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Establishment and application of visual loop-mediated isothermal amplification of Anaplasma capra
REN Qing' , XUE Jing',DU Luan-ying' s WANG Jiang-1i* s GUO Wen-ping', XIE Guang-cheng' (1.
Department of Pathogenic Bi(}l()gy Chengde Medical University s Chengde 06700, Hebei s China ; 2. Chengde Center for

Diseases Control and Prevention) ™

Objective Anaplasma capra is a newly discovered zoonotic Anaplasma species in recent years,which can
cause human anaplasmosis,and seriously threaten human health. Hence,it’s important to develop a visual loop-mediated
isothermal amplification (LAMP) method for the rapid and on-site detection of A. capra ,which is very significant for the
diagnosis, prevention and control of anaplasmosis. Methods The msp2 gene of A. capra was amplified by polymerase
chain reaction (PCR) to construct the recombinant plasmid. LAMP primers were designed by primer explorer software
5.0. The LAMP reaction conditions and reaction system were optimized, and calcein was added to establish the visual
LAMP method. All available msp2 gene sequences of A. capra were downloaded from the GenBank database. All the
LAMP primer sequences were aligned with the msp2 gene sequences to ensure that the primers were located at the con-
served region. The sensitivity was evaluated using a 10-fold ratio dilution plasmid as a template,and the specificity was e-
valuated by detecting A. capra in collected ticks. Results The established visual LAMP reaction can accurately detect
the recombinant plasmid containing the msp2 gene. The detection limit of the LAMP assay established in this study can
reach up to 1 copy/pL.,which is 100 times more sensitive than the PCR method. The established visual LAMP can accu-
rately detect the positive tick sample of A. capra without cross-reaction with other members in the genus. The total
DNA of forty known A. capra-positive ticks was detected by this LAMP method, and the results showed that all the
samples tested positive for A. capra. This method was used to detect the A. capra infection in ticks collected in Cheng-
de, the results showed that the positive rate was 16. 1% (31/192) , higher than the positive rate of 12. 5% (24/192) detec-
ted by the PCR method. Conclusion Totally,the established visual LAMP method can detect A. capra sensitively and
specifically, which is simple and rapid to use for early detection of human infection with A. capra and surveillance of its
infection in ticks.
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IR (Anaplasma) J& F 3758 KK H (Rickettsi-
ales) LI AE BF ( Anaplasmataceae) , 24 20 ifd PN 25 A4
Bt e M AR BRI S W, W] 5]k 3R B TR AR
. I A XS N BUW 1 T T A 455 o 7 05 240 1 TG TR
(A, phagocytophilum) HETIEAR (A, ovis)  Fl
WETCIER (A, caprad™ . 12 To I AR 2 I 4F € Hr
R —Fp N B IL BB R, 2015 FE W S F S B IK
3B 1R R e VA N 1L A T T A B 1 e R
R R e R AN IE Sk 2 AL P P S5 R IR AR X
WA I PR 8 R 5 At St R AR X 4. 124K
1B, R E SR ILAE (LR A TP A
IR A8 H R TR IR M A A R BT L AR TR AR,
PEAT 1L TO T AR 0 IR 40 455 4 Vi il K A R
VA A R e TR A A A LA
ZWRAE Sy AR A 0 1 A O AR AE 3R = 9 43 A
R RPN N S IIE S W A N S A T SRR

BEE > T AW 0 & e, HETE A R4 g U
N (Polymerase chain reaction, PCR) . . [G PCR., %t
SE B PCRLSER 28 6 38 & PCR %5 F 8 1% Y 05 95 J5
PREGIZ IRt s s A I ok BB R R RS
PESR AL AL B R ZHE B S L AL i Al A
MR L. P, 857 —Fh 2 3F R R R 2
W7 75 % TG I A4 1) B AR A L 2. 2000 4, Noto-
mi B T — RO 4 TR I R RR O A
SR Y B B R (Loop-mediated isothermal amplifica-
tion, LAMP) . 548 BRI 77 2 L&, LAMP A A
e R M LR R R PR UL A A R S R R T
LA 5 B K 50 . 3 4 Sk LAMP 4 AR 5% 05 H Al 78
PRy T A 55 BR 5% B0 46 0 45 e A5 3 3z N
AWEFE FE LA I FE TR B RS msp2 Bit—
XHA R SR LAMP 5197, (046 LAMP 19 52 4%
PF5 R 2 IR 3012 07 V5 W 4 S P AN R U L LU ST
—BRR S | S O AT AL AL B T AR L S T T A Rk g
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MRERE

1 ##

1.1 #ARARR  PORTETEFAPREM 192 H 5
FEoE LR RER CRERMERFL ., MF¥ETIE
I IR AR G & TCIEAR A TOIRAR 1L TTE AR
PR 5 DNA A & 25 g AR 52 50 2 00 Fp 4008 7 A7
1.2 %KX A Bst 3. 0 DNA Polymerase, 10 X
ThermoPol Buffer #1 MgSO, W H 3% [ New England
Biolabs(NEB) 2\ vl 5 %5 85 4 3R FIH = 66 W A € [& Sig-
ma A A3 ANTP W [ 46 50 KR A4 b B4 A R A A
Taq PCR Mix Il At 5t R & L AW RHECA R A A

Plasmid Mini Kit I D6943 Fi1 Tissue DNA Kit D3396
I A 2EF OMEGA ¥+ RAH

2 Ak

2.1 LAMP % PCR 3l #1853kt 54 m  1E Gen-
Bank $48 7 i ks &R 1L F TCTRAK msp 2 FEH T 51 (Gen-
Bank:L1.C432266) , 181t Clustal &4 Lo X 20 H7 , %6 B
S RSF A B, il id £ 4k Primer Explorer V5 Cht-
tp://primerexplorer. jp/e/) i+ £E LAMP 5|9, £
F5 P %A 51 9 (F3,B3) M 45 1 51 9 (FIP, BIP) . [
A X% X 3T 1 %58 PCR §48 514, B3 H
MR B BE R 857 bp, I FEA A MM E. 19 H
R TARRA R E A .

2,2 FameMmELSY N AR msp2 F
(5'-ATGCCGTTGGTAGGATAGAC-3") Fl msp2 R
(5'-GCACTCTATGGTAGAAAGCT-3") N 5| ¥, LA
PRI BV A TC I A B M 8 DNA A 4R, PCR
P¥ omsp2 WA B, ¥ HM A BYS pGEM-T #i ik
T4, i g R 2 SR, I A I E A RO A o
Ve, K E A OB AL DHS o A2 S 40, 6 LB R AK
AR BErh HEATRE IR . B TR R BRI Lk R N 4l
BE LI DB msp2 38 5 DU (copies/pll) =
(6.02X10%) X (ng/pul.X10")/(DNA length X 660) ,
2.3 ¥ % DNA #9425 R OMEGA Tissue DNA
Kit D3396 (DNA & Bk %) &) #2 B 192 H i ki A
DNA, 77 F-20 C kA4 .

2.4 LAMP R p#h zeyE s 544 LILELIEMKE
A TR B R 51 F3.B3 K FIP.BIP i Ji] 25
pL B R R HBEAT LAMP §7 88, 20 5% LAMP J L
TRJE (59.60.61.62.63.64 °C) I [A] (30,40,50,
60 min) Fl 2 i & & (Mg”" ¥ £ 2,4,6,8,10, 12
mmol/L,dNTP # £ 0.2.0.4,0.6,0.8,1.0,1.2 1.
4.1.6.1. 8 mmol/L, 0¥ B (0. 2,0. 4.0. 6.,0. 8,
1.0.1. 2 mmol/L) #A7 4k . 0 72 e dd: [ b &5 1 .

2.5 LAMP THALRKE  TERNATHAER P IA 1
pL F5E 4 2 MnCl, 185 W (AWK EE 535128 0. 05 il
0.60 mmol/L), I 45 J5 . 7 5 5 4% 68y BV 1%
@ EIE,

2.6 LAMP R R g taal 4350 LAl 3 TOIB 44
HE TR P T IR AR 0 G TR AK | 4 TR 4K BH 1
B AN A AR L I35 ' B R SR Ak 1) s 7 4% 1
FAR Z AT LAMP Ko 7 2% 09 38 U PR A

2.7 LAMP #gmtnl Bl 25 J0 I 4k 5 4 5 1
10 546 BE A% LU AR RS L 23 B N BEAl AT LAMP 973,
[7i] Bsf 15 5 B M 0 B, B 485 oS UL 48 45 A4 1 6 A8 AL, [
Bl X 47 384 7= W AT 1.5 00 Bt B o R i R VK 45 L A T
LAMP J7 3% W80t . [R] At oA A ) o 35 o6 5 A o
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RN AR R T PCR DAAE He 8. PCR IR & -
Taq PCR Mix 10 1., 10 pmol/L F ., F##514 (LAMP
BAEGI Y F3.B3) 4 0.8 uL, DNA it 1 pL.
ddH, O #b BLAEFR 20 pL, RV FEF .94 C AR
5 min; 94 ‘CAEME 40 5,50 ‘CiB & 40 5,72 CHEAf 50 s,
I35 AMEA ;72 CLLEM 7 min, B PCR =¥t 47
1.5 90 3 B W68 Jic 86 e Fi K« B 2 5 3l PCR A 1%
2.8 HARAbw S350 A IR LAMP J5 ik
F PCR 5 X% AT HY AR A2 1 192 ARG I L bE A
WA 7 35 09 1 25 TE R AR B M R 9 LAMP Jy ik %
40 4y B0 1L 2 TCTE 1A BE PR i DNA SR A7 4G

# R

1 S|t 5iFE

X LAMP 5149 #6470 36 560 UF 5 2F 17 30 50
DL A5 (0 1L 26 TETEAR msp2 35 DRI 2 200 55k Sk 1554
[vi] BF 15 7 B P S B2 K BT B 248 LAMP 51443 )
M LAMP 3647975, )N AR & o LAMP i [ 25 pl
RZ NI E N 60~65 °C, B EME A 1 h A4, 9%
JG1E 85 °C A2 4 i Bst DNA Polymerase #4253 ,5 min
JE RN 2k . BRATRE ST AME B 1,

£ 1 LAMP3|#

Table 1 Primer sequence of LAMP assays

519 51451 (5'-3")

Primer Primer sequences

F3 GGATACAGTCTTGGAGGAG

B3 ACGATCTACCTGACCTCTA

FIP GCTTCTTACCAGACTTCTTTGCTGTAGAA
GTTGAAGTAGGATACGA
TTAAGGGAGCAAAGAAGTCTGGTTGTGCT

BIP AGTTCTTTACCTAGT

2 LAMP RNk RBEK

PL¥E DLECRy 10" 1 R R B4R % LAMP Jz b 4%
TESRRMATRAL . B2 1% 07 1 A SN TR EE D 63
°C e A N I 8] 50 min, HAER AR R F3/B3(5
pmol/L)¥ K 1 pL,FIP/BIP(20 pmol/L)¥J% 2 uL,
Bst DNA R4 (8 U/pl)1 pl,MgSO, (100 mmol/
)1, 5 pL, ANTP (10 mmol/L) 4. 0 pL. &35 (5
mol/L)3 pL,10 X ThermoPol Buffer 2. 5 pL, 84k 1
pLoddH, O 6 pl, 4 DL bS5 i O 45 1 I ik & 47
LAMP W4 B 7= 28 1. 5 Y0 5t i W 06 Jig vl Dk s 30 de £
AR SR
3 R RME

baiI1DRITES5/vI A NN E S/ 75 A . NNL LB W9 A . NV
G AR 4 O AR DNA SRR, A 1k 14 52 17 2% 14
AR AT LAMP ¥ 84, 25 5 gl 2A, 1L BB 1K

P AR SRR (B 2A) . IR AR 5 = )
A SRR P OR AL O N B OO0 HAL Y ok
AR, R (8] 2B) .

M 1 2 3 4 5 6 NC

bp bp

(o}

M

A JREMIL M DL 2000 plus DNA Marker 1~6 & 45
9 59.60.61,62,63.64 °C  NC MMM B mfuEftftk M DL
2000 plus DNA Marker 1~4 a4 51% 30,40,50,60 min NC
FIPESHIR ¢ Mg T REWHREM M DL 2000 plus DNA Marker

1~6 WA 2.4.6,.8,10,12 mmol/L. NC HHEXMI D
ANTP #EHk Bk M DL 2000 plus DNA Marker 1~9 ¥E
A 0.2,0.4,0.6,0.8,1.0,1.2,1.4,1.6,1. 8 mmol/L.  NC A}
M E @i Ei M DL 2000 plus DNA Marker 1~6 ¥
BE4 R 0.2.,0.4,0.6,0.8.1.0,1. 2 mol/LL. NC FAHEXHIE,
B 1 LAMP RE{ERRFHEMRL

A Temperature optimization M DL 2000 plus DNA Marker
1-6 59.60,61,62,63,64 C NC Negative control B Time opti-
mization M DL 2000 plus DNA Marker 1-4 30,40,50,60 min
NC Negative control C Concentration optimization of Mg?" M
DL 2000 plus DNA Marker 1-6 2,4,6,8,10,12 mmol/L.  NC
Negative control D Concentration optimization of ANTP M DL
2000 plus DNA Marker 1-9 0.2,0.4,0.6,0.8,1.0,1.2,1.4,1.6,1.
8 mmol/I. NC Negative control E Concentration optimization of
betaine M DL 2000 plus DNA Marker 1-6 0.2,0.4,0.6,0.8,1.
0,1.2 mol/L. NC Negative control

Fig. 1 LAMP optimization of reaction system and conditions
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r 9%
3 \1

A LAMP B4R E B LAMP Al ¥{b45 R K M DL 2000
plus DNA Marker 1~5 2031810 2E IR 40 E TRIB AR e B
1R GG T A I Ak LAMP 7=#) NC.6 B xR

2 LAMP 3 X & Rz

A LAMP electrophoresis result B Visual LAMP result M
DL 2000 plus DNA Marker 1-5 A. capra.A. ovis,A. centrale . A.
marginale and A. bovis NC,6 Negative control.

Fig.2 Cross-reactivity of LAMP assays
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4 RWHREFHE
i 10 R A% HL R B Y Ll 2 JC T AR BORLAE R A4
WEEM 10" copies/pLL #] 1 copy/pl,i% LAMP J7 ik
1) e A R K 1 copy/pL (& 3A), %8 PCR J5
B RS HBR 107 copies/p (& 3B) i 2 A EE 9,
TE SN AR 22 0 fin A% B R AT TR AR A (I 4D
55105 %0 Bt HEBHEE e HL Uk 45 R — 3.
M 1 2 3 4 5 6 7 8

9 10 11 12 NC

M1 2 3 4 5 6 7 8 9 1011 12 NC

W WY W W e

B

A LAMP 7k B PCR # kM DL 2000 plus DNA
Marker 1~12  HiH$#E L2504 10" ~10° copy/pl. NC  BHPEXT
il

3 LAMP #0 PCR #&ill L1 35 ¢ 7 4 B o B 50 R 14 BE 3%
A LAMP electrophoresis result B PCR electrophoresis result
M DL 2000 plus DNA Marker 1-12 Template copy numbers are
10M-10° copy/pL respectively NC Negative control
Fig. 3 Comparison analysis of LAMP and PCR sensitivity

& % | U T "
B \: \ | i
\(' \/ lﬁ ] WU J

8.8 .8 .0 8. 5

RRRRR

1~12  BEAREE DU 500 10" ~10° copy/pl. 13 BIPEXS IR
B4 LAMP AR
1-12  Template copy numbers arel0''-10° copy/pL respectively
13 Negative control
Fig. 4 Visual LAMP result

5 R AT

B 40 £ B8 L 2FE JC 8 1R BH M 9 18 L S DNA
17 LAMP K, 25 535 R BEPE . XFEFARREEM 192 B
WEHE AT LAMP G I, Horb 31 £ BH PR, B P 500
16.1% . PCR A I 0 BH M R 12, 5% (24/192),
PCR K B9 24 3% & LAMP #6300 15 54 B

i

L1 3 TCTE A 3 4 S 0B T i A N 3 A D
PR B REE S Z AT A R — S B A S

NG 0] 51 TR AR g 2 — ™ 5 e N S R Y
N E LR R T G RO I PR R B B = R
PE 0 22 A5 R0 S =2 W H R L T LA PR A AR
W2 NS, TR ARB]E M TCTE s & A 25 52 IR
PG o 308 1 A I HG A DL % s W e ) SR e A O n] A
BB 29 10 & AE . BRI X Sl TE TG AR 1
o T B A o D 2 e DU A P 't 2% Sk AR O 5 I VR VR
R A7 TR G R A e L % B AR, R R T R 2
Wit T A R I Oy vk A A A R SR B W B 56
(ELISA) ., #M & 45 & 10 5 (CFT)Y .k F & 4 il 516
(CAT %, ELISA DI IE 1Ak 11 MSP5 fF 4 bt it i
PRI (2 MSP5 85 H H AT & B RSP PR, Tk X o &
PG A&, CEFT %5 % 5 80 {B P =i {8 BA P 45 2R
CAT F74E AR 5 Pk 5207 HL 25 35 0 Wy EL A5 2R 58 %) 32 00
PEN L T PCR MY TR AR R B 5 k38 Ao
R B I A oK i BN B AR RIS A e L2
B IEAT PR B L R ST O R — FhoE T
J2 1 LU 2 T8 AR I v

LAMP 231853 FH R 1) — KPR A R
RE SR AETE R A5 1N RE 0 A R % Be 1Y L S5 18 48 PCR
A GBI 4, T AR e KV B A A R R
Z I EEZ A T R A DU Y SR . LAMP 4
J&i et AN WAL 5 0 © A Sk A LA T R Y g
B . 200588 LAMP $7 A Ry T 0050 4 s T 1k
Bt Wang 2 S T 16S rRNA LAY
LAMP kbR 46 0 18 75 1 20 o JC T 1A, R Sy 1+
D /pl, Pan 55 @ 57 7 56 F BE A5 HACRE 7 98 kA
ompB L) LAMP K0l J5 v KRR 5 #5 01 /L,

AT XS LTI A B IR SF T8 msp 2 B K#EAT
J7 90 X5 b B DR R B O OR ST R Bk BT AR S 1
LAMP 51¥). Rk S| N 1808 75 Z X LAMP
RN A SR R AT AL, Me™ 1A Bst [ (475 77
PRI JEL e B A b X6 i 7 114 5% Wi 658 kg B S VR 5k ARG e
S RN 1 2o v B A — G A . AR BIF g
S LAMP J5 i Oy s ] 555 50 min, Hb PCR R
BFEI 46 50 T 50 %0, R &ML 5 PCR [ 100 £, 7] ik
LANED /pl, AN, ASBIF ST 8 F 8 DL A A TR 1R 4
FlVE A B PR X BE HE AT LAMP, 45 5 %) 5 A 1 5 1 4
i RS LAMP ik B RIFMRs R, mF
LAMP HAG s BUS e, R 25 5 7= AR R s 4 B
WA S 3 3 R — R T A R DX RN A X
BIX A TF . AWFSEAE LAMP 44 2 o A 45 o 4 % 4
b TEASTF 26 B B0 T 0T 00 ) 45 R s TS e
KA HIZIT AN 40 y B %0 L3 TCIE A BE 1 i it
dUE DNA FIEFANRAER 192 R 8 DNA, I 53
i PCR AR LB, 45 R KW, LAMP J7 i [ % i
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