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Abstract. The symptoms of Huanglongbing (HLB) disease are 
occasionally misunderstood with nutrient deficiency symptoms. The study 
aimed to develop HLB specific primer targeting the CLIBASIA_RS01220 
gene sequence for HLB detection in citrus plants collected around 
Cimanggu, Bogor. A total of 21 citrus leaves showing HLB symptoms were 
subjected to the bacterial DNA isolation and subsequently were amplified 
with the newly designed primer, namely YihY primers, and the reference 
A2/J5 primers. Of these, 15 out of 21 collected citrus leaves exhibited 
positive detection of HLB yielded a band size of 930 bp as targeted amplicon 
of the YihY primer. On the other side, the primer A2/J5 succesfully detected 
positive amplicon band with a size of 703 bp from 17 out of 21 citrus leaves. 
Based on the homology sequences analysis, all of the HLB isolate sequences 
both amplified by YihY and A2/J5 primers had similarity with Candidatus 
Liberibacter asiaticus. The phylogenetic analysis, both based on YihY and 
A2/J5 primers showed the mixed between bacterial isolates collected from 
Japansche citroen maintained in the Cikeumeuh greenhouse and lime trees 
in Cimanggu greenhouse, assuming the HLB isolate has been transferred 
between the two greenhouses by the ability of Diaphorina citri to fly in far 
distance. 
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1 Introduction 
Huanglongbing (HLB) also known as “citrus degreening” or “citrus vein phloem 
degeneration (CVPD)” is one of the most significant diseases in citrus plantations around the 
world. This disease caused by Gram-negative bacteria that unable to be cultured in artificial 
media, namely Candidatus Liberibacter, which infected citrus phloem tissue and causing the 
accumulation of callose that led to inhibition of the photosynthate transport [1-3]. The 
pathogen will affect the citrus production, by causing the shorter plant height, less fruit 
number with small fruit size, and the bitter fruit taste [4]. In Asia, the disease caused by a 
heat-tolerant species known as Candidatus Liberibacter asiaticus (Ca L. asiaticus) that spread 
by Asian citrus psyllid (Diaphorina citri) as a vector [4]. This pathogen has been reported to 
cause several damage to citrus plantantion in Asia countries such as China, India, Japan, Iran, 
Nepal, Pakistan, Yemen, Vietnam, Thailand, Philippines, Taiwan, Malasia, and Indonesia 
[5]. 

The existence of HLB in Indonesia has been recorded since 1950 in Java Island [6]. From 
the last of 1980s to the early of 2000s, HLB has damaged several center citrus productions 
in Indonesia such as in Tulungagung-East Java, North Bali, Purworejo-Central Java, and 
Sambas-West Kalimantan, and caused enormous both yield and economic losses [7]. This 
condition occurred due to the inability of HLB detection from the visible symptoms at an 
early stage which essential for HLB disease prevention. HLB visual symptoms such as 
chlorosis, blotchy mottled leaf, and vein corking have been misunderstood with plant 
nutritional deficiencies of nitrogen (N), zinc (Zn), manganese (Mn), and iron (Fe) [8] or other 
diseases caused by virus [9] for a long time. The other phenotypic symptoms could be 
identified from fruit such as smaller size, the green color of stylar while peduncular end 
change color from green to yellow, and assymetrical locul [10]. However, citrus is a perennial 
plant that needs more than three years to produce fruits, so it will be challenging to detect the 
disease visually in juvenile phase. Therefore, a fast and accurate detection method is needed 
in order to prevent the damage of HLB disease as early as possible in citrus breeding program. 

Several detection methods for HLB detection have been developed and previously 
reported in several studies, such as by using loop-mediated isothermal amplification (LAMP) 
[11, 12]; conventional Polymerase Chain Reaction (PCR) [13-15]; real-time PCR (RT-PCR) 
[16-19]; and Raman spectroscopy [20-22]. Conventional PCR using specific gene primer is 
currently a well known method for HLB detection. This method is more suitable for the small 
scale laboratories located in remote area, especially in developing countries because of its 
lower budget cost in comparison to RT-PCR method. Nevertheless, this method is less 
sensitive compared to RT-PCR, but produced more accurate results compared to LAMP 
method that occassionally more subjective in color changing determination. 

Several primers for HLB detection have been reported previously with various types of 
gene target sequence [23]. The first primer was designed based on 16S rDNA gene [24], 
followed by β-operon gene [25]. Subsequently, the primer based on nusG–rplK genes using 
long PCR [26] were developed. Several studies also reported the design of next specific 
primers based on 16S rDNA gene [27-29], with more specificity and robustness. The 
successful of designing new primer based on hypervariable prophage gene (hyvI and hyvII) 
that plays crucial function in the bacterial pathogenicity evolution process also reported [30], 
especially for Ca. L. asiaticus diversity analysis. However, the development of new specific 
primers is still needed to complete the molecular marker database for better results in HLB 
detection. The focus of this study was to utlilized newly designed primer based on a gene 
sequence located in CLIBASIA_RS01220 locus for HLB detection in citrus plants collected 

around Cimanggu, Bogor. It is expected that the presence of newly developed primers 
conducted in present study could enrich the primer database and help the breeders for early 
detection of HLB in citrus plant, especially in small scale laboratories. 

2 Materials and Methods 

2.1 Genetic materials 

A total of twenty one citrus leaves derived from plant trees that visually showed HLB 
symptoms, such as chlorosis, blotchy, and yellowing were used as genetic materials in this 
study (Figure 1). As many as thirteen leaves were collected from the Japansche citroen 
(Citrus limonia Osbeck) trees that grew around Cikeumeuh greenhouse (labeled as JC-1 to 
JC-13), while the rest were collected from the lime (Citrus aurantifolia Swingle) trees that 
grew around Cimanggu Greenhouse in Bogor (labeled as Lime-1 to Lime-8) (Figure 1)

 
Fig. 1. Morphological visualization of symptomatic citrus leaf samples used in this study. 

2.2 Primer design 

The newly primer in this study was designed based on a gene that located in 
CLIBASIA_RS01220 locus with the length of 846 bp (265,720 to 264,875) which encoded 
YihY/virulence factor BrkB family protein. The complete gene sequence was collected from 
Candidatus Liberibacter asiaticus psy62 genome from Citrus Genome Database 
(https://www.citrusgenomedb.org/). The primer was designed using Primer3Plus 
(https://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi) [32] in the flanking 
area of the coding sequence and verified using Primer-BLAST 
(https://www.ncbi.nlm.nih.gov/tools/primer-blast/index.cgi) [33] to assure that the primer 
only have one annealing site. The sequence of the primer was presented in Table 2. As the 
comparison, the A2/J5 primer that designed from partial sequence of β-operon (rplKAJL-
rpoBC operon) genes and previously reported [25] was also used in this study (Table 1). 
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Table 1. List of specific gene primers for CLas detection used in this study. 

Primer 
name 

Sequence (5’-3’) Gene target Produc
t size 

Reference 

YihY-F AAGCCTGAATTTATTTTGATCCCACA CLIBASIA_RS01220 
locus which encoded 
YihY/virulence factor 
BrkB family protein 

930 bp This study 

YihY-R TTTGTCATCGCATGCCAATCC 

A2 TATAAAGGTTGACCTTTCGAGTTT β-operon (rplKAJL-
rpoBC operon) gene 

which encode 
ribosomal protein 

669 or 
703 bp 

[25] 

J5 ACAAAAGCAGAAATAGCACGAACAA 

2.3 Genomic DNA extraction, DNA amplification, and Sanger sequencing 

The genomic DNA of CLas was extracted using the modified method [31] from citrus leaf 
samples. A total of 0.5 gram blotchy or yellowing citrus leaf was ground using 500 μL of 
extraction buffer [2% (w/v) cetyltrimethylammonium bromide (CTAB), 100 mM Tris-HCl 
pH 8.0, 20 mM EDTA pH 8.0, 1.4 M NaCl, 2% (w/v) polyvinylpyrrolidone (PVP), and 
0.38% (w/v) sodium bisulfite] in sterile mortar. The grinding result was then put into a 2 mL 
microtube and the addition of extraction buffer was conducted until the volume reached 800 
μL. Each samples were then incubated in 65 °C of waterbath for 15 min with homogenizing 
the samples thoroughly every 5 minutes. The samples were then extracted using 800 μL of 
chloroform: isoamyl alcohol solution (24:1 v/v) and centrifuged at 12,000 rpm at 20 °C for 
10 minute. The supernatant was then transfered carefully into a new 1.5 mL microtube, 
followed by the addition of 3M sodium acetate (pH 5.2) at 1/10 of the supernatant volume 
and cold isopropanol in equal volume of the supernatant. The samples were then mix gently 
and incubated at −20 °C for 1 h and centrifugated at 12,000 rpm at 20 °C for 10 min. The 
supernatant was discarded and the DNA pellets were washed using 70% (v/v) cold ethanol 
and dried overnight in room temperature. Finally, the dried DNA pellets were dissolved in 
100 μL of TE solution (10 mM Tris, pH 8.0, and 1 mM EDTA). The concentration and purity 
of each DNA stock solutions were measured using NanoDrop Spectrophotomer 
(ThermoScientific, USA) and followed by dilution to a concentration of 20 ng/μL for the 
amplification process. 
 DNA from each samples were then amplified in a total reaction volume of 40 μL 
containing 20 ng/μL DNA template to a volume of 2 μL, 2×MyTaqTM HS Red Mix (Bioline, 
UK) to a volume of 20 μL, 2 μL of forward and reverse primers each at a concentration of 10 
μM, and sterile ddH2O. The PCR reaction was conducted in a T100 Thermal Cycler (Bio-
Rad, USA) with the following profile conditions such as: initial denaturation at 95 °C for 5 
minutes, followed by 35 cycles of denaturation at 94 °C for 30 seconds, annealing at 55 °C 
for 1 minutes, and extension at 72 °C for 1 minutes. The PCR reaction was completed with 
the final extension step at 60 °C for 15 min. The PCR products were then separated using 1% 
agarose gel in an electrophoresis tank containing 0.5× Tris Borate EDTA (TBE) buffer at 
100 V for 25 minutes, stained using 10 mg/mL ethidium bromide, and visualized using UV 
Transilluminator. The samples with positive amplicon band were then sent to Genomic 
Laboratory of National Research and Innovation Agency (BRIN) in Cibinong Science Center 
for Sanger sequencing analysis. 

2.4 Data analysis 

The Sanger sequencing results were then analyzed using blastn (Basic Local Alignment 
Search Tool Nucleotide) menu on the NCBI (National Center for Biotechnology Information) 
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) utilizing highly similar sequences (megablast) 
program [34]. The aligned results which showed the homology of the sequences with the 
database collection, including informations such as species name, gene bank accession 
number, query cover, E-value, and percent identity, were collected. The phylogenetic tree 
was constructed using the Neighbor Joining method with Tamura-Nei model by 1000 times 
bootstrap on Mega X [35]. The sequence of Candidatus Liberibacter africanus isolate Ang37 
(CP054879.1) was used as the outgroup for sequences amplified by YihY primer and the 
sequence of Ca. L. africanus subsp. Capensis strain Good Hope (JF419555.1) was used as 
the outgroup for sequences amplified by A2/J5 primer. 

 

3 Results and discussions 

3.1 HLB detection using conventional PCR method 

The genomic DNA extraction results showed the DNA concentrations that ranging from 70.8 
(JC-7) to 250.6 (Lime-8) ng/μL, with the average of 118.8 ng/μL (Table 2). The A260/A280 
ratio was ranging from 1.71 (Lime-3) to 2.04 (Lime-6), with the average of 1.89. There are 
several factors that affected the successful of DNA extraction method such as the genetic 
material conditions that were used and their handling process; the lysis of the tissue and 
elimination process of the contaminants such as polysacharides, phenolic compounds, 
protein, and RNA;  also the composition of the solutions that were used in extraction process 
[36, 37]. However, Ca. L. asiaticus is a parasitic bacteria that distributed inside the citrus 
phloem tissue, so that the genomic DNA obtained in this study was a mix between the citrus 
DNA and the DNA of these bacteria. Therefore, the utilization of specific-gene primers for 
this bacteria as demonstrated in this study, is necessary to avoid the cross-amplification with 
the citrus DNA.  
 The PCR results using YihY primer showed that as many as 15 leaves from the total of 
21 collected leaf samples showed positive amplicon band at a size of 930 bp as targeted. On 
the other side, the primer A2/J5 could detect 17 leaves with positive amplicon band from the 
total of 21 leaves with a size of 703 bp. Among 21 DNA samples, there were two samples 
namely JC-2 and Lime-2 that failed to be amplified by YihY primers. Nevertheless, both of 
these two samples were possessed good quality and quantity DNA, reflected by their DNA 
concentrations and purities as presented in Table 2. Additionally, both the newly designed 
primers and A2/J5 primers could not produced amplicon band from the DNA amplification 
of five samples namely JC-1, JC-4, JC-7, and JC-9. In this study, we assumed that the failed 
of DNA amplification process of those four samples was not affected by the DNA 
concentration or purity but caused by the non-existance of the bacteria in those leaf samples. 
The leaves symptoms that showed by those four samples might be similar and 
indistinguishable between nutrient deficiency and HLB disease symptoms. Nutrient 
deficiency symptoms in plants is usually misunderstood to HLB disease [8], therefore the 
detection using PCR method is necessary to ensure this. 
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Table 2. The measurement results of DNA concentration and purity using NanoDrop 
spectrophotometer. 

No. Samples 
Name 

DNA concentrations 
(ng/μL) 

A260/A280 

1. JC-1 114.4 1.95 

2. JC-2 117.3 1.96 
3. JC-3 168.3 2.02 
4. JC-4 105.8 1.94 
5. JC-5 65.3 1.97 
6. JC-6 180.8 1.92 
7. JC-7 70.8 1.84 
8. JC-8 115.9 2.03 
9. JC-9 156.1 2.02 

10. JC-10 145.2 1.87 
11. JC-11 91.8 1.76 
12. JC-12 112.3 1.91 
13. JC-13 80.4 1.77 
14. Lime-1 71.7 1.60 
15. Lime-2 141.4 1.90 
16. Lime-3 80.9 1.71 
17. Lime-4 91.2 1.92 
18. Lime-5 119.1 1.83 
19. Lime-6 165.5 2.04 
20. Lime-7 95.7 1.86 
21. Lime-8 205.6 1.84 

Average 118.8 1.89 
 
 
 Previous study [25] reported that the amplicon band at a size of 703 bp indicated the 
HLB isolates are from the Candidatus Liberibacter asiaticus (CLas) species. On the contrary, 
when the amplicon band showed a size of 669 bp, the bacteria identified are from the 
Candidatus Liberibacter africanus (CLaf) species. CLaf caused HLB disease that attacked 
citrus plantation in the African region. On the opposite to CLas that was found in Asia region 
and heat tolerant, this bacteria had heat sensitive character and is spread by Tryoza eritrea as 
the vector [38]. Therefore, Sanger sequencing was necessary to assure the bacteria species 
that identified in this study. 
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Table 2. The measurement results of DNA concentration and purity using NanoDrop 
spectrophotometer. 

No. Samples 
Name 

DNA concentrations 
(ng/μL) 

A260/A280 

1. JC-1 114.4 1.95 

2. JC-2 117.3 1.96 
3. JC-3 168.3 2.02 
4. JC-4 105.8 1.94 
5. JC-5 65.3 1.97 
6. JC-6 180.8 1.92 
7. JC-7 70.8 1.84 
8. JC-8 115.9 2.03 
9. JC-9 156.1 2.02 

10. JC-10 145.2 1.87 
11. JC-11 91.8 1.76 
12. JC-12 112.3 1.91 
13. JC-13 80.4 1.77 
14. Lime-1 71.7 1.60 
15. Lime-2 141.4 1.90 
16. Lime-3 80.9 1.71 
17. Lime-4 91.2 1.92 
18. Lime-5 119.1 1.83 
19. Lime-6 165.5 2.04 
20. Lime-7 95.7 1.86 
21. Lime-8 205.6 1.84 

Average 118.8 1.89 
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that identified in this study. 
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 The utilization of conventional PCR method as showed in this study still could be a 
potential tool to help the citrus farmers for identification of Huanglongbing disease in the 
future, because of its lower budget cost in comparison to RT-PCR and more accurate results 
compared to LAMP. The less sensitivity that possessed by conventional PCR compared to  
RT-PCR because of the different method in detection process. The conventional PCR is a 
gel-based detection under UV light using the ethidium bromide stained, while RT-PCR 
measurement is based on fluorescence in each single PCR plate well [39]. Previous study [9] 
demonstrated the accuracy and sensitivity of RT-PCR method in Huanglongbing detection 
using smaller amount of DNA. However, the conventional PCR method is suitable for the 
small scale laboratories located in remote area, especially in developing countries such 
Indonesia whereas the presence of RT-PCR in molecular laboratory are still limited.   

3.2 Isolates identification using sequence homology to NCBI database 

The homology analysis from HLB isolate sequence amplified by YihY primer showed that 
all of the sequences had similarity with Ca L. asiaticus isolate GDMMLM3 (Table 3). The 
query coverage obtained in this study ranged from 90 (Lime-4) to 98% (Lime-8) with all of 
the sequences showed E-value of 0.0. Menawhile, the percentage identity ranged from 95.98 
(Lime-5) to 99.88% (Lime-6). 
 On the other side, the homology analysis from bacterial DNA sequence amplified by 
A2/J5 primer showed different results. A total of seven sequences (JC-3, JC-11, JC-12, JC-
13, Lime-1, Lime-6, and Lime-8) showed homology to Ca. L. asiaticus strain MH 'B-L3P4-
Mo', while five sequences (JC-5, JC-8, JC-10, Lime-3, and Lime-7) exhibited homology to 
Ca. L. asiaticus isolate GXHZ9, two sequences (JC-2 and Lime-2) showed homology to Ca. 
L. asiaticus isolate HANCM3b, one sequence (JC-6) showed homology to Ca. L. asiaticus 
strain KhM-ii, one sequence (Lime-4) showed homology to Ca. L. asiaticus clone L10, and 
one sequence (Lime-5) showed homology to Ca. L. asiaticus strain: 60 (Table 3). The query 
coverage ranged from 65 (Lime-4) to 99% (JC-3 and JC-10) with all of the sequences showed 
E-value of 0.0. The percentage identity ranged from 90.74 (Lime-4) to 100% (Lime-2 and 
Lime-8). 
 Both YihY and A2/J5 primers could similarly identify the HLB bacteria isolated from 
Cikeumeuh and Cimanggu greenhouse as Ca. L. asiaticus. Nevertheless, A2/J5 primers could 
detect higher variation among isolates used in this study. Taken together, it could be assumed 
that YihY primer amplified the more conserved gene target rather than A2/J5 primer, so its 
ability to detect variation among the HLB isolates was lower than A2/J5 primer. It is reported 
that, the markers that designed in relatively conserved gene is very useful for genetic 
variation studies between distantly related prokaryotes, but it less useful for distinguishing 
between closely related prokaryotes, as previously demonstrated by 16S rRNA gene [40]. 

Table 3. Sequence homology among HLB isolates that amplified by YihY and A2J5 primers 

No. Samples 
Name 

Accession 
Number 

Species Query 
coverage 

(%) 

E-
value 

Identity 
(%) 

Yihy Primer Amplification 
1. JC-3 CP131347.1 Ca. L. asiaticus 

isolate GDMMLM3 
95 0.0 99.42 

2. JC-5 CP131347.1 Ca.  L. asiaticus 
isolate GDMMLM3 

96 0.0 99.65 

3. JC-6 CP131347.1 Ca. L. asiaticus 
isolate GDMMLM3 

94 0.0 99.30 

4. JC-8 CP131347.1 Ca. L. asiaticus 
isolate GDMMLM3 

96 0.0 99.77 

5. JC-10 CP131347.1 Ca.L. asiaticus 
isolate GDMMLM3 

96 0.0 99.77 

6. JC-11 CP131347.1 Ca.L. asiaticus 
isolate GDMMLM3 

96 0.0 99.77 

7. JC-12 CP131347.1 Ca.L. asiaticus 
isolate GDMMLM3 

97 0.0 99.77 

8. JC-13 CP131347.1 Ca.L. asiaticus 
isolate GDMMLM3 

96 0.0 99.77 

9. Lime-1 CP131347.1 Ca.L. asiaticus 
isolate GDMMLM3 

96 0.0 99.54 

10. Lime-3 CP131347.1 Ca.L. asiaticus 
isolate GDMMLM3 

96 0.0 99.65 

11. Lime-4 CP131347.1 Ca.L. asiaticus 
isolate GDMMLM3 

90 0.0 98.41 

12. Lime-5 CP131347.1 Ca.L. asiaticus 
isolate GDMMLM3 

95 0.0 95.98 

13. Lime-6 CP131347.1 Ca.L. asiaticus 
isolate GDMMLM3 

96 0.0 99.88 

14. Lime-7 CP131347.1 Ca.L. asiaticus 
isolate GDMMLM3 

95 0.0 99.42 

15. Lime-8 CP131347.1 Ca.L. asiaticus 
isolate GDMMLM3 

98 0.0 98.55 

A2/J5 Primer Amplification 
1. JC-2 CP131270.1 Ca.L. asiaticus 

isolate HANCM3b 
97 0.0 99.54 

2. JC-3 JQ973890.1 Ca.L. asiaticus strain 
MH 'B-L3P4-Mo' 

99 0.0 99.55 

3. JC-5 CP131303.1 Ca.L. asiaticus 
isolate GXHZ9 

97 0.0 99.69 

4. JC-6 KC477375.1 Ca.L. asiaticus strain 
KhM-ii 

96 0.0 99.85 

5. JC-8 CP131303.1 Ca.L. asiaticus 
isolate GXHZ9 

96 0.0 99.24 

6. JC-10 CP131303.1 Ca.L. asiaticus 
isolate GXHZ9 

99 0.0 99.10 

7. JC-11 JQ973890.1 Ca.L. asiaticus strain 
MH 'B-L3P4-Mo' 

98 0.0 99.39 

8. JC-12 JQ973890.1 Ca.L. asiaticus strain 
MH 'B-L3P4-Mo' 

98 0.0 99.69 

9. JC-13 JQ973890.1 Ca.L. asiaticus strain 
MH 'B-L3P4-Mo' 

97 0.0 99.39 

10. Lime-1 JQ973890.1 Ca.L. asiaticus strain 
MH 'B-L3P4-Mo' 

97 0.0 99.10 

11. Lime-2 CP131270.1 Ca.L. asiaticus 
isolate HANCM3b 

73 0.0 100 

12. Lime-3 CP131303.1 Ca.L. asiaticus 
isolate GXHZ9 

96 0.0 99.39 

13. Lime-4 KR919750.1 Ca.L. asiaticus clone 
L10 

65 0.0 90.74 

14. Lime-5 LC090236.1 Ca.L. asiaticus 
strain: 60 

97 0.0 99.09 

15. Lime-6 JQ973890.1 Ca.L. asiaticus strain 
MH 'B-L3P4-Mo' 

98 0.0 99.40 

16. Lime-7 CP131303.1 Ca.L. asiaticus 
isolate GXHZ9 

97 0.0 99.39 

8

BIO Web of Conferences 184, 02001 (2025)	 https://doi.org/10.1051/bioconf/202518402001
ISISBMB 2025



 The utilization of conventional PCR method as showed in this study still could be a 
potential tool to help the citrus farmers for identification of Huanglongbing disease in the 
future, because of its lower budget cost in comparison to RT-PCR and more accurate results 
compared to LAMP. The less sensitivity that possessed by conventional PCR compared to  
RT-PCR because of the different method in detection process. The conventional PCR is a 
gel-based detection under UV light using the ethidium bromide stained, while RT-PCR 
measurement is based on fluorescence in each single PCR plate well [39]. Previous study [9] 
demonstrated the accuracy and sensitivity of RT-PCR method in Huanglongbing detection 
using smaller amount of DNA. However, the conventional PCR method is suitable for the 
small scale laboratories located in remote area, especially in developing countries such 
Indonesia whereas the presence of RT-PCR in molecular laboratory are still limited.   
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the sequences showed E-value of 0.0. Menawhile, the percentage identity ranged from 95.98 
(Lime-5) to 99.88% (Lime-6). 
 On the other side, the homology analysis from bacterial DNA sequence amplified by 
A2/J5 primer showed different results. A total of seven sequences (JC-3, JC-11, JC-12, JC-
13, Lime-1, Lime-6, and Lime-8) showed homology to Ca. L. asiaticus strain MH 'B-L3P4-
Mo', while five sequences (JC-5, JC-8, JC-10, Lime-3, and Lime-7) exhibited homology to 
Ca. L. asiaticus isolate GXHZ9, two sequences (JC-2 and Lime-2) showed homology to Ca. 
L. asiaticus isolate HANCM3b, one sequence (JC-6) showed homology to Ca. L. asiaticus 
strain KhM-ii, one sequence (Lime-4) showed homology to Ca. L. asiaticus clone L10, and 
one sequence (Lime-5) showed homology to Ca. L. asiaticus strain: 60 (Table 3). The query 
coverage ranged from 65 (Lime-4) to 99% (JC-3 and JC-10) with all of the sequences showed 
E-value of 0.0. The percentage identity ranged from 90.74 (Lime-4) to 100% (Lime-2 and 
Lime-8). 
 Both YihY and A2/J5 primers could similarly identify the HLB bacteria isolated from 
Cikeumeuh and Cimanggu greenhouse as Ca. L. asiaticus. Nevertheless, A2/J5 primers could 
detect higher variation among isolates used in this study. Taken together, it could be assumed 
that YihY primer amplified the more conserved gene target rather than A2/J5 primer, so its 
ability to detect variation among the HLB isolates was lower than A2/J5 primer. It is reported 
that, the markers that designed in relatively conserved gene is very useful for genetic 
variation studies between distantly related prokaryotes, but it less useful for distinguishing 
between closely related prokaryotes, as previously demonstrated by 16S rRNA gene [40]. 

Table 3. Sequence homology among HLB isolates that amplified by YihY and A2J5 primers 

No. Samples 
Name 

Accession 
Number 

Species Query 
coverage 

(%) 

E-
value 

Identity 
(%) 

Yihy Primer Amplification 
1. JC-3 CP131347.1 Ca. L. asiaticus 

isolate GDMMLM3 
95 0.0 99.42 

2. JC-5 CP131347.1 Ca.  L. asiaticus 
isolate GDMMLM3 

96 0.0 99.65 

3. JC-6 CP131347.1 Ca. L. asiaticus 
isolate GDMMLM3 

94 0.0 99.30 

4. JC-8 CP131347.1 Ca. L. asiaticus 
isolate GDMMLM3 

96 0.0 99.77 

5. JC-10 CP131347.1 Ca.L. asiaticus 
isolate GDMMLM3 

96 0.0 99.77 

6. JC-11 CP131347.1 Ca.L. asiaticus 
isolate GDMMLM3 

96 0.0 99.77 

7. JC-12 CP131347.1 Ca.L. asiaticus 
isolate GDMMLM3 

97 0.0 99.77 

8. JC-13 CP131347.1 Ca.L. asiaticus 
isolate GDMMLM3 

96 0.0 99.77 

9. Lime-1 CP131347.1 Ca.L. asiaticus 
isolate GDMMLM3 

96 0.0 99.54 

10. Lime-3 CP131347.1 Ca.L. asiaticus 
isolate GDMMLM3 

96 0.0 99.65 

11. Lime-4 CP131347.1 Ca.L. asiaticus 
isolate GDMMLM3 

90 0.0 98.41 

12. Lime-5 CP131347.1 Ca.L. asiaticus 
isolate GDMMLM3 

95 0.0 95.98 

13. Lime-6 CP131347.1 Ca.L. asiaticus 
isolate GDMMLM3 

96 0.0 99.88 

14. Lime-7 CP131347.1 Ca.L. asiaticus 
isolate GDMMLM3 

95 0.0 99.42 

15. Lime-8 CP131347.1 Ca.L. asiaticus 
isolate GDMMLM3 

98 0.0 98.55 

A2/J5 Primer Amplification 
1. JC-2 CP131270.1 Ca.L. asiaticus 

isolate HANCM3b 
97 0.0 99.54 

2. JC-3 JQ973890.1 Ca.L. asiaticus strain 
MH 'B-L3P4-Mo' 

99 0.0 99.55 

3. JC-5 CP131303.1 Ca.L. asiaticus 
isolate GXHZ9 

97 0.0 99.69 

4. JC-6 KC477375.1 Ca.L. asiaticus strain 
KhM-ii 

96 0.0 99.85 

5. JC-8 CP131303.1 Ca.L. asiaticus 
isolate GXHZ9 

96 0.0 99.24 

6. JC-10 CP131303.1 Ca.L. asiaticus 
isolate GXHZ9 

99 0.0 99.10 

7. JC-11 JQ973890.1 Ca.L. asiaticus strain 
MH 'B-L3P4-Mo' 

98 0.0 99.39 

8. JC-12 JQ973890.1 Ca.L. asiaticus strain 
MH 'B-L3P4-Mo' 

98 0.0 99.69 

9. JC-13 JQ973890.1 Ca.L. asiaticus strain 
MH 'B-L3P4-Mo' 

97 0.0 99.39 

10. Lime-1 JQ973890.1 Ca.L. asiaticus strain 
MH 'B-L3P4-Mo' 

97 0.0 99.10 

11. Lime-2 CP131270.1 Ca.L. asiaticus 
isolate HANCM3b 

73 0.0 100 

12. Lime-3 CP131303.1 Ca.L. asiaticus 
isolate GXHZ9 

96 0.0 99.39 

13. Lime-4 KR919750.1 Ca.L. asiaticus clone 
L10 

65 0.0 90.74 

14. Lime-5 LC090236.1 Ca.L. asiaticus 
strain: 60 

97 0.0 99.09 

15. Lime-6 JQ973890.1 Ca.L. asiaticus strain 
MH 'B-L3P4-Mo' 

98 0.0 99.40 

16. Lime-7 CP131303.1 Ca.L. asiaticus 
isolate GXHZ9 

97 0.0 99.39 
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17. Lime-8 JQ973890.1 Ca.L. asiaticus strain 
MH 'B-L3P4-Mo' 

95 0.0 100 

 

In this study, the YihY primer was designed based on a gene located in 
CLIBASIA_RS01220 locus which encoded YihY/virulence factor BrkB family protein, that 
the function is still unclear in Ca. L. asiaticus. The selection of this locus is conducted due to 
its low similarity to Citrus sinensis genome sequence, in order to avoid the cross 
amplification to citrus DNA. Previous study showed that the YihY/virulence factor BrkB 
family protein in Bordetella pertusis is a new virulence factor that is functional in bacteria 
resistance [41]. This protein was also found in several bacteria such as Streptomyces 
seoulensis [42], Klebsiella oxytoca [43], Mycobacterium tuberculosis [44], Mycoplasma 
hominis [45], Corynebacterium simulans [46], Orientia tsutsugamushi [47], and Turicibacter 
sp. [48]. Meanwhile, A2/J5 primer was designed based on β-operon (rplKAJL-rpoBC 
operon) gene which encode ribosomal protein that played important role in protein synthesis 
[25]. This primer has been used in several studies [13, 14, 49-51] and proven its ability to 
detect HLB bacteria from citrus plants in several countries. The newly designed primer from 
this study still needs to be further validated using another HLB isolates derived from different 
regions and/or genetic background to evaluate its ability in following studies. 

3.3 Phylogenetic analysis of HLB isolates identified in this study 

The phylogenetic analysis, based on genotyping results using both YihY and A2/J5 primers 
showed the mixed between isolates collected from Japansche citroen (in Cikemeuh 
greenhouse) and lime trees (in Cimanggu greenhouse). In the phylogenetic tree which 
constructed based on YihY primer data, we found that a total of 15 isolates were existed in 
the similar cluster with Ca. L. asiaticus isolate GDMMLM3, separating from Ca. L. africanus 
as the outgroup (Figure 4). Similarly, that based on A2/J5 primer, a separation of the 17 
isolates from Ca. L. Africanus (Figure 5) was also shown and this phenomenon confirming 
that all of the HLB isolates from this study were Ca. L. asiaticus species. 
 The mixing among isolates collected from Cikeumeuh and Cimanggu greenhouse in the 
similar cluster as demonstrated in this study was inseparable by the distance factor between 
those two greenhouses that relatively close in distance of approximately 200 m. Eventhough 
the greenhouses are separated by buildings and main street, but the Asian citrus psyllid as a 
vector had the ability to flight up to 2.4 km as previously reported [52]. This conditions could 
lead to the HLB isolate exchange among the greenhouses or fields that might be followed by 
cross infection. There are several efforts that could be performed to control HLB transmission 
such as geographical isolation and health certification programs for mother plant nurseries, 
geographical isolation for production nurseries, utilization of screenhouse to prevent the 
entry of insects, controlling insect vectors using insecticides or natural enemies, and 
removing citrus plants that have been infected with HLB from the screenhouse or field [53]. 
Besides, the molecular analysis using conventional PCR should be performed regularly in 
plantation as the supporting data to visual symptoms, to detect the HLB existance as early as 
possible. 

 
 

 
Fig. 4. Phylogenetic tree based on sequences amplified by YihY primer constructed using Neighbor 
Joining method with Tamura-Nei model. Information: red dot represented Candidatus Liberibacter 
asiaticus sequence collected from NCBI, while blue dot represented Candidatus Liberibacter africanus 
sequence collected from NCBI 
  
  

 
Fig. 5. Phylogenetic tree based on sequences amplified by A2/J5 primer constructed using Neighbor 
Joining method with Tamura-Nei model. Information: red dots represented Candidatus Liberibacter 
asiaticus sequence collected from NCBI, while blue dot represented Candidatus Liberibacter africanus 
sequence collected from NCBI 

 
  The presence of newly designed primers as demonstrated in this study could help to 

enrich the primer database for HLB detection and also help the breeders and farmers for early 
detection of HLB in citrus plantations, especially in remote area with small scale laboratories. 
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The early detection using the conventional PCR method is conducted to prevent the spread 
of HLB disease that usually occured due to misunderstood of the visual symptomps with 
nutrient deficiency. The preventive action is expected could help to reduce the economic and 
yield losses that caused by this disease, especially in developing contries.  

4 Conclusions 
Both the newly designed (YihY) and the reference (A2/J5) primer used in this study could 
identify the HLB isolates from Cikeumeuh and Cimanggu greenhouse as Candidatus 
Liberibacter asiaticus. The newly designed primer showed its ability to amplify the DNA and 
in the detection of variation among the isolates, eventhough with lower succesful percentage 
compared to the reference primer. The homology analysis from Huanglongbing isolate 
sequence amplified by newly designed primer also showed similarity with Ca L. asiaticus 
sequence in NCBI, as well as the reference primer. Overall, this primer could be a potential 
marker to be used as early detection to Huanglongbing symptoms especially in small scale 
laboratories. 
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The early detection using the conventional PCR method is conducted to prevent the spread 
of HLB disease that usually occured due to misunderstood of the visual symptomps with 
nutrient deficiency. The preventive action is expected could help to reduce the economic and 
yield losses that caused by this disease, especially in developing contries.  

4 Conclusions 
Both the newly designed (YihY) and the reference (A2/J5) primer used in this study could 
identify the HLB isolates from Cikeumeuh and Cimanggu greenhouse as Candidatus 
Liberibacter asiaticus. The newly designed primer showed its ability to amplify the DNA and 
in the detection of variation among the isolates, eventhough with lower succesful percentage 
compared to the reference primer. The homology analysis from Huanglongbing isolate 
sequence amplified by newly designed primer also showed similarity with Ca L. asiaticus 
sequence in NCBI, as well as the reference primer. Overall, this primer could be a potential 
marker to be used as early detection to Huanglongbing symptoms especially in small scale 
laboratories. 
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