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[ Abstract | Objective; To analyze and compare different samples in many aspects to identify Citrus
medica var. sarcodactylis infected with Huanglongbing ( HLB) timely and accurately, in order to prevent and
control the disease in time. Method; HLB was identified through character analysis, reverse transcription-
polymerase chain reaction ( RT-PCR ), enzyme digestion reaction and Real-time PCR. Result; In terms of
characters, there were typically variegated yellow leaves and relatively small fruit, even with deformity but without
"red nose fruit" among C. medica var. sarcodactylis infected with HLB. All of these can be used as the basis for
the preliminary identification of HLB in the fields. According to the RT-PCR test results and enzyme digestion

reaction, when the primer was OI1/0I12¢, there was specific band of 1 160 bp, which could be cut into 520 bp
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and 640 bp by Xba I enzyme. These results were consistent with the characters of other citrus plants infected with
HLB. According to the Real-time PCR detection results, C. medica var. sarcodactylis infected with HLB had
amplification curves and dissolved peaks, with the melting temperature was 82 °C and C, between 24.6 to 28.2,
while the normal plants were not amplified. Conclusion: Character analysis can be used to roughly distinguish

HLB in the fields, but with a certain subjectivity. RT-PCR or Real-time PCR can be used to identify C. medica

var. sarcodactylis infected with HLB in a timely and accurate manner, and qPCR detection is more sensitive and

quantitative. Through the combination of character analysis and molecular identification, C.

medica var.

sarcodactylis infected with HLB can be determined more timely and accurately.
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I T AR, AHE AR, RT-PCR, 7= ¥ i U], Real-
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N6) 5 6 gL i e s W% Sy 4 AR 09 B T (BI ~
B6) o RARTRAL A M 5 R 5L, M I RE IR AR A7 A
FH 552 1T 06 R A £ 15 Ak 2 1

Y DNA $2 BUR 7 & . Takara MiniBEST Plant
Genomic DNA Extraction Kit (it 5 AI71066A) ; PCR
i F| . Takara Premix Taqw (Ex TaqTM Version 2. 0 plus
dye) (it %5 AI60204A ) ; 1] fi 7] Ui i 77 & : Takara
MiniBEST Agarose Gel DNA Extraction Kit Ver. 4.0
(Hit*5 AI51865A) 5 B UI i 5 : Xba T B I R (Ht5
AHGO212A) ; qPCR X 7 : Takara SYBR" Premix Ex
Tag™ T (Tli RNaseH Plus) (it 5 AHF1421A);
DL2000 DNA Marker( it 5 AI21246A) ; DL i 71 34
g A% B BEAYER (L) ARA A,

ExRed Z% %} (#it53 87128DY) ,6 x DNA loading
buffer(4t5- 70G10C) ¥ 7 FE W A ¥ 5 B g A (it
5 111860, i #f F & 3/~ Al ) ; Tris,Na, EDTA-2H, 0,
LR, Te/K CBE(or b al, REEFEGEAF]) o

C1000 Touch™ Thermal Cycler % PCR 4%,
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CFX96™ Optics Module %! Real-time PCR {Y,
PowerPac™ Basic % H1 3k {% ( 2% [E Bio-Rad A #]) ;
Nano-100 HY 3 i 535/ 6 B2 1 (BT BB ACER A R 2>
Al ) ; Tocan240 Y 5E i AR AR (L ¥ A= W1 B AT
FRAFD

2 AFE

2.1 GEARDGr  WLER )M EE T BT et
AR S M UP ) DUIR /NI B0 =3 o

2.2 Gt ZEOGiR019-20 183519, 9
AETAY TR ) ROARAAER(E D).

1 5|#HF7
Table 1 Primers sequence
519 % Fr JF(5'-3")
0OI1/012¢ F:GCGCGTATGCAATACGAGCGGCA
R:GCCTCGCGACTTCGCAACCCAT
rplLAs F:CGCCCGTTTCCGTTGT

R:AGCCTCTTTAAGCCCTAAATCAG

2.3 ERMHIAE HIEACK R A SLh e T, B
BUeH 22 ( F M k) 100 mg, 4% B8 Takara MiniBEST
Plant Genomic DNA Extraction Kit $}i B 45 $2 Ht 2
DNA, & j5 Al 65 °C ) Elution Buffer 50 pL ¥ DNA
VEME ROk . UG AY DNA BE 0L S wL T 1% Bl b
BRI b EAT HLK , I 7 R S AR 2R 5 vh 2R AT 40 R0
o [AImF, BUS 2R DNA BEA 1 WL LR 20Ot
JEETH I Lo BE R Al g AR SR AT 20 C
2.4 RT-PCR kil DUEZ ) DNA S Bk, 4% IR
Takara Premix Taq'" (Ex Taq'" Version 2.0 plus dye)
B &, PCROBR R 50 wL, HAK 4 Premix
Taq(Ex Taq Version 2.0 plus dye)25 wL,DNA $4x
2 uL, O11/012¢ (F,20 pm) 1 L, OI1/012¢ (R,
20 pm) 1 pL, KE K 21 wLo ¥ FF.94 C
5 min,94 °C 30 5,64 °C 45 5,72 C 70 5,35 ™MEH,
B 72 CHEA{ 10 min, PCR Z5 305 U™ ¥16 L, 1E
T ARET 1% BUIE B BE I (Exred Ze () 1, LU
2 000 bp Marker /E Jy 5 #fiE, HL £ 150 V,1 x TAE %%
M LK LS min, SR FBE B NAR R G AR 45 2R o
2.5 [EY] KRR H Y PCR 724 1160 bp %45 4%
83k 7 & ( Takara MiniBEST Agarose Gel DNA
Extraction Kit Ver. 4. 0) Ui 05 35 ) 5018 B & i H [l i
4lifk, DNA

etk = Yy i U, R R 0 20 wL, HAR A3
Xba I'1 pL,10 x M Buffer 2 wL,0. 1% BSA 2 L, 4k

f6J5 9 DNA 5 pL, KK 10 wL, 37 C i 4 h,
AR FE=Y 0.6 WL, 5 10 x loading buffer 5. 4 pL
MRA ,EER T AT 1 % BRE W BEIE (Exred
Yua ) i L2 000 bp Marker /R bR e, HLE 150 V,
1 x TAE 22 pfof h HL K 15 ming, 2R 1 BE B UAR 5 G2 W

27 hte
%&Séﬂ o

2.6 Real-time PCR #&J0] LL32HUAY DNA bR AR ,
}% B8 Takara SYBR" Premix Ex TaqTM I (Tli RNaseH
Plus) i & 3T 45, gPCR B AK 5200 25w, HAK AL
4%/ SYBR" Premix Ex Tag™ 1l ( Tli RNaseH Plus)
(2x)12.5 uL,DNA #ifg 2 pL, rplLAs(F,10 pm)
1 wL,rplLAs(R,10 pm)1 pL, KE/K 8.5 L, ¥ 14
FEF:95 C 30 5395 C 5 5;60 °C 30 5,39 MG 5 9k
J& BEAT G A R 407 295 °C 10 5 0.5 C-s ™' THEE
95 Co BAFEM 3 AEE,

3 HFRESH

3.1 MRRXFEE IEE)T TR O TR 0 B
T T I e M AR ) R R R R B R B AL ki W A
E RS AR A 4 I PR S 3 B AR g, — S M I JiK
Rk Ak ) B S T i AR 4, 3 ol i S 1 1 9 HIORKG
B AR (] A BEGL, LARE TR B AR T P03 2% 3 K B O
O (B TA) o IE T b T 2R 50 3 i 50K 5 /&K
o REL PR ) 45 SR i — L LG I W MR A R D JF
R/, =AM (B 1B) o B 6 T4
PR A5 2 A RIS S5 B MR AR, (B ) T
TR R,

00
AL

B1 BEIBFEEEHFHR(A),RI(B)ERITLE
Fig.1 Comparing with leaves( A) and fruits ( B) of infected and

normal Citrus medica var. sarcodactylis

3.2 RT-PCR 5/7¥lgy]  FrA#E Y DNA ¥4
P, HORFE AR (B 2A) 5 IE % 20 (N1 ~ N6 ) 7k
i A PCR J5JG 1 160 bp 4545 (|81 2B) , YL 2H ( B1 ~
B6) 7T i PCR 54 1 160 bp 4547 (& 2C) ,Jf
Htb & 28 58 ) e i 2 )5 e 9 Xba T [ U1 K
520 bp#1 640 bp (& 2D) .

3.3 Real-time PCR 43#r & PDHEEM 3 N AREAT
R, Qe (BL ~B6) A C AE (K 2) R 71k
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B C D

A.N1 ~N6 5 Bl ~B6 DNA HiJk;B. NI ~N6 PCR;C. Bl ~B6 PCR;D. Bl ~B6 PCR ¥ i)

B2 BRI #HFSEE #F DNA 0 PCR Bik

Fig.2 DNA and PCR electrophoretogram of infected and normal Citrus medica var. sarcodactylis

oI 3A) A h 22 (&1 3B) FLJ ik e (18] 3C)
IEHH (N ~ N6 ) BA7 97 1 il 2k i it 26 70 0 i
W, B C, fH R 0,3 B1Z 5 ¥ A B 15 S v, 7T L
St RS H A 0 8 S R . A\ Real-time PCR J
figk i 2 1 23 A AT DU H 8 fik it 44 A AR TIE 06 LG A
B — T A 2R 0, I ELT G W 00 J B R AE
82 C, B 51 iit JH&E G HE, Real-time PCR 14"
WA TE BT ) — AR WA AR R SR

®2 BRI BFEEE#HF qPCRC E

Table 2 qPCR C, of infected and normal Citrus medica var.
sarcodactylis
£ W C,1 Cc2 C3 C, ¥H
N1 0 0 0 0
N2 0 0 0 0
N3 0 0 0 0
N4 0 0 0 0
N4 0 0 0 0
N6 0 0 0 0
B1 27. 61 27. 40 27.76 27.59
B2 28. 16 28. 06 28.25 28.16
B3 26.79 26.52 26.99 26.77
B4 24. 66 24.76 24.48 24. 63
B5 24.74 24. 61 24.88 24.74
B6 25.09 24. 86 25.07 25.00
4 itig

M A% % e 95 B2 - 7F 1919 4F ff REINKING™' %
B, I e K E B A . bRAL A i
R (0 SE I HEBH 1K 35 2R iR D TR A | A
Je g B 4538, I FLIE S 9 i S 56 E B 2 2 LG 1Y
I I o B R Y R TR, AT R R DA T X R A
GARNIER %" /¢ 1984 4F 3 i3 L - 2 (4 5% W 2 5]
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Fig.3 Amplification curve ( A ), melting curve ( B) and melting

peak ( C) of infected Citrus medica var. sarcodactylis

P SRR T O R AR R, O ELAT R A JE S
R RBIEE . R e gOA A 3 A
F, V. Y Fh ( Candidatus Liberibacter asiaticus, Las) ,
A A ( Candidatus Liberibacter africanus, Laf) , 3&
F ( Candidatus Liberibacter americanus, Lam ) , 7£ 3, [E
EEREWMA T,

SR Y 5 5 B e i 1 J7 vk Ol L [E] 2 W, RT-
PCR £ , Real-time PCR il , [ [] 12 W ¥ o2& KM
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YN BRI SE— . TR 51T, THR AL
WA TERZECREOUT , FEAR AR R AR R AR, 5t 7T L
S 20 M) R A 0 M R Rk %
B = H B W R W) AP S8 I s o 1
i LAY ) i PR s TR 58 R b AT TR AR
55 e IRLAE T[] SR 47 1 306 32 Y 8 Ak 9 i - (B1 ~ B6)
Y38 1k PCRAG I 7 B . AR BREAS B FR (4K
SRBEA HH, T[] Ao B 5 780 B b it 7 40 G 2 e s A
T4 T (BRI FAECETFR AL,
FUR S SEA XT3/ P R . A —E 1 W
P, 2 o B ) K, 36 6 250 i 1T Real-time PCR 28
i o

PCR J& il o Wit — & M 519, 72 AR S i 250G
DNA By —T0E AR o % AR AT RS2 80 %5 Hif A 2
e R S R I . & A A M RT-PCR, Real-
time PCR 2 i, VILLECHANOUX 2" ¥ 56007 T
M B e 96 005 B B &6 4% DNA JE 51, 5, AfTR A
PCR 2 AR J Ty b 6 0 13 B A5G T8 22 Al 9 1) 8 0 s
a0 AR L PCR RS T R P, B ARG, 0
FUBR T PEAG I, Xof IG5 B & 19 FF 0B 2 B ) AR
B 28 5L, 0T T RE SR 46 3. Real-time PCR
S H RAS DU e bR R R R R R A vk RUE
o, AT RS I H 2 T AR B L B A A
AR AL A PCR 4% AR iz A, & S T IJ05E R B 1 R
il R AR R G G e R0

R S0 38 2o % b OE R A SRR AL T R
RT-PCR 7=y i) i vk &1, 7] LAAR BH S M 4 9 41
) RT-PCR 7=#J4 1 160 bp B &7 , I H UL 4% 5 vk
i AT LA Xba T E§Y) K 520 bp 1 640 bp, i 1 7]
LA 0B 3 S5 6 1) s T 5 AT A R R A HC At
i JE A ) i BB B e e T — B, B0 TR e A
ME YA OE R ZH B9 RT-PCR 7™ ) JC I 4F 5 7 4%
Mo UL SI¥ R O11/012¢ ) RT-PCR fz Jif A] D)k
HOE A A E )T B A e . e e 4 1Y Real-
time PCR &5 BE A7 47 3% iih £k 6 i i 2 SR 05 i 0
JFHA—EW C A, MIERABRAY ., "JUE
i Real-time PCR iy R i, C, {E 1) K /NBE S5 i A
PRE R AN A, C B8R /N BB AR % TR R B C
{ELBR K, A BR B TR A ARG T AE — 2 Y Bl PCR
KR BEE M A TCY NN, e e 25 AR ORI, A RE
WAt Al S AR A e . B2, H RIS W R B
W50 Tk T ¥ KR, 45 & RT-PCR 5 Real-time
PCR HE 07 1 5 1 W7 % 2 %% , 3F H. Real-time PCR fE
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