#thEgEHR DEC 20, 2011, 38(12): 1855-1861

Microbiology China © 2011 by Institute of Microbiology, CAS

tongbao@im.ac.cn

Ho I B &35 s 5 RT-LAMP #3075 £ 89 T

BR#E ' #MZHT F° BE° BEA A EERS PEX MEH® HWAL’
(1. J7VERS g EHR RSB 700 MT  530004)
Q. B EMER W BT 530001)
G. TV TH S DA T T 530001)

l'_'ﬂl

H OE: E bk, A, HF0980N Ho BA SARBREAIV)EZEZARNFFRY Y
(RT-LAMP)# 5 5%, AR4E H6 LA AIV st £ (HA)EA R F 2] 6948 F X 8 Ma b ikit T 6 &4 %
M LAMP 3145, vA H6 ZA! AIV FA/MAf 50 RNA AR AAT—F kY 38, sF R &A= R AR & 3t
ATHAL . 45 R AL R e b BT, s Rt R R RR M AT R R, A5 R R, R
{&T #o 3] H6 A AIV RNA 4 0.01 pg, %7 ik A E RIS, REAERSH/ T, £—FiE
FREGEAME. RE0. Bike) Ho TR ATV AN F ik,

KEiE: Ho LA SRR R E, BHRIMANFFEY I, 74, HEAK

Establishment of a reverse transcription loop-mediated
isothermal amplification assay for detection of H6 subtype
avian influenza virus
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Abstract: To develop a rapid sensitive and specific method of a reverse transcription loop-mediated
isothermal amplification (RT-LAMP) assay for detection of H6 subtype avian influenza virus (AIV), six
primers specific to the eight site of HA gene were designed according to the sequences of H6 subtype
ATV hemagglutinin gene available in GenBank. The viral RNA was amplified with one-step RT-LAMP
method, and the reaction conditions were optimized. The results showed that the specificity of the assay

was fine without cross amplification of other respiratory tract pathogens, and the detection limit of the
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RT-LAMP assay was 0.01 pg. The assay is a sensitive, simple, rapid and practical method for detection

of H6 subtype AIV in the field.
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A 16 FhASTE] ) MLEE 2 (HA)FI 9 Fh AS 7] 14 i 22 2 R il
(NA), AT G4 AR Hidh H5NT fil HIN2
VAR FR Ay v B0 P & Ui B B (Highly pathogenic
avain influenza viruses, HPAIVs), nJ LI5[# & 354
B, AR I R R FIFE T F . IR Bk
2R R, B AANEOR M & EY% 5 (Low patho-
genic avain influenza viruses, LPAIVs) ] LLifl 13 2 [A]
HHE R ARG Y & TR SR A DY K& T
DL SRR i B ) B B, I 2 HE T
PR R, W HHEAL R B S B R AU T LPALVS
HE— L HOE Ik, B e B ALY . PR
W, AL 3E 5RO H X A9 FS B H3 . H4 )2 H6
7Y LR 5 A 0 R i, H6 UL S IR B
(AIV) ] DL MK & S BT 5 v a3 B 3], 52 A0 S0 M Ik
e, [ 2000 4EFF AR TR EIAHAEA He WA ATV 153 25
il . Fr AR He WAL ATV A1 DIUEGE
KSR, A SCHkRGE AR PRI ] He R ATV
Pk, £ e RERYE T AL KWk He WA
LPAIVs HA B E AL T A3

AT 5 R AR Y1 H R (Loop-mediated iso-
thermal amplification, LAMP)/& H X %% Notomi %
FE 2000 4F- & W —FpE R R Y B H AR, B
H—Fh H A6 & # & M0 Bst DNA RARBELE 65 °C
AN HEATY RS, T i R R SR R = A
A TR MTTTE A E SR, 7 A B UTTE S B,
AT HETUE NI BUER i SYBR
Green 1 44k}, TE5IPRMERE T K s AT7ORHA
FELR, K ETOC RN, RNk EsonHh
FIPE. RONATAE 1 h INSER, ANTE EEARIR MY S8 i
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Blan H5 . HO WAL ALV, T & W0 55 AW B ke
FRAEE RIS LAMP $5 R 53, #1577 Hé
W ATV B RT-LAMP H s k6 7 v
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1.1
H1. H3. H6. H9 WA AIV HASSZI % 43 55 4K

E, HSN2, H7N2 5 ATV RNA HEFEEA e T
M ST K 2% 8 G2 W iF oE = W BT ko R E
(NDV)F48 | & Jutt 30 S R FE(IBV)MAL | AE G4
I <A 9 B (ILTV) b 52 Bk B2 X8 B 55 1R (MG)S6
FH A S0 2 DR AF AL
1.2 iRF

SPF XY RIE F b M BV A /], RNA HREUAH
TRIzol LS Reagent I [ Invitrogen /A ], KM MK/
AN/ ZH 2R 2H DNA $2 B0 & 1 R R A AR
HABRAF, AMV [ 5§ .EcoR 1 \EcoRV .dNTP
W [l TaKaRa /A A, Bst DNA &R A B .
MgSO,. Betaine I | New England Biolabs 7],
SYBR Green I %5644 EHIE H At 5T Solarbio 23 Fl .
1.3 5I¥M&it5&/K

HHE GenBank U4 4 H EL A 9 H6 Y ATV HA
PR S A% R P 910, N ] DNAStar K 4
MegAlign F2 74081, K Primer explore V4 7E£ %K
PFEEXT H6 WAL ATV 8 AN S 111 3 X4 7 1% LAMP
1Y, B 14 BLAST 912001 . 5 145 1
SRS HIFIAE 4 FIP (Flc+F2), BIP (Blc+B2) AN
5191, F3. B3 K454, Bloop Fl Floop 4 JH T 425
YIRS, Hop Fle, F2 fl Ble, B2 Z i)
53R EcoR 1 Fl EcoRV WY &5, 1% Db
i Invitrogen ARG, 514 FIP 1 BIP #17
HPLC 4lift, HA&519¥°h PAGE 4ifk.
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Table 1 Sequence of LAMP primers designed for
H6 subtype AIV
51 ¥4 7k Gk 2]l
Primer name Sequence (5'—3")
F3 GGGAATCCCCAATGCGAC
B3 TCTACTCCTGCCCATGTACT

GTAGCAGATCCCATTTTGAGC-GAATTC-
CTTGGTGATCAAAGCTGGTCAT

CCAGGAATTTTGAATGAAGTAGAAG-

FIP

BIP GATATC-TTGGGAAACATTTCAAATCTCTCT
FLoop TAGGTCTTTCCACTATAT
BLoop CACTTATTGGATCAGGAGA

1.4 J%E RNA g

Z: 8 TRIzol LS Reagent fifi F U5 H 45 F1 SCHk[12]
HEATHEEE RNA 4, —70 °C A7 % H .
1.5 %3 DNA 8932

i FH R AR MLV /200 B/ 20 2036 PR 41 DNA 42 BGA
&I TE DNA BYHh$E, —30 °C (R
1.6 RT-LAMP 75355 R &1k

XA R BT A3 % 5 | e B e (P9 5 1 4 A
SNSI LA 4:1, 6:1, 8:1, 10:1), Mg> ¥ & (0.6
9 mmol/L) , & 3ZA% Y& & (0.2-1.9 mmol/L) , Bst DNA
PoLymerase (4—14 U), dNTPs (0.6—1.6 mmol/L).
IR KRB (#6060 °C—64 °C ARUKIBHE) . J g B[]
(30-70 min)iF 704k, HEATE S0 0 o e fE R
IV %A% o
1.7 RT-LAMP 7 A4S 4R iR 1

FIRMALLF ) RT-LAMP WA %R, LI HI1 H3.,
H5. H6, H7. H9 WAl AIV X NDV. IBV, ILTV,
MG IR N TR AR S IEA TR, 55 RT-LAMP J5 1%
RS, 1P 2%3 R R I P Uk WL ER 25 L o H 1l
#UFH) H6 AIV RNA #% 10 {55 LB,
Beckman UV-800 £84M 366 B 1400 12 76 B I 451
BEEEHY RNA ¥R, 735074 1.00 ng. 100.00 pg.
10.00 pg. 1.00 pg. 0.10 pg. 0.01 pg. 1.00 fg, X4
W RNA H RT-LAMP ki 3, JFH—4
RT-PCR J7 i [A] AT 3G o 2% Bhtlis b 458 e v, TR
FEG5 TM 2 % TR W U
1.8 &R &GN

XA LI AETE BT RN 62 41+,

PR (5 -5 5 3R 4 8B IR £h 22 v il (PBS)Ab B 5
TR AR PR A i, WCHL 24-96 h BT HCRAE TR AR
PRAEW, FEATIRTED B . BT 62 Al 1+¢ i
4T RNA #hi$2, A A&7 A H6 AIV RT-LAMP Al
RT-PCR J7 #4700, 393F RT-LAMP J7 i (1% Af
SEME
1.9 RT-LAMP F=¥)Egi1 L E

RT-LAMP [ I Z5 5 J5, R FH BR il #: o9 U il
EcoR 1 Hil EcoRV #47 VI 45, BEVIRRWNF
RT-LAMP j=%J 4 uL . 10xbuffer 2 uL. EcoR I 2 uL.
EcoRV 2 uL. ZEFI/K 10 uL, 37 °CEH I # . T
VI~ 1.5%35 e HHEE IS AT HLIK o

2 iR

2.1 RT-LAMP &[5 & 8911k

WX LAMP N 401 R 2R, e HfiE
AR AR RN 25 uL, ALY E o N shs]
Yk B Lol 6:1, F3 . B3 52 4% 0.2 umol/L,
FIP. BIP 5|#/4 1.2 pmol/L, FLoop #i BLoop 514
£ 0.6 pmol/L, Betaine 1 mmol/L, Mg>* 5 mmol/L,
DNTP & 0.8 mmol/L, Bst DNA poLymerase 8 U,
AMV 5 U, £BT1K 5.0 uL, 2t ZWiRE HEE,
W ARy 63 °C, BAERNAEISY 1 h, &5
80 °C 5 min Z kSN, FTAAEIEE A 50xSYBR
Green I 424} 2 uL,
22 HFRMEHE

4ERLH] H6 WA AIV RT-LAMP [194F S L
4o A SYBR Green I Y5 H6 WA ATV FHAE
iRk, Bon HHEYE, IBV, ILTV, MG, NDV,
H1 F# ATV, H3 W& ATV, H5 WA ATV, H7 T
AL ALV, H9 WA ALV UL, SR A YE. an
1A FiR; BHCE SAME T, 94 & h AR
SRS UG, TAME AN R a s, K 1B
JiRs, Y 3G G 2%30 e WEE I L VR, BH P ™
Y BRSO BB AR SR, B R T A B,
WK 1C frR,
2.3 GHEEEAET

45 R W] RT-LAMP J7ik%F H6 WA ALV Ji
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ff) RNA 1B/ NGB 0.01 pg, BI=0.01 pg. i %
HL RT-PCR %} H6 W ATV 55 A RNA (55 /M6
PR 1 pg, Bl=1pg. HILITHE, RT-LAMP Jrikpl R
R & RT-PCR Jr¥EfY 100 7%, 40 2A. 2B, 2C
K 3 s
2.4 lGARHE RN

TEZEHLT 62 il IRFE S, F RT-LAMP J5i%
K3 6 45y FHME, F RT-PCR K03 5 473 B i 5
ST E] 6 Bk H6 WA ATV JR# BHE AR o RT-LAMP
J5 1k BRI 25 S 550 5 40 B 45 SR B R 100%. 4
2P,

2.5 RT-LAMP =YL E
Y iErEY @S EcoR 1 . EcoRV Y G, H¥E
SRS E 2, WE 4 s

3 g

HO6 WA ATV BRI B B0w PE & B 78, 1
EETEBE KM LAEHRE, WM& M RIB IR, &
AT Rl & A PR RS B AR T OB B B T R Y B
L7 S G S RS £ G ER A S WO
RERISWI A RS L INLBE(HA) S e
(HI)iR55 . BEEK S e e e (ELISA) . fe i 24k

El1 RT-LAMP 75344 H6 T2 ATV BY45 214
Fig. 1 Specificity of RT-LAMP assay for detection of H6 subtype AIV
Note: A: Results of RT-LAMP under daylight after adding SYBR Green I; B: Results of RT-LAMP under UV light after adding SYBR Green
I; 1-10: IBV, ILTV, MG, NDV, H1 subtype AIV, H3 subtype AIV, HS subtype AIV, H7 subtype AIV, H9 subtype AIV, H6 subtype AIV, re-
spectively; C: Results of RT-LAMP assay for detection of H6 subtype AIV; 1: Blank control; 2—11: IBV, ILTV, MG, NDV, H1 subtype AlV,
H3 subtype ALV, HS subtype AIV, H7 subtype AIV, H9 subtype AIV, H6 subtype ALV, respectively; M: DL2000 DNA ladder.
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A 1 2 3 4 5 6 7

B2 RT-LAMP 753 8RR 10 45 R 52
Fig. 2 The results of sensitivity text
Note: A: Results of RT-LAMP under daylight after adding SYBR Green [ . B: Results of RT-LAMP under UV light after adding SYBR
Green [ : 1-7: Different concentration of H6 subtype AIV RNA (1.00 ng, 100.00 pg, 10.00 pg, 1.00 pg, 0.10 pg, 0.01 pg, 1.00 fg/tube, re-
spectively). C: The results of RT-LAMP sensitivity text: 1: Blank control; 2—8: Different concentration of H6 subtype ATV RNA (1.00 ng,
100.00 pg, 10.00 pg, 1.00 pg, 0.10 pg, 0.01 pg, 1.00 fg/tube, respectively); M: DL2000 DNA Ladder.

bp M 1 2 3 4 5 6 7 8

3 RT-PCR RYERIWEHR
Fig. 3 The results of RT-PCR sensitivity text

Note: 1: Blank control; 2—8: Different concentration of H6 subtype AIV RNA (1.00 ng, 100.00 pg, 10.00 pg, 1.00 pg, 0.10 pg, 0.01 pg,
1.00 fg/tube, respectively); M: DL2000 DNA ladder.
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%2 H6 LB ALV IR RN %R

Table 2 Detection of H6 subtype AIV in clinical samples

J FRPERE S BIRE 2 T i B
Positive Negative Total number of
Methods
samples samples samples
== =i
AEHNE 6 56 62
Virus isolation
RT-LAMP J5 i% 6 56 62
RT-LAMP
RT-PCR J5 i 5 57 62
RT-PCR

bp M 1 2

B4 RT-LAMP F=H)RIBEH] K E

Fig.4 Products digested by EcoR I and EcoR 'V

Note: Blank control; 2: Products digested by EcoR I and EcoR V;
M: DL2000 DNA ladder.
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WA 51 %R B R P 15 (Loop-mediated  iso-
thermal amplification, LAMP)#% A J& — Fi 4 A o Y
PRI AR, HEAR O & i Ry 5
8 MREFPECERAY 3 X 51 SEE 1 . S i
—Fh HAG B & PG R Bst DNA RBE T, N5 2
M AL W R B[] P 30 BE R A, R A5 R A5 1 RIK
AR L AR 7l e A A N o R 7 SN Ve 3
#5100 PCR Y45 . LAMP A 20 5 51 32 BRG]
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Bloop, {8 & R &R R KHE i, 7E 60 min PN RIAT 58 A%,
FLNE o SN 58 B T B e R Y 1 R R
FEWRIRBE ULTE H 2 SOV 45 3 o 83 =448 i A
SYBR Green I 4okl ULEL, FHM:E AT & 21 S b 4% b
GRfn, ESRAMETT T LA WA SR, BRI W
SR OIL i AT 2 N Ve S R o

AWFFEHE ST 1 RT-LAMP J7 36 %} H6 W AU & Ji 8%
I3 B AN LA R A e S M AR R I R It
75 RNA Fe/METIE A 0.01 pg, A# #L RT-PCR
) 100 5. (EFHERERZE, ER LAMP Ji ik iUk
PEAR S, DULATIF RO w2 i, RN IR 5 B
B TS YR PR L R R B0 A T 3 A BH
(7=, Bk, T B IR PR S R B, AR
LAMP FiAR BB S50 h 2N, 35 00 %
(B AR AR, K T TS 7 Y8 P S 6 DX 38 R A A Al
F14) S 365 DX DA R 5% 448 SR 1) S 56 X S8k 43 T, SEA T
XHEAE . AP 22308 SYBR Green 1 4R A 3]
FRARZ R, I BUS 4> BRAR AR, O8N e BE
PR N BRSSO AT DA S T
Vol I ) s R

AWFFEHESLH H6 WA ATV LAMP J5 % B A i
P AR . RS | U A, I
A REMBEZ IS He A& i s TR I,
X9 1 Bl 45 2 LR L

2 % X Wk
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