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W s WAL AR B A 5] 469 real-time PCR 4 7 ik ) R A4 th 09 NS B o T AR LA F 205 H 0. 2% Fe
2% (n=500) t & RAF FRAK B PO GHRERE . R TR THARELRE . 5 LR AR AT ddPCR 3
REZT TR HHEZZHEANFERAAO T EANERBETE.FET SRR WA G R
KB MEHF PCR;  real-time PCR; A Far d4anl; BRERE; THRLEH TNSUR LA
hESHES: S436.5  XEKERIEES: A DOIL:  10. 16688/j. zwbh. 2019687

Detection of Acidovorax citrulli and Pseudomonas syringae pv.
lachrymans from cucurbit seeds by multiplex droplet digital PCR

ZHAO Zijing', LU Yu’, TIAN Wen', WANG Yuxi', WEN Changlong®,
LI Jiangiang', XU Xiulan’*, LUO Laixin'*

(1. Beijing Key Laboratory of Seed Disease Testing and Control , College of Plant Protection ,
China Agricultural University, Beijing 100193, China; 2. Key Laboratory of Biology and Genetic
Improvement of Horticultural Crops (North China), Ministry of Agriculture and Rural Affairs, Beijing
Vegetable Research Center , Beijing Academy of Agriculture and Forestry Sciences , Beijing 100097, China)

Abstract Bacterial fruit blotch (BFB) and bacterial angular leaf spot are two major bacterial discases of
Cucurbitaceae crops. caused by Acidovorax citrulli (Ac) and Pseudomonas syringae pv. lachrymans (Psl),
respectively. These two pathogens can achieve long-distance transmission through contaminated seeds or seedlings,

therefore, seed detection plays the first key role in disease management. In this study, we adopted a new
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technique of droplet digital PCR (ddPCR) to establish a method for simultaneous detection of seeds carrying both
Ac and Psl. The results showed that ddPCR could simultaneously detect Ac and Psl mixed in equal ratio, with the
limits of 10* cfu/mL of two bacterial suspensions and 107 ng/pL of two DNA samples respectively. The
detection sensitivity of ddPCR was 10 times higher than that of real-time PCR tested in parallel. For two bacterial
suspensions and DNA samples mixed in unequal ratio, ddPCR can detected the low concentration of target bacteria
at a ratio of 1:1 000 (10°:10° cfu/mL) for bacterial suspension and 1: 10 000 (2. 28 X 10 ° ng/pL:
22.8 ng/rL) for DNA. Mecanwhile, the detection sensitivity was 10 times higher than that of real-time PCR. In
addition, when testing with artificially infested watermelon and melon seed (inoculated bacterial amount=10° —
10% cfu/seed) , the seed sample with an infestation level of 0. 2% (n=500) was detectable by using ddPCR.
When the ratio of the two contaminated seeds was 1 : 10, ddPCR still detected the target bacteria at low
concentrations. However, using real-time PCR could only detect Ac in the melon seed at a level of 0.2% (n=
500), and Psl was not consistently detected in replicates. In summary, this study established a seed detection
method based on ddPCR that could simultaneously detect two important seed-transmitted pathogens in the

Cucurbitaceae. The ddPCR-based method was stable and reliable, which enriches the current detection technology
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system for seed-borne pathogens.
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seed-transmitted pathogen detection;
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5. HHT ddPCR £ Z T AW B2 R R 3Rk
SIAT 5 DUEOAS S B B 5 DR A T 450 L A
9 5 R ARSI 5 TG FHAR D . B LA 2014 4E,
Dreo 55 # ] ddPCR & YK 1 WK 282 M A8 0 s
JR R —3L KSR Erwinia amylovora 1545 %
FHHhE 9% B Ralstonia solanacearum™ , i J§ Zhao %
HIFT ddPCR £ A XA A 15 97 o HE A5 A I 4 B 5
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T real-time PCR, Jf B AR T 81 B + X7 & W 19 T
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L1 gl EkRERFG
TR R W REOR AR P, syringae pv.
lachrymans ¥k NCPPB543 (J5 ST FR T IR B
D 73 5 I H RO 2 i Bl S g =
PRt U R I A. cirrulli iy 365t T ARARBL 27 B
BTt d At b T bR Xul 7-15 708 B 7H K
-, 23 B 118 ik Xu201807, 43 1 B fiH I A0

RS2 oy T A, WA AR 430 T 1 45 Y
PUJTCFIE R -, AR Xul7-15 FITR A WE R
1A DNA il & . WS IFE T 15% Bl fRAFFE
—80 CykAfH, BMRIG LR A PF 8555 2k (G 1 R
20 g/L, 3515 g/L. Hif 10 mL/L, 1 mol/L#R =
T4 14 mL/L,1 mol/L Kifig$E14 mL/L)F 28 CE%
FE2d,

SR EE R 10° efu/mL (1 P9 )G 2 TR Fl T
TR MR HE T 10 A5 46 BE R RE . 453 10,107,10°,
10',10°,10°,107,10° cfu/mL ZR 51 ¥k B 1R B TR
Tl I Y R AR R AT —20°C,

1.2 ddPCR 5|¥iR$t4AE

S FHSCHR, BT AN T 2 2 P9 NS IR 7 5 |
YIRS S 1A T B R ES IR AR5, 1t
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Table 1 List of primers and TagMan probes used in this study

ClEyE:| k77370 J#31(5'-3") E =BT
Primer group Primer and probe Sequence Reference
A-1 Ac-FP CTGATAATCCTCGGCTCAACAA [21]
Ac-RP TGAGCGCATTTCTGACGAG
AcP FAM-AAGAAATACGCCCTCGCCAATCTCC-BHQ1b
P-0 Psl-F GTTCGGCGACGCAATCAATG
Psl-R GTTGACTTCTTCGGCGGTGG [22]
Psl-PB1 HEX-CCGGAGCTGGCAGGCAAACTCAC-BHQ1b

1.3 ddPCR fE R 5 R NEF

ddPCR R QX200 4> H 3 i U8+ PCR &
A ) Z AE IR A BRA WD A3 8 QX200
Tdciri 3 AR AN QX200 i3I L) K QuantaSoft
BT . AR R 24 pl, Hirpr 22X ddPCR
supermix for probes 12 ul.,4 2554 (900 nmol/L) 4%
1 L. 2 Z4541H (250 nmol/1)4% 0. 3 pl, Bk 1 pll. i
7K 6.4 uL. KRR H 95C 10 mins 94°C 30 s,
68°C 60 s,40 MG ;98°C 10 min;4 CIRAF .
1.4 real-time PCR Bk R 5 Rk 2R

real-time PCR % LightCycler* 480 2/} 3¢ Y 5E
# PCR &5, RWAMARZR N 25 pL, Hirp 2 X real-time
PCR master mix 12. 5 pl..4 5% (20 pmol/L) 4%
0.5 pl. 2 585 (20 pmol/1) 4% 0. 3 pL A5l pl,
H2K 8.9 . KA 95C 5 min;95°C 15 s,
58T 45 s,40 MG ;12 CIRAE,

1.5 ANERENTEREMEESRERTE
L5.1 FRERAGTHER

WU BE 430 R 10° cfu/mL (1) PG JINRE R B AN T
15 BRI B A R BIR A 15 B R R
10° cfu/mL A S50 B TR A TR TR 12 TR RE 19 32 4
W R 10~10° cfu/mL {55 B2 TR & i B
DIV & o B W B 53 5 real-time PCR Al
ddPCR #4745
1.5.2 FEEREBAEFHER

7 10° cfu/mL PG JINRE R B B 2 T R 43901 i A
SRR 10~10° cfu/mL YT 7 B0 10 4 TR 28 TR
74 1 e e G TN R RTTRR BE T A 1 7 ) A
SR SETR A PR R b L 28 R VR S T A i
B RV B PG RS IR B 0 A S IR B IR A B TR, DA
AUk BEIR A 1 B B B AR, 0 B real-time
PCR #l ddPCR #4746
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1.6 BENERENTEHREME DNA HFmbl&
1.6.1 DNA #£H

M\ PF 555 b4 51 ) By JICRE 2 1 AN T i
BT FH G TR K ) A A B . ] DNA 42 B0
)& (db i 4304 EasyPure Bacteria Genomic DNA
Kit) 43 5 2 PG JINRE IR 11 A1 T 7 i B ML 7T 1) DNA,
I7E DNA ¥R EEIF#i B2 22. 8 ng/pl,
1.6.2 W4 % E DNA B &4 & 4 %

FEPIAHIAR Y DNA 4351146 BEAR BR . 251551 22. 8
~2.28X10 ° ng/ul. #Y 8 4~ DNA Kt 5, % AE T —
20C, HUAFIATHAE v B W AP TR Y DNA FE SR A 2
51 35S DNA B 22, 8~2. 2810 " ng/pL
PR G LIRS DNA AR, 43 5] real-time
PCR F1 ddPCR £ 7460
1.6.3 WA 20 H 9 5 Z DNA R &4 & il &

1E 22. 8 ng/pL. V4 JNFERR B DNA 5 v 23 51
ANFEIRTRIN 2. 28~2. 28 X107° ng/pL (1T 7R H
DNA i o 75 21 5 v B2 VY NS R o AR B2 T
B BB TR () A SV BE TR 5 DINAFE 5 [AIRE L ) 45 15
R T A CP TL  AFT e J32 P4 T TR o 1 I S Uk
R4 DNAFEM . DAAESFMREETR A 19 DNA St 7
HA] real-time PCR #1 ddPCR #EF74G .
1.7 55 AR E IR 4 o ) & R kil
L7.1 V)N 8 A7 o %

DAZE A A DA AR PO NG IR o A T A M
B VG AP 7 C E 2 1017)E AR Sl & 19 At
o B 3 PE AN (45 50 @) 43 il 58 42 TR
10° cfu/mILp) Py JI W R 1 AT 75 {1 P A7 T 8 T
F1,28C,120 r/min 53 2 h, U AP, BSREET 2
~3 d, BRAG 53 4 P TG TR T A T 7l PR T 7
(LN E i S 8 1 B2 i) NG e s i 8 8 )

VG T Ah T 4% Bk A b 0:0,1:0,1:1,1:5,1:10,
5:1,10: 1,0 14 R SEBRIR A RRLED TR A fa FEFP T
H ISR B 100 K/ iy 5 500 KL/ Ao B Fl
BESRA S Oy, RIS 3 W HEER 100 ki /4y
55 500 L/ 0y IR LA 24
1.7.2 ¥ 0AFF 4 & A

LA 124 Gn/V)O I LUIAERS DUAE & pom A PBST
VRS vhl, T BT AR B AN 40 4T 1 min f5, 28°C
120 r/mink%F% 4 h, Z JGHCE VKA 4 CEE IR 56 2
RPFFFAAFT 1 min, FIXZ 20 A 1 38 I Ve T T
50 mLE.AE T, L4 000 r/min {REE Ly 10 min, Y
£ FIEW-FFLA 10 000 r/min /53 B0 10 min, 3 |
THW L H 1 mL JCR/K ERRERITE 15 2R VR
JF 435 real-time PCR 1 ddPCR #E4 740,
1.7.3 A o A 7 i | A R AR

FRAN 7 C iR 6 5 7) BBy i Pl 7R i il
B Ay 1 5 G IR AH

2 #RESWH
2.1 ddPCR A real-time PCR A M EREE RS
2iRHEm

FH ddPCR F real-time PCR X 74 JREEER E A T Fy
AR TR A VR TR G RSB A TR, 25 Rk 2 B
e IREFERME N 10" cfu/mL B}, real-time PCR
A DA AGHIU S AR B MR BE A 10° efu/ ml i AT A6z
DUZTE A DAV 1 PG TRV TR T o L A A U 8] 25 3k
AT BRI B 5 T ddPCR R LA Ji] Bsp ARG 7 4 S0 b
IR AR R 10° cfu/mL, ATAGINE)] 10° cfu/mlL
TR AR A PG JVIVE TR T (EL ARG I 30 S5k B2 1) T
RN . X T AU IR A R ddPCR [
RIFPEL real-time PCR & 1 M.

# 2 Real-time PCR #l ddPCR U FMREHERERERERNERY
Table 2 Result of real-time PCR and ddPCR for detection of the mixture of two bacterial suspensions at equal concentrations

Ac Fl Psl iR S MR BE /cfu » mL ™! Ct PEOLE/#501 « L1 Number of copies
Starting concentration of Ac and Psl Ac Psl Ac Psl
106 27. 33 27.52 105. 2 76.3
10° 30. 39 29. 96 11.9 4.8
10* 32. 39 32.79 1.6 0.9
103 33.03 — 0.77 0.5
102 — — 0.09 —
10 — — — =

D) Ac: PHJRIERRI; Psl: T & REPMEEIREUR LR . — FRRKMF] . Cr {2 real-time PCR M558 5 WECH ddPCR 455, A,
Ac: Acidovorax citrulli ; Psl: Pseudomonas syringae pv. lachrymans. — means no results were obtained. Ct value was the result of real-
time PCR and copy number was the result of ddPCR. The same applies below.
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A4 vk B2 TR B TR B R R 45 SR a3 3 TR
1 P4 TNE R A A RO JE AR E O 10° efu/mlL I, real-
time PCR B A5 I 21 (19 T 7 {1 5 M 11 1) dme AR R
10° cfu/mL, i ddPCR 2} 10° cfu/mL; 4 T R 5
EERWEETE N 10° cfu/mL i}, real-time PCR B4

2%& 3 Real-time PCR #1 ddPCR #& N H MR E B IEFEIRE

D 7 PG TN TR 11 Y dee Ik B2 O 107 cfu/mL, T
ddPCR # 10° cfu/mL. % real-time PCR &,
TR O RN g — v B o A A A T R
HOEE SZ B T ddPCR AN 52 g Vi BE SR AR T4
R TR AR A ) SR

RAESRNGE

Table 3 Result of real-time PCR and ddPCR for detection of the mixture of two bacterial suspensions at unequal concentrations

HEURWR S/ cfusmL ™!

¥4 D1 /¥ D1 ';LLil

Starting concentration cr Number of copies
Ac Psl Ac Psl Ac Psl
106 10° 28.01 29.63 90. 30 4. 60
106 101 28.19 = 83. 00 0.72
106 103 28.08 — 121. 70 0. 49
106 102 27.76 — 137. 00 —
10° 108 29. 55 27.58 18. 50 66. 10
10t 106 31.75 27.76 3. 20 64. 50
10° 106 - 27. 88 1. 60 77. 60
102 105 — 27.02 160. 50
2.2 ddPCR 7 real-time PCR A FMFRER S  PCR AT LL[E BRI 3] W FpHEAR R 1) e flk DNA # B2
DNA #:5 %5107 ng/uLs ddPCR WK 9 A% DNA ¥ JE Jy
DLV K mE B AT AR A S E IR G 10 °ng/pll, ddPCR AR R % L real-time PCR

DNA Sy A5 ) s U 45 SR 41 5% 4 Fr 7R Real-time

% 4 Real-time PCR 1 ddPCR #& i A ELIRA B Z iR E

i 1RO

B& DNARER

Table 4 Result of real-time PCR and ddPCR for detection of the mixture of two bacterial DNAs at equal concentrations

Ac il Psl IR /nge plL ! Ct U %/#5 01+, L1 Number of copies
Starting concentration of Ac and Psl Ac Psl Ac Psl
22.8 20. 26 18. 62 9 800 7 900
2. 28 23.39 22. 95 4 220 1 867
2.28X1071 27.28 27.02 271 158
2.28 X102 30. 47 29. 61 24. 8 16. 6
2.28X1073 — — 2.3 1.2
2.28X107* — — — —
2.28X107° — — — —
2.28 X106 — — — —

VG JRFE R T T A R R I S50k B DNA TR A
BEAARIEE RN 5 iR, #E 22. 8 ng/pL VGJRIE
FiR A DNA Hil A SEIAFRUR )i B2 1T 7 I S P o 1)
DNA Hi, real-time PCR AJ £ 1 000 1 H 1 T 46 £
WY T 75 1 P B DNA, 117 ddPCR #6 FE i %]

% 5 Real-time PCR #1 ddPCR # il B fh ¥BAR 4 B dE &R B

10 000+ 1;7E 22. 8 ng/ul. T AL DNA FiR A
SEURTRUA [R) Wk B2 1) P9 )N B IR 17 ) DN B, real-time
PCR F1 ddPCR %Iy BE (1) 75 JRFE R 7 DNA 46 il
BEAH343 5124 1 000 11 10 000: 1, ddPCR Gy s 4
BRI R AU 2 real-time PCR [ 10 1%,

RA& DNA &R

Table 5 Result of real-time PCR and ddPCR for detection of the mixture of two bacterial DNAs at unequal concentrations

IR /nge p L1 Cr PEDUR/ B8 DL« L

Starting concentration Number of copies
Ac Psl Ac Psl Ac Psl
22.8 2.28 20. 88 22.31 =10 000 1819
22.8 2.28X107! 20. 81 24.72 =10 000 182
22.8 2.28X1072 21. 50 28. 30 =10 000 19.4
22.8 2.28X1073 21. 48 - =10 000 2.5
22. 8 2.28X1074 21. 34 - =10 000 —
22.8 2.28X107° 21. 47 — =10 000 —
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BRI /gl o PR/
Starting concentration Number of copies
Ac Psl Ac Psl Ac Psl
2. 28 22.8 24.51 20. 05 3 730 =10 000
2.28X107! 22.8 27.69 20. 34 407 =10 000
2.28X1072 22.8 31. 17 19. 99 Hoo & =10 000
2.28X1073 22.8 - 20. 30 3.8 =10 000
2.28X1074 22.8 — 20. 31 = 8 800
2.28X107° 22.8 — 19. 82 — 9 600
1) =10 000 F7n A ik B2 ) ddPCR S R 5 — o S AR Aarim 1) .
=10 000 indicates the concentration of samples exceeds the detection limits of ddPCR. — means no results were obtained.

2.3 ddPCR #0 real-time PCR # |4 A #hR R E
B F 4

N TTHER P9 R ICR 7 202 52 P A 3 5

LI o AAT P4 I Rl T b5 T AR E AE 10°

~10° cfu/Fi, HRMFEEAZS R 100 krok 500 ki
AU 42 56 1 10 {t B X BE 5], real-time PCR
H1 ddPCR X 74 JIC L B R Fh 7 B4 4G I 235 S8 25 o0 BH 4%
(F6),

3 6 Real-time PCR #1 ddPCR #il| A THef o8 I /& LA F 45 R "

Table 6 Comparison of real-time PCR and ddPCR in detecting artificially infested watermelon and melon seeds

G Al Ac e Psl P )IAE i Watermelon seed sample EH KR A Melon seed sample
/AL Fh¥ /L FhT/ b Cr PEULR/ P DL - Lt C $5 080/ $5 DL e 171
Sample Ac-infested  Psl-infested Number of copies Number of copies
size seed seed Ac Psl Ac Psl Ac Psl Ac Psl
1 1 0 28. 64 — 1709 — 29. 17 - 656 —
0 1 — 30. 86 - 1 446 - 31.76 - 225
100 0 0 — — — — — - - -
1 0 28.90(2/3) — 262 = 30. 27 = 70. 2 =
0 1 — 31. 90 — 109 — 32. 15 - 6.5
1 1 27.92 28.67(1/3) 278 168 29. 76 28. 41 63. 4 28.1
1 5 28.10(1/3) 23.52(1/3) 251 680 31. 71 30. 35 60. 6 166
1 10 30. 28(1/3) — 268 775 32.13 28. 68 28 411
5 1 30. 25(2/3) — 1062 76 28.54 28.55(2/3) 150 10
10 1 29.08(1/3) — 1313 8. 27.05 27.18(2/3) 569 10. 4
500 0 0 — — — — - - - -
1 0 27.10(1/3) - 1184 — 29.67(2/3) - 73.5 -
0 1 — 32.22(2/3) — 53. — 25.23(2/3) — 15
1 1 27. 68 28. 83 338 127 30. 11 28. 66 103. 5 15.2
1 5 28.33(2/3) 28.10(2/3) 215 466 30. 31 27.21 65. 4 63.1
1 10 27.64(2/3) 26.81(2/3) 277 1561 29.57 25.49 64.9 176
5 1 26. 25 — 1647 11. 28. 08 25.91(2/3) 187 14. 6
10 1 24. 51 — 3 970 124 25. 21 24.33(1/3) 823 22.4

D TR 3 REEPEIME. 55 NERR 3 IE S HYES R LB s R PR 3 IREER—EG — R 3 IR GRS A AE .
The values listed are mean of three replications. Values in parentheses are the ratios of positives in three replicates; values without paren-
theses indicate consistent results in three replications. — indicates that all replications are negative.

TE (g FRE PG IR R AR AP T IRE S A I ZE D 100 BN E 7 T A 1 SR o Y 7 K3 5 sk
RN 6 7R A8 100 KGR FAE A ddPCR o 3% 10 Az, ddPCR 2y G 31 45 f 3R 1) 04 I
ARG E MRG0 1) 106 i B AT HL 3 IR A 2 WA R Rty TR ) T A B TR (596~ 10060 . [l ke
—BG WX TR real-time PCR RAEMFE] 3 M, T RPN R A 100, 1M 74 R IR 1 1
WEE —SPIPESS R . SR PR IR AR 508 520~10260 . %] ddPCR {73 T [a] i A6 0 21 45 Ff
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o B2 real-time PCR X} 7l [ %8 22 5 K A AE il A
28 R AFRE 5 A BB A YR A I B 5 R R oA 1%
PG TR, I G2 X T 7l P T 1) e ) o 5
B2 YR & 5 P RS IR 1 5 T A i M
WA B Fh R EL L KT 5 1R, real-time PCR 3 IR
AR BER T A R

PG IRFR R AE A Sy 500 RLIS, ddPCR A] 3
SE AN E] 0. 200 WA R Rl T, H 3 IREE R 45—
00 T A — P real-time PCR AR FETG3] 3 1K
HE A P . (E X AS )k 55 HE B4 47 T Fh
+, real-time PCR XJFEA A 500 R A4 HH20CR B
WAFTAEAS TS 100 LA 45 3R 0 HOZ AT AR e
A b H 5 Ok LA b A 45 A PG IS IS R TR Y P IR
¥

AT it 55 P8 JICRE o S 00 285 SRAS ] R AR 2
> 100 %7 A1 500 Kil}, real-time PCR A DAE2 @ ¥
AT B R 12088 0. 220 P8 )G R B o T 75 B g
[Ei e e s e T i)\ = SO gV =2
ai FPAET T A BRI B S P IS R TR R R R LR
T 50 LA, o AT RGO A DU 3N TS 1ok 485 i 79 I
PR R AP B REARE 5 s (H S 452 P NS IR A 5 T
il BR B B b RL B L 5] K T 5 1E, real-time
PCR A GE B UCARRL I BN a1 RLHE 47 T A i
B AP AR5 S {0 dAPCR AT RARSE Fa il 2]
HhMES .

PIRN e R R A B I8 25 5 ddPCR
G I %) S P A8 5 e 2 B o S 0 ) T - 23 3
Ty, H2 real-time PCR B9 HE 3R 432 31 FL
PR 22 B4 A S vk BE W AR T T 91 40 real-
time PCR A5l 100 K75 JRFfF-1 1 RiA 10 R ff5 a7
PG BR B Fh 7 I5F . & 10 RLf Cr R T8 1 Ry
Ce 8. 1M ddPCR ) 2 £ 46 0 1) 5 D1 BB B A o
IR T A A () T S AR X 7 A 3 AR 1k

3 it

AT YR ddPCR 4 A [7] B SR o -
AT (0 P I TR A R T IS A e R A
FEJRE . ddPCR 7] [a RG22 5 Ffrig 5 1 19 DNA ¥
JEE RN B BB BE 43 0 8 10 ng/pll 1 10° cfu/mL,
J2 real-time PCR S AIGAE I B (1) 10 4% 7] A B 2R
R 0. 226 R FA AT B FEBR R

20 AT 1 SR TR 9 R A B A TR AR b e b
K, HfEE M E, O I e B & e %K L
[vi) Fsf 3125 1) 200 1 2 ) RS 1A A5 P I R T .
BT ERNG g I IR 1 1A 7 HE VARG 3 0L 1 &
R is s 80 %6, Hor R BEiG T 5 70 %0 . £ BEIG 1
(730 26 5 T 43 B G 245 SR SR L PR )Y T R
e TR AR 2016 4E2R A 45 CH B
S O S 10y LA 0 TR P SR B R A Y T
B oy s S e A5 B T AN M A B R . R
B R PRAT B s AS BB A A RE PR EA T4 07« 1 L4
Tl J5E BRI 28 T LA 2o o Ay B R A T B AL 4 L I
BRI GRS BT AR Sk b X6 3k 19 ol i o kA7
o s 3 B 4 A OGN A XX
Tl S B8 A 22 R R I O 3k A AR S G . 1 B 2
I P CR AT 85 BRE A 4 5 AR X i IS A7 BREAS T 30F
ARSI o 5 L ik $2 BN T2 R A 19 DNA, 5
BRAT 3L F] 0. 1% (1/1 000), S FE 2027 Fi) il 4 2 W
Bt SR 45 A PCR J7 3k X0 94 IR B 10t A7 4G 0, T 42
BRI AR E 600 cfu/mL, (AL EHAR
PR AR AR . A ddPCR AT AR AT
ELEX R IR R IR TR | e — b R B A AR
W73

) FH s 0 e AR ] B 0 22 A4~ B A , BE o] 4y
ARG A RS ] A0 7 T4 o 4 1 2
N HZ E PCR 4 #4455 AT Fr B0 AT (] B Az )
155 TS SR B9 T R A B T8 7 PN £ 6 b I A A%
TR A5 R fRE -4 AT iR # 10° ~ 10" efu/mL, [A]
X N TR R T I2 328 0 DNA ARG I R 455 % 1
#) 10" cfu™®', ASCH ] ddPCR A [a] Bt 46 0 75
ANFEAR, B3 E ddPCR o n] SR I X 5 ASHEAR )
L 5 224~ $ A 1 [ A A T 2 ol e o ARG 14 2
fEE

SEBRAE R RN R A LB AT BE b 22
FdeR . AHIFIE B0« 24 15 TR 485 15 7 P 40 79 L
Bk 1210 B, ddPCR A75 0] MRS PR A~ AR 14 5 1
real-time PCR $5 AR X B i Hh AR vk BE ¥R AR 1Y) K
HORANERE , FL A i TORE (b S H 6 BH I 5 F 5 IR
FE &S 500 7 1Y P JIVRE SRS HE 238 80 100 4% PG JIVER
fho EZE R AT R A S R IOEH A S
Z4 5 10 VG R 722 o B i HL R TRLRE L ) ety
=00, Ak R v P IR TR B R R SRR, LAY
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JoT 5 1 e T 1R PR VR AE A AR, X real-time PCR
SN AT 7 AR R IR 2 A A 1 il — T
oo IAh A B g X 500 ki 76 JR A FRE AT
PSS 2 R J) 2 A% B2 B AT 100 K4 i, 500
KRR P PR 4= fE AR 100 R0 A FE 5
ST SEAIG s AT A T real-time PCR #5500 A7 i
VYIRS S (A 3 2608 T 100 Ki 95 JINKE . ddPCR
(ARG SR AR 32 B D P2 e L PR Bl 2
T RIS ) 2 IE AR G, BB Ab, real-time
PCR % Ce {BTE 35 26 A7 W] s ARME XS K b 471
FE » AE S R ARV B HE T real-time A£G  BR B,
F ddPCR 0] AF5 H R RS E RO AG T 45

AR i 1 B0 3 R Aot U8 R e 2 B 0 K
AR R — DA EER AT BRI R — T AR I DR A
FUBR S B S R S LRI A 2. M T
real-time PCR,ddPCR [ 6 il 45 SR 01 42 3 15
Frgs i o B ddPCR A B2 A 9 5 12t 285 S 5 ELAT
AMERE . ddPCR H2 AR R HIECT A~ 142 7K 9 13807 4
SEAE I A TR 20 M B RS O R AT kST Y
PCR #3488 J5 1352 RN 3 28 605 5 » B i i o)
T AR ARSI, SIS T 44 Bkt PCR 35 4& R 11
TARI, reak-time PCR B EEHEAF PCR 44361
BURRSEAF S a8 955 A 2 Hl e . AN Ge ik
oA THE R X6 88 1 2

25 LR R ddPCR Jy i [] B 4G 0 o - 45 7
{14 PG TR R T R T {15 P A1 7 o 8008 AT G
PEAAE T2 Bl PRSI 22 et S e o, Jn
TE PRI R LL ] 22 S A R I 00 T o AT ol 4 %o ol it
AR IE A T . (HJ2 ddPCR Y A5 B AR [E real-
time PCR &, T Z 07 & M FEA ALY Bl & T
Xof B B it 1 v R RRE ARSI s L R OK AR 2 M e
TR A RIS B 11 R R R T4

(1] x5, 20, F=AH, 5. REREEEHEEEDNREME,
G35 R AL i E LR, 2019, 52(2): 55-77.

(2] T FHCE A YBIE R LG R L 24T R E &G
LI, s Eg R, 2016, 49(15); 2932 - 2934,

[3] XU, XUFi%h. REA, 4. VIGS HAR BB kR & HAEH
FORMEYr R LT RREAAR . 2018, 35(11): 116 - 123.

(4] FBOINR, 3KF%. SKANAA. % HiPRMED EE AN ST
JELT). IRl Rl 2017, 45(3): 5-9.

(5] E&EWI, ML, 2500, 45, B v IGETORN BT 9t PO L IR AF
SO R ] S EJRSE, 2018, 31(2): 1-6.

(6] VEZRWG, R, FRkHk, 55 3 E 09 NEDR G i 22 2hr
ARBAAE AT ] P EJRSE, 2019, 32(6): 1-8.

[7] BURDMAN S, WALCOTT R. Acidovorax citrulli; genera-
ting basic and applied knowledge to tackle a global threat to the
cucurbit industry [J]. Molecular Plant Pathology, 2012, 13
(8): 805-815.

(81 A4k, ZExde, EME, 5. #UNANE MM BN PMA-qPCR
R Ty vk g RN FE L. AR RORGE i, 2016, 32(2)5 76
- 81.

[9] BAHAR O, BURDMAN S. Bacterial fruit blotch: A threat to
the cucurbit industry [J]. Israel Journal of Plant Sciences,
2010, 58(1): 19-31.

[10] WALCOTT R R, FESSEHAIE A, CASTRO A C. Differences
in pathogenicity between two genetically distinct groups of Aci-
dovorax avenae subsp. citrulli on cucurbit hosts [J]. Journal
of Phytopathology, 2004, 152(5); 277 — 285.

(1] BEEE, IMEAE, EIET7. PURANE MR BER O] ]
EAS T, 2001, 21(3): 37 - 38.

[12] 2. B0, FhSE. 55 RHJNANTE P B 3 (Pseudo-
monas syringae Pv. lachrymans) 35 EJLEMEL]]. Hili 4l
KEF2ER, 2006, 41(6): 63 - 66.

[13] Wz, sRakIL, 2R, A5 3 IV B 1 A1 B0 1 58 51 )
TEL A IEAR LT . AR, 2017, 31(5); 44 - 47.

(14] kWr, 2R, ARG, 55 BTSEms 2 I L PR R I 40T H A
UE MR BRSSO L] E R RE, 2002, 35
(7). 888-893.

(157 f&nk. £/, M. %5 Ry PCRECRR R RAMAL]. 25
AR (BE2ERRD 5 2015, 42(6); 786 - 789.

[16] Jigk. b, JO3Ce. 5. MIENRETE | ZUR0RECT PCR & it
KM HEEPEEAAR, 2017, 37(11): 2043 - 2047,

(17] . =A%, 05, 55 80T PCR SR E BRI K 1
FUbeEamAEREL ] Tafke, 2017(16) . 293 - 297.

[18] DREO T, PIRC M, RAMSAK Z, et al. Optimising droplet
digital PCR analysis approaches for detection and quantification
of bacteria: a case study of fire blight and potato brown rot
[J]. Analytical and Bioanalytical Chemistry, 2014, 406(26):
6513 — 6528.

[19] ZHAO Yunun, XIA Qingyan, YIN Youping, et al. Compari-
son of droplet digital PCR and quantitative PCR assays for
quantitative detection of Xanthomonas citri subsp. citri [J/
OLJ. PLoS ONE, 2016, 11(7): e0159004. DOI: 10. 1371/
journal. pone. 0159004,

[20] WANG Xiaofu, TANG Ting. MIAO Qingmei, et al. Detec-
tion of transgenic rice line TT51-1 in processed foods using
conventional PCR, real-time PCR, and droplet digital PCR
[J]. Food Control, 2019, 98, 380 - 388.

(T 168 1)



« 168 -

4.9 4 47 2021

WA 3. 49~4. 35 d A [R] 4173 X S ek B I e O 7
R W

x3 AMERAEREEETIERBRIIT

Table 3 Digestion dynamics of pydiflumetofen in wheat spikes

EVEYys MHERRE |, .
E /K o DT et /d
. Regression Correlation .
Year Application . .. Half-life
. equation coefficient
times
2017 1 y=0. 741 5e~0- 120z 0.975 1 3.29
2 y=0. 793 1e 0 106z 0. 954 6 4. 35
2018 1 y=0. 817 5e~0- 156z 0.946 5 3.22
2 y=0. 911 6e0-172« 0.901 3 3. 49

WAk A 22 B e, 2017 AFE I 2018 4R 2 1 KR
W PR TR i 25 1530 0 0. 98 pg/g F1 0. 62 pg/ g, Jitl
25 2 53R 2. 66 pg/g 0. 89 pg/g. 1 2 4FiEE
WSCAR P 2 B 7 i o 2 e b el T 5 e 1 i 1 Y
h 0. 12 g/ g s Uk B FRUE P Pk 8 e R A 4 v T A
FERZ S ARG SR 114 22 6 r e TR T 5 I T R E R
e 3 9% R 11 e Rk P PR o

3 #ig

AR SR FH AR 7 HR I, X BRI 0 L IR R e
3AEBARPAAF AT AL, ST T TR A R R e
T 22 Tl 0 R € 3% £ B TS 40 Ay 1k L 1% T
B AN T st 300 22 e v G0 8 B D 35 i 11%) i BRI ARG I &
T AL A R [T SR A £ AR 24 5 B R
BR . 2017 AR 2018 4 B AREFE VL A0 ) 250 i sh 2
TR0 o UM TR 5 M 7 22 Aol v V0 i R AT R
TOREmARZS (T1,<<30 &), W3R IG 2 RAR B 2
h 0,12 pg/ g AT 3% ERE 1) oUW PR LR R AR /N2
BRI B PR (0. 3 pg/e) .
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