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Abstract: [Objective] In 2015, a new citrus viral disease caused by Citrus chlorotic dwarf-associated
virus (CCDaV) was discovered in Yunnan province of China, and since then it has spread in some im-
portant citrus-growing provinces of China, like Guangxi and Yunnan. At present, the main control strate-
gy for prevention of CCDaV is based on using virus- free germplasm and propagation materials. To
date, various techniques have been employed to detect CCDaV, including biological indexing, PCR and
gPCR. However, these conventional detection techniques generally suffer from drawbacks. The purpose
of this research was to establish a sensitive, accurate and high-throughput detection method for CCDaV,
so as to provide technical support for the diagnosis and production of virus-free citrus plants in China.
[Methods] The restriction enzymes BamH 1 and Xho 1 were added to the corresponding end of the
CCDaV- CP gene sequence, respectively. Primers F (5’ - GTGGACAGCAAATGGGTCGCG-
GATCCCCATGTAAAACACACACGGTGGATGTGAT-3") and R (5" - CAGTGGTGGTGGTGGTG-
GTGCTCGAGTTAATTT GATGTAGAATCATAAA AA TA CA- 3”) were designed using SNAPGENE
software based on a region (84-762 nt) of coat protein (CP) gene that was highly conserved across 15
full CCDaV genome sequences available in GenBank. Total DNA was extracted from 0.1 g CCDaV-in-

fected citrus sample and amplified by PCR with primers F/R. The reaction was conducted under condi-
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tions of initial 3 min denaturation at 98 “C, 34 cycles at 98 ‘C for 10 s, 60 ‘C for 15 s, 72 “C for 40 s and
extension for 5 min at 72 ‘C. The PCR purified products and pET28a vector were digested by BamH |

and Xho 1, and after that they were ligated with T4 DNA ligase and transferred into Escherichia coli
(E. coli) strain DH5a and finally plated onto Luria-Bertani (LB) agar containing Kanamycin (Kana).
The expression strain Rosetta containing the recombinant plasmid was cultured at 37 “C overnight, and
transferred to a new medium at a 10% inoculum on the second day, until ODs, reached 0.4-0.6. Isopro-
pyl-f-D-thiogalactoside (IPTG) was added to a final concentration of 0.1, 0.3, 0.5, 0.7 and 0.9 mmol,
and incubated at 18 ‘C overnight. The expressed protein was purified and then used to immune rabbit.
The optimal titer of the antiserum was tested by Western blot. Based on the prepared antiserum, dot-
ELISA was developed for detecting CCDaV in citrus by optimizing the titer of the primary antibody
and goat-anti-rabbit second antibody. The specificity of the established dot-ELISA was evaluated by de-
tecting the samples infected with CCDaV, Citrus tristeza virus (CTV), Citrus yellow vein clearing virus
(CYVCYV), Citrus psorosis virus (CPV) and Citrus tatter leaf virus (CTLV), respectively. The sap of
CCDaV-infected and healthy citrus leaf samples were diluted by multiple ratio (1:20, 1:40, 1:80, 1:
160, 1:320, 1:640, 1:1280) to determine the sensitivity of dot- ELISA. Citrus leaf samples collected
from Chongqing municipality and Guangxi province were tested for CCDaV infection using the dot-
ELISA and PCR to test the applicability of the established dot-ELISA. [Results] The result showed that
the full sequence of CP gene was 762 bp, encoding 253 amino acids. The prokaryotic expression plas-
mid pET28a-CCDaV-CP was successfully constructed, and the target fusion protein (CCDaV-CP) was
highly expressed in E. coli induced by 0.5 mmol IPTG at 18 C. The expressed protein was identified
and purified, and then used to immune rabbit. Finally, the specific antiserum was prepared and it could
strongly and specifically react with an approximately 25 ku of CCDaV CP by Western blot, with the op-
timal titer of the antiserum being 1:3000. Furthermore, no hybridization signal was observed on the
lane of pET28a vector or Rosetta strain. The results also showed that the optimum reaction conditions
of established dot-ELISA were 1:4000 for the antiserum and 1:10 000 for goat anti-rabbit IgG labeled
by Alkaline Phosphatase (AP) AffiniPure. In the specific test, only CCDaV-infected samples were posi-
tive, and the rest of samples were negative. In the sensitivity detection, the established dot-ELISA could
detect CCDaV in citrus sap diluted at 1:640 (p, g- mL"). Among the 42 field CCDaV-suspected sam-
ples, the detection rate by dot-ELISA was 42.8%, which was lower than that by PCR (45.2%). All sam-
ples that were tested positive with dot-ELISA were also tested positive with PCR. One dot-ELISA nega-
tive sample was also positive by PCR. These results suggested that the dot-ELISA method established
in this study was sensitive and reliable. [Conclusion] In the study, the optimal conditions were ex-
plored for prokaryotic expression and the specific antisera was prepared for detection of pET28a-
CCDaV-CP. This is the first report of prepared antiserum against CCDaV and a dot-ELISA method for
CCDaV detection. The detection results showed that the developed dot- ELISA could accurately, reli-
ably and sensitively detect CCDaV in citrus samples and will facilitate the implementation of citrus bud-
wood certification programs to screen plants in nurseries. The assay will also be useful for studying on
the etiology of CCDaV, scientific prevention and control of CCDaV in China.

Key words: Citrus chlorotic dwarf-associated virus; Coat protein; Antiserum; Dot enzyme linked im-

munosorbant assay
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4 R RL T S AR L0, LK 2 R T VAR I LG
B85 R e BN E, AN TE T 35 10 s ez ] o
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LUK Gt CCDaV i 4 32 3B i (Citrus tristeza
virus , CTV) FH 1% 5 ik 99 25 ( Citrus yellow vein clear-
ing virus, CYVCV) « ¥ A % 37 953 % (Citrus psorosis
virus , CPV) A A7 T8 -9 2% (Citrus tatter leaf virus
CTLV) [ bR 35 R AT T V8 i K 2 A RS B 70 B 6 A
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pET28a £ {4 K7 #T 18 Rosetta 1) H #7475
AW TR BR A &), pGEM-T vector kit T4 DNA %
FE W AN 7 A R AR AR FLBE 1 (TIsopropyl f-D-Thioga-
lactoside, IPTG) ¥l H = A=) T8 CRE) H IR A
] ; FE N DNA S 2 a7 &0 B 6 M A IR A
W=EPL R B B REM AR AT . 5196 AR
W SAE AR RV VIR AT IR DA 2 7 58 o
13 7%
13.1 3l 4kt H A AE 2 M 3 Interpro Chttp:/
www.ebi.ac.uk/interpro/) X NCBI # f#] 15 > CCDaV
27 BIEAT 04T, I CP BN TRST  {H CP AN Ui A7
T, e i H R IE , B AE AR B 5T ok
CCDaV-CP [ {57 [X 3 (29-253 A7 & FE ) A L bx
BT 5I YT 5 F: 5" - GTGGA CAGC AAATGGGTC-
GCGGATCCCCATGTAAAACACACACGGTGGA -
TGTGAT-3" (K2 #7) 4 BamH 1 BV R -
57 CAGTGGTGGTGGTGGTGGTGCTCGAGTTA-
ATTTGA TGTAGAATCATAAAAATACA-3" (%Il 4%
H#B5rN Xho 1 BEVINLR) o
132 HEBRBRBRATAHAKME HL0.1 g CCDaV
Jod Wk I BIE B S, SR FH RE D DNA B ) & i 12 s
DNA. K PCR = ¥ Al Jil #% 3% i 3% f& pET28a H
BamH 1 M1 Xho 1 XUEEV) )5 , 22 T4 DNA JE %4 C
TRGERE . R A R R DHSa, U A
TE% 50 mg- L' Kana [f] LB [l /&35 R SR 77, &
PR V& PCR %8 5E 25 S N BHVE G WY o 40 S 1 1)
2 5 kL 4K 21 32 1A B Pk Rosetta.  PCR Al 2 BH 4
V&S K F7 JEHE TR, FEEAT B30 00E o
133 &&&aWAFRA ANRERLFHE
Z: [ Zhu FF IR R SO TG EE B R RIE
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(R FE AR, I B LI R o
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W, AFIR S min. B 5 F BCIP/NBT i Y6 2 4 5 min.
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CCDaV-CP % [A 1) Jif #% 2 ik 2 44 , br id 4 pET28a-
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M%K% 0.5 mmol - L[ IPTG T-18 Ci%F 12 h
B RRIIRIE T HWED, HREER, Lo T8
25 ku Zi A5, SR/ METF(E1-0),
2.2 HIGEH R M E SN N E

B IRAF B UL BA 12500 F 9 B R RE L Kg 4l fk
H 1122 ik 33547 Western blot K631 , 45 536 B HT 1M1L35 5
alifb 1) B AR A R I S OB, 2k B — (] 2-
Ao T 528K 1 \Rosetta k5 13 o 2k
KON . K ILIE 1% 1500411000+ 1:200041:3000.
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A. CCDaV-CP JE[F 74114 1 M1 2y DNA 43 F i i bsifk s 1 Jy CCDaV-CP:B. f41iURLIY U AF V)6 1E s M2 &y DNA 43 F i B A5t 2 A
HALFRL; 3 Jy B ALFRDR I VI SAE : C. EALR AL IPTG 5% T M HRIE M NE H B 7 AR GRAF 2099 14.4.18.4.25.0.35.0+
45.0.66.2.116.0 ku) ; A1 AW E T HIEHk pET28a; A2 A 0.5 mmol - L' IPTG i S #Fk pET28a »

A. Amplification of CCDaV- CP gene sequence; M1. DNA Marker;1 is CCDaV- CP; B. Verification of recombinant plasmid by restriction en-

zymes; M2 is DNA Marker; 2-3 are Verification of recombinant plasmid by double digestion; C. Protein expression of recombinant bacteria induced

by IPTG; M is Protein molecular weight marker (14.4,18.4,25.0,35.0,45.0,66.2,116.0 ku); Al is Uninduced pET28a; A2 is pET28a induced by 0.5

mmol-L" IPTG.

1 CCDaV-CP HJ PCR ¥ % T4 b WES I IEFI R R £ IPTG ES THERRIA

Fig. 1 PCR amplification of CCDaV-CP, verification of recombinant plasmid by restriction enzymes and protein expression

of recombinant bacteria induced by IPTG
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CCDaV-CP W e S .

A HUMLE PRE S PEAS I M Dy R AL 7 SR bR s B3 DBt
TERFFPERLI s B, HUILTE BRI s A1~AS SR % BT ILE
T AN A A5 5: 500 1000.2000.3000,4000: A6 A B HER E.

A. Detection of specificity of pET28a- CCDaV- CP antiserum by
Western blot; M is Protein marker; B3 is Antiserum specificity detec-
tion; B. Detection of titer of pET28a-CCDaV-CP antiserum by Western
blot: A1-AS5 indicates that the prepared antiserum is diluted into differ-
ent multiples:500, 1000, 2000, 3000, 4000; A6 is negative control.

B2 HmERFN4T I E AN A
Fig. 2 Detection of specificity and titer of pET28a-CCDaV-
CP antiserum by Western blot

A - CCDaV CYVCVCTLV CPV CTV

1:4000 ¥R FE 7B I 5 440 10 B 9 2R 31T West-
ern blot &M HT MLIE R, BB LI 8k 2 T
1:3000(2-B).
2.3 dot-ELISA #5245 F MR §E
I

75 B S8 2 B, dot-ELISA HR 47 L i A1 AP bR
Zhui s MR A U5 ) D9 124000 A11:10 000, A
Tt K A 4k 5 B9 dot- ELISA 43 ) 48 i CCDaV .
CTV.CYVCV.CTLV.CPV i kkM F, LK {8 FE i ik
- B HCD , A 45 R B OR , A CCDaV i #k A i 2
PSR TR B B R, AR R B BRI 45 SR R B
(EI3-A) . EANRRBEAEECT , fd RAE A 42
BRI A GE B I FHPEBE T . R B A I 77
PR MRS, Ak, 24 CCDaV ¥ M- 52 B 4 A% B
FI| 11640 £5 I8, 75 HE WL 5 58 (LK FHAE BE 55 (] 3-B),
R WIZATIN 75 1) R e
2.4 dot-ELISA H &4 e

R AR AL J5 1) dot-ELISA J5 ¥4 , % 42 43 5 AL 8
Y CCDaV [ H (A MG FE it g AT A . 45 R R,
18 4y M & £ K H CCDaV, 24 4y ¥ 5 K 16 H
CCDaV (E4). & dot-ELISA Kl Ay BH A AL A1
PCR 7238 M 115 dot-ELISA A& 1 4 BH P B R & Fh 46

A. dot-ELISA H55 1k # -~y fd FEMT % s CCDaV N HREE R 495 (CCDaV) Rk s CYVCV W MHE #E KR 2% (CYVC V) ik s CTLV it
T B9 B (CCTLV) S bk s CPV WM AR 5% K205 58 (CCPVO i ik s CTV A 22185 (CTV) i #k s B. dot-ELISA A& I 77 72 1K1 RAUE 73875 1~7

CCDaV itk ;—yft FEmitie .

A. dot-ELISA specificity analysis; — is Healthy citrus sample; CCDaV is CCDaV infected sample; CYVCV is CYVCV infected sample; CTLV is
CTLV infected sample; CPV is CPV infected sample; CTV is CTV infected sample; B. dot-ELISA sensitivity analysis;1-7 are CCDaV-infected citrus

sample; — is healthy citrus sample.

El3 dot-ELISA #5 R EFREE S 4
Fig. 3 dot-ELISA specificity and sensitivity analysis for CCDaV detection
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M 293031 32 33343536373839 4041 42 b a

2000 bp
750 bp

100 bp

M g DNA 3F IR S5t s 1~42 2 BRI SERLRE Fisa JPHYEXTHE b BT R
M is DNA marker;1-42 are CCDaV-suspected citrus sample in the field; a is positive control; b is negative control
4 HIEHH PCR N4 R
Fig. 4 PCR amplification of CCDaV-suspected citrus sample in the field

WP . dot-ELISA ¥ 5 PCRZE IR & % N
94.73% , % WA VL[] dot-ELISA 12 R fi B 5 i , 3
T H [ERE A I 5D

o,

2 &
9
20

.

El5 dot-ELISA 75 7% H B #H 74 da B4
Fig. 5 Detection of field citrus samples
by dot-ELISA method
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AHEFE A I LERE 15 AN ASFSR IR CCDaV 24k &
P, H CP 19 29~253 7 2 8 e R ST 5 PR s gk
TIEZREEERNPUR. EHAEEIPTCHESER
K ) i AS 2 K DA R AR AR Y U B Ak
MRIEFEEREK. EAP T, M PTG 4K
f%°50.5 mmol - LB, i SR ARIAES 0.7 f
0.9 mmol - L' IPTG 5 3 i} % 5 A K, A k2% F& %
IPTG i 2 B 1 25 14 , (7 B Sife i 28 5% AR , R0 52 vp
pET28a-CCDaV-CP 5 2H Jii #i i i i #: 1¥) IPTG £¢
WEEN0.5 mmol - L. hAb, 2835 7E AR i 18 R I
7£16 CH #5512 h , pET28a-CCDaV-CP f] K ik &
AR B AR 7R o TRk 5E R I, & 4 5
SRETUREEANREKE. N, EBHE
IPTG 24K FZ 0.5 mmol - L' I, ¥ 15 5 iR FE $2 = 3
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KB, PCR % 1 BH A H % B 5 T dot-ELISA 75, X

A g

4

S T PCR ¥ R AU 8 & riss B .
zE 1B

235 KA AR R MRS I CCDaV-CP £ ik 1)

FUN LN , @57 T CCDaV [ dot-ELISA & il J5
125, B N IR E A ISR AN VA CCDaV $R AR AR 4%
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