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Abstract |

Lysinibacillus fusiformis has been suspected to be a pathogen of Bombus terrestris in Korea since
2008. In this study, we developed the rapid detection method for the L. fusiformis by utilizing the
Ultra-rapid PCR. After optimizing of L. fusiformis-specific Ultra-rapid PCR, it can detect the
existence of 1.0x 108 L. fusiformis-specific DNA molecules in 4 minute and 22 seconds. Even, only
10 molecules could be detected quantitatively using this method. In addition, for the first time, in
our knowledge, L. fusiformis was detected using proposed method from bumblebee produced
commercially in Korea. Not only in the laboratory but also in the field, L. fusiformis-specific Ultra-
rapid PCR would be applied and might be expected as convenient tools at production of
bumblebee or inspection for the import and export of bumblebee.
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Table 1. Lysinibacillus fusiformis specific primers
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Lysinibacillus fusiformis B&a2% 9 H| ¥
Lysinibacillus fusiformis 33421 ATCC 70555
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Name of primers

Sequence (5° — 3°)

PCR amplicon size (bp) Reference

L fusi detection F2
L .fusi detection R2

CGTGACGCTGGTGTTATTTTCAC
AGAACCACCTGGAATCTTATC
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Fig. 1. Optimization of annealing temperature using L. fusiformis-
specific Ultra-rapid PCR. The optimal annealing temperature
for the Ultra-rapid real-time PCR was tested in the range
from 55°C to 65°C, the lowest C; of 23.28 cycles and the
fastest Cp time of 10 minutes 44 seconds was measured on
57°C, annealing temperature.
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Fig. 2. Optimization of primer concentration using L. fusiformis-
specific Ultra-rapid PCR. Using various concentration of
primers, optimal concentration of L. fusiformis-specific
primer were selected for Ultra-rapid PCRs. Using each 4uM
primers, C; was estimated the lowest cycles than others.
Also, Cr time was estimated the fastest time than others.
Based on this reasons, optimal concentration of primer was
selected as 4uM (C=20.28+0.08, C; time=7min 56sec,
F=223 +17.67).
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Fig. 3. Minimum time of annealing and/or polymerization in L. fusiformis-specific Ultra-rapid PCR. The annealing time and polymerization time
were shortened to set the minimum detection time in L. fusiformis-specific Ultra-rapid PCR. Denaturation step was fixed at 1 sec in each
cycle of PCR and the times of annealing step and/or polymerization step were shortened from 3 sec to 1 sec.
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. Detection limit of L. fusiformis-specific Ultra-rapid real-time
PCR with serial diluted specific DNAs. The detection limit
of L. fusiformis gene was estimated using L. fusiformis-
specific Ultra-rapid real-time PCR under the minimum times
of thermocycling (1 sec of denaturation step, 2 sec of
annealing step, 2 sec of polymerization step). 1.0 X 10’
molecules of pLF-159 was also amplified. Tms of all PCR
products were measured as 78.55+0.73°C, except 1.0 x 10°
molecule and PCR product using non template.
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Fig. 5. Regression equation based on L. fusiformis specific
molecules and Cy using L. fusiformis-specific Ultra-rapid
PCR. dC; indicates difference between Cy value (cycles) of
PCRs using 107" serial diluted initial templates.
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Fig. 6. The comparison between gDNA of L. fusiformis and target
gene on pLF-159. The Ultra-rapid PCR of L. fusiformis-
specific gene was performed using 50ng-1ng gDNA of L.
fusiformis and 1.0 X 10° molecules of pLF-159. Panel A is
the fluorescent graph of amplification according to initial
gDNA. Panel B is peak graph of Tm value.
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Fig. 7. L. fusiformis-specific UR-PCR for the detection with
commercial bumblebee samples. UR-PCR was performed
with 50ng gDNA from dead bumblebee as inital templates.
The PCR condition was 95°C, 15 sec of pre-denaturation,
95°C, 1 sec of denaturation, 57°C, 2 sec of annealing, 72°C,
2 sec of polymerization in each cycle for 50 cycles. L.
Susiformis specific gene were amplified with commercial
bumblebee from Suwon, Boseong, Changwon and
Cheongsong.
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Fig. S1. Comparison among fluorescence graphs according to time reduction.

Table S1. Comparison among Cy, dCryy, and Cy time of L. fusiformis-specific gene according to time reduction

Denaturation-Annealing-Polymerization

p LII:II)]IES:(?UIIDCI:A 1sec-2sec-2sec Isec-2sec-1sec
Cr dCqy C time Cr dCqyo Crtime

1.0x108 14.37 - 4min 22sec 15.29 - 4min 24sec
1.0 x 107 17.47 3.1 Smin 19sec 19.24 395 Smin 32sec
1.0x10° 2143 3.96 6min 31sec 22.27 303 6min 25sec
1.0x10° 23.46 203 7min 8sec 25.29 302 7min 17sec
1.0x10* 27.39 393 8min 20sec 29.18 3.89 8min 23sec
10x10° 3040 301 9min 15sec 30.19 101 8min 41sec
1.0 x 10? 3247 207 9min 53sec 30.09 0.1 8min 40sec
1.0x 10" 3744 497 11min 23sec 29.25 0.84 8min 25sec
1.0x10° - - - - - -

Mean of dCr, 3.30 2.26
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