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“Huanglongbing” (HLB) is currently the most destructive disease of citrus worldwide. The detection,
identification and genetic diversity studies of strains of its main associated agent ‘Candidatus Liberibacter asiaticus’ were
limited to the use of housekeeping genes. Because of the increasing availability of complete genome sequences of different
‘Ca. L. asiaticus’ strains from different countries, regions inside the genome of these bacteria having greater variability have
been successfully implemented for its characterization, including microsatellites, prophage genes and miniature inverted-
repeat transposable elements (MITEs). In the present work, six Cuban strains of ‘Ca. L. asiaticus’ with different geographical
origins (Western, Central and Eastern regions) were included. Two polymorphic markers (prophage types and MITEs) were
used to verify the presence of genetic diversity among the strains. The combination of the information obtained from
detecting markers allowed verifying the strain differentiation according to the length of the amplified bands. The detected
strains are important controls necessary to guarantee the performance and interpretation of tests using these molecular
markers. The PCR systems used will allow a fast and improved characterization of the bacterial populations present in Cuba.
This is the first report of the detection of polymorphic regions in the genome of Cuban strains of ‘Ca. L. asiaticus’.

“Huanglongbing”, polymorphic genomic regions, positive controls, Cuban strains.

“Huanglongbing” (HLB) es actualmente la enfermedad más destructiva de los cítricos a nivel mundial. La
detección, identificación y estudios de diversidad genética de cepas de su principal agente asociado ‘Candidatus Liberibacter
asiaticus’ se limitaron al empleo de genes de mantenimiento. A partir de la creciente disponibilidad de secuencias del genoma
completo de diferentes cepas de ‘Ca. L. asiaticus’ en varios países, regiones de mayor variabilidad, dentro del genoma de
estas bacterias, se implementaron exitosamente para su caracterización, incluyendo microsatélites, los genes de origen
profago y elementos transponibles miniatura con repetición invertida (MITEs por sus siglas en inglés). En el presente trabajo,
se incluyeron seis aislados cubanos de ‘Ca. L. asiaticus’ provenientes de diferentes orígenes geográficos (regiones
Occidental, Central y Oriental). Dos marcadores polimórficos (tipos de profagos y MITEs) se utilizaron para verificar la
diversidad genética entre estas cepas. La combinación de la información obtenida de la detección de ambos marcadores
permitió verificar la diferenciación de las cepas acorde al tamaño de las bandas amplificadas. Las diversas cepas detectadas
son controles importantes necesarios para garantizar el desarrollo e interpretación de los ensayos desarrollados utilizando
estos marcadores moleculares. Los sistemas de PCR empleados permitirán una caracterización rápida y mejorada de las
poblaciones de esta bacteria presentes en Cuba. Este constituye el primer informe de la detección de regiones polimórficas en
el genoma de aislados cubanos de ‘Ca. L. asiaticus’.

“Huanglongbing”, regiones genómicas polimórficas, controles positivos, cepas cubanas.

 
INTRODUCTION

“Huanglongbing” (HLB), also known as citrus
greening, is the most serious disease threating the
citrus industry worldwide (1). Its occurrence has been
associated with the presence of three bacteria within
the ‘Candidatus Liberibacter’ genus: ‘Ca. L.
asiaticus’, ‘Ca. L. africanus’ and ‘Ca. L. americanus’
(2). In Cuba, ‘Ca. L. asiaticus’ has been the only
liberibacter detected since 2007 (3, 4). The lack of
cultivation of this bacterium in artificial medium

encouraged the active contribution of molecular tools
in most of the related research (5). Its detection,
identification and genetic diversity studies have
mainly been focused on the use of housekeeping
genes, as well as of the 16S rRNA, the intergenic
region 16S-23S (6, 7, 8), the omp gene (9), or the
operon β genes (10). These approaches allowed the
differentiation of the three known species (6, 7, 9, 11).
However, the high conserved nature of these genes
limits the discriminatory power for closely related
bacteria (i.e., strains of the same species) (3, 12).
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Since 2009, the availability of the complete genome
of different ‘Ca. L. asiaticus’ strains from different
countries has increased exponentially (13, 14, 15).
Subsequently, genomic regions with greater variability
have been successfully implemented, including
microsatellites (12, 16, 17), prophage genes (18, 19,
20), and miniature inverted-repeat transposable
elements (MITEs) (21) identified inside the genome of
these bacteria. In Cuba, previous strain differentiation
works were based on the study of these conserved
regions (3, 4). Due to their greater variability,
polymorphic regions are more suitable tools to
evaluate genetic variability within populations of the
same species. However, to guarantee the correct
amplification and interpretation of the results, it is
necessary to improve these techniques by including
positive controls.

In this work, the objective was to obtain positive
controls for the prophages and MITEs from Cuban
strains of ‘Ca. L. asiaticus’.

MATERIALS AND METHODS
Plant material and DNA extraction

Six symptomatic and one asymptomatic citrus
plants maintained under greenhouse conditions were
used as positive and negative amplification controls,
respectively (Table 1). Total DNA was extracted from
0.6 g of midribs and petioles using a CTAB method
(22). The presence/absence of ‘Ca. L. asiaticus’ was
verified using a PCR assay with specific primers OI1/
OI2c (23).

PCR for detection of polymorphic regions

For the prophage typing analyses, the following
pairs of primer were used: T1-1F/T1-1R (type
1 prophage), T2-1F/T2-1R and T2-8F/T2-8R (type
2 prophage), and 891-1F/891-1R (type 3 prophage).
By the other hand, for the MITEs detection, the primer
pair LapPF1-F/LapPF1-R was used. (Table 2)

Several annealing temperatures (55, 60 and 62°C)
were evaluated according to the following criteria:

i. the Top Taq Master Mix (Qiagen) manufacturer
recommendations,

ii. the melting temperatures, calculated with the
formula

iii. the temperatures when the primers were designed
and published.

All the amplified DNAs (5 µl) were subjected to
electrophoresis on 1% agarose gel (1X Tris-acetate/
EDTA), stained with ethidium bromide, and visualized
under ultraviolet light in a transilluminator.

RESULTS AND DISCUSSION

For detecting prophage type 1 (T1-1F/T1-1R), the
amplicon with the expected size (i.e., 1,025 bp) was
observed in all the positive samples when amplified
with the annealing temperature of 62°C. Similar
results were obtained for the prophage type 2, with the

 Tm = 2 ℃ A+ T + 4 ℃ C+ G
 

 
Table 1. Cuban strains of ‘Ca. L. asiaticus’ used for the detection of prophage and MITEs / Cepas cubanas de ‘Ca. L.
asiaticus’ utilizadas para la detección de profagos y de MITEs.

Code Location Citrus species Symptoms Type of control
LPIJ4 Isla de la Juventud, Western

region
Persian lime (Citrus latifolia Tan.) Blotchy mottle Positive

A01208 Matanzas, Western region Persian lime (Citrus latifolia Tan.) Blotchy mottle Positive
2629 Ciego de Avila, Central region Sweet orange (Citrus sinensis (L.) Osb.) Blotchy mottle Positive
2617 Camaguey, Central region Persian lime (Citrus latifolia Tan.) Blotchy mottle Positive
A00305 Santiago de Cuba, Eastern

region
Mexican lime (Citrus aurantifolia
(Christm.) Swing)

Blotchy mottle Positive

A00311 Guantánamo, Eastern region Sweet orange (Citrus sinensis (L.) Osb.) Blotchy mottle Positive
2345 IIFT greenhouse Citrux hystrix DC (Swangi) Asymptomatic Negative

 
Table 2. Specific primers for the detection of types of prophage and MITEs in ‘Ca. L. asiaticus’ used to type the Cuban
strains / Cebadores específicos para la detección de los tipos de profagos y de MITEs de ‘Ca. L. asiaticus’ utilizados para
tipificar las cepas cubanas

Primers Amplicon Type/Size (bp) Locus target Reference
T1-1F/T1-1R Single/1025 bp SC1_gp030 (24)
T2-1F/T2-1R Single/807 bp SC2_gp030 (24)
T2-8F/T2-8R Single/795 bp SC2_gp240 (24)

891-1F/891-1R Single/950 bp PJXGC_08 (20)
LapPF1-F/LapPF1-R Several/B720 (720 bp), B630 (630 bp) and

B350 (350bp)
CLIBASIA_05620 a
CLIBASIA_05625

(21)
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primer pair T2-8F/T2-8R with the same temperature
for the expected amplicon of 795 bp. These
amplifications were obtained with an alternative
annealing temperature of 60°C. However, with the
additional prophage type 2- specific primers used
(T2-1F/T2-1R, with an expected amplicon of 806 bp),
no amplification was obtained with any of the three
annealing temperatures evaluated (Fig. 1). No
amplification was observed with the detection system
for prophage type 3 (primers 891-1F/891-1R) (data
not shown). With the temperatures tested, none of the
primers yielded PCR amplification from DNA
extracted from asymptomatic (confirmed non-
‘Ca. L. asiaticus’- infected) citrus leaves.

The band with the expected size (1,025 bp) with the
primers T1-1F/1R was obtained in all the positive
controls with the three annealing temperatures used.
Da Silva et al. (25) reported the same results using
annealing at 55°C with this system. However, in the
Cuban samples the best results were obtained with
60°C or 62°C, since a size expected-single band was
amplified from all the positive samples. At lower
temperature (i.e., 55°C), additional non-specific light
bands appeared in some samples (data not shown). For
prophage type 2, amplification was only detected with
primers T2-8F/T2-8R, while T2-1F/T2-1R did not
show bands. This observation was maintained for all
the annealing temperatures used. Previous works
reported that the set T2-8F/T2-8R, out of eight PCR
markers for prophage type 2, amplifyed this prophage
from 299 Brazilian strains of ‘Ca. L. asiaticus’
evaluated (25). The results with both the Cuban and
Brazilian strains highlighted the usefulness of the
primers T2-8F/T2-8R. This agrees with their high
specificity to prophage type 2 sequence, according to
their design (24).

Based on the primers of the MITEs in the prophage
region, it was possible to identify two types of
amplicons, B720 and B720 + B350 (Fig. 2), by using
55°C as annealing temperature. In China, Wang et al.
(21) used this detection system and reported a similar
population structure in 10 samples from Guizhou.
However, other genotypes were identified when the
sample size was increased (21, 26).

These results allowed differentiating several strains
from different geographic regions in Cuba through
amplification patterns. These samples will therefore be
employed as controls in future survey studies. The use
of the detection of prophage types and MITEs will
allow a deeper and faster characterization of the
Cuban population of ‘Ca. L. asiaticus’ strains
circulating in the different citrus growing areas of the
island. This is also the first detection of polymorphic
molecular markers in the Cuban strains of
‘Ca. L. asiaticus’.

CONCLUSIONS
Amplification controls were obtained for the first

time using diverse types of prophage and MITEs from
Cuban strains of ‘Ca. L. asiaticus’. The detection of
both markers is a suitable tool to evaluate the
population variability of this bacterium from different
geographic regions of the country.

Figure 1. Detection of prophages type 1 (primers T1-1F/R),
2 (primers T2-1F/R and T2-8F/R) on control samples.
Lanes 1: sample LPIJ4; 2: sample A01208; 3: sample 2629;
4: sample 2617; 5: sample A00305 y 6: sample A00311.
Lanes C-: negative control 2345 and M: 1 kb DNA Ladder
(BioLabs) / Detección de profagos tipo 1 (cebadores
T1-1F/R), 2 (cebadores T2-1F/R y T2-8F/R) en muestras
controles. Carriles 1: muestra LPIJ4; 2: muestra A01208;
3: muestra 2629; 4: muestra 2617; 5: muestra A00305 y
6: muestra A00311. Carriles C-: muestra control negativo
2345 y M: Marcador de peso molecular 1 kb (BioLabs).
 

Figure 2. Profiles of bands amplified with the primers
LapPF1-F/R. Lanes 1: sample LPIJ4; 2: sample A01208;
3: sample 2629; 4: sample 2617; 5: sample A00305 and
6: sample A00311. Lanes C-: negative control 2345 and
M: 100 bp DNA ladder (BioLabs)/ Perfil de bandas
amplificadas con los cebadores LapPF1-F/R. Carriles
1: muestra LPIJ4; 2: muestra A01208; 3: muestra 2629;
4: muestra 2617; 5: muestra A00305 y 6: muestra A00311.
Carriles C-: muestra control negativo 2345 y M: Marcador
de peso molecular 100 bp (BioLabs).
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