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Abstract: Huanglongbing (HLB) is a devastating disease affecting citrus production worldwide. In
China, the disease is associated with an unculturable alpha-proteobacterium, “Candidatus Liberibacter
asiaticus” (CLas). Phages/prophages of CLas have recently been identified through intensive
genomic research. The phage information has facilitated research on CLas biology such as population
diversity and virulence gene identification. However, little is known about the roles of CLas phages
in HLB symptom development. Such research is challenging due to the unculturable nature of CLas
and the lack of laboratory strains that carry a single phage. In this study, CLas strains singly carrying
Type 1 phage (Type 1 CLas) and Type 2 phage (Type 2 CLas) were identified and maintained in an
experimental screenhouse in southern China. The strains were characterized through next-generation
sequencing (NGS). Then, each CLas strain was inoculated into seedlings of three different citrus
cultivars/species through graft transmission in a screenhouse in Guangdong, China. Symptom
developments were recorded. All CLas-infected cultivars showed HLB symptoms in seven months.
In cultivar Nianju (Citrus reticulata), Type 1 CLas caused pronounced yellowing symptoms and severe
defoliation, whereas Type 2 CLas caused typical Zn-deficiency-like symptoms. In contrast, symptoms
from the two CLas strains’ infections on cultivars Shatianyu (C. maxima), and Eureka lemon (Citrus
limon) were more difficult to differentiate. Results from this study provide baseline information for
future research to investigate the roles of CLas phages in HLB symptom development.

Keywords: Huanglongbing (HLB); Candidatus Liberibacter asiaticus; phages; prophages; HLB symp-
toms; graft inoculation

1. Introduction

Citrus Huanglongbing (HLB, yellow shoots disease) is one of the most destructive
diseases affecting citrus production in China and around the world [1,2]. In China, HLB
is associated with “Candidatus Liberibacter asiaticus” (CLas), a phloem-limited fastid-
ious alpha-proteobacterium transmitted by Asian citrus psyllid (ACP, Diaphorina citri
Kuwayama). CLas is currently not culturable in vitro. Most CLas information is derived
from genome sequencing and analyses [3–6]. One significant discovery was the identifica-
tion of CLas phages or prophages through metagenomic studies [7,8].

Phages are an important genetic element of bacteria and play critical roles in bacterial
evolution and environmental adaptation, including pathogenesis [9]. A typical phage
is composed of a proteinaceous capsid and a circular DNA genome. Prophage is the
integration of a phage genome into the host bacterial chromosome. For the convenience of
communication, the term phage and prophage are interchangeable in this manuscript. In
CLas, the chromosomal region is highly conserved, whereas the prophage region is highly
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variable. This information has been used to establish prophage typing systems of CLas
strains [10,11]. The biological functions of several phage genes have been studied [12,13].
However, the roles of CLas phages in HLB symptom development remain largely unknown.

In a disease, symptoms are the outcome of host–pathogen interactions. HLB symptoms
are highly variable but could be grouped into (1) leaf evenly yellowing; (2) leaf mottling;
and (3) Zn-deficiency-like [14]. Mechanisms on how CLas strains cause different HLB
symptoms are not known. CLas phages have been one of the few research targets in this
regard. Research in CLas is challenging due to its unculturable nature. Study on CLas
phages is further complicated by the fact that a CLas strain often harbors more than one
phage type as the case in US [7,11,15]. However, a survey in southern China revealed the
predominance of single prophage (Type 1 or Type 2) in the CLas population [16]. This
prompted us to initiate this research project to explore the use of single-phage CLas strains
to address HLB biology questions.

In this study, we had two main objectives: (1) To collect and identify CLas strains car-
rying single phages. The CLas strains were characterized through PCR and next-generation
sequencing (NGS); and (2) single-phage CLas strains were inoculated to citrus cultivars
through grafting. Symptom developments were compared to establish preliminary asso-
ciations between CLas phages and symptom variations under screenhouse conditions in
Guangdong, China. Meanwhile, sensitivities of different citrus cultivars to CLas infections
were documented.

2. Materials and Methods
2.1. Source of CLas Strains and Phage Types

An HLB survey was performed on a lemon orchard in Ruili City of Yunnan Province,
China, in 2016. Budwoods were collected from HLB symptomatic trees of Eureka Lemon
(Citrus limonia Osbeck) and grafted onto one-year-old Eureka lemon seedlings on trifoliate
orange (Poncirus trifoliata L.) rootstock. The grafted seedlings were maintained in an insect-
free experimental screenhouse on the campus of South China Agricultural University,
Guangzhou, China. From the successfully grafted seedlings, leaf samples showing typical
HLB symptoms were collected for DNA extraction. Using the PCR primer sets (Table 1),
one seedling was tested to contain only Type 1 phage (named as NJ5-T1), and another
seedling wase tested to contain only Type 2 phage (named as NJ8-T2).

Table 1. A list of PCR primers for detection of “Candidatus Liberibacter asiaticus” (CLas) and CLas phages used in this study.

Name Sequence (5′-3′) Size (bp) Genomic
Locus/Specificity Reference

CLas-4G Forward AGTCGAGCGCGTATGCGAAT
78

16S rRNA
gene/species Bao et al. 2020 [17]HLBr Reverse GCGTTATCCCGTAGAAAAAGGTAG

HLBp Probe FAM-AGACGGGTGAGTAACGCG-BHQ

T1-2F Forward TGGCTCGGGTTCAGGTAAAT
975

Endolysin/Type
1 phage

Zheng et al.
2018 [8]T1-2R Reverse AAGGGCGACGCATGTATTTC

T1-3F Forward CTCACTGCGTCTTGATTCGG
866

Hypothetical protein
gene/Type 1 phage Same as aboveT1-3R Reverse CGAACGAGCGGTATGTTTGT

T2-2F Forward ACCCTCGCACCATCATGTTA
813

Hypothetical protein
gene/Type 1 phage Same as aboveT2-2R Reverse TCGTCTTGATTGGGCAGAGT

T2-3F Forward ACAGTTAAGAGCCACGGTGA
918

Hypothetical protein
gene/Type 1 phage Same as aboveT2-3R Reverse AAGACGTGGGTGTTATGGGT

891-1F Forward CTGATCCTTTACCATGCCGC
950 hsdS/Type 3 phage Same as above891-1R Reverse CAGCGAAACCGATCTTGAGG

891-2F Forward ACCGCGATCTACCCGTAATT
884 hsdR/Type 3 phage Same as above891-2R Reverse TGTGTTTTGCGAGTGAAGGG
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For further validation of phage-type status, DNA from NJ5-T1 and NJ8-T2 was sub-
jected to high-throughput sequencing (Illumina HiSeq, 100 × 2, Illumina Inc., San Diego,
CA, USA). HiSeq reads of each sample were mapped to sequences of SC1 (NC_019549.1,
Type 1 phage), SC2 (NC_019550.1, Type 2 phage), and P-JXGC-3 (KY661963.1, Type 3 phage)
using QIAGEN CLC genomic workbench software (Version 10.1.1, https://digitalinsights.
qiagen.com/ (accessed on 3 November 2021)) with parameters: length fraction = 1.0,
similarity fraction = 0.80, for CLas phage type determination [18].

2.2. Graft Transmission Experiments

Three citrus cultivars, Nianju (C. reticulata Blanco), Shatianyu pomelo (C. maxima
(Burm.) Merr.), Eureka lemon (C. limonia Osbeck), were selected. These cultivars were
purposely selected due to their differences in citrus species. Seedlings were obtained from
disease-free nurseries locally in Guangdong Province. Citrus seedlings were grown in
grow bags with a size of 7.5 × 9 × 28 cm in sterilized organic soil. Nianju was on sour
orange rootstocks (C. aurantium L.). Shatianyu pomelo and Eureka lemon were on trifoliate
orange rootstock. Seedlings 8 to 10 months old were used for graft inoculations with
budwoods from NJ5-T1 or NJ8-T2 trees in October 2016. Each cultivar had six replications
and one seedling received one bud. Two un-grafted plants in each cultivar served as
non-inoculated controls.

Inoculated seedlings were maintained in an insect-free screenhouse. HLB symptom
developments were monitored continuously (every ten days) through the growing season.
Five months after grafting (March 2017), five or six leaf samples were collected monthly
from each plant and continued to October 2017. Symptomatic and non-symptomatic fully
expanded (mature) leaves on the new growth branches above the inoculation point were
sampled. DNA was extracted from each sample and the titers of CLas were determined
using PCR.

2.3. PCR Assay

DNA of leaf midrid (200 mg) was extracted followed the instructions of the DNeasy
plant Mini kit (QIAGEN, Shanghai, China). A TaqMan qPCR assay with primer set HLB4g-
HLBr (17, Table 1) was used to detect and quantify CLas titer. Standard agarose gel PCR
was used for CLas phage detection, with primer sets T1-2F/T1-2R and T1-3F/T1-3R for
CLas Type 1 phage, primer sets T2-2F/T2-2R and T2-3F/T2-3R for CLas Type 2 phage, and
primer sets 891-1F/891-1R, and 891-2F/891-2R for Type 3 phage [8] (Table 1).

TaqMan qPCR assays were performed on a CFX Connect Real-Time System (Bio-Rad,
Hercules, CA, USA). The published procedure with primer set and probe (CLas-4G-HLBr-
HLBp, Table 1) [17] was followed. Briefly, the reaction mixture (20 µL) consisted of the
following: 10 µL of Bestar® qPCR Master Mix (DBI® Bioscience, Ludwigshafen, Germany),
1 µL of DNA template (25 ng), 0.2 µL of TaqMan® probe (5 µM), and 0.4 µL of each forward
and reverse primer (10 µM). The standard amplification procedure was: 95 ◦C for 2 min,
followed by 40 cycles at 95 ◦C for 10 s and 60 ◦C for 30 s. The data were analyzed using
Bio-Rad CFX Manager 2.1 software with automated baseline settings and a manually set
threshold at 0.1.

For standard agarose gel PCR, a previously published procedure [8] was followed.
Briefly, PCR was performed on a Bio-Rad T100™ Thermal Cycler (Bio-Rad, Hercules,
CA, USA). The 25 µL reaction mixture contained 1 µL of DNA template, 0.4 µL of Taq
DNA polymerase at 2.5 U/µL (Tiangen biotech co., Beijing, China), 2.5 µL of 2.5 mM
deoxynucleotide triphosphates (dNTPs), 2.5 µL of 10 × DNA polymerase buffer, 0.5 µL of
each forward and reverse primer (10 µM), and 17.6 µL of ddH2O. PCR was performed under
the following procedure: initial denaturation at 96 ◦C for 5 min, 35 cycles of amplification
(94 ◦C for 30 s, 60 ◦C for 30 s, and 72 ◦C for 60 s), and ended with a final extension of
72 ◦C for 10 min. The PCR products were electrophoresed in 1% agarose gels (0.5 × TBE
buffer) and visualized by Goldview (Geneshun Biotech Ltd., Guangzhou, China) under
UV illumination.

https://digitalinsights.qiagen.com/
https://digitalinsights.qiagen.com/
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3. Results

PCR results on NJ5-T1 and NJ8-T2 were shown in Figure 1. Sample NJ5-T1 harbored
only Type 1 phage, and NJ8-T2 harbored only Type 2 phage. None of the two strains
harbored Type 3 phage. Type 3 phage was not the target of this study. HiSeq sequencing
generated a total of 74,443,296 short reads (100 bp per read) with a total of 36,326 bp from
sample NJ5-T1 (Table 2). Similarly, there was a total of 85,867,742 short reads (100 bp per
read) with a total of 38,343 bp from sample NJ8-T2 (Table 2). All sequence reads had a
Q value > 30.
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Figure 1. Detection of three phages in “Candidatus Liberibacter asiaticus” (CLas) strains using
standard agarose gel PCR with phage-type-specific primer sets. Lane M, DNA ladder (top to bottom:
3000, 2000, 1550, 100, 750, 500 bp). Type 1 = specific primer sets: 1, T1-2F/T1-2R and 2, T1-3F/T1-3R;
Type 2 = specific primer sets: 3, T2-2F/T2-2R and 4, T2-3F/T2-3R; Type 3 = specific primer sets: 5,
891-1F/891-1R and 6, 891-2F/891-2R. [8]. Ct values were based on primer set CLas4G/HLBr [17].

Table 2. Results of HiSeq read mapping to reference phage sequences of SC1 (Type 1, HQ377372), SC2
(Type 2, HQ377373), and P-JXGC-3 (Type 3, KY661963) of “Candidatus Liberibacter asiaticus” (CLas).

CLas Strain Total Reads SC1 (40,048 bp) SC2 (38,997 bp) P-JXGC-3
(31,449 bp)

NJ5-T1:

Total (reads) 74,443,296 1130 641 550
Consensus (bp) 36,326 20,678 17,277

% coverage to reference 90.7 53.0 54.9

NJ8-T2:

Total (reads) 85,867,742 4491 8273 3835
Consensus (bp) 21,392 38,343 17,937

% coverage to reference 53.5 98.3 57.0



Agronomy 2021, 11, 2262 5 of 8

As shown in Table 2, reference-mapping of HiSeq reads from sample NJ5-T1 identified
1130 reads matching SC1 with a coverage of 90.7%, as compared to that of 53.0% to SC2
(Type 2 phage) and that of 54.9% to P-JXGC-3 (Type 3 phage). This high percentage length
coverage (90.7%) further confirmed that sample NJ5-T1 harbored a Type 1 phage based
on the published analysis procedure [18]. Similarly, sample NJ8-T2 showed high coverage
to SC2 (98.3%) and low coverages to SC1 (53.4%) and P-JXGC-3 (57.0%), confirming the
sample harboring a Type 2 phage.

Figure 2 showed the overall distribution of matched HiSeq reads to the three reference
CLas phage sequences. Again, reads from NJ5-T1 sample covered mostly the SC1 sequence.
In contrast, a large mapping gap (from position 1575 bp to 16,474 bp) was evidenced in
SC2 mapping. Similarly, a large gap (from position 251 bp to 12,141 bp) was present in the
P-JXGC-3 mapping. All these validated that NJ5-T1 harbored only a Type 1 phage [18].
Similarly, read track data confirmed that sample NJ8-T2 only harbored a Type 2 phage.
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Figure 2. Results of HiSeq read mapping of “Candidatus Liberibacter asiaticus” (CLas) strains NJ5-T1
and NJ8-T2 to the sequences of phage/prophage SC1 (Type 1, HQ377372), SC2 (Type 2, HQ377373)
and P-JXGC-3 (Type 3, KY661963). Numbers at the top are nucleotide positions. On the left and
under each prophage names, consensus = assembled contigs; coverage = read coverage. Note the
almost complete coverage of SC1 by CLas NJ5-T1, indicating the presence of Type 1 phage, and the
almost complete coverage of SC2 by NJ8-T2, indicating the presence of Type 2 phage.

As expected, not all grafted budwoods survived. In this experiment, the success-
ful graft rate ranged from 50% (3/6) to 100% (6/6). Only plants with successful graft
transmission were selected for symptom evaluation and comparison. Figure 3 showed
the HLB symptoms from one representative plant in each cultivar six months after graft



Agronomy 2021, 11, 2262 6 of 8

transmission. Eureka lemon tended to show more obvious blotchy-mottling and water-
soaked symptoms around the midrib. No significant difference was observed between
Type 1 CLas and Type 2 CLas infections. For cultivar Shatianyu pomelo, relatively even
yellowing of leaves was the trend, with no clear difference between Type 1 CLas and Type
2 CLas infections. Cultivar Nianju exhibited variable symptoms of yellowing, chlorophyll
accumulation in main and lateral veins (Zn-deficiency-like), and defoliation. Infection from
Type 1 CLas appeared to produce more pronounced even yellowing and severe defoliation.
Infection from Type 2 CLas was more prone to show Zn-deficiency-like symptom, or a
significant delay or no yellowing in leaf veins.
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Figure 3. Representative symptoms of three citrus cultivars (Eureka lemon (Citrus limonia Osbeck), Shatianyu pumelo
(C. maxima (Burm.) Merr.), and Nianju (C. reticulata Blanco)) six months after inoculation with “Candidatus Liberibacter
asiaticus” (CLas) strains carrying Type 1 phage (Type 1 CLas) and Type 2 phage (Type 2 CLas). Ct values were based on
primer set CLas4G/HLBr (17); letter n represents number of replications. Ct values were means of all replicates.

4. Discussion

This research is an application of the early reported information that single-phage
(Type 1 or Type 2) CLas strains are common in southern China [16]. Efforts were made
to identify and characterize two single phage CLas strains, NJ5-T1 and NJ8-T2. The use
of single-phage CLas strains will simplify and benefit future research in the biology of
CLas phages. Both NJ5-T1 and NJ8-T2 strains were from the same Eureka lemon orchard,
suggesting that the chromosomal regions of the two strains were likely the same or highly
similar. Current knowledge from whole-genome sequence analyses shows that all known
CLas strains have a highly conserved chromosomal region. It is the prophage region that
shows the most genomic and genetic variations. This assures us that results from the
comparison of single-phage CLas strains can be considered as comparisons of CLas phages.
Furthermore, future experiments can be designed by the inoculation of both CLas strains
to create a mixed-phage infection sicario.

As shown in Table 2 and Figure 2, HiSeq reads from NJ5-T1 only covered 90.7% of
SC1, suggesting that the NJ5 Type 1 phage was not the same as SC1. HiSeq reads from
NJ8-T2 had a higher coverage (98.3%) to SC2. However, there was still a 1.7% of the ~40K
bp (size of SC2) nucleotide difference. On the other hand, since NJ5-T1 and NJ8-T2 were
from China, and SC1 and SC2 were from US, the phage sequence variations were good
evidence that CLas strains between the two geographical locations were different or had
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different sources of origin, supporting previous observations on a chromosome-based
tandem repeat locus [19] and sequence of ter gene [10].

Although generalizations can be made [1,14], HLB symptoms are in general highly
variable depending on citrus cultivars, citrus culture environment, etc. With the controlled
environmental conditions as in this screenhouse experiment, HLB symptoms among the
three citrus cultivars/species were all noticeable. Within the same cultivar with different
CLas phage types, differences in HLB symptoms in Eureka lemon and in Shatianyu pomelo
were difficult to find. However, we were able to observe the HLB symptom variations
from the two-phage-type CLas strains in cultivar Nianju (Figure 3), suggesting that cultivar
Nianju was more sensitive in its interaction with different CLas strains or different CLas
phages. It should be noted that only a limited number of citrus seedlings (three to six
plants, Figure 3) were examined in this study, indicating the preliminary nature of the data
in this study. However, such results could provide baseline information for future research
on the roles of CLas phages in HLB symptom development.

Author Contributions: Conceptualization, X.D., M.B., J.C.; methodology, M.B., Z.Z.; validation,
M.B., Z.Z., J.C.; formal analysis, M.B., Z.Z.; investigation, M.B., Z.Z.; resources, X.D.; data curation,
M.B., Z.Z.; writing—original draft preparation, M.B.; writing—review and editing, M.B., Z.Z., J.C.;
supervision, X.D.; project administration, X.D.; funding acquisition, X.D. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by Science and Technology Major Project of Guangxi (Gui Ke
AA18118046) and The Major Science and Technology R& D Program of Jiangxi Province (20194ABC28007).

Acknowledgments: We thank Junfu Chen, Jiaquan Huang, Yongqin Zheng for technical assistance.

Conflicts of Interest: The authors declare no conflict of interest. Mention of trade names or commer-
cial products in this publication is solely for the purpose of providing specific information and does
not imply recommendation or endorsement by the U.S. Department of Agriculture (USDA).

References
1. Bové, J.M. Huanglongbing: A destructive, newly-emerging, century-old disease of citrus. J. Plant Pathol. 2006, 88, 7–37.
2. Lin, K.H. Observations on yellow shoot of citrus. Acta Phytopathol. Sin. 1956, 2, 1–11.
3. Duan, Y.; Zhou, L.; Hall, D.G.; Li, W.; Doddapaneni, H.; Lin, H.; Liu, L.; Vahling, C.M.; Gabriel, D.W.; Williams, K.P.; et al. Com-

plete genome sequence of citrus huanglongbing bacterium, ‘Candidatus Liberibacter asiaticus’ obtained through metagenomics.
Mol. Plant-Microbe Interact. 2009, 22, 1011–1020. [CrossRef]

4. Zheng, Z.; Deng, X.; Chen, J. Whole-genome sequence of ‘Candidatus Liberibacter asiaticus’ from Guangdong, China. Genome
Announc. 2014, 2, e00273-14. [CrossRef]

5. Zheng, Z.; Deng, X.; Chen, J. Draft genome sequence of ‘Candidatus Liberibacter asiaticus’ from California. Genome Announc. 2014,
2, e00999-14. [CrossRef]

6. Zheng, Z.; Sun, X.; Deng, X.; Chen, J. Whole-Genome Sequence of “Candidatus Liberibacter asiaticus” from a Huanglongbing-
Affected Citrus Tree in Central Florida. Genome Announc. 2015, 3, e00169-15. [CrossRef] [PubMed]

7. Zhang, S.; Flores-Cruz, Z.; Zhou, L.; Kang, B.-H.; Fleites, L.A.; Gooch, M.D.; Wulff, N.A.; Davis, M.J.; Duan, Y.-P.; Gabriel, D.W.
‘Ca. Liberibacter asiaticus’ Carries an Excision Plasmid Prophage and a Chromosomally Integrated Prophage That Becomes Lytic
in Plant Infections. Mol. Plant-Microbe Interact. 2011, 24, 458–468. [CrossRef] [PubMed]

8. Zheng, Z.; Bao, M.; Wu, F.; Van Horn, C.; Chen, J.; Deng, X. A Type 3 Prophage of ‘Candidatus Liberibacter asiaticus’ Carrying a
Restriction-Modification System. Phytopathology 2018, 108, 454–461. [CrossRef]

9. Boyd, E.; Brüssow, H. Common themes among bacteriophage-encoded virulence factors and diversity among the bacteriophages
involved. Trends Microbiol. 2002, 10, 521–529. [CrossRef]

10. Deng, X.; Lopes, S.; Wang, X.; Sun, X.; Jones, D.; Irey, M.; Civerolo, E.; Chen, J. Characterization of “Candidatus Liberibacter
Asiaticus” Populations by Double-Locus Analyses. Curr. Microbiol. 2014, 69, 554–560. [CrossRef] [PubMed]

11. Dai, Z.; Wu, F.; Zheng, Z.; Yokomi, R.; Kumagai, L.; Cai, W.; Rascoe, J.; Polek, M.; Chen, J.; Deng, X. Prophage Diversity of
‘Candidatus Liberibacter asiaticus’ Strains in California. Phytopathology 2019, 109, 551–559. [CrossRef] [PubMed]

12. Fleites, L.A.; Jain, M.; Zhang, S.; Gabriel, D.W. “Candidatus Liberibacter asiaticus” Prophage Late Genes May Limit Host Range
and Culturability. Appl. Environ. Microbiol. 2014, 80, 6023–6030. [CrossRef] [PubMed]

13. Jain, M.; Fleites, L.A.; Gabriel, D.W. Prophage-Encoded Peroxidase in ‘Candidatus Liberibacter asiaticus’ Is a Secreted Effector
That Suppresses Plant Defenses. Mol. Plant-Microbe Interact. 2015, 28, 1330–1337. [CrossRef] [PubMed]

http://doi.org/10.1094/MPMI-22-8-1011
http://doi.org/10.1128/genomeA.00273-14
http://doi.org/10.1128/genomeA.00999-14
http://doi.org/10.1128/genomeA.00169-15
http://www.ncbi.nlm.nih.gov/pubmed/25792067
http://doi.org/10.1094/MPMI-11-10-0256
http://www.ncbi.nlm.nih.gov/pubmed/21190436
http://doi.org/10.1094/PHYTO-08-17-0282-R
http://doi.org/10.1016/S0966-842X(02)02459-9
http://doi.org/10.1007/s00284-014-0621-9
http://www.ncbi.nlm.nih.gov/pubmed/24912994
http://doi.org/10.1094/PHYTO-06-18-0185-R
http://www.ncbi.nlm.nih.gov/pubmed/30303769
http://doi.org/10.1128/AEM.01958-14
http://www.ncbi.nlm.nih.gov/pubmed/25063651
http://doi.org/10.1094/MPMI-07-15-0145-R
http://www.ncbi.nlm.nih.gov/pubmed/26313412


Agronomy 2021, 11, 2262 8 of 8

14. Zheng, Z.; Chen, J.; Deng, X. Historical Perspectives, Management, and Current Research of Citrus HLB in Guangdong Province
of China, Where the Disease has been Endemic for Over a Hundred Years. Phytopathology 2018, 108, 1224–1236. [CrossRef]
[PubMed]

15. Kunta, M.; Zheng, Z.; Wu, F.; da Graca, J.V.; Park, J.-W.; Deng, X.; Chen, J. Draft Whole-Genome Sequence of “Candidatus
Liberibacter asiaticus” Strain TX2351 Isolated from Asian Citrus Psyllids in Texas, USA. Genome Announc. 2017, 5, e00170-17.
[CrossRef] [PubMed]

16. Zheng, Z.; Bao, M.; Wu, F.; Chen, J.; Deng, X. Predominance of Single Prophage Carrying a CRISPR/cas System in “Candidatus
Liberibacter asiaticus” Strains in Southern China. PLoS ONE 2016, 11, e0146422. [CrossRef] [PubMed]

17. Bao, M.; Zheng, Z.; Sun, X.; Chen, J.; Deng, X. Enhancing PCR Capacity to Detect ‘Candidatus Liberibacter asiaticus’ Utilizing
Whole Genome Sequence Information. Plant Dis. 2020, 104, 527–532. [CrossRef] [PubMed]

18. Zheng, Z.; Wu, F.; Kumagai, L.B.; Polek, M.; Deng, X.; Chen, J. Two ‘Candidatus Liberibacter asiaticus’ Strains Recently Found in
California Harbor Different Prophages. Phytopathology 2017, 107, 662–668. [CrossRef] [PubMed]

19. Chen, J.; Deng, X.; Sun, X.; Jones, D.; Irey, M.; Civerolo, E. Guangdong and Florida Populations of ‘Candidatus Liberibacter
asiaticus’ Distinguished by a Genomic Locus with Short Tandem Repeats. Phytopathology 2010, 100, 567–572. [CrossRef] [PubMed]

http://doi.org/10.1094/PHYTO-07-18-0255-IA
http://www.ncbi.nlm.nih.gov/pubmed/30156499
http://doi.org/10.1128/genomeA.00170-17
http://www.ncbi.nlm.nih.gov/pubmed/28408682
http://doi.org/10.1371/journal.pone.0146422
http://www.ncbi.nlm.nih.gov/pubmed/26741827
http://doi.org/10.1094/PDIS-05-19-0931-RE
http://www.ncbi.nlm.nih.gov/pubmed/31790641
http://doi.org/10.1094/PHYTO-10-16-0385-R
http://www.ncbi.nlm.nih.gov/pubmed/28398165
http://doi.org/10.1094/PHYTO-100-6-0567
http://www.ncbi.nlm.nih.gov/pubmed/20465412

	Introduction 
	Materials and Methods 
	Source of CLas Strains and Phage Types 
	Graft Transmission Experiments 
	PCR Assay 

	Results 
	Discussion 
	References

