
8 

Article         Journal of Natural and Agricultural Sciences 

December 2021, Vol.8 No.23 8-13 

 

 

PLA2A gene from Arabidopsis thaliana in response to infection by Ustilago maydis 

 

Gen PLA2A de Arabidopsis thaliana en respuesta a la infección por Ustilago maydis 
 

CASARRUBIAS-CASTILLO, Kena†, ZAÑUDO-HERNÁNDEZ, Julia and MÉNDEZ-MORÁN, 

Lucila* 

 
Universidad de Guadalajara, Department of Ecology, Centro Universitario de Ciencias Biológicas y Agropecuarias, Mexico. 

 

ID 1st Author: Kena, Casarrubias-Castillo / ORC ID: 0000-0003-1831-8642, Researcher ID Thomson: G-6739-2018, 

SNI CONACYT ID: 227935 

 

ID 1st Co-author: Julia, Zañudo-Hernández / ORC ID: 0000-0002-0834-6626, Researcher ID Thomson: ABB-8655-2021 

SNI CONACYT ID: 201106 

 

ID 2nd Co-author: Lucila, Méndez-Morán / ORC ID: 0000-0003-4733-6153, Researcher ID Thomson: U-1401-2018, CVU 

CONACYT ID: 121862 

 
DOI: 10.35429/JNAS.2021.23.8.8. 13               Received July 15, 2021; Accepted December 30, 2021 

___________________________________________________________________________________________________ 
 

Abstract 

 

In this work, U. maydis-Arabidopsis pathosystem was 

used to evaluate the PLP2A Arabidopsis gene roll in 

response to U. maydis infection. For this, both wild-type 

and pla2a mutant plants were inoculated with a haploid 

strain of U. maydis, and the progress of the infection was 

followed, results show that transcript plays an important 

role in the establishment of the infection being evident in 

the mutant plant compared to wild-type plants. On the 

other hand, the orthologous gene was found in corn, the 
natural host of U. maydis, with 69% identity to the 

AtPLA2A gene. The PLP2A gene expression was analyzed 

by RT-PCR assays and the results showed that this gene is 

induced from the first day after inoculation, the transcript 

increases as the infection progresses; this supports the 

theory that the transcript AtPLA2A is involved in the 

mechanisms of resistance and susceptibility to the 

pathogen. The use of Arabidopsis has made it possible to 

understand the defense responses in the plant and the 

pathogenic process of U. maydis, therefore, the results 

obtained can clarify the role of PLA2A in a comparative 

and integrative way in host and non-host plants of U. 
maydis. 

 

 

U. maydis, Arabidopsis, Corn 

Resumen  

 

En este trabajo se utilizó el patosistema U. maydis-

Arabidopsis con el objetivo de evaluar el papel que juega 

el gen PLA2A de arabidopsis en respuesta a la infección 

por U. maydis. Para ello tanto plantas silvestres y mutantes 

en el gen pla2a, se inocularon con una cepa haploide de 

ustilago y el progreso de la infección fue seguido, los 

resultados muestran que el transcrito juega un papel 

importante en el establecimiento de la infección, siendo 

evidente en la mutante la susceptibilidad a la infección 
comparado con las plantas silvestres. Por otro lado, se 

encontró el gen ortólogo en maíz, huésped natural, con un 

69% de identidad al gen PLA2A. Por último, se analizó la 

expresión del gen PLA2A por ensayos RT-PCR y los 

resultados mostraron que este gen se induce a partir del día 

posterior a la inoculación, aumentando la expresión del 

transcrito conforme progresa la infección, esto apoya la 

teoría de que el transcrito AtPLA2A está involucrado en los 

mecanismos de resistencia y susceptibilidad al patógeno. 

El uso de arabidopsis ha permitido entender las respuestas 

en la planta y el proceso patogénico, por lo tanto, los 

resultados obtenidos podrán ser relacionados del papel de 
dicho transcrito en plantas de maíz y plantas no huésped 

de ustilago. 

 

U. maydis, Arabidopsis, maíz
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Introduction 
 

Ustilago maydis is a biotrophic fungus that 

infects corn plants causing disease, the most 

evident symptom is the development of globose 

and irregular tumors called sori in all the aerial 

organs of the plant, infecting both the leaf, stem, 

and reproductive organs. It has a complex life 

cycle, in its saprophytic stage; yeast form is 

characterized by haploid cells, which after 

recognition fuse to form a diploid mycelium that 

corresponds to the pathogenic stage of the 

fungus causing disease (Ferris and Walbo, 2020; 

Ruiz -Herrera 1998). 

 

Background 

 

To understand the relationships that exist 

between pathogenic fungi and their host plants, 

it is important to design strategies to control 

disease in important crops. One way to achieve 

this goal is the use of model systems that allow 

detailed molecular studies. In 2005, Méndez-

Morán et al. implemented the U. maydis-

Arabidopsis pathosystem, which described the 

infection of A. thaliana by U. maydis under 

axenic conditions. When seedlings were 

inoculated with the fungus, it was observed that 

managed to grow on the surface in the form of 

white mycelium and later stages, the invasion of 

the tissues, the symptoms of the disease included 

anthocyanin formation, development of 

chlorosis, increased formation of secondary 

roots, induction of leaf and petiole 

malformations, induction of tissue necrosis and 

growth retardation. In most cases, plants died. 

Naturally only diploid strains formed by 

conjugation of sexually compatible strains of U. 

maydis can infect maize, the natural host of the 

fungus, in A. thaliana haploid strains FB1 (a1b1) 

or FB2 (a2b2) were shown to be virulent. 

 

From a microarray analysis (unpublished 

data), several genes expressed during this 

interaction were located, in this work, the role of 

the PLA2A gene was analyzed, in both  mutant 

and wild type Arabidopsis plants in response to 

infection by U. maydis.  This article shows the 

findings and results. 

 

 

 

 

 

 

 

Methodology 

 

Growing Conditions for Plants and Fungi 

 

Arabidopsis thaliana L. wild-type Landsberg 

erecta (Ler) and pla2a mutant (SALK_059119c: 

Salk Institute for Biological Studies, Joseph R. 

Ecker, 2008) was used as a host for U. maydis 

infection assays. Seeds were soaked in 95% 

ethanol for 5 min, then in a solution of sodium 

hypochlorite (1.2% free chlorine) for 5 min, and 

washed at least three times with sterile distilled 

water. The seeds were placed on sterile solid 

medium plates (0.6% agar) MS Medium 

(Murashige, 1962) normally without sucrose (20 

seeds per plate) and incubated in a growth 

chamber at 25 to 26 ° C and 99% humidity with 

a photoperiod of 16 h light. 

 

Inoculation assays 

 

The seedlings were inoculated with the haploid 

strain a1b1 of U. maydis, for this, aliquots of the 

cell suspensions (described by Méndez-Morán et 

al., 2005) containing from 101 to 105 cells per 

inoculum, were deposited at the vegetative apex 

of 6 days old Arabidopsis seedlings with the help 

of a 2-μl micropipette equipped with a thin tip. 

Seedlings were incubated as described above in 

the previous section and observed periodically 

for signs and symptoms of infection. 

 

Molecular assays 

 

RNA isolation 

 

For the isolation of total RNA, 100-500 mg of 

frozen plant tissue was used and TRIzol reagent 

(Invitrogen, Carlsbad, CA, USA) according to 

the supplier’s recommendations with some 

modifications that consisted of adding 0.8 M 

sodium citrate salts. + 1.2 M sodium chloride 

and isopropanol in a 1:1 v/v ratio for 

precipitation for 15 min, subsequently it was 

purified with 8 M lithium chloride for one hour 

at 4°C, all samples were analyzed by gel 

electrophoresis to observe its integrity 

 

RT-PCR 

 

The synthesis of cDNA was carried out using 5 

µg of total RNA, 1 µL of Oligo dT, 1 µL of the 

dNTPs mixture was brought to a final volume of 

12 µL with sterile distilled water. A temperature 

of 65 °C was left for 5 min.  
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Then 4 μL of 5X buffer, 2 μL of 0.1 M 

DTT, and 1 μL of the reverse transcriptase 

enzyme were added. It was allowed to incubate 

for 50 min at 42 °C and subsequently 15 min at 

70 °C. 

 

Once the cDNA was obtained, the PCR 

reaction was prepared, for this, 1 μL of the 

cDNA was taken and the reaction mixture was 

added (sterile distilled water, 10x buffer, dNTPs, 

MgCl, Taq polymerase, and the corresponding 

oligonucleotides (Annex 1)). For amplification 

were used the following conditions: for each pair 

of oligonucleotides: 94 °C, 3 minutes; 35 cycles 

with a denaturation temperature of 94 °C, for 30 

s, corresponding alignment temperature for each 

gene for 30 s, and a final temperature of 72 °C 

for 30 to 45 s, followed by a final extension at 72 

°C for 10 min. 

 

Results 

 

Symptoms of disease in wild-type and pla2a 

plants 

 

To analyze the role of AtPLA2A gene in the 

establishment of U. maydis infection, we used 

Arabidopsis pla2a mutant, for this, infection 

tests were carried out using U. maydis a1b1 

strain and the comparison was made from days 

1, 6, 9, and 12 post-inoculation (dpi), in wild-

type and pla2a plants. The follow-up of the 

symptoms (Figure 1) shows that from day 1 after 

inoculation in wild-type plants it begins with the 

formation of mycelium, but it is even more 

evident in mutant plants. The most noticeable 

sign is at 6 dpi, where mutant plants show greater 

mycelium formation in leaves while in wild-type 

plants only at the apex. At 9 dpi the mutant plants 

begin to develop the fungus on the stems and at 

12 days the plant shows signs of chlorosis and 

necrosis while in the wild-type plants only 

maintains mycelium formation and anthocyanin 

pigmentation at the stems. 

 

These results are consistent with those 

previously reported by Méndez-Morán and 

collaborators in 2005, where Arabidopsis plants 

infected with U. maydis increase anthocyanin 

pigmentation, coincidentally the accumulation 

of these pigments is evident when there is 

infection by pathogens such as viruses (Cordero, 

2021).  

 

 

It has been observed that plants deficient 

in PLA2A showed a higher level of jasmonic acid 

and its methyl ester as well as intermediate 

compounds of the oxylipins pathway (Yang, et 

al., 2012). It has been observed that augmented 

levels of jasmonic acid, as well as other 

phytohormones, improve productivity in plants 

and reduce damage by pathogens (Martínez et. 

al., 2021). On the other hand, U. maydis is a 

biotrophic lifestyle pathogen; levels of jasmonic 

acid in the plant promote the development of the 

disease in mutant plants, making them more 

susceptible to infection (Glazebrook 2005). 

Although it has been suggested that haploid 

strains of U. maydis behave as a necrotrophic 

pathogen (Marínez-Soto et. al., 2013), it is 

interesting to monitor the symptoms in the non-

host plant and especially in the mutant plant ones 

and analyze how responses by the plant are 

modulated. 

 

 
 

Figure 1 Infection of U. maydis in wild-type and pla2a 

mutant. A) Wild-type arabidopsis plants, on the left side 

control plants inoculated with water are shown and on the 

right side, the plant inoculated with U. maydis. B) pla2a 
mutant plants, on the left side, control plants inoculated 

with water are shown and on the right side, the plant 

inoculated with U. maydis 

 

The orthologous sequence of PLA2A gene in 

corn 

 

The search for the PLA2A gene was carried out 

in the GenBank databases. The nucleotidic 

sequence in Arabidopsis has accession number 

NM_128213 and the orthologous sequence was 

found in corn with the accession number 

NM_001147354, with both nucleotide 

sequences an alignment was carried out (Figure 

2), with the BLAST® services (Altschul, 1990) 

and it is observed that there is a 69% identity (the 

complete alignment can be found in annex 1). 
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The gene is annotated under the locus: 

AT2G26560, encodes for a lipid acyl hydrolase 

with a broad substrate specificity that 

accumulates after infection by fungal and 

bacterial pathogens, contributes to resistance in 

plants. It has functions during cell death and 

affects the accumulation of oxylipins, at the 

protein level it is in the cytoplasm of healthy 

leaves and in membranes of infected cells 

(TAIR, s.f; La Camera et. al., 2009). It has 

several names among them, PATATIN-LIKE 

PROTEIN 2, PHOSPHOLIPASE A 2A, PLA 

IIA, PLA2A, PLAII ALPHA, PLP2. The 

Arabidopsis patatin-like gene family comprises 

nine members, two of which (PLP2 and 7) are 

strongly induced in response to fungal and 

bacterial pathogens (La Camera et. al., 2005). 
 

 
 

Figure 2 Alignment of the sequences of PLA2A gene of A. 

thaliana vs Zea mays. Arabidopsis sequence is shown in 

purple and the maize sequence is in black. Sequences have 

69% identity in nucleotides 239-521 and 256-542 
respectively, dissimilar nucleotides are shown in red 

 

Expression profile of PLA2A gene in 

Arabidopsis 

 

Specific oligonucleotides (Annex 2) were 

designed from the PLA2A sequence to perform 

expression analysis, for this, RT-PCR tests were 

carried out in wild-type Arabidopsis plants 

inoculated with haploid a1b1 strain of U. 

maydis. The expression was analyzed at 1, 6, 9, 

and 12 dpi, a strong expression is maintained 

from 6 to 12 days, compared to control plants 

inoculated with water. These findings indicate 

that the gene is involved with the susceptibility 

of U. maydis disease, the expression increases as 

the disease progresses, as do the results of the 

experiment in mutant plants (Figure 1) that 

support this result. This coincides with the report 

by La Camera and collaborators in 2005, when 

using pathogens with different lifestyles the 

lipolytic activity encoded by PLP2 can be 

exploited by pathogens to facilitate host 

colonization.  

For example, it has been documented that 

the NaPLP transcript modulates the jasmonic 

acid and ethylene pathways against the 

necrotrophic pathogen A. alternata in N. 

attenuata plants, negatively affecting the 

resistance of the plants against the fungus 

(Cheng et. al., 2018). Phospholipases from either 

plant or animal hosts are involved in the 

stimulation and resolution of the inflammatory 

response to pathogens. Although many 

pathogen-derived phospholipases also 

manipulate the immune response (Wilson and 

Knoll 2018), it is speculated that the PLA2A 

transcript is involved in the susceptibility 

response coincidentally by the results obtained 

in Arabidopsis plants. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3 Analysis of PLA2A expression in arabidopsis 
plants infected by U. maydis. A) Control plants inoculated 

with water. B) Plants inoculated with a1b1 strain of U. 

maydis 

 

Annex 1. Alignment of full sequences of 

PLA2A gene of A. thaliana vs Zea mays with 

the CLC Workbench® program 

 

 
 

 

 

 

 

 

 1 dpi 6 dpi 9 dpi 12 dpi 

A 

AtPLA2A 

 

18S 

AtPLA2A 

 

18S 

B 
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Annex 2. Oligonucleotides list used for 

expression analysis by RT -PCR 

 
Gen   Sequence 

18S Forward CCT CCG GCG CTG TTA CTT TG 

Reverse TGT CGG CCA AGG TGT GAA 
CTC 

AtPLP2A Forward ATG CTC ACC GCG CCT AAT 
AAG 

Reverse TAT CAA CAG AAG CAG CAT 
CCC C 

 

Conclusions 

 

The comparative analysis of the symptoms 

between wild-type and pla2a mutant plants 

establishes that there is a relationship in the 

response to infection by U. maydis. 

 

The expression of the PLA2A gene seems 

to modulate the response to the pathogen since 

lipid degradation is related to resistance and 

susceptibility, as well as the immune response of 

the plant in response to infection by U. maydis. 

Additionally, it was possible to determine the 

orthologous sequence in corn, whose expression 

in corn will determine important results in the 

participation of PLA2A in the pathogenic process 

of U. maydis in its natural host. 

 

The use of A. thaliana is an important 

model that allows us to understand and elucidate 

the pathogenic process of U. maydis and the 

mechanisms of plant-fungus interaction. 

 

With the results obtained, it is interesting 

to carry out more detailed studies in Arabidopsis 

pla2a plants and types of U. maydis strain, since 

the fungus modifies its lifestyle depending on 

the ploidy, the gene modulates the plant immune 

response, therefore the study of the behavior of 

the transcript in its natural host, corn, may be of 

great importance in understanding the 

mechanisms of resistance and susceptibility to 

the pathogen. 
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