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Resumen. Este trabajo tuvo la finalidad de inves-
tigar la presencia de fitoplasmas asociados a sin-
tomas similares al HLB, enfermedad causada por
CLas, con el proposito de optimizar los procesos
de muestreo y diagnostico en el marco de acciones
fitosanitarias oficiales en la citricultura Mexicana.
A partir de alertas de resultados negativos a CLas
en arboles de Citrus spp con sintomas putativos de
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Abstract. This work had the purpose of detecting
the presence of phytoplasmas associated to HLB-
like symptoms, a disease caused by CLas, to
improve the sampling and detection carryout
in official phytosanitary actions in the Mexican
citriculture. Base on alerts of negative results to
CLas in citrus trees with putative symptoms of HLB,
directed samplings were conducted in commercial
orchards and country backyards in Hidalgo,
Colima, Puebla and Veracruz in 2012, 2013 and
2018. The total DNA was analyzed by PCR with
the primers P1 / P7 nested with R16F2 / R16R2
and D7f2 / D7r2. CLas infection was assessed with
A2 / J5 primers. The presence of the Brazilian
Huanglongbing disease-associated phytoplasma,
member of the 16Sr IX group, associated with C.
latifolia (NCBI, MK282760) and C. aurantifolia
(NCBI, MK282761) was confirmed inducing
similar but contrasting symptoms to those caused
by CLas. These hosts are reported for the first time
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HLB se realizaron muestreos dirigidos en huertos
comerciales y traspatios en Hidalgo, Colima, Pue-
blay Veracruz en 2012, 2013 y 2018. E1 ADN total
se analiz6 por PCR con los iniciadores P1/P7 ani-
dados con R16F2/R16R2 y D7f2/D7r2. La infec-
cioén de CLas se determiné con los iniciadores A2/
J5. Se confirmé en México la presencia del Bra-
zilian Huanglongbing disease-associated phyto-
plasma, miembro del grupo 16Sr IX, asociado a
C. latifolia (NCBI, MK282760) y C. aurantifolia
(NCBI, MK282761) induciendo sintomas simi-
lares pero contrastantes a los causados por CLas.
Estos hospederos se reportan por primera vez en
adicion al original reporte en C. sinensis en Brasil.
También se reporta a Bidens odorata 'y Cajanus ca-
jan como probables hospederos arvenses alternos
y la presencia de especimenes de Graphocephala
y Acinopterus (Cicadellidae), géneros reconocidos
con especies vectoras de fitoplasmas de los grupos
16Sr 11I-A 'y Aster Yellow, respectivamente.

Palabras clave: PCR-anidado, Mollicutes, HLB,
vector

Ante el inminente ingreso a territorio mexicano
de Candidatus Liberibacter asiaticus (CLas), SE-
NASICA desarroll6 en 2008 un Plan de Emergencia
el cual derivé en una Campaiia Contra el HLB de
los Citricos sustentado en la deteccion en planta y
vector del agente bacteriano CLas (SIRVEF, 2018;
Flores-Sanchez et al., 2017; Mora-Aguilera et al,
2014). Sin embargo, la confiabilidad del diagnos-
tico molecular debe incluir a CLas y otros organis-
mos capaces de inducir sintomas similares al HLB,
consistentes en moteados clordticos y asimétricos,
leve aclaramiento de nervaduras y amarillamiento
foliar (Esquivel-Chavez et al, 2012). En Brasil y
China en 2008 y 2009, y recientemente en 2018, se
reportaron fitoplasmas pertenecientes a los grupos
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in addition to the original report on C. sinensis in
Brazil. Bidens odorata and Cajanus cajan are also
reported as probable alternate weed hosts as well
as the presence of specimens of Graphocephala
and Acinopterus (Cicadellidae), genera recognized
with vector species of 16Sr III-A and Aster Yellow
phytoplasma groups, respectively.

Key words: Nested-PCR, Mollicutes, HLB, vector

Upon the imminent entry in 2008 of Candidatus
Liberibacter asiaticus (CLas) in Mexico,
SENASICA developed an Emergency Plan that
derived in a campaign against HLB on citrus
crops, supported by plant and vector detection of
the bacterial agent CLas (SIRVEF, 2018; Flores-
Sanchez et al., 2017; Mora-Aguilera et al, 2014).
However, the reliability of the molecular diagnosis
must include CLas and other organisms capable
of inducing symptoms similar to HLB, consisting
of chlorotic and asymmetric spots, slight vein
whitening and leaf yellowing (Esquivel-Chavez et
al, 2012). In Brazil and China in 2008 and 2009,
and more recently, in 2018, phytoplasmas belonged
to groups 16Sr I and IX were reported in Citrus
sinensis causing symptoms similar to HLB (Wulff
etal.,2018; Chen et al., 2009; Teixeira et al., 2008).
Due to the importance of sampling in planning and
operation of the campaign against HLB, and to the
need for massive and reliable molecular diagnoses,
the present investigation had the aim of detecting
the occurrence of phytoplasmas in Citrus spp using
nested PCR and sequencing with the purpose of
establishing the potential implication of these
organisms in the detection of CLas on different
citrus species and identifying alternate hosts and
potential vector insects to eventually be integrated
onto risk models and control programs.

Base on phytosanitary alerts of the Plant Health
Committee of the State of Hidalgo, in which Citrus
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16Sr 1 y IX en Citrus sinensis causando sintomas
similares al HLB (Wulff et al., 2018; Chen ef al.,
2009; Teixeira et al., 2008). Debido a la importan-
cia del muestreo en la planeacidon y operacion de
Campana Contra el HLB y a la necesidad de diag-
nosticos moleculares masivos y confiables, el pre-
sente trabajo tuvo como objetivo detectar la ocu-
rrencia de fitoplasmas en arboles de Citrus spp me-
diante PCR anidado y secuenciacién con el propo-
sito de establecer la potencial implicacion de estos
organismos en la deteccion de CLas en diferentes
especies citricolas e identificar hospederos alternos
y potenciales insectos vectores para su eventual in-
tegracion en modelos de riesgo y control.

A partir de una alerta fitosanitaria emitida por
el Comité Estatal de Sanidad Vegetal de Hidalgo,
en la cual arboles de Citrus spp con sintomas ti-
picos a CLas tuvieron un diagndstico negativo, en
julio 2013 se exploraron 15 huertas familiares y
comerciales de los municipios Atlapexco, Huejut-
la, Orizatlan, Xochiatipan y Jaltocan. Se realiz6 un
muestreo dirigido a 16 arboles de Citrus sinensis,
C. latifolia, C. aurantifolia y C. limetta con sin-
tomas foliares consistentes en moteados cloréticos
asimétricos, aclaramiento de nervaduras y corcho-
sis (Cuadro 1). Se conform6 una muestra compues-
ta por arbol a partir de tejido colectado por cada
orientacion cardinal y centro del dosel. Por cada
orientacion se colect6d una vareta de 10-15 cm con
2-5 hojas maduras del ciclo vegetativo anterior.
Adicionalmente, se colectaron hojas, ramas y tallos
de 13 malezas que presentaron sintomas sospe-
chosos a infeccion por fitoplasmas consistentes en
clorosis, acortamiento de entrenudos, proliferacion
de brotes, filodia y/o virescencia. Las muestras de
tejido vegetal se conservaron en hieleras para su
traslado a laboratorio donde se mantuvieron a 4 °C
por 2-3 dias hasta su procesamiento. Los insectos
asociados a arboles y malezas muestreadas se co-
lectaron con una red entomologica de golpeo y se
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trees with typical CLas symptoms had a negative
diagnosis, in July of 2013, 15 country backyards
and commercial orchards were explored in the
municipalities of Atlapexco, Huejutla, Orizatlan,
Xochiatipan and Jaltocan. Samples were taken from
16 Citrus sinensis, C. latifolia, C. aurantifolia and
C. limetta trees with foliar symptoms consisting of
asymmetric chlorotic spots, whitening and corky
veins (Table 1). A compound sample was taken for
every tree, from tissue collected for each cardinal
direction and the center of the canopy. For each
direction, a 10-15 c¢cm shoot was selected with 2-5
mature leaves of the previous vegetative cycle. In
addition, leaves, branches and stems were collected
from 13 weeds with suspected symptoms of
infection by phytoplasma consisting of chlorosis,
shortening of internodes, proliferation of sprouts,
phyllody
samples were stored in ice boxes and taken to the
lab, where they were kept at 4 °C for 2-3 days until
processing. The insects associated to sampled trees
and weeds were collected using a butterfly net and
kept in alcohol at 70% for their later identification
at UACH and confirmation in the entomology lab
of the National Plant Health Reference Center,
DGSV. The weed samples that turned out positive
for phytoplasmas were taxonomically identified in
the herbarium of the Colegio de Postgraduados,
Campus Montecillo. Other regions and crops
selected by the COLPOS-LANREEF research group
included C. aurantifolia in Armeria, Colima in
2012 with 10 trees; C. sinensis and C. latifolia in
Acateno, Puebla; Papantla, Martinez de la Torre,
Tihutlan and Alamo, Veracruz in 2018 with a total
of 49 samples obtained from trees with typical
HLB symptoms yet negative to CLas (Table 1).
The total DNA extraction was carried out using
DNaesy® Plant Mini Kit (Qiagen) from 0.1 g of
plant tissue consistent in petioles, central vein and
pieces of twig stems with a diameter of 1-0.5 cm.

and/or virescence. The plant tissue
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Cuadro 1. Especies de citricos y arvenses positivas a CLas, al Brazilian Huanglongbing disease-associated phytoplasma, y
a un putativo fitoplasma del Aster yellow group. Principal sintoma observado en muestreos dirigidos a huertos
comerciales y de traspatio de cuatro entidades federativas de México en 2012, 2013 y 2018.

Table 1. Species of citrus plants and weeds positive to CLas, the Brazilian Huanglongbing disease-associated phytoplasma,

and to a putative phytoplasma of the Aster yellow group. Main symptom observed in samples from commercial
orchards and country backyards in four Mexican states in 2012, 2013 and 2018.

Especie Muestras Principal *BHDA YAY
Estado Bog’lnica Positivas Sintorrr)la phytoplasma phytoplasma ‘HLB
Hidalgo Citrus latifolia 1/6 Aclaramiento nervaduras + - 0/6
C. aurantifolia 173 Moteados + - 0/3
C. limetta 0/5 Variegado - - 0/5
C. sinensis 0/2 Clorosis - - 0/2
Bidens odorata 11 Filodia + - 0/1
Cajanus cajan 1/1 Escoba de bruja + - 0/1
Catharanthus roseus 2/2 Filodia y virescencia - + NA
Commelina difusa 0/1 Clorosis - - NA
Cuscuta sp 0/1 Clorosis - - NA
Murraya paniculata 0/1 Clorosis - - 0/1
Otras especies 0/6 Clorosis - - NA
Colima C. aurantifolia 7/10  Moteado - - 7/10
Puebla C. paradisi 11 Moteado - - 1/1
Veracruz C. sinensis 0/17 Moteado - - 0/17
C. reticulata 0/12  Moteado - - 0/12
C. latifolia 0/9 Moteado - - 0/9

X Brazilian Huanglongbing disease-associated phytoplasma, iniciadores P1/P7y D7f2/D7r2 / Brazilian Huanglongbing disease-

associated phytoplasma, primers P1/P7 and D7£2/D7r2

Y Putativo fitoplasma perteneciente al Aster yellow group, iniciadores P1/P7y R16F2/R16R2 / Putative phytoplasma belonging

to the Aster yellow group, primers P1/P7 and R16F2/R16R2

2Candidatus Liberibacter asiaticus, iniciadores A2/J5 / Candidatus Liberibacter asiaticus, primers A2/J5.

conservaron en alcohol al 70% para su posterior
identificacion en la UACH y posterior confirma-
cion en el laboratorio de entomologia del Centro
Nacional de Referencia Fitosanitaria, DGSV. Las
muestras de malezas positivas a fitoplasmas se
identificaron taxondmicamente en el herbario del
Colegio de Postgraduados, Campus Montecillo.
Otras regiones y cultivos que se seleccionaron por
el grupo de investigacion COLPOS-LANREF in-
cluyeron C. aurantifolia en Armeria, Colima en
2012 con 10 arboles; C. sinensis 'y C. latifolia en
Acateno, Puebla; Papantla, Martinez de la Torre,
Tihutlan y Alamo, Veracruz en 2018 con un total
de 49 muestras obtenidas de arboles con sintomas
tipicos de HLB pero con antecedentes de resultados
negativos a CLas (Cuadro 1).
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Phytoplasm was detected using nested PCR with
primers related to the gene 16S of the rRNA (Ahrens
& Semiiller, 1992). The first PCR reaction required
the use of universal primers P1/P7 (Berges et al.,
2000; Ahrens & Semiiller, 1992). The second PCR
was carried out independently with two pairs of
primers: R16F2/R16R2, universal to phytoplasmas
(Lee et al., 1993), and with D7f2/D7r2 specific to
the Brazilian Huanglongbing disease-associated
phytoplasma (BHDA-Phytoplasma) (Teixeira et
al., 2008). For the first PCR, the reaction volume
consisted in 25 pL. composed of: 1X GoTaq buffer,
1.5 mM of MgCl,, 200 mM dNTP’s, 20 pmol of
each primer, 2 units of DNA Tag polymerase
(Promega) and 2 pL of total DNA. The thermal
program consisted in the denaturalization for 4 min
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La extraccion de ADN total se realizd con
DNaesy® Plant Mini Kit (Qiagen) a partir de 0.1 gr
de tejido vegetal consistente en peciolos, nervadu-
ras centrales y trozos de tallos de ramillas de 1-0.5
cm diametro. La deteccidn de fitoplasmas se realizd
mediante PCR anidado con iniciadores asociados
al gen 16S del rRNA (Ahrens & Semiiller, 1992).
Para la primera reaccion de PCR se emplearon los
iniciadores universales P1/P7 (Berges et al., 2000;
Ahrens & Semiiller, 1992). La segunda reaccion
PCR se realizé en forma independiente con dos
pares de iniciadores: R16F2/R16R2, universales
a fitoplasmas (Lee et al., 1993), y con D7f2/D7r2
especificos al Brazilian Huanglongbing disease-
(BHDA-Phytoplasma)
(Teixeira et al., 2008). Para la primera PCR, el vo-
lumen de reaccion consistid en 25 uL constituido
por: 1X de buffer GoTaq, 1.5 mM de MgCl,, 200
mM dNTP’s, 20 pmol de cada primer, 2 unidades
de DNA Tag polimerasa (Promega) y 2 pL de ADN
total. El programa térmico consistid en desnaturali-
zacion por 4 min a 94 °C continuado con 35 ciclos
a92°Cpor4d5s,58°Cpord5sy72°Cpor90sy
una extension final a 72 °C por 7 min. Para la se-
gunda PCR, la reaccion se realizd con 25 uL totales
que incluyeron: 1X de buffer GoTaq, 1.5 mM de
MgCl,, 200 mM dNTP’s, 20 pmol de cada primer,
2 unidades de DNA 7aq polimerasa (Promega) y 5
puL producto del primer PCR diluido 1:10. El pro-
grama térmico para la reaccion con los iniciadores

associated phytoplasma

R16F2/R16R2 consistio en desnaturalizacion a
94 °C por 5 min seguido de 35 ciclos: 94 °C por
30 s, 53 °C por 50 s,72 °C por 80 s y una extension
final a 72 °C por 10 min. Para la reaccion con los
iniciadores D7f2/D7r2 se realiz6 desnaturalizacion
a 94 °C por 3 min y 40 ciclos a 92 °C por 45 s,
62 °C por 45 s, 72 °C por 90 s y una extension final
a 72 °C por 7 min.

Las muestras de citricos también fueron ana-
lizadas mediante PCR para la deteccion de CLas,
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at 94 °C, followed by 35 cycles at 92 °C for 45
s, 58 °C for 45 s and 72 °C for 90 s and a final
extension at 72 °C for 7 min. For the second PCR,
the reaction was carried out with 25 pL in total,
which included: 1X GoTaq buffer, 1.5 mM of
MgCl,, 200 mM dNTP’s, 20 pmol of each primer,
2 units of DNA 7ag polymerase (Promega) and
5 uL produced by the first PCR diluted 1:10. The
thermal program for the reaction with primers
R16F2/R16R2 consisted in the denaturalization at
94 °C for 5 min followed by 35 cycles: 94 °C for
30 s, 53 °C for 50 s, 72 °C for 80 s and a final extension
at 72 °C for 10 min. For the reaction with primers
D7£2/D7r2, a denaturalization was carried out at
94 °C for 3 min and 40 cycles at 92 °C for 45 s,
62 °C for 45 s, 72 °C for 90 s and a final extension
at 72 °C for 7 min.

The citrus samples were also analyzed using
PCR to detect CLas, using primers A2/J5. The
reaction volume consisted of 25 pL: 1X of GoTaq
buffer, 1.5 mM of MgCl,, 200 mM dNTP’s, 20
pmol of each primer and 2 units of DNA Tag
polymerase. The thermal program consisted in the
denaturalization at 94 °C for 4 min followed by 35
cycles at 92 °C for 45 s, 58 °C for 45 s, 72 °C for
90 s and a final extension at 72 °C for 7 min. In
all cases, the amplified fragments were analyzed
by electrophoresis using agarose gel at 1.5% and
viewed with a UV light transilluminator after
staining with ethidium bromide. Amplicons that
were positive for phytoplasmas were sequenced in
the molecular biology laboratory of the National
Plant Health Reference Center (DGSV, CNRF). The
partial sequences of the gene 16S rRNA obtained
with primers D712/ D7r2 were aligned with those
reported in the National Center for Biotechnology
Information (NCBI) and accessions were registered
in that system. A phylogenetic analysis was carried
out with the sequences found in C. latifolia and C.
aurantifolia and those reported by other researchers
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utilizando los iniciadores A2/J5. El volumen de
reaccion consistié en 25 uL: 1X de buffer GoTaq,
1.5 mM de MgCl,, 200 mM dNTP’s, 20 pmol de
cada primer y 2 unidades de DNA 7Tag polimerasa.
El programa térmico consistio en desnaturalizacion
a 94 °C por 4 min seguida de 35 ciclos a 92 °C por
45 s, 58 °C por 45 s, 72 °C por 90 s y una exten-
sion final a 72 °C por 7 min. En todos los casos,
los fragmentos amplificados fueron analizados por
electroforesis mediante un gel de agarosa al 1.5%
y visualizados con un transiluminador de luz UV
previo tefiido con bromuro de etidio. Amplicones
positivos a fitoplamas fueron secuenciados en el
Laboratorio de Biologia Molecular del Centro Na-
cional de Referencia Fitosanitaria (DGSV, CNRF).
Las secuencias parciales del gen 16S rRNA obte-
nidas con los iniciadores D7f2/ D7r2 se alinearon
con las reportadas en el National Center for Biote-
chnology Information (NCBI) y se registraron en
dicho sistema. Se realiz6 un analisis filogenético
con las secuencias encontradas en C. latifolia 'y C.
aurantifolia y las reportadas por otros investigado-
res (Wulff et al., 2018; Arratia et al., 2015; Chen
et al., 2009). Previamente se empled Seq Scanner
v2 para depurar las secuencias, seguido de BioEdit
para editar la alineacion y obtener las secuencias
consenso en formato FASTA. Finalmente se utilizd
MEGA v7 para generar el arbol filogenético.
Unicamente muestras de citricos y arvenses de
Hidalgo fueron positivas a fitoplasmas pero no a
CLas. El PCR anidado con los iniciadores P1/P7
y D7f2/D7r2 amplificaron un fragmento de 857 pb
correspondiente al BHDA-Phytoplasma, pertene-
ciente al Pigeon pea witches -broom phytoplasma
grupo 16Sr IX (99% homologia). Las muestras po-
sitivas fueron de C. latifolia (1/6), C. aurantifolia
(1/3) y de arvenses identificadas como Bidens odo-
rata 'y Cajanus cajan (2/13), aunque con homolo-
gias entre 80 y 89% (Cuadro 1, Figura 1). Las se-
cuencias obtenidas de C. latifolia y C. aurantifolia
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(Wulff et al., 2018; Arratia et al., 2015; Chen et
al., 2009). Seq Scanner v2 was previously used to
purify the sequenced, followed by BioEdit to edit
the alignment and obtain the consensus sequences
in a FASTA format. Finally, MEGA v7 was used to
generate the phylogenetic tree.

Only citrus and weed samples from Hidalgo
were positive for phytoplasmas, but not for CLas.
The nested PCR with the primers P1/P7 and D72/
D7r2 amplified a fragment of 857, corresponding
to BHDA-Phytoplasma, belonging to the Pigeon
pea witches’-broom phytoplasma group 16Sr IX
(99% homology). The positive samples were from
C. latifolia (1/6), C. aurantifolia (1/3) and weeds
identified as Bidens odorata and Cajanus cajan
(2/13), although they had homologies between
80 and 89% (Table 1, Figure 1). The sequences
obtained from C. latifolia and C. aurantifolia
were registered in the NCBI with accession
numbers MK282760 and MK282761, respectively.
Using primers P1/P7 and RI16F2/R16R2, a
fragment of 1200 pb was amplified in 2 samples
of Catharanthus roseus, possibly belonging to a
phytoplasma of Aster Yellow group (Torres et al.,
2004). In samples from other states, CLas was
found, but no phytoplasmas. Of C. aurantifolia
samples from Colima, 70% (7/10) were positive
for CLas, whereas in the Acateno-Alamo citrus
corridor, only 1/39 was positive, despite the citrus
fruits presented symptoms of spotted chlorosis,
similar to that caused by the bacteria (Esquivel-
Chavez et al., 2012). These results indicate the
restricted presence of BHDA-Phytoplasma, and
possibly, of the group Aster Yellow in weeds
(Torres et al., 2004), although not related in mixed
infections with CLas. On the other hand, in Sinaloa,
Nayarit and Colima, Arratia and collaborators
(2015) found Candidatus Phytoplasma asteris,
a new taxon included in group 16Srl (Lee ef al.,
2004), causing similar symptoms to HLB in C.
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Figura 1. Visualizacion en gel de agarosa de fragmentos ADN amplificados mediante PCR anidado a partir de muestras
vegetales provenientes de Hidalgo, México. Fragmentos de 1200 pb obtenidos con iniciadores P1/P7 y R16F2/
R16R2 de muestras de Catharanthus roseus. Fragmentos de 857 pb obtenidos con iniciadores P1/P7 y D7f2/D7r2
de muestras de Citrus aurantifolia y C. latifolia, Bidens odorata 'y Cajanus cajan. Marcador peso molecular (MPM-
100 Pb), (+) Testigo positivo y (-) Testigo negativo.

Figure 1.

Visualization in agarose gel of DNA fragments amplified using nested PCR from tissue samples from Hidalgo,

Mexico. Fragments of 1200 pb obtained using primers P1/P7 and R16F2/R16R2 of samples of Catharanthus
roseus. Fragments of 857 pb obtained with primers P1/P7 and D7f2/D7r2 of samples of Citrus aurantifolia and C.
latifolia, Bidens odorata and Cajanus cajan. Molecular weight marker (MWM-100 Pb), (+) Positive control and (-)

Negative control.

fueron registradas en NCBI con los numeros de ac-
cesion MK282760 y MK282761, respectivamente.
Con los iniciadores P1/P7 y R16F2/R16R2 se am-
plifico un fragmento de 1200 pb en 2 muestras de
Catharanthus roseus posiblemente perteneciente a
un fitoplasma del grupo Aster Yellow (Torres et al.,
2004). En las muestras de los otros estados se de-
tectd a CLas pero no fitoplamas. El 70% muestras
de C. aurantifolia provenientes de Colima (7/10)
resultaron positivas a CLas, mientras que en el co-
rredor citricola Acateno-Alamo, solo 1/39 resultd
positiva a pesar de que los citricos mostraron sin-
tomatologia de clorosis moteada similar a la causa-
da por la bacteria (Esquivel-Chavez et al., 2012).
Estos resultados indican la presencia restringida
del BHDA-Phytoplasma, y posiblemente del un
miembro del grupo Aster Yellow en malezas (To-
rres et al., 2004), pero no asociado en infecciones
mixtas con CLas. Complementariamente, Arratia
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aurantifolia, C. latifolia and C. sinensis trees in
independent infections, or mixed with CLas (20/86
samples). Although no weeds or potential vector
insects were included in that investigation, the
frequency of this phytoplasm, the citrus host range,
and the presence of mixed infections in the Pacific
cost suggests the need to include this pathogen in
future epidemiological studies, considering that
group 16SrI is one of the most prevalent with over
100 hosts of worldwide economic importance (Lee
et al, 2004).

The leaves symptoms in C. latifolia consisted
of vein yellowing and thickening, angular chlorotic
spots, diffuse mottling spots. An irregular chlorotic
spotting was observed in C. aurantifolia along
with a moderate thickening of nervations (Figure
2). In Brazil, the symptoms caused by BHDA-
Phytoplasma in C. sinensis were indistinguishable
from CLas (Teixeira et al., 2009); meanwhile, in
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y colaboradores (2015) detectaron en Sinaloa, Na-
yarit y Colima a Candidatus Phytoplasma asteris,
un novel taxén incluido en el grupo 16Srl (Lee et
al., 2004), causando sintomas similares al HLB en
arboles de C. aurantifolia, C. latifolia y C. sinensis
en infecciones independientes o mixtas con CLas
(20/86 muestras). Aunque no se incluyeron arven-
ces o potenciales insectos vectores en ese trabajo, la
frecuencia de este fitoplasma, la diversidad de citri-
cos infectados y la presencia de infecciones mixtas
en la vertiente del Pacifico sugiere la necesidad de
incluir este patdogeno en estudios epidemiologicos
considerando que el grupo 16SrI es uno de los mas
prevalentes al infectar a mas de 100 hospedantes
de importancia econémica a nivel mundial (Lee et
al, 2004).

Los sintomas foliares en C. latifolia se caracte-
rizaron por un amarillamiento y engrosamiento de
nervaduras, manchas cloroéticas angulares, motea-
dos difusos y acorchamiento. En C. aurantifolia se
observo un moteado clorético irregular y moderado
engrosamiento de nervaduras (Figura 2). En Brasil,
los sintomas causados por BHDA-Phytoplasma en
C. sinensis son indistinguibles a los CLas (Teixeira
et al., 2009); mientras que en México, los sintomas
inducidos por este fitoplasma en citricos agrios no
corresponden a los reportados para HLB (Esquivel-
Chavez et al., 2012; Robles et al., 2010). B. odora-
ta exhibio filodia, coloraciones rojizas, reduccion
de area foliar, acortamiento de entrenudos, proli-
feracion y achaparramiento de planta (Figura 3).
En general, estos sintomas han sido ampliamente
asociados a infeccion por fitoplasmas (Bertaccini
y Duduk, 2009). Esta arvense, la cual concurri6 en
el huerto con un arbol positivo de C. latifolia, tuvo
una predominancia del 80% indicativo de su poten-
cial como reservorio de inoculo. La muestra posi-
tiva de C. cajan se encontr6 en un huerto de traspa-
tio de Citrus limetta. El sintoma de escoba de bruja
consistente en proliferacion de brotes, acortamiento
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Mexico, the symptoms induced by this phytoplasm
in sour citrus are similar but not the same as
those reported for HLB (Esquivel-Chavez et al.,
2012; Robles et al., 2010). B. odorata displayed
phyllody, reddish colors, the reduction of foliar
areas, shortening of internodes, proliferation
and plant shortening (Figure 3). In general, these
symptoms have been widely related to infections
by phytoplasmas (Bertaccini and Duduk, 2009).
This weed, which appeared in the same orchard
where a C. latifolia tree tested positive, had a 80%
predominance indicating its potential as inoculum
reservoir. The positive sample of C. cajan was
found in a country backyard of Citrus limetta. The
witches’-broom symptom, which consists in the
proliferation of sprouts, internodes shortening, a
general growth reduction and leaves chlorosis were
observed in 50% of the plant’s canopy (Figure 3).
Similar symptoms caused by the same phytoplasma
have been reported in Brazil for Crotalaria juncea,
a fabaceae weed associated to citrus (Marques et al.,
2010). This is the first report of B. odorata and C.
cajan as alternate hosts of the BHDA-Phytoplasma
in Mexico.

Of the total insects collected on citrus orchards
in Hidalgo, 77 specimens were identified, belonging
to the families Cicadellidae, Membracidae and
Liviidade, with the potential to transmit mollicutes
and bacteria (Weintraub and Beanland, 2006).
Six species belonged to the Cicadellidae family
(Young, 1977, Medler, 1960; Beamer, R.H.,
1944).  Chlorogonalia coeruleovittata (7/61),
Apogonalia stali (4/61), Graphocephala sp (7/61),
Tylozygus fasciatus (8/61), Agrosoma syklis (9/61),
Acinopterus sp (5/61). Only one colony was
found (20/61) with immature and adult states of
Membrasis mexicana (Membracide) in C.cajan.
Out of the D. citri (Liviidae), Clas vector, 17/77
specimens were collected (Figure 4). Out of these
species, members of the genera Graphocephala and
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Figura 2. Sintomas de muestras positivas al Brazilian Huanglongbing disease-associated phytoplasma. A-D: Sintomas folia-
res en Citrus latifolia consistente en amarillamiento y engrosamiento de nervaduras, manchas cloréticas angu-
lares, moteados difusos y acorchamiento de nervaduras. E y F: Sintomas en C. aurantifolia caracterizados por

moteados cloroticos irregulares.

Figure 2. Symptoms of positive samples to the Brazilian Huanglongbing disease-associated phytoplasma. A-D: Leaves symp-
toms in Citrus latifolia consisting in yellowing and vein thickening, angular chlorotic spots, diffuse mottling spots
and corky veins. E and F: Symptoms in C. aurantifolia characterized by irregular chlorotic spots.

de entrenudos, reduccion general de crecimiento y
clorosis foliar apical se mostraron en 50% del do-
sel planta (Figura 3). Sintomas similares causados
por el mismo fitoplasma se han reportado en Bra-
zil para Crotalaria juncea, una arvence de la fa-
milia fabaceae asociados con citricos (Marques et
al., 2010). Este es el primer reporte de B. odorata
vy C. cajan como hospedantes alternos del BHDA-
Phytoplasma en México.

Del total de insectos colectados en huertos ci-
tricolas de Hidalgo se identificaron 77 ejemplares,
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Acinopterus have been reported as potential vectors
of phytoplasmas of 16Sr III-A and Aster Yellow
groups, respectively (Weintraub and Beanland,
2006). In the future, it will be important to identify
at species level the specimens of these genera
found in this investigation, as well as the revision
of other reports of leafthoppers related to citrus in
Mexico. For example, Blanco (2014), reported 21
species in the Yucatan Peninsula, though none were
reported with the ability to transmit phytoplasmas
(Weintraub and Beanland, 2006).
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Figura 3.A-C: Sintomas en Cajanus cajan positiva al Brazilian Huanglongbing disease-associated phytoplasma (BHDA-
phytoplasma); (A) Clorosis en dpices foliares, (B) Proliferacion tipo fascinacion en tallos, (C) Membrasis mexicana
(Membracidae) en proliferacion de tallos. E-G: Sintomas en Bidens odorata positiva a BHDA-phytoplasma; (E y
F) Filodia en inflorescencias, (G) coloracion rojizas en hojas. I-K: Sintomas en Catharathus roseus putativo a un
fitoplasma del Aster yellow group; (1) Filodia floral, (J y K) Virescencia de flores. D-L: Sintomas de escoba de bruja
en C. cajan (D), B. odorata (H) y C.roseus (L).

Figure 3. A-C: Symptoms in Cajanus cajan positive for Brazilian Huanglongbing disease-associated phytoplasma (BHDA-
Pphytoplasma); (A) Leaf tips chlorosis, (B) Proliferation of stem fasciation. (C) Membrasis mexicana (Membracidae)
in proliferation of stems. E-G: Symptoms on Bidens odorata positive for BHDA-phytoplasma; (E and F) Inflores-
cence phyllody, (G) Reddish of leaves. I-K: Symptoms in Catharathus roseus putative to a phytoplasma of the Aster
yellow group; (I) Flower phyllody, (J and K) Flowers virescence. D-L: Symptoms of witches’ broom in C. cajan (D),
B. odorata (H) and C. roseus (L).
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pertenecientes a las familias Cicadellidae, Mem-
bracidae y Liviidade, con potencial de transmi-
tir mollicutes y baterias (Weintraub y Beanland,
2006). Seis especies correspondieron a la familia
Cicadellidae (Young, 1977; Medler, 1960; Beamer,
R.H., 1944): Chlorogonalia coeruleovittata (7/61),
Apogonalia stali (4/61), Graphocephala sp (7/61),
Tylozygus fasciatus (8/61), Agrosoma syklis (9/61),
Acinopterus sp (5/61). Unicamente se encontr una
colonia (20/61) con estados inmaduros y adultos de
Membrasis mexicana (Membracide) en C.cajan.
De D. citri (Liviidae), vector de CLas, se colecta-
ron 17/77 ejemplares (Figura 4). De estas especies,
se han reportado miembros de los géneros Grapho-
cephala y Acinopterus como potenciales vectores
de fitoplasmas de los grupos 16Sr IlI-A y Aster
Yellow, respectivamente (Weintraub y Beanland,
2006). En el futuro, es importante la caracteriza-
cion a nivel de especie de los ejemplares de esos
géneros encontrados en este trabajo y la revision de
otros reportes de cicadélidos asociados a citricos en
Meéxico. Por ejemplo, Blanco (2014), reporto 21
especies en la Peninsula de Yucatan pero ninguna
enlistada con capacidad de transmitir fitoplasmas
(Weintraub y Beanland, 2006).

El analisis filogenético de secuencias parciales
del gen 16S rRNA obtenidas en este trabajo y las
publicadas para fitoplasmas que inducen sintomas
similares o indistinguibles a los causados por CLas
en citricos muestra una clara discriminacion gené-
tica entre grupos y posibles subgrupos (Figura 5).

El grupo 16Sr IX Pigeon pea witches-broom
phytoplasma es aparentemente el mas homogé-
neo e incluye las muestras de este trabajo y Brasil
(Teixeira et al., 2010; Teixeira et al., 2008). Por otra
parte, el grupo 16Sr I Aster Yellow Phytoplasma
(AY180957), definié tres subgrupos con secuen-
cias de Sinaloa, Colima y Nayarit (AB858474.1,
AB858473.1 y AB858472.1, respectivamente)
reportadas como miembros del novel taxén
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The phylogenetic analysis of partial sequences
of the 16S rRNA gene obtained in this investigation
and those published for phytoplamsas that induce
similar or indistinguishable symptoms from those
caused by CLas on citrus shows a clear genetic
discrimination between groups
subgroups (Figure 5).

and possible

The group 16Sr IX Pigeon pea witches-broom
phytoplasma seems to be the most homogenous
and it includes the samples from this investigation
and from Brazil (Teixeira et al., 2010; Teixeira
et al., 2008). On the other hand, the group 16Sr |
Aster Yellow Phytoplasma (AY180957), defined
three subgroups with sequences from Sinaloa,
Colima and Nayarit (AB858474.1, AB858473.1
and AB858472.1, respectively) reported as member
of the new taxon Candidatus phytoplasma asteri
subgroup S (Sinaloa and Colima) and B (Nayarit)
(Arratia et al., 2015), as well as a sequence
of C. sinensis from China (Chen et al., 2009)
with a similar distance to the Aster Yellow-type
sequence. Although the group related to the 16Sr
III X-Disease is preliminary because the sequences
of the phytoplasma recently reported in Brazil are
not yet published in NCBI (Wulff et al., 2018), the
use of sequences referred to in that publication help
establish that it is relatively closer to group 16Sr
1X.

These results demonstrate the presence of the
Huanglongbing  disease-associated
phytoplasma (BHDA-Phytoplasma), which belongs
to group 16Sr IX, related to C. latifolia and C.
aurantifolia in Mexico inducing similar symptoms,

Brazilian

no different to those caused by CLas. These hosts
are reported for the first time in addition to their
original report in C. sinensis in Brazil (Teixeira et
al., 2009). On the other hand B. odorata and C.
cajan are reported as possible alternate hosts of the
BHDA-Phytoplasma in Mexico. This phytoplasma
is added to that reported by Arratia et al., 2015 for
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Figura 4. Insectos colectados en huertos con arboles citricos o arvenses positivos al Brazilian Huanglongbing disease-asso-
ciated phytoplasma y a un putativo fitoplasma del Aster yellow group. Cicadellidae: (A) Chlorogonalia coeruleo-
vittata, (B) Apogonalia stali, (C) Graphocephala sp, (D) Tylozygus fasciatus, (E) Agrosoma syklis, (F) Acinopterus
sp.; Liviidae: (G) Diaphorina citri; Membracidae: (H) Membrasis mexicana.

Figure 4. Insects collected in orchards with citrus trees or weeds positive to the Brazilian Huanglongbing disease-
associated phytoplasma and to a putative phytoplasma of the Aster yellow group. Cicadellidae: (A) Chlorogonalia
coeruleovittata, (B) Apogonalia stali, (C) Graphocephala sp, (D) Tylozygus fasciatus, (E) Agrosoma syklis, (F)
Acinopterus sp.; Liviidae: (G) Diaphorina citri; Membracidae: (H) Membrasis mexicana.
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Figura 5. Arbol filogenético reconstruido con el método Maximum likelihood con base en el modelo de sustitucién de nucleé-

Figure 5.

tidos General Time Reversible (GTR+I) con 500 bootstrap. Tres ramas principales se conforman diferencialmente:
1). 16Sr IX con muestras de C.sinensis y Crotalaria juncea de Brasil, y C. latifolia y C. aurantifolia de Hidalgo,
México encontradas en este trabajo (recuadro amarillo y linea sélida). 2). 16Sr III con el reciente reporte de Brasil
en C. sinensis (recuadro verde y linea punteada-guion), y 3). 16Sr I conformado con muestras de Citrus spp repor-
tadas por Arratia et al., 2015 (recuadro rojo y linea en guiones).

Phylogenetic tree constructed using the Maximum likelihood method, based on the General Time Reversible
nucleotide substitution model (GTR+I) with 500 bootstraps. Three main branches are made up differentially: 1).
16Sr IX with samples of C.sinensis and Crotalaria juncea from Brazil, and C. latifolia and C. aurantifolia from
Hidalgo, Mexico found in this investigation (yellow box and solid line). 2). 16Sr III with the recent report from
Brazil in C. sinensis (green box and dotted line), and 3). 16Sr I made up of Citrus spp samples reported by Arratia

et al., 2015 (red box and dotted line).

Candidatus phytoplasma asteri subgrupo S (Sina-
loa y Colima) y B (Nayarit) (Arratia et al., 2015),
asi como una secuencia de C. sinensis procedente
de China (Chen et al., 2009) con similar distancia
a la secuencia tipo Aster Yellow. Aunque la agrupa-
cion asociada al 16Sr Il X-Disease es preliminar
debido a que las secuencias del fitoplasma reciente-
mente reportado en Brasil atin no estan publicadas
en NCBI (Wulff et al., 2018), el empleo de secuen-
cias referidas en dicha publicacion permiten esta-
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the Mexican Pacific region belonging to the taxon
Candidatus phytoplasma asteri of the 16Sr I group.
The presence of these phytoplasmas indicate
the need to develop robust diagnosis systems for
CLas, the pathogen with the seemingly highest
parasitic and epidemiological aptitude, but which
can develop symptoms that can be mistaken for
at least three types of phytoplasmas (members
of 16Srl, 16Srlll and 16Sr IX). Epidemiological
studies, including the role of potentially alternate

182



FuLLy BILINGUAL

REVISTA MEXICANA DE FITOPATOLOGIA
MEXICAN JOURNAL OF PHYTOPATHOLOGY

blecer que es un grupo relativamente mas proximo
al grupo 16Sr IX.

Estos resultados demuestran la presencia del
Brazilian  Huanglongbing  disease-associated
phytoplasma (BHDA-Phytoplasma), miembro del
grupo 16Sr IX, asociado a C. latifolia y C. auran-
tifolia en México induciendo sintomas similares,
no indistintos a los causador por CLas. Estos hos-
pederos se reportan por primera vez en adicion su
original reporte en C. sinensis en Brasil (Teixeira et
al., 2008). Por otra, parte se reporta a B. odorata y
C. cajan como probables hospederos alternos del
BHDA-Phytoplasma en México. Este fitoplasma se
suma al reportado por Arratia et al., 2015 para la re-
gion del Pacifico mexicano perteneciente al taxon
Candidatus phytoplasma asteri del grupo 16Sr I.
La presencia de estos fitoplasmas indican la necesi-
dad de desarrollar sistemas de diagndstico robustos
para CLas, patdogeno con aparente mayor aptitud
parasitica y epidemiologica, pero que puede de-
sarrollar sintomas confundibles con al menos tres
tipos de fitoplasmas (miembros de 16Srl, 16SrIIl y
16Sr 1X). Estudios epidemiologicos, incluyendo el
rol de potenciales vectores y hospederos alternos,
requieren ejecutarse en México para establecer los
factores de riesgo e implicaciones simbidticas en-
tre organismos parasiticos del bioma de los citricos
con el fin de un efectivo manejo fitosanitario.
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