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Abstract: The objective of this study is to establish a rapid and sensitive method for detecting the Nosema
ceranae in epidemiological investigations by the loop-mediated isothermal amplification ( LAMP)  and to
provide technical supports for monitoring and prevention of N. ceranae in honeybee. Four specific primers
were designed based on the particular sequence of DNA-dependent RNA polymerase Il largest subunit
(RPB1) of the N. ceranae using the soft of PrimerExplorer V4.0 online. The concentration of Mg**

dNTP inner FIP/BIP betaine and reaction times and reaction empretures were optimized. The
specificity of LAMP was tested by using genomic DNA of the common pathogens that infected honybee. In
order to verify accuration the LAMP amplified products were digested with Mse | restriction enzyme.

Moreover the sensitivity of LAMP was compared with normal PCR by employing ten-fold serially diluted
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DNA templates of N. ceranae. Finally the practical reliability was achieved in clinical trials. The results

showed that: The amplification was successfully performed under isothermal condition at 57°C . The

templates of common pathogens were prepared and tested through this method however the unique

laddrdderdike bands can only amplified from N. ceranae DNA template. Several bands of enzyme digested

with Mse | are consistent with theory. Sensitivity of the LAMP assay was 10-old higher than the

conventional PCR method which was capable of detecting N. ceranae directly from the infected bee.

Therefore the LAMP for identifying N. ceranae described here was proved to be precise fast as well as

cost-saving and could be applied to other associated research domain.
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; LAMP PCR
1 .
1.1.2 PCR  ( Applied Biosystems )
1.1 Q5000 ( V5.4.0) ( Quawell
1.1.1 DNA ( Bst DNA Polymerase) Technology Inc. ) ; DYY-6C (
NEB . dNTPs ) JS-680D ( )
o Mse | NEB ; 100 bp ladder DK-8D (
DNA marker ; ); GI54DS (
PCR  Mix Thermo ; ( Betaine) . ( ) ); (
MgSO, Solarbio ; DNA ) o
; PCR 1.2 LAMP
Promega i Percoll PrimerExplore V4.0
: ( BK5000) RPB1 ( 1o
1
Table 1 Sequences of oligonucleotides primers
(bp)
Primer ame Primer sequence (5° —3°) Primers length
F3 ATGGAATTCCTGTAAAACGAA 21
B3 TATGCACCCTTTCACCAT 18
FIP ( Flc¥2) ACAGGCTGTTTATTTCCACATCC—AAGTGTTTGTGAGGGAGAA 42
BIP ( Blc-B2) AAGGAATGGGACTTGTTGCGT—AAAATAACTTTTCCATCACTGTC 44
Nosc+ TGGGTTCCCTAAACCTGGTGGTTT 24
NoscR TCACATGACCTGGTGCTCCTTCT 23
Nosa-¥ AGCAAGAGACGTTTCTGGTACCTCA 25
Nosa-R CCTTCACGACCACCCATGGCA 21
1.3 Nosema spp. ( Notomi et al. 2000) , Mg’* 0 -
2015 4 14 mmol /L. dNPTs 0 - 1.8 mmol/L
400 FIB/BIF 0.2 -1.8 mmol/L
23 1.5 mL Ep 0 - 1.2 mmol/L 55.
400 pL 57. 59. 61. 63. 65, 67C 25. 30,
(3099 xg) 2 min 3-4 40, 50. 60+ 70, 80 min.
Percoll ( Huang et al. 2007) | x TBE 5 V/em 1.8%
Percoll ( Percoll )
100% « 75% ~ 50% « 25% 4°C ’
8875 x g 30 min L5 LAMP .
DNA ( NosaF/R Ascosphaera apis~ N. ceranae
NoscF/R) ( Gisder et al. N. apis ( Europeanfoulbrood
2013) ~80°C . EFB) Melissococcus pluton
1.4 LAMP DWV. SBV. BQCV. IAPV  DNA RNA
DNA LAMP 0.1% Tween=20 . N. apis~ APV
Tris-HCl ( pHS8.8) KCI 10 mmol/L.  ( NH,) , SO,
10 mmol /L F3 B3 0.5 pL o

(10 mmol/L) 1 pL DNA 8 U Bst DAN LAMP
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13w Msel 9 pL 5 wL Buffer 50 pL 2.2 LAMP
37C  8h 2 ul 2.2.1
1.6 LAMP PCR 4 mmol/L
N. ceranae  DNA 10 3 ( 2) LAMP
LAMP PCR 4 mmol /L.
- PCR M1 2 3456
( Nosc+/R) 1 pL Mix 10 wL M. ceranae
DNA 1 pL. ddH,0 7 pL 662 bpo
1.7
2015 12
30 15 1000 bp
1.5 mL 500 bp
400 pL 2152 x g 2 min
3-4 100 bp—
11 o
( pereo ) 2 LAMP
DNA; PCR LMAP . - .
Fig.2  Effect of Mg™" concentration on LAMP
° © M DNA D1 ;2-6 Mgt
0. 4. 8. 12, 16 mmol/L. Note: M 100 bp lader
2 size marker; 1 Negative control; 2 -6 Mg>* concentration was
0 4 8 12 16 mmol/L respectively.
2.1 Nosema spp.
2.2.2
Nosc¥' /R Nosa¥'/R DNA
PCR 2
662 by ! 2 3 " mOl/EAMP
(1 N. ceranae ( )
M 1 2 3 4 ’
M 123456738
1000 bp
1000 bp
500 bp
500 bp~—
100 bp
100 bp—
1 PCR N. ceranae
Fig. 1 The detection result of PCR forN. ceranae 3 LAMP
- M DNA c 1 NoscF/R Fig. 3  Effect of betaine concentration on LAMP
02 NoscF/R; 3 Nosa¥/R : . M DNA 1 2 -8
4 Nosa+'/R. Note: M 100 bp lader size 0. 0.5. 0.4, 0.6, 0.8, 1.0, 1.2 mol/L,

marker; 1 Negative control of Nosc¥'/R; 2 The primers
of Nosc¥'/R; 3 Negative control of Nosa4'/R; 4 The
primers of Nosa-'/R.

Note: M 100 bp lader size marker; 1 Negative control; 2 —
8 Betaine concentration was 0 0.2 0.4 0.6 0.8 1.0
1.2 mol/L respectively.
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2.2.3 dNTPs
dNTPs

dNTPs LAMP

dNTPs 1.0 mmol/L 7
( 4

M12345678 91011

1000 bp

500 bp

100 bp
4 dNPTs LAMP
Fig. 4 Effect of dNPTs concentration on LAMP
: M DNA ;1 ;2 - 11
dNPTs 0. 0.2, 0.4. 0.6. 0.8. 1.0.

1.2, 1.4, 1.6, 1.8 mmol/L. Note: M 100 bp lader
size marker; 1  Negative control; 2 - 11  dNPTs
concentration was 0 0.2 0.4 0.6 0.8 1.0 1.2
1.4 1.6 1.8 mmol/L respectively.

2.2.4 FIB/BIF
FIB/BIF
9. 10
8 ( 95)
LAMP FIB/BIF 1.4 mmol /L.

M 123 45678910

1000 bp

500 bp—|

100 bp—|

5 FIB/BIF LAMP

Fig. 5 Effect of inner primer concentration on LAMP

: M DNA vl ; 2-10

FIB/BIF 0.2, 0.4, 0.6, 0.8, 1.0+
1.2, 1.4, 1.6, 1.8 mmol/L. Note: M 100 bp lader size
marker; 1  Negative control;, 2 - 10 Inner primer
concentration was 0.2 0.4 0.6 0.8 1.0 1.2 1.4
1.6 1.8 mmol/L respectively.

2.2.5
55C
57C  59°C
57°C 3
( 6)
M12345¢6 78
1000 bp—
500 bp
100 bp —
6 LAMP
Fig. 6 Effect of temperature concentration on LAMP
© M DNA vl v 2-5

55, 57. 59, 61. 63, 65. 67C. Note: M
100 bp lader size marker; 1 Negative control; 2 - 5
Reaction temperature was 55 57 59 61 63 65 and
65°C  respectively.

2.2.6

70 min
80 min
80 min
70 min
7 (7).
7 LAMP
Fig. 7 Effect of reaction time on LAMP
: M DNA ;1 8 70 min
80 min v 2-7 9 25+ 30.

40, 50, 60. 70, 80 min. Note: M 100 bp lader size
marker; 1 and 8 70 and 80 min negative control respectively;
2 -7 and 9 Reaction time was 25 30 40 50 60 70
80 min respectively.



1 : ( LAMP) Nosema ceranae 123

2.2.7 N. ceranae
LAMP 2 ( 8A) Mse 1
N. ceranae~ N. apis~ A. apis M. 43 bp (

pluton DWV. SBV. BQCV. IAPV ). 136 bp 190 bp 3 ( 8B).

M12345¢67389

4190 bp
~< 136 bp
~~40bp
A
8 LAMP
Fig. 8 The verification of specificity verification of LAMP system and enzyme digestion
M DNA | ;A LMAP 7 2-9 N. ceranae~ N. apis-

A. apis~ M. pluton. DWV. SBV. BQCV  IAPV; B ; 2 LAMP v 3 Msel - Note: M

100 bp lader size marker 1 Negative control; A The verification of specificity verification of LAMP system; 2 -9
N. ceranae N.apis A. apis M. pluton DWV SBV BQCV TAPV respectively; B The verification of enzyme
digestion; 2 Complete LAMP; 3 Complete LAMP product after digestion with Mse [ .

2.2.8 0.136 x 10 ° pg/ulL 7 ( 9A)
N. ceranae DNA 0D, /0D, = LAMP 0.136 x 10 ™° pg/ul 8
1.91. 10 DNA PCR  LAMP ( 9B) LAMP N. ceranae
. PCR PCR 10
M12 3 4 5 6 728 910 M12 3 4 5 67 8 910

coceesese

1000 bp

500 bp

100 bp

A

9 PCR (A) LAMP (B)
Fig. 9 Test of sensitivity of PCR ( A) and LAMP ( B) reaction
: A PCR : B LMAP ;' M DNA D1 ; 2-10 DNA
0.136. 0.136 x10 ™", 0.136 x 107>, 0.136 x 107>, 0.136 x 10 ™*. 0.136 x 10>, 0.136 x 10 *. 0.136 x 10"+ 0. 136 x
10 *pg/pL. Note: A and B Test of sensitivity of PCR and LAMP reaction respectively; M 100 bp ladder; 1 Negative
control; 2 —10 DNA concentration was 0. 136 0.136 x 10™" 0.136 x 107> 0.136 x 10™* 0.136 x 10™* 0.136 x 10’

0.136 x10™® 0.136 x 1077 0.136 x 10 "* pug/pL  respectively.
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2.2.9 LAMP 76% ( 10B)
N . ceranae 11 27 2
PCR 70% ( 10A) o

A M1 23456 78 910111213 14 15161718 19 2021 22 23 24 25 26 27 28 2930 31
1000 bp
500 bp
100 bp

LR AL NN N )

B M1 2 345 6 7 8 910111213 141516 17 1819 20 21 22 23 2425 26 27 28 2930 31

nnummme———

10 PCR LAMP
Fig. 10 Results of PCR ( A) and LAMP ( B) clinical detection
. A PCR ; B LAMP ; M DNA v 1 ;2 -31 o Note: A and B
The result of PCR and LAMP respectively; M 100 bp ladder; 1 Negative control; 2 =31 Several specimen clinical.

3
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( Sagastume et al. 2011; Sagastume et al. 2014) DNA  RNA I
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rRNA XM_002995356. 1) RPB1 LMAP
2012 Erler RPB1 SSU
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Nosema spp.  PCR et al.  1999) .
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( Tay et al. 2005)
( O” Mahony uv
et al. 2007) N.ceranae  tDNA  1IGS SSU o
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2
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