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Resumen. Candidatus Liberibacter asiaticus
(CLas), agente causal del huanglongbing (HLB), y
el Citrus tristeza virus (CTV) constituyen amena-
zas para la citricultura mexicana por su condicion
endémica en citricos agrios de algunas regiones del
pacifico y de focos recientes de razas severas, res-
pectivamente. La identificacion y clonacion de ge-
nes relacionados con la Resistencia Sistémica Ad-
quirida (RSA) de la planta podrian coadyuvar como
parte de una estrategia de manejo integrado. Este
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Abstract.
(CLas), causal agent of Huanglongbing disease
(HLB), and the Citrus tristeza virus (CTV)
constitute a serious threat to Mexican citriculture

Candidatus Liberibacter asiaticus

because its endemic status in limes in several
regions of the Pacific coast and also for the recent
detection of severe strains, respectively. The
identification and cloning of some genes related
to the Systemic Acquired Resistance (SAR) of
the plant could help to confront the diseases as an
integrated management strategy. This work had
the objective of cloning specific genes inherent to
the plant as a first step to obtain transgenic citrus
plants putatively resistant to CLas. The genes were
selected based on the response of citrus plants to a
wide range of pathogens, they were; a regulating
gene for salicylic acid signaling (SA) as the inducer
gen Azelaic Acid Induced 1 (4ZI-1), a Citrus Non-
Race-Specific Disease Resistance 1 (CsNDR-I)
and a pathogenesis related protein 1 gen (PR-1).
These three genes (A4ZI-1, PR-1 and CsNDR-I)
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trabajo tuvo como objetivo desarrollar construc-
ciones con genes especificos inherentes a la plan-
ta como primera etapa en la generacion de plantas
transgénicas resistentes a CLas. Los genes selec-
cionados con base a la respuesta de citricos a una
amplia gama de patdgenos, fueron AZI-1, 1-induc-
tor del acido ‘Azelaic’y CsNDR-1, 1-resistencia no
especifica a enfermedades en citricos, ambos genes
reguladores de la sefializacion del acido salicilico
(SA), y el gen asociado con la sintesis de protei-
na 1 relacionada con la patogenicidad (PR-1). Los
tres genes (4ZI-1, PR-1'y CsNDR-1) se insertaron
independientemente en pUCI118-FMV-Poly-2-1.
Posteriormente estos tres genes fueron subclona-
dos individualmente en el vector pCAMBIA 2301,
mientras que en pCAMBIA 2201 se clono el gen
AZI-1. La clonaciéon de los genes en los vectores
pCAMBIA2301 y pCAMBIA2201 permiti6 incor-
porar a las construcciones un gen de seleccion de
transformacion (35S-nptll-35S) y un gen reportero
(355-GUS-NOS). La construcciéon CsNDR-1 fue
clonada en las cepas EHAS y Agl.1 de Agrobac-
terium tumefaciens. Los genes AZI-1 'y PR-1 no se
lograron integrar a estas cepas de Agrobacterium.
Estas construcciones representan el primer paso
para generar citricos transgénicos como una alter-
nativa para enfrentar a CLas y CTV.

Palabras clave: RSA, plasmidos, AZI-1, PR-1'y
CsNDR-1.

El CTV es subendémico en México con un re-
ciente brote de raza severa en algunos municipios
del Golfo de México. Es un organismo reglamen-
tado por el area oficial desde los 80’s prevalecien-
do en condicidn asintomatica. Por el contrario, el
huanglongbing (HLB) o dragén amarillo también
llamado citrus greening o enverdecimiento de los
citricos se detectd en 2009 con rapida dispersion
en el pais. Esta es una enfermedad causada por una
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were independently inserted into pUC118-FMV-
Poly-2-1, subsequently they were subcloned
individually into the vector pCAMBIA 2301
while gene AZI-1 was only cloned into pCAMBIA
2201. The CsNDR-1 construct was cloned into
Agrobacterium tumefaciens strains EHAS and
AgLl1 while genes AZI-1 and PR-1 could not be
inserted into these strains of Agrobacterium. These
constructions are the first step to be able to generate
transgenic citrus as an alternative to face the HLB.

Keywords: SAR, plasmids, AZ[-1, PR-1 and
CsNDR-1.

The CTV is a subendemic pathogen in Mexico
and a recent outbreak of a severe race has been
detected in some municipalities of the Gulf of
Mexico. The Citrus tristeza virus is an organism
regulated by the official division since the 1980s
but has
Huanglongbing (HLB) or yellow dragon, also

remained symptomless. Conversely,
known as citrus greening (enverdecimiento de los
citricos), was detected in 2009 and spread rapidly
in Mexico. Huanglongbing is a disease caused
by a Gram-negative Candidatus liberibacter
bacterium (Gottwald, 2007). Three species are
known: Candidatus Liberibacter asiaticus (CLas),
Candidatus Liberibacter africanus (CLaf) and
Candidatus Liberibacter americanus (CLam);
Candidatus Liberibacter asiaticus (CLas) is the
only one reported in Mexico. CLas attacks all
citrus, affects the productive physiology of young
and adult plants, including hybrids, by producing
moderate-to-severe symptoms and is distributed
in almost all the citrus producing countries (Bové,
2012; Hall et al., 2012). This systemic bacterium
multiplies and is transported by the phloem and
requires insect vectors to spread the disease, the
most important being Diaphorina citri (Hall et al.,
2012; Ichinose et al., 2010).
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bacteria Gram-negativa Candidatus liberibacter
(Gottwald, 2007). Se conocen tres especies: Can-
didatus Liberibacter asiaticus (CLas), Candidatus
Liberibacter africanus (CLaf) y Candidatus Li-
beribacter americanus (CLam), siendo la primera
la unica reportada en México. CLas ataca a todos
los citricos, afecta la fisiologia productiva de las
plantas jovenes y adultas con sintomas moderado a
severos, incluyendo a los hibridos, y esta distribui-
da en casi todos los paises productores de citricos
(Bové, 2012; Hall et al., 2012). La bacteria sisté-
mica se multiplica y transporta por el floema re-
quiriendo de insectos vectores para su transmision,
siendo Diaphorina citri mas importante (Hall et al.,
2012; Ichinose et al., 2010).

Mora-Aguilera et al. (2014) reportan niveles
de intensidad epidémica variable con inciden-
cia del 26% en Brasil hasta 100% en China. Los
mismos autores reportan el potencial de pérdidas
productivas en 42% para naranja dulce, 62% en
limén mexicano y 17.3% en limoén persa bajo las
condiciones citricolas de México. Por el caracter
epidémico de la enfermedad, el gobierno federal
ha impulsado desde 2008 un programa nacional de
control basado en la erradicaciéon de plantas enfer-
mas, control del vector y uso de material certifica-
do, el cual ha permitido contener el impacto de la
enfermedad, reconociéndose regiones endémicas y
subendémicas como Colima, Michoacén y Nayarit.
Actualmente no existen variedades resistentes por
lo que el control del vector y un manejo agron6-
mico eficiente con énfasis en la nutricién y riego
permite mantener la rentabilidad de plantaciones
comerciales (Mora-Aguilera, G. 2018. Datos no
publicados; Fu et al., 2016). Existen a nivel experi-
mental diversas alternativas fisicas y quimicas para
el control de CLas (Zhang et al., 2014; Vazquez-
Garcia et al., 2013; Zhang et al., 2012; Hoffman
et al, 2012; Ding et al., 2008). Algunos de estos
métodos no han tenido resultados consistentes, y
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Mora-Aguilera et al. (2014) reported a variable
level of epidemic intensity with 26% incidence in
Brazil and up to 100% in China. The same authors
reported it could cause production losses of 42% in
sweet orange, 62% in Mexican lemon and 17.3% in
Persian lime under the citrus production conditions
in Mexico. Due to the epidemic character of the
disease, since 2008 the Mexican government
has supported a national program for controlling
the disease based on eradicating infected plants,
controlling the vector and using certified materials,
which has made it possible to control the disease
impact and identify endemic and subendemic
regions such as Colima, Michoacan and Nayarit.
Since no resistant varieties are currently available,
measures for controlling the vector and an effective
agronomic management with special attention on
nutrition and irrigation have made it possible to
maintain profitability in commercial plantations
(Mora-Aguilera, G. 2018. Data not published;
Fu et al.,, 2016). At the experimental level, there
are several physical and chemical alternatives for
controlling CLas (Zhang et al., 2014; Vazquez-
Garcia et al., 2013; Zhang et al., 2012; Hoffman
et al., 2012; Ding et al., 2008). Some of these
methods have not produced consistent results,
and others, including the use of antibiotics, are
not environmentally or economically viable.
The development of transgenic citrus varieties as
an alternative for rapidly developing resistance
has proven to be viable against CTV, but the use
of genes exogenous to the plant has limited its
commercial implementation. One alternative is to
use CRISPR, a gene editing technique that is still
being developed, and endogenous genes associated
with plant defense mechanisms.

The activation of these mechanisms starts by
recognizing effectors such as flagelin, chitins,
glucloproteins and lipopolysaccharides known as
pathogen-associated molecular patterns (PAMPs).
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otros, como el uso de antibidticos, no son viables
ambiental y economicamente. El desarrollo de va-
riedades transgénicas en citricos, como una alterna-
tiva para el rapido desarrollo de resistencia, ha de-
mostrado su viabilidad contra el CTV; sin embargo,
el empleo de genes exdgenos a la planta ha limita-
do su implementacion comercial. Una alternativa
es el empleo de CRISPR, técnica de edicion de ge-
nes aun en desarrollo, y el uso de genes endogenos
asociados a mecanismos de defensa en plantas.

La activacion de estos mecanismos comienza
con el reconocimiento de efectores como flagelina,
quitinas, glucoproteinas y lipopolisacaridos que se
denominan Patrones Moleculares Generales Aso-
ciados a Patdégenos (PMGAP). Las proteinas que
reconocen a estos efectores son llamadas Proteinas
de Resistencia (R). Este mecanismo de respues-
ta especifica se denomina resistencia gen por gen
sensu Flor (Gao et al., 2015; Nishimura y Dangl
2010; Belkhadir ef al., 2004). Al tipo de resistencia
ejercida por proteinas R, inicamente en presencia
de un patégeno, se denomina resistencia sistémica
adquirida (RSA) (Gomez y Mejia, 2011).

Recientemente, el analisis del transcriptoma de
citricos en respuesta a la infeccion de CLas, CLam
y CTV ha demostrado que varios genes se sobre-
expresan en respuesta a la infecciéon mientras que
otros genes se reprimen (Hu et al., 2017; Rawat et
al., 2017; Da Graca et al., 2016; Fu et al., 2016).
Entre los multiples genes consistentemente aso-
ciados con la RSA se incluyen CsNDR-1, AZI-1 y
PR-1 expresados en respuesta a fitopatogenos de ci-
tricos y otros cultivos (Hu et al., 2017; Da Graca et
al., 2016; Lu et al., 2013; Pajerowska et al., 2013:
Yu et al., 2013; Van Loon y Van Strien, 1999). La
identificacion de genes activados por la presencia
de fitopatdégenos permite postular la posibilidad de
garantizar su expresion en la planta en forma con-
tinua y regular mediante ingenieria genética con el
fin de anticipar procesos de infeccion. Este trabajo
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The proteins that recognize these effectors are
known as resistance proteins (R). This specific
response mechanism is called gene-for-gene
resistance sensu Flor (Gao et al., 2015; Nishimura
and Dangl 2010; Belkhadir et al., 2004). The type
of resistance conferred by R proteins only in the
presence of a pathogen, is called systemic acquired
resistance (SAR) (Gomez and Mejia, 2011).

Recently, analyses of citrus transcriptome
in response to CLas, CLam and CTV infection
have demonstrated that several genes are over-
expressed in response to infection, while others are
restrained (Hu et al., 2017; Rawat et al., 2017; Da
Graca et al,2016; Fu et al., 2016). The multiple
genes consistently associated with RSA include
CsNDR-1, AZI-1 and PR-1, which are expressed
in response to phytopathogens of citrus and other
crops (Hu et al., 2017; Da Graca et al., 2016; Lu et
al., 2013; Pajerowska et al., 2013: Yu et al., 2013;
Van Loon and Van Strien, 1999). Genes activated
by the presence of phytopathogens have been
identified, which offers the possibility of ensuring
the continuous and regular expression of those
genes in the plant through genetic engineering
in order to avoid infection processes. Therefore,
the objective of this study was to identify and
isolate CsNDR-1, AZI-1 and PR-1 using genetic
engineering, clone them in transformation vectors
and introduce them into two Agrobacterium
tumefaciens strains for future implementation in
citrus genetic transformation using endogenous
genes in order to induce resistance to CLas and
CTV.

MATERIALS AND METHODS

Biological material. Plants of Arabidopsis thaliana
and sweet orange (Citrus sinensis) were grown in a
mixture of peat moss-perlite substrate (60:40) under
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tuvo como propdsito identificar y aislar los genes
CsNDR-1, AZI-1 y PR-1 a través de ingenieria ge-
nética, clonarlos en vectores de transformacion e
introducirlos en dos cepas de Agrobacterium tume-
faciens para su implementacion futura en transfor-
macién genética de citricos con genes endogenos
para inducir la resistencia a CLas y CTV.

MATERIAL Y METODOS

Material biologico. Las plantas de Arabidopsis
thaliana y de naranja dulce (Citrus sinensis) fue-
ron crecidas en una mezcla de sustrato peat moss-
perlita (60:40) en condiciones de invernadero a una
temperatura de 27-30 °C y 2243 m.s.n.m. en Mon-
tecillo Texcoco, Estado de México.

Analisis bio-informatico. Se utilizé el programa
BLAST (Basic Local Alignment Search Tools) para
buscar las secuencias consenso de la base de datos
de Arabidopsis (Pajerowska M.K. et al., 2013; Yu
et al, 2013) y de C. sinensis (Lu et al., 2013); se
eligid la secuencia con mayor similaridad (Query).
Para el analisis de alineamiento de las secuencias
conservadas de los genes reportados se utilizo el
programa Mega6. Los cebadores disefiados se ana-
lizaron con los programas Oligo Analyzer tool, Pri-
mer Questo Tool (IDT, Integrated DNA Technolo-
gies) y con NEBcutter (BioLabs) para analizar la
posible formacion de dimeros e identificar los sitios
de restriccion en los cebadores.

Extraccion de ADN. La extraccion de ADN para
el aislamiento de los genes AZI-1 y PR-1, se llevd
a cabo usando 0.1 gramos de hojas maduras de 4.
thaliana siguiendo el método de CTAB 2% (Doyle
y Doyle, 1987). Mientras que para el aislamiento de
CsNDR-1 se emplearon hojas jovenes de C.sinensis
usando el QIAGEN DNAeasy kit siguiendo las
instrucciones del fabricante. La concentracion de
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greenhouse conditions at 27-30 °C temperature
and 2243 masl, in Montecillo, Texcoco, State of
Mexico.

Bioinformatic analysis. The consensus sequences
in the Arabidopsis (Pajerowska M.K. et al., 2013;
Yu et al., 2013) and C. sinensis database (Lu et
al.,, 2013) were found using the BLAST (Basic
Local Alignment Search Tools) program, and
the sequence with the highest similarity (Query)
was selected. The analysis of alignment of the
conserved sequences of the reported genes was
conducted using the Mega6 program. The designed
primers were analyzed using the Oligo Analyzer
Tool and Primer Questo Tool (IDT, Integrated DNA
Technologies) programs, and NEBcutter (BioLabs)
was used to detect the possible formation of dimers
and identify the restriction sites in the primers.

DNA extraction. To extract DNA from the AZI-
1 and PR-I gene isolates, 0.1 gram of mature A.
thaliana leaves was used following the method of
2% CTAB (Doyle and Doyle, 1987). To extract
DNA from the CsNDR-1 isolate, young leaves of
C. sinensis and the QIAGEN DNAeasy kit were
used following the manufacturer’s instructions.
DNA concentration was measured using 1 pL of
the sample in a Nanodrop (Thermo SCIENTIFIC,
NANODROP 2000).

Design of primers. The gene search was conducted
using BLAST. For the CsNDR-1 gene the
following sequence was found: gi|568842565|ref]
XM_006475151.1] PREDICTED: Citrus sinensis
protein CsNDR-1-like (LOC102630232), mRNA.
Based on the sequence found, one ‘Forward’
primer and one ‘Reverse’ primer were designed,
both containing a series of 6 A/T followed by the
sequence of the restriction enzyme selected for
cloning plus the Kozac ACC sequence, and, finally,
the primer sequence.
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ADN se midi6 con 1 pL de la muestra en un nano-
drop (Thermo SCIENTIFIC, NANODROP 2000).

Diseifio de iniciadores. Se realizo la busqueda de
los genes en BLAST. Para el gen CsNDR-1 se ubicd
la secuencia gi|568842565[reflXM_006475151.1|
PREDICTED: Citrus sinensis protein CsNDR-1-
like (LOC102630232), mRNA. Con la secuencia
encontrada se disefi¢ un iniciador ‘Forward’ y uno
‘Reverse’ ambos conteniendo una serie de 6 A/T
seguida de la secuencia de la enzima de restriccion
elegida para la clonacion mas la secuencia Kozac
ACC y finalmente la secuencia del iniciador.

Parael casodel gen AZ/-1 se encontré el siguiente
registro gi|30682133IrefINM _117317.4| Arabidop-
sis thaliana azelaic acid induced 1 (AT4G12470),
mRNA y para el PR-1 gil 173811331AY064023|
Arabidopsis thaliana putative pathogenesis-related
PR-1 protein (At2g14610), mRNA. Con las secuen-
cias encontradas se disefio un iniciador ‘Forward’y
‘Reverse’ para cada gen.

Identificacion y Amplificaciéon de genes. La de-
teccion y amplificacion de los genes por PCR punto
final se realiz6 con cebadores especificos para cada
gen incluyendo sitios de restriccion para la clona-
cion (Cuadrol).

En el disefio de los cebadores se incorporaron
sitios de restriccion de Apal (GGGCCC) y Spel
(ACTAGT) ademas de varias adeninas seguidas a
esos sitios de restriccion. Se us6 un volumen final
de 25 pL conteniendo 5 uL de ADN, 2.5 pL de 10X
PCR Buffer (Invitrogen), 1 uL de MgCl, 50 (Invi-
trogen), 0.5 pL de dNTPs 10 mM (Promega), 1 puL
de cada cebador (10 pmol), H,O libre de ARNsa/
ADNsa (Invitrogen) y 0.2 puL. de Taq polimerasa
(Invitrogen). Se us6 un programa de amplificacion
de 35 ciclos para AZI-1 'y PR-1: 95 °C por 30 s,
68 °C por 30 s y 68 °C por 30 s. Para CsNDR-1 35
ciclos: 95 °C por 30 s, 66 °C por 30 s y 68 °C por
40 s. Los tres genes tuvieron una primera etapa de
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The following record of the AZI-1 gene was
found: gi|30682133refINM_117317.41 Arabidopsis
thaliana azelaic acid induced 1 (AT4G12470),
mRNA, and for PR-1 gil 173811331AY064023|
Arabidopsis thaliana putative pathogenesis-related
PR-1 protein (At2g14610), mRNA. Based on the
sequences found, the ‘Forward’ and ‘Reverse’
primers were designed for each gene.

Gene identification and amplification. Gene
detection and amplification through end-point PCR
was performed using specific primers for each gene,
including restriction points for cloning (Table 1).

To design the primers, restriction sites of
Apal (GGGCCC) and Spel (ACTAGT) were
incorporated, as well as several adenines following
the restriction sites. For this, we used a final
volume of 25 pL of a mixture containing 5 pL of
DNA, 2.5 uL of 10X PCR Buffer (Invitrogen),
1 puL of MgCl, 50 (Invitrogen), 0.5 uL of dNTPs
10 mM (Promega), 1 uL of each primer (10 pmol),
RNAsa/DNAsa-free H,O (Invitrogen) and 0.2 uL
of Taq polymerase (Invitrogen). The amplification
program consisted of 35 cycles for 4ZI-1 and PR-1:
95 °C for 30 s, 68 °C for 30 s and 68 °C for 30 s. For
CsNDR-1, 35 cycles: 95 °C for 30 s, 66 °C for 30 s
and 68 °C for 40 s. The three genes had an initial
pre-denaturation stage at 95 °C for 2 min and a final
extension stage at 68 °C for 5 min.

The PCR products were analyzed in 1% agarose
gel, with 5 pL of the PCR product and 3 pL of
load buffer (Promega). The gel was run at 90
volts, 400 amperes for one hour, and was dyed in
ethidium bromide for 5 min. The PCR products that
amplified at the expected size were purified using
the QTAquick® PCR Purification kit and sequenced
to corroborate the isolation of the tested gene before
using engineering.

Vector construction. The pUCI18-FMV-
Poly-2-1 vector (Febres et al., 2003) was grown in
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Cuadro 1. Cebadores diseiiados para aislar y clonar los genes AZI-1, PR-1'y CsNDR-1.
Table 1. Primers designed to isolate and clone the AZI-1, PR-1 and CsNDR-1 genes.

Cebador* Secuencia? Amplicon*
AZIl F 5" AAAGGGCCCATGGCTTCAAAGAACTCAGCCTCTCTTG-3"
AZIl R 5'-AAAACTAGTTCAAGCACATTGGAAACCAGATGGAAGC-3" 486pb
PR-1F 5’AAAGGGCCCATGAATTTTACTGGCTATTCTCGATTTTTAA-3”
PR-1R 5'-AAAACTAGTTTAGTATGGCTTCTCGTTCACATAATTCC-3" 486pb
CsNDRI F 5'-AAAAAAGGGCCCACCATGTCAGAAAACGCCGGTGGGTGCTGC-3"
CsNDR1 R 5'-AAAAAAACTAGTTTAAGCAAAAATCAAGACAAAAAAATACAAC-3’ 618pb

*Nombre de los cebadores F:forward, R: reverse / Name of the primers: F:forward, R: reverse.
YSecuencia de cada cebador empleado / Sequence of each primer used.
“tamafio del amplicon a obtener para cada gen / Size of the amplicon to obtain each gene.

predesnaturalizacion de 95 °C por 2 min y una ecta-
pa final de extension de 68 °C durante 5 min.

Los productos de PCR se analizaron en un gel
de agarosa al 1%, con 5 pL de producto de PCR
y 3 uL de Buffer de carga (Promega). El gel se co-
rrié a 90 Volts, 400 Amperios, durante una hora,
dejando tefiir en bromuro de etidio por 5 min. Los
productos de PCR que amplificaron del tamafio es-
perado se purificaron con QIAquick® PCR Purifi-
cation Kit y fueron secuenciados para corroborar el
aislamiento del gen en cuestion antes de continuar
con la ingenieria.

Contruccion del vector. El vector pUC118-FMV-
Poly-2-1 (Febres et al., 2003) fue crecido en tres
mililitros de medio liquido 2xYT (extracto de le-
vadura 10 g L, triptone 16 g L, NaCl 5 g L) con-
teniendo 100 pg mL' de ampicilina (amp) a 37 °C
por 12 h para después aislar el plasmido con el
QIAprep®Spin miniprep kit siguiendo las indica-
ciones del fabricante. Los genes AZI-1, PR-1y
CsNDR-1 purificados y el vector pUC118-FMV-
Poly-2-1 aislado fueron digeridos con las enzimas
de restriccion Apal 'y Spel a la temperatura y tiempo
recomendado para cada enzima. La doble digestion
de los tres genes y del vector pUC118-FMV-Po-
ly-2-1 producen un solo fragmento por lo que se
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three millimeters of 2xYT liquid culture medium
(yeast extract 10 g L, tryptone 16 g L, NaCl 5 g
L) containing 100 pg mL"' of ampicillin (amp) at
37 °C for 12 h and then the plasmid was isolated
using the QIAprep®Spin miniprep kit, following
the manufacturer’s instructions. The purified
AZI-1, PR-1 and CsNDR-1 genes, as well as the
pUC118-FMV-Poly-2-1
digested with Apal and Spel restriction enzymes

isolated vector, were

at the temperature and time recommended for
each enzyme. The double digestion of the three
genes and vector pUC118-FMV-Poly-2-1 produce
a single fragment, so they were purified using a
QIAquick® PCR Purification kit, and then ligated
for 12 hat4 °C. The digestion products were cloned
in Escherichia coli DH5a (Invitrogen) using 80 to
100 ng uL' of DNA by electroporation under one
pulse conditions at 1.8 kV (Bio-Rad, 165-2100).
The bacteria that were supposedly transformed
were sown in a 2xYT solid culture medium
containing 100 ug mL"' of amp; three aliquots of
transformed cells (10, 20 and 50 pL) were tested
using a sterile microinjector to distribute them on
the medium surface. After 12 h at 37 °C, several
individual colonies formed and were analyzed
using PCR with the previously mentioned primers
in order to corroborate the presence of the genes.

405



REVISTA MEXICANA DE FITOPATOLOGIA
MEXICAN JOURNAL OF PHYTOPATHOLOGY

FuLLy BILINGUAL

purificaron con el QIAquick® PCR Purification Kit
para posteriormente ser ligados durante 12 h a
4 °C. Los productos de la digestion fueron clonados
en Escherichia coli DH5a (Invitrogen) con 80 a
100 ng uL! de ADN por electroporacion bajo con-
diciones de un pulso a 1.8 kV (Bio-Rad, 165-2100).
Las bacterias presuntamente transformadas fueron
sembradas en medio sélido 2xYT conteniendo
100 ug mL!' de amp probando tres alicuotas de
células transformadas (10, 20 y 50ul) empleando
una micropunta estéril y distribuyendo en la super-
ficie del medio. Transcurridas 12 h a 37 °C varias
colonias individuales crecidas fueron analizadas
mediante PCR con los cebadores antes menciona-
dos para corroborar la presencia de los genes. Los
productos de PCR se corrieron en un gel con 0.8%
de agarosa a 100 volts por 30 min.

Las colonias identificadas positivas se crecie-
ron en tres ml de medio liquido 2xYT conteniendo
100 ug mL" de amp a 37 °C a 230 rpm durante
12 h. Con la mitad del cultivo bacteriano crecido
(1.5 mL) se realizo la extraccion del plasmido con
el kit QIAprep Spin Miniprep Kit de QIAGEN y
se mando a secuenciar para verificar las secuencias
de los tres genes. Con la otra mitad de los cultivos
bacterianos se hicieron ‘stocks’ con glicerol y se
almacenaron a -80 °C.

Para continuar con la insercion de los genes de
interés ahora en plasmidos vectores de transforma-
cion pCAMBIA se procediéo como sigue: las bac-
terias con los tres genes contenidos independiente-
mente en pUC118-FMV-Poly-2-1 fueron crecidas
en medio sélido 2xYT con 100pug mL' de ampicili-
na mientras que aquellas que contenian los plasmi-
dos pCAMBIA2201 y pCAMBIA 2301 se crecie-
ron en medio sélido 2xYT con 25 pg mL™! de clo-
ranfenicol (Cap) o 50 ug mL"' de kanamicina (Kan)
respectivamente por 12 h a 37 °C. Los plasmidos
fueron extraidos con el QIAprep® Spin Miniprep
Kit y fueron subsecuentemente digeridos con las
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The PCR products were run in 0.8% agarose gel at
100 volts for 30 min.

The positive colonies were sown in three ml of
2xYT liquid culture medium containing 100 pg
mL" of amp at 37 °C at 230 rpm for 12 h. Using
half of the bacterial culture that had grown (1.5 ml),
the plasmid was extracted using the QIAprep
Spin Miniprep kit from QIAGEN and sent out for
sequencing to verify the sequences of the three
genes. With the other half of the bacterial cultures,
“stocks” were prepared using glycerol and then
stored at -80 °C.

To continue inserting the genes of interest now
into pCAMBIA transformation vector plasmids,
the following procedure was used: the bacteria
with the three genes independently contained in
pUC118-FMV-Poly-2-1 were grown in 2xY T solid
culture medium with 100 pg mL"' of ampicillin,
while those containing the pCAMBIA2201
and pCAMBIA 2301 plasmids were grown in
solid 2xYT culture medium with 25 pg mL"' of
chloramphenicol (Cap) or 50 pg mL™"! of kanamycin
(Kan), respectively, for 12 h at 37 °C. The plasmids
were extracted with a QIAprep® Spin Miniprep kit
and then digested with BamH 1 and Sphl restriction
enzymes at the temperature and time recommended
for each enzyme. The double digestion products
of pUC118-FMV-Poly-2-1 were purified using
the QIAgen gel purification kit, while the double
digestion products of the pPCAMBIA vectors were
purified using the Qiaprep Miniprep kit. Product
ligation was carried out by incubating them at
4 °C for 12 h. The digestion products were cloned
in Escherichia coli DH5a (Invitrogen) using 80 to
100 ng uL!' of DNA by electroporation under one
pulse conditions at 1.8 kV (Bio-Rad, 165-2100).
The bacteria that were supposedly transformed were
sown in 2xYT solid culture medium containing
25 ug mL! of Cap for pPCAMBIA2201, or 50 pg
mL"' of Kan for pPCAMBIA 2301; three aliquots of
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enzimas de restriccion BamHI y Sphl a la tempe-
ratura y tiempo recomendado para cada enzima.
Los productos de la doble digestiéon de pUC118-
FMV-Poly-2-1 fueron purificados usando el QIA-
gen gel purification kit en tanto que los productos
de la doble digestion de los vectores pPCAMBIA
fueron purificados con el Qiaprep Miniprep Kit.
enseguida. La ligacion de los productos se realizo
incubandolos durante 12 h a 4 °C. Los productos
de la digestion fueron clonados en Escherichia coli
DH5a (Invitrogen) con 80 a 100ng/ul de ADN por
electroporacion bajo condiciones de un pulso a
1.8 kV (Bio-Rad, 165-2100). Las bacterias presun-
tamente transformadas fueron sembradas en medio
solido 2xYT conteniendo 25 pg mL"! de Cap para
pCAMBIA2201 o 50pug mL"' de Kan en el caso de
pCAMBIA 2301 probando tres alicuotas de células
transformadas (10, 20 y 50 uL) empleando una mi-
cropunta estéril y distribuyendo en la superficie del
medio. Transcurridas 12 h a 37 °C varias colonias
individuales crecidas fueron analizadas mediante
PCR con los cebadores especificos para corroborar
la presencia de cada uno de los tres genes.

Una vez mas las colonias individuales que re-
sultaron positivas se crecieron en medio liquido
con los antibi6ticos respectivos para cada plasmido
durante a 37 °C a 230 rpm por 12 h. De igual ma-
nera, una alicuota se mando a secuenciar y con la
otra alicuota de bacterias se hicieron ‘stocks’ para
almacenar a -80 °C.

Transformacion de A. tumefaciens. Los plasmi-
dos pCAMBIA con las construcciones fueron cre-
cidos en medio so6lido 2xYT conteniendo 25 ug
mL" de Cap para pCAMBIA2201 o 50 ug mL"!
de Kan en el caso de pCAMBIA 2301 a 37 °C
por 12 h, transcurrido este tiempo los plasmidos se
extrajeron con el Qiaprep Spin miniprep kit. Las
cepas competentes de A. tumefaciens EHA 105 y
AGL 1 (Kayim y Koc 2005; Almeida et al., 2003)
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transformed cells (10, 20 and 50 puL) were tested
using a sterile microinjector to distribute them on
the medium surface. After 12 h at 37 °C, several
individual colonies formed and were analyzed
through PCR using the specific primers in order to
corroborate the presence of each of the three genes.
Once more, the positive colonies were individually
grown in a liquid culture medium containing the
corresponding antibiotics for each plasmid at 37 °C
at 230 rpm for 12 h. Similarly, one aliquot was
sent out for sequencing, and the other aliquot of
bacteria was used to prepare “stocks” that were
stored at -80 °C.

of A.
pCAMBIA plasmids with the constructions were
grown in 2xYT solid culture medium containing
25 pg mL"' of Cap for pPCAMBIA2201, or 50 pg
mL" of Kan for pPCAMBIA 2301 at 37 °C for 12 h,
and then the plasmids were extracted using the
Qiaprep Spin miniprep kit. The competent EHA
105 and AGL 1 strains of 4. tumefaciens_(Kayim
and Koc 2005; Almeida et al., 2003) were selected
for transformation through electroporation (Bio-
Rad, 165-2100) under one pulse conditions at 2.5 kV
(Bio-Rad, 165-2100). The bacterial cells of the
EHA 105 strain that were supposedly transformed
were grown in solid YEP culture medium (10 g L of
bactopeptone, NaCl 5 g L, yeast extract 10 g L) with
rifampicin (Rif) (50 pg mL') and Kan (50 pg mL"),
while the cells of the AGL 1 strain were grown in
solid YEP culture medium with Rif (50 pg mL"),
Kan (50 ug mL") and carbenicillin (Carb) (25 pg
mL™"). Aliquots of 50, 100 and 200 pL of the two
Agrobacterium strains were tested and incubated
for two to three days at 27 °C. The individual
colonies that grew were analyzed through end-point
PCR using the primers and under the conditions
previously described for each gene. The colonies
that were positive were sent out for sequencing. The

Transformation tumefaciens. The
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se eligieron para ser transformadas mediante elec-
troporacion (Bio-Rad, 165-2100) bajo las condi-
ciones de un pulso a 2.5 kV (Bio-Rad, 165-2100).
Las células bacterianas presuntamente transforma-
das de la cepa EHA 105 fue crecidas en medio séli-
do YEP (bactopeptone 10 g L, NaCl 5 g L, extracto
de levadura 10 g L) con rifampicina (Rif) (50 pg
mL") y Kan (50 ug mL!), mientras que las células
de la cepa AGL 1 fueron crecidas en medio séli-
do YEP con Rif (50 ug mL"), Kan (50 pg mL™")
y carbenicilina (Carb) (25 pg mL"). Se probaron
alicuotas de 50, 100 y 200 uL de las dos cepas de
Agrobacterium y se incubaron durante dos a tres
dias a 27 °C. Las colonias individuales crecidas se
analizaron por PCR punto final con los iniciado-
res y condiciones antes descritos por cada gen, las
que resultaron positivas se mandaron a secuenciar.
Aquellas colonias cuya transformacion y construc-
cion se verificaron mediante la secuenciacion se
crecieron en medio YEP liquido con los antibioti-
cos respectivos antes de criopreservarlas a -80 °C.

RESULTADOS Y DISCUSION

Identificacion de los genes. La concentracion de
ADN de Arabidopsis fue de 478.2 ng uL!' con un
valor de unidades de densidad optica (D.O.) de
2.04. La concentracion de ADN de C. sinensis fue
de 48.7 y su lectura D.O. fue de 1.7. Los productos
de PCR corridos en el gel de agarosa mostraron las
bandas del tamafio esperado, de 486 pb correspon-
diente al gen AZI-1 y PR-1y para el gen CsNDR-1
se obtuvo una banda de 618 pb (Figura 1). La se-
cuenciacion de los productos mostréd identidad del
99% al menos.

Clonacion de los genes en el plasmido pUC118-

FMV-Poly-2-1. Los genes purificados se inserta-
ron en el vector pUC118-FMV-poly-2-1 (Febres
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colonies whose transformation and construction
were verified through sequencing were grown in
liquid YEP culture medium using the corresponding
antibiotics before being cryopreserved at -80 °C.

RESULTS AND DISCUSSION

Identifying genes. The concentration of
Arabidopsis DNA was 478.2 ng uL! with a
value of optical density (O.D.) units of 2.04. The
concentration of C. sinensis DNA was 48.7, and
its OD reading was 1.7. The PCR products run in
agarose gel showed bands of the expected size,
that is, 486 pb, corresponding to the AZ/-1 and
PR-1 genes, and for the CsNDR-1 gene one 618 pb
band was obtained (Figure 1). Sequencing of the
products showed at least 99% identity.

Cloning genes in the pUCI118-FMV-Poly-2-1
plasmid. The purified genes were inserted into
the pUC118-FMV-poly-2-1 vector (Febres et al.,
2013). Individual E. coli colonies that grew were
analyzed through PCR to detect the transformed
colonies. For the AZI-1 gene, 18 colonies were
analyzed using the AZI-1 F/AZI-1 R primers, and
three positive colonies were obtained (Figure 2A,
lanes 2, 4 and 10). For the PR-1 gene, 18 colonies
were also analyzed using the PR-1 F/PR-1 R
primers, and six positive colonies were obtained
(Figure 2B, lanes 2, 9, 11 to 13, and 16). For the
CsNDR-1 gene, the transformation was done twice,
and a total of 35 colonies were analyzed using the
CsNDR-1 F/CsNDR-1 R primers; two positive
colonies were obtained, and one of them appears
in lane 12 of Figure 2C. All the colonies that were
positive by PCR were sent out for sequencing,
and the colony of each of the AZI-1, PR-I and
CsNDR-1 genes that showed the greatest similarity
with the sequence reported in the database of the
NCBI GenBank was selected to continue cloning in
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Figura 1. Amplificacion de los genes AZI-1, PR-1 y CsNDR-1. Geles de agarosa al 1.5 %, con 5 pl de producto de PCR

(carriles 1-2 y 4-5) mas 3 pl de buffer de carga. M; marcador de peso molecular (1 kb DNA ladder). A). Carril 1:
amplificacion del gen AZI-1 de Arabidopsis. Carril 2: control negativo del gen AZI-1. Carril 4: amplificaciéon del
gen PR-1 de Arabidopsis. Carril 5: control negativo del gen PR-1. B). Carril 1: control negativo de CsNDR-1. Carril

2 y 3: amplificacion del gen CsNDR-1.

Figure 1. Amplification of the AZI-1, PR-1 and CsNDR-1 genes. 1.5% agarose gels with 5 pl of PCR product (lanes 1-2 and
4-5) plus 3 pl of load buffer. M; molecular weight marker (1 kb DNA ladder). A). Lane 1: amplification of the Ara-
bidopsis AZI-1 gene. Lane 2: negative control of the AZI-1 gene. Lane 4: amplification of the Arabidopsis PR-1 gene.
Lane 5: negative control of the PR-1 gene. B). Lane 1: CsNDR-1 negative control. Lanes 2 and 3: amplification of

the CsNDR-1 gene.

et al., 2013). Las colonias individuales de E. coli
que crecieron se analizaron por PCR para detectar
las transformadas. Para el gen AZI-1 se analizaron
18 colonias con los iniciadores AZI-1 F/AZI-1 R,
obteniendo tres colonias positivas (Figura 2A, ca-
rriles 2, 4 y 10). Para el gen PR-1 se analizaron de
igual forma 18 colonias con los iniciadores PR-1
F/PR-1 R, obteniendo seis colonias positivas (Fi-
gura 2B, carriles 2, 9, 11 al 13 y 16). Para el gen
CsNDR-1 se repitio la transformacion dos veces y
se analizaron un total de 35 colonias con los inicia-
dores CsNDR-1 F/CsNDR-1 R, se obtuvieron dos
colonias positivas y se muestra una en el carril 12
de la Figura 2C. Se mandaron a secuenciar todas
las colonias que resultaron positivas por PCR y la
colonia de cada uno de los genes AZI-1, PR-1y
CsNDR-1 que mostr6 la mayor similitud con la se-
cuencia reportada en la base de datos de GenBank
de NCBI, se eligioé para continuar con la clonacioén
en el vector pUC118-FMV-poly-2-1. Para el caso
del gen PR-1 la colonia tres mostrd la mayor simi-
laridad (99%), en el caso del gen AZI-1 la colonia
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vector pUC118-FMV-poly-2-1. For the PR-1 gene,
colony three showed the highest level of similarity
(99%); in the case of the AZI-1 gene, colony one
showed 99% similarity, and colony 14 showed
99% similarity in the CsNDR-I gene. Three
constructions were built using the best colonies
of each gene inserted between the FMV promoter
and the 35S termination signal of pUC118-FMV-
Poly-2-1 (Figure 3A, B and C).

The genes isolated in this study (CsNDR-1,
AZI-1, PR-1) have been consistently described as
possible candidates for generating resistance to
several pathogens (Lu er al,, 2013). These genes
are part of the 633 genes that are altered after
inoculation with CLas, according to Mafra et al.
(2013), and are associated with the plant’s systemic
acquired resistance (SAR). Several authors have
also identified these genes as part of the plant’s
response to CLas and CTV attacks (Hu ez al., 2017,
Rawat et al., 2017; Da Graca et al.,2016; Fu et al.,
2016), and, for this reason, they were selected to
develop the constructions.
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Figura 2.

Figure 2.
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Confirmaciéon mediante PCR de colonias DH50 transformadas con los genes AZI-1, PR-1 y CsNDR-1 contenidos
en el plasmido pUC118-FMV-Poly-2-1. Fragmentos amplificados en gel de agarosa al 0.8%. M: marcador de peso
molecular (1 kb DNA ladder). A). Carril 1: Control positivo del gen AZI-1. Carril 2, 4 y 10: Amplificacion del gen
esperado. Carril 19: control negativo del gen AZI-1. B). carril 1: control positivo del gen PR-1. Carril 2, 9, 11, 12,
13 y 16; colonias positivas de la amplificacién del gen PR-1. Carril 19: control negativo del gen PR-1. C). Carril 1
al 15, colonias analizadas del gen CsNDR-1. Carril 12: muestra positiva. Carril 16; control negativo.

PCR confirmation of DHS5a colonies transformed with the 4ZI-1, PR-1 and CsNDR-1 genes contained in the
pUC118-FMV-Poly-2-1 plasmid. Amplified fragments in 0.8% agarose gel. M: molecular weight marker (1 kb
DNA ladder). A). Lane 1: Positive control of the AZI-1 gene. Lanes 2, 4 and 10: Amplification of the expected gene.
Lane 19: negative control of the AZI-1 gene. B). lane 1: positive control of the PR-1 gene. Lanes 2,9, 11, 12, 13 and
16: positive colonies from the amplification of the PR-1 gene. Lane 19: negative control of the PR-1 gene. C). Lanes
1-15: CsNDR-1 gene colonies analyzed. Lane 12: positive sample. Lane 16: negative control.

The pUCI118-FMV-Poly-2-1 plasmid was

14 fue la que mostré 99% de similaridad en el gen
CsNDR-1. Se obtuvieron tres construcciones con
las mejores colonias de cada uno de los genes in-
sertadas entre el promotor FMV y sefial de termi-
nacion 35S de pUC118-FMV-Poly-2-1 (Figura 3A,
ByC).

Los genes aislados en esta investigacion
CsNDR-1, AZI-1, PR-1 han sido descritos
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selected because of its small size, and because it
produces a large number of copies (500-700). In
addition, its multiple cloning site facilitates the
integration of DNA fragments within this vector
(Febres et al., 2013), and it is also compatible for
subsequent cloning within the pPCAMBIA vectors
incorporating the CaMV35S and/or NOS promoters
and terminators of pCAMBIA.
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A Apal 486 pb Spel
GGGCCC ACTAGT
FMV Promoter 35S Terminator
B
Apal 486 pb ~ Spel
GGGCCC ACTAGT
a p—ERRE—{ |
FMV Promoter 35S Terminator
C
Apal 618 pb Spel
GGGCCC 7/ ACTAGT

I

FMV Promoter

CsNDR1

1 -

35S Terminator

Figura 3. Representacion esquematica de las construcciones de los genes insertadas en el plasmido pUC118-FMV-Poly-2-1.
A). AZI-1, B). PR-1y C). CsNDR-1. En la imagen se muestran los genes AZI-1 (rojo), PR-1 (amarillo) y CsNDR-1
(verde) clonados bajo el promotor FMV (anaranjado) y su sefial de terminaciéon 35S (azul). En la parte superior
de cada construccion se indica el tamafio del amplicon y las enzimas de restriccion utilizadas durante la clonacion.

Figure 3. Schematic representation of the constructions of the genes inserted into the pUC118-FMV-Poly-2-1 plasmid.
A). AZI-1, B). PR-1, and C). CsNDR-1. The image shows the AZI-1 (red), PR-1 (yellow) and CsNDR-1 (green)
genes cloned under the FMV promoter (orange) and their 35S termination signal (blue). The upper part of each
construction indicates the size of the amplicon and the restriction enzymes used during cloning.

consistentemente como posibles candidatos para
generar resistencia a diversos patogenos (Lu ef al.,
2013). Dichos genes forman parte de los 633 ge-
nes que se ven alterados después de la inoculacion
con CLas de acuerdo con Mafra et al., (2013), los
cuales estan relacionados con la respuesta sistémi-
ca adquirida (RSA) de la planta. Varios autores han
identificado también estos genes como parte de la
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Cloning in pCAMBIA plasmids. The
constructions containing the genes of interest
were inserted into vectors pCAMBIA 2201 and
2301. The cloning process was repeated twice,
modifying DNA concentrations in the ligation
reaction because no transformed colonies with the
genes of interest were found. Twenty-one colonies

were analyzed in each experiment, for a total of
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respuesta de la planta ante el ataque por CLas y
CTV (Huet al, 2017; Rawat et al., 2017; Da Graca
etal, 2016; Fu et al., 2016), por tal motivo, fueron
elegidos para el desarrollo de estas construcciones.
El plasmido pUC118-FMV-Poly-2-1 fue selec-
cionado por su tamafio pequeflo, por generar un
gran nimero de copias (500 a 700), su sitio mul-
tiple de clonacion que permite la facil integracion
de los fragmentos de ADN dentro de este vector
(Febres et al.,, 2013); ademas de ser compatible,
para la subsecuente clonacion dentro de los vec-
tores pCAMBIA, incorporando los promotores y
terminadores CaM V35S y/o NOS de pCAMBIA.

Clonacion en plasmidos pCAMBIA. Las cons-
trucciones que contenian los genes de interés fue-
ron insertadas en los vectores pPCAMBIA 2201 y
2301. El proceso de clonacion se repitido por du-
plicado, modificando las concentraciones de ADN
en la reaccion de ligacion, al no encontrar colonias
transformadas con los genes de interés. En cada ex-
perimento se analizaron 21 colonias, dando un total
de 42 colonias analizadas por cada gen. Para el gen
AZI-1 clonado en pCAMBIA 2201, se modifico la
concentracion de ADN-plasmido en la reaccion de
ligacion de 31.8 ng pL! - 108 ng uL! a 63.6 ng
puLt - 72 ng puL'; las colonias crecidas se anali-
zaron por PCR con los iniciadores AZI-1 F/AZI-1
R, obteniendo diez colonias positivas en la segunda
repeticion de clonacion (Figura 4A). El gen AZI-1
clonado en pCAMBIA 2301 la modificaciéon de la
concentracion de ADN en la ligacion fue de 41.1
ng uL' — 100 ng pL" a 82.2 ng uL! - 86.4 ng ulL';
de igual forma se analizaron por PCR las colonias
crecidas con los mismos iniciadores AZI-1 F/AZI-
1 R, se obtuvieron cuatro colonias positivas en el
segundo experimento (Figura 4B). En cuanto al
gen PR-1 clonado en el vector pPCAMBIA 2301, la
concentracion del ADN modificado en la ligacién
fuede 252 ng ul.' - 86.4 ng ul' a37.8 ng uL!' - 72 ng
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42 colonies analyzed for each gene. For the AZI-1
gene cloned in pCAMBIA 2201, the concentration
of DNA-plasmid was modified in the ligation
reaction from 31.8 ng pL'-108 ng uL"' to 63.6 ng puL-
172 ng uL'; the grown colonies were analyzed by
PCR using the AZI-1 F/AZI-1 R primers, and 10
positive colonies were obtained from the second
cloning replication (Figure 4A). The AZI-1 gene
cloned in pPCAMBIA 2301, the DNA concentration
in the ligation reaction was from 41.1 ng uL-!-
100 ng uL"to 82.2 ng uL"'-86.4 ng uL'; the grown
colonies were also analyzed by PCR using the AZI-
1 F/AZI-1 R primers, and four positive colonies
were obtained from the second experiment (Figure
4B). For the PR-1 gene cloned in the pCAMBIA
2301 vector, the DNA concentration in the ligation
reaction was modified from 25.2 ng pL'-86.4 ng
pL! to 37.8 ng pL'-72 ng puL', and two hours
were added to the incubation step after the electric
shock; the grown colonies were analyzed using the
PR-1 F/PR-1 R primers, and three positive colonies
were obtained in the last experiment (Figure 4C).
The constructions amplified a product of 486 pb,
as expected. For the CsNDR-1 gene in pPCAMBIA,
a single test was carried out; 32 colonies were
analyzed and only two positive colonies were
obtained (Figure 4D).

All the constructions containing the AZI-1,
PR-1 and CsNDR-1 genes under the FMV promoter
and the 35S terminator were cloned between the
neomicin fosfotransferasall (ntptll) selection
gene that confers resistance to kanamycin and the
B-glucoronidasa (uidA) reporter gene, known as
GUS, of the pPCAMBIA 2201 and 2301 plasmids.
The nptll transformation selection gene remained
with the 35S promoter and terminator, and the GUS
reporter gene remained with the 35S promoter and
the NOS terminator. The AZI-1, PR-1 and CsNDR-1
genes cloned in pCAMBIA 2301 have the nptl]
gene as the bacterium selection gene (Figure 5A,
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Figura 4. Confirmaciéon mediante PCR de colonias DH5a con los genes AZI-1, PR-1 y CsNDR-1 insertados en los plasmidos

Figure 4.

pCAMBIA 2201 y 2301. Fragmentos amplificados en gel de agarosa al 0.8%. M: marcador de peso molecular (1
kb DNA ladder). A). AZI-1-pCAMBIA 2201. Carril 1; Control positivo del gen AZI-1. Carril; 4, 6, 7, 8, 11, 12, 14,
16-21; Amplificacion del gen esperado. Carril 23; control negativo. B). AZI-1-pCAMBIA 2301. Carril 1; Control
positivo. Carril; 3, 18, 21 y 22; Amplificacion del gen esperado. Carril 23; control negativo. C). PR-1-pCAMBIA
2301. Carril 1; control positivo del gen PR-1. Carril; 6, 7 y 20; colonias positivas de la amplificacion del gen PR-
1. Carril 23; control negativo. D). CsNDR-1 en pCAMBIA 2301. Carril 20 y 22; colonias positivas para el gen
CsNDR-1. Carril 24; control negativo.

PCR confirmation of DH5a colonies with the AZI-1, PR-1 and CsNDR-1 genes inserted into the pCAMBIA 2201
and 2301 plasmids. Amplified fragments in 0.8% agarose gel. M: molecular weight marker (1 kb DNA ladder). A).
AZI-1-pCAMBIA 2201. Lane 1: Positive control of the AZI-1 gene. Lanes 4, 6, 7, 8, 11, 12, 14, 16-21: amplification
of the expected gene. Lane 23: negative control. B). AZI-1-pCAMBIA 2301. Lane 1: positive control. Lanes 3,
18, 21 and 22: amplification of the expected gene. Lane 23: negative control. C). PR-1-pCAMBIA 2301. Lane 1:
positive control of the PR-1 gene. Lanes 6, 7 and 20: positive colonies from the amplification of the PR-1 gene. Lane
23: negative control. D). CsNDR-1 in pCAMBIA 2301. Lanes 20 and 22: positive colonies for the CsNDR-1 gene.

Lane 24: negative control.

uL!, ademas de aumentar a dos horas el paso de in-
cubacion después del choque eléctrico, las colonias
crecidas se analizaron con los iniciadores PR-1 F/
PR-1 R, obteniendo tres colonias positivas en el ul-
timo experimento (Figura 4C). Las construcciones
amplificaron un producto de 486 pb lo cual fue lo
esperado. Para el gen CsNDR-1 en pCAMBIA, se
realizo un solo ensayo, se analizaron 32 colonias,
obteniendo sélo dos colonias positivas (Figura 4D).
Todas las construcciones que contenian los genes
AZI-1, PR-1y CsNDR-1 bajo el promotor FMV y
el terminador 35S, fueron clonadas entre el gen de
seleccion neomicin fosfotransferasall (ntptll) que
confiere resistencia a Kanamicina y el gen reportero
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C and D). The 4ZI-1 gene inserted in pCAMBIA
2201 is located under the bacterium selection gene
to chloramphenicol (Figure 5 B).

The constructions were sent out for sequencing
in order to corroborate the identity and orientation
of the insertion before being transformed to A.
tumefaciens; the ones that were at least 99%
homologous were selected. Figure 6 shows 100%
identity of colony two in the case of the AZI-1
gene inserted in pCAMBIA2301. The pCAMBIA
plasmids are successfully used in the genetic
transformation of several plants, including citrus
(De Oliveira et al, 2015; Hajeri et al., 2014;
Pinheiro et al., 2014).
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B-glucoronidasa (uidA) conocido como GUS de los
plasmidos pCAMBIA 2201 y 2301. El gen de se-
leccion de transformacion nptll quedo con el pro-
motor y terminador 35S y el gen reportero GUS
quedd con el promotor 35S y con el terminador
NOS. Los genes AZI-1, PR-1'y CsNDR-1 clonados
en pCAMBIA 2301 tienen como gen de seleccién
de la bacteria al gen nptll (Figura 5A, C y D). El
gen AZI-1 insertado en pPCAMBIA 2201 se encuen-
tra bajo el gen de seleccion en bacteria a cloranfe-
nicol (Figura 5 B).

Las construcciones se mandaron secuenciar
para corroborar la identidad y orientacion de la in-
sercion antes de continuar con la transformacion en
A. tumefaciens se eligieron aquellas que mostraron
una homologia de 99% al menos. En la Figura 6
se muestra el 100% de identidad de la colonia dos
para el caso del gen AZI-1 insertado en pCAM-
BIA2301. Los plasmidos pCAMBIA se usan con
éxito en transformacion genética de diversas plan-
tas incluyendo citricos (De Oliveira et al., 2015;
Hajeri et al., 2014; Pinheiro et al., 2014).

Transformacion de A. tumefaciens. Se hizo trans-
formacion de las dos cepas A. tumefaciens con los
tres genes clonados en pPCAMBIA y se analizaron
con PCR colonias individuales para confirmar la
transformacion. La construccion del gen PR-1 en
pCAMBIA2301 en la cepa EHA105 produjo varias
colonias individuales (Figura 7A); de igual mane-
ra la construccion del gen CsNDR-1 en pCAM-
BIA2301 en la cepa Agll (Figura 7B). Los resul-
tados de PCR confirmaron colonias positivas para
ambos genes sin embargo la verificacion median-
te secuenciacion no mostré alta identidad para el
caso de la construccion con el gen PR-1. La cons-
truccion del gen CsNDR-1 con el promotor FMV
y el terminador 35S clonados en pPCAMBIA 2301
logrd ser insertada en las dos cepas de 4. tumefa-
ciens EHA 105 y AGL 1. Se analizaron 11colonias
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Transformation of A. tumefaciens. Two A.
tumefaciens strains were transformed using
the three genes cloned in pCAMBIA and then
individual colonies were analyzed through PCR
to confirm that they have been transformed. The
construction of the PR-1 gene in pPCAMBIA2301
in the EHA105 strain developed several individual
colonies (Figure 7A), as did the construction of
the CsNDR-1 gene in pCAMBIA2301 in the Agl1
strain (Figure 7B). The PCR results confirmed
that there were positive colonies for both genes,
but the verification through sequencing did not
show a high level of identity in the case of the
construction with the PR-1 gene. The construction
of the CsNDR-1 gene with the FMV promoter and
the 35S terminator cloned in pCAMBIA 2301 was
successfully inserted into the two A4. tumefaciens
EHA 105 and AGL 1 strains. Eleven colonies
were randomly analyzed through PCR using
the CsNDR-1 F/CsNDR-1 R primers, and one
positive colony was obtained in the EHA105 strain
(Figure 8A), while four positive colonies were
obtained for the AGL1 strain (Figure 8B). The low
transformation efficiency of Agrobacterium and
E. coli is somewhat common in gene construction
and cloning experiments. Gelvin (2003) mentioned
that many factors may be involved, such as the
low competence of the bacterial cells, stressed
cells, poor quality DNA, low or high DNA
concentration during transformation, the conditions
during fragment ligation, the conditions during
electroporation, the incubation temperature, and
the concentration of antibiotics, among others. The
A. tumefaciens EHA 105 strain has been used in
citrus genetic transformation and has produced
excellent transformation percentages because of
its virulence (Hao et al., 2016; Dutt et al., 2015).
The AgL1 strain has also shown a high level of
transformation in citrus (Shi et al., 2016; Kayim
and Koc 2005).
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Figura 5. Representacion esquematica de la construccion en pCAMBIA 2201 y 2301. Construccion FMV-4Z1-1-35S insertada
en los plasmidos A). pCAMBIA 2301, y B). pPCAMBIA 2201. C). Construccion FMV-PR-1-35S, y D). Construccién
FMV-CsNDR-1-35S insertadas en el plasmido pCAMBIA 2301. Los genes de interés, barras de color rojo, amarillo
y verde, quedaron insertados entre el gen de seleccion n#ptll que confiere resistencia a kanamicina con el promotor
y terminador de CaMYV (Cauliflower mosaic caulimovirus) y entre el gen reportero GUS bajo el promotor 35S del
CaMV y terminador Nopalina sintasa (NOS).

Figure 5. Schematic representation of the construction in pCAMBIA 2201 and 2301. FMV-4ZI-1-35S construction inserted
into the plasmids A). pCAMBIA 2301, and B). pCAMBIA 2201. C). FMV-PR-1-35S construction, and D). FMV-
CsNDR-1-35S construction inserted into the pCAMBIA 2301 plasmid. The genes of interest (red, yellow and
green bars) were inserted between the n#ptll selection gene that confers resistance to kanamycin with the CaMV
(Cauliflower mosaic caulimovirus) promoter and terminator, and the GUS reporter gene under the 35S promoter
of CaMYV and the nopaline synthase (NOS) terminator.
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Arabidopsis thaliana azelaic acid induced 1 (AZI1), mMRNA
Sequence ID: NM_117317.4 Length: 865 Number of Matches: 1
Range 1: 176 to 581 GenBank Graphics
Score Expect Identities Gaps Strand
750 bits(406) 0.0 406/406(100%) 0/406(0%) Plus/Plus
Query 60 TTGCAACTGCAAGCCAAGTCCTARACCAAAGCCAGTCCCAAGTCC GCCGGT 119
gyt it
Query 120 CCAATGTCCTCCTCCACCCCGTCCTTCAGTCCCAAGTCCTAATCCTAGGCCGGTCACACC 179
i pliilitlitimiiitintumisiihiding e
Query 180 TCCACGCACCCCTGGTTCATCCGGAAACAGCTGTCCTATTGATGCTCTCAAGCTCGGTGT 239
ot ity
Query 242 ATGTGCAAATGTCTTAAGCAGTCTACTCAACATCCAGTTGGGACAGCCATCCTCTCAACA 299
soict 356 AtCTeCAMMCHHAMUSH LA LS HE AU G, 215
Query 300 ATGTTGCTCGCTCATCCAAGGTTTGGTTGACGTCGACGCTGCGATTTGTCTATGCACTGC 359
odpeyittiinimiiitinitinminintitiing i
Query 36@ TCTGAGGGCTAACGTTCTTGGTATCAACCTTAACGTTCCGATATCTCTCAGCGTTCTTCT 419
oyttt ittt i
Query 420 CAACGTTTGTAACAGAAAGCTTCCATCTGGTTTCCAATGTGCTTGA 465
ety iyttt

Figura 6. Analisis en GenBank de la secuencia del gen AZI-1 clonado en pCAMBIA2301. La secuencia Query es el gen re-
portado de Arabidopsis thalianay 1a secuencia Sbjct es la clonada en esta investigacion con el 100% de similaridad.
Figure 6. Analysis of the AZI-1 gene cloned in pPCAMBIA2301 conducted in the GenBank. The Query sequence is the Ara-
bidopsis thaliana reported gene and the Sbjct sequence corresponds to the cloned sequence with 100% similarity

obtained in this study.

al azar por PCR con los cebadores CsNDR-1 F/
CsNDR-1 R, obteniendo una colonia positiva en
la cepa EHA105 (Figura 8A) mientras que para la
cepa AGL1 se obtuvieron cuatro colonias positivas
(Figura 8B). La baja eficiencia de transformacion
de Agrobacterium y de E.coli es algo comln en ex-
perimentos de construccion y clonacion de genes.
Gelvin (2003) menciona que hay muchos factores
que pudieran estar involucrados tales como la baja
competencia de las células bacterianas, células es-
tresadas, ADN de mala calidad, baja o alta concen-
tracion de ADN en la transformacion, condiciones
durante la ligacion de fragmentos, condiciones de
electroporacion, la temperatura de incubacion,
concentraciones de antibidticos entre otros. La
cepa de A. tumefaciens EHA 105 ha sido utilizada
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CONCLUSIONS

The AZI-1, PR-1 and CsNDR-1 genes were
isolated through PCR using the designed primers
using the Arabidopsis thaliana and Citrus sinensis
genome that had specific restriction sites for cloning.
The isolated and cloned sequences of the AZI-1,
PR-1 and CsNDR-1 genes showed 99% similarity
compared to the records of the 4. thaliana and C.
sinensis sequences in the NCBI GenBank database.
The three genes (4ZI-1, PR-1 and CsNDR-1) were
incorporated between the FMV promoter and
the 35S CaMV terminator of the pUC118-FMV-
poly 2-1 cloning vector. Cloning the genes in the
pCAMBIA2301 and pCAMBIA2201 vectors
made it possible to incorporate a transformation

416



REVISTA MEXICANA DE FITOPATOLOGIA

FuULLY BILINGUAL MEXICAN JOURNAL OF PHYTOPATHOLOGY

Figura 7. A). Colonias transformadas de A. tumefaciens EHA 105 con el plasmido pCAMBIA 2301 con el gen PR-1 en el
medio YEP con Rif (50 pl/ml). B). Colonias transformadas de A. tumefaciens Agll con el plaismido pCAMBIA 2301
con el gen CsNDR-1 en el medio YEP con Rif (50 pl/ml), Kan (50 pg/ml) y Carb (25 pg/ml). Los nimeros indican
las colonias elegidas al azar para confirmar la presencia del gen mediante PCR.

Figure 7. A). Transformed colonies of A. tumefaciens EHA 105 with the pPCAMBIA 2301 plasmid with the PR-1 gene in YEP
culture medium with Rif (50 pl/ml). B). Transformed colonies of A. tumefaciens Agll with the pCAMBIA 2301
plasmid with the CsNDR-1 gene in YEP culture medium with Rif (50 pl/ml), Kan (50 pg/ml) and Carb (25 pg/ml).
The numbers indicate the colonies that were randomly selected to confirm the presence of the gene using PCR.

4073
3054

2036
1636

1018

e U N A

506,517

Figura 8. PCR de colonias de A. tumefaciens. M: Marcador molecular (1 kb DNA ladder). A). EHA 105 transformadas con
el gen CsNDR-1. Carril 1: control positivo. Carril; 8 colonia positiva con el gen CsNDR-1. Carril 12: control ne-
gativo. B). AGL 1 transformada con el gen CsNDR-1. Carril 1: control positivo de CsNDR-1. Carril 2-5: colonias
positivas con el gen CsNDR-1. Carril 6: control negativo.

Figure 8. PCR of A. tumefaciens colonies. M: Molecular marker (1 kb DNA ladder). A). EHA 105 transformed with the Cs/V-
DR-1 gene. Lane 1: positive control. Lane 8: positive colony with the CsNDR-1 gene. Lane 12: negative control. B).

AGL 1 transformed with the CsNDR-1 gene. Lane 1: CsNDR-1 positive control. Lanes 2-5: positive colonies with
the CsNDR-1 gene. Lane 6: negative control.
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en transformacion genética en citricos, mostrando
excelentes porcentajes de transformacion, debido a
la virulencia que posee (Hao et al., 2016; Dutt et
al., 2015). La cepa AgL.1 ha mostrado de igual for-
ma alto grado de transformacion de citricos (Shi et
al., 2016; Kayim y Koc 2005).

CONCLUSIONES

Se lograron aislar los genes AZI-1, PR-1 y
CsNDR-1 mediante PCR con los iniciadores dise-
fiados a partir del genoma de Arabidopsis thaliana
y de Citrus sinensis con sitios de restriccion espe-
cificos para su clonacion. Las secuencias aisladas
y clonadas de los genes AZI-1, PR-1 'y CsNDR-1
mostraron el 99 % de similitud con respecto a los
registros de las secuencias de A4. thaliana y C. si-
nensis registrada en la base de datos de Genbank
de NCBI.

Se incorporaron los tres genes entre el promo-
tor FMV y el terminador 35S CaMV del vector de
clonacion pUC118-FMV-poly 2-1. La clonacion de
los genes en los vectores pPCAMBIA2301 y pCAM-
BIA2201 permiti6 incorporar a las construcciones
un gen de seleccion de transformacion (35S-nptll-
35S) y un gen reportero (35S-GUS-NOS). Los tres
genes (AZI-1, PR-1 'y CsNDR-1) se clonaron inde-
pendiente en pCAMBIA2301 sin embargo sélo el
gen AZI-1 logré clonarse en pPCAMBIA2201.

El gen CsNDR-1 fue incorporado a las cepas
A. tumefaciens EHA 105 y AgL1. Los genes AZI-
1y PR-1 no se lograron integrar a estas cepas de
Agrobacterium. La identificacion, aislamiento y
clonacion de los genes CsNDR-1, AZI-1 y PR-1
involucrados en los mecanismos de defensa de las
plantas ante el ataque de un patdégeno podrian ser
sobreexpresados mediante ingenieria genética en
citricos y ser usados para inducir resistencia a va-
rios patogenos incluyendo la bacteria Candidatus

PUBLICACION EN LINEA, SEPTIEMBRE 2019

selection gene (35S-nptll-35S) and one reporter
gene (35S-GUS-NOS) into the constructions. The
three genes were then independently cloned into
pCAMBIA2301 while gen AZI-1 was cloned only
into pPCAMBIA2201.

The CsNDR-1 gene was incorporated into the
A. tumefaciens EHA 105 and AgL1 strains. Genes
AZI-1 and PR-1 could not be integrated into any
of the Agrobacterium strains. Identifying, isolating
and cloning the CsNDR-1, AZI-1 and PR-1 genes
involved in the plants defense mechanisms against
a pathogen’s attack may be over-expressed through
genetic engineering in citrus and used to induce
resistance to several pathogens, including the
Candidatus liberibacter bacterium, the causal agent
of HLB and Citrus tristeza virus.

End of the English version ~—~—~—~——~

liberibacter causante de la enfermedad HLB y al
Citrus tristeza virus.
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