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			Abstract | Asian citrus greening disease is one of the leading causes of the citrus decline in many parts of the world, including Pakistan. Adequate information about disease incidence is essential for the eradication and controlling measures of disease. In this context, a survey regarding the incidence of citrus green disease (CGD) was recorded in two cultivars Kinnow (Citrus reticulate Blanco) and Mosambi (Citrus sinensis (L.) Osbeck), among significant citrus-growing areas of Sargodha district based on symptoms. Random samples of trees within orchards were scored based on characteristic symptoms like blotchy mottle, lopsided unripe fruits, and aborted seeds were observed. The highest incidence of 26% was recorded in Kot Momin, while the lowest incidence of 4.6% was found in Sahiwal. Among the cultivars, the highest disease incidence in mosambi (C. sinensis) and Kinnow (C. reticulate) was recorded 26% in Kot Momin and 23% in Bhalwal, respectively. Leaves samples were collected from the diseased trees to isolate DNA and to confirm greening pathogen with two primer pairs, which amplified the specific DNA (~1160bp) and βoperon (~703bp) regions. The present study not only detects the molecular detection of CGD in already identified samples through the iodo-starch test but also provides reliability for quick indexing of disease in the aforesaid field. Moreover, molecular detection also revealed the (standardization) of primers used in previous and current studies. Characteristic symptoms combined with molecular detection would be useful to formulate the management strategies.
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			Introduction

			Citrus is infected by several different pathogens, including fungi, prokaryotes, viruses, nematodes, and virus-like pathogens (Khan et al., 2016). Among these pathogens, the citrus greening disease is one of the most devastating and widely distributed pathogens in citrus orchards of significant citrus-growing areas of the world and Pakistan (Iftikhar et al., 2016; Saifullah et al., 2015). Citrus greening (CGD) disease is now alternatively termed as Huanglongbing (HLB) and is known with different names in different countries owing to their local languages. All the citrus cultivars are affected by this disease regardless of the rootstock. This graft transmissible disease can also be transmitted through an insect vector very efficiently (Graca, 1991; Batool et al., 2007). HLB being a century-old disease, probably originated at the end of the 19th century in China (Batool et al., 2007; Bove, 2006). The greening disease is caused by gram-negative unculturable phloem limited bacterium (Murray and Schlifer, 1994) named Candidatus liberibacter. Jagoueix et al. (1996) characterized this bacterium on the basis of 16s rDNA sequence for the first time. Ha et al. (2019) have successfully cultured greening bacterium on biofilm after long and untiring efforts. This pathogen has three strains, viz., Candidatus liberibacter asiaticus (Las), Candidatus liberibacter africanum (Laf), Candidatus liberibacter americanum (Lam), based on geographical distribution and insect vector. Symptomology is the primary criterion for initial detection in the field. Characteristic symptoms of HLB under natural conditions are chlorosis, mottling (Zinc deficiency-like symptoms), aborted seeds in the fruit, and lopsided fruit (Bove 2006; Saifullah et al., 2015). At maturity, citrus fruits from the styler end remain green while; sometimes it remains green at the peduncular end, which is known as “color inversion” or “red nose” (Akhtar and Ahmed, 1999; Batool et al., 2007).

			Kinnow (Citrus reticulate) and Mosambi (Citrus sinensis (L.) Osbeck) are the most susceptible citrus cultivars (Knapp et al., 2004). Molecular markers have been employed for the detection of CGD after the symptomology. These markers characterized the CGD on the basis of 16s rDNA and βoperon regions. The PCR method detected the liberibacter species in citrus samples by 1160 bp fragment amplification (Jagoueix et al., 1996). Different molecular and serological techniques have also been developed and optimized. Recently, established and advanced techniques like molecular, biological, and serological assays for pathogen detection have been reviewed (Iftikhar et al., 2016; Ding et al., 2020). PCR and qPCR have been engaged for the detection of two markers, one for the 16s rDNA (OI1 and OI2C) and the other for Las (Boperon) A2/J5 (Razi et al., 2014; Yaqub et al., 2017). Correct and quick detection of a pathogen provides a base to formulate the management strategies for HLB. The present study is a combination of CGD symptomatic and molecular diagnosis in all the tehsils of Sargodha district.

			Materials and Methods

			Incidence of CGD

			Two commercially grown citrus cultivars, viz., Kinnow and Musambi were targeted for their citrus orchards’ availability. Citrus samples infected with CGD were collected on the basis of characteristics symptoms (Saifullah et al., 2015) from the citrus orchards of all the tehsils of district Sargodha viz., Sargodha, Bhalwal, Sillanwali, Sahiwal, Shahpur, Bhera, and Kot Momin. A total of 150 samples/tehsil with apparent symptoms were monitored for the record of disease incidence. Leaves from the marked citrus trees were collected and pooled for PCR detection and confirmation. Disease incidence was calculated as follows;
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			Molecular detection

			Polymerase chain reaction: The polymerase chain reaction was used for molecular detection from the pool of leaves samples. DNA was extracted by using a DNA extraction kit (GF-1 Vivantis Malaysia with provided standard protocol). Two primer sets (OI1 GCGCGTATGCAATACGAGCGGCA Forward and OI2c GCCTCGCGACTTCGCAACCCAT Reverse) described by (Jagoueix et al., 1996) and (A2 TATAAAGGTTGACCTTTCGAGTTT Forward and J5 ACAAAAGCAGAAATAGCACGAACAA Reverse) described by Hocquellet et al. (1999) were used to amplify 16s rDNA and β operon respectively from the processed samples of citrus. A total of 25µl PCR reaction mixture for 1X (d2H2O 14.3µl; Buffer 10X 2.5µl; MgCl2 (25mM) 2.0 µl; dNTPs (2.0 mM) 2.0 µl; Primers F (1µM) 1.0 µl; Primers R (1µM) 1.0 µl; Taq DNA Polymerase 0.2 µl and Template DNA 2.0 µl) was used. The conditions for PCR were; initial denaturation at 94°C for 2 minutes (1 cycle); 94°C for 30 seconds, 58°C for 1 minute and 72°C for 1 minute (35 cycles); final extension at 72°C for 10 minutes (1 cycle). The PCR product after the reaction was held at 4°C for infinity.

			Gel electrophoresis

			The PCR products were analyzed by gel electrophoresis using 0.8 % agarose in 0.5X TBE buffer. Ethidium bromide was used to stain the PCR product. The gel was run at 80 volts for 45 minutes.

			 

			Results and Discussion

			Symptomology and incidence of CGD

			The characteristic symptoms were observed during the survey (Figure 1A-E). Blotchy mottling and chlorosis were observed in the leaves samples (Figure 1C, D). Aborted seeds (Figure 1E), lopsided fruits, and full or half green fruits were observed (Figure 1A, B). Our results regarding symptomology were in accordance with Batool et al. (2007). They reviewed the characteristic symptoms like yellowing of leaves, Lopsided fruits, blotchy mottle, aborted seeds, and unripe fruits (Fruit remain green). Similar results have also been reported by (Saifullah et al., 2015; Inoue et al., 2020). Yellowing of leaves, blotchy mottling, upright growth of CGD infected trees, and lopsided fruits were observed during our study which is in accordance with McCollum and Baldwin (2017). As disease progresses, the leaves drop, shoots remain stunted later on the branches die gradually (Tipu et al., 2020). Symptomology of CGD-affected fruits has also been reviewed by (Dala-Paula et al., 2019). Regarding the incidence in different tehsils of Sargodha district (Table 1), the highest incidence of CGD 24% was recorded in Kot Momin with followed by Bhalwal 22%, whereas the least incidence was recorded in Sahiwal tehsil with 4.6%. Similarly, Mosambi (Citrus sinensis (L.) Osbeck) showed the highest incidence 26% in Kot Momin and the least incidence 8% was recorded in Sahiwal. Kinnow had the highest incidence of 23% in Kot Momin at par with Bhalwal. The least incidence, of CGD in Kinnow (C. reticulate), was 3% in Sahiwal. CGD has been reported in around 44 countries of Asia and America (Ajene et al., 2019). Initially, the incidence of CGD in Pakistan was recorded by Catara et al. (1991) and Akhtar and Ahmed (1999) in KPK and the Punjab. They recorded a high incidence of CGD in Kinnow 22%, Sweet orange 25-40% in the Punjab. They mainly collected the citrus samples from Sargodha region. The results of our studies are also in agreement with their study. Similar types of symptoms were observed during the sample collections. The CGD was confirmed in 41% of citrus samples collected from different orchards in the Punjab during a survey (Razi et al., 2011). CGD incidence of 42% in kinnow and sweet orange was recorded by Zafarullah et al. (2016). Saifullah et al. (2015) recorded the disease incidence ranging 8-11% in all the tehsils of Sargodha district. They also observed characteristics symptoms of CGD such as mottling, zinc deficiency like symptoms, lopsided fruit and aborted seeds. Our results are also in accordance with the previous studies. We also observed the same type of symptoms and trend in CGD incidence. A different number of samples were collected in different months of a year and found positive for CGD detection. High incidences were found in February, April, and May (Razi et al., 2014). Therefore, symptomology plays a vital role in the early detection of CGD in the field.
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			Figure 1: (A and B): CGD infected lopsided and half green fruit; (C and D): Mottle leaf and Chlorosis on tree; (E): Aborted seeds.
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			Figure 2: (A and B) Lane M= 1kb DNA Ladder, Lane 1: Negative Control (dH2O), Lanes 4, 5 = DNA samples from healthy trees (asymptomatic); Lanes 2, 3= DNA samples from CGD infected (Symptomatic plants) (Kinnow and Mosambi, respectively). Lane 6= Positive Control (Already confirmed CGD sample).

			Table 1: Disease incidence in varieties at different places.
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			Molecular detection

			Due to the inability of “CLas” to be cultured in vitro conditions (Ghosh et al., 2018), it is very much difficult to study ecology, epidemiology, and management of this pathogen (Kokane et al., 2020). PCR confirmed the greening pathogen in leaves samples of both citrus cultivars, including Kinnow and Mosambi (Figure 2A and 2B). DNA of citrus cultivars was amplified by two primer pairs, which amplified the PCR products at the desired size of  ~1160bp and ~703bp, respectively. PCR product size has been confirmatory through previous literature that also reported similar band sizes using their respective primer pairs (Chohan et al., 2007; Zafarullah et al., 2016; Yaqub et al., 2017). The primer used in these studies is based on the amplification of bacterial 16s rDNA and β operon regions. Citrus greening disease in citrus orchards of North-Eastern Indian region was also confirmed through PCR (Das et al., 2007), which was also recently reported by Kokane et al. (2020). The identified isolates of CLas from Bhutan reported by Ghosh et al. (2020) were analogous to Indian isolates of North-East regions based on CLIBASIA_01645 locus. Davi et al. (2020) detected HLB in citrus species, viz., C. reticulate, Citrus jambhiri, Citrus maxima, Citrus medica, Citrus macroptera using 16S rRNA amplicon fragment and found that its resemblance with “Ca. Liberibacter asiaticus” sequenced from the rest of the World. A high CLas DNA level in the HLB symptomatic leaves was detected through qPCR (Zhang et al., 2020). Primer A2/J5 was used to distinguish between CLas and CLaf. Specific amplification of r-protein genes directly identified the two species based on DNA band size (Ruangwong and Akarapisan, 2006). Specific amplification by CLas was 703 bp, while CLaf produced a band of 669 bp size (Hocquellet et al., 1999). Specific amplification of 703bp was observed in all infected samples from HLB-CM using A2/J5 primers (Ruangwong and Akarapisan, 2006). They also recorded that no amplification was found in healthy or asymptomatic plants. Molecular-based detection of pathogens, including Huanglongbing, has been robust and could detect pathogens at very low intensity even before the symptoms’ physical appearance (Iftikhar et al., 2016). Therefore, it is recommended that molecular methods should be employed for the sanitation of citrus nurseries to reduce disease incidence and the establishment of disease-free new orchards.

			 

			Conclusions and Recommendations

			Citrus greening disease incidence ranged between 4.6 - 24% among the mandarin and mousambi cultivars in various districts of the central Punjab. The disease may be recognized on the basis of its characteristic symptoms and may threaten the sustainability of the regions’ citriculture. Regardless of symptoms, molecular markers provide us an efficient tool for the detection of the pathogen. The present study used molecular markers that amplified 16s rRNA of pathogen visualized through a PCR product of 703 bases compared to no amplification in disease-free plants. Thus molecular markers may be a recommended strategy in symptomless plants and in the sanitation of nursery to reduce further spread of this disease. 
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Leaves samples were collected from the diseased trees to isolate DNA and to confirm greening pathogen with
two primer pairs, which amplified the specific DNA (~1160bp) and Boperon (~703bp) regions. The present
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