
89
(13)

(Huanglongbing = HLB) 1951 

(14)

1971 

HLB (6) 

(20) 2006 

HLB 

DNA HLB (21)

HLB 
(5) Hung 

(1999) 

(Dot hybridization) 
(7)

(PCR) 
(8)
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96 8 20 

(Huanglongbing = HLB) 

(Citrus tristeza closterovirus CTV) (Citrus tatter leaf

capillovirus = CTLV) (PCR) 

HLB (ELISA) CTV (RT-PCR) 

CTLV 3

52.8% 40% CTLV CTV 

30~45% 40% CTLV 

CTV 

3~8% CTV ( ) 90% CTV 

10% CTLV CTV 

60%

5~6% 

PCR 

CTV

CTV 



HLB 

HLB 

(Citrus tristeza closterovirus CTV) 2000 nm

1920 

/
(10, 17)

CTV 

CTV HLB 
(18, 23) HLB 

CTV (Citrus

tatter leaf capillovirus = CTLV) 650 nm 

Rusk 

CTLV 

( ) 

(1, 4, 15)

( )

HLB (2)

CTLV 

(1984) 

(19) (12) (RT-

PCR) 

HLB 

(CTV, CTLV) 

HLB

HLB-PCR HLB

6 

801 

HLB CTV CTLV 

5 

HLB 

3

127 CTV CTLV 

HLB 

HLB PCR

Hung

(1999) (8) 0.5 g 

2.7 ml 

100 mM Tris-HCl 100 mM EDTA-2Na 250

mM NaCl pH 8.0 0.3 ml 10%

Sarkosyl (N-Lauroyl-sarcosine, Sigma) 

1.5 ml eppendorff tube 55 1 hr

5,000 g / 5 min 800 l 1.5 ml

eppendorff tube 100 l 5 M NaCl

100 l 10% CTAB (hexadecyl-

trimethyl-ammonium-bromide) 0.7 M NaCl 65

10 min 600 l CI chloroform / isoamyl

alcohol (24 1) 12,000 g / 5 min

850 l 600 l PCI phenol / chloroform

/ isoamyl alcohol (25 24 1) 12,000

g / 5 min 700 l 0.6X 

isopropanol 4 12,000 g / 10 min

500 l 70% ethanol 
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100 l TE buffer 10 mM Tris-HCl 1 mM EDTA

pH 8.0 PCR PCR Hung 

HLB (HLB-F: 5' -CAC CGA AGA

TAT GGA CAA CA HLB-R: 5' -GAG GTT CTT GTG

GTT TTT CTG) 25 l 2.5 l

10X PCR buffer 2 l 50 mM MgCl2 2 l 

2.5 mM dNTPs 1.25 units Taq DNA polymerase

(Invitrogen, Calsbad, CA) 0.5 l 10 M HLB-

F 10 M HLB-R 

(GeneAmp 2720, Applied Biosystem Corp., Norwalk, CT,

USA) 94 2 min 94

1 min, 60 1 min, 72 2 min 30

cycles 72 10 min 226 bp

1.4% agarose gel 

CTLV RT-PCR

0.3 g RNA 

RNeasy Mini Kit (Qiagen, Hilden, Germany)

RNA (12) CTLV 

Hung (2000) RT-PCR 
(9) 25 l 2.5 l

5X 1st strand buffer (Invitrogen) 2.5 l 10X PCR buffer

(Invitrogen) 0.5 l 10 M CTLV-F 10 M

CTLV-R 2 l 2.5 mM dNTPs 1.25

l 100 mM DTT (1,4-Dithiothreitol) 1.25 l 10

mM MgCl2 1.25 units Taq DNA polymerase

(Invitrogen, Calsbad, CA) 50 units reverse

transcriptase (Superscript TM II, Invitrogen) 200

ng RNA template 25 l RT-PCR 

(GeneAmp 2720, Applied

Biosystem Corp., Norwalk, CT, USA)

50 35 min 94 2

min 94 30 sec, 56 30 sec, 68

45 sec 10 cycles 94 30 sec, 56 30

sec, 68 45 sec 25 cycles ( 5 sec)

68 7 min 1.4% agarose

gel 

(direct ELISA)

CTV 

CTV Tsai and Su 

3E10 (common

epitope) CTV direct ELISA 

direct ELISA (22, 23)

405 nm 

Garnier Bov (3)

4% 1% 

60~100% Epon812 resin 

60~80 nm 

2% 0.4% 

Jeol 100CX

HLB CTV CTLV 

HLB 

HLB CTV CTLV 

146 HLB 

30% HLB-PCR 

CTV-ELISA HLB 

HLB CTV 65% HLB

CTV CTLV 30%

HLB HLB 

100% CTV 30%

CTLV 

267 30~45% HLB HLB 

CTV 

CTV 3~8%

HLB CTLV 40%

( ) HLB 

HLB CTV 60~77.8% HLB CTV 

CTLV 22~30%

HLB 90~100% CTV 

30% HLB CTV

8-10% CTV CTLV 

90% HLB 

HLB 

(11) HLB 2006 

HLB (21)

115 10%

HLB-PCR HLB HLB 
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CTV 33% HLB CTLV 

66.7%

CTV HLB 100% CTLV 

HLB 60% 

HLB 53 

50% HLB CTV 

35.7% CTLV 

3 127 

29% HLB CTV CTLV 

HLB 

HLB 

HLB 

HLB 

HLB 

HLB 127 

CTV CTLV 

( 1) 37 1 

(2.7%) HLB 

( ) ( 2) 7 HLB

( ) (

3) 24 3 (12.5%) HLB 

(

4) 10 3 (30%) HLB :

( 5) 17 7 

(41.2%) HLB :

( 6) 32 23 

HLB (71.9%)

HLB CTV CTLV 
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HLB CTV CTLV 

Table 1. Incidence of HLB and its complex infection with CTV and/or CTLV in yellow decline citrus trees
HLB / HLB CTV CTLV (%)

(%) HLB HLB+CTV HLB+CTLV HLB+CTV+CTLV
1 9/29 (31%) 0/9 (0%) 6/9 (66.7%) 0/9 (0%) 3/9 (33.3%)

16/56 (29%) 0/16 (0%) 11/16 (68.8%) 0/16 (0%) 5/16 (31.2%)
6/8 (75%) 4/6 (66.7%) 0/6 (0%) 2/6 (33.3%) 0/6 (0%)

2 13/49 (26.5%) 0/13 (0%) 9/13 (69.2%) 0/13 (0%) 4/13 (30.8%)
4/12 (33.3%) 0/4 (0%) 3/4 (75%) 0/4 (0%) 1/4 (25%)
5/6 (83.3%) 4/5 (80%) 0/5 (0%) 1/5 (20%) 0/5 (0%)

3 25/77 (32.5%) 11/25 (44%) 2/25 (8%) 12/25 (48%) 0/25 (0%)
15/36 (41.7%) 9/15 (60%) 0/15 (0%) 6/15 (40%) 0/15 (0%)
7/18 (38.9%) 4/7 (57.1%) 0/7 (0%) 3/7 (42.9%) 0/7 (0%)
12/42 (28.6%) 0/12 (0%) 1/12 (8.3%) 0/12 (0%) 11/12 (91.7%)

4 12/115 (10.4%) 0/12 (0%) 4/12 (33.3%) 0/12 (0%) 8/12 (66.7%)
7/7 (100%) 5/7 (71.4%) 0/7 (0%) 2/7 (28.6%) 0/7 (0%)

5 29/93 (31.2%) 16/29 (55.2%) 1/29 (3.4%) 12/29 (41.4%) 0/29 (0%)
9/20 (45%) 0/9 (0%) 7/9 (77.8%) 0/9 (0%) 2/9 (22.2%)
10/23 (43.5%) 1/10 (10%) 6/10 (60%) 0/10 (0%) 3/10 (30%)

6 10/26 (38.5%) 0/10 (0%) 1/10 (10%) 0/10 (0%) 9/10 (90%)
3/4 (75%) 3/3 (100%) 0/3 (0%) 0/3 (0%) 0/3 (0%)

7 28/53 (52.8%) 18/28 (64.3%) 0/28 (0%) 10/28 (35.7%) 0/28 (0%)
37/127 (29%) 37/37 (100%) 0/37 (0%) 0/37 (0%) 0/37 (0%)

HLB 

Table 2. Incidence of HLB infection within 6 types of
yellow symptoms

HLB (%)
1 1/37 a (2.7%)
2 0/7 (0%)
3 3/24 (12.5%)
4 3/10 (30%)
5 7/17 (41.2%)
6 23/32 (71.9%)

a The samples were detected by use of PCR. 



HLB CTV CTLV 

5 

HLB 

HLB 

5~6% 

HLB 

HLB CTV 

( )

CTV 100% CTLV 

CTV CTLV 

25% 

60~70%

HLB 

HLB 

HLB-PCR CTLV-RT-PCR 

CTV-ELISA 

PCR HLB

( ) HLB 

CTV 

1951 HLB 50 

125

Fig. 1. Six types of chlorosis and yellow symptoms often observed in the field. Type 1: mild chlorosis. Type 2: Zinc-
deficiency like symptom showing yellow blotches in mesophyll. Type 3: Manganese-deficiency like symptom showing
chlorotic blotches in mesophyll. Type 4: uniform vein-yellowing. Type 5: whole leaf yellowing. Type 6: yellow mottling.
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30% HLB 

HLB-PCR HLB 70~80%

( )

HLB (2,

16) 100% CTV

CTLV 30% HLB 

HLB
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30 HLB 
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HLB CTV CTLV 

Table 3. Incidence of latent infection of HLB, CTV, and CTLV in several symptomless citrus cultivars
(%)

HLB CTV CTLV CTV+CTLV
30 0/30 22/30 0/30 8/30

(0%) (73.3%) (0%) (26.7%)

70 0/70 48/70 0/70 22/70
(0%) (68.6%) (0%) (31.4%)

40 0/40 12/40 0/40 28/40
(0%) (30%) (0%) (70%)

80 4/80 0/80 42/80 0/80
(5%) (0%) (52.5%) (0%)

20 0/20 14/20 2/20 4/20
(0%) (70%) (10%) (20%)

50 0/50 18/50 0/50 32/50
(0%) (36%) (0%) (64%)

50 3/50 0/50 24/50 0/50
(6%) (0%) (48%) (0%)

HLB-PCR 

CTV (
) ( = 700 nm)

Fig. 2. Electron micrograph of CTV-like particles
accumulated in phloem cell of the diseased Ponkan
showing yellow symptom, but negative for HLB-PCR
detection. (The bar represents 700 nm)
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71.9% HLB 

30%~40% 

HLB 

HLB 

127 

CTV CTLV 

CTV 

CTV 
(24)

CTV 

CTV 

CTLV 

HLB 

HLB-PCR CTLV RT-

PCR CTV-ELISA 

HLB 

CTV 

HLB 

(LITERATURE CITED)
1. Calavan, E. C., Christiansen, D. W., and Roistacher, C.

N. 1963. Symptoms associated with tatter-leaf virus
infection of Troyer citrange rootstock. Plant Dis. Rep.
47: 971-975. 

2. da Graca, J. V. 1991. Citrus greening disease. Annu.
Rev. Phytopathol. 29: 109-136. 

3. Garnier, M., and Bov , J. M. 1983. Transmission of
the organism associated with citrus greening disease
from sweet orange to periwinkle by dodder.
Phytopathology 73:1358-1363. 

4. Garnsey, S. M. 1970. Viruses in Florida's Meyer lemon
trees and their effects on other citrus. Proc. Fla. State
Hort. Soc. 83: 66-71.

5. Huang, A. L. 1987. Electronmicroscopical studies on
the morphology and population dynamic of fastidious
bacteria causing citrus Likubin. National Taiwan
University Graduate Institute of Plant Pathology and
Microbiology. Doctoral Dissertation. (in Chinese) 

6. Huang, C. H., and Chang, C. A. 1980. Studies on the
relation of mycoplasma-like organism with the decline
of Wentan pummelo in Taiwan. J. Agric. Res. China
29: 13-19. 

7. Hung, T. H., Wu, M. L., and Su, H. J. 1999a. Detection
of fastidious bacteria causing citrus greening disease
by nonradioactive DNA probes. Ann. Phytopathol.

127



Soc. Jpn. 65:140-146. 
8. Hung, T. H., Wu, M. L., and Su, H. J. 1999b.

Development of a rapid method for the diagnosis of
citrus greening disease using the polymerase chain
reaction. J. Phytopathol. 147: 599-604. 

9. Hung, T. H., Wu, M. L., and Su, H. J. 2000. A rapid
method based on the one-step reverse transcriptase-
polymerase chain reaction (RT-PCR) technique for
detection of different strains of Citrus tristeza virus. J.
Phytopathol. 148: 469-475. 

10. Knorr, L. C., and Ducharme, E. P. 1951. This is
tristeza-Ravenger of Argentina's citrus industry. Citrus
Magazine 13: 17-19.

11. Lee, K. M. 2005. Impact and response of domestic
industry to kumquat imported from China. Hualien
District Agricutural Newsletter. 51:17-21. (in Chinese) 

12. Lin, Y. H., and Hung, T. H. 2004. Strain-differentiation
of Citrus tatter leaf virus (CTLV) and development of
a rapid method for CTLV detection. National Taiwan
University Graduate Institute of Plant Pathology and
Microbiology. Master Thesis. (in Chinese) 

13. Luo, G. C., Ann, P. J.,  and Jiang, M. Y. 2002.
Introduction. Pages 2-8 in: The illustrated handbook of
plant protection, Series 9. G. C. Luo. ed. Bureau of
Animal and Plant Health Inspection and Quaratine,
Council of Agriculture, Taipei, 47 pp. (in Chinese) 

14. Matsumoto, T., Wang, M. C., and Su, H. J. 1961.
Studies on Likubin. Pages 121-125 in: Proceedings of
2nd conference of the international organization of
citrus virologists. W. C. Price ed. University of
Florida, Gainesville, 265 pp. 

15. Miyakawa, T. 1978. A bud-union disorder of Japanese
citrus on Poncirus trifoliate rootstock caused by tatter
leaf virus. Rev. Plant Prot. Res. 11:1-10. 

16. Miyakawa, T. 1980. Experimentally induced
symptoms and host range of citrus likubin (greening
disease). Ann. Phytopathol. Soc. Jpn. 46:224-30. 

17. Schneider, H. 1954. Anatomy of bark of bud union,
trunk and roots of quick-decline affected sweet orange

trees on sour orange rootstock. Hilgardia 16: 567-581. 
18. Su, H. J. 1981. A tristeza virus strain causing dwarf of

pummelo and grapefruit. Pages 423-430 in: Proc. Int.
Soc. Citriculture Vol. I. K. Matsumoto, S. Saski, and Y.
Saito, eds. Int. Soc. Citriculture, Tokyo.

19. Su, H. J., and Cheon, J. U. 1984. Occurrence and
distribution of tatter-leaf-citrange stunt complex on
Taiwanese citrus. Phytopathologist and Entomology,
NTU 11: 42~48. 

20. Su, H. J., and Wu, R. Y. 1979. Preliminary study on
the etiology of Wentan pomelo decline. Natl. Sci.
Counc. Sym. 1:45-57. 

21. Tsai, C. H., Su, H. J., Liao, Y. C., and Hung, T. H.
2006. First report of the causal agent of
Huanglongbing ("Candidatus Liberibacter asiaticus")
infecting kumquat in Taiwan. Plant Dis. 90: 1360.

22. Tsai, M. C., and Su, H. J. 1991. Development and
characterization of monoclonal antibodies to citrus
tristeza virus (CTV) strains in Taiwan. Pages 46-50 in:
Proceedings of the eleventh Conference of the
International Organization of Citrus Virologists. B. H.
Brlansky, R. F. Lee, and L. W. Timmer, eds. University
of Florida, Gainesville, 459 pp. 

23. Tsai, M. C., Su, H. J., and Garnsey, S. M. 1993.
Comparative study on stem-pitting strains of CTV in
the Asian countries. Pages 16-19 in: Proceedings of
the 12th Conference of the International Organization
of Citrus Virologists. P. Moreno, J. V. da Graca, and L.
W. Timmer, eds. University of California, Lake Alfred,
471 pp. 

24. Roistacher, C. N., and Bar-Jospen, M. 1984.
Transmission of tristeza virus by Aphis gossypii from
sweet orange, grapefruit and lemon to Mexican lime,
grapefruit and lemon. Pages 9-18 in: Proceedings of
the 9th Conference of the International Organization of
Citrus Virologists. S. M. Garnsey, L. W. Timmer, and
J. A. Dodds, eds. University of California, Riverside,
377 pp.

16 3 2007128



129

ABSTRACT

Tsai, C. H.1, Su, H. J.1, Feng, Y. C.1, and Hung, T. H.1, 2 2007. Study of citrus Huanglongbing and its

complex infection with Citrus tristeza closterovirus and Citrus tatter leaf capillovirus in Taiwan. Plant

Pathol. Bull. 16: 121-129 (1 Department of Plant Pathology and Microbiology, National Taiwan

University, Taiwan, R. O. C.; 2 Corresponding author, E-mail: thhung@ntu.edu.tw, Fax: +886-2-

23625717)

This research is to study the incidence of Huanglongbing (HLB) in decline citrus trees and

complex infection of Citrus tristeza closterovirus (CTV) and Citrus tatter leaf capillovirus (CTLV) in

HLB-affected trees in all main citrus producing areas of Taiwan. The result indicated that average

30% of citrus crop showing yellow symptoms was infected by HLB over Taiwan. Eureka lemon

infected HLB in Pingtung county was the worst, having 52.8% incidence. In HLB-infected lemon

trees, there were about 40% co-infected with CTLV, but no co-infection of CTV. Diseased pummelo

samples collected in Yunlin and Hualien counties were 30~45% infected by HLB and approximately

40% HLB-infected pummelo were co-infected with CTLV. However, complex infection of CTV was

variability in different pummelo cultivars. In Wentan, Paiyu, and Kao Pan pummelo cultivars only

3~8% co-infected by CTV, but 90% incidence of CTV co-infection were found in hybrid pummelo

including grapefruit and Minneola tangelo. Yellowing kumquat collected in Yilan county had the least

incidence of 10% of HLB infection, but complex infection of CTV or CTLV was still over high

incidence of 60%. Therefore, HLB infection and complex infection of virus disease were significantly

different among citrus cultivars. Due to virus co-infection in the field was complicated, in order to

distinguish typical HLB symptoms, 6 types of yellowing samples were collected from virus-free

sweet orange field. After HLB inspecting, the highest incidence of HLB was type 6. In latent infection

study, only 5~6% symptomless pummelo and lemon were infected by HLB. It also means HLB was

correlated closely with yellow symptoms and latent infection was less. Finally, little HLB-like but

negative to HLB-PCR samples were observed in electron microscopy and a large number of CTV-like

particles were accumulated in phloem cell which seemed to be the reason of their decline.

Key words: Huanglongbing, symptom type, complex infection, citrus cultivar, Citrus tristeza

closterovirus, Citrus tatter leaf capillovirus


