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Establishment of TagMan Probe Real-time Fluorescent Quantitative
PCR Detection Method for Areca Palm Yellow L eaf Phytoplasma
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Abstract: Areca palm is an important tropical economic crop in Hainan Province. Areca palm yellow leaf disease
(YLD) caused by phytoplasma infection is a devastating disease in the production of areca in China. In order to estab-
lish an accurate and efficient detection method for areca palm yellow leaf phytoplasma, this study designed and syn-
thesized specific primers AMf/AMr and AM-Prode based on the 16S rDNA gene of areca palm yellow leaf phyto-
plasma. The method was used to test the accuracy, sensitivity, specificity and repeatability, and to detect phytoplasma
diseases in other plants. The method could accurately detect the positive samples, and the healthy samples had no am-
plification curve. In the sensitivity test, the method could detect the sample concentration level of 1.16x10" copies/pL,
and the standard curve equation was y=—3.4185x+43.624, the amplification efficiency was 96.12%, and the correlation
coefficient R?=0.9833. In the specificity test, the method had good specificity for the detection of YLD, and the ge-
nomes of areca, other disease pathogens and the endophytes did not interfere with the method. In the repeatability test,
the method had good repeatability for the detection of YLD. The detection method could be used to detect 8 phyto-
plasma diseases such as chinaberry yellow leaf disease, ‘Pericampylus glaucus’ witches' broom disease and pepper
yellow leaf disease and the detection of phytoplasma has certain universality. The establishment of detection method is
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conducive to providing reliable technical means for the accurate diagnosis of YLD, pathogen monitoring and vector

insect detection.
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yellow leaf disease, YLD ) J2& 47 38 E A 7~
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LA AR AR DX R Ak s TR AR A 7 Y
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FALAE JEAAR R 16S rDNA JEH 45 Sk 5
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PR EEVESAT TRUE, PASA YLD RSHEZ W,
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FB.

1 MHREFZE
1.1 #Rt
111 XA KRS LA R DNA @i
5149 P1/P7M5 R16F2n/R16R2VVEL [X PCR #6:1lll
SR BH A, R £ 5 7 1( Areca palm velarivirus
1, APV1 ) cDNA | #EMBIRFEIRBERGEE ( Areca palm
necrotic ringspot virus, ANRSV ) cDNA 4353 i3
RT-qPCR ., RT-PCR ¥l A BHIES R & i b
[l #hats gl Bl BE B+ B 5T B At A A I
(c. gloeosporioides ). MBI Fr 7325 Y P4 A1 5L
J 21 1 : Burkholderia andropogonis . Pantoea

ananatis Sphingomonas  yantingensis
Curtobacterium albidum . Bacillus cereus .
Frondihabitans australicus 3K 41 DNA i H & 4
WA B BE R W58 Bl P 1 5 e AR AR I 5 A
R L HR ] R ROl B 27 6 A8 - BIF 5% i A AR 1
Ml E A MR RAR (16SrIl-A Wdl ), K
A6/ EAR (16Sr 1 -B .40 ) DNA i [ #is
LB B 5T S A Y -4 B S T P AR
FEJFEAR ( 16STI-B P4 ), %8 8 f Al R4 ( 16Sr1-B
EH ). 4 B e KRR AR (16Sr T -B WE4H ).
BOE AL FR (16Sr ] -B W40 ). L2 BR A A
JEAK (16SIXXXI-D W4 ). #8 4= IR A 44
(16Srll-A W4 ) DNA K bR XTI 1 4a AL i
DNA H H [ $s 4 0l Bh 2 e Bf B 53 il $ 1t
.12 2&2RXA5ME RN MY DNA
PEHGRF £ . 2xTaq PCR mix . By W SR [m] 0,
Mg, BURL /MR & X S 5Ok # PCR (8
k) A& A RIRA YR (dbat) AR
7] ; pMD™18-T Vector It | TaKaRa 2\ 7] ; DH5a
A A AR 2N S A EARARAF;
HoAth 370y [ 7™ 43 B 4t

FEAULR :5810R B &5 ¥ R E5.00H1, Bio-Rad
T100 PCR {¥#% , QuantStudio 3 Real-time & #& PCR
1, RSB T Thermo ND2000,
12 FHi&
1.2.1 345 RART A SR RIEEME L
A& 16S rDNA EEH 751 ( GenBank %5845 :
KF728948.1), #|H Primer Express 3.0 #X{41E1%
BRI X iR 19O E 2 PCR FemtE5 Y
AMI/AMr Fll AM-Prode #£41 ( 3 1), & B JRAK
16S rDNA H:[H #[C PCR 1514 P1/P79%
R16F2n/R16R2UH T4 #E B ok b df . 514
5% HAETAY TR (L) BREERAFRE
B, 519Kk PAGE 2lifk, #£%tk A HPLC 4lift.
1.2.2 DNA #R HHEEMS R 0.1 g, SHEY
& DNA 420l & 30 64T DNA 428, T
20 CIR-H,
1.23 SRk T E PCR ik 3] M fedfAt 6
bk S AMEAMr F1454H AM-Prode %} 5
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Tab. 1 Information of primers used in this study
J( L L2 BE 5
T JF51 (5-3) FRREE gy
Primer Sequence (5'-3") Fragment Purpose
name q size/bp P
Pl AAGAGTTTGATCCTGGCTCAG
GATT %5 1800 {[C PCR
P7 CGTCCTTCATCGGCTCTT R
RI6F2n  GAAACGACTGCTAAGACT B A Bk
e
RIGR2  TGACGGGCGGTGTGTACAAA 21200 FRifEih
CCCCG
AMF CCCAATGTGGCCGTTCAAC
AMr GAAACGACTGCTAAGACTGG |, TagMan
ATAGGA qPCR

AM-Prode CCTACCAAGACTATGATGTG

HE: RETSI 5N 39535 FAM A MGB #Ric
Note: The 5' and 3' end of the prode sequence were labeled
with FAM and MGB, respectively.

13 28 LG PCR ™ 38 I 1 1) BH PR AR i 0 4 7 SR 28
JE L PCR, fHEFEARMBRE VR M B X IR, JCRR TG
ddH,0 1ENZ XTI, W R R : 2xSuperReal
PreMix ( Probe ) 10 puL, 1E . K [a] 514 ( 10 pmol/L )
£ 0.6 uL, ZEEAEEE (10 pmol/L) 0.4 uL, DNA
itk 2 uL, 50xROX Reference Dye*3 0.2 pL, i
ddH,O % 20 pL, KW AT : 95 CHIASM: 15 min;
95 CAsPE 35, 60 CiRA/HEM 30s, 45 MEFR
124 MHEREAFERGHNE HHE L5
P1/P7 545 L5 R16F2n/R16R2, LLFH AR
BRI RE S DNA BN, (@REAEARFE & DNA
FHPEXTRR , ddH,0 Ry2s AT REE T 850 PCR, PCR
FEYIEAT BN R R kA, VIR H A,
I FH B B W e et om) &b A 7 H W &5atr 4tk
aifb 5 W E 3 pMD™18-T Vector, #4514k
DHS5o Bz 240, 0 vE I 4 B PH M e b 719
Fokr, AT AW TR (L) B A BR A Al it
AT o A0 3 LE A ) SO A P 8 T i 43 e
TR E R, B T-20 CLR-AF % .12 H SHIRIMA
OV 5 e T A FORE P G P DU R, ER 4 Bk
P£ULEL ( copies/uL ) =(NAXC)/(10°<H 41 T ki s K&
X1 4x660 dalton/bp). H:H1 NA SRy BT ARAMAES H 4k,
6.02x107; C MEAFRMUSE (ng/ul ). TZL
A5 2 4L FORL A VLB 1.16x10" cop-
ies/uL, ¢t ® PCR N IKR NFEF SR
1.2.3, 5130 PCR i1 R K AR 7 2 FE MR K g 20
IR

1.2.5 #AEMNKS AR EmRgEs  DIHMERR
LR HE AW AR R AR B E AE RE v B A IR R

1.16x107,1.16x10°,1.16x10° , 1.16x10* , 1.16x10°
1.16x10%, 1.16x10", 1.16x10° copies/uL. LAl 8
A0 B VAR PH I TR o o ot DR SEAR, f BRASE AR
RBAEXT R, SR T SERE SO E B PCR, UMK R
KFEFFZIR 1.2.3, 13303 J12= 9 1 ih 4 M PCR 4
BRI (Ct). s Excel 2020 %fF, LI Ct
TERYAETR, 10 )i BTREHE DA X 008 A 1 A
PrgsilbrE M 2, RIS MIH B R, Htaazd
RRMYBIRCR . PR (%) =101,
1.2.6  #F5tamlaX  DUEAR LA J5AR T DNA
S BHMEXT B (CK"), fFEAEAS DNA A B X B
(CK ), ANRSV. APV [fJ cDNA, FEAEHIH 1A |
Burkholderia andropogonis, Pantoea ananatis.
Sphingomonas yantingensis . Curtobacterium al-
bidum, Bacillus cereus, Frondihabitans australicus
() DNA SRR AT SR 92 it PCR, A
Fertk, RNERMETSH 1.2.3,

127 EFHMERGK EH 1.16x10°, 1.16x10%,
1.16x10° copies/uL =~ J3 ) B R AR 1 ik
ik, TSR E | PCR kel , RNV
3k, R 3k, #EfTANEE IR, it
B CtEMNAZ ST R [FIRE, B ARk 5 i BHAE B
FIARE S T-20 CLAAE 3. 6. 9d, DIMHFEIR 4
PFEEHTHMNE, 1A CHEMNER R, &
WEZ B EE N, OVIRRFRF S 1.2.3,
1.2.8 REVEMAELRAR Logsm  GHER BE48 AR
M AR . AT AR AR . KRN AR A
PRB A AR | 20 [5R]  AREATE JAA | BRARUE A AT
J A L B R AR SR B A A AR D A 55 8
PR A 90 B9 R AR DNA - HE4T 52 B 96 ' 1
PCR Kzilll, XJRAY 8 Fhia P (g R i DNA A F]
PEXTRR, JCREJCH ddH,0 ks (IR, VAR &R
MEF SR 1.2.3,

2 HBERESMH
21 SEREHEE PCR WIE5| MR Ay #
s

fdi 5 |4 AME/AMr FI¥E4T AM-Prode Xif BH 1%
FES . f@RERAERPRE 5 E4T TagMan qPCR. WA 1
B, BHPERES I “S” By sk, Hihsk
SV, T BRI R A G BER H B i £
VLIHIZ 2GR B PCR Y51 /A% 44 AN 51
MEMP B AUAR AR, AT i — 2D i s | W AR &
HABRFE
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wd 2 O B 5 A R o - 92 6075 75

=F Bl J5L B 4 A I EFT TaqMan qPCR H5SPEIRTE , 45 5

REVT 12345 WA 4 FiR, AL YLD BNk, (RERs
=

2 05 - / 6,7 APV1, ANRSV. #EM}/JHTE . B. andropogonis,

0 6 10 12 18 22 26 30 31 38 '4'2 15 P. ananatis. S. yantingensis. C. albidum, B. cereus.

1B Cycle

1~5: AEMPEEARIGHESL; 6: FAPEXTIR; 7. =5 FIXTHR,
1-5: YLD samples; 6: Negative samples; 7: Blank controls.
1 TagMan gPCR 5| ¥ FR#R T H/E TR ISR IE
Fig. 1 Accuracy verification of TagMan qPCR
primer and prode

2.2 BN SR &R AL

V4 G 1) BE R SRR o SR B4R 10 (R fF
BORNHMRE, VL 8 A B2V B B Bk A AR,
fit A ABRE it A BT BE, ##E4F TagMan qPCR,
FEFIFH Ct B 5 TR UL X A0k d b o il 2k
SERRW, T WA AL A BER I E] 1.16x10'
copies/uL FEAVEEEKF- (B 2), trifEfhg s,
Ct {58 VB P B R v e 2, HobrE it 2k 07
FEH y=-3.4185x+43.624, P RN 96.12%, H
AR RP=0.9833 (18 3),

251

[ 7~ z -
Vs /,«t

I v //
Lol / , , , ’,
051 2/ 3/4 5/6/87/
y 9

0.072 819 e
. 1 T L

2 6 10 14 18 22 26 30 34 38 42 45
TEIEL Cycle

1-8: 1.16x107, 1.16x10° 1.16x10°, 1.16x10%, 1.16x10°, 1.16x10%,
1.16x10", 1.16x10° copies/uL; 9: Negative control.
2 TagMan qPCR &k 1446
Fig. 2 TaqMan qPCR sensitivity tests
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y=73.4185x+43.624
R*=0.9833
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LATOJ R L PE I £5 A 3o 4
Logarithm of plasmid copy number basrd on 10
B 3 TagMan qPCR #xif # 2%
Fig. 3 TagMan qPCR standard curve

F. australicus YA IR Hh <k, A4 Oy
PXF YLD il B 0 (4 Sk, Bl | A A
At 7 Dt B HE P A TR T R DR A R AR T kA i
BT

é 2.0 //
g% 1.5+ /
=85 4
o2 1.0 - /,/
N O
=
®E osth /
- 0.0728 /i
0F 1 1 1 I 1 T W— PR )
2 6 10 14 18 22 26 30 34 38 42 45
TEHEL Cycle

1: CK'; 2-10: APV1, ANRSYV, C. gloeosporioides,
B. andropogonis, P. ananatis, S. yantingensis, C. albidum,
B. cereus, F. australicus; 11: CK".

B 4 TagMan qPCR 4 544zt
Fig. 4 TagMan qPCR specific test

24 BFEMMK

VEHUHE B 1.16x10° . 1.16x10*, 1.16x10°
copies/uL Y BHPEAR HE & WA, #E1T TagMan
qPCR R, 5351 S8 UF32% 5k 8 41 PR RN 4 e i) o 4
P, 45N 2 FiR, ANEFRBUNT 1%, 4
75 5 REUNT 2%, 1% k5T YLD 9 A
WA EE .
25 AEREWHERE SN

WE s s, P e E R 48 AR R . AT
ARG R AR . K FAE/ N TR | 3R A
T, 4R e BRI A | BB AR DR A L 1
JR AL DA J A% A2 B B AR 3 1% TaqMan
qPCR J7 ARG 127 Ay A2 I BE 1 , T %o o7 19 e R A
i e 1 0 1S R AL i N R G =W N sl B )
— € BYIE M, AR AR A R A

3 it

TE R 22 B0R JEL 1A 0 3 g Al b, BRI
PCR i fH514) P1/P7°15 R16F2n/R16R21), Jif4
R16F2n/R16R2 4" #1424 J5 51 #E A7 kg 48 BiR 1
B EZEYE (restriction fragment length
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Tab. 2 TaqMan fluorescence quantitative PCR repeated test
T VR HNEZ ALK Intra batch repeat test 2H [A] E &2 PR Inter batch repeat test
Plasmid standard - - - -
concentration/ I E bR o 2 RN I R 2 LR Y
(copies-uL ™) Mean+SD Coefficient of variation/% Mean+SD Coeftficient of variation/%
1.16x10° 27.53+0.16 0.58 27.89+0.45 1.60
1.16x10* 30.62+0.28 0.93 30.96+0.46 1.49
1.16x10° 33.69+0.26 0.79 33.98+0.64 1.90
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2 6 10 14 18 22 26 30 34 38 42 4

TEIREL Cycle

1~8: Bl B AR SR | AR AL /N AR SRR | 1L 5 JRR DAL R A4
BB AU | SRBE 3 AR IR A | 40 [ e AL S
A AR . A7 B AR s 9~16 2 8 i IR B
FIMERREE M 17 25 AN IR,

1-8: chinaberry yellow leaf phytoplasma, Catharanthus roseus
little leaf phytoplasma, Trema orientalis witches broom phyto-
plasma, pepper yellow leaf phytoplasma, Parthenium hysteropho-
rus witches broom phytoplasma, Pericampylus glaucus witches
broom phytoplasma, peanut witches broom phytoplasma and bam-
boo witches broom phytoplasma; 9-16: healthy samples corre-
sponding to 8 phytoplasmas; 17: Blank control.

B 5 TagMan gPCR #&illR E &4 _E#1E R &
Fig. 5 TagMan qPCR detection of phytoplasmas on
different plants

polymorphism, RFLP ) 4341 A J5 4 4 o 1)
BURIEZ — o T ARG PCR 151 4 B Uk
PERAR, AR ARV B B p il , PRI, FEAE
JE ARG I v ST 3 B 2 A DU
HA ., BEM M AT 16S rDNA B #2377 61
JBR 58 €835 - AH OCAE iR AR B4 815K PCR Al Jy
Be, BRI B AR B AR PR S =1 fg/ul; 3
GBI T 165 rDNA H P HE 57 T AURU LA
TaqgMan 5 SEEF 26 E &8 PCR Rl 7k, &
WEBURAE I 60 copies/ul; FKZEIRZEI AT Sec A
FED ST T H R E R AR R AR PCR R v, %
IrEUEETR 50 fo/pl. AN B9 AN Oy i 1
BARS A, HEENEERE ., FEetEER
P A5 [0 L [ B, A, 07 2% A I B A 4 88 I PCR
R AR, (AU AR AR, 9t E 7 PCR
Rl B A A v, USRIk, £HXF
ANFEVEYD . AR Fh 2905 St S H 35 % 9 R A R B
TR ARSI A AR o A A B e A A

AT R B AR ) 5 G PCRAS I 4 A R AT 5¢ s K
EZ G0k a8 s g sy DY N S R S TN
Pyt e g S AR R A, DRI T A S v
o BRI T . ERT, PR A A A A A
EEA R PCR' ., B FEIRY H (loop me-
diated isothermal amplification, LAMP ) ') Sz}
26 E T PCRI K i X %7 PCR ( droplet
digital PCR, ddPCR) U453k, HL[G PCR Kl
J7 5% B U 1 SR DR R B R BB FE YLD Rl
R . N E L LAMP A2+ AR Y
TR 200 g/l SEIF2E ) E B PCR A6y
BEEURYE R 1.16%10% copies/uL!™!, TiAHFF7 2t
57/ TagMan gqPCR H{URETE 1.16x10" copies/uL
(#5550 ag/uL ), BUBMER T Bk 2 A0
o WOk T PCR fUSE X 0.07 copies/uL!™],
HEEARS ST 4axt &, HARR . RS &
5, MTAMZR, B AR R,

AR T3 vk i e B8 5 | ) R X A A e L A
AR B SRS, ARl AR R Y,
A AR 35 fL AT AR 16S rDNA K& R 535 20k fip
SARIER A P A FTEME RS . HIL, A
R AL MR 16S rDNA R sr X, H 5%
R I 2o A 5 R 2 e S ) o7 ¥ T B | D AR, &
Kiiivek, RGRFEFHETY AMIAMr FIHEE
AM-Prode, £, Al Jr v HA BT B AUk
P R R EE M, WET HE AR ek
JEARRGI . I FLKE 2 36 8 T AR A . 40
(5] e IS o B SR A 9 S LA, 8 A B A s
L RS X fat R A IEE MR, DA i
T H AR YA AR RN, HAA — o i
AT b A S A T B (LR M B AL
HhE TR 2,

TEN T, % S8 TR S 17 i B
() 926 43FF i 1 B AR AN, A 5% 445 SR BB 1 A i
A g T 4 R ARG B B Ak 1 T2 B R 2 — 1 Of:
X ASE AR Ao v FIASE MR R A T 2L A7 TR, SCBL T



%5 6 3]

MRIE IR : KA B AL A 5K TaqMan FREFSEET 20 E 7t PCR RGN 7 1k i 7

1125

— LAy T v A B A 5 AR 3 A 0 W )
IR e At R AR DA S 1 R D T,
T 2R A AR FEA FEAT WA 12 B, FF
R FH AR g rp s £ BT, %
BORTEA R C I T AR 35 AR A AL
AP AL B B ARG I

£ % 3Lk

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

WIES, XN, 2807 S A 7= BOIR B AR P R
5E[I]. AR, 2018(7): 121-128.

YANG L Z, LIU X X, LI Z P. Prodection and planting tech-
niques of areca nut[J]. World Agriculture, 2018(7): 121-128.
(in Chinese)

L, FE5IR, ARITE, TIRE. WGmAEm &
BUR BSTIR[I]. £ MR, 2021, 12(9): 27-28, 32.

FUQY, FU X J, LIN L Z, DING Z J. Development status
and countermeasures of areca nut industry in Hainan prov-
ince[J]. Rural Science and Technology, 2021,12(9): 27-28,
32. (in Chinese)

B BRI AR A (0] RSB, 1985(1):
64-69.

ZHAO ] S. Investigation report on areca palm yellow leaf
disease[J]. Tropical Crop Technology, 1985(1): 64-69. (in
Chinese)

MR, IR, #FH, R, RRAE, HILE, £
PR, BEABAL. 1 P A AR B B b R A A A A 1O B AT
BRI AT ] B VEPa#3, 2022, 43(10): 2106-2113.
LIN Z W, TANG Q H, MENG X L, SONG W W, YUF Y,
HUANG S C, NIU X Q, QIN W Q. Occurrence and distribu-
tion of areca pathological yellowing in Hainan, China and its
phytoplasma detection analysis[J]. Chinese Journal of
Tropical Crops, 2022, 43(10): 2106-2113. (in Chinese)
lgE, WoET, T, PR R i 2
“inr]. PEBE L, 2018(5): 46-48.

CHE H Y, CAO X R, XUAN Z, LUO D Q. Should areca
palm yellow leaf disease be prevented or treated[J]. China
Tropical Agriculture, 2018(5): 46-48. (in Chinese)
SCHNEIDER B, SEEMUELLER E, SMART C D,
KIRKPATRICK B C. Phylogenetic classification of plant
pathogenic mycoplasma-like organisms or phytoplasmas[J].
Molecular and Diagnostic Procedures in Mycoplasmology,
1995, 1: 369-380.

LEE I M, HAMMOND R W, DAVIS R E, GUNDERSEN D
E. Universal amplification and analysis of pathogen 16S
rDNA for classification and identification of mycoplasmalike
organisms[J]. Phytopathology, 1993, 83(8): 834-842.
MIBEL, ABRIR, FEPCAE, Rk, #7F5H), AL B

(9]

[10]

(1]

[12]

[13]

[14]

BAEiEE 1 B TaqMan SERSSEERE it PCR A 7 vk (1 4
SE[T]. BATVEY AL, 2021, 42(11): 3087-3092.

LIN Z W, NIU X Q, TANG Q H, SONG W W, MENG X L,
QIN W Q. Development of a TagMan real-time fluorescent
quantitative PCR method for detection of areca palm ve-
larivirus 1[J]. Chinese Journal of Tropical Crops, 2021,
42(11): 3087-3092. (in Chinese)

FELLOG, A A M IR BE 35 BT 1 b A I O 1%
CN110643579A[P]. 2020-01-03.

CUI H G, YANG K. Areca palm necrotic ringspot virus and
its detection method: CN110643579A[P]. 2020-01-03. (in
Chinese)

SHIRIMA R R, MAEDA D G, KANJU E, CEASAR G,
TIBAZARWA F I, LEGG J P. Absolute quantification of
cassava brown streak virus mRNA by real-time qPCR[J].
Journal of Virological Methods, 2017, 245: 5-13.

MIRER, AR, BPAE, LR, AR, Regd. nT
PR B AR SRR SRR SR AR 18 437 2B [0]. BeliAE 2
12, 2024, 45(4): 864-871.

LIN Z W, NIU X Q, TANG Q H, WANG Y N, MENG X L,
SONG W W. Molecular identification of Phyllanthus uri-
naria yellows phytoplasma and witches’-broom Phyto-
plasmal[J]. Chinese Journal of Tropical Crops, 2024, 45(4):
864-871. (in Chinese)

REMBIG, RABER, 4k, EAETE, PURWE, MRERRE, #2%,
A, o SURREE (0 R AR SR A LA 150
PCR Kl RS SIAL[T]. AL AR 4R, 2021,
29(7): 1426-1434.

LU PP, WU W H, ZHENG J L, WANG G H, HE C P, LIN
P Q, HUANG X, LIANG Y Q, YI K X. Establishment and
optimization of single-tube nested PCR detection technique
for phytoplasma related to sisal purple leafroll disease[J].
Journal of Agricultural 2021, 29(7):
1426-1434. (in Chinese)

e, B, RAA, ERMT, REEAR. RSO R
TaqMan 4 SER 5 1t PCR A 7k i S (] A
1441, 2014, 40(5): 111-116.

HAN J, LUO M, XU J H, WANG T R, ZHANG X L. Estab-

lishment of real-time fluorescent quantitative PCR method

Biotechnology,

with TagMan probe for detection detection of jujube
witches’ broom phytoplasma[J]. Plant Protection, 2014,
40(5): 111-116. (in Chinese)

TRORER, Lhk7E, Z0E, FIRME, L, MM, BNE.
HREF AR PCR AN 7k i gy S 0 HIT]. H ek
ik, 2023, 52(1): 21-25.

ZHANGRY,MAYD,LIJ, WANG XY, SHANHL,LIY
H, HUANG Y K. The establishment and application of a
PCR method for sugarcane white leaf phytoplasma detec-

tion[J]. Sugarcane and Canesugar, 2023, 52(1): 21-25. (in



1126 O AE B F R 545 %
Chinese) [177 YUSS,CHEHY, WANG S J, LIN CL, LIN M X, SONG
[15] FgEE. I rE A AR A 3 22 R PR TR 28 R AR 2 b A W W, TANG Q H, YAN W, QIN W Q. Rapid and efficient
JEAR IR 23 F R AR [D]. #de: Padbgemoplds K2, detection of 16SrI group areca palm yellow leaf phytoplasma
2010. in China by loop-mediated isothermal amplification[J]. The
CHE H Y. Diversity of phytoplasma disease and molecular Plant Pathology Journal, 2020, 36(5): 459-467.
detection of phytoplasma associated with arecanut yellow [18] YU S S, ZHANG X C, SONG W W, QIN W Q. Accurate
leaf in Hainan province [D]. Yangling: Northwest A&F Uni- and sensitive detection of areca palm yellow leaf phytoplasma
versity, 2010. (in Chinese) in China by droplet digital PCR targeting tuf gene sequence[J].
[16] HwFAM, FEOAE, MOIREL, A-BEER, XIT, REEM. JF &5 Annals of Applied Biology, 2022, 181(2): 152-159.
RO | PR AS  Al o 1 e B b R N RAA (D). TAE [19] ARICIN, Rpsak, FOAE, B, ETM, dF Al A

PIE R, 2022, 20(14): 4624-4633.

MENG X L, TANG Q H, LIN Z W, NIU X Q, LIU B,
SONG W W. Development of high-efficiency primers to de-
tect phytoplasmas in leaves and OLD fruits of areca palms
infected with yellow leaf disease[J]. Molecular Plant Breed-
ing, 2022, 20(14): 4624-4633. (in Chinese)

ol B R A T R A A UG TN (7], PR, 2022,
42(11): 68-72.

LIN Z W, SONG W W, TANG Q H, NIU X Q, WANG Y H,
MENG X L. Phytoplasma detection of areca palm seedling
and picking tool[J]. Chinese Journal of Tropical Agriculture,
2022, 42(11): 68-72. (in Chinese)



