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Abstract A method to rapidly detect only viable cells of Pseudomonas syringae pv. actinidiae (Psa) was estab-
lished by EMA-qPCR. The ITS sequence was used as the target gene for qPCR detection of Psa. Samples were
treated with EMA prior to DNA extraction. DNA was then amplified by qPCR to detect only viable Psa cells. The
sensitivity of qPCR detection was 2 cfu. 2 pg/mL EMA could completely inhibit the PCR amplification of DNA
derived from dead cells with the concentration of 1.0X 10" cfu/mL, but no inhibition to viable cells. A standard
curve was generated relating the number of viable cells to the Ct values of the EMA-qPCR. A linear range of
DNA amplification was observed from 1.0X 10" —1.0X 10° cfu genomic targets per PCR. EMA-qPCR method was
used to evaluate the survival rate of Psa treated with different temperatures for a short time, and compared with
the method of plate counting. The results indicated that samples can be stored for a short time under 4C and
20C. The data of EMA-qPCR detection on kiwifruit field samples indicated that 3 pg/mL EMA could successfully
inhibit PCR amplification of DNA from dead bacteria in filed samples. The EMA-qPCR method established in this
study can effectively avoid false positive results of Psa detection.
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Fig. 2 Optimization of the EMA concentration in
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Fig. 3 Relationship between the Ct values from EMA-qPCR and the varying number of genomic targets per PCR
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Table 1 Detection of the survival of Psa treated with different temperatures by EMA-qPCR method and plate counting method

—20C
ALFRIRF[R] /h

4C 20C

AR efu - AR

Plate counting

Treatment time

EMA-qPCR/cfu

EMA-qPCR/cfu

SEARITEL/ cfu « AR SEMRITEL/ cfu » AT

MA-PC
Plate counting EMA-qPCR/cfu Plate counting

0 1.0X107 aA 1.0X107 aA 1.0X107 aA 1.0X107 aA 1.0X107 aA 1.0X107 aA
24 3. 8X105 bA 6. 9X10° bB 9, 9X10% aA 1.0X107 aA 9. 9X10% aA 9. 9X10% aA
48 7.2X10° cA 6.3X10* cB 9. 9X10% aA 9. 8X105 aA 1. 0X107 aA 9. 8X10% aA
72 3. 7X10° dA 4,1X10° dB 1.0X107 aA 9, 9X10% aA 9. 9X10% aA 1. 0X107 aA

D [FFIANRYING B3R A A R 2 7] 22 5 g 25 (P<<0. 05) ; WA TANRIR S Bk 375 A R EE AR 35 PR AR 75 7 22 1) 25 57 8 3 (P<<0. 05)
Different small letters in the same column indicated significant differences between different time treatments (P<C0. 05); Different capital
letters in the same line indicate significant differences between two methods under the same temperature (P<Z0. 05).

2.5 EMA-qPCR #&ill 77 i% B9 {5 PR 56 1IE

PL# L gPCR #: . EMA-qPCR ¥ #1580
i 3 A~ AN [] v 88 B9 3 A A Ak 15t 92 9 1T > B I
EMA-qPCR 75 ¥ %5 1% & 1Y D 22 02 15 25 8 3L FH
PEo Z5REBHLER T8 A qPCR 200 7 2 5345 Bk ot
R AN S SE M8 Al EMA-qPCR 325 i ) 72 2%
R RIIVEER 20, RUIERIEA 5 97 6 SL I DNA
TEALI ] N A /S PCR 334 Ak . 3 B PCR
AN HE A AKX 43 B M Bk 15t 9% 8 R SR TS . T
EMA-qPCR £ VAT 8 DNA 6 0 #8475 , A 2P
BB DNA, B H BB BA 45 2R . -t Aok
—EW] T EMA-qPCR 75 1 T S

&2 E#M qPCR F7ik EMA-qPCR 75 & FFE AR T 8%
i 7E 7R i BRAR B 5% 5 0 T A5 A L e
Table 2 Comparison of bacterial counts determined by
qPCR, EMA-gPCR and plate counting methods

iill{e  Detected values

ARt f% aPCR EMA-qPCR EaTrEn
ﬁ?ﬁjﬁ: Average Ct Average Ct T4/ cfu
value=SD value+SD Plate counting
107 22.43740.174 3 NA 0
106 24.5740. 256 1 NA 0
10° 27.1240.132 8 NA 0

D NA: Bk,
NA.: Negative.

2.6 EMA-qPCR #&U £ A BR AR Bk 52 T im A T4
XF PO B DR AR AR 1Y 10 iy BERURAR Bk 15t 7
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TR GRUGIBOR B TR AT I 45 2R
BUXH AR EMA-gPCR {5 25 2R 1 0 B 4 356 B A e b
BeHHE R RS S R DNA B3 B¢ 240
il >k B H DT I L PO ] X ik DY ] 5% MR
EMA-qPCR KM A5 5 [ 5 P B 7R 45 58— 2K

X 3 IR 15 IR IR  EMA-qPCR Rl 25 R 2 [
P CBUE AR 51 ) 5 1 qPCR G I 25 5% 3 A PR » 158 1
X3 ORE il R B BRI AR 5 e R R AR E ST (H
DNA JP 9 B A 58 4= F il 45 R %W EMA-qPCR
5 AT LU AR SR PR A S A 79 .

R 3 BROUREBRARDL S R AR TR R R A

Table 3 Detection of kiwifruit branch samples with suspected Psa infection

EMA-qPCR #2551
Detection results of

EMA-gPCR

Sample source

qPCR #5255
Detection results

of qPCR

AR FRAE AR

Detection results of

EMA-qPCR #2552 Ot D
Detection results of

plate culture EMA-qPCR(CK)

HFRIFHE Kaixian, Chongging
HJREAVL Qianjiang, Chongqing
KT M Wanzhou. Chongging
HIR = Yunyang, Chongging
Y1 IRk Qionglai, Sichuan
PUJIERYLHE Dujiangyan, Sichuan
PuJis 4 Chongzhou, Sichuan
WAL EE Yichang, Hubei
LYV Yuexi, Anhui

e ;1 H Huxian, Shaanxi

AL+ +

++++ A+t
e e S S B B
|

3 itig

738 PCR 45 AR A DAPR 5 7 20 18 L (H AN BERFAE
PR AN X 43 JF. thF EMA B g, &
SBEHE AN BE (D AS 52 % B FE AN M PN, AS BERE A
I fifLRE B SEEE R TE 4L . R K EMA 5 gPCR
J7UERRGE G L REDRGH VR M X 3 SRR EE A P B BT A
FITE T - A AR AL 55 PCR R 00 i  BE P . EMA-
qPCR HATE 4 12 BT &R EoW A9
P 235 SRR A ) A ARG (L SRR D R ARG
I _E B b

ABIFSE 1 5 1 FH 4l 0 A Ak 15 95 6 B A T
EMA-qPCR J7 1558, 85 R R W, 24 EMA 2k fE >
2.0 pg/mL B, 10" cfu/mL ¥ EEFEHE 1) DNA § 3 ]
PRI PR AN TR A0 2 B L G I 5 AR PR
BEHR 10X 10" ANETE » ETE Bl 1. 0X 10" ~1. 0 X
10° cfu PN, H cfu 5 Cr {H 2 LM, Bbit, L Ct
fERI X} qPCR Hi& i cfu i TP s .

FESEBRAT: i 5 B T R T 2 I DR A R R AT
Ao AT T AS [ 5 i ) R A R A AR 35 02 9
e AL, 45 REM G R L —20 CRAFF
72 h J5 . EMA-qPCR 745 tH 36 R = T AR 14K
5 JE R AT BRI AL B S (R P8 T T AR AT fig
FrRANpfRE (B0 548 EMA Jek Gk BE gk AN,

A'CHN 20 CLRLE 72 b, RNy ¥4 BTG BRI 285 5 — 2.
A BRI B 1H EMA-qPCR G FE RS B, ROR
i TIERTE] . ZEATRIR LY SRR I BRI
TR BRI 4 CHI 20 C R IARAT - AN SRR 52 25
B HRRETE— 20 C R HIRAE

H T EMA 454 PCR H2 AR I 52 BRAE 0
JEPEHGEN N, EMA-qPCR 6 S8 USR5 7
A TR s RO BRI R T R 2 3 B 1% 37 AR
HBANT SR AR 3T 1. 02X 107 cfu/mlL, [R] Bk
Wtk A T v 1 Al $E bR B TR AT RE 23 T AR 4R — 4
EMA, AT 519 EMA H 8 3.0 pg/mL(H
SR A TR D . SRR 10 % BEAE i EMA-
qPCR R 2% S AR 2 B M 36 B EMA 72 BRI Be A T
A AR A P 5076 B SE IR DNA B 7 15 11
RO LA, Horr 3 3 FE i ) EMA-gPCR 2 25
5 qPCR I 25 SR [R), 55 foks 75 45 R AH ], 26
B EMA-qPCR J52: o qPCR 3 B2 RE 5 IR i B 19 1
B, MG S B 2 R it )l BRI 0, O L LGP Al ks 3%
ARSI B [ B

A I SEBTAE S R AE A I TG BT BB IR D K
F qPCR AR T BR . 3 EMA-gPCR 6 7] &
S EUBAPE . PRI AR 2 T R R A Y
SEFIA VR, 060 28 5 BT S 3% IS PR EA T EMA-
qPCR K, A AR SRR i U 5 1 BAALE
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