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—. DNAZ#H

(1) BB o T o948k HaAE. BRAR., & KA E[ATGCU]
(2) ZEFTXN: 248, BB _Fa

(3) A% FHXN: FHREGELH

(4) DNARA IR 454 o) 5 & 4K
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=, FéiRk$H

> AZ2EHRA 4 (diploid, 2n) , AR&mfe i) A 23%F 4 4K, 465, @.3E223F %
F G ARFr—3F M J EAK,

> MR EARGIFE: X EIRFfY L B AR,
> FME: 223F % G EARHXY,
> ok 22%F F & ARHXX,
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—. X B (gene) &9HEA

9 @ SRAHRNE

chromosomes “ })ﬁ‘ éSQRNAé'{J é%lg
DNA, &Li&%mA &

& Ji RNA & 42 R

7| BARIE & K Pl
T IRIETF 7
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X B4 (genome) #HEA

A B4 (genome) : EWIRABTH RAE MR LA,
® 4 YR AE/E &89 “Eiage”

@ AYREFRKEN “EAR”

@ AMENH L “BAER”

ZERZE (nuclear)
kA EH4A (mitochondrial)
etk £ B4 (chloroplast)

genome = GENe + chromosOME
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=, 2B (genome) &9#EA

A TATTABGTCLT §||ou;--\n‘----' o
Iﬁ?ti c;:-czrcew;meec'a COATCEATL

A TTCCAARRTAGCTATATAGETAGCTAGCTAGC gy
{TCGATCHCTELTAGCTATATCCRATRCGCTATEC Tage
1641 TATTAGGICCTSATTARCT AGCTAGCTAGCTAGLY
GATCE T CEATCRATC ulh.Gl”GGCH! GATCRATL
ATTCCRASCTARCTATATAGCTAGCTAGCTAGCTAGE
{TCEATCECTRCTAGCTATATCCRATRCRCTATELTAR
GATATTAGGTCCTGATTGCTAGCTAGCTAGCTAGCTA
CATCETCRATCRATCOATCOATIGGCTATCRATCRATC
ATTCCGAGCTAGCTATATAGCTAGCTAGCTAGCTAGLE
§TCGATCECISCTASCTATATCCGATECGCTATECTAR
GATATTAGGTCCIGATTECTAGCTAGCTAGCTAGCTA
CATCOTCRATCRATCOATCRATTEECTATCGATCRATL
ATTCCRAGCTAGCTATATAGCTAGC TAGC TAGC TAGLS
AT CGATCOCTRCTAGCTATATCCOATGCGCTATECTAR
BGATATTAGGTCCTGATTECTAGCIARLIARL TAGLTA
RAATCRTCRATCOATCGAT S 1t
TCCEAGCTARLTAT
TCRCTECTAGLAR
AGETCCS

“Yu‘uw\uulrg('ucu;:uccfl(ii‘
ATCRTCEATCRATCOATCOATTGECTATCOATCALAS
ATTCCBAGCTAGCTATATAGCTAGC TAGET KGCATA
1CGATCOCTGCTAGCTATATCCGAT LR TAY
GATATTAGGTCCTGATTGCTAGCTA
ATCGTCEATCGATCOATCRATTREL
ATTCCOAGCTAGCTATATAGLTALL
TCEATCGCTECTAGCTATATCCEAY
BATATTAGETCCTEATIGCTAGLTA
ATCOTCOATCGATCOATCRATTREC
ATTCCGAGCTAGCTATATAGCTAGE
TCRATCOCTGCTAGCTATATCCRAY
BATATTAGGTCCTGATTIGCTAGCTA
ATCGTCOATCGATCOATCRATTAE.
ATTCCGAGCTAGCTATATARCTAGE "
TCRATCOCTGCTAGCTATATCCRATECOCTATEALT
BATATTAGGTCCTGALRGLIARL TAGCTAGCTACECT
ATCGTCGAT
ATTCCEAS
COAEAGCTA
eTCCT

TCEAT
\

Genome: Book
Chromosome: Chapter

. Genes: Words

« Base-pairs: Leffters
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. EE4% (genomics) #IBEA

BEEAE: AEWKRLEIFER AT %,
TEEALEH., Dk, B, ¥, RESS
& 6 SUF A

o HEMRAMKLFEARART
RAMATHI A KB Ik

BF) A X B 18] 649 A8 ZLAF R
BrEARELEMKREKKFOAE
] BF) A B 40 69 JR AL BLAE

470,000 MTIs
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Digital Health: How Genomic Big Data i Transforming Health Care

Al & GENOMICS

ERABEF

Transcriptomics (¥ REF)
Proteomics (EREHY)

Epigenomics ({WEFES)
Metagenomics (ZBEES)
Pangenomics (ZEFEES)
Computationzal Genomics (it S X EES)
Comparative Genomics (LB EAS)
Functional Genomics (IHfEREHS)
Population Genomics (BfaEEES)
Systematics Genomics (FZ%RFES)
Evolutionary Genomics (L EEESFE)
Single-cell Genomics (#MARFEES)
Cancer Genomics (MEEEESFE)
Pharmacogenomics (FH#REFEASE)
Neurogenomics (IEEEHF)

Health Genomics (RMEEES)
Forensic Genomics GCEEREES)
Crop Genomics ({EIEEESE)
Archaeogenomics (EHEFEEHS)
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SR T 59t R

(1942-1945)

20012 %
19455 £
19645 % E

M T A A X
(1961-1972)

2554 % 7T
19694 £ H
7 ¢ H

humah

8 ‘geriome:

A KA B 2 X
(1990-2003)
3012 % T
£H. 28, *H
“E., BA, #H
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¥, AXEXFAHX (Human Genome Project)

> AXAF4+H+ X (Human Genome Project,
HGP) , 1985F3% &4, 19905 X B 3o

> 9{{\ %\ /74—1:\‘\ \;\ E]\ EP

> K ET19995mm Nzt X, AKizd P 1%a94E %
Bp A K35 4 &4k _E 2530Mb &9 ) B A4E 5,

THE .j =
HUMAN '
GENOME .
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W, AXEXEAHR (Human Genome Project)

1984F12 7, /£ & EIRAC I 32 #A3RE T X IT R A€, & £ E a8 R 41
TG — KI5 15 T A EH S B IRa L, é'J/\K%ﬁ:ﬁﬁ»}“F%ze
“ﬁ T AR ETRTREIFRAITIGEGAZTER, BN P R T a9k
FIMIPIK=0Z = AHAFHBPETIRIEF ﬁ»’u& ﬁi&i&#"«ﬂd H A
RAERWRE? REW, AXAFH T ETLED K G, KGR F BB

BWERERL TP AEARRAEARENER?
X AMFZRERITEALLR AT,



W, AXEXEAHR (Human Genome Project)

1986-F, 1975FE A4 it N REF £, £ HSalk InstitutesF
5 B 9% JE A 75 i AE N ST (Renato Dulbecco) & “Science” X &£ %
“BEARWEIT R CHARERARF]” —X, T EFHAS K
RO T ZRE, AR LA EAN R0 L FEF R ERITT —F A
¥F0 58,

ANTRE TRAFLARIE T
-  DNAM 5
- AHAKHR
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W, AXXRAHX (Human Genome Project)

AEEREAFRBARRZ ARG FRE, 2887 SR
REBECEIFAKFE, BREH&T@OTFERRT. TE2RREEAUTIL
& .
> FHE FRgiRIE: AXEF A 5L E G R HDNAS 7] 24 & E.DNAGY 2%,

A LARAF AR Z R E M P HEAN AN L AR A,
> MR FEART AR B A Y IFDNASE AR - AR L ok P K-, —PNAEFR K
% R Ag T ek 1000bp ] /o 45 A K A [F] 2DNA S = 3012 3 A AL &t 5, &
£1000 A 430004,
> HFEREAREE: ARERAAUFHAEROCES, FL 5L
@A LA ARG Z 5, A G A3 0 R T A R | R e
(@) w1l % %
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W, AXEXEAHR (Human Genome Project)

HGP#y s #7 B A=: 155F 4 (1990-2005) # A301z£ T, TARAZX
& 8 6 K090 AN TR A 51 69 M o , AARAR
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Zjif—‘fl‘éﬁﬁ\ 'L}\'L?\J%J%Jiiéﬁj%%l]b{g\&%%/yg{%%ié}ﬂl%\ 7@)57(
I 695 6 A F IR

'ﬂ‘wﬂfﬁ

\ / CHUAN U SITY



AEXEFE “THEZR” R

20005F6 F] 26 B £

DECODING THE |
BOOK OF LIFE

AXE
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22 ) 50 Rk

1990-20015, A
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2
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W, AXEXEAHR (Human Genome Project)
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Human Chr.20, completed, February, 2002
Human Chr.14, completed, January, 2003
Human Chr.Y, completed, October, 2003
Human Chr.7, completed, October, 2003
Human Chr.6, completed, October, 2003
Human Chr.13, completed, March, 2004
Human Chr.19, completed, March, 2004
Human Chr.9, completed, May, 2004
Human Chr.10, completed, May, 2004
Human Chr.X, completed, March, 2005
Human Chr.2-4, completed, April, 2005
Human Chr.1, completed, May, 2006 ././ D vl £ &
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W, AXEXEAHR (Human Genome Project)
nature
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W, A%&HEH K

- Protein-coding genes == Other genomic elements*

Human Genome Project

(Human Genome Project)

130,629

13 g SRt U, T B LU N RO T [ N O L s Py

@
©
& In 2000, the discovery
@ % P
3 of 94 non-coding RNAs
3 ki
- led 1o an explosion of
; 50 interest in non-coding
o regions of the genome.
& C O
>
3 19,149
2
(@}

(O ~

1980 1990 2000 2010

2020

Star genes
The HGP gave rise to an explosion in research
concentrated on just a few genes.

Number of publications per year

800

- P53
- EGFR
- TNF
600 . IJEGGFA
- CD4
HBAT1
Other

400

200

0
1980 1990 2000 2010 2020
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Hospitalizations per 100,000 people

250

200 -
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Inner Core

Regional Urban Maturing Suburbs
Centers

(EHEAEZLAE:
c KmERTRAAH
© KAHFT RAAR
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e MAPC

31.98
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P T
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IIL 1g3 Mm. -

200 400 200 400
100 100
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« 1000 Genomes Project (1 KG Samples for the 1000 Genomes Project
2008)
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« 1000 Genomes Project (1KG,
2008)

e Genome-Wide Human
Origins Array (HO dataset)
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« 1000 Genomes Project
(1KG, 2008)

e Genome-Wide Human
Origins Array (HO dataset
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—. Sanger#ll 5 ik

FE AWK EH (Sanger) 713k
131958 F#21980-F i N L5, 12
Bl —ATBR ) PR IR 09 5 — AN, T K4
R, MRIREZBEHHTIELS: WF,
19515, Sanger&d K44 < T A& af
(FJk B ZAfBA X)) 957, 29
MABARR ST, Ak, T 1958
FHIF TN RILFE, 19775, H#5]
N “IURA LR WARAE R
&7, A5 A 50hm e FRER KA
T1980F% W RiLx %,

1918 MIRBIVRIC P ROEE 2013
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—. Sangerfl] ik : B A ZAEE TR
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Normal dNTP ddNTP
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—. Sanger#®l] ik

GCGAATGCGTCCACAACGCTACAGGN G
GCGRAATGCGTCCACAACGCTACAGST
GCGAATGCGTCCACAARCGCTACAS
GCGRATGCGTCCACAACGCTACAG

GCGAATCCGTCCACAR
GCGAARTGCGTCCH
GCGAARTGCGTCCAC
GCGRATGCGTCEA
GCGRATGCGTEC
GCGRATGCGHC
GCGAATGCAT
GCGAATGEG
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—. S@ =M A ( next-generation sequencing, NGS )
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Cost per Human Genome
$100,000,000
$10.,000,000

Moore’s Law
$1,000,000

10077 - 1+

$100,000

$10,000

National Human Genome
Research Institute
51 000 .L\L,___>\
/\\——.\/\‘¢

genome.govisequencingcasts

$100
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