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N 12y 1,2 X 1 sz 1 1,2 1,2 s, 1,2%
s, RRE T, WX, BRE, A4, £ B, K F
1. W RF =T S5k, W =W 572024; 2. MR RFHGF AR, WREM 571737

o E: HBREWANE (Erysiphe quercicola) 51 & BRI U9 2 3 B ARG =l i — N EH B F , AL
Joe 7= B A A T T A o B TR AR RWIE S, 25 A qPCR R I AT T3 B A R Sy v AR R T
TTHIHT T B0 ABFFTET WIR B (0 18 4 A2 60 F DNA IR I, 85 LA R TRAL 3 5 5K . AN TR B4 T A9 B 5 3k LA 2
ANEZERPT SRR, gl T RS &R BB IR R . #F— LT CTAB 5 JLFR R Mk 48 B0 & i $2 s
B, RAWET —Fl 17T DNA MESRBOTE : BB i A FRERET 4 CRFA 10 min FHAA 2 mm
AALEEER 0.2 g, 0.4~0.6 mm BEIEEE 0.2 g LI M 0.2 mm AL 2k 0.2 g, FHZLZIWFESNAE 4 'C 70 Hz 504 FFES 40 s,
% 10s, 20 MEF, HJ5MH] CTAB B4 DNA, it qPCR EH, ATLATE 100 AN/mL A4 1507 1 24 bk 1R e
F# T DNA, HRZHEE I8 0TI, BA =R RS, SRR B8 i B0 S 4 i T vl S i i
KIEFNA R H AR F B
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Establishment of a Microscale DNA Extraction Method for Rubber
Tree Powdery Mildew Spores

FENG Deyu'?, LIANG Xiaoyu'?, WANG Hanmo', HUANG Xize', ZHOU Shaoyao'?, WANG Meng'”,
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1. Sanya Institute of Breeding and Multiplication, Hainan University, Sanya, Hainan 572024, China; 2. College of Tropical Agricul-
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Abstract: Powdery mildew caused by Erysiphe quercicola is a significant disease in China’s natural rubber industry,
posing a severe threat to latex production. With the continuous advancement of predictive and forecasting technologies,
the combination of JPCR detection and spore capture techniques holds promise as an efficient method for predicting the
prevalence of powdery mildew. In this study, we focused on the microscale extraction of DNA from rubber tree powdery
mildew spores. We compared various pre-treatment methods, different types of grinding beads with varying materials,
and different types of grinding machines to identify the most suitable spore sample grinding system. Furthermore, we
compared the efficiency of the CTAB method with several commercial extraction kits. Ultimately, we established a fea-
sible microscale DNA extraction method for spores: first, the powdery mildew spore water solution subjected to 4 C
ultrasonication for 10 min, subsequently, 2 mm zirconia beads (0.2 g), glass beads (0.4-0.6 mm, 0.2 g), and 0.2 mm
zirconia beads (0.2 g) added, tissue grinder 70 Hz at 4 °C, grind 40 s, stop 10 s, 20 cycles, finally, DNA extracted using
the CTAB method. This method effectively and stably extracts DNA from 10" spores/mL rubber tree powdery mildew
spores, without being affected by complex field conditions, and demonstrates high sensitivity and specificity. It provides
a reliable theoretical basis and an effective technical approach for the prediction and forecasting of rubber tree powdery
mildew.
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AR B A & ( Erysiphe quercicola ) 5l
L P AR SR 1 o i A T T A X o I S o
Z—, ELSCFERBR WO WCEE . R A
W, BB B v, I FE G
LB N 2R E AT S AR A 1
. AR LA B A TR A G T L
T, WO AR R . PHEIIRN ST, DL
A T KR UG BT TR A R AT, T
HAME AT A 4E AW e TR 2 E A
S O ORI R A TR A T R DA R T 5
Wkt TRy, A BN AT A
ARBUNBT R AR S, W LAREE 25 S sl i
4. BRI, Al R BB R AT DATE e 35 4
B ] 2 W s SR A o AR AR AR, XNt
T A 114 S0 0 A AR 2 O 0

DI FJf 42 a8 AR AS o 0 T 18 - 2 25
THE3GE 77 LA U s P SRR, X
J7 R AERT H 25 5 5% 3] 961 ¥ 45 46 FN H S 5 ) LAY 1
Yo, MmBEARHESYE . o TR YE, ERsb
R T HENLEMG RS EOR , #E5r T& REf
PR ARG, ARG AT LS AT
H 20 ok 42 F i G AR Y O B R SR AL i A — R B
HAEDT, i R T AT A v O
EXHRFEBEIREA, srF AW 2E )5k AT LU RS B
AR AR A TR, SO B R A A N
( real-time quantitative PCR, qPCR ) £ AR H L,
ASURT AAS DA - $2 25 Hh 0y B ARAE A, R REXT
HAm R Bt AT E . qPCR S T4
PEHRAAZE A, AT LA B 45 PR S FH ) 5 i
X T AR/ R AR Bk
R U I AR A R AR TR
qPCR R He A B gD b H | = R BCH A A= 0
DNA J& K8, B AT & 20 i iy b i/
& IR o AR AR ST DR N R, I T —
HT AT 48 i o LR BN E A
DNA W5, %07 kAR T A AR BUd He 2y
50 A/NA R R T RYIER 4 DNA, HR
PR ARG R T R R & AHEgE
WAL E Y . PPAL CTAB 4tk 5 HAh JL
AR S R HUSR e T — R
TG AR s B F 540 DNA Bl £2

WOk o IR A AOAR B 10" A~/mL 7
TRIFHCE R R I DNA, A By T T
AR B BE— PPl 2 bl v ok B 2B 8T O IR
Frahds, X T 1 A0 AR B B, i
PRAPAG B 1) it B A I AT 280
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1.1 ##

111 BakAfse  RBCRE O T B bRR o E A
WA B BEAR 58 if RIAB IS R PR B R
Folh, FARSCR BB B AR AR, T R
W 73397 BRI ZE4E B PR e AL IR 7, bk
2 A 44 HO-3 5 H A F-FF S s B Ry
R HIX = R et (22°017007N, 100°49'00"E )
IR 55 (18°23'00"N, 109°48'00"E ) Wa i £
AR5 35 Y Burkard 1 IR HERS o

1.1.2 AR SB A B-Fisk OBEN B L2 sapkE
R A AR, EAM K WH iR T 41k
BHERMAERAR, &Pk, FINEWA R
AR R AR AR, RNES CESEWAT
RVGBE R F A A BRA R ; DNA $2B0R50 &

2xCTAB Solution ( 3t 53 R A BRAH] ),

TIANamp Soil DNA Kit[ KAR Ak RHE (dbat) A
R/ 7], FastDNA™ SPIN Kit for Soil ( MP
Biomedicals For USA ), HP Plant DNA Kit( Omega
Bio-Tek For USA ); qPCR SYBR Green Master
Mix (i MERERHA PR A A ),

1.13 &ML KQ-800DE A PIEVEIL (&
W R A s A R A E ), LGI-10 5 38 A
(0.12m*) B2 HETHRIL (ALt IR e 4R 4
RIBABRAT ), LUKYM-I A ZRHBBFEEL ()
&R PR A BRAF] ), TY-650E 21 i i
( L E 7S BR2 7] ), CFX Connect™ %45t
& PCR 1Y ( 3£[H Bio-Rad ARAF ), CX21
AW e (OLYMPUS ),

12 FHik

12.1 B#AEAS5RTEFami  HF 73397
BIER 2R T 28 CHEE , Frfiliih 2~3 om i
IHER M E, JA7E 18~22 C . 70%~90% RH 1
ZM TR 12~16 d BT ARAFAR A 1KY B 67,
FHBZE7K PRI Ry B 43 A A6, 1 FH S A Jon i
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BRI BB B PR O R 10% AS/mL, SRR
7 10 B R RS, 1538 101, 107, 10°, 10* 4~/mL
PR TR AR B TR IR, R 5 X £ .
1.2.2 HALHERS (1) R AN R AL B A1
ofb o SRS R BEFA 7R TR AL B 2 Fpor ik s
TCTAL B AR AT oA, DA ARRE S F s 1) Tk
PR AL SRR TE 4 CTRE Y 10 min,
Vo UR T8 A0 R A i B T30 CH R TR
A RNEIE Y e Y G ) B o 1 e T B | o

(2) KNSR L iR 2
U TAESHECh : | 4°C, IREMIE 70 Hz,
BATHFE] 40 s, (SRS E] 10 s, FEIRRECH 20 K.
MR A TAESECH . HER IS T HOKIR&
Yt B 360 W, isfritE gl 2s, (S
B4 3s, EEFERTE] 8 min,

(3) AN[EM BT BR AR 2R o R i AT I B 110
JEANIE, 430 A SRR R RN B AR Ak i 2k 2
AMRZR o A SRD RIS A 2R VS I ) B s 2 5 i 3 il
A2 mm AR 0.2 g.0.5 mm A JERF 0.2 g.0.2 mm
AHHY 0.2 go BEIEER A AES BRI 1A R TSN
WEEEBR A R : 2 mm A L5 2K 0.2 g, 0.4~0.6 mm
BEEEER 0.2 ¢ LM 0.2 mm HALEEER 0.2 g
123 4 4 A RF DNA BRRFEH%E S
I8 TIANamp Soil DNA Kit, FastDNAT™ SPIN Kit
for Soil. HP Plant DNA Kit &7 & iy B 3542 B
DNA, #1545 CTAB AT M RS B o0 A 1
+ DNA 541k .

1.2.4 #%%% PCR Bif FIESREH B EE

quercicola ) 3N F ) — B SF ST ( Gene
Bank: KP171513.1 ) ix 117 & PCR 5|4 ( DQ-25F:
5-ACCCCATCACGACTAAAATA-3’, DQ-25R:
5-GGAAGTGGACCGACGAA-3'), PCR Jz Jii{k
% (20 pL ): qPCR SYBR Green Master Mix 10 uL,
DNA3 L, iE. Jm5[4# (10 pmol/L ) £ 0.5 uL,
ddH,0 #ME 2 20 pL. ¥ 27 : 95 C 305,95 C
5, 55°C 35s, 40 DMEH; 1 ih 2 o i s
W H 60~95 C . fiff A Aic & K/ BioRad
CFXManager 7387 s, R HE ik B4 1k
PL10 R AITEL (x), SXTRIE) Cofl (») 2l
P, Cq (B NE R W IR AR AR TR 8 i 5

1.2.5 34 DNA #EUK A2 XF10', 107,
107, 10* ~/mL (48 37 WRE B HEAT 3 vt Sz 4R HL
DNA, Jffli ] qPCR #EFT R ke I AR Je A 11 4
W DNA. BHFES 3IREE, MTHNER R

BRI AR S5 R A, DOIPAG $E AR R I E B M
FFEHE
1.2.6 BEW R Fa-FAH e DNA REGE B
Vi P R 2 T Tt DX A PSR s A T 0 PN il
PEAR B o R D0 R SR U A8
BRI DNA, #4T qPCR &, K ka2
R G GRZE R AT
1.3 #HEAE

fifi Fi§ IBM SPSS Statistics 26 X 1F AT
bR Zs . 25 RED R W E M R a0, il
H Origin 3R AF AT LU A A MR 2 ) o

2 ER5HH

21 WHEBEEEFMRK

2.1.1 AEFRAE S4B RRGH R K
FEALEE | VR R FR LA K JCTRAL B 3 FioRE b
AbER T AT R LG, $EEEE R 285 qPCR BiE,
RIFFTHAL B 107, 10" 4S/mL 2P, #EEUY
HA R DNA, KUEHRRE (C) ¥ET 35,
FERH X BERE S P AR IS TR B DNA W EEHRAIR,
B T RE A AE R IR PP 0 o 280t 2 btk
Tk, ARHE S AR IR B 1) DNA F=3%,
10", 10%, 10°, 10* 4~/mL BYRES HBER 8
W DNA, Horfr, @ A 30 ) 2 BUCR 2L e 7R 1
PRAL IR SR DNA WRBE S (& 1), il
1t 3 ALY qPCR $0dE R I, 1 TRE 4
it 4 CTHAMAR 10 min, RBUZRE &, W
Hrm s, 5 Tk

40
] Tabs
a a CO AT HRAb
K -+ by
354+ b b
a
4 +
C a
o 30r b b
C
25 1
20
10! 10? 10° 10¢

FHF ¥ E Spore concentration/(/}>-mL)
FENARNG FRFRRANGIRZEREE (P<0.05),

Different lowercase letters within the same group indicate signifi-
cant intra-group difference (P<0.05).
B 1 AEHEHLEEGIILER
Fig. 1 Comparison of different grinding
pre-treatment conditions
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212 HBEEEMHEMRRG YA @il qgPCR
HEATRE S DNA MmN, A vRA 2Lt
S5 A A PR A I B R . 2 T I B 4 e
% BT B EA (1 #3 18 DNA, (R ZRALZ10F
JEASC A AR 5 3k SR R S A T A B e A (R 2 ). [
I, MR HRALWHEN 4 C, FRAIAFE 70 Hz,
BATHE] 40 s, (EHHATE] 10 s, FEH 20 YR
B R B0 AR S A TS A B R

40

] 4a Ay
ol 0 ke RS
+
30 H * o ox
UU"
25H
*

20 | |—h
15 1

10! 102 10° 10*

T F Spore concentration/(/{>mL™")

*FORAL PR 22 5 B3 (P<0.05 ),
* indicate significant difference among treatments (P<0.05).
B2 ARMEKELELE

Fig. 2 Comparison of different grinding device treatments

2.1.3  BRBERM BT BERR G R ANFERE
PIBFEEBR A G, AT LS maAE S rh 32U DNA 1Y
JEtR o AN 5T SRS [ AF s Bk b 5 %o A AR 1 A9
B/ FFRES I DNA SREUSCRIE M, BE
T2 MRCR BT TS R A, A iR 3 Ak AR
YA A RV AL ES BRI B B R Y 4 G o 7E qPCR
JE BRI IET, AR RS B ER A5 1R I DNA
WIS TARA, HH C HAE 35 UIF,
FEH LA SRR S AR 1 3 ) UL, BB A5 1 2 mm
AALEEER 0.2 g, 0.4~0.6 mm BEEEER 0.2 ¢ AKX
0.2 mm A ALEEER 0.2 g 1R ABFF TR 2k
2.2 DNA RREUFEEER

¥ CTAB 75555 3 Fhwdlk DNA 7] & Xt
FEAR IR 4 AR BEREEE (101, 10°, 107, 10* 4~/mL )
()96 B T VR P AR IR 1 K3 TR DNA L H BT 4 7]
U, o4 PRI A B HR O™ A R BIIR 5 5 R
CTAB #:>FastDNA™ SPIN Kit for Soil 2B 7
#>TIANamp Soil DNA Kit 257 £>HP Plant
DNA Kit #2071 &, i CTAB AR 4 4~
BB BRI TP AR R TR B DNA 42
;R A B s, FastDNA™ SPIN Kit for Soil $2 8
IR A AR AESREUE 10" AS/mL A B EAE B

DNA, 5 CTAB LMK T & 25, A
AT T CTAB i, L, MSEBRIRAES A
LA EE R, AW ER: CTAB 51N DNA
PR

40
T 4nfamsrrd
sl ERp
+
ol Tl — .
UU'
25
*
T 102 10° 00

T4 & Spore concentration/({>mL™")
*FRIR AL 22 5 2 (P<0.05),

* indicate significant difference among treatments (P<0.05).

B3 AFEHEBERMRLENLLE

Fig. 3 Comparison of different grinding bead
materials treatment

40 - I CTAB
[ FastDNA™ SPIN Kit for Soil
[ TIANamp Soil DNA Kit
EE] - , [ JHP Plant DNA Kit
bab a
C b ]
30} aa, o
J C
25
b
201} d
15
10! 10 108 10

3 FHE Spore concentration/({>-mL™)
[FI2H NS TRING FRER R 20 N B 25 55 2 (P<0.05),

Different lowercase letters within the same group indicate signifi-
cant intra-group difference (P<0.05).

4 AEAFIERBMHRILE
Fig. 4 Comparison of extraction efficiency using
different kits

2.3 REEREREITEN

A I TR SC P AR R AL DL R e A
A DNA #8005 05, FIHEMMAE, o
HT —EE TR AR E S Ef T DNA 1Y
TR RO . M FIZ AR RARE 10", 107, 10°,
10" A~/mL BRI R B AR i DNA,
PEAT qQPCR 22 S AN o 4 4 il 208 h B2 43 A, I
file i £ 5L B BA M L bR o il £k A0 A G R KL
0.9198 (&l 5), ZFEHUA RFE= WAL TAES,
FEIN BT HE A M
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y=—6.03249x+41.03483
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25+

15 1 1 1 J
10! 10% 103 104
T E Spore concentration/(1-mL")
5 BEMEHRPCR I IEME (A), BFEHL (B)
TirEmZE (C)

Fig. 5 qPCR amplification curve (A), melting curve (B)
and standard curve (C) for powdery mildew samples

24 REEZRTEEMTEMN

T 3 YR R TR U AR AR B T DNA A
a, i qPCR AT A, JEXHAHE it
17 3 WEE KM, LIP3 Bk R i fa e (&
1)o TCie MR B V5 N 19 96 7 1R 7Rz SR HUA
REMT, 3 W25 R R AR Lr 0y F 2 ME
FFFILTE, HNA 5 REAE 0.30%~2.62%Z [,
HIAA R RBCN 2.99%~7.14%, 2 HEUHKA R
RBUYTE 15% LT o X RUIZAAE RTEA AR R
FUB B A A S i B RAF M, WL
T M AR B HE 3 FH T 5 252 52 56 A AR B 11 A9 A
[ 2] DNA,
25 HEEFHEIEEFE M DNA REIGIE

IR R AT I, (R i A A
2= B A g AR i D RS B T B A A
7, AT TR EEWGIT . R i
BUR RAEHUT (B @4 A /il DNA, Jf1f
qPCR HHf7E &, ¥ C MEFL NI THE, R
PEAT 2 BRI 7 R R AR S S B (&1 6 ) 5 T
VA e b DX 3 R AR R, 2 ARSI ik
(A& R B0 51 0.8555 F110.9307, — A4
R—3, XFRW, AR E AR EUA R L
4 qPCR Em AR, I LIER A THAR T
P, HAZHEE RGN, BA SR EE
RS

x1 RIRERMREEEIE

Tab. 1  Stability validation of extraction system
0T e e HEE M Repeatability FHLPE Reproducibility
Spore concentra- W R ANERRE W bR AR R
tion/(>-mL ") G Mean SD Intra-assay G Mean SD Inter-assay
10* 19.60 19.72 0.20 1.04 22.85 21.92 1.565 7.14
19.56 19.72
20.01 23.20
10° 22.31 22.32 0.07 0.30 22.32 24.33 1.729 7.11
22.41 24.13
22.25 26.54
10% 30.26 30.26 0.07 0.24 30.26 31.67 1.072 3.39
30.35 31.88
30.17 32.86
10 30.90 31.86 0.84 2.62 31.86 32.81 0.982 2.99
32.94 34.16
31.75 2.40
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Microscopic quantification of spore concentration
()

El6 Zmms#tiEli (A) MigEARSHENE (B) AFHRERERREKLEES qPCR EERMEX KD
Fig. 6 Correlation analysis of spore trap samples from Yunnan Jinghong monitoring station (A) and Hainan Baoting moni-
toring station (B) between quantification by microscopy and gPCR
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HEF M EA T BA R AR, & & 2.
Z W RN AR 1 55 5 22 A M A Ay, X BB 3R 25 52 )
DNA 2 B &% R R i 8 3 U7 R A
40 CHFEIF R P K+, 856 A E
%, TR ER A5 rh 1 0 85 5 BB DNA, 32 LA
K, AW U T UL 3 B TR T
IK A3, BTN 08 T 9675 0 A A v AR A [ ek
YRR TR B A T B R B R, AT 4R
BURCR o HE A BT LA YR 20 A i B RE R 25
R AnM RS S AT 2 IR Ak B
SIUWALBEEAT oA, ZEIREEN, FEE  TAL B
il 0 25 B X R R AL R S B ES RR LR
RS 10" N/mL BT 2IFRP AR E
DNA. ABFgEr, i FH R b B2 LA VR T H Ak
P REHE M ROR, L, SRR A BAE
FF 25 6T A i 10 T Ak B8 O X

BEXF A o AR R, H LAY TR

TR AT s M B SR AN, [R) B 3 2 e O i 1
KEFFE, FEAMITY LS T 40 M RS R 4l
LU ES Y 2 Fhe B AUBFEE RO o A AR AN A T
VE IR HR o r BB A 4 g AR BE P BB I VR AR A T
AR — DA BRIV, NI,
ERER, DASCEUBRROR . WANG il i 16 7
RN R OR R L i G N N ]
( Pseudomonas putida ) K4 DNA B}, EH T
2 B 1A S FE AT R v R i A AR % T2
IS T AR BB, 2 ok B R A S B Ao
SISO 2 R ACER REA SO RE 10
10%, 10°, 10* A~/mL IR AR PR HRE i, (R4 R
20 VB SR AR UF 5 32 30 L B ) A B 0
IE VB 15 V% U A1 LT B SR I8 AR 3 36 96 A o B
MG

WS ERAS BRA B B R . AL BE R VR Sem s
PR o SR AR Bk B T AR s Y
A] DATE R I [a] A Ho= AR e b, &
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AR HiL ol /A% R e e 1) vl e . NTU 2501205 1od
Pr/NRiAE (0.5 mm £ 0.1 mm ) FALESERADAS L 25
JEERAIEEEE (0.5 mm) 44, TUNE &4
BLYI AL Dok = B R TOR b, B
DNA., Hit, FEABFSE B XTRE Sl A e R IR A T
Ak, AT IR A 2R (2 mm), HL
T FARAR S FUR B A3 A 7 T IR A i i, D R R
W /NRLR R A AR B S B ER, DARIETE AR B
R B 0 A f TR R A B, L BE SR A B 1 BF
JESOR . 1E AR ) DNA 2B LR, CTAB
BRI R e . X FP2E SRR 5 A 3 F
B & DNA Ve alifb it B i T 3%
H, XARERBEIRELR., MHHZ T, CTAB
i I N A T UL R B O RS, Bk
PRI RS, ERA R R,

AN, ABFFEFI qPCR AR 7 T2 2%
Fil HE PGB 8 B A AT A T T R
SR AT IEAH A SRR B, qPCR
HEARG AT ARG AT ERNImE . B
g, EHER RS, AR IR R R G 1
Ry 8 AR AR R R B =y, BH%E
FAIESREA LI AT . Hk, ERAmRE
FEFNBRT 32, BEAL WS 25 b 27 B H 8] & 24 15
TP, EWMSEITHERTE. A, ZBARIKEUE
O ke S A AT S A ST e ]
T TR AT, X TARA A ]
DA JRI W, BlaniE s DNA $REUW i, LU
/2 SSR. SRAP ZF4rFhricH AR Flisife Z Pk
AT TR TR R, AR R TR R A S
ZERG M LA T 0 T e W2 R ST B AR R S 18

4 LFig

AR T 1 Fd TR R B
S DNA WIRGE R . &k 4 C
AL 10 min, W 2 mm AfLEEER 0.2 g,
0.4~0.6 mm JEHEFK 0.2 g F1 0.2 mm E1LE5¥k 0.2 g,
RS WS AE 4 CH&AFT L IREMIZN 70 Hz
WHE 40 s, 15 10 s, T 20 K, i/ CTAB ¥
PRI,

ZH A M i, EEaiRY
A LEE 5 B R B — S IEAH OGP, 3R qPCR
HOR R —FP AT FER A, T S A e %
MEVR G TR . AR I R4 28 E i ok i 1
T DNA XF TR RS 0 s 1) 4 A A T A

SRR SC, [t o A 73 ARG R SR L T e
S B BV A M SCFF

Sk

(1] X, ZEE4%, B, WA, HHFEs. QR A E S

A 6 B R S A B A T TR A F S (0], 74 R ARl 2 ik,
2014, 27(1): 151-155.
LIU J, L1 G H, ZHOU M, XU L Y, XIAO C Y. Study on
conditions of conidial germination and survival time of
Oidium heveae[J]. Southwest China Journal of Agricultural
Sciences, 2014, 27(1): 151-155. (in Chinese)

(2]  Zefligh, JioiE. ST FLE TSR kR ). A
17451, 1997(6): 31-32.

LI D W, FAN H X. Application of the spore trap method to
predict powdery mildew of rubber trees[J]. Plant Protection,
1997(6): 31-32. (in Chinese)

[31 WANG L F, WANG M, ZHANG Y. Effects of powdery

mildew infection on chloroplast and mitochondrial functions

in rubber tree[J]. Tropical Plant Pathology, 2014, 39(3):

242-250.
[4]  XIE. BB R AT R (1], #ar Rl BHE, 2010,
33(3): 1-5.

LIU J. Recent advances in rubber powdery mildew re-
search[J]. Tropical Agricultural Science & Technology, 2010,
33(3): 1-5. (in Chinese)

[51 W/, PR, S, b, AR, im0

A U A Y R (D] AR AR, 2022, 49(1):
298-315.
HU XP,HU XM, MALJ,HUANG C,ZHOU Y L, XU X
M. Research progress of crop diseases on monitoring and
prediction[J]. Journal of Plant Protection, 2022, 49(1):
298-315. (in Chinese)

6]  XUfh, S, #hARAL, ERER, REH, HIOG, ik,

JRI g AR, /N IR I 43 A 1T T A2 B 1 0 2B BT[],
FEHHIRAR, 2020, 46(3): 47-51.
LIU W, ZHAO Y N, HAN C X, WANG A L, YUAN J H,
YANG X G, FAN J R, ZHOU Y L. A preliminary study on
the dispersal of aerial conidia of Blumeria graminis f. sp.
tritici in wheat fields[J]. Plant Protection, 2020, 46(3): 47-51.
(in Chinese)

(71 s, tREERE, £, XSG, Mk, s, 2R
BT 90 1 RE AL T3 B 00 BT R B ARBERS 1K i
M. LAgRRR:, 2022, 50(21): 187-194.

SHIZ K, XU X Z, WANG H, LIU W B, WANG H W, XU P
D, MIAO W G. Rubber tree powdery mildew monitoring
based on intelligent spore capture and analysis system for

plant pathogens[J]. Jiangsu Agricultural Sciences, 2022,



578

TIET A AR IR T 2R F8 T DNA B9t 2305 IR T

1321

(8]

[9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

50(21): 187-194. (in Chinese)

VAN DER HEYDEN H, DUTILLEUL P, CHARRON J,
BILODEAU G J, CARISSE O. Monitoring airborne inocu-
lum for improved plant disease management. a review[J].
Agronomy for Sustainable Development, 2021, 41(3): 40-63.
. /NF ARG R OGS 5 2 A B A Ty
EWFED). Mt PHALAHBHE R, 2019.

LEI Y. Hyperspectral detection for wheat stripe rust and
monitoring method of urediospores in field air[D]. Yangling:
Northwest A&F University, 2019. (in Chinese)

MRS, K RERRR L T RO IUESE (D], F%: IWARR
kR, 2020.

CHU G K. Study on detection of spores of rice blast[D].
Tai’an: Shandong Agricultural University, 2020. (in Chi-
nese)

JIMENEZ-ZAPATA D L, QUIROGA-PEREZ M, QUIROZ-
YEPES M, MARULANDA-TOBON A, ALVAREZ J C,
MOSQUERA-LOPEZ S. Development of a method for de-
tecting and estimating Moniliophthora roreri spore loads
based on spore traps and qPCR[J]. Journal of Fungi, 2023,
9(1): 47-61.

E R N R YRR R T R A A PR T Y

Real-time PCR i E#:M[D]. dbat: HrELR2#EE, 2012.

CAO X R. Remote sensing for wheat powdery mildew
monitoring and quantification of conidia in traps using
real-time PCR[D]. Beijing: Chinese Academy of Agricul-
tural Sciences, 2012. (in Chinese)

BANDAMARAVURI K B, NAYAK A K,
BANDAMARAVURI A S, SAMAD A. Simultaneous detec-
tion of downy mildew and powdery mildew pathogens on
Cucumis sativus and other cucurbits using duplex-qPCR and
HRM analysis[J]. AMB Express, 2020, 10(1): 135-146.
MARIMON N, EDUARDO I, LEON M, BERBEGAL M,
ARMENGOL J, LUQUE J. A qPCR-based method for the
detection and quantification of the peach powdery mildew
(Podosphaera pannosa) in epidemiological studies[J]. Euro-
pean Journal of Plant Pathology, 2020, 158(4): 1005-1016.
WA T, gEAk, 3503, BeeEs, BRUTAL —FH T A
TR A AR B SRIUNE OB DNA B U5
CN103255129A[P]. 2013-08-21.

CAOXR,ZHOU Y L, LUO Y,DUAN X Y, CHEN W Q. A
method for extracting DNA of wheat powdery mildew fun-

gus from the capture tape of a spore trap: CN103255129A[P].

2013-08-21. (in Chinese)

ZBIE, BFET, KM, NS0, EE —FHATE
AR VB A5 19 . 73 J i FH: CN105177138B[P].
2019-06-18.

MIAO W G, MAO Y N, SONG F Y, LIU W B, LIN C H. A

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

primer, method and application for the detection of powdery
mildew fungus in rubber trees: CN105177138B[P]. 2019-06-
18. (in Chinese)

JE, BRHAZE, W, BT, RS RR DNA 2
J7 i B B HON R[], P A=W BG 4, 2014(6):
828-833.

ZHOU J, ZHANG Y J, XIE M, JIA K Z. Improved DNA ex-
traction of Verticillium lecanii in soil and its application[J].
Chinese Journal of Biological Control, 2014(6): 828-833. (in
Chinese)

PILO P, TILEY A M M, LAWLESS C, KARKI S J,
BURKE J, FEECHAN A. A rapid fungal DNA extraction
method suitable for PCR screening fungal mutants, infected
plant tissue and spore trap samples[J]. Physiological and
Molecular Plant Pathology, 2022, 117: 101758.

WANG X F, CHO K S, SON A. Ultrasonication as a rapid
and high yield DNA extraction method for bacterial gene
quantification by nanogene assay[J]. Biotechnology and
Bioprocess Engineering, 2015, 20(6): 1133-1140.

SREREE, P KTHE, 28, A, =, S
W B /N2 25 5 T A T 1 R AF s AR AR LR [T, 22 A
Pp2F4Rk, 2019, 39(10): 1257-1262.

GUOLL,HUXM, ZHANG SH, L1Y, FUSP, FAN S H,
HU X P. Annual dynamic of urediniospore of Pucciniastrii
formis f. sp. tritici in Longnan[J]. Journal of Triticeae Crops,
2019, 39(10): 1257-1262. (in Chinese)

WhaoR, Fkm, 28, By, RRE, A, RFE,
XISEH, AESR, 47— FLERTE S BRIBEE )7 i ik
AL BGE FERFFE[T]. &b Tolk R, 2017, 38(11): 140-143.
PANR R, WANGMP,LIC,DI Y, RONG F J, DU S W,
ZHU Y L, LIU L M, ZHU G Q, JIN N Y. Optimization of
zirconia beads wall-breaking method for lactic acid bacteria
and study on its effect of the applicability[J]. Science and
Technology of Food Industry, 2017, 38(11): 140-143. (in
Chinese)

WA e, 5kZ3F, SKER. BUNHR EAE 4 DNA 21505
). HARAOLRHE, 2018(6): 14-18.

LIU L L, ZHANG A Q, ZHANG H. Comparison of genomic
DNA extraction methods of cucumber powdery mildew bac-
teria[J].
2018(6): 14-18. (in Chinese)

i, WIREE, KA. BREBZ:A /AL 60 AR
WIWFFE[0]. ERYLBh7, 2015(1): 15-18.

SHI L, HUANG Q X, ZHU P X. Preparation of mi-
cro-nano-sized C. I. Disperse Red 60 by ball milling[J]. Tex-
tile Auxiliaries, 2015(1): 15-18. (in Chinese)
SASIDHARAN K, AMARIEI C, TOMITA M, MURRAY D
B. Rapid DNA, RNA and protein extraction protocols opti-

Gansu Agricultural Science and Technology,



1322 O AE B F R 545 %
mized for slow continuously growing yeast cultures[J]. Yeast, the reaction system for ISSR-PCR[J]. Plant Protection, 2010,
2012, 29(8): 311-322. 36(3): 125-129. (in Chinese)

[25] NIUJJ,CHEN H, CAIL L, HEM Q, ZHANG R, WANG L. [27] TOOLEY P W, MARTIN F N, CARRAS M M,
Grinding beads influence microbial DNA extraction from FREDERICK R D. Real-time fluorescent polymerase chain
organic-rich sub-seafloor sediment[J]. Microorganisms, 2022, reaction detection of Phytophthora ramorum and Phy-
10(12): 2505-2518. tophthora pseudosyringae using mitochondrial gene re-

[26] Rifgsk, Brags, ek, WK, /INFE KR @R 4l gions[J]. Phytopathology, 2006, 96(4): 336-345.

DNA HIiEIEE, ISSR-PCR S W AR R BIILAKLT]. #E% [28] WU H, PAN Y, DI R, HE Q, RAJAOFERA M J N, LIU W,

18471, 2010, 36(3): 125-129.
ZHU HR, DUAN X Y, ZHOU Y L, QIU Y C. DNA micro-

extraction from wheat powdery mildew and optimization of

ZHENG F, MIAO W. Molecular identification of the pow-
dery mildew fungus infecting rubber trees in China[J]. Forest
Pathology, 2019, 49(5): €12519.



