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Table S1 - Overview of full-length mRNA sequencing using Pacific Biosciences RS 1.

Sequencing Size selection * # SMRT Cells
1-2Kb 37
2-3Kb 37

P4-C3 chemistry
>3 Kb 33
Not size selection 12
0-1Kb 4
1-2Kb 5

P5-C3 chemistry 2-3Kb 5
3-5Kb 7
5-7Kb 7
Total 147

* At this point, size selection is needed to balance the change of preferential loading of molecules in ZMWs. Thus, relatively narrow size ranges
were used during size selection. However, to minimize potential boarder effects during size selection, the sequencing libraries do have some
overlap in the size of molecules that are present. In addition, 12 SMRT cells that were used for libraries without any size selection further aids in
removing potential impacts of size selection procedure. Distribution of reads that capture the entire mRNA molecule reflects the expected
distribution of fragments present in the library.
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Figure S1 - Overview of identified transcripts in MCF-7 transcriptome. Histograms show the distribution of
the number of identified transcripts per gene and transcript lengths. Density plot depicts the number of supporting reads
based on transcript length. The number of supporting reads does not correlate with the length of full-length transcripts.



Table S2 - The comparison of detected transcript structures with GENCODE v.19 annotation. The total of
44,531 transcript variants that are detected in the MCF-7 human breast cancer transcriptome have been assessed.

Class # Transcripts % Transcripts
Complete match of intron chain 13,955 28.9%
Detected transcript is contained in one of GENCODE annotated transcripts 9,255 19.1%
Potentially novel transcript variant (at least one splice junction is shared) 23,871 49.3%
Single exon overlapping a reference exon and at least 10bp of an intron 0 0.0%
Transcript structures that entirely fall within a reference intron 49 0.1%
Generic exonic overlap with a reference transcript 902 1.9%
Possible polymerase run-on fragment (within 2kb of a reference transcript) 0 0.0%
Repeats, determined by looking at the soft-masked reference sequence 0 0.0%
Unknown intergenic transcripts 195 0.4%
Exonic overlap with reference on the opposite strand 94 0.2%

An intron of the detected transcript overlaps with an intron from the opposite strand 69 0.1%
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Figure S2 - Comparison of gene detection and expression quantification between Pacific Biosciences RSII and

[llumina HiSeq2000 platforms. A) Heat map shows inter-dataset Spearman correlation of quantified gene expression. The
GENCODE version 19 was used for annotation as short-read sequencing data could not be reliably used to reconstruct
transcript structures. IsoSeq represents full-length mRNA sequencing data generated by Pacific Biosciences RSII platform
whereas datasets with accession numbers starting with SRR are publicly available RNA-Seq datasets produced by Illumina
HiSeq2000. B) Bar charts depict proportion of overlapping genes that are detected in different datasets. Black bars depict
overlap between paired datasets. Blue bars represent proportion of genes that are detected in one of the paired datasets.
Orange bars show the proportion of genes that are not detected by either dataset but have been detected in other datasets
that are included in this study. Proportion of genes that do not express in MCF-7 cell lines are shown by white bars. C) Size of
annotated transcripts for consistently detected genes that were missed in full-length mRNA sequencing data are plotted
(blue) against those that are found in full-length mRNA sequencing data (orange). Grey histogram represents the distribution
of the size of all transcripts that are annotated in GENCODE version 19. Dashed line depicts 500bp mark for SMARTer full-
length ¢cDNA synthesis protocol that preferentially removes short RNA molecules. Depicted by a vertical line, Magbead
loading threshold that is used for optimal sequencing, limiting the number of short molecules (<1kbp) to be sequenced.



>
w

0.04 r

: density
200 1 I 3¢-04
003 E 26-04
£ 100
< .
% 1e-04
o o |
2 oot 2 of C——
D o]
[a) 3 L :
o
» -100
0.01 | £
200 |
000t L
L 1 L 1 J L | ! | L 1 L | ! | ]
-1000 -500 0 500 1000 200  -100 0 100 200
TSS Distance (CAGE) TSS Distance (RNA-PET)
0.03
~ overlap
CAGE 9| ~ IsoSeq 3002 TSS
30| 5,803 1,386 $ 001
[ M N M 1 g 0
0 1000 2000 3000 4000 5000 6000 7000 e 0.00 h
Genes (with multiple TSSs) - PAS
2004t
= L
C G ooz
CAGE RNA-PET: TSS & PAS =) L
1.0 ; ooot
0.8 -1000 -500 0 500 100
&5 o6 Distance (RNA-PET)
Qo4
0.2
0.0
-1000 -500 0 500 1000

Distance (bp)

Figure S3 - Concordance between Encode CAGE and RNA-PET datasets and transcription start sites (TSSs)
and polyadenylation sites (PASs) that are detected in PacBio MCF-7 dataset. A) Distribution of CAGE tag distance to the
closest TSS in full-length MCF-7 transcriptome. Bar chart shows the number of multi-TSS genes that overlap between Encode
CAGE dataset and PacBio IsoSeq. B) 2D density plot of distances for the TSS and PAS of the closest full-length transcript to
each Encode RNA-PET 5’ and 3’ tag pairs. Individual distribution plots for TSSs and PASs are also provided. C) Empirical
cumulative distribution of distances for CAGE and RNA-PETs are illustrated across the entire set.
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Figure S5 - The distribution of the number of transcription start sites (TSSs), exons, and polyadenylation
sites (PASs) that are detected at each locus. In total, 33,437 TSSs, 168,783 exons and 24,950 PASs were identified and
attributed to gene loci. The histogram distributions for the number of unique TSSs, PASs and Exons at each locus are
illustrated in blue, red and grey, respectively.
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Figure S6 - The mutual inclusivity or exclusivity of feature-pairs, mostly enriched in larger gene loci but not
associated with transcripts length. A) Density plot illustrates significantly linked features that are colored according to the
type of linkage. Mutually inclusive pairs are colored in blue whereas those pairs that are mutually exclusive are illustrated in
dark yellow. The vertical red line depicts the adjusted p-value threshold of 0.05 for significant coupling. Non-linked pair
incidences are plotted in grey dots. Venn diagrams show the number of mutual inclusive/exclusive networks that represent
different classes of links: TSS-exon, TSS-PAS, Exon-Exon and Exon-PAS. B) Distribution of available sequence per locus or
transcript lengths per locus with only one transcript variant (not tested; plotted in grey), loci with multiple transcript
variants that do not have any significantly linked feature-pairs (blue) and transcripts with significantly coupled feature-pairs
(red). Line plots show the relative number of loci with multiple transcripts (black) and the relative number of multi-
transcript loci with significant coupling that are plotted against the length of available sequence per gene locus. 50bp bins
were used to group examined transcripts by length.
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Figure S7 - The interdependence of transcription and mRNA processing of ALDOA. Alternative transcription
start sites affect the inclusion or exclusion of alternative exons. Targeted Sanger sequencing supports the mutual exclusive
events depicted in red. Mutual exclusivity of the alternative first exons are also supported in RefSeq annotation.
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Figure S8 - The interdependence of transcription and mRNA processing of CIQTNF6. Alternative
transcription start sites affect the inclusion or exclusion of alternative exons. Targeted Sanger sequencing supports the

mutual exclusive events depicted in red. Mutual exclusivity of the alternative first exons are also supported in RefSeq
annotation.
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Figure S9 - The interdependence of transcription and mRNA processing of NCAPD2. Alternative transcription
start sites are linked to the usage of alternative polyadenylation sites in three separate incidences. In addition, multiple
interdependencies between alternative splicing of exons are depicted in different colors. For instance, alternative TSS and
PAS observed in PB2016.10884.2 transcript are found to be mutually inclusive, illustrated in green. In addition, coupling

events between series of exons are illustrated in purple as they are part of an interconnected subnetwork.
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Figure S10 - The interdependence of transcription and mRNA processing of LMNA. Alternative consecutive
exons are linked. In addition, A set of alternative exons are mutually exclusive to the usage of the most distal alternative
polyadenylation site. Targeted Sanger sequencing supports the mutual inclusive and exclusive events depicted in red.
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Figure S11 - The interdependence of transcription and mRNA processing of RELA. Mutual inclusivity of
distant alternative exons, depicted in red. Targeted Sanger sequencing partially supports the mutual inclusive and exclusive
events depicted in red. Due to the size of the amplified fragment, Sanger sequence has low quality at either end that results in
loss of sequence and partial alignment to the genome.
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Figure S12 - The preferential interdependence of transcription and mRNA processing of CALU. Mutual
exclusivity of consecutive alternative exons, depicted in red. Targeted Sanger sequencing supports the mutual exclusive
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Figure S13 - Conservation of interdependencies across multiple human tissues. A) Bar plots show the
proportion of feature-pairs or gene loci with multiple transcripts that exhibit coupling in full-length RNA sequencing data
from three human tissues and MCF-7 cells. Each dataset is color coded. B) Bar charts illustrate the proportion of genes (ag) or
genes with multiple transcripts (mt) that exhibit in multiple samples (red) as well as the proportion of genes that exhibit
sample-specific coupling. C) Bar charts depict the number of feature-pairs that are significantly coupled in at least one dataset
(red). The proportion of feature-pairs that are coupled in multiple tissues are shown in the middle bar chart along with the
proportion of coupled feature-pairs in multiple tissues with the same type of dependency (blue bar chart).
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Figure S14 - Gencode support for preferentially interdependent exons in the MCF-7 cells and three primary
human tissues. Bar chart shows the proportion of coupled exons (mutually inclusive in blue and mutually exclusive in orange)
that were found in Gencode annotation. Heat maps show density of the fraction of transcripts that contain both coupled exons
(AND) versus the fraction of transcripts that only contain one of the two alternative exons (XOR). Mutually inclusive (Blue)
and mutually exclusive (Orange) exons were plotted separately as opposite trend is expected under the assumption that
many of the interdependencies found in MCF-7 cells (A) and human brain (B), heart (C), and liver (D) tissues are already
known. Vertical dotted line depicts the number of coupled exons that could only be found exclusively in the Gencode, without
any evidence of them being annotated in the same Gencode transcript. Horizontal dotted line depicts the number of coupled
exons that were predominantly annotated in the same transcripts and not found exclusively in the Gencode. The area with
over two-fold greater number of transcripts supporting the inclusion (left heat map) or exclusion (right heat map) of coupled
exons are also illustrated.
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Figure S15 - Distribution of the length of predicted open-reading frames in MCF-7 cells. Histograms show the
length of predicted coding sequences in MCF-7 cells (left panel) along with those annotated in Gencode (right panel). The x-
axis is in amino acids (aa) scale. We have not applied any filtering on Gencode annotation to remove very short ORFs. The
number of ORFs that are shorter than 10aa and 50aa are 285 and 5407, respectively.
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Figure S16 - Identified AHNAK transcripts in MCF-7 cells using full-length mRNA sequencing. The central
domain of AHNAK protein containing 128aa repeat (located within the longest exon annotated in Gencode) is represented by
two single-exon transcripts and is mostly absent in multi-exon transcripts.
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Figure S17 - Identified DYNC1H1 transcripts in MCF-7 cells using full-length mRNA sequencing. This gene is
represented by two sets of transcripts covering the 5 and 3’ end of the gene, annotated in Gencode. It is likely that the
canonical transcript is not captured by PacBio sequencing due to the size of the RNA molecule and limitations of full-length
cDNA synthesis and sequencing.
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Figure S18 - Identified PLEC transcripts in MCF-7 cells using full-length mRNA sequencing. Transcripts of
this gene are not well captured in PacBio data due to the size of this gene and limited range of full-length cDNA synthesis and
sequencing.
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Figure S19 - Identified HUWE1 transcripts in MCF-7 cells using full-length mRNA sequencing. PacBio
transcripts do not represent the 5’-end of the gene, which may be due to suboptimal first strand cDNA synthesis to reach the
true 5’-end.
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Figure S20 - Classification of peptide matches based on their specificity. Single-gene peptide shown in blue
represents peptide hits that are associated with all coding transcripts of a given gene, whereas sub-gene peptide shown in red
represents peptides that only hit a subset of coding transcripts and therefore provide a higher specificity.

Table S3 - The comparison of detected peptides based on PacBio and GENCODE v.19 annotation. Different
classes of peptide matches: single-transcript hits representing peptides that hits genes with only one annotated transcript;
sub-transcripts hits defining peptides that hit a subset of transcripts from a given gene; all-transcripts hits represent peptides
that match all transcripts of a given gene; multi-gene hits are those peptides that match to more than one gene. Percentages
are calculated in relation to the total number of peptides represented per each category based on Gencode annotation.

Gencode v.19

Single transcript Sub-transcripts All-transcripts Multi-gene No hit
(2,637) (28,857) (4,820) (1,956) (358)
Single transcript 18.0% 8.0% 13.8% 4.3% 14.8%
(3,588) (475) (2,307) (668) (85) (53)
Sub-transcripts 45.9% 64.8% 50.1% 26.4% 73.2%
(23,113) (1,209) (18,711) (2,415) (516) (262)

Q
/M  All-transcripts 17.6% 17.1% 23.1% 10.5% 7.0%
5 (6,739) (465) (4,930) (1,114) (205) (25)
Multi-gene 2.8% 3.4% 4.1% 53.6% 5.0%
(2,316) (73) (981) (196) (1,048) (18)
No hit 15.7% 6.7% 8.9% 52%  0.0%

(2,872) (415) (1,928) (427) (102) (0)
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SLC35A4-01: MSVEDGGMPGLGRPRQARWTLMLLLSTAMYGAHAPLLALCHVDGRVPFRPSSAVLLTELTKLLLCAFSLLVGWQAWPQGPPPWRQAAPFALSALLYGANNNLVIYLORYMDPSTYQVLSNLKIGSTAVL
YCLCLRHRLSVRQGLALLLLMAAGACYAAGGLQVPGNTLPSPPPAAAASPMPLHITPLGLLLLILYCLISGLSSVYTELLMKRQRLPLALONLFLY TFGVLLNLGLHAGGGSGPGLLEGFSGWAALVVL
SQALNGLLMSAVMKHGSSITRLFVVSCSLVVNAVLSAVLLRLOLTAAFFLATLLIGLAMRLYYGSR*

SLC35A4-02: WGSSAGKMADDKDSLPKLKDLAFLKNQLESLQRRVEDEVNSGVGQODGSLLSSPFLKGFLAGYVVAKLRASAVLGFAVGTCTGIYAAQAYAVPNVEKTLRDYLQLLRKGPD*
SLC35A4-03: MGSSAGKMADDKDSLPKLKDLAFLKNQLESLQRRVEDEVNSGVGQDGSLLSSPFLKGFLAGYVVAKLRASAVLGFAVGTCTGIYAAQAYAVPNVEKTLRDYLQLLRKGPD*

Figure S21 - Novel peptide match in SLC35A4. Peptide spanning exon-exon junction is depicted in red.
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Figure S22 - Significance of peptide matches based on annotation. Distribution of gq-values for peptide
matches based on each category and annotation used is depicted along with histograms of the number of hits per gene. Colors
depicts different peptide hit categories.
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UniProt Swiss/Prot MASADSRRVADGGGAGGTFQPYLDTLRQELQQTDPTLLSVVVAVLAVLLTLVFWKLIRSRRSSQRAVLLVGLC

splQ9Y5M8ISRPRB  DSGKTLLFVRLLTGLYRDTQTSITDSCAVYRVNNNRGNSLTLIDLPGHESLRLQFLERFKSSARAIVFVVDSA
AFQREVKDVAEFLYQVILIDSMGLKNTPSFLIACNKQDIAMAKSAKL IQQQLEKELNTLRVTRSAAPSTLDSSS
TAPAQLGKKGKEFEFSQLPLKVEFLECSAKGGRGDVGSADIQDLEKWLAKIA

PacBio-derived ORF MASADSRRLADGGGAGGTFQPYLDTLRQELQQTDPTLLSVVVAVLAVLLTLVFWKLIRSRRSSQRAVLLVGL

Gene Locus 9877 CDSGKTLIAVRLLTGLYRDTQTSITDSCAVYRVNNNRGNSLTLIDLPGHESLRLOQFLERFKSSARAIVFVVD

Transcript Isoform 1 SAAFQREVKDVAEFLYQVLIDSMGLKNTPSFLIACNKQDIAMAKSAKLIQQQLEKELNTLRVTRSAAPSTLD
SSSTAPAQLGKKGKEFEFSQLPLKVEFLECSAKGGRGDVGSADIQDLEKWLAKIA

V to L amino acid polymorphism

Figure S23 - Single amino acid substitution (SAS) events in MCF-7 cells result in loss of peptide assignment.
Peptide sequence shown in bold represent amino acid sequence that could not found in Gencode due to the presence of SAS.
However, PacBio derived ORF can capture sample-specific differences and therefore provides a match for the probed peptide.
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Figure S24 - Misalignment of peptides in HLA-A and HLA-C loci due to single amino acid substitutions.
Peptides shown in red represent amino acid sequences that were not found in Gencode. Black peptides are multi-gene
peptides that are found in both sets. Light blue peptides represent misaligned peptides due to the presence of single amino
acid substitution (SAS).
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Figure S25 - Multiple alignment of ORFs for HLA-A and HLA-C genes along with peptide matches. Colored
amino acids represent sequence differences between ORFs, some of which may affect alignment of peptides. Both PacBio and
Gencode ORFs are shown.



General Library Prep Overview
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Figure S26 - The schematic overview of the general and step-by-step workflow for the library preparation,




