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A Yptl-targeted TagMan real-time fluorescence quantitative
PCR method for detection of Phytophthora cryptogea P. on
Gerbera jamesonii

WANG Lihua®', SUN Aiqing""?, ZHANG Yiping', XU Feng', YANG Xiumei '

1 Yunnan Key Laboratory for Flower Breeding, National Engineering Research Center for Ornamental
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Abstract: [Background] Phytophthora cryptogea P. is a quarantine pathogen causing serious
symptoms in a variety of plants in the global range. [Objective] To establish a specific,
sensitive, and quantitative assay for the detection of P. cryptogea. [Methods] Specific primers
and probes for real-time fluorescence quantitative PCR were designed and screened according
to the conserved sequence of Yptl in P. cryptogea. The reaction system and procedure were
optimized in terms of primer concentration, probe concentration, and annealing temperature,
and the standard curve and detection system were established under the optimal reaction
conditions. The specificity, sensitivity, and repeatability of the established detection system
were evaluated. [Results] Considering C;, RFU, and cost, the optimal PCR conditions were
determined as the primer concentration of 20 umol/L, the probe concentration of 10 pmol/L, and
annealing at 60 °C. The linear equation of the established standard curve was y=—3.323x+40.767,
with R*=0.998 and E=99.9%, which indicated the established system had good correlation and
high amplification efficiency. No amplification curve appeared for the other eight common
species of oomycetes and fungi, which indicated that the designed primers and probe had strong
specificity. The established method showed the minimum limit of detection being only 1 copy
and the minimum limit of stable detection being 10 copies. Compared with conventional PCR,
the method established in this study increased the detection sensitivity by 10—100 times. The
intra-batch and inter-batch tests with the established method showed the standard deviation (SD)
of C, ranging from 0.04 to 0.13 and the coefficient of variation (CV) ranging from 0.20% to
0.58%, indicating that the method had good repeatability, stability, and reliability. [Conclusion] We
established a Yptl-targeted TagMan real-time fluorescence quantitative PCR method for the
detection of P. cryptogea. This method can efficiently and specifically identify P. cryptogea
infecting Gerbera jamesonii, serving the rapid and efficient detection of this pathogen at port
clearance and in the field, particularly for the detection and identification of trace pathogens in
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core materials such as breeder’s seed and original species. It is essential for the early diagnosis
and effective prevention and control of diseases, demonstrating a broad application prospect.
Keywords: Gerbera jamesonii; Phytophthora cryptogea P.; Yptl, real-time fluorescence

quantitative PCR; TagMan probe

i b % 7 (Phytophthora cryptogea P.)J2—#f
WY R R, fEFRE R, &
FEFEE, EEBGE RS I ET . R
FE A A g A, 0 T R B2 R B
W, BRAF TR B &, LAEsh+ . 8+
e N TR 22 AR S5 R B AAROE 28 2ok S AR s F A=
AFFE, ATEBAR . ZEEEE, FECZ R YY)
I R ZE AR BE, X i A 5 I e
AR, A TR it AR Ml % R IR & e LA B
6T . BRAEAR T ik D REN 2Tk, H
I 2 PT84 0 3 A
&, WA RA, HRESR B AE
U 265 AR 83 9 Sk — o 5w B 45 A i [ 1 A%
T, ORIEFIK 30%LA b, ArAE K . A
R B XU 80 i i 2 Bl R A4 4
If AALRE N, fEAELE . BRAT IR %
H R KA s b R O R, B YIAE R
AT RCE N, CEMNCEF A RN
PR E A0l BRI AN, B REEER AT LA
RYLFEIRE . BH % B Tl K Z R ALY
BEERAEYI B KR %o BT R E R A
EHE ., B, SR BIE . WSS 20 24~
B R X 20, A A YN 4 7 X G T
K. mME)ZRE, R EAR™EY, Fit,
AR PN S PR e B P ER . SR
BCEE P R N A R o L L 9 D T 174 A D e 42 o]
BAEEE Y., HAT, FRHbyEss oy riia
FEAFLERER . PCR AN RIS 9% ) 2
PCR Kl "% (&40 T8 A5 2 45 58 7 ik TE B b
PR RN v K 4 T B BRI, (R 2RI 2R

HBESREAEH HAs Tl (e 55 1A 43 B FE 25
SEI RIM, SRR " VR Minerdi 25
N7 1) PCR Kl A SYBR Green S H 9 fit
PCR Ji: RBUEERAR, 1 10 pg #1160 ag, Xf
T I S AZ OB IR A I A SR R
WA R RE, H AT P 3 5 4
(loop-mediated isothermal amplification, LAMP),
T HFR G Y 1 (recombinant enzyme polymerase
amplification, RPA)F 1H ik 4 54 45 Ml o5 it 7 4%
A, ABIEBEFRAEAE 51 Yyt R L A6 R
JEAR . FEASZERIBR M, DA S 25 R A B 1 a9
PSRBT, H, 25 B AT HAL I E A
J£T TaqMan B9S2 9 E it PCR B
HERL. REL RS, RRITEREAR ORI IG B
B, ISR LR o3 AL et 1o k)
2R N — PRI Ao 7 2 AR A 1 A 0 R R L R R
S BE D T FRE S R ASIN L H R A B
J& B Bl AR N 5% (8] R IX (internal transcribed
spacer, ITS)JF4! 720 (A2 ok bk 2 (i 58 &
W, TEEREwET, o EN TS Fo%
FAR/N, LU DTS J#BFR BT 5 | yxE LR 22
S92 B B 5 LA JE R DX 43 TR Bl SR A
Wy TAER AT, AR Z K000 B FE R 7 41 B &
FEMLAR 4y 55 )8 o5 elicitin A 2C 1Y parAl
B SEEE A gAY Lpv BRI GokiiR Y
i IEN Coxl 55 Cox2, LMK %ifih Ras 2 [H)
Ypt1 P22 F A UERT PO, Yptd B
et X A B 2 AR, JF HH
TEFP AR & BEORAY, T Sl e 5 I Fh oK P
JUTR 23 A I B BEAR B BRT BB A% X A AR S
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G 2 5 R K P SR o AR LR 44
HBERE Y Yol JEOG#EAR, Bt AR [P0
WEE, TEALS U . BT AR R
AR JE A L ARAT B 0 S AR R AR A, Ak T Ay
R AR 2 OF B e Ry S . R S,
NAEIH A R Re 7 Y LA BB A B 1, A
IR Sk 38 il o J5L 8 e i e A R SO

1A

1.1

Ik b % 25 (P. cryptogea) . 274k J1
(Fusarium oxysporum S.) . %H &% 25 (Phytophthora
nicotianae B.) . il (Fusariumsolani S.). 7
% 1§ (Peronospora brassicae G.) . JE i
(Cercosporainsulana S.). E(k#% % (Phytophthora
infestans M.) . #fii &% & (Phytophthora drechsleri
T.). %5 (Phytophthora cactorum S.)¥ 45z
5= AT

14 BRAE VN ZG REART DAL 58 R 5 AR BRI
5 PR CELT S 4 BROTAERE PR . o, G
FANBERA A KR X IR,
2 MRIFEfEMCE A A RIS 75, 2 Bk
FEAEAEAR R B 2= B8 £0T0 05 JE T B 0% A IR N
FHIET .
1.2 EFRE

I 5 S 2 ) MR B g B 57 B (potato  dextrose
agar, PDA) (g/L): H45% 200.0, #i%HH 20.0,
BEhE 20.0,

Ty 4 B A M TN V7 B 3% 3 (potato  dextrose
broth, PDB) (g/L): 5442 200.0, #iZ§kE 20.0,

V8§55 %L V8 it 10 mL, UP H,0 90 mL,
g 2 go
1.3 EFERFIFNE

DNA #EUA5 & . PCR §" 8350 & L felal

WO &L BRI DIEE QuickCut™ Hind 1., 3¢
[ T 2844 pMD™19-T Vector Cloning Kit, /&%
A4l E. coli DH5a Competent Cells ., Jii iz 2
W6 AT E B PCR ¥4 150 & e it
PCR % i B EASY Dilution, 5 H &4 ¥4
ARAFOA R A

I 43 O O BE T RN i Ve VR SO AL,
Thermo Scientific A F]; SERF ¢ AE & MHTIL
PCR 4" A% | % i v Dk 430N & e AR A
Bio-Rad /vl ; @ THES, Airtech AH]
1.4 BEHRIEFRRELHHH&E

TR TR R IEF 2 PDA 557
b, 25 cCREEEEFE 3 d Ja MR LS DI
2 mmx2 mm & 22 R R R V8 IR
FRIE B HABE MR ZE PDB RigRdEA, 25 °C,
180 r/min JR%H5 7% 3-5 d, LI ELLT IEIL
TR 22, 2 URAh T 5 WIS PR 228, 20 °C
A2 H o
1.5 SI¥EREHEIt

M GenBank H' %k KJ755146.1 .LC596221.1,
LC596220.1. DQ162987.1, MH988437.1 4t 5 4
P e 25 Yptd JE K 3 41 DL S A g 2 G 7 |
JE R . BURTERHY Yot ZEN P51, XAy
AR Yptl JE K Y 5 DNAMAN ${F 31T [
Xof o3 A AR A B b 2 e S P o BE DR B DA
Z B kR, ] Primer Premier 5.0 Zf4-H1
NCBI Primer-BLAST W& 43 Hrik it it 7 X514
Fe#ER (R 1), SREHER R E M PCR iy
BRI 7 RS I HEAT 414 5 BONS W BEIC H ik
G5 N S O ST Vi A VS = 3 1 N T I 7/ D
P.cry-F7/P.cry-R7 St i ¥R %t P.cry-Probe 7,
PREE 5% FAM ARid, 3% A BHQ-1 &4,
TREF R34 b AR T AR TR (i) e AT IR

ARy S

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3662

(DGX7ES ik

Microbiol. China

*1 3R FS

Table 1 Primers and probe sequences

5194 B Fr 4 ABRE
Primer Name Sequence (5'—3") Fragment size (bp)
P.cry-F1 GACGGCAAGACCATCAA 116
P.cry-R1 TCCCACTACAACAGCAA

P.cry-Probe 1 CTCCAGATTGTACGTCTACATAGGA

P.cry-F2 CCATCAAGCTCCAGATT 190
P.cry-R2 GTCACGTCGTACACCAC

P.cry-Probe 2 CGTCTACATAGGATTTGGATCTCTT

P.cry-F3 CGACAAGGTCCAATAAA 166
P.cry-R3 AACAAGAACTTCCACAA

P.cry-Probe 3 CTCTAGTATTTTTTTCTGACTTGTG

P.cry-F4 TGTTGTGGAAGTTCTTG 200
P.cry-R4 TACCTATCGATCTCGTG

P.cry-Probe 4 TTCCGCACGATCACTAGCAGTTACT

P.cry-F5 TTGCTGTTGTAGTGGGA 176
P.cry-R5 ATGAAGTTGAGTTCGCG

P.cry-Probe 5 TTCCGCACGATCACTAGCAGTTACT

P.cry-F6 CCGTACTATCGAGCTGGACG 170
P.cry-R6 TGCTAGTGATCGTGCGGAAA

P.cry-Probe 6 AATTGCTGTTGTAGTGGGACACGGCCGGACA

P.cry-F7 GGACCAGGAGTCATTCAACAA 122
P.cry-R7 GGCAATCACAACAAGCTACAC

P.cry-Probe 7

CATACAACAATGAAGTTGAGTTCGCGCC

1.6 DNA HJH2E

B/ 293 R TR T 228, 7 B DNA $2 U
7 U0 I 4R B I Y DNA, f s il
30—50 pL f) RNase Free ddH,O i i $2 B 3 A
HPTHEY) , A B RO 73 6OL B THI E DNA K
We s S abifE, T-20 °CLRFEEH -
1.7  JRNARAERIE &

DA Beth 35 75 1 DNA S 8EAR , 1) 07 16 3 Y
F VeS| W% P.ery-F7/P.cry-R7 #B8 PCR ¥ 1%
R G UL BT PCR Y744, PCR RIVIAR
dNTP Mixture (2.5 mmol/L) 2.5 uL, 10xEx Taq
Buffer (20 mmol/L) 2.5 uL, Ex Taq®#(5 U/uL)
0.25 pL, #A DNA 2 uL, P.cry-F7 (10 pmol/L)
0.5 uL, P.cry-R7 (10 umol/L) 0.5 puL., RNase Free

ddH,0 16.75 L. PCR JZ W 2&1F: 95 °C 5 min;
94°C30s, 58°C30s, 72°C 1 min, 3t 35 MF
FR; 72 °C 10 min, HC 5 pL PCR P24 1.0%35
EREBERC LUK, (A —455a BLALE IER, 4%
PRIk A T AR T AR B AT B FI A ¢
WFE, W24 BLAST #E— 00 Ay Fa s
B o HiAY PCR =PRI el G 351 G idd i - el
fBlEn, K=Y s e R pMD19-T AR H4%
b B IEZ SN E. coli DH500 Competent Cells
Hh O 3 e BRSO i B R G B A5 S B
P E B TR FE I B0 UE . R JE KA 4T i et
£ B TR FBR P P DT QuickCut™ Hind TTT fiff
YIR AR IE 07 e i, 1) R fca 43 D
JEE I S R RS0 g e B AR R DR A e
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GRS JBORL R M i 48 DR 2 SR8 DL = R
e FE (ng/uL)*1077x6.02x10%/(660x & 2H Jii H Hi
BB, TS B b % Y B EE DB
5.9x10° copies, FI ] EASY Dilution ¥ HA B
5x10° copies/uL FFHEFT 10 15546 BERG B, AR R
FEZE 5x107" copies/ulL, RS 10 U EERLE K
BH A TSR B 7 o
1.8 SCRPRHER PCR &ME R

DLBS b 25 DNA SRR , $i BESC I 52 8
it PCR 448 12 70) G 150 B 45 T5C o] S5 I 20 D o
PCR WK Z (25 pL): 2xPremix Ex Taq 12.5 pL,
14 DNA 2.0 pL, P.cry-F7 (20 umol/L) 0.5 uL,
P.cry-R7 (20 pmol/L) 0.5 pL, P.cry-Probe 7 (10 umol/L)
1.0 uL, RNase Free ddH,O 8.5 uL, PCR IFVE-S
. 95°C30s; 95°C5s, 58-62°C30s, 401>
PEFR o R R RV 53 500 %0 AN TR A 5 1 P e 2 (1
10, 20, 50 pmol/L)., #REFMEE(1. 10, 20,
50 pmol/L)FIiE K IR EE (58, 60, 62 °C)EfTilAk.,
MAEY B4 Cy (E R A IE0IF 5 (relative
fluorescence units, RFU)#fi & S L A9 5 | PR £ M
JE AR KO B . R B b, DU [A) vk BE
(10°-10> copies) A Bt 28 B b WA A, FFIE
P il et 1 S5 AR oA, DUIRAS SRR Y
TR He B AR Gl EE
1.9 4R

L) RNase Free ddH,O 445 FAXT B, 10° copies
B4 SR A T it A BE P BRC, - DAHE AT B 2 5
IAURETI I . MRS . AR . R .
AL . BoWss . s ANGZ % 1) DNA
FESL ARG, 25 FUXTRR L BH A X BR A o
WWE 3 ANEA, JFRAUE S RS
PERGI
1.10 SERTREEE PCR #RERIZkAE L

PX RNase Free ddH,0 “N7s FAXTHR, DA 8 />

i B B B (10°-10" copies) Y J5 iz A i O A
M, BB RE 3 AEL, RIS
FR9 SO SR EA T4, M Bt e F bR vl 2k
A logo (BURLEE DLE) (1gC) R AL b, LA 3F 9
{EL(Cq ) A ANARAR , il AR LA B 7 2
ARHEFR L 2R U AHOC RBU(RY) . R L P08
(BRI UEIZ T VLA B
111 REEEN

PA RNase Free ddH,O mZs FHXFHE, L9 4>
T B Bh B (10°%-10° copies) HY J KL bk 7 i Ay 6
Mo, BRI E 3 MER, A
() B SRR TR, A e R U . IR R
3R 9 AR BE Y JSORIAR TR it D BRI A T S I ¢
JrE it PCR AL PCR A, LI 43#r 2 Fil
Ti kB RAE 22 5%
112 ESMAE

DA RNase Free ddH,0 75 XTI, DIFEHL
JERF FORFRUE S 10'-10° copies 5 /MHEEE Ak
M, FIRPCACIS 09 SO A5 A e, 44
JER ORI E 3 D EE A W), FFAEA [ I 1]
SPUTERE 3 REEMERTR (HEAH E]), it
ZH P FIHEAL R (R34 Cy B, FRifEfR 2 (standard
deviation, SD)F17% 5 Z % (coefficient of variation,
CV), ZRFEHIAEAAN: ZBRFELH(CV) (%)=r
2 (SD)/ ¥ %% 100,
1.13 A iFm A N A

XF 11 Y 14 BREFATIIAE 5 (5 BRZH B |
5 RRICER . 4 MROTAERRIT RGN, Horb 3 Bk
FEACHEARAE A AN [ R 52 1Y) 25 85 Fn 25 LR AR 4
JEIE o S BIH 14 ASFE A AERR Y 2R ETR 0.1 g,
2 18 DNA $2 U0 @ U] 5 R UL [N 41 DNA,
FOCAL B9S2 56 5E ft PCR AR R AN, FF-LA
BH M R R BHAEXT IR, ddH,O s Frxt i, [A]
I i 295 B 32 AU B PCR 7 % i PSS IE
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2 EREGHN

2.1 SERTRREE PCR #&MKRBML
Z#ER

Ak 9 e E i PCR KA R (& 1),
Zi4r C,fH. RFU {HMZATEMEE, 1Y N
20 umol/L, FFEMHEE N 10 umol/L, 1B KR (T,)
58 °CEY 60 °CH}, AL SRR et 78
IR b SR A v ek d ) A e, i —
R To (ERBIYRE AR, SR8 R0
(E)FIHI X R BRI KR, H LR
N SR 2), BRI EE ST T B e B S 9 e
1 PCR R AR ZR o SR R (25 L) : Premix Ex
Taq (2)iR-& W 12.5 L, RNase Free ddH,0 8.5 pL,
P.cry-F7 (20 pumol/L) 0.5 pL, P.cry-R7 (20 wmol/L)
0.5 puL, P.cry-Probe 7 (10 pmol/L) 1 pL, #Ax
DNA 2 pL, PCR W 554 : 95°C 3055 95°C 5,
60 °C 30's, 40 MER,
22 fFFRMERNER

DL RNase Free ddH,O fE has FAXTHE, DL
i B STOREAE R B XT BR ) 8 ST A B b
BB T PCRF AR R 43 50 % #5727 B tth 22
B RESRII . B . MGRMAE . R
WL R BOREER . IR RN
FE R Bl b AT A, A A5 SR (B 3) @R, X FH
P TR R4 7 e P B AR i ) B L 4 34 iy
2k, I C ORI 21.23 F1 23.68, HiAkE
ai B 23 PN BRI R I i Ze sl i i 2k Cy
{EHRT 35, K G4k Co KT 35 1Y 2 ML
CHAECE SR . AP JEA T AR, il C, 1ELAT
KF 35, UhBHIZ 2 FES RTINS S . LR
TG 45 LR AT BT 5 | IR ST R Sk
AT LA AR S ARSI R A5 A B e 2
2.3 tRERIZAVIENL

DL 10°-10" copies 8 /™6 B A e b 2 5 o kir

PR SO, DU AR A5 R R4 T S B 9l o
PCR ¥ 34 (& 4), WD HaHE T Behth e 25 i A o ol
2, PREM L R y=-3.323x+40.767,
Hrp R=0.998, E=99.9%. MWLyt RrE
i, Bl B R R TR 5 LB A, C (it
T (E 4A), I H B Z 2B BT
MK R (B 4B), X FBIAIF ST g7 i A5 i il
285 e by R TR MR BE 2 IR AH e PR AT, PRk
24 REFEWNER

L 10°-10° copies 9 ™ Y e b 52 55 kL
PRI RS, 43 B EA T S22 B PCR I
HHL PCR Y R BLBEAGIN , &5 58 Won A5y 3T
B S 28 E B PCR /iR H BRI 1 copy,
RAEE R H R 4 10 copies (] 5A), 1% L PCR
A AEAS: HE R SR 100 copies (€] 5B), FREHARMSY
T P B 2 2 S K 2 i PCR AR 2R 1
RPEAEH &, &% PCR 1Y 10-100 £
25 EEMKENER

L 107-10° copies 5 /™ 1 et 73 2 I AT
PRUE SRR AE 3 UORRIBS [ iE4T 3 AN EAE W
JoR AR E S AT, 3 S B R AR B 5 A S A
A ZR At 2H P e 20 I ) A PR A AR M 2 2
AR, TR — VR B Cy fE bR E D 25 41N Ak
0.04-0.13 . ZH[H{YH 0.06-0.08; 5 E % CV 4
WALHA 0.20%-0.58%, ZHIEILH 0.23%-0.46%,
21 P9 TR AR o e 22 S S RO BN, 3R
HHZS B 9 3 57 1) S B 5 St A o PCR A i 2R L
A BT H AR E R A] FEE
2.6 RGN R

JEPNBGLRTNT . /R . FRAEAERESE 14 4
B b R RE 5 Gt BRI 25 2 D0 3% 3. SRk
JETE PCR EFMES SR (& 6A) T, FHPE TR AY
Kiill C, N 14.0055 MHBSHREF 2 MESAE D
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Z | T=s8ec U x | T,=60°C N
% 25t o _ 2 25| .
— = S
4 = 20 el o 3 20f ;
sz 8 ; 0 o e
:'ng' 1k ic £ 15t k
B & ! Q =
® £ 10 —1 8 10} = fg/_
é 5 m/i/e g 5t :en,’bl/a
2 =17 g /p/1ih/d/
Z 0k — ———p/llhidlq ¢ ot : -C/p q
= n 1N An = n 10N 0N N 4N
é T =62 °C Ampliﬁcation curve )
3 20‘ m . !:l
o g 15} oy k
;H 2 10 f == —tr
S s e/i/m
= /a/c
2 - - p/l/h/d/q

1 AESIHNRE. REKRE, BARETEMKKES PCRY Gk  A-C itk T, 7 58,
60. 62 °C'F A5 WIHREH M B 12t & PCR U 32k, a: 514=1 pmol/L, #%t=1 umol/L; b: 5=
1 umol/L, #R%F=10 umol/L; c¢: 5[#)=1 umol/L, #R%F=20 umol/L; d: 51#=1 umol/L, #%t=50 pmol/L;
e: 1¥=10 umol/L, #&%F=1 pmol/L; f: 5/4=10 umol/L, #%F=10 pmol/L; g: F14=10 umol/L, #
$+=20 umol/L; h: F#=10 umol/L, #£%F=50 umol/L; i: 5|#=20 umol/L, #%t=1 pmol/L; j: Z|¥=
20 umol/L, #R%F=10 pmol/L; k: 51#1=20 umol/L, #%£F=20 umol/L; 1: 5|#)=20 pmol/L, #4=50 umol/L;
m: 5|#¥)=50 pmol/L, #£%=1 pmol/L; n: 5[#=50 umol/L, #%£F=10 umol/L; o: 5|4#J=50 umol/L, &
=20 umol/L; p: 514=50 umol/L, #%F=50 umol/L; q: ddH,O

Figure 1 Real-time fluorescence quantitative PCR amplification curves of different primer concentration,
probe concentration, and annealing temperature. A—C represent the fluorescence quantitative PCR
amplification curves of T, at 58, 60 and 62 °C with different primer and probe concentrations, respectively. a:
Primer=1 pumoL/L, probe=1 pumoL/L; b: Primer=1 pmoL/L, probe=10 pmoL/L; c: Primer=1 pumoL/L, probe=
20 pumoL/L; d: Primer=1 pmoL/L, probe=50 umoL/L; e: Primer=10 pumoL/L, probe=1 umoL/L; f: Primer=
10 umoL/L, probe=10 umoL/L; g: Primer=10 pmoL/L, probe=20 pmoL/L; h: Primer=10 pmoL/L, probe=
50 umoL/L; i: Primer=20 pmoL/L, probe=1 pmoL/L; j: Primer=20 umoL/L, probe=10 pmoL/L; k: Primer=
20 pmoL/L, probe=20 pmoL/L; L: Primer=20 umoL/L, probe=50 pmoL/L; m: Primer=50 pumoL/L, probe=
1 pmoL/L; n: Primer=50 pumoL/L, probe=10 pumoL/L; o: Primer=50 umoL/L, probe=20 umoL/L; p:
Primer=50 pmoL/L, probe=50 umoL./L; q: ddH,O.
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Figure 2 Optimal standard curve under fine-tuning ©
of different detection conditions. 20t FAM F=99.9%
R*=0.998 3=-3.323x+40.767
o Rl 15
= Amplification curve : . . : . : . 2
X i 1 2 3 4 5 6 7 8
g 0l log,, starting quantity
oy 8r
53 9 4 SFTOLER PCRATEMLGRI L A
5] —pn \ — .
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= 0t .
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=0 10 20 30 40 Figure 4 Real-time fluorescence quantitative PCR
a TEIEL standard curve and amplification curves. A:
Cycles

El3 EARLEE PCREFRMAN 1EEh%  a:
FHPE R be PHPERES; o RMERJIE; d: Ml
FERE; e: MORMLES; f: AREEH; g RMIRE; h: 3
R 1 MRICERE; j: BERE; k. ddHL0

Figure 3 The amplification curves for specific

detection by real-time fluorescence quantitative PCR.

a: Positive plasmid; b: Positive samples; c:
Fusarium oxysporum; d: Tobacco black shank; e:
Fusarium solani; f: Peronospora brassicae
Gaumann; g: Cercospora insulana Sacc; h:
Phytophthora infestans; i: Phytophthora dunbergii; j:
Phytophthora cactorum; k: ddH,O.

Standard curve amplification curves. B: Standard
curve. a—h: 10%-10' copies; i: ddH;O0.

Bahk, C HM5M 33.95 A1 39.62, 3 LS
Ty ML ; 5 AT 4 ADFES BB
Bigk, H C, {EN 30-39.5, 1 MEES TG 1k
25 4 NIRRT 2, o 3 A
FESL ) C B AE 22-30 Z10], 1 MEERL ) C {H M
38.91. 14 AMFF i T J SEI 28 6 2 & PCR il
Horb 10 MR DO CE, AIRIZETAE LK)
P B R HE T b JFAE R AR>S A > AL R
. AR HE L PCR (K 6B H AT IRE, &
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Figure 5 Real-time fluorescence quantitative PCR and conventional PCR sensitivity detection result. A:

Quantitative real-time PCR sensitivity detection results. B: Conventional PCR sensitivity detection result. a—i:
10%-10° copies/puL; j: H,O.

*2 LATRAEEZ PCREMFRMES KL

Table 2 The repeatability results of the real-time fluorescence quantitative PCR detection

P R 1 4N C, 1 4L C, 1

Positive plasmid copy number C, values within the group C, values between the groups

(copies/pL) FHME bRz 5 R FHME bRz S R
Mean Standard Coefficient of Mean Standard Coefficient of

deviation variation (%) deviation variation (%)

10’ 17.58 0.10 0.58 17.51 0.08 0.46

10° 21.05 0.04 0.20 20.85 0.06 0.27

10° 24.27 0.06 0.24 24.28 0.07 0.31

10* 27.80 0.09 0.32 27.67 0.07 0.24

10° 30.65 0.13 0.41 30.84 0.07 0.23

AN E R PCR RAE R Co (>34 IFE 3 T _lg gg:,{,}

i, PCR RN 25 5 b A th i 5, C, 11<34

HRESL, PCR 45 il A b 5, ik A2 VA A T S 1) RS X (TTS) Jt o 1 T 7 2
UL B PCR BRI R gt R MUK I T AR AR LN, H AT sl
HLPCR 15, ABFEESIM LTS, Rk AT ZREEHRI, HRE LS R x
G Y 25300 5 ) b 9 TTS 3 40 AR 8 3ot
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®3 14 MHRBEMKNHEEE PCR FIEH PCR #NEE
Table 3 Detection results for real-time fluorescence quantitative PCR and conventional PCR of 14 sample

FE i G5 FE AR T it S TR K 45 S Detection results
Sample No.  Sample type Sample source i 5z B ke C, M PCR

C, value of fluorescence

quantitative detection
a FHAEMIFE 1 Flowering plant 1 F i Kaiyuan 38.91 JG 457 None
b FFAEAE % 2 Flowering plant 2 JFit Kaiyuan 29.72 2577 5% Bright band
c 7<% 1 Spatula seedling 1 JUEZ Tiuxi 39.11 Je4% None
d 7C#EHT 2 Spatula seedling 2 JUZ Jiuxi 37.67 Ta4477 None
€ 7% 3 Spatula seedling 3 JUE& Jiuxi 33.10 257 1% Gray band
f JCHE W 4 Spatula seedling 4 JUZ Jiuxi N/A T 44717 None
g JC#H 5 Spatula seedling 5 JUE Jiuxi 30.32 2437 K Gray band
h ZHE5HUEY 1 Tissue culture seedling 1 JUZ Jiuxi N/A T 4477 None
i 20 BE I 2 Tissue culture seedling 2 JUEZ Jiuxi N/A Jo4%H None
j A EEH Y 3 Tissue culture seedling 3 JUIZ Jiuxi 33.95 2k g Gray band
k HB5 MY 4 Tissue culture seedling 4 JUEZ Tiuxi 39.62 Je4% None
1 L R5HE 5 Tissue culture seedling 5 JUIZ Jiuxi N/A TJC4HT None
m FHAEML PR 3 Flowering plant 3 T Jinning  26.43 2%7 % Bright band
n FFAEAE K 4 Flowering plant 4 H T Jinning  22.61 2&7H7 5% Bright band
0 BRI Tk Positive plasmid” 14.00 2% 4+ Bright band
P ddH,0 N/A TJe 4T None

*

: APBR 1.7 BRAT W B b 25 R ARV
*: Standard plasmids of Phytophthora cryptogea obtained in step 1.7.

95%, it RE X 4R JE N R K P 5L B Y
FESEME S AR 1R X R T SRR 4 i Ras
TR Yot JER i F AL DR ST 1 gt X A AE Ak
ZE SRR X, (A3 AR 4 g A X 5
XA AR e B T 5 14, SR B Al g i IX %
TH X 43 [6) — J@& P AS [ Fi iy e S5 5 0 i oy ]
B 454 Yptl JEDH e, Yptd SEARSEE Ok
S Z w0 TR A, AR E
SEPYE L TR R . K R (P sojae) .
FER | AT R R 2 R R Y Yot
FLFA, o BITE 4 AR SRR N X R
I 810 488 M DR ST 1 Gt R DX 150 3 HE BB B 4 5
PSR R A8 5 14 e e S PO ok
LU X K 52 92 g A A e E TR Y Yptl SRR 41

Wit T 5 &5 T KEIERNAN TR
PRI A ; Schena ZEP i i X} P. ramorum,
P. kernoviae, P. citricola fll P. quercina fi*)J¥ %1
FEXF o, BT Yptd BRI T4 B a9 % =1k
S1Y TR X 4 FpE R AT IX 43 ; Meng %07
JFRE T i P. tentaculata 512 it A 72 ik 2 21 I
I F 3R A Yptd JE R 4r A6 5 20 P e i
FE 25 MRS (P, lateralis)HR G ik i A H At 28 75
AT Yot LR P4, Wit T —& 5 X5 E
TF JR 25 4 958 B AR TR 1 PR 3 S IR T R
5 5 ZE B ) T B R S 30 RFPE R
PRI Yotl LTS, Bt 1 1 X R RS
1 X538 FH 514, i i sr 1 #om s & i E = PCR
HR
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6 14 METR qPCR (A)F1E # PCR &30 [E (B)

M: 500 bp marker; a fllb: FFAEMIRE 1 Al 2; c—g:

JEER 1-5; h-1: RN 1-55 m Mon: JEAERIRR 3 M1 45 o FHPEBTRL; p: ddH,O

Figure 6 Detection for real-time fluorescence quantitative PCR (A) and conventional PCR (B) of 14 sample.
M: 500 bp marker; a and b: Flowering plant 1 and 2; c—g: Spatula seedling 1-5; h-I: Tissue culture seedling
1-5; m and n: Flowering plant 3 and 4; o: Positive plasmid; p: ddH,O.

PR B2 3 XoF I b 5 2 118 4G DU A 9 B A 41
i, N 2001 4F R e S ST B H LA
BRI A2 AR Y E, I T 2006 4FE
BT ARG I A T ATl A M S i 92 B TR K
PEUTE T SN/T 1820—2006701; [F4E, 5%,
R TS B AR, R TAEMERE
MR FI2Wi B R, 85719 PCR K& R
REASY 34 620 bp MFESFME&A, (HRBEAL
N 10 pg, I ELOF T8 N AT PR 5 51 P
MU R AEER T 2008 4E, Minerdi 28101 Sy
T #L PCR 1 SYBR Green 7: 321 ¢ ¢ PCR £
A, HAG R B K5 50 copies 7 160 ag, #R
M, HAG, 2T TaqMan #EFEAYSEE2EGE
it PCR RG220 I I o R DA I8, B 44
Wi2Ed R & R, SERF 986 5 PCR $ R FEAE

Wy N g R OR R K, AR AR TR R
PCR, SZRJ7¢%E &t PCR HAG BAERIfE . Kl
FAIHE | R R U T R G
A, AT SYBR Green Jek}¥:, TaqMan
BREE S 986 E 5 PCR FF SerE s A6 R 44
FEH . RIS R M EE L, Ak
A (B SR T X B0 45 5 7 A B M i 4

I, ASBF 58 LUIE D 28 B 2 25 Yptd S [ A e
bR, @7 T HTF TaqMan BREF RS 966 E
it PCR fllA R, BARMATAE 1 h 58 AL,

il =R . FHE Al s ST A M 26 AH OC &R
(RN 0.998, P HIZHRE)N 99.9%, Ltk
FILF5, DR 5 I VR B = (B AH SOG4
RVRE PR DY o it o e ek 7™, A R i TR R
R, RSN Cy EUEAIG, o FRBHASHE I i
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