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Embodiments may include a method of determining a nucleic acid sequence. The method may include
receiving a plurality of DNA fragments. The method may also include concatemerizing a first set of the
DNA fragments to obtain a concatemer. The method may include performing single-molecule sequencing
of the concatemer to obtain a first sequence of the concatemer. In some embodiments, single-molecule
sequencing may be performed using a nanopore, and the method may include passing the concatemer through
a nanopore. A first electrical signal may then be detected as the concatemer passes through the nanopore.
The first electrical signal may correspond to a first sequence of the concatemer. In addition, the method may
include analyzing the first electrical signal to determine the first sequence. Subsequences of the first sequence

may be aligned to identify sequences corresponding to each of the first set of the DNA fragments.
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Embodiments may include a method of determining a nucleic acid
sequence. The method may include receiving a plurality of DNA
fragments. The method may also include concatemerizing a first set of
the DNA fragments to obtain a concatemer. The method may include
performing single-molecule sequencing of the concatemer to obtain a
first sequence of the concatemer. In some embodiments, single-molecule
sequencing may be performed using a nanopore, and the method may

include passing the concatemer through a nanopore. A first electrical
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signal may then be detected as the concatemer passes through the
nanopore. The first electrical signal may correspond to a first sequence
of the concatemer. In addition, the method may include analyzing the
first electrical signal to determine the first sequence. Subsequences of
the first sequence may be aligned to identify sequences corresponding to
each of the first set of the DNA fragments.
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bp#a[E o L IELLFE hluminaE Fr & - ILIEHENIRE B NEZ A&
A2 DNA » Hig Z FALE N BEFE RS o 540 > MuminafE Fr K/
i8] 2 | BT EFF TR R KA -
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B.ZHE 7T

B 8 55 S < B B oy i B EE B T B A Y IR A R4 (RIS 2
hg IO TR 2 o3 ffii - ZrEggy e x gl b - fEyfh B - BBHHEHENE SKLE
P2 IRy B C B REGT RS RN E ZEHBNEE > St EES
BRah S A ORE 2 BV EE B 3 e (BN o) HE R E ot A%
oo Fhgl9@ B 7B By& BB E B AMEE - S0 R 284 Mm
8%~ BMEmAE RIEE R mAT 2 &R - Bra PE MmAEDNAM Z e 4
A Y 58 By R R DURY B S AT B S By AR IR AB B ORI 1 s B 1A -

BERIXAOREYLRCRZEBR D WEAER - BUEmMAETIE 2
XFmfe < HBHATE P (2.70%) R F 20 M AT o (5.22%) - {H Bk B M
(0.30%) MAEDNAM F 2 YR @i 5] > B (EAIEE IR LM A DNA
AR

BH B MW  Z M AEDNAM EH0.11% Y Jy 58 ¥ 2 ~ 5
8o BpTAtE R (2)— 2 AR R LRV M AEDNAM E750.018%
BYLEORFIIE R L HE - AR R I PR Y S m R s E s
Rl B AL O] Ry B M AN AHEE W I  ERIEREZ W E R - S B MR 26
AMATDNAMBIX Z: B8 P FILE A Mg R 2 2D RE1% -

B FIX 08 R Y 2% 88 & 38 By B oo 4 B TEDRI G5 SRR DL - BB
MAZFT B8R Z Y O RREE 2 B AR IR 20k R IR R ik M 2 AR P Y Y 2 (g
% o BYEMAT Z XL ORI B E R RIBE IR M 2 MR PR XA
fe/b o BYEMETXAERZ ERIFERLMEFIIG—F  WEBMHEER
A—RXA G B A W IRXEERE > BTRAAEEH - 2B R 2
BEAMAE YL 088 Z SRy = 7 & 2OMERG 5 & BEAS AR K 20 m A% -
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Rt 5B fe L R 20 1 e 5 2 I RG 5 DNA T 7 R X L g B 2
A FE M FORFLE Fp ROBUE M AEDNARKA(EA] - B R o X EREFNE
A HEROREXEER WL %R (Turner syndrome) Z MG AVTXREREE -
Rt - MR R RHE R RORALE P T IE R B M (IR A e AE TR 8
55 1 (5 40 B 2 (0 G X EUHE A B B WY B AE v 1T 1 - RBBREAEIBXER
HERMAF — @ LEBEA R IUEABSBEREEEN = LElE - &
AR BRI AH I i —(F e BSR4 - R - IEFEE BRI - FRFIRY 5
EHJERNIFRENENR R =2E821 - Z4£ERI18 - ZLE]I3K
HARE R A B R IE R AN o hHEERRAEN T KILE P ZNIPT K E %
fEENIPTHY =] 77 -
IV. £ ¥R EETEEEF

I RER T 2N & 4HHE 2 DNAE &R BRI IS E ~ T REL
By - A B DNABT R FEERBEE T 2 BEREE - Hafm
RAEATE PR E M - FBIEEE 2 MAEDNAF 7 % 4% (6 53 I 2 )
A {EFAZORFLE PR« 3 W FORTLE P R AR ST E F{E1lumina 2
i ok B R AT 4R (HCC) B 2 MAEDNAKE & -
A. BRLR 7502

FEEREZR > BGE2EHEBAHCCY BESWE =7 FEMm
MR o FEMAE1600xg T B0 1077 ## » BE1% (L 16000xg T B0 1077 ## 75 fi
4% o {f FJ QlAamp DSP DNA [ /& i %! & 4H (Qiagen) 5 8 mL [f #% $2 AL
DNA - iP5y 2 = Z M A DNA KT RKFLEFF - H H 8k DNA &
NextSeq 500 (Illumina) E ¥ ©

& M R Ui (2 12/ A FE f2 4H (NEB) K 7= 0K 7L 8 i £ 40 (SQK-NSK007,
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Oxford Nanopore Technologies)E g R fLEFFSLE - i 8 £ EHE
MinION % f# (RO FR) _F H fEMinlION MkI1B 7E 7> 25 (Nanopore) FEF © {f
AMETRICHORTME#X G (Nanopore) ¥} i i & #H 8 FE T lm A HI5E - 2
2DEEE A LASTE RS Bl 2 & B RN 4Hhg 19 EL ¥ - 40 5% Al By 400 ¥ 1 4%
DNA#{TIluminaE £ (8) o
B. 457

ST RS LSO T SEEALE Ao M (EREER TR

cHE L BEREpEqEHE SR EEBBREG B BB

HMEELER A S LE RBRESEE PR - st EE
N IEE (H48 < MAEDNAR MAYGRE(E - B EREE 2 GRICHIRE 7
EE 3 (AR A 7 - AlZ &I Ry R R A BUE N - BT Z GREEY
BR4H <« T ER3 IR L 2= - ARz @R 5 BB E A E L -

B 9 & #E th 500K FLE Fp (PMER) B & thTlumina 2 - & (NPT » 1F
HCC Z WfE 1 M (HOTS30 ;e HOTS536) FGRHVZE S - fESMNEIERC A FHE
i o ot EMARERE - JLeR A SkIkFoR 08 &R 2 F 0 m Sk
LA o e EAREAIRER T HE SRR 0 m A o 206E9 5 A
B RFLEFERE M Numina ” FEEEANGEREAN F— - KEF
& i /N U M DNALE K B IR fiE (B fS < AR DNA RIS - L E I
T FEM DR R ETFORFLE R AR o M e E B 2 M AEDNA -

V. ERHEREZES

MAEDNAST Tl H R (< 200 bp) » HAFCRFLE FPas il s ol R E P
RDNAZF © W MAEDNA Ty F 2 7€ F 304 0] 45 i 23 B 5 & {1 7 7+ DA
EREDNA T(HAPBR)MEENE -
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A. BRLR 7502
1. E4£MEEDNA BB

AR B WA R [EE 8 2 8% L o B IRk 20 M (E A8 & BA B a5
LMW E T2 EMEFIKMK o 1£1600xg T #0107 ## 5 AF
16000xg T # — 3 #0010 77 $8 2 1% Y B M 4% - B8 1% (F I QlAamp DSP
DNA M & i # £ 40 (Qiagen) 8 mLMAFFZHIDNA » £ BEFE F420 ulz
M4ZDNA - #1SpeedVacE4E 25 (Thermo Scientific) & Fr#E 1 2 DNA E
4585 uL HE#EHNEBNext K it £ 81540 (New England Biolabs, NEB)if
TREGEE - &K {E1E 2 DNA{EF MinElute [Z &% (L& 4H (Qiagen) 46
{E B 320 pLEEIREBAHE - BET% - #5048 I020 nL Blunt/ TAZE NS 8
EY)(NEB) » 1/£25C T E4/NGK R R MEEDNA - AfEKE 2B A
MinElute fZ fE;#{LEH 4L
2. SRAKRALERF

b 1% 15 45 2 Jjk 2 DN AR A #& iR Ui (B 18 SN AR5 4H (NEB) J Bx (R 4H
DNA ZE FE4H (SQK-MAP-005, Oxford Nanopore Technologies)#if# > 2=
Sk FLIE FE LR o S JBE 42 B HE k2 MinION /i ## (v7.3) (Nanopore) | H. &
FF o fEFIMETRICHOR ™K A5 (Nanopore) ¥ fi H B 15 22 1T i A 58 -
FEE2DEEE -
3. tb¥

{(EFILASTHERSRATEL S « HEI S TREMIBIIGII B 2 WA ERC - 2%
UCfic PR B 225 L R AH R R B Y i/ R 2 T8fG - Bz S IEfC R
MR EHERE - RBILFIRTE - STEEEFRTR & 2 85N F 5
L AERERFREZMESR - (REEA —EBRFF oW FAILLE - &
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ZAFLE A LA — &8s - RICRE A e el o ZEEE o DU 720> &R0
ELNFRELNGH ¥ A 2 R B o LAST AT A 22 8 R AR A1 Rl A5 2 e e o e

B. 43
FAEMinlON_E 48 1 2 MATDNAE FF6/NGf » B2 BRI -
1. JELEIR 2

i 5 FI 5 A 2,234 (W 2DEE B - H s B R EAL86%8,672 bpai[E|
A o B8R B IR E IR M E Fr Z BB AS 2 RNV Sy i dh 47 - B HRES
Z LA R 5t 2 RU/IVoR e x gl b o Ay Rl E 4 RS E A IS K/ IME S E
AP FAEZAR - HE 2R - BIEEZ A3 > ARt 1E8,672
bpit BFE BRI B < BEEF E BRI EL - BN S EFE AL - (R E€920%50
{HFHDNAJ T -

EFF 7T Z K/NEE /N 200 bp Z MAEDNAR BRI R E R 15
% o WHEERELH > MATDNAR ERERDHE R SIS - BE1& K38 BUA
NAERNH(hgINLEH - BRI BB NFERE 2 A HT &S 2 A
JIEfef P B B H R ELAR Ry — (F MM AEDNA R Bz o GEETIE153,801 ([ & fr i &
SHEY > BNEE P MAFDNAR B H80.6% .~ R L 4T i Y B R Bl 2 2 A
R —EHIFF -

B 11 B IR I Ak 20 Mk & S 2B g B 2 RNy i o IR S S AR g EE 2 RN
FE782560 bpEIE (L > HARHE 77/NfR200 bp © IE{HK/NR162 bp » SR
/R 173 bp o FEA/NR162 bp > HELFE f AR 172 P £ 1lumina 2
& G IR R RORILE PR BREN I Z DNA & E2 M 15 /Y i 4%

DNA /N Bl 42 5 5 — 5 o
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B 1258 S S AHEE S B 2B B NE 25t H oo ffi - 5T E &
RS A 2 R RIEE O o0 i (BRI o) » FTat B Z o A B hg 194E AT
AT 2o - Rt > XEAaR ZERERTRKS.79%
BE R ST 2CMERR AL AT THETHY » REEAY R EOR8 2 RE L o NIEBEERORAL
—E{E F R RS & 5 A T oy 2 M i AR B B M M AT -

2. BEBEMRR L

E IR by > IR CERE N Z BYERG R B A 38 4R Z gl
ZEIRA R IR » st R ERP BT R ZA > #HMAIDNAR
Bz o IR R/ NME100£13,466 bp#i[E N - HF 9 {E K/NR676 bp H P15
R/NF5965 bp ©

B 1320 8 55 16 5 2 2o My AR e A 2 S 28 S Y R/ IR - R
/NS By M AEDNARY AR - | Bz Z FE KR/ R 196 bp » EE K/
174 bp » HA/NEE £9242,934 bp - {£490.4% 2/ FrHA KH22,000 bp
LR o BET AU FE M AR RS ~ G TR E B ARIE T ERF 2 7
EIEISHYHA R/ Ny i o BROII S - o AR U gt e B 2 &
AN AE 56 R S IR RE VA P S 3R Y R/ N o3 fff > A0 6 AT -

B 1438~ A B e 5 2 20k 2 S A g R Y BT et B 2 A S o 1
LBV RIFE R 25 ENH - R 2 T B RXAEREENR
FUHEXAOREEEERLEXACREELH - BRPAXFCRER
LR R BB R I XROR ZHEL O - i fREE HRE R
ZYZERHVEIR - BHEHZ2SENHEEFEEG ZEEB ity —EfmE 0]
R tEIRN S ERNH 2 T BT s HIGER « AW > AEFESERFR
(£ e < A & a2 Biie R 2 BEA M AT F B s IR i ik 2ot - It
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AT RE T AN & 5y & BERG f B M AR B & 20 M fR 5 2 B A M A
VI. Bt EF £ &t

B 15 R AR A I E G H 2 N TE D T EF Z 2415006777
PRIE - RS MRAAEE 15048 EFIS02EBEYEL - EVEL T HE
o] B8 R B ST 2 AR AR )R S - $RAVAS B 1504 0] BB E 59 85 - MIEE
71~ RPN WSS OR IR 2 R AR BN - FRIEEE 15041 1
fEQIAamp DSP DNA MK KA E4H (Qiagen, Germany) (2) » AE¥YJiE M
ZHAN I DNAR B > RKHIEZ E B AHLEE 1506 - BIFIEE 15061
AiEEEHES TFTEFEARN — B2 R &40 2 DNA R EERy4E
B BHINE > WUELEISO B E T A~ 24l 2 DNAR B R BiES
BIORE AR i o

R PSS o U AEE 1506 0] AL FE B Y 0 R L H 2 6L
22, =N Speed Vac 45 2% (Thermo Scientific) > B{EE H1 2 R SiBIBIEE R
fe HORMATS - BN ERREE > BRET AN MAGNEE NS  HUELEE
1506 0] EL4E FH N (E{EDNA | B oK Ui~ 1840 - 55 0NEBNext K i (£ 18 5% 4
(New England Biolabs, NEB) ¢ Jtt4h » SUESEE 1506 0] @ FE R M{EK K
Wi (& 18 < DNARYE4H > s540MinElute [ & F {L &40 (Qiagen) - HIFHIEE
150671 o] L4 0] & 2 05 (B 40 > Blunt/TAEE RIS TR &Y (NEB)E—E
RE TN EEB/NF B 25C  ANEDBIEER o BIEEEE 15067 /L
FANER EZ %R RIS BRI B4 - Ll EFEMinElute 7 g F{LELH
(Qiagen) - BIFAEE 1506/ ] EIEWHSE NRRRRES - HDEG REER
E%o

EF

H
c—

EESREEMZA SWHEZDNAR ERE - BEEE1S06 ] HiEE
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75 §Z R g5 (40 > Speedvac 2 45 2% (Thermo Fisher Scientific, Waltham,
MA)) B EE 2 BB IR R s 2 R AR S - BUMAEE 150678 ] B HER
518 & il AR 4H (New England Biolabs, Ipswich, MA) o &I {4 &
15067 i ELFEREE RIS E S - LIRS REMIRE -

H] R R A EUAC R 4E  DNA R ER B BB S B IS06R X 2 By FEF

HEEIS0SLUERFFAIES - B0y F & P45 8 150878 1] B 558 AIMinIONJR

f# (v7.3) (Nanopore) ~ SMRT3# ffif (Pacific Biosciences)ZHelicos & 4 F
EFF s (SeqLL) Z 458 - By T E FAE B 1508 N [ B A RFLERM 2 &
4 > =540 £ K 40 DNA E F £ 40 (SQK-MAP-005, Oxford Nanopore
Technologies, UK)Z %3k 7L & ¥ E 40 (SQK-NSK007, Oxford Nanopore
Technologies) ©

By FEFSEE 15080 85 Hiie s R 45 2 DNA & B th Fr 5138
8o PHIEB O TEENERE @D BT EMERARFKIS10047 « EIE
ARGV B ERAANSMFIEBR  RMEBNEREK 245 - 7T A
METRICHOR™ #x #8 (Nanopore) ¥ i Hi & RHE F T e A HI3E - T2 I

SEHEMHALASTERR LS - B A T HE16H B ARLK10 - WOT
SCRf o
VIIL. B A4

AN FRERZAEFER ARG IFAAEMECRE T R% - %%
FREZEPIE R EI6Z B A4 109F - E—LEFHEHIF - B A%

BiEE B > LT A2 BB A A8 - A EMERS S
BiS ARG TREEANEEF S EERSE > LSTR85 - &

SR EiER BRI ERER - PIRER - (TEE R T
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H o

B 6T AR T R R RS PETS 5 - BURHA 7 %48 > 58540
ENik74 ~ JRRRT8 ~ (AFEET - Mo EBURICHE 82 Z B HIE576 K H
i B - MG 2 A /B /O)ERE571 2 FE K E /04 B 1 #8 M L 1H
R FER Z AR B H 2 B0 (FE W A/ F L (1/0)R77 (40 > USB -
FireWire®))# £ £ B Z48 - BN E - VORTTESMER/rEST (HI4l -
LR ~ Wi-Fise) o] F i BB B 2 40 1078 1% 22 S I A R (BE 40~ PR 4
B~ B AR B SR - Ll ARG ERETS LE T R EET3
L& F 240 B S RIES AR B T28 A AL E T (PIA0 E B ERE - 554
BERR I - SO MITEEUETE S - LR T 2F LB E R - R4
BRRT2 R/ FEFEETIRIR B THINERE - Z—T 2HHERUE
BEESS o A - R IEE R - ASCATR K ZEAER
T 2 s ETEH EERE -

B 2850 A] B I 4R B AH [F &H (R BT 2850 > P RE S ER 81
FEMANE S EEE R A HIFR A R EE R ZF THIbR A FE
B o] H—(EsH a2 s —d HElbR - £ —SFHAT - B RS - T
RGBT E(E o AR FEN T > A — e I A H PG B 55
— GBI BERES - HPZE A BE B R L —H57 - H P k(e
feds & B AR 2 (H R4~ T ROl it -

B ). RE A5 AT (55 A B G (B 405 7R I F T G BB IS s mT e (b e P
) ~ DLURESE 3% i P =0 E B e/ B RS G ~ (56 F 2 4wl AR = {b e B
g5~ DUESHEEREBE G HAEH - AT RTER - mE S EEA R E—R
fednh B2 B LR EE - Lm0 B R B — R R B R (b
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ZZ M H BT - BN ASEIH ARt 2 20R - — M RE IR E T &
e R 7 e e AR (o ) B A R B G LSRG < 4H 2 2K B T A 38 BH B e (T |y oAtk
BTk

I AN R BR 3R TP AT AR SRS AH (R By AE HTIE R e F e B 2R BT T Y
FEHRMTAEE 2 ERKEES (5WTava ~ C ~ C++ ~ C# ~ Objective-C ~ Swift)
SCHIAFE S (BB 40 Perl BiPython) RV AG AR =UA% - (£ A3 (40 & R B H AR E [
AT REAAT o ERRAE ZURE 1] LL— 2 FHE < B < 0 2\ 8 7 7 3B B ] s FIU
A DT R K/ B E o B o RV R M R 1] s UG ] B R AT
LIRS (RAM) ~ MESHFLIEAR(ROM) ~ WEME L AG (58 40 B BR 1A% BB Bl 14 =
YRS o BEUDLRE(CD)EKDVD (B (bl A ekk) ~ tRITELIERG K HLAH
g - BRI EIUGE ] Az ST ERRE L EEHE -

ZERANAEAESREASG - L8 R/EG a2 TE G
4 (B A5 A PR AR IR ) (i B Y (2 AR Em s i (i - DRI - R AT o U
Ao A A M Z FREAEBHVERMS 9L - IR USRS 2 B 7] 58 Y
e Al B R E R R B AN R E oy BT AR (P40 > & i PR A i
) o (R fAEZ F A AU A AL Y B — I A S (A0 o B
CDEE [ B i £ 40) EBCHNED » H A FAE R R B ig N 2 A [F B A
o FEREAER o B e A B AR A Y 1R 5 A B AR SR A SCRTIE e LR &SR
B HIES ~ IR EM B & 2 R ©

A SR A ZAT AR A A o8 B oy M (R B REG ARK A T > %R
I R S B IE — B (A ] SR H R LU T D BR RV B B 25 » AL - BB Al $1
AEAHRE DL T A ST i 2 2 (AR 5 7R 2 B BRIV B RG Z 40 - TEAEHLE A1 [
HAFT B HIP BB BT Bl - @BE A S AL B L& ot < T B

‘\sllI
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W BHEAERFECAA B RFEHIT © 540 0 WED T2 8 o vl B A 7
& HAEER 2 By — e - 550 0 nIRIBENEA 2 EE R - 55
Ah o AR A TR ZARAR2E BR AT 5 R BT IR 2P BRAVARAE ~ BT ~ EEER
B H AR (R 2K T

B AE A A 28 BH 2 B (9 R S iR B R O N LAE R & 2
VAR E B < Fr E G - 2RI - AN S A 2 At B (91 1T S B ([
AR AR B L 2 (8 ] Be A 2 5 B 4R SRRV R E E i 5]

CLH e BE R it 2 B By 2SS IR 2 R B R BIHY B IR A -
HAG A B AR 55 35 M AV BORE A SEBH R P AT i il &~ i VT =X - HEER DAL B3
A4 EB e S wWB =t O

PRIEFEFTHE A - &R " —(a/an) ; B¢ " §%(the) |, Z A & 58
T —ECEE - BRIFEFIMEMAE N BRI TEC, ZEHAWMES T B
B, MR " ERE, Bk TE— ) AN —ERERASE A -
Sh o BRIEFTBHRERRL - SRR "5 —, B0 T B HFEN SRR K4
FRN R EME -

RIFR 2 AEA - EFHFEE - AFFE ISR TA B
HIA 2 X5 2 GEA o AR —F Ry eI H T -
VIIL. 23308
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Borry P, et al. Noninvasive prenatal testing for aneuploidy and beyond:
Challenges of responsible innovation in prenatal screening. Eur J Hum
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et al. Noninvasive prenatal diagnosis of fetal chromosomal aneuploidy
by massively parallel genomic sequencing of dna in maternal plasma.
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[FF55aiEA ]

10: S 248

71 A/ (1/O) FZE 1 25

T2: 2 AL IR RS

730 S PR S

74 E1 M

75: Z &R R

76: 85 HIE5
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77 B A/ H (V/O)3%
78 §ER
19:HEFEE
8 1: NS IH]
82: BN AL REES
85 BRI EEE
102: 52K FL,
104:DNA%T+
106: ZE i
108: ZE i
110: &R
112: 85
114858
152:DNA K EX
154:DNAF EX
156:DNAF E%
158:DNAF E%
160: B EiAS
202:DNAF E%
204:DNAF E%
206:DNAR E&

208:DNAF E&

210: 5 [FDNAR F&
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212: R HEAS
300: /774
302: HHR
304: FHR
306: FHR
350: /574
352: 18R
354: 18R
356: 1R
358: R
360: FHR
362: R
400: )57
402: )84
404: )58
500: /774
502: 5 HR
504: 18R
506: 1 HR
508: HHR
510: 1%
1500: %47

1502: =&
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1504: 2 VR E
1506: BIfgHE &
1508: By T EFFRE

1510: FHS 248
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[ S0 H R S 5uE ]

[55°K7H1]

—MEAR AR MmAE T “DNAR B2 24 » Z 2MEE

PEOUVEE - HAHRRLLME B (F#8  M0% B0 i 4% £ 542 B 2@
[M’E kM4 DNAF &

BUMGACE - HAGMHRRDL ¢

AR I a2 18 B R B M AR DN AR BE 2 5 —4H DUER 55 — B RS
Higzs -z mFRMmEDNAR B R AMHREFY HAKE %[
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