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1977 # Frederick Sanger ¥ p 4% it ;# (Chain termination method ) | =% fit <5
B R EPEE S LA A A #FFT M2 — > Frederick Sanger + F]y jE i
1980 # b F i HF ok & 1990 £ d £ RFARNEAHAFEIF > SRS
RERM-ERAFE-~P AP R PR R 1990~2005 £/ 0 =f 30 mE A
R A2 A TS L T B T A B Frete » 03520 2003 £ 40 oz
32 33 FANETR R > F- RTAPENIAKLL T - FRAZERE D G o
TR B P FHE DR 2AF e LA F R § & & LA (Next Generation
Sequencing, NGS) ke 1 pr » F|¥ e Pt~ £ e DNA B 7 2/ > * tgrs L2 /B = & >
K E R R i #2 3 #7(National Institutes of Health, NIH)#75 % e & 2 B = & & 17 (8]
DM e @ b A A TS NGS $hir2 B4 - 2 AT RS & A 2003 &5 B 4 8
HEE4%31 2005851 FAt4s NGSEY - AT AP » FIod 3 ~ 2 A
Mehgrid > VR Y S FOT A BARAFIES  LEEREFTPEESRE DY OHE
Ponp o kR AT et B g R f’r:“a B e BB M ]8T R Bt ISR T F e
os NS fadHEFE 227 SR E o 50 Bk NGS Hjisenig je iz {rfI AT -
(M a 5% ¢ 2k (Food and Drug Administration, FDA)## %740 B 2 2R o A 2 #’3‘?‘
NGS HjFengh 2 mi® ~ 2 ®W FDA ¢ %8+ % 6o NGS 2 5% £ RIL{(Tay: 32 ¥ E
whe A R RPN AP E 0 fRE RO A Sehp TGS G Rk
AR R UK E=EE =i

=<+ & 2/ (Next Generation Sequencing, NGS)

NGS * i % - N ARAFFELE A4 s 2Hedh- KA ,zzﬁg@_r ot 8 g
Mkt F- RTA 2 G A RN A AF IR gl BRE X R
Bt o Fpt 4 NGS Hjirensd B o NGS ™ M H — s A XA 1% chd & » 4 B Hh B
BRI E RN AF A L A SR o TS E NGS fieh P AR A Y 0 ¢ 7 e

MBI A FES %Y cFREHE
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P PEEe DNA > MIT LB ATFIR YRR S 2 o U R A A w i B E ko2 TR
o v Jfa‘-iﬁﬁs;‘m@m AEFEREALS - ATAE S F - AT ROEFRE P
B o CHGRE L B o By 2 NGS cdF B2 fp g% o

y g \
Bom palen mllom mxllen i B0 i i els =

20012002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

B 1 % R fde2 2 5 (NIH) G - 2 AT A £ o gl
-~ F-RA

B engh ¥ ok (* fL Sanger = A% > 1977 & d Sanger 2 Coulsonr #7#¢ 1) ~ it
B0 §22 (1977 # 4 Maxam % Gilbert #73 )) ~ 2 waikd B> 5 AHATE E
78 DNA A i > Sl s $- S RBHF e ¥ - S AR OB % > T 5 2003
£ 77 BoarpR P e A B8 4L F] e 2t 4 (Human Genome Project, HGP) -

- RTRPN S BB AT ARG REFRDRAFIR I ] PR TR
MEHZIwEY > FRFPEBTFTHAAN, 2 NEFLFTARF -
4o Sanger T2 0 B RIZ A LN F REEA Y o H % DNA L HfE 0 4 w4 ~» DNA F
& p#(polymerase) ~ 51+ (primer) ~ 4 f62 ¥ 2 H pL(dNTP) » £ 2 4 fke A 4 4 » 4 %
deor - TN EE R L § ’l"'«qﬁ&(ddNTP)’H“}' v AL Bk ur‘ 7
I;jis P ML NIRRT R REF R TR A O DNA PR LB

BT AL o RIBTAF h k3 D FRIDNA B3| o 2 (548 By &
B TR PR §_ 3K Sanger A BRI ¥ ke F AR i Y kY
Boffpstd R p B FERAA DR A FRE DL TR RE R D
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TR AtgHE o SR p R AE KRBT B Dt & e Applied Biosystems (ABI)
D ATEF 3730 kA2 p B R A R TR FT F KR HE S o T AN
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2005 # Roche = @415 - NGS = A %k 454 15 » & 7 e 25 2
PR BRI R T 5 o AT A NGS RET ik A RIL IR iTikAE 0 4 &
=tk ~ & % # (library preparation) ~ #& & & 4% 3 (library amplification) ~ =& &
(sequencing reaction) 2 15 4 2. #icdy 4 17 (data analysis) & # 3¢ » 4§l 2 7% Bl

Genomic RNA Amplicon
DNA DNA

Reverse
transcr iption
fragmentation cDNA

Linear DNA molecules

Library preparation

e ——

N Adapter

e ligation
e

DNA library

Attachment to Attachment
microbead to glass slide
N
o (TEE T
™~

=
2.
§ emPCR Bridge PCR
=
f])
2
Deposition in Hybridization J’
PTP or Chip to glass slide A, T,CandG
R i .

=4 arcos ¥

|~ | :"_ Sle|ste Sle sle < i |

Ea b I b e b ey 25 2K 7‘< —;,\
5. Detection of % \ Detection of \ \
light or pH shift fluorescence

[ asaanarem | | soLin | SR
B2 =2t n pul
(=) ¥ * 2% # (library preparation)

HEFRE AT EFPRERG > P SEATL RS 2 BF TS AT

B Rggs s Bl 2] 3 Fenim B E o 0 AR S P 8 £ i (fragmentation) o 4 ¥
PRt AT E A E Y #1F (adapter) » B AR AR o
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L 8 |

et 1 TFOARY
BRXUAR RERLEN

(=) #& > 2 #%3 (library amplification)

Beo e b RS O ERIAFISE B 0 25 ¥ BRI AR Bk
(micro-bead) % 5 * % F4p 4 T o ik 741 R E pesagd £ (emulsion PCR) £ 4f; ¢
R L prsadl F s (bridge PCR) % » mi s (Fipl A F1 5 £ o 54 1° R & prsasy & ks >
BrLf it NaE - BRORDNAR S SAcI R R BRFY §F - Bk
ok o 2 PEHCSR DNA 1% ikt 6nsl 5 2 b i3 #é%’xanPCRt«
FR »BFE #2547 <2 DNA 35 A+ chilopsrc » figit 59 (5 & 3
iR - BIR) T T - HIEDTS o A i %“wﬁaaﬁ,ﬁ;\ﬁ e Bt DNA
WH SRt 4e A2 EF (cluster) % » TP #tgHE - DNA 2 5 o

(=) =& F K(sequencing reaction)

* TR T SERR T 2 T A RIZ > de £ B T5 (pyro-sequencing) i
o R EBEXAFF 4 BARKASDF PHRHYE > I REFEFRHRE
& pF o BB pEEL Y43 (pyrophosphate) » ;rﬁé ATP zrpé v s (ATP sulfurylase)ig
¥ A 4 ATP £ d 2 ks (luciferase)iijc ATP it £ » § 14 k4 (luciferin)@ £ #
Fotpjz v Rk R gd KRR ERIERE BEF BOE R E B R B
WP~ £ @ A B % o~ 4 Reversible terminator = & — j* P #E i Sanger = 0 &
BreDNA LA B XEW > R P33 2 ¥ kfEead & ’f"—l:]*ﬁ’;xélf‘r & ¥
ﬂF - L3 PR A E S DNA BB ‘Joéo\—l-f/‘ ¢ F R
KipeBh  FHMEHEPGAR TTAREF L ENLARE o TS

3 n:ez* * f & M2 R (sequencing by ligation) > ;% » B~ @R Rk E AR -

(=) #z 4 #7(Data analysis)

WEPRSEDIREFTRAE > R PEREEEL 2P R EERR
X R b e R A F) =2 ;.J ° LLLdH}'g?%,Jg 4 ;Jf;,ﬁg%ﬁgﬁaq/,,\ﬁ ’ &r;ﬁ‘d A ;r--?’F,t—},l
B gt B 7o +—\#g;ti, Ap 02 B 3B 70 #F(mapping) 2 3 #ic(counting) A 15 0 M ERTE

BT
Z AR RARINLR

1 ERA N HEPHLRE o BP NGS 7R = 70t 20 P T S i &
PloSF B RS RA T 0 F S - R BN NGS £ F T AR D)k A BB G
ERHCCRREE DR - R AR ARG 2 SRR R TR S S Ao
e @ NGS AR & P 7 FL@ A Wiz 2)3 L & I NGS % ikif g
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RehL m g TA Y R RF RN YIRF BRI R THET RERFPFIA E
Peig 2 i E % Bk llumina B3 s HiseqX & 7038 (7 - X 5y JEF F £ 900
G (Gigat R )k A NFHF A % - KT RPIFE T - X AEFIHFTHRE T 2.6 M (Mega
7 E )g@é 2 JNFAEMR I R - RTHRZ AP ERANTEEDIAEFH N 2400 ~ £
22+ > A NGS¥"% M2 007T~34 > A8 2fkvEg R ? o

% 1~ & TR Hprant ﬁ’{[z] 411 el

DNA %_& 3 ¥ 5 - % (NGS)
NP ABI Roche IHlumina Life
Technologies
FsT L ABI 3730xI 454 HiSegX SOLID
TR R Sanger Pyrosequencing Reversible Ligation
terminators
A > 2 PCR (in vivo) emulsion PCR bridge PCR emulsion PCR
(in vitro) (in vitro) (in vitro)
- F R 400-900 V¥ | 00-1000¢2 B! 36~25012 50-75(*2
## P& A (bp)
BFER 99.9% ¥ L 99 % 99.9 % 99.9%
B A& i dh ~2.6Mbp©? 700 Mbp ~900 Gbp ~320 Gbp
(bases pair
reads/day)
TAEE 24000 9.5-40 0.07-0.23 0.07-0.13
(USD/ million bp)

F4L %k © Sara Goodwin, John D. McPherson& W. Richard McCombie, 2016
R I EANETR A RE GE %FL’? B = M

BERIRA TR TR ORBIEEAA A AR fr% BERE - 9%
% P (FATE ik iR 3% (Laboratory-Developed Test, LDT) ; ¥ — P 2 5 % & FDA {%/8¢h
& ¢H 2 %7 ¥ & F ¥ (In Vitro Diagnostics, IVDs) °

LDT 245 & ¥k %5 FRmz s W DO AT HRE R DRPIREA R

5 % W LDT B % 4 E} TR sk F % % *rig i3 & % (Clinical Laboratory Improvement
Amendments , CLIA)i Fﬁ K B4 12 & % (Medical Device Amendments Act, MDA) » #¢ p 3¢
B IS 3L o ¥ o2 g 3F 5 NGS STk R {%’g@ LDT ¢ if #-F % % % & * 30 ig

*1ABI
2 Barba et al. 2014
3k Pl FHGea) s BAR & b A3 ¢

RegMed 2017 Vol. 83 5



G M mmeawee SREEIHAT ....83

HOTENNER

< ok o Od b KR

’u “c fron

et 1) TFOARY
NERRAR @ asx2EN

B PR R T & Kk E R FDA £33 % LDT f&RlS % 3 L it g » #EREFTD
A Hp R AL A ke 0 FPh 3t 2014 & 70 g 5 LDT f 54 51 (Framework
for Regulatory Oversight of Laboratory Developed Tests) % % > #4443 b & LDT BLiE
FrAARFhE X RFALIAT I LR H e WY LDT 390 » §12 > R

43> FDA .3 ¢7)4 LDT i asF 5 87 FR 2% 457 3 4 #F £
NGS #p Fﬁ?mIVDsﬁmm?W & B A S E R FDA & % a3 NGS sz IVDs +
B A& TEBP NGS & Fdoim 3t F R 3 > ¥ oh s Al £ B FDA &
# F HINGS Fp 31 p F 0 LA R

R Y20 LS R - ¥ 3 AR R -

A3 P52k 2K FDA £ 458 2 18 NGS @‘3? 3I§#€]ﬁ L2E A > § 4 2016 £ & B
40 PR NGS BTG SRR o 2 S TR & 2 I Aot NGS i
FR P ‘:’r’é_r'r;l oo

%2~ 2F_ % 2 NGS 4 & 552 114

T8 Device Decision 510(K) Applicant Classification | Regulation Product Code
Name Date Number Number
NGS | MiSeqDx 11/19/2013 | K123989 | Illumina, Inc. | Class Il 862.2265 PFF (high
&= Platform de novo throughput
classification DNA sequence
analyzer)
NGS MiSeqDx 11/19/2013 | K133136 | Illumina, Inc. | Class 1 862.3800 PFT (reagents
e Universal for molecular
R Kit 1.0 diagnostic test
systems)
Illumina 11/19/2013 | K124006 Class Il 866.5900 PFR (system,
MiSeqDx™ cystic fibrosis
Cystic transmembrane
Fibrosis conductance
139-Variant regulator gene,
Assay mutations &
variants panel
sequencing
detection)

RegMed 2017 Vol. 83 6




(5 MRZABRSERPA AP ERE EHH H ¥ o
. ‘ HmIVER/OoMHTY 2017-09-08 83 o

1 B AR
el 1) TFOAMS <J ok = OO BE R

UEERAR | aSx208

[llumina 11/19/2013 | K132750 Class Il 866.5900 PFS (system,
MiSegDx cystic fibrosis
Cystic transmembrane
Fibrosis conductance
Clinical regulator gene,
Sequencing variant gene
Assay sequence
detection)
NGS | lon PGM 06/22/2017 | K170299 | Life Class Il 862.2265 PFF (high
&R Dx System Technolo.gles 510(K) throughput
73 Corporation Exempt
o it DNA sequence
feid
el analyzer)
2 e Foundation | 12/19/2016 | P160018 Foundation Class Ill N.A PQP (next
X% Focus Medicine, Inc. generation
s CDxBRCA sequencing
e Oncomine 06/22/2017 | P160045 | Life Class Il oncology panel,
| Dx Target Technologies somatic or
Test Corporation germline variant
Praxis 06/29/2017 | P160038 | Illumina, Inc. | Class IlI detection
Extended system)
RAS Panel
(—) NGS & 2 #pe#H

1. MiSeqDx Platform

2013 & 11 * 19 p > # B FDA %8 lllumina = # 7 MiSegDx platform
(k123989) M o iz 8 % - 2@ % ® FDA /87 NGS & E > & X 3 NGS $# fiedh
» R TR R o "% REMVFDA B BRI RER ¥ 2 = B
F A 5o & 5 - i * SE_A A MiSeqDx universal kit 1.0(K133136) ¥z & 55 *
> 4 g i (Cystic Fibrosis, CF) & #& &2 2 %7 ek i) 33 & MiSeqDx cystic
fibrosis 139-variant assay(K124006) 2z MiSeqDx cystic fibrosis clinical sequencing
assay (K132750) 1 -

Frapddat § - AL WELE A R B gk T
A & 75 (Cystic Fibrosis Transmembrane Conductance Regulator, CFTR) % %
#7151 42 » MiSeqDx cystic fibrosis 139-variant assay(K124006)+ F pF#&ip| 139 B &2
Tk RpAPM I CFTR AFIR %2 A - £¢ ¢ ZARNFRAGE AR F g
¢ (American College of Medical Genetics and Genomics > ACMG) % % B4 A F
5 ¢ (American College of Obstetricians and Gynecologists » ACOG):& & & & + =
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FAEp oW AR ?Mﬂﬂ%ﬁ?—’ﬁagm% SRTADE DR 2 kSRR AT
Rt 2P #71%. MiSeqDx cystic fibrosis clinical sequencing assay(K132750) % 4%t
CFTR £ %2 %-v %45 (protein coding) % #* 2 p 3 & /¢t &g 3 £ B (intron/exon
boundaries) #73% 3+ » ¥ 1]+ B 4k 4 (deletion) 2 JFp 7 3 R % (deep intronic
mutation) » 24 & #1412 gk 2 arlt o

2. lon PGM Dx System

2017 # 6 " 22 p » 3 W FDA /2% = ~ NGS % ® » 5 Life Technologies
Corporation 2 # &7 lon PGM Dx system(K170299) 45 2555 25+ BETAAKREN
T EARM AR AnEAE L o o R AW E PR AR AR
fo ¥~ R AT A A e

(=) #3283 (Companion Diagnostic, CDx)

e NP ERH G- B EF R BN %’ﬁk‘* SATR LD LR RERD £ e
(biomarker) » 12 3¢ jp] +¢Eé‘¥#ﬁﬁ*"”ﬁ? AEEFREL > FEMT Y %:&#EA%EF
FE R RS E R L g fw%ﬁli:maa R WS -3 PET Sl
P A Foep 2016 120 51 40 SR FDA = HFPIE T 1T Z A s* NGS
P B e R 2 B S S ERRAD B NGS © i BT I L 9 B RIS TR R R
11 5 AL ARk enE £ 2 M o

1. Foundation focus CDXBRCA

Foundation medicine = # B % 2. Foundation Focus CDXBRCA (P160018)1*%
3T P ok Hp G"ﬁif&-,ﬁ—kf BRCAL1 2 BRCA2 A F 12 % » RIS F 7 * 3t
F A g * Rubraca s (her KR B —‘ﬁ e B ﬁ—*‘ = BRCAL :* BRCA2 % f’*
K )@—g ' ¥ ic i & 3% Rubraca i5 R o bR A 4B IIIumlna &7 B2 HiSeq™
4000 z. z_R/ T ‘;Iéq* °

2. Oncomine Dx target test

Life Technologies Corporation = & B % 2. Oncomine Dx target test
(P160045)1*% » % g7 lon PGM Dx (K170299) ™ % xo® % » ¥ g4k 2182 2] e
# J%(Non- Small Cell Lung Cancer, NSCLC)Ap B s 23 fa A F1R % > T I FFi& B )
3 B4 thie F i Ap M 02k 7% & (BRAF ~ ROSL 2 EGFR) » 14§ 2t 25 & 2.3

£ R WNE LS o bl4e BRAF A %1% % (BRAF VB00E) & {20 &
it * TAFINLAR® (dabrafenib) f= MEKINIST® (trametinib) & 7 & & /5% >
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ROS1 fusions 2 EGFR % % (L858R, Exon 19 deletions) = I {41 8, —*Ff iR L
&= P22 3% XALKORI® (crizotinib) %2 IRESSA® (gefitinib) -

3. Praxis extended RAS panel

lumina 2 # @ % 2. Praxis extended RAS panel (P160038)M » % 3 pe
MiSeqDx platform (k123989) 11 x st » » # »t4&p| &5 B # s (colorectal cancer)
ﬁ.’%}‘ _'rf’l’?ﬁﬁp’;’ﬁf’_.f%‘% ? 56 f# RAS A FI(KRAS %2 NRAS)3 & X % » 14 T%E"ﬁ;&.ﬁ‘ﬁ
H_F i £ £ % Vectibix® (panitumumab);y & -

= ~ NGSApM A & #rik ffiniz LR L

% WFDA ¥ a% - & NGS & % MiSeqDx platform (k123989) ] § p ¥ -+ & pe»
P FE iR LT 0Lk 5 % FDA %t 2013 9 7 13 p % FD&C Act 513(f)(1)g $
¥z ®BMT 2013 £ 97 23 p 4% lllumina 2 P ¥ 3 De novo 4 B AR
E_vf. ThMEEBOE R oA E NI YD B 8 #w#ial"‘“#' (special control) -
#® 510(k)e' # » % » 21 CFR 862.2265 (product code : PFF *“%)ig {7 32 - 2017 # >
FDA it @ ¥ # {4 PFF e 518 %% 510 (K)¥ 3 & 4(510 (k) Exempt)- % & % 1 FDA
Fiaa% = 5 NGS & % lon PGM Dx System (k170299) » = &_z 510(k) Exempt £ /=

NGS #pecrig@lz 328> AR RHIFH* B2 b 'GAZR L TAEL % o 1Y
Illumina MiSeqDx (k123989) ik % cris fie s& 8] 5 &) * ch 2 B 3##] MiSeqDx universal kit
1.0(K133136) F] & &b " f 0 7] % — £ 5 m % 0 Rk 1 ok ip) 2 A MiSeqDx
cystic fibrosis 139-variant assay(k124006)/MiSegDx cystic fibrosis clinical sequencing assay
(k132750) 8] 7| % = % = (product code : PFR/PFS > #%), /5 4 & FrRE 4] ¥ #0510
(K)¥ 3 ® F 5 2 %r2# 4 Foundation Focus CDXBRCA (P160018) - Oncomine Dx target test
(P160045)£ Praxis extended RAS panel CDxBRCA (P160038) » ]z L+ # &4 ¥ B A0
et Fo Ao Pl R 2 P BREREFEOTRA AR A SR G2 E - FDA -2

EUNGS e A (7 # k58 2 #r58]) PFF Definition : A high throughput sequencing technology performing targeted DNA sequencing of
amplicons from a defined genetic region or a subset of genes in human genomic DNA from a clinical sample.

“* PFR Definition : The CFTR gene mutation detection system is used to simultaneously detect and identify a specified panel of mutations
and variants in the CFTR gene using sequencing methods. It is intended for carrier screening, as an aid in confirmatory diagnostic testing
of individuals with suspected cystic fibrosis (cf), and as an initial test to aid in the diagnosis of individuals with suspected cf. It is not

intended for stand-alone diagnostic purposes, prenatal diagnostic, or pre-implantation screening.

%6 pES Definition : The CFTR gene variant detection system is used to sequence specified regions of the CFTR gene to detect gene variants.
It is intended as an aid in confirmatory diagnostic testing of individuals with suspected cystic fibrosis (cf), those with atypical or
non-classic presentation of cf, or when other mutation panels have failed to identify both causative mutations. It is not intended for
screening (carrier, newborn, population, or pre-implantation), prenatal diagnostic, or used for stand-alone diagnostic purposes.
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P85 % = % »(product code : PQP *7) » ¥ 5HPMA + 7 -
=~ SR FDATH# % SNGS 43

% B FDA »+ 2016 & # 1 027 = 3812 NGS 7 s # il ot 2 5&??5)%5‘9’?’}2"
;}%%Ij:"}% IR 2017 -ﬁ-"’?%\ﬁxﬁxa‘ﬂal s FpN XX E L ,&;}g&?:fﬂalmn} TH R 0
#ELZEFA SO G o

(- ) Infectious Disease Next Generation Sequencing Based Diagnostic Devices:
Microbial Identification and Detection of Antimicrobial Resistance and Virulence
Markers. (draft guidance) [**

Adpslag 2t p AR R B OFA (targeted sequencing) 2 34 88 AL F] = A (agnostic
[ metagenomic] sequencing)t& i i % o i ~ Bt ~ 2 3o ttdRse 8% 3 &dh NGS
EH o P HINRPRIPER P E B XE o s P HFNIFLEHEL R e e ﬁa‘«x—*—ﬁ'
HTEE o Xk N R & 7 B it (device description) ~ 2 442 3 (device validation) % 3E B
EEPER e R R ﬁﬁ%};’g{i} g+ fa i3 {7 4 479 F] & (pre-analytical factors) ~ 4 474 it
(analytical performance) ~ & % 2 #i %2 (instrumentation and software) 2 &/ & iz (clinical
evaluation) % J& /1 & ch& Bk o

(= )Use of Standards in FDA Regulatory Oversight of Next Generation Sequencing
(NGS)-Based In Vitro Diagnostics(IVVDs) Used for Diagnosing Germline Diseases.
(draft guidance) [*°

A a LT Tt NGS i Rl @ 1LA ekl h LT E R B o BH R
LI RET LF S %ﬁ‘ﬁbﬁﬁﬁ’ﬂéﬁf*%@ﬁ¢”ﬁ“*? %4
SRR EIL o ARSI A Y G M2 P ARG BRI e sae D
Bl s stk iR] ~ rratE ~ Wl W R] S BB A T e T A RNA A ‘rr:%fi‘r]m\:
®*hA & oo TG AR BRRR M B T R E Al Y o Mgl ik A Bkt
%ﬁ%ﬁmﬁﬁéﬁ’W%Aﬁ@iﬁa&&ﬁﬂ@ﬁ’”%iﬁéﬁﬁﬂﬁﬁ’i@
740 B c7ed Bk M SRR AT i TSR P o o

iR5
%?

\

mfg%?_ﬁ; —:l'\:ﬁ—

(=) Use of Public Human Genetic Variant Databases to Support Clinical Validity for
Next Generation Sequencing(NGS)-Based In Vitro Diagnostics. (draft guidance)™”

7 PQP Definition : A Next Generation Sequencing (NGS) oncology panel is a device used for the qualitative detection of germline or
somatic variants in one or more cancer-related genes. The device is intended to be used on DNA or RNA isolated from human clinical
specimens.
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Apal? A FIRETRE W FANRGRE R A P AT
B AR E R KRR TR 5 SR A IR R i o 4 5]
PR T IBE Y 4R FDA SHAT o £ AT L A el 0 KA A
SRR ARy 0 AR AR TR RIS R G AT R 0 2 LB L B H ajh
FLE &r%&—“ﬁ@* FDA 327 cnF f B k%2 A & chfpk (i > FDA ¥ & 7 ﬂlﬁi‘\’é?{ *
B Yy 0 £ B FDA # % ,fﬁ—t“ iv dvid A0 NGS BT 5 crfl o B ST R » 3 3 o
Fp3le WP T FRESDFEE XS] 4 0 EE FDA ¥ TR ERT i 0 £
R FDA4riPiEiT3 4% THLTH e RV OFHE -

B

NGS & {7 g BRI 1~ HEL R > = e IVD S as 18R] 5 B B fﬁi’fﬁfﬁg
%ﬁ%?’aBMSﬁ%m@@&%&,u_ﬁkﬁb SRARIESBRAT i
T2 A A F IR EILR P e R NGS #1F KX hFREF R el F &
O RTERER S o UERA Sl - T A Ioiek §ooct o 57 FI NGS N
A R feRIATI o £ B FDA 535 NGS Ap bl i > 7 ;% B4 LDT o » 22 - &
TREEE R A NGS A&R FRF R RERMAPM K 2 ERE 25T
AR i S NGS 3T AP M R R CE S T R TR
MERGEREHE > FRMEF R P

4

1. DNA Sequencing Costs: Data from the NHGRI Genome Sequencing Program (GSP)
(http://lwww.genome.gov/pfv.cfim?pagelD=27541954 )

2. Applied Biosystems ® Genetic Analyzers Gold-standard technologies for Sanger
sequencing and fragment analysis applications (brochure).

3. Claudia Knief. Analysis of plant microbe interactions in the era of next generation
sequencing technologies Front. Plant Sci., 21 May 2014.

4. Sara Goodwin, John D. McPherson & W. Richard McCombie. Coming of age: ten years
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