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O[xE (JH. Lee) M7 &7

ZHQIAT1 R
2= (DY Kim) MSE7 [ AR
HIES MH. Parkl MO [&QI7A AUATR
2|25 [YH. Choil MO &7 M ot
HIRS (Y0 Parkl  MOD &7 A2

¢ 3 017A% ETRUPAYS] 9] Adom SHAGT4E AYE st /1
$29 1CT 71493 9 719 271

E10|M= 80| 7]&(BT: Bio Technology) 2| =2 AXH2! DNA(DeoxyriboNucleic
Acid, CIZAIR|EEANE HET|&(IT: Information Technology)} Lt 7|=(NT:
Nano Technology)of &3t M| 7kX| DNA 28 7l S&oll Cieh A7HBIICE B
Xﬁ 1958 i A|A = 2l(Francis Crick)0| ZZkst MIEZ & 10K Central Dogma) 2|
L2 DNAQ| 222t 7|01l Choll ZICHSE XtM[s| A7HSI¥L, DNAS| 7| ME
HAS 018 DNA KXo ol 2 'F?\"i S E*OHHE DNAQ| X}7] =
2 (Self-Assembly) 531t XP7| SX 53 % [ BXE QA Zetl= 4
= 27|20l HE5 DNA ZREO| IiHoH AU f | o=, L Helo
DNA X5 22%t Lt J7|& SojA Cist LIRSS 0= 71291 DNA @
2710} 7|=of| chell EESIAC.
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X}—‘—Oﬂﬂli EHTHE ?ﬁ%@‘:} 2
o] Al Ftoll thA] Yehhs &2 @4
2l Al A(Atavisim) Tzl 271 F-4A; dtol] w2
olggo] AUARE, ZHAIA 28 (Francis Crick)2} A]
A S>(James Watson)©| 1953 of] DNA(Deoxyribo
Nucleic Acid)?] 0] Y41 (Dual Helix) 725 815 HA]
DNA A+t= w2 = 1], 2=, EAgy 22 &
RS Adohe 22 Alzsl Qhof] EAsk= AAA
IzoAE Ao Ul DNAYO] ¥l =,
DNA9] H|5=712Q1 12+ 971 A g)e]
o, gAA o] DNA 971 AEEIE)olehs Fei= A=
Eo] 3lom, 71 DNA 97] Aol FHiz HEs:= A
o] Braf ATH2)],

o7|1A4 gt A5 ¢ Yot 1990d]| ¢17ke] ¢F 30
7] &7)1%HBP: Base—Pair)2] DNA @7] A &g afot
sl Als Z24E(Genome Project)E 9=, 54,
Ik vl 22l 42 S0l 35 oE 15| Al
o8 ARtsRleH, 20019 e 97] =AE B
o} DNA 7] Aol whef el Hdsk= ofne
AFe] A Fo] AR, o]FA AAE ofr|iit AE
Tl o zof| thoket S0 W Eo] EAgitt, o 9
=2, g SHE Hole A 883 (Sickle—Cell
Anemia)olghs He WAL Sl A AKE N
Sk S sl AEA Qo] g Ey] TaAe] B
o] K Al th2H, 1 olf+= g2 =] h
Ao ot A F FE Q] =FHAHGlutamic

Acid, Glu) tHA] & (Valine, Val) & o]0l %7| wj&

._4

) x% 7\}0]

d
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oft}, 2, <A DNA @7] Aol o] ofulieit 4l
om om el el £ o
A A8 e 54

>.

el wakellx] 25t dAls] Arggich

DNA= 4 AEe) 214 9l 547} 7hssichs 59
oA At st “4_301] vl 4= 9lom, QlgAe
& DNA 97] A9S 34 (Synthesis)dhs 7]<9]
Z Q3 DNAE A1 A2 Z-8dl= 2ol disf I
Aol A ZpA|3] gt

VAo A= ol % At DNASO] 435 A-go0=
el A1 EA| 9 A7) 23 (self—assembly) £/ ©]
-3 DNA #3tElof| tisto] Argaket, DNA: THlEo]
ok o7l T o] Bas ARE 7R 9l
Tl dlojejo] o] B 4= glom, 19 of
Tl 2w 2|7 R0 Fieol| wheh th
= AR WARIE Aefsks dat A s
Sstcha AY2kat 2= o)}

VA= DNAS Wi 7]s(NT)o] 282 DNA 2
2|7ha] Ue 7)ol disfiA] Ageiet, 714 0= DNA
© W 2A Yo B AAAHA tHe 7]zl 94 A
.Q_‘{ﬂ— 2~ oh;].

e g ARoAe AlF7H] DNAS 283t A
7HA DNA 3-8 7]l thste] 2.oF 2 Aesigich,

:d

o
1=

i)

4

[1. DNA 7HR

IolAl= DNA 729} DNAZF 0@ 7]%5-8 3h=x]
of Al A=A o8 Y- Zlo] Sol7HA] Y= Aol
A Zje ] A Rk



1. DNA ##&

A (Cell) etefli= Sutoz Eof 4Rl siof gl 11
& <ol FAA|(Chromosome)7h et A= 4
HolAE ok A7t BEsp] o 7t Holet|,
DNA®} 2 71A] gl el 7herket o 22
AAHChromatin Thread)7F &4 k7 Al A
off @HAPE A FE tho] Bz, o]Zlo] A
olc}, Aol GMAlE 46712342 A7 9lor

WA= 44709 XY FAAIE 7HA]H ok 44709 XX
AAAE 7H7Ict,

(¥ )2 Zo] DNAE 7)E o= H7|(Base), 571
o] g FAJH t&AI2|E A (Deoxyribose, 244 @
7%) 2=]al QAF7|(P: Phosphate, =3H4¥)7F A%
28 LEto] E(Nucleotide)olth, DNAE H4sk= ¢
7ol oFld(A: Adenine), EJFI(T: Thymine), A=Al
(C: Cytosine) 1831 FLobd(G: Guanine) ©|g74| 4%
F7F Q7] whiel] 2 LEfo| B 4F5rolTH2],

(19 DoA] B 27§90 424 Ajto R A-T7F B&

o|fm, 3719 f4 AFFO R G-V} AL o|Fn] ZA

Thymine
Adenine

Phosphate- 2 H2 =~
deoxyribose _¢ % - A
backbone k@/ A\ q

3 e::j Cytosine /™
Guanine 5'end

(22 1) DNA X

[AA}H Madeleine Price Ball,
[£4] en, wikipedia, org, CC BY—SA 3.0

sk, ofefit Agtol DNAS] ApRAgolud, olelet 4
S DNAS] JHE BABHD Aok 7152 4
T, DNAZ 45K 4559 @714, T, C, Gi= )
Qs ol et £ ARk A, @717 ol
£ Aol wheh HHAE HES ofulidl 24 2%

t.

s}

2.DNA 7|5

2] 3 v BE YA el AR o] F
o|A Qlrt, FjFe} wel Pl 55 sk 2] A
Z= Zh AlEeith 58kl ohofsh TS AYAJsh

o

AL 54

St

oA thget AL 207149 ofn|ietHAmino
Acid) &2 /=], of ohu]i=ib5o] FERo] = (Peptide)

dgtog MR Z4A d249 AE EgtEto|=(Poly—
peptide)2tal ahH, Ze|REto| =R} & ©f 331 A
A= F3A(Polymer)7} T dolcy, k7o) thily
9] 715-& ofu|icAbsol uid Aol uheh A=, o
A gt upel Zro] DNA 9471 A1€of 2laliA 24
ch, DNAZYE thilds ety eAe (1Y 2)9F
2 oF) A 7HA] 2 AZITH3,

DNA

BN NN NN NG NG N
NN
mRNA Transcription,

Hre

Mature mRNA Nucleus

Transport to cytoplasm for tRNA
protein synthesis

(transat%mﬁ%%‘wm
m

Cell
membrane

(23 2) DNAZRE THHE 3 aby
[£4] en, wikipedia,org, CC BY—=SA 3,0 Unported
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o 27| (Replication): &
YFFo] A,

Z:0f| A DNA o]&U}A419]

* A AHTranscription): DNA2] & ol
9 gadslal 28517] 41 U RNAMRNA:
messenger RNA)S THE-

o HY(Translation): H3-(Nuclear Pore)& 52
& o "oz Uk M@ RNAZF thild ahA
71A41el gl E < (Ribosome)o]] £11, |42 Z
@ RNAS] F=(Codon)e HIEo 2 ofu|iAb
AR dHES TE. 4 RNA(tRNA:

transfer RNA)= oju|ARS: g]HE&0 2 oulsl

= [e)
oA AHE glo

lll. DNA X% EX|

1. BHZE

glo|EjH]o]A(DB: DataBase) 2-> H|H &2 Hlo]g
ZHE 71A] Qe ARE &[0 AUE E45= 7]
¢l 4] dlo|E|(Big Data) AlthE wolatoitt, o=, 2t
B A ol & thokt Hopol|A] Fasdo] K7t

1 k=
=

1 Q=

i _l

AFATE 7124 07 ofefgh Hrgh ¢ b
83t

APEEARZ1E IDC oflSol ThEd 20209712] A Al
A A dlolEl 40 zeta byte(1 zeta byte=10"

[¢]

IS

1m

ONFU

Global Information Storage Capacity
In optimally compressed bytes

1986
ANALOG

1993
2.6 exabytes i

DIGITAL
0.02

exabytes &&=

2002 :

“beginning
of the digital age”

50 %

% digital :
1% 25%

3%

94%
Source: Hilbert M., &Lopez,P.(2011), The World's Technological Capacity yo Store, Communicate, and
Compute Information, Science,332(6025), 6065, hitp: //www,martinhilbert.net/WorldinfoCapacity. html

(% 1) CIXIE MEEA| £

o9 AR 5 AAAA $8(9)
USB 109
DVD 304
HDD 344
SSD 519

byte)= e Adolm[4], (18 JAH Algto] 35
of w} opd R A% AA|of|A DVDY st=f AT s
2}o] B (HDD: Hard Disk Drive) 2= tx|&l A%
2 w27 AgkE| 2 Q)

Ag A4 A= 44 715 3} ek
A, GE DAE A% 4ol &
E”07 DVDU SSD(Sclid State Drive
A Hdf 10093 AHEE 4= AT,
2|2 B4 wjizo] o]Rr} i 4=rgo]

E o2 EAEE, S fAd

doJEJAIE| 2] -8 9 4] H|go|ct, fﬂilff*iﬂlé&
Fjoll A Al ElolEME] AR $4S S1gt 7]9hz
ATF-2AFo| T2 g A FAE ARESte] o

OJHAIEIE -85 Y= dollA Al Alget A
2 Z7) agolct. vlo|eMEE 24ARE 2-Faljof sh=
FgollAl A R ellA] AYsh= B Al8]7] et i
2 A GAE A2Jsh= b Bast g7t 2 5 o
200779 exsbytes

— paper, hlm audiotape and vinyl : 6%
~ Analog videotapes (VHS, etc) - 94%

— Portable media, flash drives : 2%
— Portable hard disks : 2.4%
— CDs and minidisks : 6.8%

— Computer servers and mainframes : 8.9%

A

A%

g
.
o5
HA
3

Bl

DIGITAL |

— Digital tape : 11.8%

—DVD/Blu—ray : «
DypLpay C@

= PC hard disks :

a5 @
123 billion glgaBVtes

— Others : {1 % (incl. Chip cards, memory
cards, IIC}opy dISkS mobile phones,  PDAS,
‘camcorders, video games)

cameras,

DIGITAL
280 exabytes

(3 3) MEHX|Q Hst
[ZA]] commons, wikimedia, org, CC BY=SA 3,0 Unported
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AR
A

12kl A |

li'%ﬂfb‘}::‘ﬂ A7128} 22 FAHEe] A4 == DNA
£ S8k A o] 52 vkl Qlrh DNA A1 4
Z9] ® o A

DNAZ A4ek 4= Qlok= Zlolot, #st AeA] 7 A
OJAE|AE, of o5l 1g9] DNAE o3 oz dA
T2t Ho|ARS EIR K AHT|E7|o] Hagh
dlolelE A 4= leH6l.

E3E DNA AP AA7F 525 W= ol 5 she
DNA 97| HEE sAor Pdske DNA g
(DNA synthesis) 711 DNA €7] 489S 9= A|EA
(Sequencing) 71<zo] H|OFA O 7] wjiolct,
DNA @4 7= HiolHE e 7]selH, Al 7]
&2 HolHE ¢e 7leolth. 15 DNA @4 7]e2
V42| DNA e 7|0l A= ARG,

2. 71=2Hz|

0} 12 oo tjAE HEE DNAS olgsto] A%
Sh= DNA AP 429 52 ete (1 4)2+ 26l

oA ol A Adrget = DNAE Y| 7H4] 971, T,
C, G)i TAEo] Q) Ltﬂ A= T G= Col 217k AR A

o7 Aslel= 1z2E 7}1]& A9} TO] Agle 007,
Encoding C A D Decoding
ATCGCGAT
CGATCGCG
ATCGCGCG

DNA
syntheSIS ﬁ D equencing
| Encapsulatlon D DNA release
00)

(33 4) DNA ME Hx|o| S

I'.|_

CoF GOl A2 1= AAsto] 02 19 A ZHE
DNA 97] Mgz QIFH3H, oA 21g% DNA ¢
7] NG 7)Ao A DNA T2 E3 019z o=z uks
o#]1L, P&sHEncapsulation)5t] HloTEE AR,

tlolelE ¢ B2 ole} vt IS S8l o|Fof
At WA A4S A DNA release)stil DNA 3=
A& DNA ¢7] A8S $=tHSequencing). ©1% 7|
o 7] Age oA 0 1= HeshE Hefjo] o]
Ele} SUsHA tlolEE EHE 4 Sl

3. R&D %7 sig

DNA A1 ZAF2] o] gt R&D+= afe]ollA] 2ds] A+t
7]. x]-dﬂ Zo]q

20120 vl=r shHE oJshtielelo] warolm [
Agh Fofe] ZE711 2] A2 (George Church)=
17& DNA 1mg°ﬂ A4t 5 37 Sof DNA UﬂEFA
oA A 82 HHsk= ol At

=19] Oxford Nanopore Technologies $JAR=100g
neke] USB 3.09] QIE#Ho]AE 71 USB =719
DNA sequencerQ! MinlONS- 7Rt em, 20154 Al
AR EH (World Economic Forum)oll= A7) =i},
i 2o A https: //nanoporetech, com/products/mirion) 1]
MinlONe- ARESto], HolHE il 2= IS 59
&= El = 4 ok

2016 7Y wlo]|AEAIZE(Microsoft)2} 1]=-9]
J l::]_ EHO]—O] 61—7]-” 200MB A DT—,,] 7\17@ _Q_FJ: 7H1:”‘—‘]-0:1
om[8], DNAE QIfA oz sto] tike] HloleE
AR} 2= Q) 7]el Husls EYAE Hlo| QA0
AL (Twist Bioscience) BlAtf Abg& FARst] A
AAE F=sk= dl FefskalrH4l,

A E7A] AHE a0l AHE B we gk}
UARE, o= HofEE ¢l e &% Y oy 4
B 5 T 2oblA ke A iAol digk
7} B Basi,

OIxi= 2| /DNA & 7l 88 33



IV. DNA ZZE]
1. HiA
AR AMEE|L Gl FH3FE] = CPU(Central Processing

Unit), W2e] 18] Z2 @02 FAE Eieolqt 7
zolek, o3t WA|e] HifEle TRl oJaf Akt
& AR OR sk, Fao]| el wae]of $AH

oz s BloleE 93 Ay, 1 2
oflA] ofelh :3k4] Hel W uhio] 2 wato] Al

’6‘}% <A XqOl E}[9]

S A S Asle], S 7o) ohd
A5G ol83le] £A|Z H@@ﬂwﬂowa} I
A 45 A2 itk olelg olzke] o] B WAL

CPUe| &3k Zo| w259 (Nuromorphic)goltt, ¢l
g2 201290 wREIYY HAE FFCH, 20134
LA FREIELI FARE AZA(Zeroth) ZEAA]
S gt AL ol#dt rRu Y w3k e
ARERP] W], il whe Wda

oprefste] &

4 delo] ofet o 5 B BARS st 9)
082 45 W7t £,
ufebd, WelE BFE A olFE fulsh] Sistol

A AHE Tl Q)= DNAS HFElo] Z8sl= A
T7F 19949 HE 38R oFsTHleonardo M.
Adleman)of| 2JallA AJZFE] Kict,

2. 7|=2He

7)) ZFEOIA AMGSH AL AAboke &
o) DNA AFel AR 242 olgsh] wRe) 14}
B oA AAESHE ofe] 7] Qi =S AL

5t o<} AT 101,

o 3}o ] E]E A (Hybridization)
AMHHS{PCR: Polymerase Chain Reaction)

. Fhas
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o A A5
JEEREE

H-3-(Antibody affinity)
a4 (Enzyme)=

3. R&D ¢ Sig

E
rlr
o,
©
(m
)
It
o
i)

ox
J:J_
N
=
E[dt
ol
B
l:l
=
o
i
:l:‘.
>
g
%
)
:(m
i)
ri;
e
9‘15
2
L

o e} s 102, e ol Ak Sl
DNA 8% 483171 2 20 ol

V.DNA LIk 7|&
1. BHZE

DNA vhe 71462, 43579 @71450] ol 52 4
% S AT Bl AR ofF L 722
DNA B4 olgfo] Lheu]e] Bg]e] cagit et
2BL WEL 7|20l %, DNAS B8] 42030
o] A i A AR 1A g Yt e R
S BE7] 9l Shte] AR Q% Aolek, olefat
DNA thi= 7148 T4 A8 H2 DNA 34 7]

=9 BlopARl el IUUEH12]. 1980958 A=



7] H8 e (NYU: New York University)2] W&

2JQt AIDP(Nadrian Seeman) 4= DNA Uie 7] 7

il L2 B8 ukEy) 95 thefsl HpERle] of
28 Spiston], Ge nTEEe TR

2. 7|22

DNAE o]l thie ©9]9] 254 Aldtehe W
¥ ZollA, 20060l 2e|EUo} Fatdistal (Caltech:
California Institute of Technology)?] & =ZU&E:
(Paul Rothemund) 24=2] DNA 2-2]7}4](origami) L}
e 7]&ol sl Argeith13] eerinls diddE F
olf7|& F3itt,

DNA 92)7H] Y 7|4 AE (Scaffold)S&} A

Ho]Z(Staple)& ©]-8-510] G (Thermal annealing)

7S Bof LheT 2B WSS,

¢ MIEE YkAREs WEY] SR VIR =
Zoz MI3 HE2upA|oA =3 7,000

7HellAl 8,0007 =9 A7 3E 11 &
71 (ss: single—stranded) DNA,

o 2HOlE 2070904 507 BEe) A= A

H 42 & 715 DNA,

HET 7] 80k o] 2 7FEAR] 342 A

ZollA 4= A AREERE AAE] s W= P,

&

(22! 5) DNA 22|7t0] "= f12]

[#]A}H Team Nanoscooter Braunschweig,
[&A]] http://www.openwetware, org/wiki/Biomod/2014/
Design, CC BY—SA

JQ

A Aol F719 AR A
A (Self—assembly) 5442 ©83}o] DNA Lherz
& WHEA ek, ol2f3t DNA ©e)7hn] 71&2 e L}

=34 sl ) pslek 30l e

A= sk 2]

N

Pd?

mlo

olgso 32k UkERe e 4 Qlok 5{;}%151
T2 IS AREBR= o= AFgo] ddo] TN olikel
A7 AES 2he =S A glo] o8] Ak
dl= SAE 7] mizolek, ol ARgshe e =
A ol 7V diEA 02 A EE 228 s
3 2|9 4|(William Shih) w47} kst 3349 2ic)E)
716 32313 Cadnano (http://cadnano,org)o]tt,

=]

d
olr

=

(19 6)t Zo] heAFE "2 DNA 227k 714
o 8,0647H9] FEH QB ER EH MNEEE AL
§-5to] 3 We B S A4S

DNAE 0|83} T2 Hofk= DNA Wi FH 3lo]H 2| =0]
o, 0|3t 2L HPHE o] 83ko 24 Ui BH Ul 3l5h
2 AIA 5 Ee ool o] E Ao 7dhErh14],

(22 6) DNA 22|7I0|2 THE 33Xt X2

[#]A}H Team Nanoscooter Braunschweig,
[&A]] http://www.openwetware, org/wiki/Biomod/2014/
Design, CC BY—SA
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—

EaLoA] Hjo] @ 70| AR ol L-2lofA| 1&gt
704 DNAOY dsiA hefFslA] dHstaion, ZH 7]
oo 4] DNAE €83 DNA A4+ Ax|2 DNA 3
FEof disiA ARkt ESE DNAZF Uie 7|&3)
ST DNA 22|7H1] 7|52 A9Ysigith

7129 YA A Aol vsf dEanrt Aol glo.
n] @ SHFQk APk 4= Qe APAI A7 %191 DNA A
A, AR R ZAIS e AAY] Eieoldt A
] ZFE S 2ulate] It wet fAHA AIE s A
S 9= DNA 575 Z121aL e ©919) DNAS ©18-

MEZ! =0HCentral Dogma) 22Xl
7ER| ©ol HH(EA, TAL HA)S Ssll DNAZREE] TEHE
2 =]
o

22 22HE0CS YA 2l A

FE(Codon) 37t 7|2 #ME F2E0|=E

t=sto] SoEzlz, A

oto] e

BP Base—Pair

BT Bio Technology

CPU Central Processing Unit
DNA DeoxyriboNucleic Acid
HDD Hard Disk Drive

IT Information Technology
mRNA messenger RNA

NT Nano Technology

NYU New York University
PCR Polymerase Chain Reaction
RNA RiboNucleic Acid

SS single—stranded
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SSD Solid State Drive
tRNA transfer RNA
A 23
[1] %1%, “GENORM EXPRESS ARz o)zl —frzizle] 2

A W= 7P AR 1) =k 2016. 8.

[2] Z3ARS “DNA ofsipadell ¢f3l =efnfelst olopr)” &b,
2008. 10. 15. http://www.hani.co.kr/arti/science/kistiscience/
316103.html

[3] A7, “Ho] u” ARdx)2%A, 2014. 8.

[4] ©]X¢, “DNA 1Gell 17B dleJe] #1422, TechHolic,
2016. 4. http://techholic.co.kr/archives/53228

[5] SH=ITAMIZAIIES], “HloTHAlE] 28] S-S $Igk 7 iz
73 ATFAL WA 15-318-00, 2015. 10.

(6] 2=, “To] A AA] DNAF A 2401” A4, 2015. 3.
26. http://www.hani.co.kr/arti/economy/it/634076.html

[7] “DNA =], o] # viA| gd7ke)” 2017. 1. 21.
http://biumgonggan.tistory.com/563

[8] 213, “[IF] A4 AH H= DNAZF- o}l gAle] ARE
AR 2248, 2016, 4. 30. hitp:/news.chosun.com/
site/data/html_dir/2016/04/22/2016042901932.html

[9] 94, “DNASAFEIS TH=C” TTA Journal A379 |
2010.9, pp. 20-21.

[10] 4158, “DNA 7578 719S ol8gh 25} 24s} A9 3
A FEARBI =, Alediah, 2000. 2.

[11] S. Fisch, “Biological Transistor Enables Computing within

Living Cells, Study Says,” Stanford Medicine News Center,

Mar. 28th, 2013. https://med.stanford.edu/news/all-

news/2013/03/biological-transistor—-enables-computing—

within-living—cells—study-says.html

A, “DNA Uie 71 2 2Alle] 7129} AERsH, A9

3H4 58" BRIC View ‘&% 2|35, BRIC View 2015-T02,

2015. 1, pp. 1-12.

(13] 3%, o]kk, “DNA Qel7p] the 715" 71A1Ad, A6
AbZ, 2016. 5, pp. 39-42.
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