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Next Generation Sequencing (NGS), A Key Tool to open the Personalized
Medicine Era

Sun—Il Kwon

Department of Biomedical Laboratory Science, Daegu Health College, Deagu, 702-722, Korea

Next—Generation Sequencing (NGS) is a term that means post—Sanger sequencing methods with high—

throughput sequencing technologies. NGS parallelizes the sequencing process, producing thousands or

millions of sequences at once. The latest NGS technologies use even single DNA molecule as a template

and measures the DNA sequence directly via measuring electronic signals from the extension or degrada-

tion of DNA. NGS is making big impacts on biomedical research, molecular diagnosis and personalized
medicine. The hospitals are rapidly adopting the use of NGS to help to patients understand treatment

with sequencing data. As NGS equipments are getting smaller and affordable, many hospitals are in

the process of setting up NGS platforms. In this review, the progress of NGS technology development

and action mechanisms of representative NGS equipments of each generation were discussed. The key

technological advances in the commercialized platforms were presented. As NGS platforms are a great
concern in the healthcare area, the latest trend in the use of NGS and the prospect of NGS in the future

in diagnosis and personalized medicine were also discussed,
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7} Z]iElo] &8 ddoltt, wEoste] g
NGSv= &857} =& Floft}, Ealdxe ¢
71o] Eag & At = ol 7)o WA %—Ol
Ao At 1E&9 NGS7|&=9] &
NGS 7171¢] 9e], 7,54 & 4*175@
glste] A ARALS] o]l E Faat ?{?D}. gk Qo
2 NGS 71717} 2] 2lkziated ol 282 Aol ofs}

of arzsf Bt

Il. Sangert(chain termination method)

=z AYof(Frederick Sangen)= ol w2 A) 8l
FAASE HHE Q=24 DNA 7 IMdRAE e i
B}tk (Sanger et al., 1977). Sanger”} 7135 DNAS 714 &
EXHL dideoxynucleotide (dd—nucleotide)E ©]-&3}+=
chain termination 7] ]t}

Sanger®] W& vi-¢- FHHSIAL AJo] Hojx H|S:
3t Al7]ef 7 E Maxam—Gilbert ¥ (Maxam and Gilbert,
1977)& A3]a w27 Bg=Eglon 259 e WiHE
T o] WA HE/EEST o] 7<= DNA &4 7]
ZHDNA polymerization)ol] 7125 £t} A EE4 tj’d<l
DNAS] ©d7ter 2217} 8 (template) 2. &
Fo) AuAel ge emnALE I B9E AN
317] 918k Zefo| ™ (primen) 2 ARSI} DNA S3RES-d
4] 2’3" dideoxynucleoside triphosphate (ddNTPs)7} Al-&-
A H(strand) ] o] 28 Ht} dd—nucleotider= A4}
Al FEE LB =9 Fel rbosed] 37 YA = FAH]
(—OH)7} H7]2 A|#k5of 3lt}, 77441 <] DNAR-/=H7 ol
A ddNTPs'= DNA Alzol] A = It} 121t DNA AL
£8 Eo7kL U ddNTPs= B9 37 9| (T w2 dl e
| =7} Agtsfiofdt #he])ol OH7|7} §le B2 T o) tha
nucleotide”} ZgtA] &3sfo] 2174ME-g-o] F4 €t

oM = a7kAe] Z217] B8 Aldde ARSE 7t
A F o= DNAQ] A AJR0] = dNTP (dATP, ATTP,
dGTP, dCTP)7} TG4 o2 Soi7} k. 22| Ao
= A2 2 ddNTP AR 22} (chain terminator)7} 0]
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1014 3+ Al@Toll= ddATP, T Al@ Tl ddTTP, T

Ao ddGTP, thg Aldddll= ddCTP7) A
"/} Uzol| HE& &l 3] $18te] dNTP &
At B primers WAFs 22 FA|7F Holok &

i

o

o

._E lo 1:1[0 %o
r°l'
_,d

St ol & ¥ G AlfFtelle ddGTP7} 23 o] AlY
BolA] W17 Zzke] AL ddGTPIH A2 AT
alo] gH4Jo] FAHL, dGTPE B0 2 GArelol 5
o7tER BE GAglol| o]24 02 ddGTP7} £ 5 9l
0. o] el S 21719] DNA AR S RE G
A B Hle e GAE Al oIS W G} 2 st
= axE 2 5 qld

o|9} MR Z AN FHAN = AEY TR BE
Aol B o, TAIR M= BE TAK oA
CAIE RN = BE CAH A EUHA Hol, 2 A}
oh d7e] A= Zol7} thE DNAZ} RhEolzit), vhg 5

Z} Aol A] DNAE H/AIA A2 SdE ohadst 714
o] FYPLZHE Hojx oA st A, T, G, C 7 7] wt
SAIAHAT T lanedl|X H7]Fs -, Holol| w}
2% DNA ZZHES A7WAP (autoradiography) © 2 7
Zit), S A, C, G, T 2 laned|A] § Aol w}e} o] &3k
DNA 27}}] band& 2|2 ¢12™ DNA Q7|4 ES 24
% % 9l

>

0{1

Il XEE3E AIHA 714

%2719] Sanger$2l Whgo=Z AAdE DNA F7HE
polyagrylammie slab gelol|A] A7|9dFo2 Eelstal WA
o2 elojlle e wE Fsforsty] whitdl Z2to]
A Bakshm ARE mE o] ol 22 HUAT FFEA
2 =JEkaL(Smith et al, 1986), LAF 7] 9%E(Dolnik,

109 AFAA g BAL RRAoR AFAIZ
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1. xS3ol = 71&
) & labeling
Hzo| Assle Q7GRN Azl FREAAE
ARERFO A Ths s AT 450 3ol ME e FE
AAE ARERE O B A] Al WhE-o] g FH oA o] Fo]A]
1 A7) E i o= FEsH Hdvk 3 A (abeling)E
—‘H?‘fﬂfﬂ FF=2E £ primers ARESY, FR=ES
£-9] dd—nudleotide(]], C: blue, A: black, T: green, G: red)
E AREEHITE FE o 2 Tty o]F 7t DNAE
R AREE St v FHOA A, G, C, T 22| v
2 AR F U AIRE B 4]0 8 laned]] ¥l
st} 247] o2 F3E2S 82l dd—nucleotide S A8
785 vl 7HA §heE shke] FHE WelA Fadtelx
A7 952 AN & AN dol4E 2Askel 1 A%
= AY7h= DNA w7h sk &35 A3 34
Th AT, G, G Z47] o2 3] 335 WL 917 wiizd
A7 G AU E o Hrt, 2 Er) SEEE e
W2 Agkebd gk Hell oF 500 7171 31242 4 JkH(Smith
et al., 1986)(Table 1).

—

A719E=

=7 7)1=38H

2) ZAIE M7 |GS(capillary electrophoresis)

A2} 2o Algho] Al W (slab) gel A7]19E
2 MAZ AT Al ZFY o] AFF R o] Fo | S=r) w
2 A (capillary) gel 71995 0] YA 22 o] 2}
&3}Eal sequencing®] TS WA Aok, A
7} 967N, 3847 To= WHslEWHA Hal solut 24
b b, Sangerd ] ol ARG5S AHE ]
e o] 2H538}E ABI Prizm 37003} & 71717} 1990 d] B
57 AFEPEA A EZgAEe] Zggo] walxt)
(Table 1).

ofl .1}‘7‘

Table 1. Xts3t AlEY 717[0] =¥ 7=

EQIE = WM =0
FFTA (712 Sanger  WHSI A D35 (reading) o] 7HHSHE
Hell 429 1}71"“}71%‘3 (autoradiography) -7
=l
A A7 E B A7)9ES diAlske] 7719%
&

N
0>

HESHEl AHS3E AR E|

{22 Aestd AFA7IME SR EE Applied
BiosystemsA}7} 19861 Z A8k ABI 3737211 Sanger 12
9] chain termination Ygjol] 4%2] T} FF IS AL
atiet. veoll At Ee] AAlE e s 71 de] Bad 2
g Z 3h}¢l ABI PRISM 37002 2447t AFgo 2 -85
AE st em™ BAH H7] 955 AHE3s vk Applied Bio-
Z37] A7 £-4A AFdS 3yE}

© 2 31 A|EAA 7]7]17} A

T

systems, home page).
= 59 F2 Sanger HHE 7]Hto
b=

A7) R 7] e om FrE

oA Aol £ow B 2

535 5
243t 97199 24 Aol

SR AT AL, A8l S DAl B
B 29 2R71%0] £Yslo] FRES Ho HolF 2

B 7t F202HE A% DN
A7 g AA whSAS Al BHE

A <!
H=ZaR
TS

h

ol 719kt At A58t 77 A=
=

q
So] 7Bt Ylth(Kong et al., 2012),
Sanger W4
ZZAEN H2 TS
gl ko] FA S gl AR 0] 5238t o]
77k Holl et A7IME 23 AAsA e 7 T 7]
=8 2lo] dA|H o2 o] Fol T},

IV. NGS 71=2| 7H%g

A AFMHAIE Y 7]E(next  generation  sequencing,
NGS)olgtal A== 7S Asst2s AAY 71
st NGs= o|H o] A Absst 71719k FdstaL, o] %
o] &8 Next NGS 7]7](ZFAAIH, S A3A|t] NGsz}
AE E¥)et wE Esty] ffste] el o] Folth 9
M AvRt 27 AEE17IE 71 A AEdds Bekar

o3 711e] HAAE W] bk vlgo] Bl B9
o}, olol wet Aele] #AE A 18l sequencing
@ 5 9l G792 7o) o] BAsH ashen
olefat £AIZ W] Slate] WEol Hu gl B
g 3| G, Alkke] Bol ase H4E
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ol thko = A2 4 = o] A=At NGS
=2 FATle vEES FAlYl 483k multiplexing
= A2 ko] sampleZ % sequencingS 7}
EE 7hA g}, o & Ql8ho] next—
generation sequencing(NGS) 7]&o|gh= -&o]= o| {3 W
W& A s LubEAE HAth NGS M D4 7)ol =9

7l&2 A 7R Yol E 4 itk (Table 2).

Table 2. NGS 71710 == 7=
EQIEl 7|&

WM =1}
glo) 1 2] (library) T34
AA, F2d B3 AA
FAl AR e 228
Faste] a8 P
AR A79%E 2 AA

2 S (clonal amplification)

= (massively parallel)

R R R e =

X QAAH (1] Sangerd) (base/
color calling)

Fclone d= AL =3} 31} Sdnger Hog
’\]‘:q < 3™ 9F 500 °ﬂ7]”‘<}/] Hol& 71zl
subclonmg—— EEHH 4
% cloninggt 11]-—— bacterlaoﬂ/ﬂ ZZg|olsit) A=
S HAZL library 733} cloning 342 25 §l
AE HIE AH3] g2 dy o2 A& vy Zefo]
o]-&3to] PCRE HIE FE3tea] FF cloned AU
o|FA FHlE Fd
DNARHS] #714%0] AL shorgun A0 )
FAA19] Q1 2E Aol

(=i ""é(massively paralle)2]-2 =3]35le] ¥ =
w8kt 9 cloned A7E tiehs] WolA o] & w2
THIBHA Algke] Hol Ag Hth FH A rINEAEE
°]°1LH": J—q_qu,:_ ass mqgab /\17_}6]— ;<-]]—Es]— Q9] o] =]
o}, FANHS] o2 doned i3 E(massively parallel)
WA 02 Aelahd ARHE 718082 G384 Qi)

Hs Hojd 22 A7 g A 42l cydlic
sequencing®] =4 =i}

Sangerfj 0 & A st A719E S o drIM g A
£ #=5% & ot HARE AV9F S llr] 4

vig
0]= clonal amplificationo]g} H-&

¥

o>
o
il

e

il
fll

Sangert
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sequencing B9, Z17] T} & &Bags B2 A, T,G, 7 =
e ol WEHE YN E e W, 1o S
< 21 oligonucleotide ligation®. 2 A& ¢l&= W &
o] 2
1.NGSof| Al=2E 7|=

NGS7h s A 4 714
8] Aol u e e g,

A 7HAIE 24A

1) 2okl £ cone ©7(E2EZ(clonal ampliication))

(1) ol'dA PCR(Emulsion PCR, -5} PCR)

o] HPHL RocheAle] GS FLX$} Life TechnologyAle]
SOLID 5500A] 2] 0] ARS-E|S1th, o'H 3 PCR2 7% DNA
= W3} (fragmentation)dhe] AL FEA| Q] DNA library
71E &AM Ze FRY HER IHoR A
(separation)3t TF2- o] Z}Z+e] DNA TS FEl(emul-
sion) QFol|lx FE3H7 sho = Zhzte] Tl T (single
fragment)ol] gt FE2FZ(cdlonal amplification)= 3Fc},

71EAES A& Ao WA] PCR AleF, 3H& PCR primer/}
EHol| 2% v]AH] =(microbead), DNA library 5©] X
@R8I @ B ol 29 9l ¢

A (water—in—oil emulsion)-& T

rulm

Mt oo
o

ozl frET o
DNAYHH | &+l microbead ZL2] 1L PCR A|2k& 35317 &
. @Ate]Z(thermocycling)& A1 aHHA o] o'd7d ol A

ADNATHHAL PCRE FZ HtH(Kelly et al, 2007), H]A|
Eoli= 8k primerZh A H o031 7] wltoll FFo] Hell
2} S DNATHH o] wiAH|=9] FHd| 5 24
o}, o] shte] mlAH] ol whahte] T DNATHH oA

frefgt DNARE B0l QA €t} o] FA| S35 signal-& X35
3l nAE|EES U]/‘ﬂﬂ—‘—‘ﬂ wello]u} sequencing=S €3k
713 9ol FFHA o &2 2 Fdate] AT v o]oj A=
A7 d 24 HJ%—% ST} A1, 2008; Roche, 454
home page, 2012).

ELEr:L_.VL
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(2) Bridge amplification

MuminaAle] Genome Analyzer®] -9 -7 DNAO]
A Ao Z7) @3} DNAe] adaptor oligonucleotideE ¢4
ANZ F o] glass flow celle] THol| a5 H T
A H primer (adaptor sequence$} A EA) ol T3} H,
o] ZJelollA PCR AlokE 7hstal dAitelEg Fshd FH
o] EHo) 243 free primere] I E DNAZ} 758
A HA] tFE2 29| adaptor’} AEsEe] SZo] Hr} 34
< 43| Z3lH TUDNA ©@o] FhHo g Fe|rt &
=of Hx shte] DNA T oA e cluster7} &4
t}. o] cluster= 3L}2] DNA T oA 7|8k Fd3k 39
A¢l clone©]™ emulsion amplificationol|A] P AH] =2} 7+
& oggks st} 7|e$]ol clusterEo] FAEH v &l
of| A& adaptor sequenced]] 5-0]22] sequencing primer2}
sequencing &4 0|83} cyclic sequencing 85 Y
Sk 4= e} A1, 2008; Tllumina home page, 2012),

F,

2) = (massively parallel) sequencing
o Wile $AIRARe] DNA TS A1) A2l 5 9]
el ole}e 22w, of ¥
7He] SUADNATHH (sigle DNA fragment)& 332402
2]k v 21 #}2] oM (in situ) EES vFE FZ(clonal am-
plification)3t A G714 &4 A& gt

RocheAle] GS FLX9] ¢ WA emulsion PCRE 23}
5 7)%bol| ZobA] i Eektt. & emulsion PCRE -3l
HHo g HYRl mARI =S rlAVFE o= AlxS 7] 9
| A= S picoliter reactor wellol] &31F loadingdht},
St reactoroll= dhto] WA =RE S07HA] well®] W
Zdo| AA AN ZF wellE FHZ Q] FUADNATH FE2&
743}, o] well &ellx] Zt Tl thgh 714 E AA o] ot
- A9 cyclic sequencing® 2 o] Fo{FIT}

MluminaAle] Genome Analyzer®] 73-%- 7132l adap-
tore} ZFE A1 primerE TAAIA FhTh TUDNATH
< adaptor®} ligation A7 & o7& 7]@f ol FEgh 1t
AL T3 primere]] EA4J3}3kt}, o] 23] ollA] bridge ampli-
ficationo] dJUHA gk & 1 zbg]ollA] the A2 cyclic

sequencinge] AolubA| Sk, 5 o dulE 2%

2

&I Q71X EEA o] dolof dojuA g,

Life TechnologyA}2] SOLID 55004 2] Z ol 4+ emulsion
PCRE F#H cloned f2]7|3 flol 2Hg tAc s &
23t v A7IMES AAIHAHT A1, 2008; Pareek et
al., 2011).

Sanger HHHE €hjsh MEME A7|(Cyclic sequencing)
FTEE GAS FIPOFZ ARt NEFRE At
NGSeA= SangerHollx] &o]ato] 2hg-7]15 o] thE Al
2 DIMGEAAUNS ARSI FEoll 2AH 27}
7}k mononucleotideE sh b EolwHA 1w v}
signals =2]8}8t 0 2 HEsh= Whgolnt, o3& vt
ahof FYP3FER cyclic sequencingolgt gtk ¥HE-S ¢
T o 2= FESE3] HADNATH cloned AFg-3Hc}
(Shendure et al, 2008).

RocheAle] 454 GS FIX9| 79 G7IgdAAHo =

O A

pyrosequencing2 =3}t

Pyrosequencing2 DNA  polymerase”’}  nucleotide
monomerg Y W APH= odlikES Blow Héls)
o sequenceE §loJUlE= 7]&olth, ¥HgolA 42 single
nucleotide @] extension©] o] Fo|FHthi= F 7ot} 4714 ¢
dANTP(A, T, G, O) 218 0 2 Yo} vkg-A]7]aL Aoy
V& s Eihikgol 4l vt 9 MRS o
71X S dobd 4= AtHRoche, 454 home page, 2012),

HluminaA}l2] Genome Analyzer HiSeq2] 74-¢- 3% tag
DNA W& ARg-gttt. W] 7FA] dNTPs(A, T, G, C)ell 2}
7] &2 FB-& tagdlo] A2 gl E o] E0] Q2+ nucleotide
5 7= FEalel @Y ARE dol B e B
AR o717 Aol dF tage A7 = o]okgh(Illumina
home page, 2012).

Life TechnologyA}2] SOLID 5500A] 2] Z 4]+ ligationS
ol-g3h= W o g A7 EE AAgl. o] 7)7]elx = I
A 42 T T N I itk o) e wus
7] Wizl G715 St YoM AL wr) molxvh (7
A1, 2008; H, 2012; Life Technologies home page, 2012;),
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Table 3. CHEXQI NGS 7|7]2] EXl(Pareek et al., 2011)

71714 454 GS FLX"

Genome Analyzer HiSeq® soLD”

S|AHH Roche

Mlumina Life Technology

S E2ZZ(clonal amplification)  emulsion PCR on bead

H}A

solid phase bridge amplification  emulsion PCR on bead

o
Z2E(clone)2| S7HA

2| one DNA fragment per bead

AT

one DNA fragment per cluster one DNA fragment per bead

713 919 -2 pico—liter
reactor wells &4, bead 34
o S0z

S

(massively parallel) 2+Al

glass flow cell 7]2-] || primer
7} w2y, elNadHe] 23

T 5 Ia=E

713k glass slide $] bead & &
A%

A4 ]

(base/color calling)

pyro—sequencing

sequencing by synthesis sequencing by ligation

lead length (bp) 400—500

—100 =50

MM IMEEY alignment of short reads

alignment of short reads alignment of short reads

2. EXQINGS 7|7|9 EF

QoA Adrget Al 22 NGS 7|0l 7ol w} <)
H Alz=ElEo] B =tk RocheAl= 20071 454 Coop-
erationAFS $HHS}AL 454 GS 7)2F8 FLX model sequencer
(454 Life Sciences home page)Z & A8}t TluminaAli=
200613 Genome Analyzer HiSeq (Illumina home page)E
ZA|8}3L, Applied BiosystemsAl= 200713 SOLID (Ap-
plied Biosystems home page)ZS X} 2 ZA5}ItHTable
3). Al 7}FA19] platform-2 &&= B34 library 753
S29HEE I3 HeElal FEFFV IS MY,
g7l o= A2 5 = o8 B2 (massively
parallel sequencing) 7]%-& ®3}$1. 2™, cyclic sequencing
< 531 $4415.817](sequencing by synthesis) 2 714
oS AAste] Mgt A7 sHAdS #E ZE 717171
shotgun W23 ARg-aFe] 987l &2 readE ZAFEIRE Hf
date] THE TS Zol MAE dshs gareEs A

|3 21, 2008; H, 2012).

V. Next NGS AlHAl

172 Next Generation Sequencing

&= (National Human Genome Research Institute, NH-
GRD®] A7-A| 7} oA 7]#e] BAHS] =08 NGSE
Holde M= efek 7l 9] Next NGS 71717} 7l = 2
ATk, NGS thgol|l 57dat= A= Aldie] A8 7171+
34 NGS2RaL 27 gtk A4 NGSE #-2 off 1A4|Th
A17ge] glo] vk= 24 NGS, Z8]aL au-5-5 34theh=
B Alge] o] REskal vk Wol Fa Qo). e
aho] Haro A= T NGS thiroll 57838h= 7H=E 7171

=& Next NGS=} A5l

1. Next NGS 7| = (Table 4)
Next NGSOIAM = FFo] glo] GUDNARAS AHE-31o]
of2] 714 thegk o2 71N GBS Yol 7% =

A=A,

>

Table 4. Next NGS 7|7|0f] ==l 7|

ERIE Vs W 2ot

GUDNARA} T8 2 5Z 7]
A71AENS o Aoy B Al HERE S

AR Thore A ALE (AR, Y,
S0l %)

1) SRR} AR (B2 T M)
NGOl A8 WhEolA CopFhiEt 95 48

el BUEE A Yste] FYo| 58 FE
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oo} 517] wjEo] WADNATHAC B WA FEZES 3]
oJt}. Next NGS 7]7]o|A& o|gjdt shA| & FHalo] =

o] glo] &< DNARALZRE HlE A2 3
DNAE 122} 2 §h-gA1A Arge s A
o} Z22jete] PCRE sl= EE8FF AN YEr
= oot Bl FHEAE gt A8

AL 197 2o A7 GEH £=E UF 3

At (Pareek et al, 2011).

12
iy
o b 212 )
Mo 5 &
o3 N I

e F
o
]

2. Next NGS 7|7| 2| EA

Heliscope single molecule sequencer= %2 TFADNA
B2l AJEAL 4831471 7]7]0)™ (Heliscos Biosciences
home page, 2012) true single molecule sequencing (tSMS)
7]zl &3 PCR DNA 535 31745 A 2hstal DNAS 1
WAL e el A R A AEE A A DS eloldlnt. 717
20 & DNAZ A3l & polyA A12]Z £-<] library S 7Hs
3L, o]& flow cellol] F-2Fslt}, 1t}-2- polyT oligo nucletide
o] £A43}1]7]1 3, parallel reaction© & cyclic sequencing@h
o} F¥nudleotideE 0|83k A|H/] WHe] el NGse}

W3k Aeust 4712 ¢

AR 71e7e] SS9 B3E 5
HADNARALE A5 2 AMg3kaL, FAdot Zaful
RAAEE A5 A71AR 215 2 uptolA] nudeotide s
AR glofl= Zlelth. 771 Hulgh deeslete] A3 o
TREAL, 7HEH] 8-S AokEkS Eofx] H kA7) aLA) gt

ojlltH(Pareek et al, 2011),
o] glo] W 7

35 Bl

A T TFstERle dE
Pacific Biosciences2] SMRT 7|42 DNA 1 A& F

1 7|npet Ay st
HFS-S 33 pulse WslE 7AZste] AX7oE 9714
S ZA3t}, 2]l Oxford Nanopore A]#A]

& ae] ofsf &zl skl A717F pores EEE

rir

FUsitt, GHe AHgstel Bl $EN Alofel Pasha,

o] ohtwl FFEA}
ERESEE

= oln|AIE Aeldhk= oM 277t A & JTHOzso-

3 lac and Milos, 2011; Pareek et al , 2011; , 2012).
= Pacific BiosciencesOlAl= TADNARAF A|E7)S 7h
3 o 3312 SMRT(single molecule, real—time) 7]&%2 &8¢
Sake o AR kel @ @ 2ol DN FeHEL) A
iy FrloQlal o] XolA FIHDNATHI} AJAA] vhe-S o
o7)3 AARIe R ¥khg-S BAgte] A7 ES ¢t

[e)
o
getete] d% pulse’t SHEE
SAlat 24 AlEXAH CCD7 2}
Z AF8-3lcH(Table 5)(Pareck er al , 2011; 9, 2012; Pacific

Biosciences home page, 2012).

Table 5. Next NGS 7[712] E4
Oxford Ion PGM”

717|H SMRT® Nanopore FRET® Ton Proton®
Sequencing® sequencer

. Oxford .
. Pacific Visigen
S|AIH o Nanopore ) Iron Torrent
Bioscience . Biotechnology

Technologies

CH2IDNAEX} HHAl o5 yes yes yes no

cyclic sequencing 045 yes no yes yes

by exonuclease,

by polymerase

HES 22| by polymerase by nanopore with donor by polymerase
AREE e
7| ML E=(sequencing } i} }
= =21="
) by &34 pulse by current by &34 vl= by release of hydrogen ion
detection) &t voeep Y v e e Y vees
SHIUAE0{E yes no yes no

0!
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Oxford Nanopore sequenceri= TFUDNAEA} A7 |
o™ NGse| 321 il AF/E A7isE de
t}. o] Nanopore sensing 7] 2152421 <2l nanopore

= ARE3IT}, Nanopore: AF7F 25 527} e,
nucleotideZ nanopored] FIA7|H AFEES
W, A, T, G, CY 7}4] 997]19] nudleotides= 212 T} & HF
SEE Bl o] A9] W3k o] 8ste] AV ES AR
St} Nanopore TH AR Hhof] AXA] T==H| poreE
gl dhlae A4eiA o] E3lt}. g—hemolysing Al E
oA o] 23 FAEE TS sk, 2 Al (heptamer)
Y7 o] 1nm= DNA 4013—1}9% ze
o]0, s AEs o 2 24S slahH EQEAHDNA)
2 93k A (sensor) & o] 71t} gl nanOporeﬂ s
A k=l QAW ZFAY] nanopore® LA AE] (solid—
state) nanopore’} 7JFE] L It} SiNx} SiO2 = vHE $H4
2ol poreg ¥HETE ooy Mz o R 7133ly] uli
o w9 FusHA FAF 2 BtE 5 Q. 5o]Ads Eo
7] ¢18l @ A3} hybridA |2 %= 912 ™, graphene® &
< Qs FEI}F Eo

A7 2422 T3 oA DNA §Ash= Al & ke o

F3 9] nucleotideE Awhale] G2 nucleotided] &5
[e)
=

= ¥ protein pore®=

—

o= exonuclease sequencing®2]o|t}, Nanopore

]
]
7121 g—hemolysin #A}9]] exonucleaseE AEHA| 7|3l o]

0 A

= cyclodextrin®l] £t} exonucelase”} 8 o4 nucleo-
tideZ APl o]Z o] poreE B}l AFEES &
o] o2 wafate] 2+ 47|14 DS ot} Oxford Nano-
ST} Fgoln] A A2y B
FE gl FAIHRI 247 ] Al ol Armay chipHlg]
£ o]-83}7] whEoll high—throughput systemo] 713tk
(Table 5)(Nanopore Technology home page, 2012).

EBAEO =

pore sequencers= PCR &

Visigen BiotechnologiesA}] fluorescent resonance en-
ergy transfer (FRET) 7|9} 748 TFADNARER} A|EA 1
2ol A &F nucletideE o]-83le] F8 o4 DNAZS 9
A G715 ¢ojdlit), DNA polymerase®] donor &
F BEx= yaslal A, T, G, C Z+ nucletideol] A2 tf&
9729] acceptor FFAAE F215F4IC) NucleotideZ} 4
o] T o 7 FFEA HIsH Hol oluA7t

—
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donor #2}o| A acceptor BAFE o] A H}, o]we] fluores-
cent resonance energy transfer(FRET)(Selvin, 2000)7} o]
v F2s7 st 4718 ¢S 5 A dck(Table 5)
(Pareek et al, 2011; A, 2012).

Jon TorrentAle] HFE=A] AJEAL Ton TorrentAH(Life
TechnologiesA}2] Z}3|AP oA 7REgE 7] oltt, REEA] 3
oA B o] o] Fof A F &of] wello] AL =R FH
=Holglth, 7] k2 & DNATE 2] € T welldl] 0]
k. ZF well vFE o)+ ion sensorE ol AT HIIE ol
TH(Pareek et al, 2011). NGS 7]7]x 3 HA] beadol4 PCR
2 FYE S5t ZF vz id 8-S FH|g Cyclic
sequencing 218 Wkl A, T, G, C Y] 7}A] nucleotide
E 22 Yol FAIurE-S do 71t} NucleotideZ} DNA
o SeEo] Eold uf FAEE WEHE Fholg A
71WE 82 F2Ete] Q71 ot sdg A7t v
e avkE 2 AT FA el Jd g3 AR
s} ggo g v} & Tjrxéol 5'—11:* A A= o] Zn)7}
S AL 2FstE I ¥ dagiAlEolA Al
oFH|-8 & thH ﬁﬂﬂoqr/]' PCR DNA 535 o33 dQ
2 3z ol NGssh BUshY, 38 ALAZCR: A
ol =7 H7FE= Next NGSO]‘jr(TabIe 5). “3-83td Al
32 Ton Personal Genome Machine (PGM)o]™ o]o]x] 7]
28 0 2 Jon Proton sequencer/} LFECH A|EA HEE A F
Proton I chipolli=wello] 1,6597) 13, Proton 1T chipoll&=
wello] 6,697} JtH(Scientific America News, January 10,
2012). Proton I chip& ARESHH 217F 7558 24171 vhol]

1n

sequencing 317 EtHTable 5)(Ion—Torrent home page,
2012; A, 2012).

VI, QXK SHEI| ALRTIGH

= [Ee)

A B o] ARS-E AL ) NGS/Next NGS 71d 2] 77
Al =7l 2 g3t 29 77 FRE & 5 3l
1. HEY 7UA o =| &

A AAY FAA SE Zoke olEaL 3

rlr
N
N,
ol
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NGS 7)< 7|8 & HiSeq (Illuminai}), SOLID (Roche
AP), 454 (Life TechnologyAh7} thE 2] o]}, 44 8j=7)
71 olelgt XA E AR AAIH R FEE o]
Aom IF Mluminaite] 3= FHEo] 71 Wol HgH
Ach(iu er al, 2012), 71E2] st tF A|AA = ]
7} ai7tol™ gigadllA] terag &2 A o] lojA] e
2 st gttt & NGS gu|= Ad3] it
olm Zu|e] g7} FA| Hopol @ H|o] Fejxfolo}
3ot o83 NGSQI Tlluminai} HiSeq 20002] -9 71713k
°] US$654,0000|H 7F&H|7} &, o] & 7)7|& F2 4T
g E4/94 AdE 2k it A Ay ARl
A A B2 A FGA oA F2 ARRE AL @) o H(Quail et
al, 2012), A2 ofd] 7IA] AFZ2AES F3s=d| 5

#7419l 98-< 3L I,

o] 4], 0|5 "Hol& & U= 22 NGS/Next NGS 7]7]
7F 2011 Aol Tkt o] HH]E2 data Ak
G 71710l vl3) Hrjgte 42 vjgos fA YT
w2 ek A Bt

S shaL, AlE7d& ZHdst

TR ZHATt] &gt A7)l WA AM8E}]
of Agate] o] SolubHA AREARES] A57} 545
L Sl

olgJst 7Ide] 7]7]& Roche’} 454 7142 #-83F 4~
3157121 GS Juniorg 7H¢ WA WEQkTh 103 Ton Tor-
rentA}7} Ton PGME A3+t Ton PGM¥} Ton Proton
sequencers= BFEA] 7|3 Fiole A7RAEAE HE
wWrlo g #57]7] AA7E 2FstE o] olgfet 9o #
&gttt HluminaAbol X & 2pALe] thE 8=7]<] HiSeq
o} AR 35S 7HARAE 8AIRE Wl 34 a0l
7Fsgk 2%717] MiSeqs EA18H4ITE. MiSeqe 717]%k0]
US$128,0000]t}, Ton PGML ZH] EA] 1US$50,000, 4B
US$16,5002 7|8} 24 w5 F 3kl A] US$80,000.0 8 TS
AHattt, -gu8 % 13] 4] 7hsu|o] Aoz v
& o tHQuail er al, 2012).

2%7171¢] T2 HRAL o] 2 DNA A8 9] 1YY

A Yot 2011-2012d 9= S s1%7] A%
oA] Ton PGMo] 7} o] HFE[Qth eSHelA AS
S 317] Y3t 2F platform?] Ton Torrent®] PGM, Pacific
Biosciences?] RS, Mllimina2] MiSeq A 7}A] 7]7]& o8&
7171 & 78 thEA <l HiSeqs} v A= Alsg A4 21874
A vl Ett, Al 7FA] 2% 7]7]= GC—rich, neu-
tral, ZH|gF AT—rich @ o] Azl = o] kg
A7IME RS ALtek ot 2oy S41gE AT—rich A4
o WAL Ton PGMS] S Hrbrh migsk o), A
Mo A Al A RS e AUAE et

(Qualil et al., 2012),

AL
o|ZA oFEe] RG-S FH43ls)
&= Aot

9Fo & NGS/Next NGS7} %1 ]
A EE Al dlolEls o Xkt JH]l Bt o3t <
Toll A Ao R ol g = Hgolch A v Mgk

Ay, A 5 RE B8] 21ke] i DNag) A Y
1 9

S
X
N
ku
12
o
il
it
2
o

sate] AAl A s TS W Welel A
avE ATD ek, T3 APE o8 AL NGSE
G BApel A B3 ASehel A2 AR ol g

o] W7} 3 AEAeHLink er al, 2011),

T oM = Agtfstug oAl NGSE o]-83fe] g
o] MHAZ FAYH/MAY ZolddeS Fxlete] B
alolth. AA Al e NGSE S0l S ZAle}e] o
2Rl H-21 5 Zro} kst Abgl o] th(Lim er al., 2011),
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Auojstag Aol NGSE ol83tel £44 W 9
Q) HAE AEIAALT. FEHAAE B A 60
AWk At T1Ee] AEThEoRE bEEn we 7

of fAHI aTElo] 70| Ao Aol A go] ofel
Aok = Felel FA RS Nt e AsE
Aol Aol g hel A} vlv|stelct.
A AlE ZARRE NGS 718 =Ygl ueh wE ¢
FARE FAlo] Aol B Ak I 5 QA =g

H(Baek er al, 2012),

Hy

1

A4+ 4 (Broad Institute)9} & ‘H S|
S} Aol thulsl A 2ot
thEa H 2012,10,11).

oz ZNE gkEolst Altfofl= NGS/Next NGS7} &Y
AR =72 A E FA dt

20110 oF 309] & FRE 7|E3 A2 AJ[EA Al
F AL 20160l 669 2] PR o] & FoR o=
Foh, NGS/Next NGS H| B ARFE A2 A 7.3%= 4
AL, Al Au| 2= A A 200 SRR 7HatEA] A
Astele} oA ECHBCC Research, 2012 March), & k0 2
NGS/Next NGS A4 AH)7F Bz} AT4AZ §A B
w31 M| 27} S Ethal B Aol
A -slaL 2148 NGS/Next NGS 7]7]7F @o] vhepa] <]
, g wopellA o m A AREEE 4 QA H A
E3] 2% NGS/Next NGS& 7HAAT f-8Ao =2 B

g B34 7}5Ao] =t} E35] lon TorrentAle] AEF&
@t 7 Helgto g olsley], t=A] PC (personal
computen)7} FFE AAH, AUAA L7k d NGs &
H & oA E253the BS vt 5322 A7}
2% NGS 7)7|= Eolz o5 Aoz Helt}, &
3 NGS/Next NGS7]7] AZGAEE Ao] H AiH

|

ol 485 FH|skaL o).

D{N'
{o
o

Mo

e

ol ¥ ANHMEL A Alme] IFE T2 Y
3]& targeted sequencing®|u} P AYE2] Al o= &85}
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7]

AV
H 57] wzo] ko g WA Mgk B

2t} 54780 AR} 57 okl 3l
o

785 1A A & 2aglol &

>
|

P

)
)
ol
o
=,

Apgalol Eoh, WeloliE U5 AAlE ekl 47
aQle BAstL O el e 45 o 2AES
AN 4= AT NGS/Next NGSe] &80 3 s |
2] S ek JiQ sEols Alti7E AE AR 2
Aol
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