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Abstract 

 

‘Candidatus Liberibacter asiaticus’ (CLas) is a devastating pathogen of citrus associated with Huanglongbing (HLB, citrus 

greening disease). HLB is economically significant in Asia and has destroyed millions of citrus trees worldwide during the last 

century. Since 2007, when the first molecular evidence for the presence of CLas in North-West Frontier Province of Pakistan 

(Khyber Pakhtunkhwa) were presented, there have been a limited number of studies reporting the pathogen in different citrus 

growing districts of the Punjab Province, one of the major citrus producing areas of the country. In this study, a small-scale 

survey was conducted in citrus groves exhibiting HLB-like symptoms in different districts of Punjab Province. The aim was to 

obtain current information on the incidence of CLas in the area and complement the previous studies. Conventional and real 

time quantitative polymerase chain reaction (PCR and qPCR) assays were used for the detection of CLas in the 94 samples 

tested, followed by sequencing of the PCR amplicons. Overall CLas was detected in 43% (40/94) of the tested samples from 

Kinnow mandarin (n= 22), sweet orange (n= 12), grapefruit (n= 3) and Feutrell’s early mandarin (n= 3). In agreement with 

previous reports, this survey confirmed the presence of HLB in the Punjab Province of Pakistan and provided updated molecular 

evidence for the presence of CLas and disease incidence for four citrus cultivars from five citrus growing districts of the 

province.  

 
Keywords: HLB, huanglongbing, citrus greening, survey 
____________________________________________________________________________________________________ 

 

Introduction 

 

Huanglongbing (HLB) is one of the most economically 

important diseases of citrus and responsible for the 

destruction of millions of citrus trees in Asia, where the 

disease originated, and in the Americas, after its detection 

in the early 2000’s (Halbert and Keremane 2004; Bové 

2006; Li et al. 2020; Bassanezi et al. 2020). The disease 

was first reported from China in 1919 and in Pakistan in 

2007, when the first molecular evidence for the presence of 

HLB in North-West Frontier Province of Pakistan (Khyber 

Pakhtunkhwa) were presented (Chohan et al. 2007). 

However, the disease has likely been present in Pakistan 

for many years prior to the 2007 study as HLB-like 

symptoms were reported decades earlier but were 

attributed to damage from psyllids and/or other abiotic or 

biotic factors (Husain and Nath 1927; Chohan et al. 2007; 

Razi et al. 2014; da Graca et al. 2016). HLB in Asia is 

primarily associated with the Gram-negative, phloem-

limited, fastidious bacterium ‘Candidatus Liberibacter 

asiaticus’ (CLas). CLas is transmitted by grafting and 

through the psyllid vector Diaphorina citri (Kuwayama) 

(Halbert and Keremane 2004; Bové 2006). 

HLB has become a matter of great concern in every 

citrus producing area of the world as the disease affects all 

commercial citrus cultivars, causing decline in tree growth 

and the quantity and quality of fruit production (Teixeira et 

al. 2005; Halbert 2005, Albrecht et al. 2020). There are no 

effective control measures for the disease, although 

research has made clear the importance of a systems 

approach that includes among other, planting trees 

produced only with pathogen-free budwood, testing, 

identification and removal of infected trees and area wide 

management of the insect vector (Bové 2006; Belasque et 

al. 2010; Albrecht et al. 2020; Bassanezi et al. 2020; 

Alquézar et al. 2022).  

Based on symptom expression and a small number of 

surveys, HLB is considered to be widespread in citrus 

cultivars within the growing regions of Pakistan (Catara, 

1987; Catara et al. 1988; Chohan et al. 2007; Razi et al. 

2014; Naqvi et al. 2017). Punjab Province is one of the 

most important citrus producing areas in Pakistan affected 

by HLB. However, only a few studies have been conducted 

to estimate disease incidence in different districts or citrus 

cultivars within the country (Razi et al. 2014; Naqvi et al. 

2017; Siddique and Garnevska 2018). The most recent 
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HLB survey in various districts of the Punjab Province was 

performed in 2017 using serological and conventional 

polymerase chain reaction (PCR) assays (Naqvi et al. 

2017). An earlier study in 2014 was focused on the 

seasonal variability of CLas titer in D. citri and citrus trees 

and it was performed in a single Punjab district (Razi et al. 

2014). The objective of this study was to conduct a 

renewed focused HLB survey in highly symptomatic 

orchards within five citrus producing districts of the Punjab 

Province using a combination of traditional PCR and 

quantitative real time PCR (qPCR) to complement the 

previous studies and update information on the incidence 

of CLas in four commonly grown citrus cultivars in Punjab 

Province.  

 

 

 

Materials and Methods 

 

Field survey and sample collection 
 

Plant samples were collected showing HLB-like 

symptoms such as blotchy mottling and branches with 

small and upright leaf growth on four commonly grown 

cultivars of citrus in five districts within Punjab Province 

of Pakistan (Fig. 1; Table 1). Samples were collected from 

the edge of orchards along roadsides, and 4-6 leaves were 

collected from each tree. Leaf samples were packed in 

plastic bags with dry ice and shipped to United States 

Department of Agriculture (USDA), Agricultural Research 

Service (ARS), Molecular Plant Pathology Laboratory, 

Beltsville, Maryland, for testing under a USDA-APHIS-

PPQ Permit.  

 

 
Fig. 1. I Map of the country of Pakistan (left) and areas within Punjab Province (right) showing the ‘Candidatus Liberibacter asiaticus’ 

(CLas) surveyed districts (red circles) sampled for this study. Triangle notes the North-West Frontier Province (Khyber Pakhtunkhwa) 

where the first molecular evidence for the presence of CLas in Pakistan were presented in 2007 (Chohan et al. 2007).  
 

DNA extraction and isolation 
 

DNA was extracted from phloem rich midrib tissues of 

the citrus leaves. Midrib tissues were aseptically excised 

and ground using liquid nitrogen with a mortar and pestle. 

A 100 mg subsample of the resulting homogenized tissue 

from each sample was used for DNA isolation following 

Naqvi et al. (2017). The extracted DNA was stored at −20 

°C until used for PCR testing.  

 

Conventional PCR testing and sequencing 
 

Conventional PCR assays were carried out in 25 μl of 

reaction mixture containing 1 × PCR buffer, 2 μM of each 

primer, 2.0 μM MgCl2, 0.3 μM of each dNTP, 0.4 units 

TaqDNA polymerase (Fermentas, Waltham, MA, USA) 

and 100 ng genomic DNA as template. Specific CLas 

primers from 16S rDNA intergenic region (Forward primer 

OI1 5′- GCGCGTATGCAAGAGCGGCA-3′ and reverse 

primer OI2c 5′-GCCTCGCGACTTCGCAACCCAT-3′ 

(Jagoueix et al. 1994) were used for the amplification in a 

thermal cycler (MyCycler, Biorad Inc., Foster, CA, USA). 

The reaction conditions for OI1 and OI2 primers were: one 

cycle at 94°C for 3 min, 34 cycles of 94°C for 30 sec, 64°C 

for 30 sec and 72°C for 1 min, followed by one cycle of 

extension at 72°C for 10 min.  

 1 

Punjab 
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PCR products were analyzed by gel electrophoresis 

using 1.5% agarose gels in TBE buffer and stained with 

Gel Red (Biotium, Fremont, CA, USA). The agarose gels 

were visualized using a FluorChem Q (Alpha Innotech, 

Batern, Germany) gel documentation system to evaluate if 

the samples were positive based on the expected 1,160 bp 

product. Expected size amplified products were eluted 

from gels using Pure Link gel elution kit (Invitrogen, 

Waltham, MA, USA) prior to DNA sequencing. 

The eluted PCR products were sent for sequencing 

(Genewiz, Rockwille, MD, USA) and were sequenced 

using the automated fluorescent DNA sequencing Sanger 

method. All successful sequences were subjected to an 

NCBI BLAST search using the default parameters for 

sequence identity.  

 

qPCR testing 
 

Samples tested positive with the primers OI1/OI2c 

were subsequently tested with qPCR. The qPCR assays 

were carried out as described by Li et al. (2006). All 

reactions were performed in triplicate and each run 

contained one known negative and one known positive 

control obtained from the greenhouse. The tests were 

performed and the results were analyzed using the Smart 

CyclerII machine and software (IDT, Coralville, IA).  

 

Results 

 

CLas incidence in Punjab Province, Pakistan 
 

A total of 94 samples exhibiting HLB-like symptoms 

were collected from five citrus growing districts in the 

Punjab Province of Pakistan, and testing revealed a CLas 

incidence ranging from 36% to 46% (Table 1). Kinnow 

mandarin (Citrus reticulata Blanco) was infected at the rate 

of 52%, followed by sweet orange (C. sinensis (L.) 

Osbeck) at the rate of 33%, grapefruit (C .paradisi 

Macfad.) and Feutrell’s Early mandarin (C. reticulata 

Blanco) at the rate of 38%, each. The overall CLas 

incidence was 43% (Table 1).  

 
Table 1. Distribution and incidence of ‘Candidatus Liberibacter asiaticus’ (CLas) in four citrus cultivars expressing Huanglongbing-like 

symptoms in five districts within Punjab Province, Pakistan. 
 

Surveyed Districts 

And 

CLas Incidence 

Citrus Cultivar1 and CLas Incidence2 

Kinnow 

Mandarin 

Sweet 

Orange 
Grapefruit 

Feutrell’s Early 

Mandarin 

Sahiwal 

8/22 

(36%) 

5/10 

(50%) 

2/8 

(25%) 
NT3 

1/4 

(25%) 

Multan 

11/24 

(46%) 

6/10 

(60%) 

3/10 

(30%) 
NT 

2/4 

(50%) 

Khanewal 

8/18 

(44%) 

5/8 

(63%) 

2/6 

(33%) 

1/4 

(25%) 
NT 

Layyah 

9/20 

(45%) 

4/8 

(50%) 

3/8 

(38%) 

2/4 

(50%) 
NT 

Muzaffar Garh 

4/10 

(40%) 

2/6 

(33%) 

2/4 

(50%) 
NT NT 

Total 

40/94 

(43%) 

22/42 

(52%) 

12/36 

(33%) 

3/8 

(38%) 

3/8 

(38%)  

1.Kinnow mandarin and Feutrell’s Early mandarin (Citrus reticulata Blanco), grapefruit (C. paradisi Macfad.) and sweet orange (C. 

sinensis (L.) Osbeck).  
2. Number of CLas positive samples/tested samples (ratio outside parenthesis) and percent positivity rate (% in parenthesis). 
3. NT: Not tested.  

 

Conventional PCR detection and sequence analysis of 

genomic region of CLas isolates.  
 

The CLas detection in the 40 positive samples showed 

that primers OI1/OI2c amplified the 16s rDNA region with 

the expected product size of 1,160 bp. The nucleotide 

similarity of the PCR products using NCBI BLAST, 

revealed a query coverage of 99-100% with E values of 0, 

with multiple CLas sequences deposited within GenBank. 

The identified sequences shared high homology (98-99%) 

with the Pakistani accession LN835770.1 (isolate 

Kinnow), as well as several international sequences from 

Malaysia (EU224393.1), USA, Florida (EU130552.1, 

EU130554.1, CP001677.5, DQ471900.1, FJ236554.1, 

FJ263703.1, FJ263700.1), Mexico (JQ867409.1, 

JQ867421.1, JQ867407.1), China (CP010804.1, 

CP004005.1), Japan (AP014595.1, AB555706.1), and 

India (KC551941.1). This widespread sequence identity 

highlights the global dissemination of CLas from its center 

of origin in Southeast Asia to relatively newer production 

regions in the Americas.  
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qPCR detection of CLas.  
 

The 40 samples tested positive with conventional PCR 

were also tested with qPCR for confirmation. The Cq 

values of the positive samples were between 20 and 28 for 

most samples while a few samples yielded higher Cq 

values, indicating lower CLas titers in some of the trees 

tested (Supplementary Table 1).  

 

Discussion 

 

Citrus is an important crop in Pakistan and suffers from 

many biotic and abiotic problems (Khan 1992; Arif et al. 

2005; Siddique and Garnevska 2018). Punjab Province is 

one of the most important citrus producing areas in 

Pakistan affected by HLB. However, there are no effective 

long term management strategies to control the disease and 

only a few studies have been conducted to estimate the 

disease incidence between different districts or citrus 

cultivars within Pakistan (Razi et al. 2014; Naqvi et al. 

2017). The latest HLB survey in six districts of the Punjab 

Province was performed in 2017 using serological and 

conventional PCR assays and reported disease incidences 

ranging from 10% in sweet orange to 51.7% in Kinnow 

mandarin. Incidences in grapefruit (26.2%) and Feutrell’s 

Early mandarin (22.2%) exhibited intermediate levels of 

disease (Naqvi et al. 2017). A 2014 study focused on 

seasonal variability of CLas titer in D. citri and citrus trees 

reported an overall disease rate of 25% for four citrus 

cultivars within Pakistan (Kinnow mandarin, Fewtrell’s 

Early mandarin, Mosambi sweet orange, and grapefruit) 

(Razi et al. 2014). Although the number of sampled trees 

was not so high for all genotypes assessed, the results of 

the present study indicate an increase in the incidence of 

CLas in the Punjab Province with an overall disease rate of 

over 40%. Kinnow mandarin CLas infection rate was 

consistently over 50% and the infection rates of grapefruit, 

Feutrell’s Early mandarin, and sweet orange were elevated 

above 30% (Table 1). The observed increase in CLas 

incidence could be a result of the natural progression of the 

infection or because of the focused sampling in this study 

of symptomatic trees. This indicates that a more detailed 

survey to include testing of other pathogens that can induce 

HLB-like symptoms in citrus, such as phytoplasmas 

reported previously from Pakistan, need to take place 

(Noorizadeh et al. 2022; Fahmeed et al. 2009).  

Molecular detection of CLas with a combination of 

methods such as conventional PCR for pathogen 

identification (i.e., possibility of sequencing) and qPCR 

(i.e., sensitivity) provided complementary information 

important to understand the distribution of HLB within 

Pakistan (Hung et al. 1999; Li et al. 2007; Kokane et al. 

2020; Teixeira et al. 2008). Such molecular assays can also 

be utilized for the detection of additional virus and virus-

like pathogens that could be associated with citrus decline 

in Pakistan (Khan 1992; Arif et al. 2005; Dang et al. 2022). 

Utilizing such molecular tools in citrus surveys in Pakistan 

can provide a more complete picture of the citrus disease 

status for HLB and various other diseases within this citrus 

growing region of the middle-east.  

Knowing the disease rate for HLB, or any other citrus 

disease, is one of the most important pieces of information 

for the successful implementation of a management 

program. Management of HLB in Pakistan is challenging 

not only because of the absence of a robust survey program 

but also due to the absence of certified nurseries and lack 

of regulations regarding the use of disease-free planting 

materials (Shamoon et al.  2020). This requires the 

implementation of a comprehensive HLB management 

program, which should include measures such as the use of 

pathogen-tested citrus propagative materials, large-scale 

survey programs utilizing appropriate detection methods, 

areawide coordinated vector management, and extension 

and education programs for citrus nurseries and growers 

(Bassanezi et al. 2020; Alquézar et al. 2022).  

HLB has been suspected to be present in Punjab 

Province of Pakistan as early as 1917-18. However, the 

information on disease incidence still remains limited 

(Hussain and Nath 1927; Naqvi et al. 2017; Razi et al. 

2014; Catara et al. 1988). Despite the limited sampling in 

this study, it appears that HLB continues to spread within 

the Punjab Province of Pakistan and highlights the need for 

a more comprehensive citrus health survey and HLB 

management program for the province and the country.   
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