived SJs also detected in PacBio matched samples). The highest y value represents
the actual number of novel SJs discovered in each sample using HiSeq. The horizontal red line marks the number
of HiSeq-supported PacBio SJs detected in the corresponding sample.
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Supplementary Figure 9: Evidence that CARMEN1 isoforms are precur-
sors of hsa-mir-143

Shown is the CARMENI1 locus (chr5:149,402,925-149,452,858, hg38). GENCODE v20 annotation is green,
capture probe targets in grey, full length CLS transcript models in black (known) and red (novel). Also visible
are tracks for CAGE peaks from FANTOM and polyA sites from this study. Note the existence of novel isoforms
directly overlapping on the same strand the mature hsa-mir-143 (boxed), for which no precursor annotation
exists in GENCODE. Also shown is the sequence obtained by RT-PCR and Sanger sequencing (black).
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Supplementary Figure 10: Analysis of transcript ends

(a-d) Analysis of polyadenylation motifs around known and novel transcript 3’ ends

(a) list of the polyA motif considered here to be canonical. (b) Overview of the pre-mRNA termination and
polyadenylation process. PolyA tails are generally added between 10 and 35 nt downstream of the polyA motif.
(c) The rate at which CLS-discovered 3’ ends contain a canonical polyA signal. Control sites were generated by
selecting the middle of non-terminal captured exons more than 100nt distal from the nearest captured polyA
site. (d) Comparison of polyA motif frequency between known and novel 3’ ends.

(e) Captured TSS distance to closest CAGE cluster

Left: human; right: mouse; top: known TSSs; bottom: novel TSSs (w.r.t. GENCODE). Each plot is a
histogram of the distance of the 5’ end of the start of a transcript model annotation to the FANTOM5 CAGE TSS.
To the left are cases where captured TSS is upstream of the nearest CAGE TSS. The two extreme bins ("<(-50)"
and ">(+50)" ) contain all cases where the closest CAGE cluster lies more than 50 bases away. The population
size of both sets is reported in the top left corner of each plot.
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Supplementary Figure 11: Transcript merging, end support and detec-
tion in CLS

(a) Performance of anchored transcript model merging compared to a conventional ap-
proach

Charts indicate the number of unique transcript models created in each case (human on left, mouse on
right). Upper panels show all reads, lower panel show reads broken down by sample origin.

(b) Anchor-merged transcript models identified by CLS in mouse

The y-axis of each panel shows unique transcript model (TM) counts. Left panel: All merged TMs, coloured
by end support. Middle panel: Full length (FL) TMs, broken down by novelty with respect to existing GENCODE
annotations. Green areas are novel and multi-exonic: "overlap" intersect an annotation on the same strand,
but do not respect all its splice junctions; "intergenic" overlap no annotation on the same strand; "extension"
respect all of an annotation’s splice junctions, and add novel ones. Right panel: Novel FL TMs, coloured by
their biotype. "Other" refers to transcripts not mapping to any GENCODE protein-coding or IncRNA annotation.
Note that the majority of "multi-biotype" models link a protein-coding gene to another locus. Equivalent data
for mouse are found in Figure 4e.

(c) Probed IncRNA loci vs CLS transcript isoforms in mouse

The total numbers of probed IncRNA loci giving rise to CLS transcript models (TMs), novel TMs, full-length
CLS TMs (FL TMs) and novel FL TMs in mouse, at increasing minimum cutoffs for each category.

(d-g) Detection rates of IncRNAs with evolutionary orthologues

(d-e): Contingency tables show the numbers of detected gene annotations in each category: "Detected" is
defined as having one or more mapping reads, either of any type (upper row) or only full-length (lower row). None
were significant by Fisher’s test (two-tailed). (f-g): Boxplots show the same data as above, but broken down by
the numbers of reads per gene. Numbers above boxes show the median (upper number) and number of data
points (lower number). Orthologue status "0" and "1" indicate IncRNAs without / with identified orthologues,
respectively. Further details may be found in the Methods.

(h-i) Transcript completeness by biotype and tissue source, in human (h) and mouse (i)

Figures show the number of unique merged transcript structures. Transcripts are coloured by 5 or 3’
completeness.

(j) Validation rates across target categories

Left panels show the percentage of probed targets detected by at least one ROI in human (top) and mouse
(bottom). The rate of detection of negative regions is indicated with a pink dashed line. Right panels show the
average number of ROIs detected per target class.

(k) Expression of PipeR IncRNA predictions in mouse tissues

Shown is the fraction of detected transcript models in each class, as measured by HiSeq in pre-captured
samples and using a detection cut-off of >1 FPKM. Numbers of analysed transcripts: IncRNA - 8170, PipeR -
2469, protein-coding - 77,499.
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