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Central Dogma in Biology
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DNA Sequencing

The Nobel Prize in Chemistry 1980
Paul Berg, Walter Gilbert, Frederick Sanger

The Nobel Prize in Chemistry 1880
Nobel Prize Award Ceremony

Paul Berg

Walter Gilbert

Frederick Sanger

o
Paul Berg Walter Gilbert Frederick Sanger
The Nobel Prize in Chemistry 1980 was divided, one half awarded to Paul Berg
“for his fundamental studies of the biochemistry of nucleic acids, with particular
EgEriorecombinant-DIVAY, the other half jointly to Walter Gilbert and Frederick
Sanger “for their contributions concerning the determination of base sequences in
nucleic acids".
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The 1%t Whole Genome Sequencing

Science 28 July 1995: < Prev | Table of Contents | Next >
Vol. 269 no. 5223 pp. 496-512
DOI: 10.1126/science.7542800

Whole-genome random sequencing and assembly of Haemophilus
influenzae Rd

RD Fleischmann, MD Adams, O White, RA Clayton, EF Kirkness, AR Kerlavage, C) Bult, JF Tomb,

BA Dougherty, JM Merrick and et al.

+ Author Affiliations

An approach for genome analysis based on sequencing and assembly of unselected pieces of DNA
from the whole chromosome has been applied to obtain the complete nucleotide sequence
(1,830,137 base pairs) of the genome from the bacterium Haemophilus influenzae Rd. This
approach eliminates the need for initial mapping efforts and is therefore applicable to the vast
array of microbial species for which genome maps are unavailable. The H. influenzae Rd genome
sequence (Genome Sequence DataBase accession number L42023) represents the only complete
genome sequence from a free-living organism.
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Human Genome Sequencing (2001)

ml sequencing and analysis of the
human genome

* A partial st of wnthors appoirs om the opposite puge. Afffiations are Fisied af the o of the puper:

L y— sbost physiology, medicing and mslution
Hire w report the results of an imematiceal 10 produce and make freely Jvailable 3 draf sequance of the human
‘gemome. We also present an initial analysia of the data, descriting sone of the insights that can ba gleaned frem the seguance.

The Sequence of the Human Genome

). Cralg Venter,"* Mark D. Adams.” Cugene W. Myers,’ Peter W. LL." Richard | Mural,*
Grangee G. Sutton,’ Hamilton O. Smith,” Mark Yandall,' Cheeyl A. Evans,’ Robert A. Halr,'
Jeansiine B. Gocayne.' Peter Amanatides.” Richard M. Ballew,” Dandel H. Huson,"
Jennifer Russe Wortman," Ging Zhang." Chinnappa D. Kodira," Xianggun H. Theng.” Lin Chen,"
Harian Skupskl,' Gangadharan Sebramanisn,’ Paul B. Thomas,' Jinghul Thang"

George L Gabor Midos,” Catherine Nelson,” Samuel Broder,” Andrew G. Clark,* Joe Nadeau,”
Victor A. McKusick,® Norton Zinder,” Arnold |. Levine,” Richard ). Reberts,” Mal Simen,®
Carolyn Slayman,'* Michael Hunkapiller,"” Randall Bolanos,” Arthur Delcher,” lan Dew.’ Dandel Fasulo,”
Michael Flanigan,” Lilisna Florea,” Asron Halgern,' Sridhar Hannenhalll.' Saul Kravitz,' Samuel Lavy,"

Flack ko T Wik Balnsct 1 Wasdn Bammbnstnn | fans Aher Phoaldab 1 Eflan Bansbons | ¥andes BLLILL T
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* Whole genome sequencing2 B2 29| 4|O|EHE
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» whole genome sequencingO| A|ZH| H A
“Bioinformatics”’ 2= 0 Ct=0{ &l.

N

[olAM E 20
oI5 A|ZtE SHE. (OO0 = 5=5t, AFEHE 0| 8%t
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We have sequences of genomes. Now
what?
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DNA to RNA
CbnNAa
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C IENA — it

protein

http://en.wikipedia.org/wiki/Central_dogma_of_molecular_biology

Bio & Health Informatics Lab, SNU 0

Need for Very High Throughput Sequencing
Technology

Chfot Z 0| M RNA F7517| 2IshM = of 2 H
sequencingS Sl OF €.

B2 ALHRHA HEho MY a2 B
QIZHA ST R M E & ISLAA 2HT 2 B

H| 80| S01Zt ZRHEY.

0| %7 B2 H|B0| SOI7H: sequencing 012 &
st 01271

=2 T M2 .
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Revolution Again

@APPLICATIONS OF NEXT-GENERATION SEQUENCING

Sequencing technologies —
the next generation

Michael L. Metzker**

Abstract | Demand has never been greater for revolutionary technologies that deliver
fast, inexpensive and accurate genome information. This challenge has catalysed the
development of next-generation sequencing (NGS) technologies. The inexpensive
production of large volumes of sequence data is the primary advantage over conventional
methods. Here, | present a technical review of template preparation, sequencing and
imaging, genome alignment and assembly appreaches, and recent advances in current
and near-term commercially available NGS instruments. | also outline the broad range of
applications for NG5 technologies, in addition to providing guidelines for platform
selection to address biolegical questions of interest.
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Bioinformatics vs. Computational Biology

Computational Biology

1960’s
DATA ! Bioinformatics 1990's
Bioinformatics & Computational Biology 2010%s
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NGS can measure genome-wide genetic and epigenetic data.
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Availability of Data and Bioinformatics

« NMICH EEESMICH AEY 7I&2 M=
L &2| HFH L F HIO|E & %

e 20 O| A JHEE| O] € O 2 computational
bioinformatics EHHE 2 M| IZ L £ 9]

HOIEHE =Mot=H MAEE = US.

Bio & Health Informatics Lab, SNU 15

Bio & Health Informatics Lab, SNU 16

1/19/2012



Cancer — A Complex Disease

Normal lung cell . . Normal islet cell

Many years later
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Lung cancer cell #% Diabetic islet cell

http://www.cancer.gov/cancertoPpﬁigsF(funderstandingScNa‘ncer/geneticvariation/pagez

alth Informatics Lab

Genetic and Epigenetic Elements

Transcription factors

Data Measurement from Cell Surface to DNA

* |Isagenethere?
- Genome sequencing
* |s the gene disease susceptible?
- SNP, GWAS
* |s the gene active?
- Epigenomics
e Are proteins made?
-> Proteomics
¢ Are proteins functional (or mal-functional)?
- PTMs: glycomics and glycoproteomics

Bio & Health Informatics Lab, SNU

. . mRNA —
DNA methylation v ' — —
[ X J [} Micro RNAs
CpG islands Coding genes
e LY
o® J
— Long nc RNAs
Histone modifications
Bio & Health Informatics Lab, SNU 8
Eukaryote
Rseleslis Mitoehone Data Can be Measured!

Glycoprotein Cell Receptors

Surface carbohydrates on cells serve as points of attachment
for other cells,infectious bacteria, viruses, toxins, hormones

and many other molecules.
BACTERIUM m

VIRUS
TOXIN

o
GLYCOPROTEIN <

Nature, Vol. 373. Feb 16, 1995

Mass Spectrometry

| High throughput sequencing technotcgwtf Informatics Lab, SNU Glycan microarray
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What Is Happening?

Phenotype
2o,

Cholesterol,
Medical images, etc

Human

Genome &44 g Genome Sequence
Sequencing / h

Susceptibilty,

Susceptibilty,

H#
T =1, .
. . namics
Beyond Hum M SR Y
cha E x| g,
Bio & Health Inf

Genome
Sequencing| Glycomics., snu

Comparing Patients to DB

Before treatment

Genomics, \

Epigenomics
Proteomics,
Glycomics
) Treatment
Year 1 Day1, Week %h, etc
Year 2 @ o w
Year 3

\ Year k
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&S (genomics) H 2
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Central Dogma in Biology
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http://en.wikipedia.org/wiki/Central_dogma_of_molecular_biology
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Central dogma

Cell Computer
DNA base Code bit
J transcription \
RNA Compiling
J tranglation l
Protein Executive program
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Genome Genome Variation
A E tHEGSH= chromosome= 2| &
* Genetic variations (SNP, single nucleotide
HUMAN CHROMDSOMES .
polymorphism)
» XX XX XK % ¢ Gene fusion
5 5 X}\ R * Alternative splicing
KsK kf *j‘ y,:{\ ”‘g 'fzﬁ * Genome re-arrangement
¥h KK £¥ KA XX AR e Copy number variations
13 14 15 16 17 18
K XA KK An 'ﬁa:
[} —
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Genetic Variation(S & X+ 2101)
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Genetic Variations

o FTXFHO|= ArEel 467 FAMM| ZH240 M
LIEFE o= UX| T 2= MMM D= A
LIEfLI= X2 Ot E.

+ QT plolE Eolgio|o}

Cta M (polymorphisms )& EZ &t

* Human genome variation2| 90%”7}

CHQI 01 7| T A (SNPs)2| SEf 2 LEEFL
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GENOME VARIATIONS

Falymarphism
"Frly” mang: “meaEphe” foem
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Single nucleotide
polymarphism e 1.1%
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GENOME VARIATIONS

o CHRAIAT|CIA M (single nucleotide polymorphisms — SNPs)
— DNA @7| M0 M StLt| 7| M E(ATG,C)2| XHO0| &
20| QT 0|

+ Cf2F1,00070 2] &E7|0OFCH17) E2 LIEFE
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GENOME VARIATIONS

4111 TTGT CGGT..AAGC CCAG..TCAG TGGC
4gz TTGTGCGGT .., AAGCTCCAG ... TCAGTTGGC
M43 TTGTACGGT .. AMGCCCCAG ... TCAGTTGGE
MUY TTGTGCGGT .. AAGCCCCAG . TCAGETGGE

R
a2 ATACGTGCSTTCGTTAGGA
L LR
et CGCAATACACTTGGCAGTA

GCTACTAGGCCAGTAGECA

http://koreagenome.kobic.re.kr/subg 4-btmliormatics Lab, snu

dbSNP

+ dbSNP = ‘A HA| O M AL Zl EHL AT |CHAE at
HHEE ZEXNEE MY, 22|t OO EH| 0] A

+ dbSNP= AEH Q2 o|0| Q= QIZte| HO|
ofL| 2} 2 polymorphisms = L &S},
CITAISRLE W 2RSS DO NI E 3.

c CHYMo SRA R HE MS

* http://www.ncbi.nlm.nih.qov/projects/SNP/

e Build 135: in 1000 genomes,

— submitted SNP = 57,911,353
— reference SNP (unique SNP) =39,484,957

20t

A
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Genome re-arrangement
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Genome Rearrangement

genome rearrangements2| 37t X| &
Inwersion
Chr. A — eyt ef— - —
1 m2 E G
becomes
Chr. A” —r i — e —
4 3 -

Transposition
Chr A e e f— i —
[ E -3 Iy 5
becomes :

Chr. A~ e f——

Translocation
Chr. A — e s f— - —
] ES = 3 3

Chr. B G e e - -
becomres :
Chr. B '|- - - 10 11

O A i -t — e —

http://lacim.ugam.ca/~chauve/Enseignement/INF7440/H05/BASE/ICCS-2001.pdf
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Massive Genomic Rearrangement Acquired in a Single
Catastrophic Event during Cancer Development

-aElsam: = I

Catastrophic chromosomal
breakage
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O B2 i0si00sar
DNA fragments

E
&,
iy

[ |

Attempted chromosomal
repair

-——

Chromothripsis

Lost to cell

hF

Progression towards cancer

Cell, Volume 144, Issue 1, 27-40, 7 January 2011
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Gene

« M2 T2 & jof

2 2o =S Ils
oHE 7| 8.

FHAIF Aot A
— Translocation, interstitial deletion EE=
chromosomal inversion S 0f| 2|3}

* Fusion gene oncogenesO|7| & &

— CHE £ 9] fusion genes2 U, ST
Haugo e
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Fusion

(sarcomas),

http://en.wikipedia.org/wiki/Fusion_gene

43

Gene Fusion

Bio & Health Informatics Lab, SNU

42

- BITEATE)
SRGAPY ren 10

| Gene Fu5|on and Cancer

[-JOTHIRT]  TCATATTICATAARTARTAASACTCATT

-TEEM)

[
SAGAPT wiron 10 (-soaraz) o a
RUET wtron -12643488) & TECTCLTETATIAAALN
o agnm
TEETIT]
]

b nuened.
bp nsered
Itpd
"m
N casasssennsamsnnenes
.
wn W
Y e ve s e o

RAF gene fusion breakpoints in pediatric brain tumors are characterized
by significant enrichment of sequence microhomology
Genome Res. 2011. 21: 505-514
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Alternative splicing
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Eukaryotic Gene

Exom 1 Exon 3 ¥

-

Adapted in part from http://online.itp.ucsb.edu/online/infobio01/burge/
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Transeription duwnstream
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Alternative splicing

* Alternative splicing@| &gt
- otLte| R A2 £ E CHefot B E O] 2SO
Xl A 0] O
= T A+
— Alternative splicing event2| 2 80% 0| 40|
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— 22 Q1 2HH 0| M 2 © Alternative splicingO|
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Alternative splicing of gene
Pre-mRNAE= M Z CIE splice 232 S|
= 7l 0| AF9] mRNA moleculesS THE.
[
" E—
- I oo

MANAS
l transkation '
" protein
' iscforms

Aol 39

multi-exon gene®2| 95%0]| A{ alternatively splice7} & Of .
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Alternative Splicing

o=Th EXOM GEME ORGAMIZATION
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http://www.cs.uni.edu/~fienup/cs188s05/lectures/lec25_4-19-05.htm
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Copy number variations
(&A= == B0l)

Bio & Health Informatics Lab, SNU

Copy Number Variations
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Copy Number Variations

Copy Number Variation and Genetic Disease

By: Ingrid Lobo, Ph.D. (Write Science Right) © 2008 Nature Education
Citation: Lobo, I. (2008) Copy number variation and genetic disease. Nature Education 1(1) nE=0HOE -+

Did you know that a large number of your genes exist in variable numbers of copies?
While they can overlap with disease-related genes, these variants exist in healthy
individuals too.

It is well known that errors during mitosis and meiosis can result in duplications and deletions of genes on a chromosomal level, which
can lead to disorders. In fact, in the days prior to DNA sequencing, rare changes in gene numbers could actually be detected at the
chromosomal level using a microscope. Nonetheless, scientists did not think wide-scale variations in gene copy numbers existed on a
subchromosomal scale, nor did they believe that any such variations could lead to disease. Only recently did confusing laboratory results
stimulate investigators to ask whether all autosomal genes are present in two copies, with a single allele inherited from each parent. By
that time, the Human Genome Project and advances in genotyping provided the tools necessary to investigate variations in gene copy
numbers on a subchromosomal scale (Lander er al, 2001; Venter er al., 2001).
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Genomics and Disease

€8¢ Home Gma - Inba (15651 - sunsupnBgmailcom
—_— v g/ enail google com mail Tshva = Laisbe © Genomics

Centers for Disase Confrol and Frevention oAl :n:gf
g ¥our Oning Souncd 1or Crnditie Health Nfamanon
AZindex A B C D EFGHIJKLMNOPEQRSTUVYWIXYZS

Public Health Genomics

oonomics_____ [P

About Us
Impact Update Genomics and Health
FGanomice mnd Heslth | .o oiays & roke in rine of the Tin Liading Causts of Destn in the United States, most notably

Population Aesearch £ancer Ang haart Sissase. TRate HISAREES ARG PArtly tha Fesult of ROW GARGS IPErAEE with
environmiental and behavioral risk factors, such as diet and physical activity. Also, & large fraction of

Genomics Translation chilgnen’s hospitalizations are dud 1o dESAEeS that Nave GeNALC COMPONANts.

Pamily Heoith History By $tudying the relationship between gencs, and benaviors, nd

Genetic Testing PrRCItioners can leam why some pecole get sick, while cahers da nat. Family heaitn histery
infarmatian can also help to entify pecple who may hawe  higher risk for certain diseases. Better

Genornic Resources urderstanding of genetic and family history | ion can help and identify,

Site Mag davelop, and avaluate screening and ather Intervanzsions that can improve health and prevent disease.

| Indievidisats can contribute to theis health by keeping records of their family health information and
sharing this information with their doctor and with other family members.

Learn More About Genomics and Health

http://www.cdc.gov/genomics/public/index.htm
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Epigenomics
EEEEFSPIED

Epigenomics

* Epi (epi 2on; upon) + genomics
* Yes, it is a control mechanism for genomic
elements (e.g., genes).

¢ DNA methylation
* Histone modification
* microRNA, long non-coding RNA

Bio & Health Informatics Lab, SNU 55
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4, Yemen: The  Why th g
The CIAY New Center  Hasn't Been Cool
Afghan Disaster Offermr~ ToTeens
YOUR DNA
ISN'T YOUR
DESTINY
56
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What is Epigenomics?

¢ Genomics : Hardware
¢ Epi-genomics : Software
NOVA Science

http://www.teachersdomain.org/asset/biot09_vi

d_epigenetics/

¢ A group of modifications at genetic level

e Epigenome tells body how to work and when to
work

Bio & Health Informatics Lab, SNU

} EPIGENETIC MECHANISMS HEALTH ENDPOINTS
4 & aflectad by 1hese fCIOE and prOcasses: = Cancer
+ Development fin utero, chidhzod) * Autaimmune disease

* Mental disorders
* Disbotes

* Environmental chemicals:
* DrugsiPharmaceuticals

+ Dist
f CHROMATIN

3 METHYL GROUP

EPIGENETIC
0 FACTOR

ONAmethylation ;
Mty group fan epigenetic factor found e
in some distary sources) can tag DHA
and activate or repress gones. HISTONE TAL .
GENE /‘ \ o

DNA accessitle, gene actrve

Histone modification
‘The binding of epigenetic factors to histons *talls®
1 altars the extent to which DNA is wiapged araund
DNA inaccessitie, gene inactive | istonas and the availabilty of genes in the DNA
10 b8 activated

Histanss ars proteins siound which | HISTONE
DNA can wind for compaction and
gene regulation.

http://nihroadmap.nih.gov/epigenomics/epigeneticmechanisms.asp

DNA methylation

Bio & Health Informatics Lab, SNU
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DNA Methylation
* DNA methylation
- 1532 oAl 7| 2ho| wEnt
N Z 220 A0M T2t E&E
Methylation of Cytosine
NH, NH,
DNA methyhtransferases CHj
5 S-adenosylmethionine N 5
fJ - .
0" ™y 0" ™y
N AN
5—-CpG—3
3-GpC-5
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DNA Methylation and Gene Silencing in Cancer Cells

CpG island
—

C6C6 c6 CG6 c6 nee Mce

Norma WET M

MCGMCGMCE "? c6 c6 c6

C: cytosine

Bio & Health Informatics Lab, mC: methylcytosine
SNU
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DNA Methylation and Cancer

H. pylori 5 ,l{t Cell with aberrant DNA

methylation

N Induction of aberrant DNA
O methylation by inflammation
due to H. pylori infection
4 A 4
N NN Accumulated aberrant DNA methylation
Q QQ produces a high-risk status for cancer

development (field for cancerization)

Cancer cells

/

e

National cancer center institute

Development of cancer
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Histone modification

Bio & Health Informatics Lab, SNU

Histone and DNA
+ % Lj DNAQ ZBI51 T Q= 7| B
- A2 ATjoj ZHAtA AO| A|X| fE =
SR80, HE R S T ATjo| M EON
AR 812042 302 bp DNA() E
s 2E )0 AN Qe
- 2mZ0Jo| DNAZ 0| 2O[X| 8} BHE X2

M= &0 MEg7ts.
(o RF Sy =

- 235 30 = 50008f 7}7+0] ZHOFE].
¢ Chromatin regulation

N
-

http://en.wikipedia.org/wiki/Histone

Bio & Health Informatics Lab, SNU
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Histone modifications: Histone Code

Normal cell

Centromere

@ Acetylation
© Methylation

= -
‘Subrelnmer\c and é -

Cancercell .- sate.\lempea_rs

F\gure 4| Histone-modification maps for a typical chromosome in normal and cancer cell.s Nuclensoma{ arrays
e -65

Nature Reviews Genetics § 586 EQ%O Kpn io&%

microRNA

Bio & Health Informatics Lab, SNU
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m|croRNA .V.S. protein coding gene

http://www.micrornaworld.com/intro.htm

Bio & Health Informatics Lab, SNU 67

Roles of MicroRNA in Cancer

* MicroRNAs as oncogenes(Zf L M X}
* MicroRNAs as tumor suppressors(S QA K|)

¢ MicroRNAs as modulators of tumor

progression and metastasis(Z QF &I Gl
Mol =EXR})

¢ Global deregulation of microRNAs in cancer

Ventura and Jacks, Cell. 2009 Feb 20;136(4):586-91

Bio & Health Informatics Lab, SNU
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Cancer epigenetics reaches mainstream

Drtoction
GSTPT
Hypormatylation
i |prostate cancer)
. _ Epigonatic | ——
R Tumors: global Frognoss
;o L wn‘;:,, upreties 28 Pra-clinical
2 bt » candidates
- + »
Biological {miR-34b'c
v | Muids and DA hypemathylation
i~ sarum mathylmion | and metastasis)
R L s in o I
[:\ |: | markers | Ty
W prodiction
A}
‘ MGMT
Hypermathylation
| tgioma)

Nature Medicine 330-339 (2011)
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