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Curriculum Vitae

Speaker Name: Hyeshik Chang, Ph.D.

» Personal Info

Name Hyeshik Chang
Title Assistant Professor
Affiliation Seoul National University

» Contact Information

Address: 1 Gwanak-ro Gwanak-gu, Seoul, 08826
Email: hyeshik@snu.ac.kr

Website: https://qgbio.io

Research interest: High-throughput sequencing, post-transcriptional regulation, RNA-protein interaction

Educational Experience

1998-2007 B.S.E. in Information and Industrial Engineering, Yonsei University, Korea
2007-2009 M.S.E. in Bio and Brain Engineering, KAIST, Korea
2009-2014 Ph.D. in Biological Sciences, Seoul National University, Korea

Professional Experience

2001-2005 Software Developer, Solution Development Team, LinuxKorea, Inc.

2014-2019 Research Assistant Professor, IBS Center for RNA Research, Seoul National University
2018- Research Fellow, Center for RNA Research, Institute for Basic Science

2019- Assistant Professor, School of Biological Sciences, Seoul National University

Selected Publications (5 maximum)

1.

D. Kim, J.-Y. Lee, J.-S. Yang, J. W. Kim, V. N. Kim, and H. Chang. (2020) "The Architecture of SARS-CoV-2
Transcriptome.” Cell, 181(4):914-921.

H. Chang’, J. Yeo', J.-G. Kim, H. Kim, M. Lee, J. Lim, H. H. Kim, J. Ohk, H.-Y. Jeon, H. Lee, H. Jung, K.-W. Kim,
and V. N. Kim. (2018) "Terminal uridylyltransferases execute programmed clearance of maternal
transcriptome in vertebrate embryos.” Molecular Cell, 70:72-82.e7.

J. Lim", M. Ha", H. Chang’, S. C. Kwon, D. K. Simanshu, D. J. Patel, and V. N. Kim. (2014) “Uridylation by
TUT4 and TUT7 marks mRNA for degradation.” Cell, 159(6):1365-1376.

H. Chang’, J. Lim', M. Ha, and V. N. Kim. (2014) “TAIL-seq: genome-wide determination of poly(A) tail length
and 3' end modifications.” Molecular Cell, 53(6):1044-1052.

J. Cho', H. Chang’, S. C. Kwon, B. Kim, Y. Kim, J. Choe, M. Ha, Y. K. Kim, and V. N. Kim. (2012) “LIN28A is a

suppressor of ER-associated translation in embryonic stem cells.” Cell, 151(4):765-777.

T Co-first authors
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Genomic DNA Messenger RNA

Epitranscriptome

Epigerisie (controversial)

Genomic DNA Messenger RNA
. Epitranscriptome
Eplgeriarme (controversial)
: RNA Methylation
DNA Methylation RNA Editing




Genomic DNA

Messenger RNA

Epigenome

DNA Methylation

Histone Modification

Epitranscriptome
(controversial)

RNA Methylation
RNA Editing

Combinations of RBP Binding

Genomic DNA

Messenger RNA

Epigenome

DNA Methylation

Histone Modification

Controls Transcription

Epitranscriptome
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RNA Methylation
RNA Editing

Combinations of RBP Binding
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SELEX
_ Formaldehyde
Gel electrophoresis Psoralen
Capillary electrophoresis RNA lig
igases
HPLC RNA-seq
Thin layer chromatography RNase H

. UV crosslinking
Gradient centrifugation bl quantity

qPCR

X-ray crystallography Molecular beacon

Beta elimination
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Y order THEEE sre"“:'f:‘i EMSA
structure SIERNC
NMR Super-shift assay
S1 RNase mappin
RS FISH
SHAPE Reverse-transcriptase Polynucleotide kinase
Divalent cations
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Exonucleases Endonucleases RNase protection a
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RNA-seqg usin l
short reads
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RNA-seq using
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Does the m6A modifications near the stop codon affect
the secondary structure of 3' UTR?

AAAAAA

#@AAAAAA

What elements make poly(A) lengths different
for transcripts of the same gene?

MMA AAAA
MAAAAAAAAAAAAAA
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The birth of nanopore sequencing




The Human Genome Project by Marc Christoforidid
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What happens when a DNA
passes through a nanopore?

e

- open pore

50 pA
—

300 ps 130(y

blocked pore
Kasianowicz et al. (1996) PNAS

Branton et al. (2008) Nat Biotech;rol.
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Branton et al. (2008) Nat Biotechnol.

Could it be a bit more distinguishable?
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Deamer et al. (2016) Nat Biotéchhol.

n
Side view o Side view

B-barrel
Top view Top view 2. .

A 2
b,":}\‘h‘ \ o 5=
s S - * A o n/
2 Cheg, T : : :
- ‘ 4

5""(

¥

~

]

26 novfa §
<~ 3

-
\ Ny

Feng et al. (2015) Genom. Proteome Bioinf.




top view

Butler et al. (2008) PNAS
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Oxford Nanopore Technologies, “No thanks, I've already got one”
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Effect of Poor Movement on Base-calling

@ Missing states from problems with movement make base calling from single molecule dat%ifﬁjtu ne 201 1

@ Consensus plots can be generated from multiple single molecule reads

RelPos v

O Base calls can be made from a consensus of sing}é molecule
reads by mapping to known model

AAATAAGAACATTATGATCAGTA
ARATA i GGATTA[-RE—-A&G

" > ]

6 3101520325 0I5 08 DWOS NN K
Seate Algned Postion

@ Gaps in the sequence are evident even for known model

. Need to make improvements to movement to drive progress PR

Oxford Nanopore Technologies, KeyGene Ser{:n\ r(2¢)16)

Confidential
Strand Sequencing — Movement July 2011
. missed states, fast and slow movement regimes, backwards movement at low potential, pausing
@ Initial work on helicases show that the distribution of movement is a lot more controlled
Helicase
100
0_
200
100
ol . ; Polymerase [ N
4860 4880 4900 N
Time (s)
Oxford Nanopore Technologies, KeyGene Seminar (2016)
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Oxford

NANOPORE

Technologies

Nanopore DNA Seguencing
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What's unique in nanopore sequencing

ONT v — Workflow
IIIumin

ONT
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ONT vs lllumina - Workflow

Fragmen L W

lllumina —tation |\ igation
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ONT vs lllumina - Workflow

- Fragmenlf ,. .. Cluster
I"umlna -tation Ligation PCR generation

ont -

ONT vs lllumina - Workflow

Sequencingg Analysis gResult

Cluster ‘
generation

Ligation

lllumina

ont R
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ONT vs lllumina - Workflow

- |G
IIIumln

Cluster
generation

Ligation Sequencing

£ 6h (MiSeq 1-tile

ot =
-
ONT vs lllumina - Workflow
L v/
”Iumina Ligation gg;rs;z:m Sequencingg Analysis

= 6h (MiSeq 1-tile)

Sequencing
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N—_
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ONT vs lllumina - Workflow

Fragmen
-tation

Cluster
generation

Ligation

lllumina

‘ Sequencing
O NT M Analysis

Result

ONT vs lllumina - Read length

lllumina

ONT

Length Count
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ONT vs lllumina — Read length

TSN
lllumina  Fixed, 50-800nt )

ONT

Length

Count

ONT vs lllumina - Read length

lllumina  Fixed, 50-800nt

0%+
x10°4

=
B 3x10}.
8 2x10%4
o 1x10%-
2 0x10°-

k|
-3 8
E 8x10;7
5 6x1031
© 4x1037
2x10g7

nnnnnnnnnnnnnnnnn

Jain et al. (2018) Nat Biotechnol

Length

Count
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ONT vs lllumina - Read length

llumina  Fixed, 50-800nt .

0%+
x10°4
5 3x10%]
& 2x10%{
© 1x1037
£ 0x10%Y =
k|
2 8x10f:
5 6x10%1
O 4x1034
2x10%1

ngth

Read lel (bases)
Jain et al. (2018) Nat Biotechnol

Length Count

ONT vs lllumina - Read length

lllumina  Fixed, 50-800nt

09.
x10°4
5 3x10%]
& 2x10%{
o 1x10%-
2 0x10%- — -
k|
-3 8
810 -
s 6x103-
© 4x1037
2x10,

ngth

Read lel (bases)
Jain et al. (2018) Nat Biotechnol

Length
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RNA sequencing with nhanopore

odified RNA bases can be detected

OH OH
Pseudouridine (from uridine) 5-hydroxylmethylcytidine 5-methylcytidine A

A
D))
&

J e
Suminwei, CC BY-SA
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C;;:jy . coli 16S rRN

m7G527 (E. coli MRE600 wild type)

G527 (E. €&li RsmGA mutant)
Rel 52 58 54 55 Wy 3

| |
C A G C

2!
¢
C
4
C
4
=
v
e
C
; HO
E
(
¢
L/ OH OH
175 == £_coli wild lype (m7G527) 7-methylguanosine
»ﬁﬂutam (G527)
< g |
= kA
5
o
75
(B o
[/ RN
,,,_NS e Ref. Position NI
o Bl Korean Sociey for Bionformatis Smith, Jain et al. (2017) bioRxiv, doi:10.1101/132274

Long reads




"Detects” the splicing isoforms




"Detects"” the splicing isoforms

Spans the full length

"Detects” the splicing isoforms

Spans the full length

Read count ~ molecule count




"Detects"” the splicing isoforms

Spans the full length

Read count ~ molecule count

Can read long range associations

shortreads |
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long reads | |

——_’_
— e TR e

ATGTTCCGATTAGGAAACCTATCTGTAACTGTTTCATTCAGTAAAAGGAGGAAA

long reads

)
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Long reads enable “reading” of isoforms

/

)

i
i
-/

!

Christopher Vollmers (2017) ONT Knowledge Exchange

Long reads enable “reading” of isoforms

CD37

—l - — - - A —
) —

i

ANTR\Y
BRI
o fl;" ‘ .‘l

Christopher Vollmers (2017) ONT Knowledge Exchange
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short reads

ATGTTCCGATTAGGAAACCTATCTGTAACTGTTTCATTCAGTAAAAGGAGGAAA

© abm Inc.

Table 11: Normalization methods for the comparison of gene read counts within the same sample.

/ﬁme\ Details Comment
zg%éase of 1 8 Fox: each gene, count the number of reads mapping e introduces a bias in
exons per to it. the per-gene
million mapp 2. Divide that count by: the length of the gene in variances, in
reads) base pairs divided by 1,000 multiplied by the total particular for lowly
number of mapped reads divided by 10°. expressed genes
(Oshlack and
- ~_readcountof genei Wa.keﬁeld, 2009)
e engthof geneX\ library size e implemented in
105 ( 106 ) edgeR’s rpkm()
function
1. Same as RPKM, but for paired-end reads: e implemented in
2. The number of fragments (defined by two reads DESeq2’s fpkm ()

each) is used.

Instead of normalizing to the total library size, TPM
represents the abundance of an individual gene i in re-
lation to the abundances of the other transcripts (e.g.,
j) in the sample.

1.

For each gene, count the number of reads map-
ping to it and divide by its length in base pairs (=
counts per base).

2. Multiply that value by 1 divided by the sum of all

counts per base of every gene.

3. Multiply that number by 108.

X; 1

TPM; ="«
li
D

function

o details in Wagner
et al. (2012)

)

Dinbar et al. (2015
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long reads | |
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ATGTTCCGATTAGGAAACCTATCTGTAACTGTTTCATTCAGTAAAAGGAGGAAA
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long reads
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Read count ~ molecule count

b)

S
Spearman r
P 1.4e-52

Log \ observed sequence cous

o
1 0 1 1 5
AR
Log,  eXxpected sequence counts [/ RN
)
| ¢
© Oxford Nanopore Technologies N

Capturing long-range associations

exon 1 exon 2 m

/| [,
DA
[ 19))

N T
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Capturing long-range associations

exon 3 exon 4 exon 5 exon 6

Splicing Splicing

||

J

<

Capturing long-range associations

[ Gl exon 22 BXC ‘ exon 4 exon 5 exon 6

Splicing Splicing
Splicing MO6A

)
) )

20

J)

<




Capturing long-range associations

exon 4 exon 5 exon 6

Splicing Splicing

Splicing MO6A

Alt. TSS Poly(A) len.

exon 1 exon 2

)

Capturing long-range associations

exon 5

Splicing Splicing
Splicing MO6A
Alt. TSS Poly(A) len.

5'» 3'decay 3' UTR shortening

)




Capturing long-range associations

Splicing Splicing

Splicing mMo6A

Alt. TSS Poly(A) len.
5'5 3'decay 3' UTR shortening

4sU / 5eU 2° structure

Data flow in nanopore sequencing




Bulk FAST5

Basecall (FASTQ/FASTA/FAST5/BAM)

Downstream Analysis

Oxford{Nanopore Technologies

® ® Signal at [Ra...

[l

.fast5.hdf5 O-based d Clear Text

S0 €am
Recent Files

v (B 0a!

General Obj¢

A4 Basecall_1D_000

v iBasecalIJD_om Attribute Creation Order:  Creation Order NOT Tracked

[

Number of attributes = 11 0 853
1 524
ame Type Array Size Value[50](...) 2 51
ladapter_max 32-bit floating-point Scalar 0.0 3 517
> CACoV_001 duration_template 64-bit unsigned integ... Scalar 96602 4 524
> ZASegmentation_000 first_sample_template 64-bit unsigned integ... Scalar 555 5 529
v @ Segmentation_001 has_complement 32-bit integer Scalar 0 6 529
v @ Summary has_template 32-bit integer Scalar 1 7 532
CAsegmentation med_abs_dev_templa... 32-bit floating-point  Scalar 10.874455

@Raw median_template 32-bit floating-point Scalar 87.27095 528
v @Reads num_events_template 64-bit unsigned integ... Scalar 6440 9 527
v @lRead_1479 pt_detect_success 32-bit integer Scalar 0 10 527
i signal pt_median 32-bit floating-point  Scalar 0.0 1 512
@ UniqueGlobalKey pt_sd 32-bit floating-point Scalar 0.0 12 528

CAchannel_id
CAcontext_tags 26
CAtracking_id 526
15 534
16 524
17 515
18 517
19 523

SEe s s  ET

User property file - /Users/hyeshik/.hdfview3.1.2 ?“0 fgf

Signal at /Raw/Reads/Read_1479/ [0a9d2521-0917-4e38-a144-92c534f821ab.fast5.hdf5 in /Users/hyeshik/Desktop] [ dimsO, start0, |
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purlti rasd  FASTO

HDFView 3.1.2

=0 €@m
Recent Files | @ @ Signal at [read_01... ot
v (%] bgteh=fast5.hdf5 - ' '
>.§read )0067b71-00c4-48a2-a413-¢ COMLICIELEI  ——
> Tead 001/1627-721-4c4b-b605-7¢F
> CAread_0047c53c-8fa0-434b-a5ch-7 Attribute Creation Order:  Creation Order NOT Tracked
> QAread_0064a605-d2da-432a-adle-! Nimbarof attributes =11 A
> CA4read_0Oee558e-02f2-4914-98¢8-¢
> Qread_01207272-eb74-4dd5-8272-2 | 809
> (CAread_0180b6be-95c3-4ed5-9500- Name Type Array Size Value[50](...)
% 28-98a2-b adapter_max 32-bit floating-point Scalar 0.0 -508
duration_template 64-bit unsigned integ... Scalar 82217 -520 I
first_sample_template 64-bit unsigned integ... Scalar 4982 -516
> CABasecall_1D_001 has_complement 32-bit integer Scalar 0 -500 I
ZAsegmentation_00D has_template 32-bit integer Scalar 1 -495
Y med_abs_dev_templa... 32-bit floating-point  Scalar 12.38862 -49 4 I
median_template 32-bit floating-point Scalar 89.19807 -457
num_events_template 64-bit unsigned integ... Scalar 5481 |
pt_detect_success 32-bit integer alar -5‘)8
pt_median 32-bit floafing-point  Scalar -515 |
pt_sd ing-peiat Scalar -514

ERAIZZ7A2951-666b-4fff-8a9d-a:
> CAread_02729afe-a01b-467c-8ael-b:
> Qread_02bc1e67-2cd9-4fd9-393c—7
> CAread_02d09deb-8c7c-43ee-a108-%
> CAread_02d93dd2-35a1-4213-b710-£

N P hennd ANANANANT ALOA Aakd AALT .

S UM Ly T S Sy S s Y s

Signal at /read_01ec616c-0df2-4f98-98a2-b69e86253325/Raw/ [batch_7.fast5.hdf5 in /Users/hyeshik/Desktop] [ dims0, start0, count87199, stride1 ]

[

o - o - h o T o 4’_\\| il“
| &)
Y

FASTS Compression

Compression Ratio
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Practical workflows and tools

for expression analysis
using nanopore sequencing

Expression profiling using nanopore sequencing

MinKNOW, Guppy, Bonito, Taiyaki

Read mapping w GraphMap
Isoform quantification
e

https://github.com/nanoporetech/pipeline-transcriptome-de/
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Calling RNA modifications
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Calling RNA modifications

GGUCA
GGUCA
GCUAC
GCUAC
AGUAC
AGUAC

70 90 110 130 150
Current (pA)

<)

Calling RNA modifications
b R

6 - .._ —
m°A-modified
Unmodified

LN Y
e U RRRRRRRR sEEREERRRRRRRRRERRR
| i | |

EpiNano
Huanle Liu et al. (2019) Nat Comms

ELIGOS2

Piroon Jenjaroenpun al. (2021) NAR
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Calling RNA modifications

SmC
MODIFIED BASE DETECTION B
-
) c3 4 i
Tombo provides three methods for the GE) £ : |
identification of non-standard bases <
Advantages Disadvantages
)
Alternative  +« Known alt. base ¢ Requires alt. model 8 ; ol i
Model + Exactalt. loc. estimati i } {
* Good accuracy Q
De novo Apply to any » High error rat
sample * Inexact locati i
* Alt. base unknown
Sample + BestAUC * Inexact location g%
Compare * Most robust » Alternative base £ o 4 i
unknown TS | [
. ] "1
a Ry, }.
1 | Nanopore Community Meeting 2017 | @NanoporeConf #NanoporeConf ANOP RE\\
A\ O OV\ S}H I
Tombo Y
Marcus er ef al. (2017) bioRxiv
Resquiggling
1 1T MW X g
g &
; NENES o\ ok Bk Bl R EThe |
21 T\ 5
o] ;
“1 b e B c b\ Mkl b b Bl b bk [§
- IS
3 g
&%’ 04 % ;§
o =l Wa vl lda Y L | ?
(‘P
21 J
04 WM /v\ffv\/\nff\ g
*1 bk bl b s 3 7 P T e S 0 o PN S o W < O |-
g
:

AL it
2 e INeREA

6 U

Posmor! ! ’ '

500

mbo (nanoraw)

Marcus Stoiber et al. (2017

) bl&Rxw
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- Good Signal =

Poor Signal
Consistency

Consistency

c

A A < T

X

C c \\ A Cc

)/

Input dRNA-Seq data

Control condition
(low or no modifications)
L Replicate 1

L, Replicate 2

L Replicate ...

Test condition
(wild type)

L Replicate 1

L, Replicate 2

L Replicate ...

Whitelist

Select reads mapped on
transcripts with sufficient coverage

v

Position-wise data aggregation
Intensity and dwell time values are collected at transcript
position level. The replicate structure is conserved

A

Guppy Minimap2
RNA basecalling Transcriptome
alignment
B P )
Samtools
reads filteri

Statistical pairwise comparison
» Mann-Whitney, Kolmogorov-Smirnov or T test
+» Gaussian mixture model clustering + ANOVA or logit regression

anopolishComp
kmer level collapsing
and indexing

« Complex statistical design (multi-factor, batch effects ...)

Kmer phased signal intensity and dwell time

Control rep1 Control rep2
i A
E
s >
g =
£ -
»
T .
oo
e
e =
§ 2%
b= 79 80 81 82
TCTAG  CTAGA  TAGAC

» Tost rept Test rep2

83 84 85
GACTG ACTGA CTGAG

Reference position

log10 (Dwell Time)

@ 2D GMM clustering

‘ Median signal |nteni
N ——— 7 custen2

©

Compare GMM clusters
against condition labels

+ ANOVA if replicates
OR

« Logistic regression

Multiple tests correction

+ Benjamini/Hochberg

Results saving and analy/sis

« Save data in GDBM

« Plot data with plottin:

« Export data N\
N\
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Which one to use?

Short-read vs ONT

DSCawv

Exon 1 Exon 2 Exon 3 Exon 4 Exon Exon 6 Exon 7 Exon 8 Exon 9

Gene / precursor
mRNA

Short-read
RNA:Seq

Nanopore long-rea|
RNA sequencing
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Short-read vs ONT

|

e o Nanopore direct RNA bases

L] Nanopore PCR-cDNA bases

0-fold fewer

reads @ow;:‘); /

—— Nanopore direct cDNA bases
5] Short-read 100x PE bases

Nanopore direct RNA reads

Nanopore PCR-cDNA reads
—&— Nanopore direct cDNA reads

e Short-read 100x PE bases

Transcrpts covered more it

of reads / bases require

Oxford NanoporeE\ E’i’@f{‘)ﬂies
N

DO NOT USE ONT direct RNA sequencing
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DO NOT USE ONT direct RNA sequencing
(yet) for:

- small RNA (miRNA, snoRNA, etc.)
* Poly(A)- RNAs with variable 3' ends
* <7100 ng input RNA

- Study objective requires very high base-
level quality

<)

Use ONT direct RNA sequencing for:




Use ONT direct RNA sequencing for:

* Quantification of poly(A)* RNAs
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Use ONT direct RNA sequencing for:

« Quantification of poly(A)* RNAs

- Isoform-level analyses

- When without a high quality reference
 Detecting modified bases

- Discovery of long-range associations
 Measuring poly(A) lengths




Use ONT direct RNA sequencing for:

* Quantification of poly(A)* RNAs

- Isoform-level analyses

- When without a high quality reference
- Detecting modified bases

- Discovery of long-range associations
 Measuring poly(A) lengths

- When a fast feedback is desirable

<)
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