I .ombardi

COMPREHENSIVE

S ‘
GEORGETOW N UNIVERSITY CANCER CENTER

How!lookingsferia needle inda
. ayst, I_

x ‘; Pl

. e Isoform:

N \, %7

Weusffé\ W
‘ "¢$,qhmi’dt "PhD/
ﬁac:f:c Bmsc:ences

: ;g,llsteipiﬁlegel Laboratqry, F PAC”:lC .
i g ,-"*"/y.omb\ardl;(fanoer Centfelr,.I BIOSCIENCES

Washyngton DC! 2007 1 N TR A M R




Slide 1

1 I love the title! excellent!
lachesis, 6/12/2014



Outline

Motivation

* PacBio Sequencing

Methods
* Short Read Workflow
* Long Read Workflow

Results
* Population-specific isoform
distributions
e Information gain from PacBio

* Conclusion

Wellstein/Riegel Laboratory, Lombardi
Cancer Center, Washington DC 20007

8/20/2014



Bone Marrow is a rich heterogeneous mixture containing platelets,
white blood cells, red blood cells (committed progenitor cells) and
their uncommitted precursors or stem cells

Self-renewal

Diﬁerentilated cells

Metabolic requirements
(for example, FAO for HSCs)

Stem cell Commited
progenitor cell

Stem cell marker Positive Negative

Differentiation marker Negative Positive

Nature Reviews | Molecular Cell Biology
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Self-renewal Differentiated cells
|

Metabolic requirements |
(for example, FAO for HSCs)

Stem cell Commited
progenitor cell

Stem cell marker Positive Negative

Differentiation marker Negative Positive

The Wellstein/Riegel lab focuses on studying and discovering what
drives this differentiation with the hope to use this information to help
discover both markers and potential therapeutic directions for the
treatment of cancer

Wellstein/Riegel Laboratory, Lombardi
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Self-renewal

Diﬁ‘erentilated cells

Metabolic requirements
(for example, FAO for HSCs)

Stem cell Commited
progenitor cell

Stem cell marker Positive Negative

Differentiation marker Negative Positive

One particular experiment begun nearly a dozen years ago created a
model system with which to study these drivers and potentially
discover new ones
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Using bone-marrow derived monocytes — a random human cDNA
phage display library was created.

6uestions: \ / \

1. Which proteins drive organ homing of
hematopoietic cells?

1. Are there distinct homing proteins for diseased
organs (cancer, wound healing, ischemia,

K infection)? / K /

Bone marrow contains full length transcripts
vascular precursor cells from source material
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The result was a set of 40 small (300-900 base pair) gene/protein
fragments that were highly expressed in the lineage negative cell
population of total bone marrow.

But they were fragments — no full length transcripts — and without the

full length — further study on these apparently early homing genes hit
a stand still

Enter high throughput RNA-Seq — and the effort to discovery the full
length entered another stage
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Find a needle in the
haystack

Initial Project Goal:

|dentify full-length transcripts using 2"
and 3™ generation sequencing in bone
marrow cell populations
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Find a needle in the
haystack

Sample Extraction

* From freshly harvested, viable human
bone marrow tissues

~ Cell Subpopulation Selection
. * Negatively select (lin-) progenitor cells
' pulling out differentiated cells using
hematopoietic lineage (lin+) antibodies
to cell surface markers magnetic bead
sorting

i Next-gen Sequencing
e SOLID (35bp, 50bp)
e [llumina HiSeq (100bp paired-end)

e PacBio (Iso-Seq, 1 -6 kb)

Wellstein/Riegel Laboratory, Lombardi
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Discarded harvesting equipment collected from MedStar Georgetown
University Hospital Cell Processing Unit
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Negatively select using antibodies hematopoietic differentiated
surface markers with magnetic bead sorting

INNE B BTl - —— —

The result is three cell subpopulations:
e Total bone marrow

 Hematopoietic progenitor positive (lineage negative)

* Hematopoietic progenitor negative or differentiated
cells (lineage positive)

Wellstein/Riegel Laboratory, Lombardi
Cancer Center, Washington DC 20007
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Summarizing Short Read Results

e Short reads assembled using common assembly pipeline

— Genome-guided: gsnap gapped alignment + transcript assembly with
cufflinks

— De novo: Trinity
— Transcriptome Alignment: GMAP

e Short read assembly results show that
— Strand information unclear (went to stranded)

— Isoform structures remain unclear (scattered hits but not complete
resolution)

— Targeted selection showed we could make custom libraries to
sequence — however after such careful library construction — what did
we do?



Current State of Transcript Assembly

/'“/'Hwe way we do RNA-seq now is...
you take the transcriptome, you
blow it up into pieces and then
you try to figure out how they all
go back together again... If you
think about i, it’s kind of a crazy
way to do things”

Michael Synder
Professor and Chair of Genetics
Stanford University

Tal Nawy, End to end RNA Sequencing, Nature
Methods, v10, n10, Dec . 2013, p1144-1145

Figure 1 | Transcriptome reconstruction—akin to reassembling magazine articles after they have been
through a paper shredder.

Abigail Yu

Source: Iso-seq webinar by Liz Tseng, Pacific Biosystems
lan Korf (2013) Genomics: the state of the art in https://github.com/PacificBiosciences/cDNA_primer/wiki/Understanding-PacBio-
RNA-seq analysis, Nature Methods, Nov 26:10(12):1165-6. transcriptome-data

doi: 10.1038/nmeth.2735. @ e e
BIOSCIENCES"




PacBio’s Iso-Seq™ Method for High-quality, Full-length Transcripts

Experimental Pipeline

cDNA synthesis with Size partitioning & SMRTbell™ PacBio® RS Il
adapters PCR amplification ligation Sequencing
) = ) N
PolyA mRNA o e n
—— T T || S e s mmm L
- = —_—trr— Cc———————" i
- | —p | oo — —
—TTTTr— — e ()
AAAAA e ______--____'l:'fl\';lﬁlé\-'l'-= C 3
J / %
SampleNet: Iso-Seq Method with Clonetech cDNA Synthesis Kit
) IyA
- S’ primer Coding sequence pfa\ill 3’ primer
(AAA),
\ S (TTT), N ptSé\ﬁlRT adapter

c_ (TTT), -

|

Reads of Insert N, (AAA),,

Informatics Pipeline
Evidenced-based
gene models

Nonredundant
transcript Final isoforms
isoforms

PacBio raw Clean sequence Isoform

sequence reads reads clusters

Remove adapters . Consensus Quality Map to
. Reads clustering . e
Remove artifacts calling filtering reference genome

DevNet: Iso-Seq wiki page




Final Workflow

Short Read Workflow

e Genome-guided assembly’

e de novo assembly’

e Optimized short read alignment’

Long Read Workflow
e SMRTAnNalysis RS_IsoSeq to get full-
length transcripts®

Analysis
e Quantitation using Sailfish®
e Compare isoform distributions within

and across three cell populations®

‘Cufflinks - http://cufflinks.cbcb.umd.edu/downloads/cufflinks-
g.ZJ"Unux x86 64.tar.gz

Trinity -

http://sourceforge.net/projects/trinityrnaseq/files/trinityrnaseq r20140413
gl.tar.gz/download

GSNAP- http://research-pub.gene.com/gmap/src/gmap-gsnap-2014-03-
28.v2.tar.gz (newer release available!)
5ICE, Elizabeth Tseng, part of the SMRTAnalysis 2.2

Sailfish
https://github.com/kingsfordgroup/sailfish/releases/download/v0.6.3/Sailfis
9-0.6.3-Linux x86-64.tar.gz

Custom R Script

Wellstein/Riegel Laboratory, Lombardi
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Collapsing Redundant Transcripts: PacBio

Redundant
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Collapsed

LINEAGE NEGATIVE

Collapse removes
redundancy in
transcript structures

Total Bone Marrow:
50% compression

Lineage Negative:
25% compression



Collapsing Redundant Transcripts: Short Read Assembled

Redundant
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Unique Genes per platform
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Isoforms in Hematopoiesis

Isoforms exist in a mixture specific to the sub-cell population

Isoforms in haematopoiesis

RNA 1b (alternative promoters)

WM ANA1a8  Transcript Isoforms
nucleus | |
cytoplasm

Alternative Splicingl l

A VAVAVAVAIRSVAVAVA
mRNA 1a variant 1 mRNA 1b
AVAVAVA \

aug au
AUG

mRNA 1a variant 2 m’G —_—

e 9B Q@S\—» %

Translation Isoforms
(alternative AUG start codon)

Transcript Isoforms
(splice variants)

Grech, Godfrey, et al. "Expression of different functional isoforms in haematopoiesis." International
journal of hematology 99.1 (2014): 4-11.



PacBio contributed additional isoforms at locus
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Short Reads have unassembled fragments at the locus

chri1

pl54 pl53 pl pl43  pldl p pl2 pll. pllil ql2l ql23 ql32 q qldl ql q2l  qlll q223 q23l ql3i3 q241 q2
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Negative Selection Markers (Differentiated Cells)

LIN+

negative controls
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FCGR3A with PacBio added isoforms

 chr1
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Loading Controls — different isoforms per lineage

loading controls

chr? chri2 chri5

Loading
Controls
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Positive Controls

positive controls
chrd chril chrl
[T T )< T T T T T O [ O B W <G T RN T T e W N RO O T
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Zoom in to see alignments. Zoom in to see alignments.
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CD34 - no additional isoforms/no presence in TOTAL
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T W T 1 I
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So far, just a discussion of isoforms, not abundance

Isoforms exist in a mixture specific to the sub-cell
population

The isoform distribution per sub-cell population is
critical to the cell fate decision program

This involves both specific isoform and abundance



Illustrative Example — Runx1

Isoform Expression (TPM)

50

40

30

20
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RUNX1 in PacBio Only Lineage Negative and Total Bone Marrow Cell Populations

B Bone Marrow
L  Lineage Negative

Total BM

Lin -

Isoform 1

Isoform Length

Total BM

I

Isoform 2

Isoforms exist
in a mixture
specific to the
sub-cell
population



CONCLUSIONS

Short reads are not useless
— But they become even more valuable with FL information!

Got to the biology quicker

Long read targeted sequencing allows for sequencing for
specific regions of interest, without destroying the hard
earned cDNA library

Using the information from the reads, older experiments
may be leveraged with the enhanced transcriptome

Cell populations are maintained by specific isoform
distributions regulated in tight balance

For isoform detail, and when you do not know what you are
looking for — PacBio offers a rapid solution for getting to the
bottom of the haystack



Next Steps

e Characterize the distribution of isoforms
within the specific transcriptomes show
connectivity to the regulatory program
involved in cell fate determination

 Perform long read sequencing on a targeted
enriched cell population to identify full length
transcripts of the phage
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