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i i i  

Citrus greening disease caused by greening organism (GO; Liberobacter 

asiaticum) is  one of the most destructive diseases of citrus in Malaysia and 

Indonesia. To detect the GO in  infected plant tissues, Polymerase Chain 

Reaction (PCR) , an accurate, rapid and rel iable detection method was applied 

to detect the 1 6S rONA fragments of the GO in leaves showing one of several 

typical symptoms of greening collected from GO-infected mandarin trees in 

Malaysia and Indonesia. 

In GO-infected mandarin trees, four typical symptoms of greening on leaves 

were observed, namely mottling (type I) ,  mild chlorosis with green veins (type 

I I) ,  severe chlorosis with green veins (type I I I )  and vein yellowing (type IV) . 

Types I I  and I I I  symptoms were mostly found in  GO-infected mandarin trees in 

the field, followed by type I symptom, whi le type IV symptom was rare. 
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Before PCR was used for the detection of GO in infected plant tissues, several 

experiments relating to the optimization of the PCR condition were conducted . 

Results indicated that the best sample of citrus tissues for DNA extraction was 

the midrib plus the petiole. This can be shown by more intense band observed 

after agarose gel electrophoresis. A positive amplification was still visible when 

the reaction mixture contained 1 0  ng of total DNA was used. Results of the 

optimization of the PCR condition indicated that the optimal PCR buffer for 

amplification of GO's DNA was the standard buffer containing 78 mM Tris-HCI 

(pH 8 .8),  1 7  m M  (NH4hS04, 1 0  mM ()-mercaptoethanol and 200 )1g of Bovine 

Serum Albumin (BSA) . The optimal concentrations of MgClz, dNTP, primer and 

Taq DNA polymerase to be used in  reaction mixture were 1 .5 mM, 0.2 mM, 

0.4 J.tM, and 1 Un it, respectively. The optimal anneal ing temperature and 

number of cycles of PCR condition were 55°C and 40 cycles, respectively .  

The 1 6S rONA fragments of the GO in expected size of 1 1 60 bp were detected 

in each typical symptoms. These fragments were ampl ified from DNA extracted 

from mandarin cultivars infected with the GO and were not amplified from DNA 

extracted from healthy trees. These fragments were also detected in  i nsect 

vector (Diaphorina citn) collected from GO-infected mandarin trees and were 

not amplified from DNA extracted from healthy vector collected from Murayya 

paniculata using cetyl trimethyl ammonium bromide (CTAB) method for D NA 

extraction . 
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Restriction enzyme analysis of the representative samples of six citrus growing 

areas in Malaysia and Indonesia indicated that the 1 68 rONA fragments of GO 

were each digested into two fragments of the expected size of 640 bp and 520 

bp using restriction enzyme Xbal. Therefore, it was confirmed that GO from 

infected mandarin trees in Malaysia and Indonesia was L. asiaticum. 
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VI 

Penyakit 'citrus greening' yang disebabkan organisma 'greening' (GO; 

Uberobacter asiaticum) merupakan salah satu penyakit yang paling 

merosakkan pokok limau di Malaysia dan Indonesia. Untuk mengesan 

kehadiran GO dalam tisu tanaman berpenyakit, tindakba\as rantaian po\ imerase 

(peR) , satu teknik pengesanan yang tepat, cepat dan boleh dipercayai telah 

digunakan untuk mengesan serpihan 1 6S rONA GO pad a daun-daun l imau 

yang menunjukkan beberapa simptom tipika\ penyakit 'greening ' .  Oaun-daun ini 

diperolehi daripada pokok l imau mandarin yang dijangkiti GO di Malaysia dan 

Indonesia. 

Pada pokok limau mandarin yang dijangkiti GO, em pat simptom tipikal penyakit 

'greening' pada daun-daun telah diperhatikan iaitu 'mottling' Genis I), klorosis 

yang tidak ketara (mild chlorosis with green vein ,  jenis I I) ,  klorosis yang ketara 
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(severe chlorosis with green vein , jenis I I I) dan urat daun menguning (vein 

yellowing,  jenis IV) . Simptom jenis II dan III adalah paling banyak ditemui pada 

pokok limau mandarin yang dijangkiti GO di lapangan,  diikuti oleh simptom 

jenis I, manakala simptom jenis IV adalah simptom yang jarang d itemui . 

Sebelu m  tindakbalas rantaian polimerase (PCR) digunakan untuk mengesan 

kehadira GO dalam tisu tanaman berpenyakit, beberapa kajian berhubung 

dengan pengoptimuman keadaan PCR d ijalankan . Keputusan menunjukkan 

bahawa tisu l imau yang terbaik digunakan untuk pengekstrakan DNA ada lah 

'midrib' dan 'petiole'. In i  dapat di l ihat daripada produk PCR yang lebih terang 

diperhatikan setelah elektroforesis gel agarose. Amplifikasi yang positif masih 

boleh di l ihat apabila campuran PCR mengandungi 1 0  ng DNA yang telah 

ditulinkan digunakan.  Keputusan pengoptimuman keadaan PCR menunjukkan 

bahawa penimbal PCR yang optimum untuk ampl ifikasi DNA GO adalah 

pen imbal yang lazim digunakan (standard) yang mengandungi 78 mM Tris-HCI, 

1 7  mM (NH4)zS04, 1 0  mM (3-mercaptoethanol dan 200 !J.g Bovine Serum 

Albumin (BSA). Kepekatan yang optimum untuk MgCb, dNTP, primer dan Taq 

DNA pol imerase yang digunakan dalam campuran PCR adalah masing-masing 

1 .5 m M, 0.2 mM, 0.4 !J.M dan 1 unit. Suhu pelekatan primer dan bi langan 

kitaran untuk keadaan PCR adalah masing-masing 55°C dan 40 kitaran. 
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Serpihan 1 6S rONA GO pada saiz 1 160 bp yang dijangkakan dikesan pada 

setiap simptom tipikal penyakit 'greening' .  Serpihan in i  diamplifikasi daripada 

DNA yang diekstrak daripada l imau mandarin yang dijangkiti oleh GO dan tidak 

diamplifikasi daripada DNA yang diekstrak daripada pokok limau yang sihat. 

Serpihan ini juga boleh dikesan pada vektor serangga (Diaphorina citn) yang 

diperolehi daripada pokok limau mandarin yang dijangkiti oleh GO dan tidak 

dikesan daripada DNA yang diekstrak daripada vektor sihat. 

Keputusan anal isis endonuclease pembatas untuk sampel-sampel daripada 

enam kawasan penanaman limau di Malaysia dan Indonesia menunjukkan 

bahawa serpihan-serpihan 1 6S rONA GO masing-masing dipotong menjadi 

dua serpihan yang d ijangkakan iaitu 640 bp dan 520 bp menggunakan enzim 

endonuclease pembatas Xba l .  Oleh yang demikian ,  hasil kajian ini 

mengesahkan bahawa organisma 'greening' yang terdapat pada pokok l imau 

mandarin di Malaysia dan Indonesia adalah L. asiaticum. 
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CHAPTER 1 

INTRODUCTION 

1 .1 .  Background of the Study 

Citrus (Citrus spp . )  is one of the major world trade commodities both 

as fresh or processed fruits. Citrus fruits comprising oranges, mandarins,  

lemons, limes, grapefruits, and pomelos are widely grown in al l  tropical and 

subtropical areas of the world .  In I ndonesia and Malaysia particularly , 

mandarin cultivar (Citrus reticu/ata Blanco) is widely cultivated by farmers 

because of its early vigour, well-adapted in the lowland, and offering a good 

income (Aubert, 1 992; Ko, 1 992; Sastijati, 1 992; Sugiyanto, 1 992). 

In the world,  the main citrus production countries are Brazi l ,  USA, 

China,  Spain ,  Mexico, I ran and Italy (FAa, 200 1 ) . Whereas, in South East 

Asia are Thailand, Indonesia and Philippines (Xu et a I . ,  1 99 1 ;  FAa, 200 1 ) .  

During the period of1 990 to 1 998, the total harvested area and production of 

citrus i n  I ndonesia averaged at 44,433 ha and 508,780 t, respectively 

(Ministry of Agriculture, Republ ic of I ndonesia, 2001 ) .  

Production of citrus i n  Asian countries, particularly China and South 

East Asian countries decreased sharply since 1 980's because of the 

presence of several major diseases. One of the most destructive diseases of 

citrus is citrus greening disease (CGD) that caused crop and tree loss i n  
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many parts of Asia and Africa. Before it was identified as one disease, it was 

known by various other names such as yellow shoot (huang lungbin) in 

China (Lin and Lin, 1 990) , l ikubin (decline) in Taiwan (Su and Huang, 1 990), 

dieback in India, leaf mottle in Phil ippines (Gonzales, 1 987) ,  citrus vein 

phloem degeneration (CVPD) in Indonesia, and yellow branch or greening in 

South Africa (da Graca, 1 99 1 ) . As it became clearer that all these were 

similar d isease, the name "greening" was widely adopted. 

Losses from greening to the citrus industry in detail have not been 

much published , but some data of the severity of the disease in several 

citrus-growing areas have been published . For example, in China the citrus 

production in Yangcun farm (one of the largest citrus farms) dropped to 

5 ,000 t in 1 982 from 450,000 t in 1 977 because of huanglungbin (greening) 

disease (Ke, 1 987), In I ndonesia, estimated more than 8 mill ion trees were 

infected and caused an annual loss of US$ 22,000 (Nurhadi et aI . ,  1 992) 

because of greening disease. 

In Malaysia, evidence of the occurrence of greening d isease was 

known after efforts on greening disease research were intensified by 

Malaysian government with FAO/UNDP since 1 988 (Lim et aI . ,  1 990) . Based 

on the typical greening symptoms, the presence of the vector (Diaphorina 

citn) , and the positive results of transmission tests, greening disease was 

found in Kuala Terla (Cameron H ighland), Jelebu, Kuala Jerangau, Serdang 
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and Klang (Lim et aI. , 1 990; Aubert, 1 992; Osman and Lim, 1 992) . In 

I ndonesia the greening disease, known by the name of Citrus Vein Phloem 

Degeneration (CVPD), has apparently penetrated the Indonesian 

archipelago in the 1 940s (Aubert et aI. , 1 985) and seriously affected citrus 

production in Indonesia since 1 950 (Setyobudi et aI . ,  1 992) . 

Greening disease is caused by a nonculturable, phloem-limited 

bacterium,  which was proposed by Jaqoueix et al .  ( 1 994) the name 

Liberobacter asiaticum in  Asia and L. africanum in Africa, after the nucleotide 

sequences of the 1 6S rONA of the Indian and African isolates of the GO 

have been determined. According to Jagoueix et al. ( 1 996) , Xbal restriction 

enzyme should hydrolyze the 1 6S rONA of L. asiaticum into two fragments 

(640 bp and 520 bp) and that of L. africanum into three fragments (520 bp, 

506 bp and 1 30 bp) . Greening disease was initially considered that the 

causal agent of greening d isease was a mycoplasma-l ike organism (MlO). 

However, this organism was soon found to be enclosed by a 25 nm thick 

envelope, which was much thicker than the unit membrane envelope 

characteristic of MlOs (7 to 1 0  nm thickness) . By analogy with MlO, this 

organism was called Bacterium-l ike Organism (BlO) or greening organism 

(Nakashima et aI . ,  1 996) . This organism is transmitted by two insect vectors, 

the psyll id Diaphorina citri in Asia and Trioza erytreae in Africa (Martinez and 

Wallace, 1 969; McClean et aI . ,  1 969). 


