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Establishment of a new method to detect viable cells of
Ralstonia solanacearum by EMA-qPCR

XIONG Shu  YIN You-Ping WANG Fang WANG Zhong-Kang’

(College of Life Science, Chongqing University, Chongqing Engineering Research Center for Fungal
Insecticide, Chongqing Key Laboratory of Genetic Function and Regulation, Chongging 400030, China)

Abstract: [Objective] A novel method to differentiate viable/dead cells of Ralstonia solana-
cearum was established by using a DNA dye of ethidium monoazide bromide (EMA) in com-
bination with the real-time polymerase chain reaction (EMA-qPCR). [Methods] Samples were
pre-treated with EMA prior to DNA extraction. DNA from dead cells was bound by EMA, so
that only DNA from viable R. solanacearum cells can be amplified by real-time PCR. [Re-
sults] A final concentration of 2.0 mg/L EMA was demonstrated to completely inhibit the PCR
amplification from DNA derived from 1.0x10" CFU/mL dead cells, but no inhibition to viable
and viable but non-culturable (VBNC) cells. A standard curve was generated relating the C;
values of the EMA-qPCR to the log number of genomic targets per PCR. A linear range of
DNA amplification was observed from 5.0x10° to 5.0x10* genomic targets per PCR.
EMA-qPCR method was used to evaluate the survival rate of R. solanacearum treated with
different temperatures for a short time, compared with the method of plate count. The results
indicate that samples can be stored for a short time under room temperature and 4 °C. [Con-
clusion] The EMA-qPCR method established in this work can effectively avoid false positive

and false negative results of the R. solanacearum detection.
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Fig. 1 Optimization of the EMA concentration in EMA-qPCR
TE: A MHIZEARAE DNA 911 1) EMA WL IL; B: EMA ¥REEXHG 4] DNA §7 39520 Control: NG EMA; *: 55X} R4
LA T2

Note: A: Optimization of the minimum amount of EMA to inhibit amplication of DNA from dead R. solanacearum cells as reflected
by C,values in qPCR; B: Influence of EMA on DNA amplification from viable R. solanacearum cells. Control: PCR amplified with-
out EMA; *: The difference was significant (P<0.05) compared with the controls.
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2 3. SEHRESKRR EMA-qPCR 1%
Fig.2 The amplication of mixed bacteria by EMA-qPCR
TE: Ar FEASIN EMA AR EMA 2504, i PCR IR R PRI 5974 CARRICR; B 7EAIN EMA & F T, §7
B4 CAE57E B PCR VAR R PR AN CFU XPEUEIZMECR, R4 PCR ¥ B R PO H [EE ) 5.0x10° CFU, TR 415y
B4 5.0x10°, 2.5% 10", 5.0x10", 2.5x10%, 5.0x10%, 2.5x10°, 5.0x10°, 2.5x10* fl 5.0x10* CFU.
Note: A: Relationship between the Cvalues from EMA-qPCR and the varying number of genomic targets per PCR; B: A standard
curve relating the C; values from the EMA-qPCR to the log number of genomic targets per PCR. The number of dead cells in the

mixture was kept constant at 5.0x10° CFU. Point 1-9: 5.0x10° 2.5x10', 5.0x10", 2.5x10% 5.0x10%, 2.5x10°, 5.0x10°%, 2.5x10*, and
5.0x10* viable CFU/qPCR, respectively.
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3 BHREHN VBNC RZSRIEN
Fig. 3 Detection of R. solanacearum transforming into a VBNC state by three different methods
A TR AODC ZOEKN; B: HFARITEGA . AODC . MTT A5,
Note: A: Detection of R. solanacearum by AODC methods; B: Entry of R. solanacearum into the VBNC state in liquid microcosms,
as determined by AODC, MTT and plate counting methods.
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30 1 oViable cells 8 VBNC cells mDead cells
25 g

20
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IS

0 . N/A

Control

4 IFARKESHBHER EMA-qPCR 45 R
Fig. 4 The result of detecting R. solanacearum by
EMA-qPCR

Note: The C; values derived from DNA extracted from cells
without EMA treatment were set as control.

With EMA 2 mg/L

o EMA-qPCR © Plate count @ MTT

I

0 24

o EMA-qPCR © Plate count ® MTT
B { =

o]

Log viable cells/mL
S = D W bk LKL N O X

t (h)
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1 (h)
c 8 8 EMA-qPCR o Plate count ® MTT
T T = i
— H ]
26t
2
ERR
L 47
QO
< -
g 3
=
)
1 L
0 L L L
0 24 48 72

t(h)

5 EMA-qPCR 753%. FHRIHEUES MTT EZENE R EIRELENER
Fig.5 Use of EMA-qPCR method to detect R. solanacearum compared with the method of plate counting and MTT
T: A: =20 °C AL 8 24 48 1 72 h; B: 24 °C 4b3H 24, 48 F1 72 h; C: 4 °C 4bH 24 48 Fil 72 h.
Note: A: R. solanacearum suspension (1.0x107 CFU/mL) in sterile water at —20 °C for 24, 48, and 72 h; B: R. solanacearum suspen-
sion (1.0x10” CFU/mL) in sterile water at 24 °C for 24, 48, and 72 h; C: R. solanacearum suspension (1.0x10” CFU/mL) in sterile

water at 4 °C for 24, 48, and 72 h.
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Table 1 Comparison of bacterial counts determined by qPCR, EMA-qPCR and plate counting methods

T B 20 A KoM{E Detect values
Ralstonia solanacearum EMA-qPCR J51% qPCR AR B SR
counts (CFU) average C, value=STDEV * average C; value £ STDEV*® Plate counting (CFU)
10 NA 23.08+0.1305 0
10° NA 25.96+0.2899 0
10° NA 28.020.1085 0
10* NA 30.78+0.2458 0

Note: STDEV?®: Standard deviation.
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