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Pectobacterium carotovorum subsp. carotovorum is the causative agent of soft rot in crops such as
potato and cabbages. Loop-mediated isothermal amplification (LAMP) is a simple DNA amplification
method, as well as isothermal PCR technique. In this study, a new method for the rapid detection
of Pectobacterium carotovorum subsp. carotovorum was developed using LAMP that named PCC-
LAMP. Based on lytic murein transglycolase gene of Pectobacterium carotovorum subsp. carotovorum,
a set of four primers for LAMP was designed. The optimal PCC-LAMP reaction temperature was
established at 61°C. Under standard conditions, PCC-LAMP amplified 1% 10° copies of clone PCC-
pBX437 per reaction. Further, this method can also assay directly by SYBR Green I without electro-
phoresis. Amplification was not detected for five other bacterial species. In conclusion, PCC-LAMP
may be a useful method for the detection Pectobacterium carotovorum subsp. carotovorum in the
field.
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Table 1. Bacterial strains used in this study

Scientific name Strain No.

Pectobacterium carotovorum subsp. carotovorum KACC10371"
Pectobacterium carotovorum subsp. carotovorum KACC10401
Pectobacterium carotovorum subsp. carotovorum KACC10408
Pectobacterium carotovorum subsp. carotovorum KACC10566

Pectobacterium carotovorum subsp. carotovorum KACC13960

Xanthomonas oryzae pv. oryzae MAFF311018"
Shigella dysenteriae ATCC9361°
Salmonella enterica subsp. enterica ATCC13076
Paenibacillus larvae subsp. larvae ATCC25748
Escherichia coli ATCC29552

* KACC, Korean Agricultural Culture Collection
b MAFF, Ministry of Agriculture, Fisheries and Food
¢ ATCC, American Type Culture Collection
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Table 2. Specific primers for PCR detection of the PCC gene
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Target gene

Sequence (5'—3")

Product (bp)

ERB3-F

TGCGACACCTCCTCATCACG

Lytic murein Transglycolase
ERB3-R

437

CTTATCACGCTGTAACCAGC
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TGCGACACCTCCTCATCACGCTGTTTGTTAGCCCGCTGCTTTTTAGCGCTACGGT
CTGTGCCGACACGATCCCTCGTGCCGCGCAGGCGTATCGCAGTGATGTGATCCG

outer-F

CAGCGCACGGTTGGATTGGGGCATGAATGCCCCGATTGCTGACTTTGCGGCGC

inner-sense

AGTTGCATCAGGAAAGCGGCTGGAATCCTCGGGCCGTTTCACCCGTCGGTGCG

loop-sense

CAAGGGCTGGCTCAGTTTATGCCGACCACCGCCGACTGGTTTAGCGGTATCGT

loop-antisense

inner-antisense

TCCTGAACTTCGCGCTAATCAACCGTTTAATCCTGCCTGGGCTATCCGTGCTC

outer-R

TGACGGGCTACGATCGCTGGCTGTGGACGCGAATCAGCGCCAGCAACGACTGCG
AACGTATGGCGATGACCTTGTCGTCCTACAACGGCGGGCTTGGCTGGTTACAGC

GTGATAAG

Fig. 1. Sequences and locations of four primers for PCC-LAMP. This sequences are show PCC-pBX437 clone. Upper six parts

are need for designing four primers to LAMP method.
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Table 3. The four specific primers for PCC-LAMP
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et 27 712 ol W PCC-LAMPES Z7] $=3)35+93th
PCC-pBX437 Z&< 1x10°HE 1x1071A] @A Hog 34
alo] FPo g ALY oM, LAMP 1L B AToA &
HE xEzdos St FI71499) copysE ok
Ar2ls skt

6x10% (copies | mol) x concentration(g / ul)

= amount(copies | ul
MW (g/mol) (copies/ ul)

PCC-LAMP2| 7|E So0[d &2l

PCC-LAMP7} PCColl 5o0]2{31#] &<lsl7] #jste], PCC
7} obd T TFE2] Genomic DNAE FHo 2 AlE-3lH
Z}7] PCC-LAMPE F333t5th. AH8-H T~ Xanthomonas
oryzae pv. oryzae (MAFF311018), Shigella dysenteriae
(ATCC9361), Salmonella enterica subsp. enterica (ATCC13076),
Paenibacillus larvae subsp. larvae (ATCC25748), Escherichia
coli (ATCC29552)°]™ Genomic DNAE &3] 2 =
Astel 1 ng/ul= 242t FH7HCR sto] APS T8I,
o]Z positive control¥} H|wWEHTE T3 PCCY 5TF
(KACC10371, KACC10401, KACC10408, KACC10566,
KACC13960)2] Genomic DNA 1 ng/ulE ZHzt Fgo= 3}
of 43S Fdste] pCColl gk PCC-LAMPE| BhA4S o
skt

Name Sequence (5'—3) mer Tm (°C) GC (%)
Outer F GCAGTGATGTGATCCGCAG 19 59 57
Outer R CCAGGCAGGATTAAACGGT 19 57 52
Inner F GGATTCCAGCCGCTTTCCTGATTTTTGGCATGAATGCCCCGATT 44 71 50
Inner R CGCAAGGGCTGGCTCAGTTTTTTTAGTTCAGGAACGATACCGCT 44 71 150
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Fig. 2. Optimal reaction temperature of PCC-LAMP. LAMP
was performed under range of 50.0°C to 65.0°C as reaction

temperature. Lanes: M, 1 kb ladder (Fermentas); N, negative
control without template at 50.0°C; 1 to 9, are LAMP
products at 50.4°C, 51.3°C, 52.5°C, 54.2°C, 56.4°C, 58.9°C,
61.0°C, 63.9°C, and 65.0°C, respectively. LAMP products
are shown in lanes 1 to 8. Optimal reaction temperature was
determined as 61°C in lane 7.
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Fig. 3. Requirements for four PCC-LAMP primers. LAMP
was performed using combinations of primers minus one or
two primer(s). Lanes: M, 1 kb ladder (Fermentas); N,
negative control without any primers; P, positive control
with all primers; 1 to 4, LAMP products lacking inner-F
(lane 1), outer-R (lane 2), inner-F and inner-R (lane 3),
inner-F and outer-F (lane 4).

Fig. 4. Detection limit of PCC-LAMP. Each LAMP was
performed under standard condition with different quantities
of initial template DNA; lane 1, 1><106; lane 2, 1><105; lane
3, 1x10*% lane 4, 1x10% lane 5, 1x10° copies. LAMP
products were shown in lanes 1 to 4, so the detection limit
of PCC-LAMP was determined as 1x10° copies. Lane M is
1 kb ladder (Fermentas).
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Positive control & A|9J3lal T2 HAT)A= PCC-LAMP
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Fig. 5. Specificity of LAMP primers for PCC specific amplification. LAMP was performed under standard condition. Lane M
is 1 kb ladder (Fermentas). Lane N is negative control without template. Lane P is positive control with the clone
PCC-pBX437. (A) Template DNAs were from Xanthomonas oryzae pv. oryzae (MAFF311018, lane 1), Shigella dysenteriae
(ATCC9361, lane 2), Salmonella enterica subsp. enterica (ATCC13076, lane 3), Paenibacillus larvae subsp. larvae
(ATCC25748, lane 4) and Escherichia coli (ATCC29552, lane 5), respectively. Amplification occurred only in the positive
control. (B) Template DNA for lanes 1 to 5 were KACC10371, KACC10401, KACC10408, KACC10566, and KACC13960,
respectively. All lanes were amplified successfully except the negative control.
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7} HheElA] 9k AL BIEIATKFig. 5A). E3 PCCO 5 SYBR Green I 0|28} PCCe| & HE

T3¢ genomic DNAS FH o= 3dlo] AL F3igtoan PCC-LAMP®| ZF33ES 7|95 & glo] FHFo=
PCColl thd PCC-LAMP2] HFS-AS 3R1519IT) PCC-pBX437 Folslr] S5k SYBR Green 12 ¥ §3}] real-time LAMP
G207 A9S FYPYPS v} vPTIAE PCC genomic & st aﬂc% 3L, vEgo] £ tube= UVt
DNAJNE =& BRS-AS Hole AS QI8 tkFig. 5B). oA Sto g FF HE ARE FISIHUTKFig. 6A). Real-
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©) g 10 15 a0 25 0 35 40 45 &0 S5Cycle

Fig. 6. Observation of LAMP product by SYBR Green I. LAMP was performed under standard conditions with SYBR Green
I. Tube 1 is negative control without template. Tube 2 is negative control without primers. Tube 3 is positive control. (A)
fluorescence under UV light; (B) Electrophoresis of real-time LAMP. Lane M is 1 kb ladder (Fermentas). (C) Fluorescence of
real-time LAMP. Polymerization occurred only in the positive control (tube 3).
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= xetolH ¢} template”} BT EAE wff FFo] o]Fo|F o]
FRIFAKFig. 60). ol A7|FT FlA= Y3 47=
e Atk(Fig. 6B). 3 St 2 ER131S o, templateS
E58HA] 92 negative control (tubel)o|A] ¢F7ke] &sgo] 1}
Eftk= Zlo] RIEJARE Zeto|w|E EF3HA] 252 negative
control (tube2)2] 74904 ¥ uf o] e] HIE0|Z dimer
FHo=z gt FFoz ATty 53] SYBR Green 1]
o3t 8ok WHL 2o real-time LAMPE 93l 1171e] A
£ ARSSIR] gl LAMP WS- &, tubeo] 2% SYBR
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PCC-LAMP®] 9J3] SFHES IRIsISAThFig. 7). webr] 4
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E AFE 85 F5HE do7]= PCCE R} st
o2 AE3] $13F loop-mediated isothermal amplifi-
cation (LAMP)E ©]&¢ XehHS 7ldslsittk. PCC-LAMP

Fig. 7. Application of PCC-LAMP to field samples. Lanes:
M, 1 kb ladder (Fermentas); N, negative control without
template; 1 to 4, the LAMP products produced using
genomic DNA of healthy potato (lane 1), healthy cabbage
(lane 2) and cabbage samples with soft rot (lane 3 and 4) as
templates, respectively. Lane 3 and 4 were amplified
successfully. PCC-LAMP can apply in field sample.
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