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ABSTRACT 
Huanglongbing (HLB), caused by Candidatus Liberibacter asiaticus, is a notable disease 
affecting citrus plantations globally. Several studies showed that the callose synthase 7 gene 
is crucial for the citrus defense system against this pathogen. The study aimed to analyze the 
nucleotide variations and genetic diversity among several citrus genotypes using specific 
gene primers designed from the callose synthase 7 gene sequence. Genomic DNA from eleven 
citrus genotypes was amplified using the specific primers, and Sanger sequencing was 
employed to identify the nucleotide sequence of the PCR products. The results revealed a total 
of 66 single-nucleotide polymorphisms (SNPs), 10 insertions, and 11 deletions were detected 
in callose synthase 7 gene fragment sequences. Of these, one out of five noteworthy SNPs 
identified at a position of 200 bp downstream of the START codon showed distinguishing 
features between susceptible and resistant/tolerant genotypes. Phylogenetic analysis clearly 
discriminated the eleven citrus genotypes into two clusters at a dissimilarity coefficient of 
0.05, with all genotypes grouped in the first cluster, except for the Chinese box orange and 
orange jasmine. The identification of notable SNPs in this study can aid in developing new 
markers for the rapid selection of genotypes with enhanced HLB resistance in citrus breeding 
programs.  
 
Keywords: Candidatus Liberibacter asiaticus; nucleotide variations; Sanger sequencing; 
phylogenetic analysis; SNP 

INTRODUCTION 
Huanglongbing (HLB), commonly known as citrus greening or citrus vein phloem 

degeneration (CVPD), is a significant disease affecting citrus plantations worldwide and 
has a destructive impact on citrus production. This disease is caused by a Gram-negative, 
uncultured bacterium that infects the phloem tissue of citrus plants (Jagoueix et al., 1994; 
Bové, 2006).  
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Three species of bacteria are responsible for causing diseases which led to significant 
yield losses in citrus plants: Candidatus Liberibacter asiaticus (Ca. L. asiaticus), which is 
prevalent in citrus plantations in Asia; Candidatus Liberibacter africanus (Ca. L. africanus), 
which affects citrus plantations in Africa; and Candidatus Liberibacter americanus (Ca. L. 
americanus), first identified in São Paulo, Brazil, and spreading throughout the America 
region (Jagoueix et al., 1994; Teixeira et al., 2005). Candidatus Liberibacter asiaticus is a 
heat-tolerant bacterium that is transmitted primarily by the Asian citrus psyllid 
(Diaphorina citri), which acts as a vector (Wang, 2019). Moreover, the bacteria could also 
be transmitted via grafting from diseased budwood to healthy rootstock (Albrecht et al., 
2014). 

The pathogen is responsible for several disease symptoms that are often mistaken 
for nutritional deficiencies in plants. These symptoms include chlorosis, blotchy mottling 
on leaves, stunted growth, leaf drop, fruit drop, a reduced number of fruits that are smaller 
in size, an unchanged green color at the stylar end, asymmetrical fruit locules, and bitter 
fruit with a metallic taste (da Graca et al., 2016; Dala-Paula et al., 2019; Shahzad et al., 
2020; Tipu et al., 2021; Neupane et al., 2023). Since the early 1990s, this disease has 
devastated citrus plantations worldwide, causing severe economic and yield losses 
estimated in the millions of dollars (Nurhadi, 2015; Alvarez et al., 2016; Li et al., 2020). 

Plant destruction occurs due to the deposition of a starch called callose in the phloem 
tissue of citrus plants. This initially serves as a defense response to reduce the movement 
of Candidatus Liberibacter asiaticus, but ultimately leads to phloem necrosis (Achor et al., 
2010; Koh et al., 2012). Callose (β-1,3-glucan) is a complex carbohydrate that forms plant 
cell walls, alongside cellulose (β-1,4-glucan), hemicellulose, and pectin (Wang et al., 2022). 
In addition to its vital role in the cell wall complex, callose is essential for forming root 
hairs and sieve pores in the phloem, as well as in pollen and pollen tubes (Usak et al., 
2023). The deposition of callose in phloem tissue plugs the sieve plates, impeding the flow 
of photosynthates from leaves to other plant organs, which inhibits plant growth activities 
(Etxeberria & Narciso, 2015).  

Previous studies have shown that callose biosynthesis is regulated by a family of 
genes, specifically callose synthase (Verma & Hong, 2001). In Arabidopsis thaliana, 12 
callose synthase genes have been identified, with only the callose synthase 7 (CalS7) gene 
playing a specific role in callose deposition in phloem tissue (Pirselová & Matusikova, 
2013). According to Peng et al. (2019) and Granato et al. (2019), a total of 12 callose 
synthase genes in citrus plants were identified, and these genes showed the evolutionary 
potential functional roles with those found in A. thaliana. Additionally, several studies 
have reported the identification of 32 callose synthase genes in canola (Brassica napus) 
(Liu et al., 2018), 27 genes in cotton (Gossypium hirsutum) (Feng et al., 2021), and 24 genes 
in soybean (Glycine max) (Zaynab et al., 2024). 

The breeding program aimed at developing new and improved citrus varieties 
resistant to Huanglongbing is challenging due mainly to the limited availability of 
resistance donors, particularly from commonly cultivated citrus sources. It is widely 
known that most of the commercial citrus cultivars are susceptible to Huanglongbing 
disease (Bové, 2006). However, several citrus species and their related species have 
shown their ability to withstand the impact of this disease. Such citrus genotypes include 
orange jasmine (Murraya paniculata), khasi papeda (Citrus latipes), trifoliate orange 
(Poncirus trifoliata), Chinese box orange (Severinia buxifolia), Carrizo citrange (Citrus 
sinensis x P. trifoliata), Australian finger lime (Microcitrus australasica), US-897, Bearss 
lemon, LB8-9 Sugar Belle mandarin, and Bingo mandarin (Albrecht et al., 2016; Killiny et 
al., 2018; Rao et al., 2018; Deng et al., 2019). A study by Prasetyaningrum et al. (2012) 
found that several pomelo (Citrus maxima) cultivars, such as Pangkajene Putih, Magetan, 
Raja, and Pangkajene Merah, demonstrated their resistance to Huanglongbing, 
particularly when inoculated with the HLB pathogen. Additionally, Fan et al. (2012) 
reported that the rough lemon (Citrus jambhiri) genotype exhibited greater tolerance to 
Huanglongbing than sweet orange and other susceptible citrus varieties. 
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In plant breeding, having information related to the diversity of citrus germplasm is 
essential for guiding the focus of breeding programs. This study aimed to analyze the 
nucleotide variations and genetic diversity among several citrus genotypes using specific 
primers designed from the CalS7 gene fragment sequence. The findings, particularly the 
nucleotide variations observed in the citrus genotypes, can promisingly aid in developing 
new molecular markers for the rapid selection of citrus germplasm resistant to 
Huanglongbing. This, in turn, will help accelerate the citrus breeding program. 

MATERIALS AND METHODS 

Plant materials 
In this study, we meticulously analyzed a total of eleven distinct citrus genotypes 

(Table 1). These genetic materials were predominantly sourced from the Agency for 
Agricultural Assemblies and Modernization for Citrus and Subtropical Fruits (BRMP 
Jestro) in Malang, East Java, Indonesia.  

On the other hand, the Chinese box-orange, orange jasmine, and Australian finger 
lime genotypes were generously provided by local farmers. Among the genotypes, Siam 
Pontianak, Siam Madu, Keprok Batu55, and Keprok Terigas represented commercially 
significant mandarin cultivars that are known to be susceptible to Huanglongbing disease. 
In contrast, Pangkajene Putih, Magetan, rough lemon, Carrizo citrange, orange jasmine, 
Chinese box orange, and Australian finger lime have demonstrated remarkable HLB 
resistance or tolerance genotypes, as evidenced by previous research findings 
(Folimonova et al., 2009; Prasetyaningrum et al., 2012; Fan et al., 2012; Ramadugu et al., 
2016).  

Table 1. Orange genotype and its source of planting material. 

No. Genotypes name Species Source of collection 
1. Siam Pontianak Citrus nobilis L. BRMP Jetsro  
2. Siam Madu C. nobilis L. BRMP Jetsro  
3. Keprok Batu55 Citrus reticulata Blanco. BRMP Jetsro  
4. Keprok Terigas C. reticulata Blanco. BRMP Jetsro  
5. Rough lemon C. jambhiri Lush. BRMP Jetsro  
6. Pangkajene Putih C. maxima Merr. BRMP Jetsro  
7. Magetan C. maxima Merr. BRMP Jetsro  
8. Carrizo citrange C. sinensis L. x P. trifoliata L. BRMP Jetsro  
9. Chinese box orange S. buxifolia (Poiret) Tan. Local farmer in Bandung, West Java 

10. Australian finger lime M. australasica (F. Muell.) Swing.  Local farmer in Batu, East Java 
11. Orange jasmine M. paniculata (L.) Jack. Local farmer in Citayam-Bogor, West Java 

 

Designing specific gene primers 
A search for the sequence of the CalS7 gene was employed using the National Center 

for Biotechnology Information (NCBI) (http://www.ncbi.nlm.nih.gov/). The mRNA 
sequence from NCBI was subsequently compared utilizing the Basic Local Alignment 
Search Tool nucleotide (BLASTn) program (Altschul et al., 1997) with data available on 
the Citrus Genome Database 
(https://www.citrusgenomedb.org/blast/nucleotide/nucleotide). The mRNA sequence 
obtained from NCBI was aligned with Citrus sinensis v1.0 genome (JGI) CDS in the Citrus 
Genome Database. The sequence was subsequently utilized for primer design via 
Primer3Plus (https://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi) 
(Untergasser et al., 2007). The primer sequences generated by Primer3Plus were 
subsequently validated using Primer-BLAST 
(https://www.ncbi.nlm.nih.gov/tools/primer-blast/index.cgi) (Ye et al., 2012) to ensure 
that the primers possess a single annealing site. The sequences of the primers are 
displayed in Table 2. 
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Table 2. List of specific gene primers designed in this study. 

No. Primers name Sequences (5’-3’) Tm (oC) Product 
size (bp) 

1. CsCalS7-F CAGATGTGGTTTATGGAATTTTG 58.4 638  2. CsCalS7-R ATGATTCTTGGAAATCATTAAGCA 59.1  
 

Genomic DNA isolation, DNA amplification, and Sanger sequencing 
The adapted Doyle and Doyle (1990) method was employed to extract the genomic 

DNA prepared from citrus leaf samples. This process involved the addition of 2% (w/v) 
polyvinylpyrrolidone (PVP) and 0.38% (w/v) sodium bisulfite freshly to the extraction 
buffer. The resulting DNA solutions were adjusted to a final concentration of 20 ng μL-1 
and utilized as the working solution. DNA amplification for each sample was performed in 
a total volume of 40 μL, comprising 2 μL of 20 ng μL-1 DNA template, 20 μL of 2×MyTaqTM 
HS Red Mix (Bioline, UK), 2 μL each of forward and reverse primers at a concentration of 
10 μM, along with sterile ddH2O.  

The T100 Thermal Cycler (Bio-Rad, USA) machine was employed for the DNA 
amplification process under the following conditions: first denaturation for 5 min at 95 °C, 
followed by 35 cycles of denaturation for 30 s at 94 °C, annealing process for 1 min at 55 
°C, and first extension for 1 min at 72 °C. The PCR reaction was concluded with the final 
extension step for 15 min at 60 °C. The PCR products were subsequently separated at 100 
V for 25 min utilizing 1% (w/v) agarose gel in an electrophoresis containing 0.5× Tris 
Borate EDTA (TBE) buffer. The gel was then stained with 10 mg mL-1 ethidium bromide 
and visualized using a UV transilluminator. Samples with clearly amplified bands were 
then sent to PT Genetika Science Indonesia for Sanger sequencing. 

The Sanger sequencing results were further analyzed by Clustal Omega 
(https://www.ebi.ac.uk/jdispatcher/msa/clustalo) (Sievers & Higgins, 2014) to 
determine the nucleotide variations, specifically single-nucleotide polymorphisms 
(SNPs), insertions, and deletions. The phylogenetic tree was generated from the 
nucleotide sequences utilizing the unweighted pair group method with arithmetic 
(UPGMA) program and the Tamura-Nei model, incorporating 1000 bootstrap iterations in 
Mega X (Kumar et al., 2018). 

RESULTS AND DISCUSSION 

Design of specific gene primers 
Searching for the mRNA sequence of citrus CalS7 in the NCBI database yielded the 

accession number XM_006484852.3. This accession represents the Citrus sinensis callose 
synthase 7-like gene (transcript variant X5) as predicted (LOC102620841). The 
nucleotide sequences exhibited 98.78% homology to a gene located at the 
orange1.1g022398m locus in the Citrus Genome Database. The gene sequence was 2,294 
base pairs (bp) in length, with a coding sequence of 891 bp. The gene annotation indicates 
that the given gene is related to the 1,3-beta-glucan synthase component FKS1-like, 
domain-1, and it consists of seven exons interspersed with five introns. The forward 
primer was situated in the first exon, while the reverse primer was located in the third 
intron, as shown in Figure 1. These primers successfully amplified the region between the 
first and third exons, encompassing the first intron up to the early third intron. 
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Figure 1. The forward and reverse primers' position in the citrus callose synthase 7 gene sequence. Information: 
ATG: START codon, TAG: STOP codon, UTR: untranslated region.  

The electrophoresis of agarose gel results indicated that the specific gene primers 
designed in this study could clearly amplify all of the citrus DNA, with distinct visualized 
amplicon bands (Figure 2). All of the PCR products showed a single amplicon band at the 
size of 638 bp, except for those derived from the orange jasmine genotype, showing a 
nonspecific band at approximately 900 bp in addition to the targeted band (Figure 2). 
Nonspecific amplicons might be influenced by various factors, including primer 
concentrations, annealing temperatures, the DNA template used, and Taq Polymerase 
slippage (Hosseinzadeh-Colagar et al., 2016; Ruiz-Villalba et al., 2017). Another possible 
reason for the nonspecific band could be the polymorphism present in the CalS7 gene 
sequence of orange jasmine compared to the other citrus genotypes. Although orange 
jasmine is a relative of citrus from the Clauseneae tribe, it still belongs to the Rutaceae 
family (Tanruean et al., 2021). The utilization of primers that are specific to certain 
species, as demonstrated in this study, can create more polymorphism than using the 
general primers (Amiteye, 2021). However, the primer pairs are still selected based on 
how well they fit with research studies, even if they may not be the most effective or 
specific choice, as long as they can still create the desired amplicon band (Banos et al., 
2018). 

 
        

 

Figure 2. The banding pattern of PCR products from citrus genotypes that were amplified using CalS7-specific gene 
primers in 1% (w/v) agarose gel electrophoresis. Information: M: 100 bp plus DNA ladder (Vivantis 
Technologies), 1-11: citrus genotypes used in this study, with the order as presented in Table 1. 

Nucleotide variations among citrus genotypes 
A total of 87 nucleotide sequence variations in the CalS7 gene fragment, including 66 

(75.9%) SNPs, 10 (11.5%) insertions, and 11 (12.6%) deletions, were identified from all 
of the citrus genotypes (Figure 3). The majority of the nucleotide variations were 
categorized as SNPs, followed by deletions and insertions. Among the different genotypes 
analyzed, the orange jasmine cultivar exhibited the most nucleotide sequence variations, 
followed by the Chinese box orange. 
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This study discovered five noteworthy SNPs; however, only one SNP was found to 
effectively distinguish between susceptible and tolerant/resistant citrus genotypes (Table 
3). Four significant SNPs at positions of 52, 381, 417, and 422 bp from the consensus 
sequence were detected in the genotypes Pangkajene Putih, Magetan, Carrizo citrange, 
Chinese box orange, and orange jasmine, but these SNPs were not found in Australian 
finger lime. Conversely, the SNP [G/A] was identified in Pangkajene Putih, Magetan, 
Carrizo citrange, Chinese box orange, orange jasmine, and Australian finger lime. This SNP 
was located at 145 bp from the consensus or 200 bp downstream of the start codon in the 
reference sequence. 

 

Figure 3. The SNP [G/A] at position 145 bp from the consensus or 200 bp downstream of the START codon at the 
reference sequence that distinguishes the susceptible from the resistant citrus genotypes against 
Huanglongbing disease. 

All of the noteworthy SNPs detected in this study were not identified in rough lemon, 
even though a previous study from Fan et al. (2012) had reported that the rough lemon 
genotype showed good withstand to the Huanglongbing infection. On the contrary, 
Ramadugu et al. (2016) categorized rough lemon as predominantly susceptible to 
Candidatus Liberibacter asiaticus, displaying distinctive HLB symptoms based on field 
evaluations, supporting the results of our study. Additionally, our present study failed to 
identify any insertions or deletions that could differentiate between susceptible and 
tolerant/resistant genotypes.  

Several studies have reported the discovery of SNPs that are related to disease 
resistance in plants. Cuenca et al. (2016) identified a biallelic SNP [G/T] in citrus, which is 
related to the Alternaria brown spot resistance gene. Xie et al. (2020) discovered the SNP 
in the Pm5 locus that is related to common wheat’s resistance to powdery mildew, while 
Liu et al. (2021) reported the SNP in the GLUTAMATE RECEPTOR‐LIKE gene that is 
responsible for Gossypium hirsutum resistance to Fusarium wilt. The presence of SNPs, 
especially those located in a coding sequence with a possible change in the amino acid 
order (recognized as a non-synonymous SNP), could modify the protein’s activity and also 
change the plant phenotype (Robert & Pelletier, 2018). Nevertheless, the SNP [G/A] that 
could distinguish among susceptible and tolerant/resistant genotypes in our study was 
found in the first intron area. Previous study from Koeda et al. (2021) also reported the 
discovery of the SNP [A/G] in the intron of the pepy-1 gene that could distinguish between 
the resistance and susceptible chili pepper genotypes to Pepper Yellowing Leaf Curl 
Disease (PepYLCD). However, the presence of a SNP in the intron area can still be 
potentially useful as a selection marker in a breeding program. 

 
 
 
 
 



Nugroho et al. / Jurnal Agronomi Indonesia (Indonesian Journal of Agronomy), 53(2), 212-223 218 
  

 

Table 3. List of noteworthy SNPs identified in this study. 

Position from 
consensus (bp) 

52 145 381 417 422 

Position from START 
codon in reference 
sequence (bp) 

114 200 434 470 475 

Reference sequence C G C T T 
Siam Pontianak C G C T T 
Siam Madu C G C T T 
Keprok Batu55 C G C T T 
Keprok Terigas C G C T T 
Rough lemon C G C T T 
Pangkajene Putih T A T C G 
Magetan T A T C G 
Carrizo citrange T A T C G 
Chinese box orange T A T C G 
Orange jasmine T A T C G 
Australian finger lime C A C T T 
SNP location  First exon First intron Third exon Third exon Third exon 

 

Phylogenetic analysis of citrus genotypes 
The phylogenetic analysis based on the CalS7 gene fragment showed a clear 

separation among eleven citrus genotypes into two clusters at a dissimilarity coefficient 
of 0.05 (Figure 4). All of the genotypes were grouped in the first cluster, except for Chinese 
box orange and orange jasmine, which were both separated in the second cluster. This 
clustering pattern aligned with the previous results that the most nucleotide sequence 
variations were detected in the orange jasmine and the Chinese box orange. The pairwise 
distance showed the highest sequence similarity obtained between Keprok Batu55 and 
Siam Pontianak, as well as between Keprok Terigas and Siam Madu, with a similarity of 
99.80% (Table 4). The lowest sequence similarity of 88.80% was obtained between 
Carrizo citrange and Chinese box orange The finding of a notable SNP, which was detected 
in the resistance/tolerance citrus genotypes, could provide useful information in 
designing a functional markers, such as single nucleotide amplified polymorphism (SNAP) 
marker which can potentially be used as a rapid screening tool for citrus germplasm 
resistant to Huanglongbing disease in the future. Several studies have demonstrated the 
utilization of SNAP markers in discriminating the plant genotypes, such as SNAP markers 
associated with disease resistance genes in banana by Sutanto et al. (2013), Phalaenopsis 
orchid by Sukma et al. (2021), and cacao by Tarigan et al. (2021).  

According to Pirselova´and Matusikova (2013), the CalS7 gene exhibited a specific 
role in callose deposition in phloem tissue. A study from Granato et al. (2019) showed the 
increase in callose synthase 2 (CalS2) and CalS7 gene activities in Huanglongbing-
inoculated citrus plants at 120 days post-inoculation based on real-time PCR, and also the 
increase in CalS7 and callose synthase 12 (CalS12) gene activities at 360 days post-
inoculation. The results presented the essential role of CalS7 gene in citrus defense 
systems against Huanglongbing infection. In addition, Xie et al. (2021) reported the 
increased activities of starch synthase and callose synthase genes after Huanglongbing 
infection. Bernardini et al. (2024) also reported the increase of callose concentrations in 
roots, leaves, midribs, stems, and peduncles of Huanglongbing-infected citrus plants 
compared to healthy plants.  
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Figure 4. Phylogenetic tree of citrus genotypes used in this study, based on nucleotide variations in CalS7 gene 
fragment, constructed using the UPGMA method. 

Table 4. Pairwise distance among citrus genotypes used in this study based on CalS7 gene fragment. 

Genotypes Carrizo 
citrange 

Chinese 
box 

orange 

Australian 
finger 
lime 

Orange 
jasmine 

Keprok 
Batu55 

Keprok 
Terigas 

Magetan Pangka
jene 

Putih 

Rough 
lemon 

Siam 
Madu 

Carrizo 
citrange 

          

Chinese 
box orange 

0.112          

Australian 
finger lime 

0.035 0.110         

Orange 
jasmine 

0.110 0.032 0.105        

Keprok 
Batu55 

0.035 0.107 0.018 0.105       

Keprok 
Terigas 

0.030 0.102 0.014 0.100 0.004      

Magetan 0.020 0.092 0.018 0.090 0.018 0.014     
Pangkajene 
Putih 

0.023 0.092 0.023 0.090 0.018 0.014 0.005    

Rough 
lemon 

0.042 0.107 0.021 0.105 0.016 0.011 0.021 0.025   

Siam Madu 0.032 0.104 0.016 0.103 0.007 0.002 0.016 0.016 0.014  
Siam 
Pontianak 

0.037 0.110 0.021 0.108 0.002 0.007 0.021 0.021 0.018 0.004 

 
The discovery of significant SNPs in the CalS7 gene fragment, which can differentiate 

between the susceptible and tolerant/resistant citrus genotypes, is reinforced by the 
clustering pattern observed in the phylogenetic tree. This finding adds valuable 
information to the ongoing research on citrus resistance against Huanglongbing disease. 
Future studies should be further carried out to comprehensively investigate this gene, 
particularly in elucidating its role and functions during Huanglongbing infection in both 
susceptible and resistant genotypes. Additionally, this gene may serve as a target for 
genome editing research to understand its impact on the citrus defense system against 
Huanglongbing infection. This information is expected to contribute to the enhancement 
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of the citrus breeding program, which specifically aimed at tackling the Huanglongbing 
issue in citrus plantations, as noted by Killiny et al. (2018), that all roads lead to Rome to 
overcome the Huanglongbing disease. 

CONCLUSIONS 
The analysis of genetic diversity in eleven citrus genotypes based on callose synthase 

7 gene fragment sequence presented the nucleotide sequence variations among those 
genotypes. Most of the nucleotide variations detected in respective genes were SNPs, 
followed by deletions and insertions. There were five noteworthy SNPs detected, but only 
one SNP [G/A] at the position of 200 bp downstream of the START codon showed the 
ability to distinguish between susceptible and tolerance/resistance citrus genotypes. The 
phylogenetic analysis showed the distinct separation among citrus genotypes in two main 
clusters, with the main distinction being presented by Chinese box orange and orange 
jasmine genotypes. The identification of these key SNPs enhances our understanding of 
the genetic diversity and offers promising implications in developing more resilient citrus 
varieties, thereby supporting agricultural advancement and food security. 
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