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(RRI) «dNTP (2.5 mM) . MgCl, . ExTag HS f ) [
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Solarbio 2y 7] ;3” —5” exo—Klenow DNA Polymerase i
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L1.3 514 AHESC A HT ¥ S e sk 519 FR26RV -
N.Bf HL PCR # 5] % FR20RV ™ | CSFV 4¢ )% & #
RT-PCR 514 f4 % . PCV2 PCR 5141 (£ 1) 8
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B2 10 pM, —20°C R A7 % H .
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Table 1

Primers used for reverse transcription (RT) and PCR

Primers Sequences (5—37) Endonuclease
FR26RV N GCCGGAGCTCTGCAGATATCNNNNNN EcoRV
FR20RV GCCGGAGCTCTGCAGATATC EcoRV
CSFV86S GAACTGGGCTAGCCATG

CSFV166R ACTGTCCTGTACTCAGGAC

ProbeCSFVv111 5" FAM-AGGACTAGCAAACGGAGGGACTAGCCG-TAMRA 3~

PCV-DI1 CCCATGCCCTGAATTTCCATA

PCV-D2 TAAACTACTCCTCCCGCCATAC

1.2 fFEE M RERERARMA PKAS HAEEFR
1) B 462 )

1.2.1 # G % CSFV Shimen £ 41 i £ 7= W) -
PCV2 G 1) % A0 ZURE il ™ 76 4l L 9 A2 AH 28 22 Tl
T AR BE AR 8 W R 1K) PKHALS 41 i 15 7= 4 VK i il
1, 20 ZURE G 0T B S S 0 A B SR B R O
12000 xg 250> 5 min, B _E35 ] 0. 22 pm 8 5 9,
PEId R AR v TAE & 5e e AR5 B 357 pl 98
Jn A DNase I fl RNase A % 1.5 uL.10 xDNase I

Buffer 40 wL, T 37°C /K% 3 h, LA RE & g 320
BB, ARG E 75°C /K% 10 min, KX 3% DNase 1.
1.2.2 DNA 71 RNA B9#2 BR : &b 2R (R FF i 35 50 p
P >200 WL A il ] OMEGA DNA $i B 71 £ $2 I
DNA, %5 4 200 wL #£ & B Invitrogen TRIzol #2 HX
RNA, B AR EAE S U 2847

1.2.3 X4 cDNA Fn¥4E DNA & B £ i RNA $2
B 57 B I %% 5%k 7 £5 (SuperSeript T Reverse
Transcriptase) HEAT B 5%, ¥k 51 W) 5 FR26RV -
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N(E D RN AR R K B AREAES UL 4. R
KA S B ) 94°CARYE 3 min, IHUE TUK 1A
12 min, I A 0.5 pL Klenow DNA Polymerase (NEB
AT)) A cDNA B 4k, O 45 37°C Il b,
75°C %4 F K% Klenow DNA Polymerase 10 min.

MFE S S DNA (20 pl) A 2 L 519
FR26RV-N.4 pL dNTP.3 uL 10 x Klenow Buffer,
94°C A £ 3 min, JK ¥ H12 min, JIAN 0.5 L 3" -5~
exo— Klenow DNA Polymerase 5 & T 37°C /K% 1 h,
R — IR B K SIE AR IR K DNA AR .
1.2.4 BE#l PCR # 3 : & B XUEE cDNA F1XL
B DNA 1 &0 5 wL N A FR20RV (£ 1) 554yt
ITBEHL PCR 458, e AR R P A5 5wl 10 x ExTag
Buffer.5 pL MgCl, (25 mM) .4 pL dNTP.4 pL
FR20RV B[4.0.5 pL ExTag HS fiif, N 2 & /K &
RN A AR FR 50 pLle [ AR A 94°C FiAZ 1 2 min,
SRJG 94°C A5 P 1 min, 65%C i kK 1 min, 72°C 4L fif
2 min, ¥ H4 40 MEI, i )5 72°C ZE{H 10 min.
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D) AR 2Ry 25 s o 246 1) PCR 77 4) 20 L,
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3 ho

PCR 7428 IR0 v A U0 i 00 B 5149 )5 » 18 130
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L] 15
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BEAT B PCR S8 58 » 36 B Be K /N AN 55 1 B 1 v B
HEAT M
1.2.6 W FF #0 F 5 o #7: K BHOPE oe B X &
Invitrogen 2y w) Wl /72, YN 153 (1) P 41 9F 2 )5 25 BR 8K 7
%1, W NCBI #9 FE 7 Blastn I Blastx I H, 73 5l
BEAT B2 H R 3 510 R0 7N HE B8 ) 15 8 96 1) s L TR e 41
X} o
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5 DNA & J~ Bl L PCR 9734, [A]1ic 600 — 1500 bp H
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o D (1 25 A SR s 2 R T AR R SR DNA SC
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I P T EAT L6 93 BT
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M6 FH A 52 36 = T 4 (R0 48 i 0 25 A )RR 2 T i 7
W 0.22 wm [ ¥E L 3E, X 2 DNase 1. RNase A
A KB RNA J5 B 2¢O6 5 & RT-PCR s I 4% i
I3 e (R IS AR 22 i 9 R A% TR I Ak 10 B X
Mo 45 R, R 20 Uk 2 A% TR G Ak 32 1Y) B b CSFV
i 15 2R K 2. 503 x 10° copies /wL, £ 4k R RE &
CSFV Ji # 8 0 2. 485 x 10° copies/ Lo M &5 H %
B I 075 B FF i 28 o 8 R A% 1R I Y A A B S O
MRS EARZ M .

FH AT 90 3 7 (R R W 7 3 00 A 3 ()R il 1R AT
Rl B HL 15 A48 N Fr BeOK /N AN [ (%) 5 B 32 47 900
J¥ o {E NCBI rft BLAST Lbxf 43 BT U 13 1) 15 4% BE A
Fe g, g5 R o, Hoth A7 4 0% i 25 W)U Y 41, 4
R R L R AL A K 1307 % 5 AR 99% -
100% o 5347 2 4K Gt Ak mRNA [5] U5 741 -4 % 4
WA G T8 7 4133 4% 4 R [R5 P 51022 45 8% 188
rRNA [R5 )7 51 J¢ 5[5 Y5 PR A2 78% - 100% 2 11],
WM 5 TR 55 R T A e AR I vk R — 2
2.2 PCV2 B35 a04H L4+ fm B9 46 )

R M 05 K 1) R R R B I 2 1ok i R A TR
i 4k » 42 S K 41 DNA JS % 90 PCR 777
Mk PCV2 B e, [R] I Al A 28 3o 908 R A 18 1 90 AL 11
B o6t R g5 SRR W, YL PCV2 1% 41206 W &
ok R R R I AL BRSO TR AR & R 2 g (]
.

FH A 0 3 7 (R AR I 7 v 56 Ak B 5 16 B i AT



200

Wen Han et al. /Acta Microbiologica Sinica (2013) 53 (2)

E 1 PCV2 & # PCR &

Fig. 1~ Detection of PCV2 DNA by PCR. M: DL2000 DNA
Marker; 1: PCR negetive control; 2: PCR positive control; 3:
PCV2-nfected sample filtered and treated with nuclease; 4: PCV2-

infected sample unfiltered and untreated with nucleases.

RSl I e B 20 AN 4 N BOR /NAS [ 1) v B AT
WFp. 75 NCBI R 43 11 20 4% 2k X 7 1) gk 47
BLAST LEX} 73 #7» 45 R Wor Hop A7 12 4% PCV2 [H] Y4
JP3, s PCV2 JE R A K (K 47.2% , [R5 P
9% —100% . % 3 405 Ytk DNA 4 4% 45 ki ik
DNA Fl 1 4 & W U5 T ¥ % 5% % # ( porcine
endogenous retrovirus, PERV) [6] J§ ¢ %1, [6) U5 ¥ 48
84% —100% 2 [a]. BL&5R 5 PCV2 & Fl PCR £ Il
VAR E Skt
2.3 KRMBEFEH PKAS MES SEFEE N
K3 E 5 A O VR 2 I SIS 95 KL T 4y 1 0
I 753 21 7 06K E0 e 4 i B R W0 10 JR AR PKAS
g0 M B 35 7 A CPE, R Y SE 56 58 (19 1l 3 2%
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Fig. 2

Unknown suspicious virus observed by electron

microscopy.

IS A BIF 5 4 37 1) 9008 IHe AN T 9 Tt 4 i 5 7
Pyt AT R I, L 56 AN B K /N AN [R] Y e 1
A7 R, ££ NCBI rpOR U 153 1 56 4% % D e 41 1t 4T
BLAST HXS 70 Hr» 45 R 8 7s Hob A7 26 2% ] i 18
72 5 2 (parainfluenza virus 5, PIV5) [& & 75 1), [7] U5
MR 97% - 100% , 5 o5 He 41 4 K 1 16. 4% (]
3) o AT G (O A& DNA[R] R P 51 2Ok 1A [R] U5
A 41 TR AR 0% [ U5 0 B o I A AR AR O 7 41 T U A
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Fig.3  Coverage of homologous sequences in PIV5 genome. Gray regions represent coverage of PIV5 homologous sequence, and

schematic representation of PIVS genome quoted from Wu et al el
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IS JH A HIF 5 e 3 ST f i T o Ak TR 40 2 £ 3 )
BRI 705 Xk S AN TR T By R A W TR
T3 48 AL ZURE i BEAT ARG I 5 % B DR 20 0 e 45 SR AE NCBI
Bl e AT EEXS S S5 R AL Y CSFVLPCV2. 8 41
s 2 (TTSuV) < J# bocavirus (PBoV) 1 A it 95 35 6
1 (Ad6) 2511 Ry 41 (% 2) -

*2 RAHBEFEFRANFEROLEESF
Table 2 Classification of metagenome sequence

reads of the pooled samples by BLAST searches.

Category No. of reads/%
Human 1858 (20)
Pig 3787 (40)
Bacterial and phage 895 (9)
Unknown 2859 (30)
Virus 100 (1.1)
Classical swine fever virus 7
Porcine circovirus 2 15
Torque teno sus virus 68
Porcine bocavirus 8
Human adenovirus 6 10

Total 9507
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e BRI RO G T R AR R
i AN PR R N AR e d P i R S M A S
RN o LA AT B X BB IR
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Jo 50 BRI EE AR 554 s (L 5 08 5 1 12 67 )5
RAAFAEAIR K R BRE o 7 56 0 75 75 40 i vh 23 18 1%
Ir e B B ) A e AR 4 s A8 (CPE) , 55—
T A 48005 B AL 40 il By IR I A 4R CPE, LR R 2
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T TR > DR ST K AR DR A X R R 1Y
Rl o fe A Jy e 5 Pk PCR ORI % DL &R e ik 5T b
a O BT oA o R (O Rk AR B 4L, viral
metagenome ) , M i % &% B ¥ 5 (4 BE AL 9
(sequence-independent amplification) 45 & 15 i &
¥ £ AR (high-throughput sequencing) 7] L1 4 T B 5%
B TEAREVE 10 i R AR . BEAL PCR BOR T
RBEAE T AP PRI S| W vk A B s ) 6 -9 A4
BRCHE I BE AL 10 0 S n b — Be s A — A BRI
Bt U7 o510 38y A1, ks O 2 BR AR BE S 1)
PCR N4 G 51 4. A 3cik A BEAL 519 51
Allander 25 ™', 3% 67 5T 7 i BE L PCR J7 3% 5 2 43 47
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KW Fae 53 L R 3 8 & K
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T FH A% PR T 6 B 8 JE AT Ak R AR R BE 16 T B
T AR Z IR 140 5% i sk /D S 8200 RN B 43 AT 1
A R A A 0 A K

FRATTHE N 11 3 0 B 22 B R 4 2 1 AR 0 AR
W7 95 2 DA R IR 41 2 T 5T 8 6 2 R BE L
PCR ™ 38 (1 40 4, 45 45 K BRI 3 1 J5 105, w3 2% 1
A 0 A S5 J IR A R ) B R .l kX CSFV 4 i %
FEWI A PCV2 3 Y 5 kL ¥ R 05 TF B 0 AS: 0 7 9% 1)
FE B SRAH 24 98 22, X T8 B8 35 F2 W)~ 1L ~ 41 206
sty PG 00 K7 3 3 5 () I S TR AR 3 T RNA g B
AT DNA 55 2 [ AG P 5 .

AT TATIN PCV2 g YL (¥ 4% 4 ZURE 5 %
SER ALy A B T — 4 PERV [ 4. 1ER—Fh
W PER E, PERV ZEXE (A 1 2 A e ™ il G
A A S DR A g T e e T AR MR SRR
o PERV ZEARAN & AF T 2 I H 6 A U5 40 i R 1) J
e ) M R R WA PERV gL A K (¥ 40E » B
JEIXKE ARSI T 2% R A X PERV () 5 5 5 40 .
S 1 I N TR LA 38 AR TS SO O AN AR ZE N A
BOR/NIE RS OR 2 1  HRTLE VR T N S 10 7
TSR N T 5 P Gk N B AR D v AE ) B
(EEE] E SN R L N E A R A e |
PERV Xt A2 () 98 76 5 By » i 1 PERV B 10 0 %
SEE IS cIn BB ERI N

Bt J BATT IR FH % 5 v 69 25 0 29 0k B R e AR
& CPE [f) PKAS5 41 i A7 1 53, 45 538 i 5 5100 5
J& BLAST LU 43 47> A1 18 2 7 it ik # 5 AL
(PIV5) [ty NP.M.F.HN FI L 5 [X 5 %), 78 35 3L A
2K 16.4% K7 5. AT LU & PKAS 40 il
Yo T IO B 5S040 M AR A

O R A RGO R B O LR OB AN
ST B RNA 5 35, 7 R, B 58 1A v o) 5, B
HN &R F & (L 0% # R B 24 150 nm - 300
nm. HIERGIAK Ny 15246 nt, iy 7 BLiE 4L M 3L A
HE, o2 NP P .M.F.SH.HN f1 L 3 K. B3
L5 2 5 A TR F O 4 b 5 AN g A, AR



202

Wen Han et al. /Acta Microbiologica Sinica (2013) 53 (2)

A B R AL 4 AN s A, o T AVRNT AL R T
FIK R R ANV AR TR e e g Y
PIV5 J& T EIR 6 28 Jd, 76 AR A o A )32, 1F
Z W] G I R RS . WA
W B RO (H O R 5] I PR E
%[12] i
PIVS e fEME2F W RO BRANK R4 2 R s i
(1 S A B Al DA & BHK 21 Vero 55 4fl i | 38 5 , L
Hh AR AN e Ok B I O R A R R M 2R
AR AT 5T A SRS B I 4 K 4 B R
ROk 2 PIVS, SR AL 4 U 45 7 51 ¥ T PIVS (1) 4§
S0 G Wk SR A6 99 R AR AT A I, 50 R PIVS Y
Peo SR, APF TR (1) R R R
TR PIVS, ML PCR 7 vEA I AR 215 (2) 5256
25 B EE A ] B0 PKAS 21 i 58 7 3 2 4% AR 1 o e
Tl PIVS y5 4% . CF PIVS RS0 K YL S0 80 = B 97 1)
MR RO RE Y o T R
SRR AT REE LR LA R AR 4 Bl A 5 iy 3% 1% 97 40
PR P4 2 v A R 4N MR IR R AR N B A & R
BEF X RPN B, AT S5 = R A7 1) PKAS. ST,
HEK293 .BHK-21 1 Vero 41 Jfil 2 34T T K I, % 3L
JUA 4y B9 #34 FH 103 S AL AR 1) PKAS gl iais 4 T
PIVS. BLIL G 42 /8 FRATT o STAG W S5 46 4 06 FH 40 L R
(M Bk Bb Ak, 1% 00 5 4 0 U 2 sh W R Al i
o g g M 7 S B AR A o TR
1 R o i X %09 (R R . A SRR R R T 4
HEAT BLAST LU I, BRATT B A8 R L — 26 5 4% Y fa 4k
SEDR Rtk DNA DL K 41 v A DG 2 R e 52 [0 9 1) 57
|, 3% Pl s SR 22 W 5 3ok 98 RIAZ 1R I 9 A R A o2 4 T B
FE PR SRR R IX 8 SO R (K A7 16 23 5 W
BEAZ IR 1A R H 3, DN AT 6 B2 0E — 25 D0 4K B Ak 22
(¥ 4% 4 -
T 52 A% G000 7 75 3k 0 BRI U6 R 23 4y
o [ HEAT U AT T 6 S S0P T ) R 2 A 1
iR IR T A5 A 56 2, AN R 7 o5 FE R 4L
Ny s o T R B FE b 16 9 B 3 T AL
BEAT WY AT AT T A8 25 R 3 B0 98 #5455 AT
X R il o B R Y U R ANTE . O T S X R
0 0 ARG WU A 0195 Do % 1 K PR R I R AT 3 B A
JH B — AR R 38 P 7 v IR R T VR AN 7 Bk
A7 7 B, AE i RUT BB VE 40 M T AR S P R R 1
o X5 T R T P 9 9 TR A U R 1 I R R A

I EAT B S N ASHIE 5T ST 0 T T A
— RN E AR, BATNKEE 5 NETHT 4
T3 S5 A I PR 9 A 2H R i rh R I B 1L 1% 1) #E T
51, 43 #5 5 CSFV.PCV2.TTSuV.PBoV Fl Ad6 /& J&
IR P51 o 9 2 7 41 o 6 7 41 B0 B ol 3R 8 A
AL ZURE s 75 28 s G T L b w BT N R
PCR (1) 77 32 A AR W0 1) 3 26395 75, 18 W AR BfF 50 2 37 (1)
BE T e BE DR 2R 2 18 2 ) v B AT g 9 UK P v T
W PCR 7 ¥

AT 5 37 1) S T B 2 S DR A 2 T R S B
G 00 2 AR AN T8 75 23 2 R IR QA A% IR e A
SRAN TARGE 5 18 W BOR AN A2 R % 75 1)
R AL T — Fhnl A7 i) S o 2 R I G P G 28
i ] SR B R I RS B AR £ FRATT e
RS M A D A R i O DR R B 4 A
I RIBTT o« BEAh, TRATRAL: R OV & &R G4l fig
i 8% L T TR 03 B E K T R A BE N B 4L 7T 5
O H: FE 3« 8 O HRE B A B EE R .

Z 2 3LHR
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Abstract : Extreme varieties of viruses exist in the environment and animals, some of which are unknown. However, many
unknown viruses are barely detected by means of conventional virus isolation and PCR assay. [Objective] To develop a
technology platform for detecting unknown viruses. [Methods] We established the technology based on viral
metagenomics in combination with novel molecular diagnostics. The technology is consisted of removal of host nucleic
acid, random PCR amplification, large-scale sequencing, and bioinformatics. [Results] The technology was applied to
detect classical swine fever virus (CSFV) -infected cells and a tissue sample of a pig infected with porcine circovirus type
2 (PCV2). We amplified 13.7% sequences of CSFV genome and 47.2% those of PCV2 genome, respectively.
Moreover, we amplified 16. 4% sequences of the simian parainfluenza virus type 5 genome from an unknown virus cell
culture using the developed method. In addition, using the developed method combined with the high-throughput
sequencing, we detected 1. 1% virus sequences, including CSFV, PCV2, torque teno sus virus (TTSuV) , porcine
bocavirus (PBoV) and human adenovirus type 6 (Ad6) from 7 clinical swine samples of unknown causative agents.
[Conclusion] The developed metagenomics-based method showed good sensitivity for detection of both DNA and RNA
viruses from diverse swine samples, and has potential for universal detection of known and unknown viruses. It might
facilitate the diagnosis of emerging viral diseases.
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