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Fig. 1 History of nucleic acid sequencing technology
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Fig. 2 Principle of Heliscope sequencing
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Fig. 3 Principle of Nanopore sequencing
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Fig.4 Principle of PacBio sequencing
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HIV-1 1) DNA I RNA #EATI Y, PEAG 8 245748
SRR EE RS AN, AT B TR AR Y Ak
PRI RAR , YRR RN AR TR, HA
I R SC . Smith 45 ™ X3k LG B 114 P4 i
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H T, PacBio W 7 B9 8048 73 Hr 4 1F 2843
. 5f —FhJ& Pacific Biosciences 24 /) H C W A& 1Y
SMRT Analysis, & SMRT Link # {4 i —#8%3, i
F PacBio K J& K F BodiE 73t . 45 —FlJ2 PacBio
DevNet, %%k 4 J& Pacific Biosciences 2y H) 544
R EFRRENE, T RHT SMRT 3504 7 #r Al
CERE BT IR . 28 —Fh SMRT e 2 7 ¥ F
111§ Biosoft Integrators, DNAnexus, PSSC Labs.
Dovetail Genomics LLC %5 72y 7] 09 7= /i (https: //
www. pacb. com/products-and-services/analytical-
software/) . PacBio (4% B/ 8 & A0 I 45 1% %,
REBI DR AR A A BB R A58 . 7 T LU 1 [ 5
PR R IR, R 046 A BLEk R R S S BRE
i, Hos = e ih S L o BORU Luxt . R, AR
DX HER LEXT FIBEHL LT, X RMERIPE 2 8 Aq 1
Moy ReE R L gs R ™ BUA AL IE T 2
BT EA S Z R 0585, XF PacBio
BAREA A

AR Y A B SO R R A
FALCON, Canu, MECAT #l miniasm. FALCON J&
Pacific Biosciences 2 &) FF- & 1 —#3 FH T = AR KL K 20
Mk 2% (De novo) BYHAY . FALCON-Phase 45 &
PacBio 32K A Hi-C B 4 T A5 R 5L K 4 B B
PEZH %€ . 1% 7 75 3 57 7 FALCON-Unzip ) 5: il -,

FALCON-Unzip f&—> B B PR B A4 DR 21 41 2%
Y, FEAAET R rh A s A B AT AR B
FALCON-Unzip N5 EACEHFE, HUAFRUAR {7 B
KIEZ ARG B I L AR RS2
74 3500 A9 B i . Canu J2& Celera Assembler 1 — >
I3, TR MR BT B . 5
Celera Assembler 8.2 fH L, Canu5| A T XKL
FPRISCRE, 7 55 ZORPITREENCY: , P T 4adem)
M, [RIBPR R IIE R 2 i as A T B ] ek 2D T —A
BOESR  MECAT & L K 2= 0t 58 B BA T & 1) —
X AR P E g 43 B 4K 4 . Falcon 1 Canu #B /236
all-pair X 9 J7 ¥ R 5 read pairs X 22 [8] (1) H &
HHATRGIE, dEHFERT, 17 MECAT j&—Fh 3k Tl
422 J5y k-mer PF43 (9 Lt 5L, T DA RS B
PEVC B read pairs B, DL BB/ NGRS
BVPEVCHC reads, SREAT read #51E, AT i 25 B AR
A A A E] 7 . Miniasm A2 IE I PR, T
2 L DI 15 B B 7 A R 1B IE Y contig JT
G HE— 2T TR ] . SR Miniasm HEHL
A 5 Assembler PRh— N2, H7 AR T8 5
B AT RE S A VAR 1045 A Y
6 & 2

AT K 5 = AC Nlumina I )5 F1 55 = AL
HeliScope. Nanopore fl PacBio F.43 il ¢ 7 ¥

JEBE PR, A B ML R T
AT T HEAR, N 1 i

Table 1 Comparison of Illumina sequencing and HeliScope, Nanopore and PacBio single molecular sequencing
%1 IluminailllFF1HeliScope. NanoporeFIPacBio 4> FillfF R L 3%

MFF& 8 Bk biikss R (/953 s iRUIES I

fE4 A/GB
Tlumina HisPCR 2x150bp  1500Gb &R, WFAER BKE, PCRYMH K & >99% $20.5
(Hiseq) T RS, AREHE

SFRNAHEATI
Helicos — H&5J6i4 55~70 bp 20Gb  EHRPCRY M, nrE S KEE, @ERMKL, ® 97% $ 1000
JaZ BT RNABEAT I 2 X3 & Bt
Nanopore K AL LI 1 Mb 50Gb KK, LFHPCR  FAGFEILNESLME 2 60%~85% $ 42
(MinION) s P, TTEEXIRNA BRI AR AR
BEATI R, (545

PacBio FTHPT  CLREGRK  160Gb  LHRPCRYBY, wIBL  W)FpiAs, ABEE#E & 85% (CLR), $1500

KT 175 kb

o DN AT I 5 i

FFRNAFEAT 7

>99% (CCS)
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Abstract The discovery of the DNA double helix structure has turned life science research into the molecular
level, and the sequencing technology that emerged in the 1970s has made a great contribution to the deciphering
of the genetic code. Single-molecule sequencing technology, also known as third-generation sequencing
technology, which has appeared in recent years, can read nucleotide sequences at the single molecular level. The
single-molecule sequencing systems mainly include HeliScope, Nanopore and PacBio. Compared to traditional
first- and next-generation sequencing technologies, third-generation sequencing can produce longer reads,
sequence RNA directly without reverse transcription, and the speed is extremely fast. Meanwhile the equipment of
some systems can be miniaturized and portable for in-field sequencing. The third-generation sequencing
technology has numerous applications in the basic theroretical research of life science and the clinical practice in
biomedicine. This paper focuses on the principles, the pros and cons, and the research progress and applications,

of various single-molecule sequencing methods.

Key words single molecular sequencing, HeliScope sequencing, Nanopore sequencing, PacBio sequencing
DOI: 10.16476/j.pibb.2019.0167

# This work was supported by grants from Clinical Medicine Center Construction Program of Fuzhou, Fujian, P.R.C(2018080306) , Key Clinical
Specialty Discipline Construction Program of Fuzhou, P.R.C(201510301), Key Clinical Specialty Discipline Construction Program of Fujian, P.R.
C, Health and Technology Innovation Platform Construction Project of Fuzhou (2019-S-wp6) and Health Research Innovation Team Cultivation
Project of Fuzhou(2019-S-wt4).

## Corresponding author.

Tel: 86-591-22863805, E-mail: jun@fzu.edu.cn.

Received: July 20, 2019  Accepted: December 2, 2019



