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Objectives 

1. Effective enrichment of low titer CLas DNA
from HLB suspected sample

2. Identify a cost-effective protocol for sample
sequencing

3. Evaluate and finalize an analytical pipeline
for accurate and sensitive detection of CLas

Problem and Significance 

Currently, citrus huanglongbing (HLB) control in 
California focuses on early detection and 
eradication of the pathogen, “Candidatus 
Liberibacter asiaticus” (CLas). Detection of CLas is 
based on PCR technology, generating a Ct value 
that measures the amount of pathogen DNA. The 
higher the Ct, the lower the CLas concentration in 
the sample. However, a high Ct value, say Ct=36, 
could be problematic, because it could mean either 
a very low CLas concentration, or no CLas at all but 
the presence of CLas-related bacteria. Resolving 
the high Ct value problem has a direct impact in 
HLB management in California.  

Benefit to Industry 

A direct outcome of this project is a detection 
system that unambiguously determines the CLas 
status in an HLB suspected sample that could not 
be resolved by a PCR procedure. As a result, a 
confident determination can be made and thus 
mitigation measures taken. The system may also 
have applications for the citrus nursery industry in 
California, Florida and Texas to improve CLas 
detection accuracy. 

Progress Summary 

With the help from California Department of Food 
and Agriculture (CDFA), Jerry Dimitman lab and 
collaborators from South China Agricultural 
University in China and FundeCitrus in Brazil, we 
received DNA samples of ACP (Asian citrus psyllid) 
and HLB-affected citrus that have Ct values ranging 
from 19 to 37 based on TaqMan PCR with primer 
set HLBas-HLBr and probe HLBp, named as 
HLBas-PCR here. CDFA also helped to obtain DNA 
samples from multiple locations in Mexico including 
those neighboring California. ACP or citrus DNA 
samples were amplified based on procedures 
developed in the earlier phase of this project. 
Samples were sequenced using different formats of 
Illumina sequencing technology. As expected, the 
low Ct samples were readily confirmed with 
sequences that were 100% matched to the CLas 
signature sequence, also called OI1-G (Bao et al., 
2020), with no ambiguity.  

To investigate what bacteria were in high Ct 
samples, a set of seven samples, five from ACP 
and two from citrus, were analyzed (Figure 1) using 
NGS (Illumina platform). In this report, we are 
emphasizing three ACP samples: in the red box, 
Sample A-TECA18 from Temecula (Ct of 36.81); 
and in the blue box, Sample A-RSCA17 from 
Riverside (Ct of 29.80) and Sample A-SBCA18 
from San Bernardino (Ct of 28.62). Using the 
analysis pipeline (procedure) established in this 
project, ten bacteria were identified (No. 1 to 10). 
The amount of bacteria (bacterial DNA) was 
represented by the sizes of circles/dots. Sample A-
TECA18 did not show any (no dot) CLas (bacterium 
No. 7 in red letters). It was further observed that 
bacteria no. 5 and 6 (in blue letters) were closely 
related to CLas. The CLas-related bacteria 
harbored sequences very similar, but not identical, 
to CLas signature sequence OI1-G and primers 
used by HLBas-PCR. The two bacteria were 
present in Sample A-TECA18 (the two dots within 
red box). Therefore, bacteria No. 5 and 6 could be 
the culprits of causing high Ct values.  

Interestingly, our research results also showed that 
the presence of CLas-related bacteria could 
obscure the true CLas Ct values. Within the blue 
box in Figure 1, Sample A-SBCA18 had a smaller 
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dot of CLas (bacterium No. 7) than that of Sample 
A-RSCA17. Yet, Sample A-SBCA18 showed a
smaller Ct of 28.62, meaning higher CLas
concentration, than that of Sample A-RSCA17
(Ct=29.80). The contradiction could be explained
by the fact that Sample A-SBCA18 had significantly
more bacteria No. 5 and 6, as evidenced by the
much larger dots. More details of our research
findings have been summarized into a manuscript
submitted to Plant Disease for publication (Huang
et al., 2020).

In addition, the implementation of this CRB project 
has led to significant collaborations with other 
institutions and publications of whole genome 
sequences of CLas strains. These included: 1) the 
recently reported HLB strain in San Bernardino 
County of California; 2) a strain from Brazil (Silva et 
al., 2020); and 3) a strain from Pakistan (Liu et al., 
2020). Two Mexican strains of CLas were also 
sequenced: a Yucatan strain similar to those in 
Texas and Florida, and a Baja California strain 
similar to those in California.  
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Figure 1. Graphical representation of ten bacteria (from No. 1 to No. 10) identified through the use of NGS technology in 
seven California plant and psyllid samples. Ct values from HLBas-PCR are listed under row No. 7.  The circle/dot sizes 
(also the color but need not to consider here for simplicity) is meant to visualize the amount of bacteria detected. The blue 
and red boxes highlight comparisons between CLas and two CLas-related bacteria with high Ct values. Rows 11 to 13 are 
positive controls for this analysis and were taken from mitochondria of ACP and citrus and chloroplast of citrus. Locations 
of samples in sample names were abbreviated and underlined and explained on the left. 
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