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A0
- Computational biologist / Bioinformatician

- Bio
—12013~2017| B.S., School of Biological Sciences, SNU (CS minor)

—12017~2021| Ph.D., Interdisciplinary Program in Bioinformatics, SNU (Prof. Sun Kim)

—12021~| Postdoctoral fellow, Bioinformatics Institute, SNU




A0
- Computational biologist / Bioinformatician

- Bio
—12013~2017| B.S., School of Biological Sciences, SNU (CS minor)

—12017~2021| Ph.D., Interdisciplinary Program in Bioinformatics, SNU (Prof. Sun Kim)

—12021~| Postdoctoral fellow, Bioinformatics Institute, SNU

* Research Interest
— | Computational Biology - Computational Epigenomics
 Biology of DNA methylation, and its clinical implications
« Computational approaches for (epigenetic) intratumor heterogeneity

— | Al in Bioinformatics
« Al-based modeling of epigenomes
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— Baekjoon Online Judge (https://www.acmicpc.net/)

Rosalind (https://rosalind.info/)

minlySE=
— Anintroduction to bioinformatics algorithms, Jones and Pevzner

— Bioinformatics algorithms - An active learning approach, Compeau and Pevzner
— Biological sequence analysis, Durbin et al

Biological
sequence
analysis

O E
Q5L

— Benlangmead A'2 (Bowtie!) - ZAIE €12|&

..Q.QQQQ..””‘.

| % Ben Langmead B "\
"‘ FERF11204E B .
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Bioinformatics contest
« 2017 /2018/2019/2021 43| 742

@@ BIOINFORMATICS Lressety

®_® INSTITUTE ITMO UNIVERSITY

https://bioinf.me/en/contest

® stepik R{)SALIND
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Bioinformatics contest i HF  gaepic r@samo
« 2017 /2018/2019/2021 43| 742
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— 12018 (215t / ~3000)
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Bioinformatics contest

- 2017 /2018 /2019 /2021 & 43| 72|

o 43| B5 7}
- 12017
— 12018 (215t / ~3000)
— 12019 (215t / 3329)
— (2021 (34t / ~4000)

2020 O| == 21ADIC} 72|

. 2ateloz A3

-« Ol (12 2ie) SatAl 24 (2442 52

https://bioinf.me/en/contest

7@ BIOINFORMATICS ":’:" @ Steplk R@SALlND

®_¢ INSTITUTE ITMO UNIVERSITY

Prizes
1st prize:
Whole Genome Sequencing*

2nd and 3rd prizes:
Whole Exome Sequencing*

4th and 5th prizes:
23andMe or Genotek DNA Service*

6th-30th prizes:
Honorable Prize: Bioinformatics T-Shirt
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https://bioinf.me/en/contest

A surprise

<>
&
&~

Bioinformatics Contest 2019: prizes = #eE7% x

Ekaterina Vyahhi <k@bioinf.me= 20195 32 4% (B) 2 619 « 27 ¢
apap7HAl -
X G0~ > THEO0 v 2L HS A0 S OFE

Hello Dohoon Lee!
Congratulations on your outstanding performance in the Bioinformatics Contest 20191

Your took the place #21 but your result was were close to the top 20. Therefore, we would like to reward you with an honorary prize — our branded

bioinformatics T-shirt.

To get your prize please fill in this form. It will take some time to manufacture and send it as we are creating a limited edition exclusively for the winners. We
expect that the T-shirts will be ready by the end of March and will reach all winners during April.

Thank you for participating. We wish you success in all your future endeavors!

Best regards,
Ekaterina Vyahhi and the Contest Team
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A surprise

Bioinformatics Contest 2019: prizes WSENY x C & [
Ekaterina Vyahhi <k@bioinf.me= 20195 32 4% (B) 2 619 « 27 ¢
@ apap7 oAl -
X Folv > IO o HS 301 89 e x

Hello Dohoon Lee!
Congratulations on your outstanding performance in the Bioinformatics Contest 2019

Your took the place #21 but your result was were close to the top 20. Therefore, we would like to reward you with an honorary prize — our branded

an honorary prize — our branded bioinformatics T-shirt.

APl WEL e T-5TTTE W L Ted Uy LY U =TT T WTaT LT aiiue W T=d LI 1T WITTTIET s QUr g S
Thank you for participating. We wish you success in all your future endeavors!

Best regards,
Ekaterina Vyahhi and the Contest Team
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Honorary prize
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2| S o4 Metabolite Annotation (2021 Qual, Prob2)

Mass spectrometryE 0[&3}0{ metabolite identificationS 5}21 SICt.

S A&0j| A= ionizationo]l 2|3t adduct?] gain/loss 7t YO{LHH, 2|& 2 Y| = signal2
(signal) = (metabolite2| m/z) + (adduct m/z) + (noise)

7 Eict. s m a A

Metabolite?} adductl| m/z 2t & & list7} F0{H 2 I, Z signal 0] 0{™ metabolite2} 0
adducte| 2gto 2 ML= M =A| YOofLHo{2t. (4E zli&}cff?cif. Chotekm + a > 00|C})
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2| S o4 Metabolite Annotation (2021 Qual, Prob2)

Metabolites = [1.000002, 0.000001]

} 07| M 174 ZatA HsHS o)

Adducts [0.500000, -0.500000]

[0.500001, 0.500002, 0.500003, 1.000000, 0.000001]

/

Of &{2t 7t 7Pt Al= Zef= ZOot2t!

Signals

|Metabolites|, |Adducts|, |Signals]| ~10%

30



o 2|S 0|4 Metabolite Annotation (2021 Qual, Prob2)

Binary search 7[9tO 2 5| Z + Qf7to| HES}

7|Ez10] ASH A|ZF 1249 SF 1 B|= MEHS = O 5IC
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o 12|= 0f|A|: Transposable Elements (2019 Qual, Prob3)

* Linear genomeOf|A, d7HEC}H 22 errorE 7HA| 1 A0 = ntH LIEHLH= ZALE eE 27|

- BIEAMES = 2, but error0i| tigt 11215 O{EA| 5t=A7tH S

32



2| = 0f|A|: Transposable Elements (2019 Qual, Prob3)

Linear genomeOilA, d7H2Ct 22 errorE 7HA| 11 20| & ntH LIEILE BAIE e S 2|

HEEA RS 2= 23, but errordl L3t THE O{ZAH sH=A|7HEL

2 73
GAGTCATCGGACGATCC
2= =2ArE ACGTAGC

2 1IM1I2M1DAIMIX1M

= TAEL| occurrence ‘ 11 3M1IIMIX1M
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1.

12|= ol 4l: Transposable Elements (2019 Qual, Prob3)

k-mer frequency2 22+ A (S25] 2 ko CHollM Al x)

2-1. 25 k-mer7} ntH O] & LIE}LS Z

— k-mer FH EXE 52 EHM
2-2. 35 k-merZpntH 0|2k LIENS AL
e & k-merz M 22182 Q2511
2221t linear genome At0|2] local alignmentE CHA| 35101 LIHZ| EAHS 20t

oAl
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= A= 0| A4|: Causative Mutation (2021 Final, Prob2)

GWAS £ 438511, causative mutationS &=23}2}.

Association0| = genomic segment & A O 2 A|A[5}E],
Hel7F narrow &+5 £2 H+E Y=L

=T3S 0T 2 -

35



& A= of|4|: Causative Mutation (2021 Final, Prob2)

«  GWAS £ 438511, causative mutationS &=23}2}.

« Association0| = genomic segment £ A& O 2 A|A[5}E],

- Hf7tnarrow 248 22 & Y=L

1t test. EHO| F=toICt

0 20 40 60 ] 100
Segment number
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A O

H=

'I'o Oo

Recombination”7tA| A|=2]|0| 4347 | K20,

0| Al: Causative Mutation (2021 Final, Prob2)

52 45 0= 3t segment £ E&o}7| Oljofjet Z<7t HL}.

2 159 l

l...ll

T T
50 =]

T T T T T
100 125 150 175 200

-logllp

2

160 1

140 1

120 1
100 1

20 1

?

3

7138

T
0 200

400 BO0 aoa 1000
Seqgment number
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2= HZ 0|4l Causative Mutation (2021 Final, Prob2)

SIE: A2 S0 AISto| AL, 2 A2 A P e 2 USR] /EF=A| D = ULt

r|r

Causative Mutation (haploid version)

There are limits on each test case! In each test with one test case, you can make ten submissions, and in each test with ten test cases, you
can make 100 submissions.
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& A= of|4|: Causative Mutation (2021 Final, Prob2)

SIE: A= s3I0 A[SH0| Y11, ZH A& A| H= 42 WU=R|/ERH=A| E 5= UL
= A= Aleh sl Lo z[Ae| BiHo 2 S HA-Z narrow down Sf2h= 5

Causative Mutation (haploid version)

There are limits on each test case! In each test with one test case, you can make ten submissions, and in each test with ten test cases, you
can make 100 submissions.
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Ol|A: Causative Mutation (2021 Final,

Prob?2)

- O0|C|0: Binary searchZ & segmentZ 24t

2159

-logld p

©c M & @ @ B8 R

g™

o -
. . .
¢ -t &t
s S Fo

T T T T T T T T T
o 25 50 7= 100 125 150 175 200
Segment number

2159 2159
12
10 4
81 .
=
=) -
R 1
. 2 .
. ! "2
. 44
. . «®
- - b . - -
’ . * . " J N - . -.-.l 2- * . * d - - -.-I
-._'_."_.'_ AL ' FI TRy =, Foetie ey ’o..' FI
o L alat Y . . o i
T T T T T T T T T T T T T T T
0 5 75 w0 125 150 175 200 0 5 50 75 w0 125 150 175 200
it Nl

Segment nurmber

. —

.
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AH atst 0f|4|: Recombination of Plasmids (2018 Final, Prob1)

 pDEST plasmid®t pENTR plasmid MEO| {2 W, site-specific recombination &
12 LIEHE 2IZ plasmid ME2 1512t

41



AH atst 0f|4|: Recombination of Plasmids (2018 Final, Prob1)

»  pDEST plasmid2} pENTR plasmid A|€0| 0{ %2 I, site-specific recombination Z&
2 LIEHE 2| plasmid A€ 1512t

>pPDEST
ACGCACAGTCAAAAGAACATCTGTCCTGAGGCCCTAAAGCT..

X
>PENTR1

TGTGATGCCTTCCCTTCTTGGTTTCTTAAGCATCACACTTT..,

!

ACGCACAGTCAAAAGAACATCTGTCCTGAGGCCCTAAAGCT..

42



AH atst 0f|4|: Recombination of Plasmids (2018 Final, Prob1)

—_ O

« Gateway cloning = 0[2| €11 UACHH A E2l= =4

tl
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AlitH LS 0f| A|: Recombination of Plasmids (2018 Final, Prob1)

o= =A

MHH

- Gateway cloning 2 0|2 €1 QUACHH <A

« Z} plasmiddj] 0{&H att A 0| UA=A| 21, 20| = att A B7|2] recombination

=<

Reporter 1 and 2 can be any of GFP,
a ° mCherry, mTurquoise or mVenus
o oo Nothing or
Constitutive \
P-reporter2 Regulator to be tested

reporterl

_ 44
Ariyachaokun et al.



AH atst 0f|4|: Recombination of Plasmids (2018 Final, Prob1)

85| ZALL Hj A RJAlO]| Q8 AT QI
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ZkMSE of| 4: Cattle Breeding (2018 Final, Prob5)

grAlStinteractive 24| > 3 AlE2[0|M
Z7|50012| 29| population 0] F0{2! (Z A= idZ T&)

WS Hol= 7 22| idE M&sHH ArE2

=
4HEI510f, TAY .9 A0 2 AS Ol

phenotypes SESHF= serveret SIS
L= 70| =

ruln
2 _

= Sist= = & | UK3OMMTXNWVOZHI )
(Request) hetTadN6B-SM1ibh —p

Cattle breeding

A female system
LA 2.9 AHALZE 195.22
H7H2Q MARRE 12.01
22| phenotype +:16.26 _ (Server)
22:637.14
(Response) A spotted
H37|:1.66

ma| 37|: 20.58
HEL: 42,62
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1. XY 2AH7ZI U= S Ot} (Feature - Target 2HA))

roh

2. X9 YO B SAXOR BYYSI D HLh)|, SS BUS PHG7 |0l =

CHH| OFRZ20] ALt
3. Ut 7|Asts BES ZHo| Aol =Lt

3-1. & E|H, AFEelrt.
~ 34 Th53 BHO|RIH B SHA REE] insightE L.
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0| 4|: Genotype imputation (2021 Final, Prob1)

021 ArEel haplotype resolved genotype dE7} 0= M, missing genotype=

imputationst= 24

222l haplotypeg -

Missing diploid genotype2 0!

110111

- 010011 L“

101110
011101

011101 L“

. 001101

?11°0°

?117°2°?
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Solution?
010011 L“
110111 |

101110 ¢
011101 |

011101 LN
001101

211707 '“

211727 ‘“
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Solution?
010011 ;“
110111 |

101110
011101 |

011101 l“
001101 )

211707

211727

IMPUTE2, MACH — HMM-based

BEAGLE - Graphical model-based
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Solution?

010011 '-“
110111 IMPUTE2, MACH — HMM-based
101110 BEAGLE - Graphical model-based
011101 |
011101 l“ l
001101 !

24A| 7 O|Lf 132 R 2|2tal T
211707

211727
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010011 LR
110111 )

101110 «
011101 I

011101 LR
001101

211707 '“

211727 ‘“

Feature

AB C

]

1172
T

Target
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101110
011101 |

011101 l“
001101 )

2117°0°?

211727

Feature

AB C

]

1172
T

Target

A B C_
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AL Yt - Training set2| 41

010011 l-“
110111 )

101110
011101 |

011101
001101 )

Haplotype pairg2 F29|2 Sz}
diploid genotype?| 2= & TH=C}

50|

010011

o —)

110111

101110

J —)

001101

120122

102211
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B - Training set2| 44
Feature AB C
O U
11722 LR
T

Target
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I
ru

H - Training setQ| 1A

Feature AB C

: ]

1122 |
T
Target
Target
i) AB|C
= ]

k

vYVY
B 120122 ENIEEEE
2 0 1

102211 2 —

e 2 1 2




Target

Random Forest

2
1

)
2

2
©

A B[ C

M_u
jol

=il

4|1
ijol

e
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S.I_II “B Random Forest
ol 2 8 2 . 1
e 2 1 ndlsts 2
Missing position Zt2}0f| CHSt
Feature AB C H'E Random Forest 2 ab& & imputation

i o
° 11?2

model.predict([1, 1, 21)

Target =
59
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My score

Test 3

Test 2

Test 1

o o
[aY] —

Aousnbal4

o
(&Y}

Kouanbai4

40 —

o o o
(4p] 4V} —

Aouanbal4

100
Score

100

30

100

50

Score

Score
Test4

Test 6

Test5

0_

o
[qV] ~—

Aouanbali4

30
0

0_

I |
o o
ad —

Aauanbal4

200

100

200

100

200

100

Score

Score

Score
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Of|#|: Cluster the reads (2018 Final, Prob4)

« 0Of2{ bacteria25E{ LI=2 16S rRNA sequence A|E=

fujo

2 clustering & &= U=717

> read_1
ACGCTGCTT

> read_2
ACGGGACTACCTT
> read_3
ACGTCGGTT

> read_4
ACGAATATCTT

!

read_1 1
read_2 2
read_3 1
read_4 third
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We bioinformaticians are in the Al era

Number of Al+Bioinformatics articles (2000-2019, PubMed)

3000
2500
2000
1500
1000

500

2000
2005
2006
2008
2009

2001

2002
2003
2004
2007
2010
2011

2012
2013
2014
2015
2016
2017
2018
2019
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We bioinformaticians are in the Al era

Number of Al articles (2000-2019, 2021 Al index report, Stanford university)

120000
100000
80000 -
60000
40000

20000

O_

2000

2] [} < Tr} L=} I~ 2] [=2]
o (=] o (= o [=] o o
o [=] [=] [=] [=] [=] o o
o N N N N o o o

2001

2010
2011

2012
2013
2014
2015
2016
2017
2018
2019
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We bioinformaticians are in the Al era

Number of Al+Bioinformatics articles (2000-2019, PubMed) m Al Bioinformatics
+ Number of Al articles (2000-2019, 2021 Al index report, Stanford university) . \Whole Al

120000 ~
100000
80000
60000 -

40000 -

20000 - J
- N o
o o o
=1
«

2000
2004
2005
2006
2008
2009

20

20

2007
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
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Great opportunities




Trends

20214, Al Bioinformatics 20| = Ot AL S0| URUL}?
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AlphaFold2

Article
Highly accurate proteinstructure prediction
with AlphaFold

https://doi.org/101038/541586-021-03819-2  John Jumper**=, Richard Evans'*, Alexander Pritzel"*, Tim Green*, Michael Figurnov'*,
Olaf Ronneberger'*, Kathryn Tunyasuvunakool'?, Russ Bates', Augustin Zidek'*,

Received: 11 May 2021

Anna Potapenko™, Alex Bridgland™, Clemens Meyer'*, Simon A. A. Kohl'#, T1037 | 6vra T1049 / 6yaf
Accepted: 12 July 2021 Andrew J. Ballard"*, Andrew Cowie'*, Bernardino Romera-Paredes", Stanislav Nikolov**, 90.7 GDT 93.3 GDT
(RNA polymerase domain) (adhesin tip)

Rishub Jain'?, Jonas Adler’, Trevor Back', Stig Petersen', David Reiman’, Ellen Clancy’,
Michal Zielinski', Martin Steinegger?®, Michalina Pacholska', Tamas Berghammer',
Open access Sebastian Bodenstein', David Silver', Oriol Vinyals', Andrew W. Senior', Koray Kavukcuoglu', Experimental result
Pushmeet Kohli' & Demis Hassabis"** @ Computational prediction

Published online: 15 July 2021

‘) Check for updates

Ofo| it MER2EE HlE 32112 S OflS5= Al 22 (DeepMind)

¢ — 22T e— ———  Hn
[ confidence
MSA & -
Genetic representation —# — %
database (s.re) @
| J— &
Grevtit E\E.;og(‘)rmker Sr:]rggz‘ll;e o RARF
Input sequence (48 blocks) (8 blocks) ’ ’A;/\; i
L # 5 >
Pair Pair
representation| =g — representation | me—je 3D structure
(rre) (rr.c)
—

Templates

{ < Recycling (three times)




Variant

Predicted variant effect effect size  effect size

Mean variant

a Input: DNA sequence

ive field: 20 kb
f r r Receptive field: 08 ook
* Enformer ‘ _’?l — *Basenji2

ARTICLES nature/methods s

https://doi.org/10.1038/541592-021-01252-x

¥
P —— Transformer layers (11x)

OPEN sel Geeel
Effective gene expression prediction from '@

sequence by integrating long-range interactions

Orgamsm specmc heads

ouse
5, 313 fr acks 1) 543 tracks

Ziga Avsec®'®, Vikram Agarwal?4, Daniel Visentin'#, Joseph R. Ledsam'3, Ovtput: genomic tracks
Agnieszka Grabska-Barwinska', Kyle R. Taylor', Yannis Assael', John Jumper', Pushmeet Kohli®'=

and David R. Kelley ®2& ﬁ T
LL_L_JL_#X{LMMLL_
el J‘d Lo L

Sequence2HE| R} WHZHS 0|=5l= Al 22 (DeepMind)
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EVE (evolutionary model of variant effect)

Article

Disease variant prediction withdeep
generative models of evolutionary data
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Quantifying the pathogenicity of proteinvariants in human disease-related genes
would have amarked effect on clinical decisions, yet the overwhelming majority

(over 98%) of these variants still have unknown consequences' . In principle,
computational methods could support the large-scale interpretation of genetic
variants. However, state-of-the-art methods* ' have relied on training machine
learning models on known disease labels. As these labels are sparse, biased and of
variable quality, the resulting models have been considered insufficiently reliable™.
Here we propose an approach that leverages deep generative models to predict
variant pathogenicity withoutrelying on labels. By modelling the distribution of
sequence variation across organisms, we implicitly capture constraints on the protein
sequences that maintain fitness. Our model EVE (evolutionary model of variant effect)
notonly outperforms computational approaches that rely on labelled data but also
performs on par with, if not better than, predictions from high-throughput
experiments, which are increasingly used as evidence for variant classification’
We predict the pathogenicity of more than 36 million variants across 3,219 disease
genes and provide evidence for the classification of more than 256,000 variants of
unknown ssignificance. Our work suggests that models of evolutionary information
can provide valuable independent evidence for variant interpretation that will be
widely useful in research and clinical settings.
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EVE (evolutionary model of variant effect)

Al 7|t variant pathogenicity 0f|= 22 (Broad Institute)

https://evemodel.org/
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Analyses of non-coding somaticdriversin
2,658 cancer whole genomes
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A bit disappointing,
but great starting point
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