540 4 253 U] L
2020 4F 03 A

MOE B
JOURNAL OF GANNAN MEDICAL UNIVERSITY

Vol. 40 NO.3
MAR. 2020

=iEEERENF

BAREME

7 AR 97 B A T Fp Y R

B E , FE NS R T R I, £ 2
FEE 2 MR 2R A
(MERS) "',

A WNED Tk
(R E2EDE 1.2019 Zefi-HRFFE 2. 2018 i -HRFFE 3. SERMEE 22 B4 TR HI22 oty YT P6 WM 341000)

B E:2019 47 12 A0k, AN R AR Al 58 58 3 i Tl DU BE A R B8 A e e X i 8 S8 AR A T, B T
— Bl R, H AT A T AR A 4 4 2019-nCoV o iy it I 2 B ) R S E 17 X A A 1 s it 4 P
BT HTRE ST, 21 2% A BRI R TEE I 5 14 W R LA R T2 A AT 2 g i e — AR B AR BT S A o A SO =
AR (NGS) 155 =AM R AL e 25 oy 308 ke DRI B A7 B e bR 25 ) O R T 22 ik
SRR - B Y BT R B s SRR R A s AR s R AL I

hESZESR392. 11 XHEFRERD A XEHS 1001 -5779(2020)03 -

DOI: 10. 3969/j. issn. 1001 —5779.2020. 03. 000

Application of high-throughput gene sequencing technology in detection of new coronavirus
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Abstract: From December 2019, unexplained pneumonia patients had caused an outbreak in Wuhan, China. Analysis of
samples from patients with pneumonia revealed a new coronavirus named 2019-nCoV by World Health Organization. The
development of high-throughput gene sequencing technology has improved the ability to analyze pathogens, especially in
infectious diseases. At present, the detection of new coronaviruses from the pneumonia patients was performed by metage-
nome next generation sequencing technology. In this review article, it will be described about the applications of next
generation sequencing and third generation sequencing based on nanopore platform, in the discovery of 2019-nCoV patho-
gens recently.

Key words: high-throughput sequencing; 2019-nCoV ; metagenomics; next generation sequencing; Nanapore sequencing
TR RE S — Bl T LAS | 2 M sh ) 2 R G
CAR SS9 4
fit (SARS) | K W9 W 25 5 Ak
2019 AR i DR 2 B LKA % ik

FERY SRS, LA o = a0 T Bk B0 Ak ik
K 741 F1 SARS-like bat coronavirus A &5 2] i 3E 4k
JZ, 5 SARS M 3 IR B U0 AR Y
2019-nCoV5 SARS MIMUTEZ) 79% ', e & M5 5 N

SR AT AR PR3 T P il 8 i M8 7 g — o g B e R
LR, IZAFER B R BRI, i f 4 2003 4
A AP 5 | AR SR AT 1) 7 E P IR 25 A AR SR
57 (SARS-CoV ) il # SARS #EbARFG R . Hr
UL I 7 1 T A LA 2H 4 44 O 2019 7 B AR
W E(2019-nCoV) 7 [ BRHG 8 43 2 Z% B1 20
B RE A 45 7 SARS-CoV -2 T?TJ\%J\%HJ\*
JEHREPAG O o IR Z BT LA A 44 TR R
jﬂf%?ﬁ%’l%ﬂ?,ﬁﬁrlﬂé%ﬁ*/\ﬁfuﬁf{kﬁ

SARSr-CoV (SARS #H ARG BE ) o B 2 e PR 7
(ARSI 9k 22, 308 3 I AR AR AR R e bR 2 40 i 435
I BWE AT TR A BriiAh 7 Sk i s 5 B A
8 =0 & B (RT-PCR) m] H] T & W o5 2 4% A
RNAO7M s o B fi 1 B T S T 1Y

WG, v 0 A AR s B R O 7 T 2 O
Bﬁﬁa’é e A - 5 0T AR A a2 R AL
B R BT A ) TG I 2R R 7 (R
BB & AR S 3 I LA TR R v 3

E ST LA PHLRIH AN 4 A H 7115 (20192BCBL23017) ; ¥ B B2 27 B COVID-19 i 231 H (YJ202022)
BIEEE A, B W BA TR YR EY 50 T2, E-mail ; wansg@ gmu. edu. cn
32 M1k http : //gnyxyxb. gmu. cn ] —



M R b e I

2020 4

FBOR R RE TR 1 BT K s AL RIS 9
TR BRER S K B T B, I A R e
R T I B T SR R A I B R
AT IR B RN [R] v 1 - 15 X B B e R 7
RSN JO7 T RIECAR A5 A T 1 2 i

1 ETZREENFHEEEANF (mNCS)

NGS S H Rij 52 56 28 47 Az 1 2 Sl PR 35 TR 241
SERFE A TR R, RN
FRIFF (mNGS ) J2 F8 X i A= ) B A i2E 47 1o 38 3 00
¥, T B SR AR, BB S RS mNGS B
e s D A S RAEURE [ IR A G i 1Y) e BN
e el L 7' 2T Tllumina P £ ) mNGS
BRI IR S B I P AT A7 Bl T 1 Ak B e R
BERYAE SO0 A TR ZI AP 2 2 R 91 (]
AT DA v X 97 B el PR B O 4G H 58 A AL BE A 7
AR RIB R 31T o

AE B 45 i Tumina NGS #9305 A, %F X
H 2019 4212 H 18 HRI T A9 5 il fifi 98 2 34 i oy
TEVEW (BAL) I PRARAS BEATSL 0T 5T . X S B2
3T RIS Bl REEAS B — I REAS , 29 97 % 195
B ) B (reads ) 2R TR RERE , Hoar 4 il R
FEA I 2 D LB 1 IH 2K T B-CoVs, HAR & BLH:
b S AR SR G (N2 TR A ) o 3 Sanger Y
B E AR A LA R 20 2 3, e B S 40 ek PR AR A
Jr A4 L D 20 1 91 4 A1 R AH ABLEE K 99. 8% ~
99.9% , A 5 * -ORFlab-S-E-M-N-3 “ 5 2 £ [
bat SARS-like (SL)-CoVAHEL, X952 42 Kk K ZH )
Jp &8 3 AT R IR 2 B, e IR B e R m i S
bat SARS-like-CoVsfx N AL, (HZE A [6] CoVs H1 5
JEORSF 1) RNA KfE (19 RNA 5 5 7 51 2 R
86.3% ~86.5% nt [a]iE1E, $&7R 5 BlllE RFEA Y
5 AR I JE 2 bat SARS-like-CoVs JB% | A JiH &
LA JEA , B 2019-nCoV' ™

[F]E}, CHEN 45t f# F [lumina Miseq - & X 2
1l PRI RAE A AT G 45 2R WoR, 2 Bk
A reads 5 5 R B AHBLEE 43551 A 99. 9% F
99.7% o IR 2 BIREAAFAE —LERAZAT IR ZHE I,
EIZ N 2 A REAS SRAG 1Y — B0 i 5 e 51 J2 AH [R]
), 578 2 24 58 I i [A]— RO R w1y . X
WS AT 43T LU R IR, R A A v ) e
M B Bk 5 BtCoV/4991 B Y 4% 17 IR [ I 1
98.7% , 5 W g 56 IR K #F bat-SL-CoVZC45 ¥ F
bat-SL-CoVZXC21 ¥k 1 #Z% H ER W R 87. 9% , 5

—

HETASEC MBIk B A2 55 SARS Fe bR 25 19 %
IR ER 79. 7% . CHEN 25— 2573 A A 3,
2 A58 A W BE R 5 H A bat-SL-CoVs TEA
[FEH R RGEREA—BAEEAEN, BARK
BRI B S D ARG ARGy, $EoRiX 2 SR H
Ay ] — T B R e

mNGS A LA H M JEUR i R A A v ] £ Jak e
WEEY,2019-nCoV E BRI Al RNA 55 8, fH7E
AR AR S AT S AL BE I, 36T RNA 1) mNGS Jr
AT LA 7 AR A P 0 A I 1 O, A4 DNA 95
# .RNA ﬁﬁéﬂi%\ﬁﬁ%”r , Nlumina AR 45 1 3R
0. 1% 2 HUER S I VR R SRR S G R % i
FHEET RNA (19 mNGS J7 v Al DL PR 36 %5 1l R
o B81) P 0 E 0 AR TR 0 i IR R RO B A
2019-nCoV JE& G , 7 2 5 R 25 5 DR 20 4 A 2
165 RNTTLLSE ™, W60 55 7 14 36 5L A A , o
P P d il S AR X PR Y YA R

FF Thermo Fisher 2 7] Ion Torrent -4 ) NGS
(4 PR A0 1, AT A 4 R D o R A A 8 B0 2
RNA il it RT-PCR #J & ¢cDNA SCFE, 2 J5 #E47 I
JPBR O 08T o BRI AR KSR RNA 3L
PErh AL & TR BAOR 2 1 55 B, A OUR 28
Bodls i, b TR EE o B TR AT A ) P4 O
RNA ] DL 5E 36 (19 fiff g B3R 0], B 70 B 42 20 1Y
RNA T30 5 5%, 1 1t cDNA SO, 38 3o 38 fin s S5
PEVUEE 8] 77 91 (4 )3 3 374 S 3, SBR A
RUSINFA1, 3% 32 barcode F1 adapter J5 47 i & 5
i, 78 R #, SE BUR AT o SR BRAs
it 1A% & W 28 15 08 20 5w R 58 P A, 5
BetaCoV-Wuhan-IVDC-HB-01-2019 F Bt — & 4 -~
99% AL T 5 I 45 ALY R EE M, B 45 R R E

JEP
2 F=ZRYRASEENF

DLARFEGR R FLA B M), 2 FER R LA 7 1 i
£ T LAXT DNA I RNA SE47 00 7 I b e o3
YORFLIN T AR B R e B b AT K, A
T HEAT RSP 9 (4 e d L R IR LA
e v ORG  BE , R REAS R I R0 . B AR B 8
TR RS, 38 A\l I e
FUASE N R4S e T Z R 2 & A5 00, B AT
BV 220 A BA R 40 K L 3 DR e 5 AR b 78 ek
5 R LA T v A e e DR A G

JASPER FUK-WOO CHAN % {ifi F 44 >k FL I )

¥ M L : http : //gnyxyxb. gmu. cn



3 RN A R AR D B AR AR R R AR R A )

BAX T BGEPIRREFATHITE o FEARIR T #HI2 1Y
2 ZBH B S 2 MY, R A N2y
Jrike MEARTRIRBUZIR , LBRTE 3 DNA J&, R A

HAFUT 51 (4 5051 My 938 05 i, AR S vk 5190 A (5

GTTTCCCACTGGAGGATA-N9-3") % DNA Jiff &b #1 f9

RNA #4718%% 5% A ¢DNA, F]H Klenow F Bt (357

exo-) AT cDNA 25— Z5HE 15 i OB A% == AE W) 5
W, i MG ) . S B(S -
GTTTCCCACTGGAGGATA-3") #£47 PCR § 3%, 315
1A cDNA SCIE . 4T 0K LI ¥ SCE 4 3, SC
PEWERS SE B AT AT, R T RO 4.1 #4712 ~
48 /NEHINFF o FIFH MEGA X AR sk A, 647
B, AT T —Fh 5 tE SARS A5 R
2 bat-SL-CoVZXC21 ( NCBI & % 5 MG772934 ) fi
bat-SL-CoVZC45 ( NCBIE 565 MG772933) kL R N
IR AL AR 7, HLH b 2 24 J8 3 I T R
R P8 5¢ 42— 20, 32 Ry [a] — R sk i gy . HM
2 B8 E R IR WAL ) — i B MR B GL 1 00, S04 s i
R LA L Yt o SEI0 R B, AR Sk IR A 41 BF 1)
1 FE MRS FHEACR IR 8 ~ 13 M FR, R U] F IR
TE EE AR, A s I PR A 7 B P AR AT A AT
I R E AR A R R AR AR

R TSGR e R BE AT DU RO, A
KALA T EAT T —4 5T 2019-nCoV I 1Y S 55 37t
RO R P AT o 37 TR S AR S B S Y 98 Xt | 4
Xf B E B IRFEACHY cDNA #E4T PCR 474, #8 1] w5 42
W BE LN AL P 91 B, AT I S P2 ) 3 D e 3
TR

AL EA BB A 3, X A J0 557 Y fi A8 A
J ARG | 4 B H R L, FIHAKRALEOR 7R
RIS AS FAEA TS INAS [R] () barcode LA X 70 FEAR A
B AN R it 22 T 18 S5 ] A, % G D0 5 78 i 48 5
RSN SN AL N B G AT TR U R RE
AR B B 1Y 2220, A T i AR 7 B
REAET XoF 5 B 2 2 e 118 BB 7 FOR HBORE AN , AP
R R RA HEAEH

3R E

0] i 2 S A 7 il 48 ) R R, I R R
o DR I A A ARSI T 0 M R IR RIS g
TR S BV R A [ L, T oy 20 k00 e i AR AR e
fifpohe T X BB 2 T R R R R G AR
HAT I e AU 38, S8 1 T T A ARG ) ) TR A 2
X RGEMR RE , i 18 0 P B K RE Ol 2

¥ M L : http : //gnyxyxb. gmu. cn

R HRR AR S5 B0, DD i RGO H A
LR R B o AR LIy £ S o1, Al
KAL 2 75 AORALAL XA 5T A SEH P ) 2
R PR 0 7 7 SR AT A ) i 00 S5 N 2 A R 2
ZhAS o BN TR O G RALE DRI - 75 5
T I e AR i e DR L A vy 0 R 2 A
KIIE SR — i 100% o fEAK LA
DX 368 BT 2R S DR s B A G 7 SR R AR, R AE 8 /)
I PN S AR AS USSR A BRI E— 2D AR B 1 s
I PP AR R B B S RS
R, X8 T B SRR 75 4 S R i 00 Ay g
FPAE TR TR IR | T A3 2 78 e 1 o0 AT B A2
P o e 20 0 P DRSHAGE I X B S R 25 10 458
i TR R R AR R LA 15 DL E 1R HUA RGH it
ARG B i 0 X 4 i b PR R R AR R A
AR BE T, R PR B N AR i A U R S

S

[1] YIN Y, WUNDERINK R G. MERS, SARS and other
coronaviruses as causes of pneumonia[ J]. Respirology,
2018,23(2) 130 - 137.

[2] GUO L, WEI D, ZHANG X, et al. Clinical features pre-
dicting mortality risk in patients with viral pneumonia:
The MuLBSTA Score [ J]. Front Microbiol, 2019, 10;
2752.

[3] JIANG S, DU L, SHI Z. An emerging coronavirus cau-
sing pneumonia outbreak in Wuhan, China: calling for
developing therapeutic and prophylactic strategies [ J].
Emerg Microbes Infect, 2020,9(1) :275 -277.

[4] ZHANG N, WANG L, DENG X, et al. Recent advances
in the detection of respiratory virus infection in humans
[J]. J Med Virol, 2020,92(4) .408 —417.

[5] HUANG C, WANG Y, LI X, et al. Clinical features of
patients infected with 2019 novel coronavirus in Wuhan,
China[ J]. Lancet, 2020,395(10223) :497 - 506.

[6] PEIRISJS, YUEN K'Y, OSTERHAUS A D, et al. The
severe acute respiratory syndrome [ J]. N Engl J Me,
2003,349(25) :2431 - 2441.

[7] CORMAN V M, LANDT O, KAISER M, et al. Detection
of 2019 novel coronavirus (2019-nCoV) by real-time RT-
PCR[J]. Euro Surveill, 2020,25(3) :2000045.

[8] ZHOU P, YANG X L, WANG X G, et al. A pneumonia
outbreak associated with a new coronavirus of probable bat
origin[ J]. Nature, 2020,579:270 - 273.

[9] LU RJ, ZHAO X, LI J, Genomic characterisation and
epidemiology of 2019 novel coronavirus: implications for

— 3 —



W R B o R 2020 4F:
virus origins and receptor binding [ J]. Lancet, 2020, man; a descriptive study [ J]. Chin Med J (Engl),
395. 10224. 2020, 10. 1097/CM9. 0000000000000722. doi: 10.
[10] ZHU N, ZHANG D, WANG W, et al. A novel corona- 1097/CM9. 0000000000000722.
virus from patients with pneumonia in China, 2019[J]. [19] CHEN L, LIUW, ZHANG Q, et al. RNA based mNGS
N Engl J Med, 2020,382(8) :727 —733. approach identifies a novel human coronavirus from two
[11] HUANG P, LIU T, HUANG L, et al. Use of Chest CT individual pneumonia cases in 2019 Wuhan outbreak
in combination with negative RT-PCR assay for the 2019 [J]. Emerg Microbes Infect, 2020,9(1) ;313 -319.
novel coronavirus but high clinical suspicion[ J]. Radi- [20] GU W, MILLER S, CHIU CY. Clinical metagenomic
ology, 2020,295(1) ;22 -23. next-generation sequencing for pathogen detection[]].
[12] SAKAMOTO Y, SEREEWATTANAWOOT S, SUZUKI Annu Rev Pathol, 2019,14.319 - 338.
A. A new era of long-read sequencing for cancer genom- [21] SHI M, ZHANG Y Z, HOLMES E C. Meta-transcrip-
ics[J]. J Hum Genet, 2020,65(1) ;3 -10. tomics and the evolutionary biology of RNA viruses[J].
[13] GARVEY M I, BRADLEY C W, HOLDEN K L, et al. Virus Res, 2018,243.83 -90.
Use of genome sequencing to identify hepatitis C virus [22] GOODWIN S, MCPHERSON J D, MCCOMBIE W R.
transmission in a renal healthcare setting[ J]. J Hosp Coming of age: ten years of next-generation sequencing
Infect, 2017,96(2) :157 —162. technologies[ J ]. Nat Rev Genet, 2016,17(6) :333 —
[14] HOULIHAN C F, FRAMPTON D, FERNS R B, et al. 351.
Use of whole-genome sequencing in the investigation of a (23] Fa, [EIn4e, B, 95 I 22 5L D8 20000 e 7 3 280 et IRk
nosocomial influenza virus outbreak [ J]. J Infect Dis, SRR N, FH S BRER LT ], AR I8 R Ak,
2018,218(9) ;1485 - 1489. 2020,43(2020 - 02 - 16). [2020 =03 — 13 ]. http://
[15] VAUGHAN G, FORBI J C, XIA G L, et al. Full- rs. yiigle. com/yufabiao/1181377. htm. doi: 10. 3760/
length genome characterization and genetic relatedness cma. j. issn. 1009 - 9158.2020. 0008.
analysis of hepatitis a virus outbreak strains associated [24] FEER K lon Torrent =M. HriEE 5 mEET, NGS
with acute liver failure among children[ J]. J Med Vir- fnfarBh 3 EB/OL]. [2020 —03 —13]. https://mp.
ol, 2014,86(2) :202 -208. weixin. qq. com/s/O0711hQO1770rKLIQv_k75w.
[16] VAN DIK E L, JASZCZYSZYN Y, NAQUIN D, et al. [25] CHANJF, YUAN S, KOK K H, et al. A familial clus-
The third revolution in sequencing technology [ J ]. ter of pneumonia associated with the 2019 novel corona-
Trends Genet, 2018,34(9) :666 —681. virus indicating person-to-person transmission: a study
[17] MIAO Q, MA Y, WANG Q, et al. Microbiological di- of a family cluster[ J]. Lancet, 2020,395(10223) ;514
agnostic performance of metagenomic next-generation se- —-523.
quencing when applied to clinical practice[ J]. Clin In- [26] JOSH QUICK. nCoV-2019 sequencing protocol [ EB/
fect Dis, 2018 ,67 (suppl_2) :S231 — S240. OL]. [2020 - 03 - 13 ]. https://www. protocols. io/
[18] RENLL, WANG Y M, WU Z Q, et al. Identification view/ncov-2019-sequencing-protocol-bbmuik6w.
of a novel coronavirus causing severe pneumonia in hu- (Y& H 197.2020 - 03 - 13) ( SeAT gk - HEout)
— 4 — 2 F5 ML - http . //gnyxyxb. gmu. cn



