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Supplemental Figure S1.

Comparisons of isoform
characteristics  between  those
derived from the long reads and
those annotated in WormBase and
those from Mangone et al, 2010 or
those from meta-analysis of NGS
RNA-seq data (Tourasse et al, 2017).
(A) Venn diagram showing the
intersection of polyadenylation sites
derived from at least five long reads
and those from Mangone et al, 2010
or Tourasse et al, 2017. (B) Venn
diagram showing the intersection of
splicing junctions derived from
TrackCluster results and those from
WormBase annotation (WS260) or
from Tourasse et al, 2017. (C) Venn
diagram showing the intersection of
trans-splicing junctions derived from
at least two Nanopore reads and those
from Blumenthal et al, 2002 and
Hwang et al, 2004 (downloaded from
WormBase WS260) or from Tourasse
et al, 2017. (D) Venn diagram
showing  the intersection  of
transcriptional start sites identified
with Nanopore long reads (this study)
and those annotated in WormBase
(WS260) or those identified with Cap-
seq studies by four groups.
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Supplemental Figure S2. An IGV track view of the reads mapped to the gene col-102. Notably, the 5’ end of the reads demonstrate
decreasing length compared with a full-length annotated transcript shown on the bottom. Insertion and deletion are shown as “I”” and a
gap in the track, respectively.
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Supplemental Figure S3. Boxplots of the proportion of full-length reads out of all reads (x axis) against the isoforms of various
lengths in nt (y axis). The median proportion decreases from approximately 95% to 85% for transcripts ranging from 200 to 3000 nt.
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Supplemental Figure S4. Correction of intron-exon junction. (A) Schematic diagram for the splicing junction correction. Shown
here is a representative isoform 4 in Fig. 2, which are associated with 3 subreads (3, 5, 9). The junctions from the “subreads” are aligned
against the junctions defined in the isoform for the longest full-length long read. The shifted nt between the isoform and each “subread”
are counted (shown at the bottom). A consensus junction was defined as the one with the highest frequency of support by all the
“subreads”. (B) Distribution of junction shifting after correction. “0” indicates that the junction remains unchanged. Shifting to the 5'
and 3" in nt relative to the isoform junction is indicated with minus and plus number, respectively.
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Supplemental Figure S5. Distribution of isoform number per gene. (A) Bar plots showing count of genes with various number of
isoform. Isoforms output by TrackCluster or WormBase are shown on the left and right, respectively. (B) Correlation between gene size
and isoform. Boxplots show gene length in nt versus isoform number per gene.
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Supplemental Figure S6. Fusion isoforms. (A)Venn diagram showing the intersection between the fusion isoforms output by
TrackCluster and the operons annotated in WS260. Around 46 % of the fusion isoforms are explained by operon. (B) An example of
two head-to-head fusion isoforms each from two adjacent transcripts that are known to be operonic ones.
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Supplemental Figure S7. A missing exon sequence in the N2 genome is recovered by long reads. Shown are mapping results of
long reads against genomic region of gene tsr-1. Each mapped read is shown in a single line with accumulated coverage on the top.
Corrected and existing gene models are shown in the middle and bottom, respectively. Existing and recovered exons are shown in black
and red, respectively. Genomic region recovered by long reads is shaded in light blue. Alignment of long read with a small insertion (>
5nt but < 20 nt) relative to the reference genome is indicated with “I”. Alignment of long read with a relative big insertion (> 100 nt)
relative to the reference genome is shaded in brown.
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Supplemental Figure S8. Top 10 motifs for alternative PAS identified. (A) Distribution of PAS motifs identified using 351,437 PAS
defined with at least two independent long reads (see Materials and Methods). (B) Distribution of PAS motifs identified using 44,700
isoforms output by TrackCluster. (C) Occurrence of the top PAS motifs in canonical and non-canonical isoforms (see text for details).
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Supplemental Figure S9. Intersection of stage-specific expression between genes and isoforms. Upset plot shows the intersection
between stage-specific expressed genes and isoforms. Six pairwise comparisons (shown on the left) are defined as individual group. The
dot not associated with any line represents genes unique in this group. The dots linked with lines indicate groups used for intersection
finding. Horizontal bars indicate gene number of each pairwise comparison. Vertical bars denote the numbers of intersection between

groups.
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Supplemental Figure S10. Enriched GO terms for genes or isoforms with stage-specific
expression. Shown are GO terms with a g value <0.1. Note that the sets of genes with differential
expression show obvious overlap among various GO terms during development (comparison
between the first two columns). However, sets of genes with differential isoform usage show little
overlap among various GO terms during development (comparison between the first and the third
or between second and fourth column). L1, L1 larvae; EMB, embryo; YA, young adult.
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Supplemental Figure S11. Fraction of accumulative modification of 5™C along the gene body
in three developmental stages. (A) Embryo; (B) L1 larvae; (C) Young adult. Modifications of
the nucleotide are predicted with Tombo (version 1.4) with “5™C” mode
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Supplemental  Figure S12. RNA
modifications over development.
(A)Violin plots showing the distribution of
weighted  fraction of m5C  (5-
methylcytosine) type of modification in
EMB, L1 and YA stage. The black
horizontal line indicates the 99%
confidential interval of the distribution. The
genes with weighted fraction higher than
this level was defined as significantly
modified genes. (B) Venn diagram showing
the intersection of the genes with
significantly modified m5C between three
different developmental stages. (C) Violin
plots showing the distribution of weighted
fraction of modification of adenine “A” in
EMB, L1 and YA stage. The black
horizonal line indicates the 99%
confidential interval of the distribution. (D)
Venn diagram showing the intersection of
the genes with significantly modified “A”
between three different developmental
stages.
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Supplemental Figure S13. Retained introns did not show obvious bias toward either end of gene body. (A) Relative ratio of the
isoforms involving retention of one (1), two (2) or three or more (3) introns among all “intron retention” isoforms. (B) The average ratio
of the retained introns alongside the relative position in gene body. The bin size for each isoform is 50 nt. (C) Venn diagram showing
the intersection of gene numbers with intron retention supported by at least 2 reads in three developmental stages.



Supplemental Methods
Purification and sequencing of mMRNAs with MinlON

Animals were as described (Ho et al. 2015) and synchronized as embryo, L1 and young adult
following a previous study (Grin et al. 2014). Briefly, C. elegans (N2) was cultured on NGM
plates with OP50 E. coli at 20<C. Gravid adult worms were treated with bleach to isolate embryos.
The embryos were incubated in M9 buffer without food at room temperature for 12h to hatch and
arrest at the L1 stage for harvesting. Part of the starved, synchronized L1 larvae were fed with
OP50 and cultivated at 20<C until adulthood to be harvested for RNA preparation. Animals of
different stages, i.e., embryo, L1 larva and young adult, were collected and total RNAs were
extracted using TRIzol (Invitrogen) following the manufacturer’s instructions. Approximately 100
g total RNAs were extracted for each sample. Around 900 ng of poly(A) tailed mMRNAs was
purified using Dynabeads™ mRNA Purification Kit (Invitrogen) based on the user’s manual for
each library preparation. Nanopore sequencing libraries were constructed using Direct RNA
sequencing Kit (cat# SQK-RNAO0O01). The libraries were loaded onto Nanopore R9.4.1 flow cell
(cat# FLO-MIN106) and sequenced on MinlON acquired from Oxford Nanopore Technologies.
The software used for sequencing was MINKNOW 2.1 with base-caller, Albacore (v2.0.1).

Defining novel isoforms with TrackCluster using the long reads

We devised the pipeline “TrackCluster” to identify novel isoforms by clustering of isoforms based
on their similarity in track structure, i.e., combination of intron/exon and their positions. Briefly,
after mapping, each read mapped to the reference genome was converted to a read track in
bigGenePred format. Tracks from each locus were subjected to three rounds of filtering steps to
generate novel isoforms (Fig. 2A). First, exons defined by read tracks were compared against all
the existing isoforms within a given locus. Any track that did not overlap with any existing isoform
for over 50 nt was excluded from being used for novel isoform calling. Second, the following
formula were used for calculating pairwise similarity score between two tracks for clustering the

tracks into distinct groups. For example, in track A and B, the amount of shared sequence between



exons from each track was calculated in nt (A%*°™ n Be*°"), The total number of nt were also
calculated as the pooled exon sequence in nt between the same two exons (A¢*°" u Be*°M), The
number of shared and pooled intron sequences were similarly calculated as in exon sequence, and
was normalized with a weight of 0.5, assuming average intron length is about twice of that of exon
length in C. elegans (WormBase WS260) which was also supported by our long reads (See the

supporting figure below).

Boxplots showing the ratio of summed intron length

over summed exon length derived from long reads in

(&)
1

three developmental stages. Only the long reads with

£ gseve  intron longer than 1000 nt was used.
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g B3 vA
°
If the similarity score was higher than 95% between
tracks, the one with a shorter length in summed exons
ENB L1 YA was treated as a “subread” and merged to the one with

a longer length. This step served to cluster the tracks

with similar structures into distinct groups.

(Aexon N Bexon)/(Aexon U Bexon) + Weight % (Aintron n Bintron)/(Aintron U Bintron)
1 + weight

scorel =
Third, for the remaining tracks that showed a similarity score lower than 95% between each other,
a pairwise similarity score 2 was calculated as follows.

(Aexon N Bexon)/min(Aexon’ Bexon) + Weight % (Aintron n Bintron)/min(Aintron’Bintron)
1 + weight

score 2 =

If the similarity score 2 was higher than 99% between tracks, the one with a shorter length in
summed exons was treated as a “subread” and merged to the one with a longer length. This step
served to merge the tracks from partial-length long reads with the one defined by a full-length read.

Representative isoform(s) for a locus were/was generated as a result.

TrackCluster was first run using full-length long reads, and then with the remaining reads. We did
this for three purposes. First was to reduce data processing time. Second was to determine the



expression level of isoforms using all long reads as described below. Third was to recover the
isoforms that were potentially missed by our cutoff. We recovered a fraction of isoforms with a
“truncated” 5’ end (“5” missing” or “UTR truncations” (Supplemental Figs. 2 & 3)) relative to all
existing transcripts using the remaining reads. For most of these isoforms, we defined them based
on presence of an SL, but those newly recovered “truncated” ones were determined without an SL,

which were judged by deviations in their remaining part from any existing transcript.

To quantify isoform for each locus, the subreads for each representative isoform was counted. If
one subread showed 99% identity to with multiple representative isoforms (number = N), the count

for each of these isoforms was counted as 1/N.
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