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“XX National Plant Biochemistry and Molecular Biology Congress, 3rd Meeting of the Mexico Section of the American Society 
of Plant Biologists, 13th Mexico-USA Plant Biology Symposium” 

Plant Biology in Oaxaca! 
 
Welcome to the 20th National Plant Biochemistry and Molecular Biology Congress of the Mexican 
Biochemistry Society (SMB), 13th Joint Plant Biology Symposium between Mexico and the USA, 
and the 3rd Mexico Section meeting of the American Society for Plant Biologists (ASPB). 
 
This meeting is a forum for interaction between Plant Biologists from Mexico, the United States, 
Canada, Europe, and the rest of the world. We will have Keynote, Plenary, Oral, and Poster 
presentations from scientists working in the fields of Abiotic Stress, Ecology and Evolution, Biotic 
Interactions, Metabolism, Development, and Novel Technologies. When selecting Keynote and 
Plenary speakers, the organizing committee strove for gender equality as well as representation 
from different disciplines and geographic areas.  
 
We see this meeting as an outstanding opportunity to bring cutting-edge Plant Biology researchers 
to Mexico. Our goal was to provide a forum for interaction of Mexican students and postdocs with 
top international researchers, without the costs and long-distance travel normally associated with 
an international meeting.  It is our hope that this meeting will facilitate the emergence of new 
synergies and collaborations between plant biologists working in different disciplines and different 
places.  
 
 
Organizing Committee 
 
Dr. Stewart Gillmor, President 
Langebio, Unidad de Genómica Avanzada, CINVESTAV, México 
 
Dr. Alejandra Covarrubias Robles 
Instituto de Biotecnología, Universidad Nacional Autónoma de México (UNAM) 
 
Dr. César Cuevas Velázquez 
Facultad de Química, Universidad Nacional Autónoma de México (UNAM) 
 
Dr. Gustavo Rodríguez Alonso 
Centro de Investigación en Dinámica Celular, Instituto de Investigación en Ciencias Básicas y 
Aplicadas. Universidad Autónoma del Estado de Morelos (UAEM). 
 
Dr. Dan Chitwood 
Department of Horticulture and Department of Computational Mathematics, Science and 
Engineering, Michigan State University, USA 
 
Dr. Seung Yon (Sue) Rhee 
Plant Resilience Institute and Departments of Biochemistry and Molecular Biology, Plant Biology 
and Plant, Soil and Microbes, Michigan State University, USA 
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Biodiversity and the autonomous pest control in coffee agroforestry systems 
 

Ivette Perfecto 
 
Bunyan Bryant Collegiate Professor of Environmental Justice, School for Environment and Sustainability, University 
of Michigan, USA 
  
Coffee can be produced in a variety of systems, from monocultures to very diverse agroforestry 
systems with a high diversity of planned (agrobiodiversity) and associated (wildlife) 
biodiversity. In this presentation, we will look at how the management of shade trees affects coffee 
yield and how biodiversity can help control pests such as the coffee berry borer, green coffee scale, 
and coffee rust. Additionally, we will introduce an ecological game that demonstrates the 
complexity of ecological networks, including predator-prey interactions and trait-mediated 
indirect interactions. 
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+oZ interorganellar communication regulates plant adaptive responses 
 

Katayoon 'ehesh 
 
Institute of Integrative *enome Biology and 'epartment of Botany and Plant Sciences 
UC 5iverside, USA 
 
Interorganellar communication is an evolutionary necessity for maintenance of cellular 
homoeostasis in response to prevailing environment that, in part, is exTuisitely controlled via 
retrograde-signaling pathways. 
:e have identified a novel stress-specific plastidial retrograde signalling metabolite, 
methylerythritol cyclodiphosphate (MEcPP), previously known solely as an intermediate in the 
isoprenoid biosynthetic pathway. 7he additional function of MEcPP as a stress sensor and a 
coordinator of transcriptional and post transcriptional regulation of key stress-responsive nuclear 
genes, has unraveled the central role of this metabolite in cellular functions in response to a wide 
range of environmental and developmental cues. 
7o identify the underlying molecular mechanism of the MEcPP-mediated stress responses, we 
have performed a multi-omics approach. 7hese studies have led to the identification of a 
transcriptional hub activated by MEcPP and have further established a previously unrecogni]ed 
link between this plastidial retrograde signal and the transcriptional reprogramming of 
endoplasmic reticulum genes critical for readMustment of protein-folding capacity in stressed cells. 
Moreover, we have gained an insight into the molecular mechanism by which MEcPP alters 
subcellular structures and contributes to phytochemical diversity. 
In brief we have advanced our understanding of how MEcPP reprograms a repertoire of intricate 
networks crucial for coordinating the physiological and metabolic processes reTuired for stress- 
induced developmental and adaptive responses. 
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5oot system diversity in 0e[ican native mai]e 
 

5uairidh J. +. Sawers 
 
'epartment of Plant Science, 7he Pennsylvania State University, State College, PA, 1����, USA. 
 
7he domestication of mai]e (Zea mays ssp. mays) about ���� years ago in Mexico was one of the 
most significant events in the history of agriculture. :ithin Mexican territory alone, the tireless 
efforts of generations of farmers have produced almost �� different recogni]ed native varieties 
(razas), adapted to elevations from sea level to well over 3,���m, and environments ranging from 
semi-desert to the hot, humid tropics. As mai]e dispersed, it was the roots that most directly faced 
many of the challenges posed by new environments. :hile the diversity of ear morphology readily 
illustrates the richness of Mexican mai]e, it is what is happening below ground that may be of 
greatest importance with regard to resilience in the face of climate change. +ere, I will present 
high-throughput root phenotyping approaches that are beginning to provide a picture of the 
variation in root system architecture, root anatomy, and root-microbe to be found in Mexican 
native mai]e. I will discuss the challenges of determining the functional implication of such 
observed variation and of relating this to potential adaptive strategies in different environments. I 
will introduce a novel multi-parent genetic mapping resource for Mexican native mai]e and 
illustrate its application in testing adaptive hypotheses.    
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5eprogramming $B$ receptors for neZ plant functions 
 

Sean Cutler 
 
Botany and Plant Sciences 'ept. 
University of California, 5iverside, USA 
 
Plants sense the hormone abscisic acid (ABA) using chemical-induced dimeri]ation (CI') 
modules, including the receptor P<51 and +AB1, a protein phosphatase inhibited by ligand-
activated P<51. 7his system is uniTue because of the relative ease with which ligand recognition 
can be reprogrammed. 7o expand the P<51 system, we designed an orthogonal response module 
that harbors a dimer-interface salt bridge that prevents cross-activation of the wild-type module, 
as supported by X-ray crystallographic, biochemical, and in vivo analyses. :e used this module 
to create new CI' modules, P<51
MAN'I�+AB1
 and P<51
A=IN�+AB1
, that possess nM 
sensitivities to their activating ligands mandipropamid and a]inphos-ethyl. Experiments in A. 
thaliana and S. cerevisiae demonstrate the sensitive detection of banned organophosphate 
contaminants using living biosensors and the construction of multi-input�output genetic circuits. 
2ur new modules enable ligand-programmable multichannel CI' systems for plant and eukaryotic 
synthetic biology that can empower new plant- and microbe-based sensing modalities. :e also 
highlight engineered plant hormone sensors for creating inducible phenotypes in Arabidopsis, 
diverse Citrus varieties, and Setaria. Lastly, by developing a high throughput screening platform 
to conduct unbiased screens, we demonstrate that P<51-derived sensors can recogni]e a 
substantial fraction of drug-like chemical space, which suggests that designing sensors for user-
specified molecules and, thus, ligand-controlled plant traits is feasible. 7he biochemical features 
that make P<51 an excellent scaffold for designing orthogonal receptor-ligand interactions are 
shared by *A and strigolactone receptors, which suggest that other plant hormone-sensing systems 
can be harnessed to reprogram hormonal and transcription responses so that ligands of choice 
control them.  
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Engineering synthetic CAM and tissue succulence into C3 photosynthesis 
plants to improve water-use efficiency and drought tolerance 

 
Arely V. López Pérez1, Johnathan S. Lomas1, Mia L. Swain1, Lisa M. Petrusa1, Won Cheol 

Yim1, Sung Don Lim2, and John C. Cushman1,* 

 
1Department of Biochemistry and Molecular Biology, University of Nevada, Reno, NV 89557-330, USA 
2Department of Plant Life and Resource Science, Sangji University, Gangwon-do, South Korea 26339 
*Presenting author.  
 
The global climate crisis is rapidly increasing major crop losses around the world due to 
increased intensity and duration of drought events. Therefore, novel strategies are needed to 
create more climate-resilient crops.  Remarkable progress has been made in advancing our 
understanding of the functional genomics of crassulacean acid metabolism (CAM) in the last 
decade.  Dozens of CAM plant genomes have now been sequenced including obligate CAM 
species such as Kalanchoë fedtschenkoi, facultative CAM species such as Mesembryanthemum 
crystallinum, and important crops such as Agave, Ananas, Hylocereus, and Opuntia.  Well-
annotated genomes along with extensive transcriptomic, proteomic, and metabolomic datasets 
and associated co-expression and transcriptional regulatory networks provide a strong 
foundation for understanding the biochemical and regulatory frameworks that underpin the diel 
and circadian operation of CAM.  Detailed time-resolved transcriptome profiling analysis in 
the facultative CAM plant M. crystallinum has revealed hundreds of genes with putative CAM-
associated functions that provide the building blocks for creating synthetic versions of CAM in 
the C3 photosynthesis model Arabidopsis thaliana.  We have built different gene circuits to 
recreate synthetic versions of the carboxylation, decarboxylation, and core diel carboxylation 
+ decarboxylation modules of CAM.  The carboxylation module increased CO2 assimilation, 
nocturnal malate accumulation, and plant biomass whereas the decarboxylation module 
improved water-use efficiency.  Combining the carboxylation and decarboxylation modules 
resulted in increased CO2 assimilation, nocturnal malate accumulation, plant biomass, and 
improved water-use efficiency.  Design and implementation of new iterations of the SynCAM 
design cycle (SynCAM 2.0) also target soybean, a major crop that suffers large economic losses 
due to damage from drought events. CAM functions optimally within succulent leaves so the 
benefits of tissue succulence engineering will also be discussed. 
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6alt stress resilience� thinN gloEal� act local 
 

Christa Testerink 
 
Wageningen University 	 Research 
Netherlands 
 
Salinity of the soil is highly detrimental to most plant species. Recently we have identified several 
molecular and cellular pathways in the model species Arabidopsis that contribute to finetuning of 
root development to better deal with salt stress. , will highlight what we can learn from these 
pathways and their regulation at the tissue-specific level in our new approaches to improve salt 
tolerance of plants. Yet while we are sometimes successful in translating our findings from 
Arabidopsis to crops, we must also broaden our investigations to acquire knowledge on the 
molecular basis of stress-induced developmental responses in crops and in naturally salt-adapted 
plant species. 
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7wo pathways for post-transcriptional regulation of gene e[pression during 
stress responses in plants 

 
José Luis Reyes Taboada 

 
,nstituto de Biotecnologta, UNAM, México 
 
Plants are sessile organisms exposed to constant changes in their environment. Therefore, they 
have developed diverse and efficient mechanisms to contend with different external factors, 
including abiotic factors such as extreme temperatures, light intensity and quality, air and soil 
quality, or the availability of water for growth. My research group has focused on the study of 
responses to water deficit, considered an important factor for plant growth and development. One 
of the stages of gene expression that is finely regulated in plants occurs at the post-transcriptional 
level, by regulating the half-life, fate, or translation of messenger RNAs. ,n this context, we are 
studying two pathways to regulate the metabolism of mRNAs that are relevant in different 
biological systems� the pathway mediated by microRNAs and that mediated by the methylation of 
adenosines in the mRNA. 
The discovery of small RNAs as regulators of gene expression led us to explore the participation 
of microRNAs in the regulation of the response of 3haseolus vulgaris (common bean) and, in 
general, of legumes, to conditions of water limitation. Our studies have revealed their involvement 
and some interesting properties of legume microRNAs during their biogenesis and mechanisms of 
action, such as miR2119. More recently, we are exploring the functions of miR396 in 3. vulgaris 
and miR2199 in Medicago truncatula under water-limiting conditions.  
A second theme in our research is focused on the methylation of adenosine residues at position N6 
(m6A) as the most abundant internal post-transcriptional modification in mRNAs and lncRNAs in 
both plants and animals. This modification can alter the secondary structure of RNA or can affect 
its subcellular localization, translation, stability and other processes. ,n plants little is known about 
the consequences of the addition of this modification and in general the processes that are regulated 
by this pathway, thus we are exploring different participating factors using several plant models, 
including the model plant Arabidopsis thaliana, where we study the m6A-binding protein ECT8 
and its contribution to stress responses. 
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*enomics for conservation of Me[ican Agave and cacti 
 

Tania +ernindez +ernindez 
 
Research, Conservation and Collections 
Desert Botanical Garden 
Phoenix, A=, USA 
 
Twitter� 
#+dz+dzBLab 
#icanBcactaceae 
 
Mexico has a tremendous legacy and management responsibilities in hands. The country is one of 
the few biodiversity hotspots for both wild and domesticated plants in the world. Many species, 
varieties and landraces can only be found in the region� due to geographical, biological and cultural 
reasons. Two of the most important plant groups with endemic species in Mexico are the Agave 
genus and the cactus family. Approximately 75� of species of Agave are endemic and 8�� of the 
cactus found in Mexico are found only here. The most recent assessments from conservationist 
groups reveal that both Agave and cactus species are the most endangered, threatened of extinction 
mostly from illegal poaching, change in land use and global warming. During this talk, , will 
explain some of the research initiatives of Desert Botanical Garden in collaboration with several 
institutions in Mexico and the community to study and preserve both cactus and Agave 
biodiversity using genomic tools. ,n particular, ,¶ll explain our study of the columnar saguaro 
cactus and the efforts we are making to involve and actively engage the community to set 
awareness of climate change and their effects in cactus biodiversity. , will also talk about our 
efforts to document and preserve the almost lost mezcal and tequila traditional Agave landraces, 
threatened by the enormous demand for only two cultivars that produce the spirits that are highly 
sought-after in the USA and Europe.  
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Aethionema araEicum� a novel model to study the light control of seed 
germination 

 
=suzsanna Merai 

 
Gregor Mendel ,nstitute 
Vienna, Austria 
 
The timing of seed germination is crucial for seed plants and is coordinated by internal and external 
cues, reflecting adaptations to different habitats. Light is a major environmental factor regulating 
seed germination, which provides information about the position in the soil, the presence of 
competitors, day length, and the season. Seeds can be categorized based on their response to white 
light during germination� light-requiring seeds germinate only after light exposure, light-inhibited 
seeds germinate only in the dark while light-neutral seeds germinate in both light and darkness. 
Seeds of Arabidopsis thaliana and lettuce (/actuca sativa), the model plants for research in this 
field, require a minimal light exposure for complete germination. Therefore, most insight into the 
role of light for seed germination originates from the light-requiring seed type. We discovered a 
natural variation in seed germination responses in Aethionema arabicum (%rassicaceae) 
accessions, a plant originates from arid and semi-arid habitats. One accession from Turkey has 
light neutral seeds while the seed germination of an accession from Cyprus is strongly inhibited 
by white, red, far-red and blue light. The germination inhibition increases with light intensity and 
duration, possibly evolved as an adaptive trait to response to day length to limit the germination 
time in early spring with short days. ,n CYP seeds light induces gene expression changes of key 
regulators converse to Arabidopsis, resulting in antipodal regulation of hormone balace. These 
findings illustrate that similar modular components of a pathway in light-inhibited, light-neutral, 
and light-requiring germination among the Brassicaceae have been assembled in the course of 
evolution to produce divergent pathways. Screening the first mutant collection of A. arabicum, we 
identified koy��, a mutant that lost light inhibition of germination, due to a deletion in the promoter 
of +EME OXYGENASE 1, the gene for a key enzyme in the biosynthesis of the phytochrome 
chromophore. +ormone and gene expression comparison between wild type and koy�� under 
different light intensities revealed that very low fluence stimulates germination, while high 
irradiance is inhibitory, indicating a dual role of phytochromes in light-regulated seed germination. 
The mutation also affects the ratio between the two fruit morphs of A. arabicum, suggesting that 
light perception via phytochromes can fine-tune several parameters of propagation in adaptation 
to conditions in the habitat. 
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3hotosynthetic cell identity is triggered Ey a root transcription factor 
 

Carlos Alcali Gutiérrez1, Daniel Camo Escobar1, Ernesto Palafox )igueroa1, Bruno Guillotin2, 
Keneth D. Birnbaum2, Carlos Ortiz Ramtrez1* 

 
1 UGA Laboratorio Nacional de Genómica para la Biodiversidad, C,NVESTAV ,rapuato, Guanajuato 36821, México 
2 Center for Genomics and Systems Biology, Department of Biology, New York University, New York, NY 10003, 
USA. 
* Corresponding author. Email� carlos.ortiz#cinvestav.mx  
 
Photosynthesis is one of the most common biochemical processes on earth and is responsible for 
fueling practically the entire biosphere. +owever, we know remarkably little about how plant 
tissues differentiate to acquire photosynthetic functions. )or example, early in development most 
leaf cells contain proplastids and are exposed to the same environmental cues, however only a 
specific cell type, the mesophyll, acquires photosynthetic identity. What makes some tissues 
uniquely primed to become photosynthetic in response to light is a fundamental question in plant 
biology. Moreover, the relocation of photosynthetic functions across leaf tissues can greatly impact 
CO2 fixation efficiency, as seen in C� plants where the bundle sheath and not the mesophyll 
acquires photosynthetic identity. ,n this work, we have generated several CRS,PR mutant lines 
showing defects in photosynthetic tissues in the C� model plant 6etaria viridis. Through single-
cell RNAseq profiling of mutant leaves, we identified a transcription factor previously associated 
with root patterning that drives the expression of the photosynthetic machinery in leaves, as well 
as chloroplast differentiation genes in a cell-type specific fashion. Moreover, we leveraged 
expression data of hundreds of cell-type specific genes to quantify and track how cell identity 
changes in mutant lines. We discovered that mutant mesophyll and bundle sheath cells not only 
lose photosynthetic identity, but also acquire identity of non-photosynthetic cells like epidermis. 
)inally, we show this has important consequences for photosynthetic efficiency and plant 
productivity.         
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Mining plant-pathogen interactions� ,nsights from genomics� transcriptomics� 
and machine learning 

 
Alejandra Rougon-Cardoso 

 
Laboratory of Agrigenomic Sciences, Universidad Nacional Autónoma de México, ENES-León, León 37689, México�  
Plantec National Laboratory, ENES-León, León 37689, México 
arougon#enes.unam.mx   
 
One of the major threats to food security are pests and diseases, which account for an estimated 
yield loss of 35� worldwide, and up to 50� in developing countries. The plant immune system is 
based on a sophisticated complex of interactions at two main levels. The first one makes use of 
pattern recognition receptors to survey for pathogen associated molecular patterns (PAMPs).  This 
first level of recognition termed PT, or PAMP-triggered immunity triggers responses that can stop 
microbial growth. +owever, successful pathogens that can surpass PT, deliver an arsenal of 
proteins, called effectors, which are able to manipulate or suppress plant defenses. To survive, 
plants have evolved a second level of intracellular receptors system which can monitor effectors 
and activate the downstream response cascade quickly and with a higher amplitude. This second 
level of resistance is called ET, or Effector-triggered immunity. Genomics research on the 
interplay between parasite effectors and host receptors can provide a relatively fast and 
comprehensive understanding of the disease and resistance processes, allowing the development 
of novel biotechnological approaches to reduce crop losses and provide a more sustainable 
agriculture production.  One of our goals is to generate genomic data of important parasitic 
nematodes, to understand how specific pathogen effector proteins have evolved, and search for 
genes involved in host resistance. We aim to develop computational pipelines to better predict 
effector proteins and their interactors using a combination of traditional alignment tools and 
machine learning. Another area we are focusing on is the exploitation of expression data already 
available in databases using unsupervised learning to predict phenotypes and find pathogen-
specific patterns. Additionally, we have been looking for bacterial resistance hints in wild host 
species. Lastly, we have analyzed plant sciences papers of the last 20 years to identify and quantify 
social and taxonomy disparities across the field.  Our goal is to visualize these disparities and, 
hopefully, encourage people to work towards reducing them. 
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8ntangling Eiological comple[ity to reveal root metaEolites the drive 
microEiome assemEly 

 
Sarah Lebeis 

 
Dept. of Plant, Soil and Microbial Sciences 
Michigan State University, USA 
 
Plant microbiomes are assembled and modified through a complex milieu of biotic and abiotic 
factors. Despite dynamic and fluctuating contributing variables, specific host metabolites and 
immune responses are consistently identified as important mediators of microbial interactions. 
Mechanistic understanding of how these interactions combine to dictate microbiome establishment 
remains largely enigmatic. We aim to identify specific plant and microbial factors mediating plant-
microbe and microbe-microbe interactions at the root interface. We use a range of experimental 
biotic complexities, from single strains to natural microbiomes, and host genetic mutants to gain 
both mechanistic and holistic understanding of how individual phenotypes scale-up to higher-order 
community dynamics. We combine information from a large-scale metatranscriptomic dataset 
from natural poplar trees and experimental genetic manipulation assays in seedlings of the model 
plant Arabidopsis thaliana to converge on a conserved role for transport of the plant metabolite 
myo-inositol in mediating host-microbe interactions. Our data suggests host control of this 
compound and resulting microbial behavior are important mechanisms at play surrounding the 
host metabolite myo�inositol. We then combine bacterial strains into synthetic communities and 
assess the impact of different salicylic acid on microbiome establishment and maintenance. We 
find that individual bacterial strains have distinct phenotypes in the context of plant roots and these 
behaviors can be explained by salicylic acid presence. Together, these studies reveal that two 
common root exudatesp play distinct roles in root microbiome assembly and subsequently 
influence varying microbiome functioning and biodiversity.  
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1ew and old tricNs used Ey a protist to manipulate plant immunity 
 

Edel Pérez López 
 
Université Laval 
4uébec, Canada 
 
3lasmodiophora brassicae is the causal agent of clubroot, a devastating disease affecting 
cruciferous crops worldwide and responsible for more than �500 millions in lost for the canola 
industry in Canada in the last ten years. Although several breakthroughs have happened recently, 
clubroot research is at least a decade behind and our understanding of the molecular strategies used 
by the clubroot pathogen to escape plant immunity are mostly unknown. Since 2020 our lab is 
focusing on the functional characterization of putative effectors and their role in the plant. Among 
the results generated in these three years, we will present in this concurrent the story behind three 
main findings� (i) the characterization of SSPbP53, a cysteine protein inhibitor that seems to be 
key for the clubroot pathogen pathogenicity, (ii) the characterization of PbChiB2 and PbChiB�, 
two chitin-binding proteins that stop chitin-triggered immunity during the clubroot pathogen 
infection, and (iii) the characterization of  PbPK1, a pseudo-kinase that induce tolerance to the 
clubroot pathogen. Altogether, the new mechanisms presented here are advancing our 
understanding of a less typical vascular pathogen putting at risk the economy of several countries 
and our food security. 
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Evolution of CAM photosynthesis in the Agavoideae 
 

Karolina +eyduk 
 
Ecology and Evolutionary Biology Department 
University of Connecticut, USA 
 
CAM photosynthesis is an important elaboration on the typical C3 photosynthetic pathway, 
allowing numerous plants to succeed in environments limited by water. The Agavoideae ² which 
includes iconic desert plants like <ucca and Agave ² has multiple origins of CAM 
photosynthesis, providing a unique opportunity to examine the mechanisms underlying repeated 
evolution of CAM. )urther, the Agavoideae species that use CAM do so to varying degrees, 
including constitutive CAM, intermediate C3+CAM, and facultative CAM (where plants can 
upregulate CAM under abiotic stress). +ere , will explore how the independent origins of CAM 
are in some ways not convergent, recruiting different gene families to accomplish the same 
enzymatic functions. ,¶ll further discuss how new genomic data is highlighting the difficulty of 
classifying plants as CAM or C3, and what implications this has for the evolution of CAM in the 
Agavoideae. 
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+arnessing plant metaEolism for new catalysts� medicines� and materials 
 

Jing-Ke Wang 
 
,nstitute for Plant-+uman ,nterface 
Northeastern University, Boston, MA, USA 
 
Plants contain diverse specialized metabolites, many of which are of significant pharmaceutical 
and industrial importance to humans. Nevertheless, exploration of specialized metabolic pathways 
underlying specific chemical traits in nonmodel plants has been technically challenging and 
historically lagged behind that of the bacterial systems. Recent advances in genomics, 
metabolomics, phylogenomics, and synthetic biology now enable a new workflow for 
interrogating unknown specialized metabolic systems in nonmodel plant hosts with greater 
efficiency and mechanistic depth. ,n this talk, , will discuss our current effort in elucidating a 
number of specialized metabolic pathways in various medicinal plants using such workflow. 
)acilitated by this newly learnt knowledge, we engineer chassis organisms to produce valuable 
plant natural products and their new-to-nature analogs with broad industrial, agricultural, and 
pharmaceutical utilities. ,n addition to small-molecule natural products, plants also produce a wide 
range of macromolecular biopolymers which are key to plants¶ adaptation to the terrestrial 
environments. , will also discuss our recent effort in studying the chemistry, biochemistry and 
evolution of sporopollenin, an extremely inert biopolymer that coats the outer wall of all land plant 
spores and pollen grains. Engineering sporopollenin-like synthetic polymers and sporopollenin 
biosynthesis in crop plants may open new avenues for new materials and scalable strategies for 
mitigating climate change. 
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'iscovery and engineering of plant metaEolic pathways for plant and human 
health 

 
Elizabeth Sattely 

 
Department of Chemical Engineering and ++M, 
Stanford University, USA 
 
Abstract� +umans are extraordinarily reliant on plants and plant-derived molecules for food, 
medicine, and energy. +owever, remarkably little is known about how plants perform the 
chemistry responsible for making these molecules. New plant genome sequences and synthetic 
biology tools have opened the door to three research areas that inspire the work we do in my lab� 
1) ,dentifying and exploiting the enzymes responsible for synthesizing known plant-derived 
chemicals, and 2) discovering new molecules from plants, and 3) developing new strategies for 
sustainably enhancing plant fitness. This talk will describe efforts in my lab to use a combination 
of biochemistry, synthetic biology, bioinformatics, transcriptomics, and metabolomics to 
accelerate the discovery and engineering of plant metabolism. We use both a candidate gene 
approach to uncover novel pathways and new molecules, as well as a candidate molecule approach 
for targeted elucidation of metabolic enzymes. Our vision is to build metabolic pathways from 
newly discovered enzyme catalysts that can enhance human health, plant health, and the 
production of sustainable chemicals.  
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,n Solanaceae, self-incompatibility (S,) is under the 6-locus control, which encodes both the 
female (S-RNase) and male determinants (a suite of SL) proteins). +owever, other non-6-locus 
linked genes, called modifiers genes (MG), such as H7�%, ���K, 1a6t(3, 1a7r[h, 
and 1a6,33� are essential to correctly perform the pollen rejection response in S-RNase base S, 
systems. 1a7r[h encodes a thioredoxin h, an extracellular localized protein in the pistil 
transmitting tract. NaTrxh physically interacts with the female determinant, the S-RNase. As a 
result of this interaction, NaTrxh reduces a specific disulfide bound in the S-RNases, provoking a 
seven-fold increase in its ribonuclease activity. Gain of function assays in 1icotiana transgenic 
plants, expressing a pistil mutated NaTrxh variant, which is not able to reduce any disulfide bound 
in the S-RNases, generate a negative dominant phenotype in which the ability to recognize the 
self-pollen is disrupted.  1a6t(3 encodes a stigma-specific protein that exhibits a dual activity as 
a protease inhibitor and voltage channel blocker. NaStEP is taken up by pollen tubes (PT). Loss 
of function assays show that NaStEP suppression disrupts pollen rejection in an 6-specific 
manner. Another crucial pistil protein for S, is called +T-B. ,t is degraded in PTs from compatible 
crosses but not in S, ones. +owever, in the absence of NaStEP, +T-B is degraded inside PTs no 
matter if the cross is compatible or incompatible. ,t suggests that with its proteinase inhibitor 
activity, NaStEP protects +T-B from degradation.  
We looked for NaStEP PT protein interactors by Y2+. By this approach, we recovered a 
mitochondrial phosphate carrier called NaS,PP, specific and highly expressed in mature pollen of 
S, 1icotiana species. 
A loss of function approach shows that NaS,PP is essential to S,, and Bi)C assays demonstrate 
that the interaction of NaStEP with NaS,PP occurs in the PT mitochondria.  
 ,n this talk, , propose a new model for the pollen rejection response in 1icotiana, in which all 
products of these modifier genes integrate the genetics and biochemistry pathway that underlies 
the pollen rejection response 6-locus depending on 1icotiana. 
 
DGAPA ,N20�622, PA,P-)4 50009128 
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,n higher plants, female gametes formation is a crucial step in the plant reproductive cycle and 
determines seed formation, hence participating in crop yields. The plant female germline initiates 
in the ovule primordium, with the specification of the Megaspore Mother Cell (MMC), the only 
cell which will undergo meiosis to produce gametes. +owever, germ cell fate in the early ovule 
appears flexible. Genetic variants and apomictic species show that somatic cells neighboring the 
MMC can enter the MMC identity program or even directly produce female gametophytes without 
meiosis. By combining 3D morphometrics, growth modelling, gene markers and genetic analyses, 
we have shown in Arabidopsis that this developmental plasticity is also part of MMC ontology in 
wild-type, before channeling toward MMC singleness, a process controlled by ovule tissue growth. 
Recently, we developed new routes further exploring Arabidopsis MMC growth using time-lapse 
(3D+t), and establishing a 3D morphometric atlas of ovule primordia in Maize, a sexual grass 
model, to understand the genericity of MMC formation and its plasticity.     
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Seeds are the end product of reproduction in flowering plants and represent the unit by which 
information is passed from one generation to the next. Plant reproduction is accompanied by 
distinct alterations to DNA methylation and repressive chromatin modifications in male and 
female gametes. These alterations are important for establishing gene expression programs after 
fertilization, including gene imprinting. ,mprinting refers to genes that are preferentially expressed 
from either the maternally or paternally inherited allele. Our recent work using single-nuclei and 
cell-type specific profiling suggests that additional epigenetic reprogramming occurs in specific 
cell types after fertilization in a seed nutritive tissue called the endosperm, where imprinting 
occurs. Although the endosperm is an ephemeral tissue that does not pass on genetic material to 
the next generation, it is essential for the development of viable seeds and is the source of much 
of the calories we consume. , will present our recent findings on epigenetic dynamics and gene 
imprinting in the endosperm, including the role of the 5-methylcytosine DNA glycosylases ROS1, 
and discuss how these data fit within a consideration of potential genetic conflicts within seeds. 
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Diabetes mellitus type 2 (DM2) is a disease considered a worldwide public health problem. ,n 
order to discover new alternatives for its treatment, we explored the potential of the cloud forest 
(C)), an ecosystem with wide botanical diversity but scarcely studied in the pharmacological and 
phytochemical context. Due to the lack of ethnopharmacological information, it is necessary to 
establish strategies that allow a rational selection of plant species for being included in 
experimental studies. With this aim, a library of chemical compounds (LCC) produced by species 
belonging to botanical families described for the Veracruz C) was elaborated. A ligand-based 
virtual screening (LBVS) was performed on the LCC to identify metabolites with appropriate 
physicochemical properties for oral administration (Lipinski and Jorgensen rules) and high 
similarity to drugs (Tanimoto coefficient) used in the DM2 treatment. The botanical families with 
the most molecules identified by the LBVS were selected and considered the best candidates. The 
selected plants were collected, the methanolic extracts were prepared, and the evaluation of their 
hypoglycemic activity was carried out by in vitro enzyme inhibition assays on Į-amylase (ĮA), Į-
glucosidase (ĮG), and dipeptidyl peptidase ,V (DPP�). The potential hypoglycemic activity of 
selected plant species was experimentally confirmed since out of the 16 plant species evaluated, 
belonging to ten genera and four families, 25�, 69�, and 75� of them inhibited more than 50� 
of the activity of DPP�, ĮG, and ĮA, respectively, at 1 mg�mL. Of the total species evaluated, 6ida 
rhombifolia (SR, Malvaceae) showed a selective inhibition profile towards DPP� (inhibition 
percentages� DPP�  39.2 � 2.�1, ĮA  1.8 � 1.�9 and ĮG  6.9 � 0.60) in contrast to 6ida 
glabra (SG, Malvaceae) (inhibition percentages� DPP�  �7.� � 2.07, ĮA  50.0 � 1.29 and ĮG  
62.5 � 1.32). ,n order to identify metabolites, untargeted and phenolics-targeted metabolomic 
analyses were performed. The untargeted metabolomic analysis performed in SR and SG 
methanolic extracts allowed the identification of mainly phenolic and terpenoid compounds, while 
through targeted metabolomics, 29 phenolic compounds were quantified. The SR�SG comparison 
of the chemical profiles of their methanolic extracts obtained by the different metabolomic 
approaches led to the tentative identification of around �0 metabolites accumulated in SR (fold 
change�2), which are now being studied as potential selective inhibitors of DPP�, ĮG, and ĮA 
by in silico and in vitro methods. ,n conclusion, the computational-chemotaxonomic selection 
approach allowed us to rationally select candidate plant species for their experimental study based 
on their predicted hypoglycemic effect and focus on identifying new potential selective enzymatic 
inhibitors.  
 
*Taken in part from PhD thesis of C. ,. Mayo-Montor 
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,n recent years, there has been a proliferation of algorithms dedicated to protein structure 
prediction� fundamentally, they have modified our comprehension of protein function. At the same 
time, using protein Large Language Models (pLMs) has expanded the horizons of understanding 
amino acid sequences beyond alignment. ,n this talk, ,¶ll present our most recent development for 
protein function insights. 
)irstly, , will show how pLMs are harnessed to discover unique connections among proteins across 
diverse species characterized by similar structures and, consequently, comparable functions. Then, 
, will discuss our utilization of protein prediction models for determining protein coordinates and 
define the relevant surface area for protein-protein interactions. Lastly, , will illustrate the efficacy 
of our methodology using a small example of allergen cross-reactivity in fruits. 
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Grapes, owing to their economic, historical, and cultural significance, hold a paramount position 
in agriculture worldwide. With a cultivation history that spans millennia, grapes have been used 
for diverse purposes, including wine making, fresh consumption, raisin production, and a variety 
of derived products. Consequently, a multitude of grape cultivars has emerged over the centuries, 
which underscore the relevance of this crop to humanity. Remarkably, a mere fraction of this 
genetic diversity, approximately x�x, currently accounts for over ��� of global grape production. 
While present climatic conditions and agricultural practices ensure stable grape production, a 
narrow genetic base can leave vineyards vulnerable to emerging pests, diseases, and adverse 
climatic conditions²particularly concerning the context of climate change. ,n this presentation, 
we will discuss why new, diverse, and more resilient grape cultivars are needed, and how novel, 
multidisciplinary approaches can increase breeding program efficiencies. )or context, we will 
delve into the technical challenges that have limited the progress of grape genetic improvement 
and how cutting-edge genomics and phenomics technologies have the potential to overcome such 
limitations. Specifically, we will shed light on innovative approaches, encompassing robotics, 
hyperspectral imaging, A,-computer vision, genomics, and vine physiology, that enable the 
screening of breeding germplasm at large scale, both at the greenhouse and vineyard level. We 
will discuss, for example, how these techniques are facilitating the rapid screening of salt and 
drought tolerance traits in thousands of 9itis germplasm with potential for rootstock breeding. , 
will also provide an overview of the ongoing restructuring of the grape breeding program at the 
University of California, Davis, and our current efforts to increase the rate of genetic gain in wine 
grapes and grape rootstock materials. 
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Long non-coding RNAs (lncRNAs) are non-coding RNA molecules greater than 200 nt that can 
interact with RNA, DNA and proteins. Their regulatory importance has been highlighted at 
epigenetic, transcriptional, post-transcriptional, translational, and post-translational levels. 
Thousands of lncRNAs have been identified in plants through RNA-seq and bioinformatic 
analyses. So far these lncRNAs have been shown to function in processes like vernalization, 
photomorphogenesis, phosphorus starvation and male fertility. 
When the plants grow under a tree canopy or at high plant densities, changes in the Red:Far Red 
light ratio trigger a phenotypic response known as Shade Avoidance Syndrome (SAS). These 
responses are characterized by petiole and hypocotyl elongation, chlorophylls reduction and 
cotyledon closure. In a previousd work, we assembled transcriptomes from cotyledon and 
hypocotyl tissues of Arabidopsis seedlings exposed to high Red/Far Red (high R/FR; normal 
condition) and low Red/Far Red (low R/FR; shade condition) conditions. Through bioinformatics, 
we identified 103 lncRNAs differentially expressed in cotyledons and 530 lncRNAs differentially 
expressed in hypocotyls. By employing co-expression networks, we inferred possible biological 
functions of lncRNAs in the SAS.  
We selected 18 Arabidopsis lncRNA genes for functional characterization using T-DNA 
insertional mutants and phenotyping under high and low R/FR ratio. Loss of 7 lncRNA genes 
resulted in abnormalities in the petioles and hypocotyls under low R/FR ratios. We are currently 
focusing on a gene whose loss of function shows a petiole hyper elongation response in seedlings 
under low R/FR conditions. We will produce promoter:GUS fusion of the lncRNA to see patterns 
expression in the plant and silence the gene using amiRNAs. These experiments will allow us to 
determine whether these lncRNAs do indeed play a role in shade avoidance and will broaden our 
knowledge of lncRNA biology. 
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To thrive in deserts, Cactaceae plants possess a Mackknife of developmental adaptations. 
Determinate root growth, i.e. the root apical meristem (RAM) consumption, or exhaustion, and 
subsequent differentiation of all root-apex cells soon after germination, is one of these adaptations 
(Dubrovsky, 1��7). Determinate growth of primary and lateral roots of seedlings of many 
Cactaceae species from the Cactoideae subfamily (Shishkova et al., 2013) leads to the formation 
of a compact root system that might provide seedlings with an advantage for survival in arid and 
semiarid environments. We analyzed the primary-root growth pattern, determinate or 
indeterminate, for ca. 150 Cactoideae species and all but one species exhibited determinate growth. 
To explore the genetic regulation of the RAM exhaustion in Cactaceae, we previously sequenced 
and de novo assembled the Pachycereus pringlei (cardón) transcriptome of the primary-root apex; 
and inferred genetic regulatory network that operate in the root apex (Rodriguez-Alonso et al., 
2018). Recently, new findings were added from the analysis of de novo assembled Carnegiea 
gigantea (saguaro) root apex transcriptome. These transcriptomes, as well as the highly 
fragmented draft genome of six Cactoideae species (Copetti et al., 2017, =hen et al., 2021) allowed 
us the exploration in Cactaceae of the PLT and W2X5 pathways of RAM maintenance described 
in Arabidopsis thaliana. Functional analysis of candidate genes would help to unravel the 
molecular mechanisms of RAM exhaustion in Cactaceae; therefore, we are also interested in 
identifying suitable model Cactaceae species. For a few species with short life cycle, which is a 
very important characteristic for being model species, we estimated the feasibility of the lab 
handling, as well as the indirect in vitro regeneration and transformation via Agrobacterium 
tumefaciens.  
 
Acknowledgements: This work was partially funded by PAPIIT-UNAM IN210221 and 
C2NACyT-CF 30�301. 
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The leaf vascular system provides tissue¶s support, as well as transport of water, nutrients and 
photosynthates. Although their direct role on photosynthetic efficiency is yet unclear, evidence 
from C� plants -where higher vein density is observed- suggests a strong link. In this work we 
explore the natural anatomic variation in leaves of Mexican maize landraces evolved under diverse 
environmental conditions. Based on the hypothesis that a higher leaf vein density is related to a 
higher photosynthetic performance, we investigate vein density among landraces as well as 
through developmental stages. To analyze the leaf anatomy of the eight selected landraces we 
generated a rapid imaging protocol using simple dyes and fluorescence microscopy, allowing us 
to identify transversal tissue elements and three types of veins. 2ur first results confirmed a wide 
variation in rank-2 vein density (R2VD) of V5 stage leaves between landraces, with values ranging 
from ��.1��.1 to 7�.���.�. Studies sampling leaves at the later stage V� showed a decrease in the 
variation, where a tendency to reach a R2VD around �2.��3.7 to 80.���.5 is observed. Altogether, 
indicating both variation and plasticity for this trait. The environmental effect on this attributes 
were further evaluated under two contrasting environments: cool (a22�C) and hot (a28�C), 
simulating the origin regions of landraces. Preliminary results in the hot environment revealed a 
significant increase in the R2VD from V5 to V� stages in several landraces, demonstrating high 
plasticity in response to this environment, but not in cool environment. Also, changes in rank-
1/rank-2 vein ratio (R1/R2) were observed, constituting a better indicator of anatomical 
relationships. Current experiments are directed to investigate the relationship of the observed 
changes with photosynthesis efficiency and related parameters. This will allow us to establish a 
direct link to productivity, and to establish new guidelines for plant breeding and use of genetic 
resources. 
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Perennialism is a complex trait involving diverse aspects of the biology of plants, resulting in the 
ability to regrow for several cycles after senescence. The possible contribution of perennialism to 
sustainable agriculture has gained recognition in recent years (a, b). But although the advances in 
obtaining perennial crops, little is known about the underlying genetics controlling such 
characteristics. To date, GWAS and 4TL studies using the perennial teosinte =ea diploperennis 
allowed the identification of three loci related to regrowth (reg1, reg2 and reg3) (c, d). +owever, 
fine mapping to identify the genes involved has been hindered by the loss of the phenotype in 
subsequent selfing generations. Emphasizing the multigenic nature of perennialism and urging for 
a different approach. In this work we propose the use of associative transcriptomics to study 
meristem activation in perennials, one of the key elements for regrowth. Using two distinct 
segregating populations involving =. diploperennis and the maize inbreeds CML312 and P3�, we 
tracked the presence of the reg loci while looking for novel associated ones. In parallel, 
transcriptomic profiles of apical, axillar and rhizome meristems both from annual and perennial 
teosintes, as well as from selected individuals of the mapping populations, were generated. 
Altogether, setting the basis to identify candidate genes associated with meristem indeterminacy 
and activation.  
 
a Crews, T. E., 	 Cattani, D. J. (2018). Strategies, advances, and challenges in breeding perennial 
grain crops. 6ustain. 6ci. Pract. Policy. 10:21�2.  
b =hang, S., et. al. (2023) Sustained productivity and agronomic potential of perennial rice. 1ature 
6ustain. �, 28. 
c Ma A., et. al. (201�). The Genetics and Genome-Wide Screening of Regrowth Loci, a .ey 
Component of Perennialism in =ea diploperennis. G3. �(5):13�3-1�03.  
d Swentowsky ..W., et. al. (2021). 4TL Map of Early- and Late-Stage Perennial Regrowth in =ea 
diploperennis. )ront Plant 6ci. 12:70783�. 
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Several hermaphroditic species have genetic mechanisms to prevent self-fertilization to avoid 
inbreeding depression. These are the incompatibility systems based on reMecting the self-pollen. In 
gametophytic self-incompatibility systems (GSI), pollen reMection occurs by inhibiting pollen tube 
growth. In Solanaceae, the female determinant is an 6�51ase expressed in mature pistils. At the 
same time, the male determinant is a cluster of genes called 6/) expressed in mature pollen, both 
linked to the 6 locus. In addition, modifier genes (MG) independent of the 6 locus are also essential 
in the pollen reMection genetic pathway. Nevertheless, in interspecific incompatibility, the pollen 
reMection response exclusively relies on the S-RNases, in some species since MGs are not required. 
+owever, the cellular and molecular mechanisms underlying the pollen reMection dependent on S-
RNases must be better understood. This study aims to track the subcellular pathway that follows 
the S-RNases after they are taken up by 1. tabacum pollen tubes and determine if there are cellular 
changes that lead to pollen tubes to death in an S-RNase-dependent manner. We have 1. tabacum 
transgenic plants expressing different subcellular compartment markers fused to GFP to evaluate 
it. These subcellular markers are specifically expressed in pollen because they are under the control 
of the /at�� promoter. Pollen from these transgenic plants was germinated in vitro and incubated 
with fluorescent labelled-SC10-RNase. Confocal microscopy results revealed that when SC10-RNase 
enter pollen tubes, they are sorted into vesicles since the label S-RNases colocalizes with the 
Rab11:GFP, with a higher accumulation in the pollen tube tip. When pollen tubes were challenged 
with exogenous S-RNases, pollen tube growth was inhibited, corroborating the S-RNase cytotoxic 
effect. We currently perform in vitro pollen tube assays with pollen from transgenic plants 
expressing different subcellular markers to track the subcellular changes that led to dead pollen 
tubes in an S-RNase-dependent manner. 
 
PAPIIT IN20��22, PAIP-F4 5000-�128 
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Light, in addition to powering photosynthesis, also holds a multitude of signals that inform plants 
about photoperiod, directionality and presence of competing vegetation. Dedicated photoreceptors 
sense specific wavebands of the light and act through signaling pathways to adMust plant 
physiology and development. 2ne important example is the detection, via phytochrome B 
inactivation, of far-red (FR) light that is reflected by neighboring vegetation. FR light serves as 
signal of upcoming competition and shading neighbors. In response, plants typically optimize their 
architecture to facilitate light capture in dense stands of plants.  
+ere I report our latest insights into how organ-specific detection of FR light stimulates shoot 
elongation and leaf movements and suppresses lateral root development. These insights come from 
an integration of approaches such as RNA sequencing, confocal microscopy of biosensors, 
genetics and plant physiology.  I will discuss how FR-induces de novo synthesis of auxin in the 
leaf tip to drives a remote differential growth response in the petiole base, how local detection of 
FR in this petiole itself initiates a different response, and how FR sensing in the leaves controls 
lateral root development through an independent pathway. 
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Genomic imprinting is an epigenetic phenomenon that causes the differential expression of 
parental alleles. In plants, imprinting is mainly limited to the endosperm, a nursing tissue that 
supports embryo development and originates after fertilization of the central cell (CC) with one of 
the two sperm cells (SC) of the male gametophyte. Asymmetric epigenetic modifications deposited 
in the CC and SC results in parent-of-origin expression after fertilization in a group of genes 
referred as Paternally Expressed Genes (PEGs) and Maternally Expressed Genes (MEGs).  
Conservation of genomic imprinting is limited among angiosperm species and only few genes have 
been identified to be imprinted across species. The phenomenon of genomic imprinting is 
connected to transposable elements (TEs) and is at least partly contributed to differential TE 
silencing in male and female gametes. Using a strategy to remobilize TEs in the genome, we have 
generated a line containing several new TE insertions and monitored their effect on genomic 
imprinting. The consequences of transposon mobilization on genomic imprinting and on the 
epigenetic landscape of the Arabidopsis endosperm will be discussed. 
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DNA is organized into chromatin-like structures, which support the maintenance and regulation 
of genomes. A unique and poorly understood form of DNA packaging exists in chloroplasts, which 
are endosymbiotic organelles responsible for photosynthesis. Chloroplast genomes, together with 
associated proteins, form membraneless structures known as nucleoids. The internal arrangement 
of the nucleoid, molecular mechanisms of DNA packaging, and connections between nucleoid 
structure and gene expression remain mostly unknown. We show that Arabidopsis thaliana 
chloroplast nucleoids have a unique organization driven by DNA binding to the thylakoid 
membranes. DNA associated with the membranes has high protein occupancy, reduced DNA 
accessibility, and is highly transcribed. In contrast, genes with low levels of transcription are 
further away from the membranes, have lower protein occupancy, and higher DNA accessibility. 
Disruption of transcription at specific genes in sigma factor mutants causes a corresponding 
reduction in membrane association, indicating that RNA polymerase activity causes DNA 
tethering to the membranes. We propose that transcription organizes the chloroplast nucleoid into 
a transcriptionally active membrane-associated core and a less active periphery. 
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The aim of the research group Phenotyping is to develop and apply automated, non-invasive 
image-based phenotyping methods for monitoring the environmental interactions of plants, 
concretely the phenotype plasticity of model plants and crops under different growth conditions. 
We implement innovative hardware and software tools combined with multivariant statistical 
approaches and machine learning to efficiently select new technologies for agriculture and 
biotechnology.  
+igh-throughput phenotyping methods using model plants offer complex testing in broad 
concentration ranges combined with different ways of application in multiple environmental 
conditions for selecting and identifying potential markers, helping to understand their mode of 
action. 2ur pipeline based on a Multi-Trait +igh-Throughput Screening of libraries of chemicals, 
biostimulants, or genotypes, has the capacity to test higher tens of variants in one experimental run 
(!25,000 plants) in controlled conditions, using simple RGB1. The variants represent combinations 
of concentration ranges of tested chemicals/products, genotypes, individual abiotic (water and 
nutrient limitation, salinity, heavy metals) or biotic (%otrytis, Pseudomonas) stresses, and their 
multiple combinations. The tested agents can be applied through seed/seedling priming or root 
absorption. The images are automatically processed by our software pipeline consisting of a neural 
network-based plant recognition algorithm, quantifying growth dynamics and stress response 
traits, and the result visualization.  
This screening can be followed by large-scale plant-based bioassays using various crops in normal 
and abiotic stress conditions (water limitation and salinity) for seed application. The traits followed 
are seedling emergence, early seedling development, and stress response. Selected treatments or 
genotypes can be further tested in indoor high-precision phenotyping using different non-invasive 
sensors (RGB, FluorCam, IR, VNIR, SWIR) to describe their effect on plant morphology and 
physiology in normal and stress conditions2,3.  
 
1Ugena et al. (2018). Front. Plant Sci.  
2Marchetti et al. (201�). Front. Plant Sci.  
3Blicharz et al. (2021). Plant J. 
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C� photosynthesis evolved from anatomical modifications of specific cell types in leaves that 
resulted in a unique tissue patterning known as .ranz anatomy. This structural modification allows 
plants to increase C22 concentration around RubisC2, decreasing photorespiration and improving 
productivity. Therefore, there is great interest in recreating this type of anatomy in agronomically 
important C3 plants, like rice and wheat, to improve their productivity. Nevertheless, our 
understanding of the genetic components that regulate the development of .ranz anatomy is 
extremely limited. In this work, we performed histological and physiological analyses in mutant 
plants of Setaria viridis (millet), a C� model, of the S+2RT-R22T (S+R) gene to evaluate its 
possible role during leaf development in C� plants. We observed that in the C� monocot S. viridis, 
the .ranz patterning is regulated by S+R function. Shr2 mutants show an aberrant ratio between 
rank 2 and rank 1 veins with a general reduction in rank 2 vein number and many veins that are 
separated by three, rather than two mesophyll cells. Noticeably, a significant decrease in seed 
weight was observed in shr2 mutants. The anatomical changes were accompanied by the reduction 
of the leaf C22 compensation point, confirming a negative effect on photosynthetic efficiency. The 
results indicate a fundamental role of S+2RT-R22T as part of the .ranz anatomy modeling gene 
network. 
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Plants are constantly subMected to water deficit conditions, which eventually leads to hyperosmotic 
stress. In response to hyperosmotic stress, plants accumulate a group of proteins known as late 
embryogenesis abundant (LEA) proteins. LEA proteins lack a well-defined 3D structure and are 
considered intrinsically disordered proteins (IDPs). Recently, our laboratory developed a 
genetically encoded fluorescent biosensor that is capable of reporting the effects of osmotic stress 
on different organisms, including yeast, bacteria, 1icotiana benthamiana, and human cells. The 
biosensor, named Sensor Expressing Disordered protein 1 (SED1) uses the Arabidopsis thaliana 
AtLEA�-5 as the sensor domain. AtLEA�-5 dynamically changes its structure depending on the 
osmolarity and the macromolecular crowding of the cellular environment. +owever, the maMor 
limitation that SED1 presents is the inability of reporting osmotic changes in Arabidopsis. Since 
AtLEA�-5 is an Arabidopsis protein, the lack of response could be the result of 
hyperphosphorylations that might prevent AtLEA�-5 compaction. Also, the donor (mCerulean3) 
fast photobleaching could directly affect FRET efficiency measurements. +ere, we aim to modify 
SED1 to generate functional versions in Arabidopsis. We generated two variants: AtLEA�-5 
protein incapable of being phosphorylated (SED1-phosphonull) and a construct with a different 
FRET pair (mTurquoise2 and mNeonGreen; SED1-mTq2-mNG). These variants were 
characterized in yeast cells and 1icotiana leaves under hyperosmotic stress conditions. We found 
that, while SED1-mTq2-mNG exhibited a FRET change comparable to the original SED1 version 
in yeast and in 1icotiana under stress, SED1-phosphonull exhibited a lower FRET change in yeast 
and did not accumulate in 1icotiana leaves. 2ur results suggest that SED1-mTq2-mNG could be 
a functional biosensor in Arabidopsis. This study will help to obtain a biosensor in Arabidopsis 
that allows us to dynamically track the effects of osmotic stress in this model organism. 
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With sequencing technologies becoming more affordable, in the last years there has been an 
explosion of reports on genomes, transcriptomes, and other molecular data. The amount of 
information has made it impossible for humans to understand it in its entirety: “we are drowning 
in information, but thirsty for knowledge.” Data-driven approaches offer unusual solutions to 
complex problems by processing staggering amounts of information. +owever, the scarcity and 
sparsity of data related to biosynthetic pathways does not allow big data applications: there are 
few routes, discovered in a handful of plants. Integrating data from diverse species becomes 
imperative to overcome this problem; nevertheless, phylogenetic models are, by the very nature of 
the field, bounded by observations from extant metabolism.   
In this proMect, we developed a predictive model for the evolution of chemical diversity in the non-
canonical monoterpenes, iridoid glucosides. We generated a set of biosynthetic pathways that best 
explain the extant iridoid chemical diversity in the Lamiaceae, by developing a pathway 
reconstruction algorithm that connects iridoid reports, constrained by phylogenetic relationships 
between genera. We trained this model by using a perfectly labeled expanded dataset, generated 
by emulating in silico the evolution of iridoid glucosides, and (re)constructing nature-like 
“alternative evolution” (“multiverse”) pathways. This model allowed the integration of a sparse 
transcriptomics dataset from different Lamiaceae species, and was successfully applied to discover 
a cytochrome P�50 enzyme that catalyzes the oxidation of bartsioside to aucubin, predicted by our 
model and previously unreported. We found active orthologues in Callicarpa americana, 9ite[ 
agnus�castus, and the outgroup Paulownia tomentosa, further strengthening the hypothesis, 
enabled by our model, that the reaction was present in the ancestral biosynthetic pathway. We hope 
that this proof-of-concept sets the basis to use evolution models as a tool to allow the integration 
and analysis of structural data, to facilitate hypothesis-driven gene discovery. 
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6ympathy for the ligule (6ol�) is a genetic modifier of /iguleless narrow (/gn�). /gn� encodes a 
plasma membrane-localized receptor-like kinase required for the proper formation of diverse 
tissues in maize development. The absence of /gn� triggers a mitogen-activated protein (MAP) 
kinase signaling cascade due to a constitutive defense response that causes an autoimmunity 
phenotype. MAP-kinases are key signaling regulators of plant immunity. Although the intimately 
connected development and immunity have been studied, the underlying molecular mechanisms 
to balance plant growth and defense are still unknown. The existing studies indicate that 6ol� is 
the maize ortholog of Arabidopsis (1+A1C( ',6(A6( 5(6,67A1C( � (('5�) whose activity 
possibly represses the severe developmental defects produced by /gn� mutation. +owever, the 
restoration of this severe phenotype is dependent on temperature and maize background because 
the developmental defects are significantly attenuated by 6ol�-Mo17 but not by the 6ol�-B73 one. 
Based on previous genetic and biochemical analyses of two allelic versions of 6ol� and its target, 
we propose studying the molecular mechanisms of 6ol� activity. To investigate how 6ol� mediates 
immune response modification, we are characterizing sol� mutants produced by CRISPR-Cas�, 
during the maize-pathogen interaction to dissect regulatory changes. Moreover, to test the activity 
of the allelic variants Sol1-B73 and Sol1-Mo17 we performed subcellular localization by transient 
expression of onion epidermal cells and 1. benthamiana plants. Preliminary results suggest that 
the increased level of 6ol� expression possibly drives the repression of MAP-kinase high activity 
triggered by lgn�. Besides, subcellular localization of the 6ol�-B73 allele is affected by 
temperature, but 6ol�-Mo17 is not. 2ur findings are providing insights of the 6ol� role in 
maintaining the balance of development and immunity in maize, and possibly in other species. 
Future experiments will be aimed to testing whether the gene dosage is involved in 6ol� activity 
and identifying interacting proteins. 
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Candidate genes for local adaptation were identified from RAD-seq data of 7� individuals of 
4uercus macdougallii, an endemic oak in the Sierra Juárez of 2axaca that is considered 
endangered (IUCN) and threatened (N2M-05�). Nine sampling sites were identified, five in the 
northern zone of its known distribution and four in the southern zone. For the identification of 
single nucleotide polymorphisms (SNPs), ipyRAD assemblies were performed using 4uercus 
lobata and 4uercus robur transcriptomes as references. From these assemblies, a sequence 
homology search was performed from alignments with the UniProt database with Blastx to identify 
the genes where SNPs were found between the two study areas. A total of 1381 SNPs were 
identified from the transcriptome of 4. lobata and 17�1 from that of 4. robur. Principal component 
analyses showed differences between the two groups. Candidate genes with a large number of 
SNPs were identified, including those encoding disease-resistance proteins or those related to 
developmental and regulatory processes. An analysis with PCAdapt identified outlier SNPs, nine 
with the transcriptome of 4. lobata and 18 with that of 4. robur. These results help to complement 
current conservation strategies for the species, as well as to explore functional genomics in an 
endemic oak of Mexico, considered one of the main centers of oak diversity worldwide. 
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In Arabidopsis, fertilization of the central cell (CC) and the egg cell (EC) produces the endosperm 
and the zygote, respectively. The zygote divides asymmetrically to form a small apical cell and a 
large vacuolated basal cell. The apical cell forms the embryo, and the basal cell forms the 
suspensor, a transient tissue that promotes nutrition of the embryo. microRNAs (miRNAs) are 
known to act during embryogenesis, and recently it was shown that loss of miRNA function 
causes a loss of cell polarity of the zygote.  
The focus of this proMect is to determine if the loss of zygote polarity observed in miRNA mutants 
originates in the zygote or is inherited from the egg cell. In other words, do miRNAs promote 
the polarity of the egg cell" What other aspects of cell identity in early embryos depend on 
miRNAs" To answer these questions, we are characterizing egg cell and zygote phenotypes of 
dcl� and se, mutants that are globally defective for miRNA function. We are also testing the 
effect of loss of miRNA function on markers for the transcription factors :2;�, :2;�, '51. 
So far, we have found ectopic expression for the apical cell marker p'51��*)P in the suspensor. 
The results of our experiments will define the window of action of miRNAs during 
gametogenesis and in the zygote and will shed light on the role that miRNAs play in 
establishment of cell identity in the early embryo of Arabidopsis. 
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Crassulacean acid metabolism (CAM) is an elaboration of C3 photosynthesis present in �-7� of 
vascular plant species that improves water-use efficiency and allows plants to occupy 
environments with seasonal or intermittent water supply. 2ur recent omics datesets from the 
common ice plant (0esembryanthemum crystallinum), a facultative CAM plant, have revealed 
CAM-associated genes to create synthetic versions of CAM (SynCAM) in C3 photosynthesis 
plants. We have built gene circuits to recreate versions of the carboxylation (CGC), 
decarboxylation (DCGC), and core C� metabolism modules of CAM to enhance photosynthetic 
performance and to improve water-use efficiency in Arabidopsis thaliana. We have evaluated the 
CAM-related traits in multiple independent transgenic lines expressing these modules using fifteen 
photosynthetic parameters, five phenotypic measurements, and three indicators of nocturnal 
acidification. Plants expressing the CGC module showed an a83� increase in dawn/dusk '+�, 
a��� more malate accumulation at night, and a G13C change of a0.8�. Twenty four hour gas 
exchange analysis showed a 1.8�-fold decrease of nocturnal photorespiration in CGC module 
expressing plants. The DCGC module expressing plants showed a 1.75-fold improvement in 
WUEi. These results will inform new iterations of the SynCAM design cycle and flux balance 
analysis (FBA) in A. thaliana and crop plants. 
 
.eywords: Crassulacean acid metabolism, synthetic CAM, water-use efficiency, drought 
tolerance, Arabidopsis thaliana 
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The association between microorganisms and plants plays a remarkable role in plant development 
and performance, mainly under unfavorable environmental conditions. During domestication, 
plants have undergone radical transformations at phenotypic and genetic levels. Locally cultivated 
maize varieties (landraces) have been selected for many years in all types of environments resulting 
in location-specific adapted varieties. These maize varieties are a source of high genetic diversity 
since they are an intermediate step between wild relatives and improved plants. In this study, we 
aim to describe the contribution of root-associated microorganisms to plant adaptation and 
performance. We generated a multi-parent mapping population using 8 traditional Mexican maize 
varieties coming from different regions and diverse environments of Mexico (MEXI-MAGIC 
population). We conducted a two-year field experiment to identify microorganisms associated with 
the endosphere and the rhizosphere of 180 independent families of this MEXI-MAGIC population. 
In addition, we characterized plant development (plant height, ear height, flowering time) and 
measured ear traits (length, width, grain number, color) and yield. These data will allow us to 
compare the recruitment of microbial communities to the rhizosphere or endosphere, analyze the 
microbial contribution to plant adaptation and yield, and determine the effect of the plant genotype 
on the establishment of beneficial microbial communities. 
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Polyamine transport is the less-understood mechanism involved in plant polyamine homeostasis. 
Until now, all the characterized plant polyamine uptake transporters (PUTs) import polyamines 
(mainly spermidine), amino acids (i.e., leucine), and the herbicide paraquat. The Arabidopsis 
thaliana PUT family (AtPUT) consists of five members with different intracellular localizations, 
which point to an important role in polyamine mobilization within the cell. Under biotic stress, 
significant changes in polyamine metabolism occur, like the accumulation of free and conMugated 
forms at the infection site. +ydrogen peroxide is generated by polyamine catabolism, it signals in 
plant defense and interconnects polyamines with other important stress-responsive pathways. 
+erein, we describe for the first time that polyamine transport is essential for plant defense. 
Arabidopsis thaliana Atput single mutants �Atput��� to Atput���� were screened in response to 
Pseudomonas syringae pv. tomato DC3000 (Pst) and %otrytis cinerea (%c) infection. Among the 
Atput family, two genes were identified to be differentially expressed in response to these 
pathogens. Under %c infection, a bigger lesion size was found in the single and double mutant 
lines, and spermidine supplementation did not alleviate disease symptoms in the mutant lines. 
Deregulation in R2S levels, polyamine oxidase activity, and the expression of SA and JA/Et 
marker genes were found, which suggests that polyamine transport impacts R2S homeostasis and 
hormone signaling. In addition, under Pst infection, local and systemic responses to the pathogen 
were assessed, observing that one Atput mutant line abolishes systemic acquired resistance to Pst 
and %c. RNA-seq data revealing changes in the systemic transcriptome of WT and Atput mutant 
line will be presented and discussed. Altogether our data suggest an important role for polyamine 
transport in the plant immune responses to pathogens of different lifestyles and point to the 
speculation that polyamines are or generate a signal for systemic responses in plants. 
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In wheat, yield relies both on the efficiency of flag leaf photosynthesis and sugar export to 
grains. Under heat stress (+S), photosynthesis is mostly limited by biochemical factors, like 
chlorophyll degradation and/or reduced C22 fixation by Rubisco. Thus, the increased frequency 
of +S in the field is an issue for wheat producers and consumers. The aim of this work was to 
identify heat-tolerant bread wheat genotypes, based on flag leaf performance and photosynthate 
translocation to grains under +S. Six potentially heat-tolerant bread wheat genotypes (S2.2LL, 
WEEBL1.P, S2.WB.1, S2.WB.�, S2.WB.�, and B2RLAUG100) were planted in the field 
conditions of the <aqui Valley, a semi-arid zone, and the main wheat producer region in Mexico. 
Field temperatures during the reproductive stage of wheat plants were 2�/10 �C and 32/11 �C in 
the control and +S planting, respectively. Chlorophyll content was not reduced by +S in any of 
the genotypes. Analysis of Rubisco activity showed that carboxylation was maintained in two 
genotypes and increased in four of them (WEEBL1.P, S2.WB.1, S2.WB.�, S2.WB.�) under 
+S, indicating that all genotypes sustained photosynthetic activity efficiently. +S induced a 
tendency to increase sucrose in most genotypes and reduced starch accumulation in the flag leaf 
of S2.2LL, S2.WB.1, and S2.WB.�, suggesting that the increased temperatures accelerated 
photosynthate export to the spike. Grains were harvested at maturity to analyze yield and quality. 
Grain weight per spike was significantly reduced in all genotypes, except in S2.WB.1. Grain 
quality analysis showed that +S did not affect starch content, which was increased in genotypes 
WEEBL1.P, S2.WB.�, and S2.WB.�. Although these results point to the identification of 
wheat genotypes apt for the <aqui Valley producers, they also evidence the complexity of the 
source-sink relationship under +S conditions in wheat, as yield was not directly dependent on 
photosynthate accumulation in grains. 
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Desiccation tolerance (DT) is the ability of cells to recover from an air-dried state. Recently, our 
group identified the moss Pseudocrossidium replicatum as a fully desiccation-tolerant (FDT) 
species (Ríos-Melendez et al., 2021). Its gametophores rapidly lost more than �0� of their water 
content when exposed to a low-humidity atmosphere (23� R+), but abscisic acid (ABA) 
pretreatment diminished the final water loss after equilibrium was reached. During slow 
dehydration, P. replicatum gametophores maintained good maximum PSII efficiency (Fv/Fm) for 
up to two hours; however, ABA pretreatment induced a faster decrease in the Fv/Fm. ABA also 
induced a faster recovery of the Fv/Fm after rehydration. Protein synthesis inhibitor treatment 
before dehydration hampered the recovery of the Fv/Fm when the gametophores were rehydrated 
after desiccation, suggesting an inducible protective mechanism activated in response to abiotic 
stress. This observation was also supported by accumulation of soluble sugars in gametophores 
exposed to ABA or NaCl. Exogenous ABA treatment delayed the germination of P. replicatum 
spores and induced morphological changes in protonemal cells that resembled brachycytes. ABA 
is also important in protecting and repairing P. replicatum protonema when exposed to high 
salinity (300 mM NaCl) or freezing (-80oC). To study the molecular response of P. replicatum to 
abiotic stress, here we performed an RNAseq study using protonema cells subMected to different 
stressing conditions: Control, slow Dehydration (�3 � +R), Rehydration, ABA 10 �M, NaCl 200 
mM, Sorbitol �00 mM, and Glucose 300 mM. 2ur results suggest that P. replicatum is an FDT 
moss equipped with an inducible molecular response that prepares this species for severe abiotic 
stress and that ABA plays an essential role in this response.  
 
MAVL thanks to C2NAC<T grant A1-S-35357, SRM, AAB and MAVL thanks to SIP and 
C2FFA IPN funds, RMNN, TRL, GAGP, and LLA thanks C2NA+C<T and BEIFI-IPN 
fellows. 
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Pathogens cause transcriptional reprogramming in plants, activating different response pathways 
to avoid pathogen establishment. This reprogramming involves protein-coding genes and non-
coding RNAs, including microRNAs (miRNAs) and long non-coding RNAs (lncRNAs). There 
are few examples in which the role of miRNAs in pathogenesis has been studied, but there are 
even fewer examples in which a functional role of lncRNAs has been proved. Unlike miRNAs, 
there is a lack of conservation between plant species at both the sequence and the secondary 
structure levels in most of the lncRNAs. The above is due to the evolutionary processes that explain 
its origin; this is the neofunctionalization of duplicated protein-coding genes (either the product of 
whole genome duplications or gene duplications events), co-option of transposable elements in the 
genome, duplication followed by neofunctionalization from other lncRNAs, and de novo 
emergence. Based on this previous knowledge and using as a study model an avocado (Persea 
americana. drymifolia var.) - )usarium spp. pathosystem, two types of RNAseq libraries (miRNAs 
and mRNAs) were generated at 1,7,1� and 21 days post-infection (dpi). As a result of performed 
analyses, we identified 13,700 protein-coding genes that are differentially expressed, 2� new 
potentially predicted miRNAs and 2,810 putative lncRNAs, all of them responsive to )usarium 
infection and involved in different biological processes related to plant immune response. Besides, 
the potential target genes of miRNAs and the putative function of lncRNAs were also predicted 
by in silico analysis and/or the functional description of neighbouring genes. This is the first 
transcriptional study performed on avocado (one of Mexico
s most important agricultural species) 
in which protein-coding genes, miRNAs and lncRNAs are holistically considered to describe the 
host responses to a pathogenic agent such as )usarium spp.
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Although water scarcity continues to be the single-most imperative factor controlling successful 
food production by agricultural practices, there are very limited studies on how roots of crop plants 
differentially grow in response to water potential, i.e., hydrotropism in the field. +ydrotropism 
help roots to obtain water from the soil and at the same time contribute to the establishment of the 
root system. Root hydrotropism in maize varies enormously in different hybrids, landraces and 
teocinte, and we have classified their root hydrotropic response in robust (!�0o angle of curvature) 
and weak (�3�o angle of curvature). The phenotyping of root hydrotropism in 285 Drought 
Tolerant Maize for Africa (DTMA) maize hybrids allowed us to perform a GWAS (Genome Wide 
Association Studies), which is a valuable tool for comprehending the genetic basis of trait 
variation. Second, we performed RNA sequencing (RNA-seq) to detect genes that were 
differentially expressed among those maize lines with robust hydrotropic response (R+R) versus 
weak hydrotropic response (W+R). Third, we examined the involvement of protein ubiquitination 
and protein degradation in the proteasome in root hydrotropism since several associated genes by 
GWAS and differentially expressed RNAs were identified with these biological processes. 2ur 
results suggest that the signal transduction pathways induced by hydrostimulation in maize are like 
those triggered by growth (protein synthesis), water stress (mainly intrinsically disordered 
proteins), and protein degradation. 2ur analysis implied that the robust hydrotropic response of 
maize roots was partly due to an increase in the accumulation of intrinsically disordered proteins 
and the activation of the ubiquitin-proteasome degradation pathway. These findings offer a novel 
prospect for modeling root systems in response to drought, which is important for crops as vital as 
maize under drought conditions caused by the current climate crisis. 
 
Supported by C2NAC<T F2INS 2�7732 and DGAPA-PAPIIT: IG200515 and IN208322. 
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+umanity is confronted with an unprecedented crisis resulting from global warming and climate 
change. The excessive emissions of atmospheric C22 are predominantly responsible for escalating 
temperatures worldwide, giving rise to natural catastrophes that pose an immediate threat to future 
agriculture and global food security. A potential solution for the net removal and reduction of C22 
lies in the capture of organic carbon from the soil through the design of plants with larger, deeper 
root systems that produce complex carbohydrates, enabling the sequestration of carbon 
underground. Soil compaction emerges as a significant obstacle to the growth of plant roots, as it 
hampers their penetration into deeper soil layers. Mechanical impedance in compacted soils often 
serves as a maMor hindrance to root penetration, confining the development of root systems to 
shallow soil layers where essential resources are scarce. Consequently, soil compaction and high 
soil impedance severely impede root absorption, restricting access to water and nutrient resources 
from deeper soil layers and resulting in global crop yield losses ranging from 20� to 75�. In this 
study, we have undertaken a systematic, integrated, and multidisciplinary approach to identify the 
molecular and regulatory mechanisms governing root system penetrability (PSR) in Arabidopsis 
thaliana. Using genomics and transcriptomics, we have unraveled the mechanisms that determine 
root penetrability by comparing two accessions of Arabidopsis thaliana: one tolerant and one 
sensitive to soil compaction, at different stages of penetration. Through this research, we have 
discovered regulatory gene networks, metabolic pathways, and signaling pathways related to PSR, 
shedding new light on the natural variation in primary root penetrability in Arabidopsis and 
uncovering the genetic architecture underlying this agriculturally significant trait. 
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Drought is one abiotic stress with a severe impact on crop productivity. Some plant species 
growing in semiarid and arid regions have developed physiological and anatomical 
adaptations to deal with drought stress. Agave fourcroydes, worldwide used as a fiber 
source, is an agave specie well-adapted to tropical dry forests. In this work, we studied the 
physiological shoot responses and anatomical root adaptations of A. fourcroydes under 
drought. Agave bulbils were grown under four different soil humidity levels (-0.02, -0.3, -
2,and -80 Mpa). Leaf physiology and development and anatomy of the root system were 
evaluated during 90 days. After 60 days, significant changes in plant height and leaf 
numbers were observed between drought treatments and control plants, negatively 
impacting the shoot biomass accumulation. Surprisingly, bulbils growing at -0.3 Mpa, an 
stress level that reduced about 25% of shoot biomass, showed mild reductions of leaf water 
potential and maximum photosynthetic efficiency (Fv/Fw) compared to well-watered 
plants. Under drought stress, the root system developed was severely affected. After 90 d 
of treatment, root biomass was reduced at 30% and 8% when soil humidity levels were -2 
MPa and 0.3 Mpa, respectively. After 30 days of stress, drought (-2 and -80 Mpa) triggered 
profound changes in endodermis anatomy (cell wall thickening) and lacunae formation; 
after 60 and 90 days of stress, flavonoid accumulation in endodermis cells was also 
visualized. Our results suggest that a buffering leaf water status and fast adaptation of root 
anatomy during drought may explain the success of colonization and survival of agave 
species in dry environments. 
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Late Embryogenesis Abundant (LEA) proteins are intrinsically disordered proteins (IDPs) 
that participate in the plant responses to periods of water deficit. Arabidopsis thaliana 
AtLEA4-5 remains in a disordered state during hydration conditions, however, during 
desiccation treatments it forms alpha-helical structures. This dual characteristic of 
AtLEA4-5 could be key to confer resistance to drought stress. The mechanism by which 
AtLEA4-5 is able to perceive changes in water levels and trigger a functional response in 
the plant is still not clear. However, the duality of a disordered state to form a stable three-
dimensional structure seems to be necessary. Bioinformatic structural predictions show 
that AtLEA4-5 and its homologues have a similar topology of two helices linked by four 
amino acids that are conserved in different plant species. By designing mutants impacting 
the structure of AtLEA4-5, we sought to determine the contribution of sequence motifs in 
the three-dimensional conformation of AtLEA4-5. This work will contribute to 
understanding how changes in water levels impact the structure and function of plant IDPs. 
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SnR.1 is an important energy-sensitive regulator involved in maintaining cell 
homeostasis. SnR.1 consists of two regulatory subunits (ȕ and Ȗ) and one catalytic subunit 
(Į); the latter has two isoforms (SnR.1Į1 and SnR.1Į2). It has been postulated that for 
SnR.1 to be active, phosphorylation at threonine 1�5/1�6 of catalytic subunits by 
upstream kinases *rik1 and *rik2 is needed. Although it is accepted that phosphorylation 
in the Thr present at the T-loop reflects the metabolic status of the cell, this modification 
does not always correlate with kinase activity. :e studied the activation and 
phosphorylation of the catalytic subunits using different mutants of the catalytic domain 
(DC-SnR.1Į). :e found that serine adMacent to the T-loop was also crucial for SnR. 
activity LQ vLWro. To understand whether this serine participates in the activation of SnR.1 
in plants, we generated transgenic lines of A. WKaOLaQa that overexpress the different 
phosphorylatable versions of the SnR.1Į1 catalytic subunit. :e will discuss the 
importance of this results in terms of SnR.1 activation under energetic stress. 
 
PAPIIT IN201922, CONACYT A1-S-86�4, PAIP 5000-9126. 
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Autophagy is a conserved catabolic process in all eukaryotic cells, in which dysfunctional 
cytoplasmic material, is transported for degradation and recycling to the vacuole in plants.  
Interested in analyzing a specific response to water stress of the A7*�E gene, bioinformatic 
analysis was carried out searching for transcriptional factors (TFs) that hypothetically bind 
to a selected region from the starting codon to a 1 .b promoter region of the A7*�E gene. 
Our analysis showed twenty-seven TFs had binding sites in the promoter of AT*8b. 
Related to the response to water deprivation or ER stress we found ATHB6/�/12 and 
bZIP60, respectively. A co-expression analysis indicates that AT*8b is co-expressed with 
ATHB�/12 and bZIP60 then these TFs may be regulating AT*8b expression. 
*oing further, autophagy induction was analyzed throw the observation of specific AT*8b 
autophagosomes by confocal microscopy in the root of the line pAT*8b�*FP�AT*8b.  
Three days old seedlings were treated and transferred from the control medium to :ater 
Stress Medium (:SM). Results showed the formation of *FP-AT*8b fluorescent spots 
as early as 10 min with a maximum of 20 min decreasing after 30 min. ER stress was 
induced by transferring seedlings to Control medium supplemented with DDT (10 mM) 
(DTT). Results showed the formation of *FP-AT*8b fluorescent dots between 10 min and 
30 min. :e also analyzed the root growth of the aWg�E mutant in DTT compared with aWg�L 
mutant and wild-type plants in Control, :SM, and DTT. Results showed that aWg�E mutant 
grew at a slower rate than the other lines. :e suggest that AT*8b and autophagy are 
required for proper root growth in control conditions and during water and ER stress. These 
data support the bioinformatic results in relationship with the possible role of ATHB�/12 
in the AT*8b promoter in response to water deficiency and bZip60 in the ER stress 
response. 
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The effect of sound on plants is a field that is gaining more strength with the passage of 
time as more and more research is being done on the subMect. Sound acts as a physical 
elicitor on the plant and depending on the time, frequencies and power (dB) with which it 
is applied, different results will be obtained, from generation of secondary metabolites 
related to defense against drought, increased yield, expression of certain genes, increased 
total sugars, among other reported effects. This research suggests that the Malapexo bell 
pepper, exposed to the sound of running water for 20 minutes at 80 dB for � days at random 
times probably helps to mitigate the damage caused by the lack of water by activating its 
defense mechanisms when stimulated by the sound of running water reflected in the 
expression of Superoxide dismutase enzyme (SOD), Peroxidase (POD) and Proline. 
Regarding yield the control group only obtained 10.�9% more yield than the group with 
acoustic treatment without irrigation, with a total of four groups 1) :ater Sound with 
Irrigation, 2) :ater Sound without irrigation 3) :hite Noise and 4) Control. Sound as an 
elicitor in agriculture becomes a real option with scientific basis for its application in the 
field. 
 
.ey words� Sound, POD, SOD, Proline. 
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*Author for correspondence� cuevas@quimica.unam.mx (C.L.C.9) 

 
Plants have evolved strategies to survive stressful environments. One of these responses is 
the accumulation of late embryogenesis abundant (LEA) proteins. LEA proteins lack a 
well-defined three-dimensional structure but can change this disordered structural 
conformation upon environmental perturbations. Changes in the structural conformation of 
LEA proteins also result in changes in the protective function they exert on other proteins. 
This suggests that the ability of LEA proteins to change their disordered structural 
conformation when their environmental surroundings change is related to their protective 
function. In this work, we chose four LEA proteins from different groups of AraELdoSsLs 
WKaOLaQa and we characterized their structural conformation by changing their 
environmental settings. In vitro, using the solution space scanning methodology, we 
characterized the expansion and compaction of the proteins in different osmolytes 
(denaturing agents, salts, sugars, polymers of different lengths, among others). In addition, 
we expressed the constructs of our selected group in yeast cells and subMected them to 
hyperosmotic shocks with NaCl, and we measured the changes in their structural 
conformation using FRET. Our results in vitro showed a diverse behavior for the different 
LEA proteins tested. In addition, this behavior is reproduced under conditions of 
hyperosmotic shock in vivo.  This proMect will allow us to better understand how LEA 
protein¶s function and eventually we may be able to enhance their protective function to 
benefit plants and other organisms under stressful environmental conditions. 
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90�00. mvillalobosl@ipn.mx* 
2 Universidad de las Américas Puebla. Ex-Hacienda Santa Catarina Mártir S/N, San Andrés Cholula, Puebla, 
Mexico. C.P. �2810.  
katia.delacruzbo@udlap.mx 
 
The moss 3. reSOLcaWuP is known to have a high tolerance to abiotic stress, including 
salinity, drought, and osmotic stress. This study aims to evaluate the tolerance limits of this 
moss (monosporic line) to ultra-freezing at a protonema stage. The sample groups used in 
the study were the following� Control (1), 24 h acclimatization at 4 �C without ABA 
pretreatment (2), 24 h acclimatization at 4 �C with ABA pretreatment (3), and 24 h ABA 
pretreatment (4). All samples were subMected for 10 days at -�8oC and then transferred to 
standard growth conditions to monitor subsequent growth. Immediately after the freezing 
stress, the efficiency of Photosystem II (4Y) decayed in the first two groups. In contrast, 
in groups 3 and 4, surprisingly, the PSII was still active, showing values of 4Y of 0.5 and 
0.49, respectively. After the freezing stress, all samples were transferred to standard growth 
conditions (23oC, 16 h light/ 8 h darkness) to monitor the recovery. After 5 d and 10 d, 
samples from the first two groups appeared bleached entirely; however, after 15 d of 
recovery, small areas of green protonema were grown, and the PSII values started to 
recover. On the other hand, samples from the ABA-treated groups always remained green 
during the recovery period and showed an improved PSII. Moreover, Evans
s blue staining 
revealed that ABA helps to preserve cell integrity. These findings suggest that 3. 
reSOLcaWuP possesses protection mechanisms against ultra-freezing stress, which are ABA-
dependent and probably also ABA-independent. This was reflected in the 4Y values, 
indicating that 3. reSOLcaWuP remained dormant during ultra-freezing. Understanding this 
can provide valuable insights for improving the tolerance of sensitive crops affected by 
low temperatures.  
 
MA9L, AAB, and SRM, thanks to SIP IPN. MA9L thanks to CONACYT-CB-A1-S-
3535�. 
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&omparatiYe analysis of &ornichon gene homologues of 
3seudocrossLdLuP reSOLcaWuP and 3KyscoPLWrLuP SaWeQs in response to 

e[treme aEiotic stress 
 

De La Trinidad-*arcía, P. M. 1; Martínez-Navarro, A. C. 1; 9illalobos-López, M. A. 1; 
PantoMa, O.2; Arroyo-Becerra, A. 1* 

 
1Centro de Investigación en Biotecnología Aplicada-Instituto Politécnico Nacional, Ex-Hacienda San Juan 
Molino, carretera estatal Tecuexcomac-Tepetitla .m. 1.5 Tepetitla de Lardizábal, Tlaxcala, CP 90�00 
2Instituto de Biotecnología, Universidad Nacional Autónoma de México, Cuernavaca, Morelos. 
1* alarroyo@ipn.mx 

 
Cornichon proteins serve as cargo receptors and play a crucial role in the selection, 
transport, and targeting processes during anterograde vesicular trafficking. Their function 
has been well-documented in yeast and other organisms such as vascular plants, where they 
are responsible for mobilizing ion transporters, growth factors, and other proteins involved 
in extracellular signals detection. However, the specific role of Cornichon proteins in non-
vascular plants (bryophytes) remains uncertain. Bryophytes constitute a clade comprising 
liverworts, hornworts, and mosses, representing some of the earliest plant species to 
colonize terrestrial environments. These plants have developed mechanisms to allow them 
to colonize harsh environments, from deserts to arctic regions. In 3KyscoPLWrLuP SaWeQs 
model moss it has been identified two Cornichon protein homologs, whose function has 
been associated with protonemal cell development. 3seudocrossLdLuP reSOLcaWuP, a highly 
desiccation-tolerant moss is an excellent candidate for studying extreme stress tolerance 
responses. :e have recently identified a Cornichon gene homologue (3r&1,+� in this 
plant, and its characterization could be important to understand its role in extreme abiotic 
conditions. In this work, we performed a phenotypic and &1,+ gene expression analysis 
of 3. reSOLcaWuP gametophores response to extreme temperatures (45�C heat and   -80�C 
freezing) as well as desiccation, compared to P. SaWeQs.  
 
:e thank Instituto Politécnico Nacional and CONAHCyT for financing the Ciencia de 
Frontera 2041 ProMect and PMDLT* master¶s scholarship C9U a1264631 s well as 
SIP2023 and BEIFI-IPN for financial support. 
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Contreras4, E. *. Tovar Pérez1,3, J. *. *ómez-Soto2, J. F. *arcía-TreMo1, R.9. Ocampo-
9elazquez1 
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3CONACYT-Universidad Autónoma de 4uerétaro, Campus Amazcala, El Marqués, 4uerétaro, México. 
Carretera a Chichimequillas S/N .m 1, El Marqués, 4uerétaro, México. C. P. �6265. 
4Division of chemistry, Tecnológico de Estudios Superiores de Chimalhuacán, Chimalhuacán, Estado de 
México, México. 
*Corresponding author� emilio.delis@uaq.mx 
 
Swiss chard is one of the most popular leafy vegetables. Its low cost and easy production 
makes this crop a feasible commercial option. It grow in open fields and stressed by factors. 
These factors can modify morphology, primary and secondary metabolism triggering the 
immune system, and transcriptional factors resulting in a cocktail of antioxidant 
compounds (AOx) to deal with the damage caused by them. The main obMective of this 
study was analyzed the effect of controlled elicitation with hydrogen peroxide (H2O2), 
through total polyphenol content, and 1,1-diphenyl-2-picrylhydrazyl (DPPH�), 2,2�-
azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS��), DPPH� and ABTS��radicals 
scavenging activity. In addition, it was measured the catalase (CAT), superoxide dismutase 
(SOD) and phenylalanine ammonia-lyase (PAL) activities. Furthermore, the salicylic acid 
method for nitrate determination. Ours results show that the �5 mM H2O2 treatment was a 
bio-stimulant dose increasing the antioxidant activity, PAL enzymatic activity, polyphenol 
content, and the dosage did not affect the nitrates concentration on chards. Therefore, the 
elicitation with H2O2 can be a strategy to increase the functional and nutraceutical 
properties of chard, which can encourage its consumption in both humans and animals.  
 
.eywords� hydrogen peroxide, eustress factor, elicitation, chard 
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7itanium signalling pathZay study in AraELdoSsLs WKaOLaQa 
 

Nallely Dorantes S1*., Sandra I. *onzalez M1., Araceli Oropeza A.1, Luis R. Herrera E.1,2 

 
1Unidad de *enómica Avanzada LAN*EBIO, Centro de investigación y Estudios Avanzados, Irapuato, 
Mexico. 
2 Institute of *enomics for Crop Abiotic Stress Tolerance, department of plant and Soil Science, Texas Tech 
University, Lubbock, TX, United States. 
 
Titanium is the second most abundant transition metal on Earth, widely used in industries 
such as dyes, chocolate softness, and makeup. In agriculture, this element has also been 
studied for its potential in crop improvement. It has been found to enhance chlorophyll 
content and photosynthesis, improve fruit quality and biomass, strengthen tolerance to 
biotic and abiotic stresses, and promote nutrient uptake. Although there is numerous 
evidence supporting the beneficial effects of titanium fertilization on plants, little 
information is available on the genetic signaling pathways activated by titanium application 
in plant tissues. Recently, our research group performed a transcriptome analysis to 
uncover the molecular signals that are triggered in Arabidopsis plants when treated with 
titanium. This transcriptome analysis revealed that titanium activates the abscisic acid and 
salicylic acid signaling pathways. Consequently, this activation leads to enhanced 
resistance against drought, high salinity, and infection with %oWryWLs cLQerea in Arabidopsis. 
To validate these findings, we performed a genetic analysis using mutant lines associated 
with the abscisic acid and salicylic acid signaling pathways. The results confirmed that 
both signaling pathways are involved in titanium responses, promoting improved growth 
and development in AraELdoSsLs WKaOLaQa. 
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Zheat genotypes 

 
Ana L. Encinas-Montes, Andrea Romero-Reyes, Elisa M.9alenzuela-Soto  
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Elisa M. 9alenzuela-Soto. 6622892400. elisa@ciad.mx 
 
:heat �7rLWLcuP aesWLvuP /.� is one of the world¶s most important staple food crops. :heat 
grows in both tropical and subtropical regions around the world, these regions tend to 
experience different climates, leading to various abiotic stresses. However, this crop is 
sensitive to temperature changes. Heat stress affects wheat�s growth and development, 
leading to morphological, physiological, and biochemical alterations. The aim of this work 
was to analyze the heat stress effect in sugars synthesis in four wheat genotypes (2, 13, 18 
and 24). Herein, two field experiments at two different temperatures were done, 
temperature control and HS during the vegetative stage. Chlorophyll content was measured 
by Arnon method; RuBisCO activity was measured according with Li; soluble sugars were 
quantified according with Romero-Reyes et al.; and total starch by Zeeman 	 Smith 
method. *enotypes 02 and 18 maintained their total chlorophyll content while genotypes 
13 and 18 had a decrease in these photosynthetic pigment under HS. The RuBisCO activity 
increased in genotype 13 under HS, in the other three genotypes the activity did not change. 
Starch content decreases in genotypes 2 and 13, meanwhile it increases in genotypes 18 
and 24 in heat-stressed plants. The glucose and fructose content, increased in all genotypes 
under HS. However, the sucrose content decreased due to heat stress. Decrease in the 
chlorophyll content suggest that the light energy transfer diminish and Calvin cycle could 
be less efficient; but our results show that RuBisCo activity is maintained in three of the 
wheat genotypes reason why the glucose and fructose content did not decrease.  
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Methyl parathion is one of the most widely used insecticides in Mexico even though its use 
has been restricted by the authorities. This compound inhibits acetylcholinesterase, so it is 
not only toxic to pest insects but also to pollinating insects, predators, and any other animal 
with a nervous system� fish, birds, and mammals, including humans. Being a hydrophobic 
compound, methyl parathion can also cause osmotic imbalances in the soil and particularly 
in the rhizosphere. The use of microorganisms as bioremediators are capable of degrading 
xenobiotic compounds, and some of these are plant growth promoters, therefore are ideal 
for application in crops of commercial importance. An example of these microorganisms 
is the yeast 5KodoWoruOa. The yeast 5KodoWoruOa sS. (Rh4) isolated by Tapia et al. (2020*) 
from the AreQarLa genus plant that inhabits the crater of the Xinantécatl volcano has been 
well characterized in terms of its ability to degrade aromatic compounds, like methyl 
parathion and as a promoter of plant growth in plants. The obMective of this proMect is to 
evaluate if the Rh4 strain is capable of degrading parathion and see if it acts as a growth 
promoter for =ea Pays L. seedlings. To achieve this, the hydrotropic response of the root 
will be measured for evaluating whether the presence of Rh4 modifies root growth 
influence by a moisture gradient. 
 
*Tapia-9ázquez I, Sánchez-Cruz R, Arroyo-Domínguez M, Lira-Ruan 9, Sánchez-Reyes 
A, Sánchez-Carbente MR, Padilla-Chacón D, Batista-*arcía RA, Folch-Mallol JL. (2020). 
Isolation and characterization of psychrophilic and psychrotolerant plant growth promoting 
microorganisms from a high-altitude volcano crater in Mexico. Microbial Research 232 
(126394). https�//doi.org/10.1016/M.micres.2019.126394. 
 
Supported by DE*APA-PAPIIT� IN 208322. 
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Unidad Irapuato, Irapuato, *uanaMuato, México. Carr. Irapuato-León .m 9.6, Libramiento Norte. C.P. 
36821. Mcesar.garcia@cinvestav.mx; *Corresponding author� silvia.valdes@cinvestav.mx 
2Tecnológico Nacional de México-Celaya. Celaya, México. Antonio *arcía Cubas 600, Col. Fovissste, 
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Drought is the main abiotic threat to soybean production. To cope with drought, the 
accumulation of some metabolites can be altered to maintain homeostasis in plants. This 
work aimed to determine free amino acids and photosynthetic pigment content in leaves of 
soybean genotypes with different levels of drought tolerance. One early (H02-2309) and 
two intermediate (H98-1240 and Huasteca �00) genotypes were evaluated in a randomized 
block design with at least two replicates under well-watered (::) and water-deficit (:D) 
conditions. The :D was applied at the R2 stage of plants by reducing soil irrigation 
gradually (from 11% to 3% gravimetric humidity) for 1� days. Plants under :: were 
irrigated normally. After that, accumulation profiles of amino acids, chlorophyll, and 
carotenoids were measured in the third leaf. The number of leaves plant-1, and the wilting 
rate of plants were also recorded. Under :D, proline increased drastically in H02-2309 
and Huasteca �00 genotypes (almost 60-fold). Histidine, cysteine, tyrosine, and glycine 
were raised (1.3�-3.16-fold) in both genotypes. Meanwhile, Huasteca �00 excelled in 
asparagine and threonine (3.04 and �.61-fold, respectively). Early genotype highlighted in 
aspartic acid, valine, and isoleucine (1.39, 10.28, and 3.34-fold, respectively). On the other 
hand, Huasteca �00 showed the highest accumulation in total chlorophyll (1.�5-fold), 
chlorophyll A (1.�4-fold), chlorophyll B (1.66-fold), and carotenoids (1.54-fold) content. 
Interestingly, Huasteca �00 recorded the highest number of leaves plant-1 and the lowest 
wilting rate under :D. Therefore, Huasteca �00 showed better adaptative characteristics 
to :D, since it accumulated important amino acids for osmotic adMustment and pigments 
related to photosynthetic efficiency, contributing to producing more leaves and a lower 
wilting rate. Proline accumulation increased in drought-tolerant soybean genotypes. 
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The strawberry ()ragarLa [ aQaQassa) is a fruit with a high content of anthocyanins, 
compounds that give the red color and confer high antioxidant activity, a characteristic that 
links its consumption with the prevention of cardiovascular diseases and some types of 
cancer. Plants increase the production of phenolic compounds, such as anthocyanins as a 
defense mechanism, in response to different types of stress like short-wavelength 
ultraviolet light (U9-C). :e know that the application of U9-C to strawberry fruits is an 
efficient method to increase their anthocyanin content; however, the molecular mechanism 
by which U9-C can increase the production of these compounds is not clear. :e have 
hypothesized that abscisic acid (ABA) and reactive oxygen species (ROS) could be the 
first molecular signals in the response of strawberry fruit to U9-C light. ABA is a hormone 
involved in the response to stress and in strawberry fruit it
s also linked to maturation and 
coloration. Furthermore, as it is harmful to the plant, U9-C could cause the production of 
ROS, a signal that would induce the activation of defense mechanisms, such as the 
production of anthocyanins. To investigate the possible mechanism, we measured the ABA 
content by High-Performance Liquid Chromatography (HPLC), in ripe postharvest 
strawberry fruits treated with U9-C (2 kJ/m2) and in non-irradiated fruits. Also, the 
enzymatic activity of superoxide dismutase (SOD), an enzyme that mediates the production 
of superoxide anion, was measured spectrophotometrically at different post-irradiation 
times (0, 12, 24 and 36 h). :e found that ABA content and SOD activity were significantly 
increased by U9-C application compared to controls. This confirms the involvement of 
ABA and ROS in the U9-C signaling mechanism in postharvest treated strawberry fruits. 
 
:e thank CIN9ESTA9-IPN for the facilities for the research work, and to CONACYT 
for the financial support to J. A. *-H. (C9U� 858889). 
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Presenting author e-mail address� ana.gervacio@cinvestav.mx  
*Corresponding author e-mail address� lherrerae@cinvestav.mx 
 
Phosphorus (P) is an essential macronutrient for plant development. Although the content 
of this element in the soil is high, plants growth and productivity are limited due to P low 
availability. The P low availability is caused by different factors as plants only take and 
metabolize P in the form of phosphate (Pi). Under Pi deficient conditions, plants activate 
an array of responses to cope with the lack of this nutrient. These responses have been 
extensively studied at the genetic level, focusing on transcriptional regulation, however, it 
is known that the mRNA and protein levels are not directly correlated, and little research 
has been done on posttranscriptional regulation, such as the regulation of translation, which 
is vital for determining the final expression at the level of proteins. Using polysome 
profiling, we determinate the global changes in the translational regulation of phosphate 
starvation-responsive genes in AraELdoSsLs WKaOLaQa plants subMected to Pi deficiency. :e 
obtained 18 traductomes of three different treatments, 12 hours and seven days in Pi 
deficiency, and two hours in Pi resupply after seven days in Pi deficiency, that were 
compared with transcriptomes in the same conditions. Our results suggest that there are 
regulation mechanisms at the translational level in phosphate deficiency, more specifically, 
the positive regulation of translation of mRNAs related to processes involved in increasing 
the root system exploration area, such as lateral roots formation and the increase of root 
hairs length and density. 
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gene family potentially inYolYed in the regulation of the Phosphate 

6tarYation 5esponse in monocot and dicot species 
 

*onzález-Coronel JM1, Coello-Coutixo MP2* 
 
1,2Departamento de Bioquímica, Facultad de 4uímica-UNAM, CDMX, 04510, México 
*email� pcoello@unam.mx 
 
The phosphate starvation response (PSR) is an essential adaptive mechanism in plants that 
allows the coordination of several responses to alleviate low phosphate (Pi) availability. At 
the center of this coordination is PHR1, a master transcription factor involved in the 
expression of hundreds of genes. PHR1 consists of different domains, including an MYB 
domain responsible for DNA binding and a coiled-coil domain implicated in dimer 
formation and protein௅protein interactions. Posttranslational modification has been 
suggested as the mechanism for PHR1 regulation. Recent research from our group revealed 
that PHR1 undergoes phosphorylation at S11 by kinases of the SnR.1 family, which 
negatively impacts its transcriptional activity. This was demonstrated through the transient 
expression of a reporter gene controlled by a Pi deficiency-inducible promoter. To 
determine whether S11 and other putative phosphorylation sites are conserved in orthologs 
of PHR1, we compared and analyzed the sequences of MYB-CC gene family members 
from various monocot and dicot species. A multiple sequence alignment was performed to 
reconstruct the molecular phylogeny of this transcription factor family. The alignment of 
the putative orthologs of PHR1 showed a high level of conservation in several residues that 
have been identified as phosphorylated residues in PHR1 from Arabidopsis, such as S11, 
S19, T28� and S29�. These residues are located at the N-terminal site and between the 
MYB and CC domains, suggesting a potential regulatory effect. :e will discuss the 
relevance of these findings. 
 
PAPIIT IN201922, CONACYT A1-S-86�4, PAIP 5000-9126 
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Capsiate is a non-pungent analogue of capsaicin in pepper (&aSsLcuP spp). The absence of 
pungency, in addition to the multiple capsaicin-like biological activities such as anti-
obesity, anti-inflammatory, antimicrobial, and antioxidant properties, makes capsiate an 
excellent alternative to expand its use in health and nutrition. Moreover, few sources of 
chili producing capsinoids have been reported and the natural production of secondary 
metabolites in plants is minimal. &aSsLcuP aQQuuP L. (accession 509±45-1) is known for 
producing capsiate, previously we found that through elicitation by foliar application of 
hydrogen peroxide (H2O2 200 mM) before harvest it is possible to increase the capsinoid 
content in the fruit to more than double, compared to non-elicited plants. In this work, 
nutritional composition and antioxidant capacity of elicited capsiate-producing chili and 
habanero chili were compared, as well as the effects of their addition in the diet of C5�BL/6 
male mice. Results showed maMor content of fiber, flavonoids and tannins in capsiate-
producing chili, while habanero chili has a higher content of protein, phenols and 
antioxidant activity. ,Q vLvo tests showed that the addition of dried chili accession 509-45-
1 (50 ppm of capsiate) in mice diet acts as a growth promoter by stimulating weight gain 
and femur growth, furthermore, supplementation also modifies the gene expression of toll-
like receptors (TLR), upregulating TLR2 expression in MeMunum and downregulating TLR4 
in MeMunum and colon compared to mice that did not receive supplementation. TLR�s are 
related to immunity, metabolism and intestinal composition of the microbiota. The addition 
of habanero powder (capsaicin 30 ppm) to mice diet only stimulated femur growth. 
Therefore, as a strategy to face the growing demand for protein of animal origin and the 
antimicrobial resistance phenomenon caused by the use of antibiotics as growth promoters, 
capsiate producer chili seems to be an attractive alternative in animal nutrition.  
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Plants are sessile organisms and must overcome several environmental threats such as 
abiotic stress. Particularly, osmotic stress has acquired significant importance given the 
increase in temperatures, and frequent and longer drought periods due to climate change. 
This has led to the need to better understand how plants respond to low-water stress and 
what genes and hormones are mainly involved in this response. Development and stress 
responses are tightly linked to each other, as the defense against stress could suppress 
growth or the plant�s correct functioning which is, in fact, due to defects in developmental 
processes. 
In our laboratory, we are interested in unraveling the role of genes relevant for development 
in osmotic stress. For instance, the MADS-Box gene family codifies transcription factors 
whose functions are pivotal for plant development. ;AA17A/� (;A/�/A*/��), whose 
name derives from the mayan �going slower”, since the lost-of-function mutant has shorter 
primary roots and its cells have a slower cell cycle compared to the :T; hence, XAL1 is a 
root development promotor. Furthermore, ;A/� orthologous in rice, 2s0A'6��, acts as a 
negative regulator of drought as its lost-of-function mutant is more tolerant to drought than 
the :T in laboratory and field conditions, whereas the over expression lines are more 
sensitive to this stress.  
In this work, we pursue the integration of the developmental and osmotic stress response 
roles of XAL1 in Arabidopsis through the analysis of high-throughput sequencing data and 
showed that XAL1 may be functioning as a modulator of the interplay between plant stress 
and plant development.  
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Over time, abiotic stress has played a fundamental role in the development of physiological 
and metabolic processes in plants. The intensity and duration of stress influence the effects 
and the ability of plants to resist it. One of the main effects of stress is found in the growth, 
height, stem, and roots development, as well as morphological and structural changes in 
leaves and fruits. Stress response mechanisms can be measured at various levels, from the 
whole plant to the molecular level since the responses are controlled by the genome. Due 
to the seriousness of this phenomenon, several researches have been carried out to deal 
with it, that is why it has been proposed to use salicylic acid as a factor that helps to reduce 
the effects of stress since this is a plant hormone, which is present in all plant organs and 
plays a fundamental role in the regulation of growth, development and interaction of plants 
with pathogenic organisms, as well as in the induction of plant defense against different 
types of environmental stresses such as drought, salinity, flooding, temperature changes, 
among others. Among the signaling factors that respond to biotic and abiotic stress 
conditions are also CR.s (cysteine-rich receptor-like proteins) family, &5.�� was 
identified in previous reports and related to tolerance to water stress. However, it is still 
unknown how CR.s are regulated. For the present proMect, the regulation of salicylic acid 
on &5.�� expression was analyzed. For this purpose, salicylic acid was applied at different 
times and concentrations on leaves and fruits. The results showed that there is a regulation 
of stomata density by &5.�� and salicylic acid. 
 
.ey words� Fruit, leaves, CR.33, salicylic acid. 
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Amaranth belongs to the Amaranthaceae family, which has about �0 genres and within 
these genres we find Amaranthus with its different species (KySocKoQdrLacus� crueQWus� 
caudaWus� eduOLs). Amaranth is a plant with agronomic and nutritional qualities, since it 
contains a high protein and vitamin value, which can compete with cereals such as rice, 
wheat, and barley. Amaranth seed has taken high potential for food and production in 
Mexico. Amaranth has been reported as a plant resistant to different types of stress, either 
biotic or abiotic. :ithin the abiotic stresses we can find drought and high temperatures, 
which in recent years have been a very important variable for agronomy, since the 
combination of water scarcity and high temperatures that we are experiencing due to 
climate change, and which leads to the concern of achieving sufficient food production. 
Therefore amaranth has become an important plant for the study of these factors, as it has 
been shown that it contains a high resistance to these factors. The present proMect consists 
of studying the behavior of 5 varieties of amaranth� nutrisol, revancha, tlahuicole, (A. 
KySocKoQdrLacus) amaranteca and Benito �A. crueQWus), subMected to a drought stress. The 
results reveal that the amaranteca variety is one of the most resistant to drought, since it 
has a higher percentage of water content compared to the other varieties. Additional studies 
are still being carried out to evaluate the yield of the seeds and agronomics traits_. 
 
.ey words� drought, resistance, yield  
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:heat (Triticum aestivum L.) is one of the main crops worldwide, providing more calories 
and proteins than any other cereal. :heat crops across many areas of the world experience 
high-temperature episodes, significantly reducing grain yield. Heat stress induces the 
accumulation of ROS in the cells, which leads to oxidative stress. Therefore, the study of 
the antioxidant and metabolic responses is crucial for developing HS-tolerant wheat 
genotypes able to maintain grain yield and quality, which is vital to food security and 
economical profits. Previously, we performed two field experiments (optimal and HS 
during reproductive stage) and selected 10 out of 26 wheat genotypes based on yield 
reduction (6 heat-sensitive and 4 heat-tolerant) for further analysis. Herein, we aimed to 
evaluate the antioxidant and metabolic response of the selected genotypes to heat stress by 
performing catalase and ascorbate peroxidase enzymatic activity assays as well as the 
antioxidant activity using Trolox equivalents antioxidant capacity (TEAC) assay, and by 
determining the concentration of osmolytes glycine betaine and proline. In most of the 
genotypes, catalase activity was reduced in heat-stressed plants, while ascorbate peroxidase 
activity was increased, thus indicating that the latest is preferred in these plants for the 
H2O2 scavenging. The scavenging of 1,1-diphenyl-2picrylhydrazyl (DPPH) radical 
determined by TEAC, showed a genotypic-dependent behavior as it was decreased in most 
tolerant, and increased in most sensitive wheat genotypes under HS, representing an 
interesting mechanism for the heat-sensitive genotypes to cope with the oxidative stress 
caused by HS. Furthermore, the osmolyte glycine betaine (*B) concentration was higher 
in all stressed plants, while proline was decreased. Both *B and proline are important 
osmoprotectants that accumulate in response to abiotic stress; however, proline increases 
more under salinity stress than HS, which may explain the preference for wheat plants to 
accumulate *B under the HS. 
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High salt concentrations in soils affect up to 20% of the total global cultivated land causing 
agricultural productivity losses and economic losses of up to US �2�.3 billion/year >1@. 
Halophyte plants are a good model for understanding the salt tolerance mechanisms, such 
as 0esePEryaQWKePuP crysWaOOLQuP, which can tolerate high concentrations of NaCl by 
transporting the ions from the root to the leaves for their accumulation in the vacuole >2@. 
Previous research in the workgroup showed that the protein 9acuolar Protein Sorting from 
0. crysWaOOLQuP (Mcvps29) increased its abundance in plants treated with 200 mM of NaCl 
>3@. 9PS29 protein is part of the retromer complex, which sorts cargoes from early 
endosomes to the plasma membrane, the vacuole, or the late endosomes >4@. To gain more 
information about the role of Mc9PS29 in salt conditions, we proposed to study its 
overexpression in a TDNA mutant line of vps29 obtained from ABRC (accession number, 
SAILB158BB03). :e detected one independent homozygous line of vps29 mutant (vSs���
�) without the transcript of the vps29 gene. The mutant vps29-5 exhibited a smaller 
morphology in the root and cotyledons on 100 mM of NaCl compared with wt at eight 
DA*. This result could indicate that Atvps29 plays a role in salinity conditions. On the 
other hand, vSs���� showed a delay in the emerging time of the stem, and the rosette was 
smaller than the wt. The vSs���� mutant will be complemented with the Mcvps29 gene to 
analyze its effect on salinity tolerance in Arabidopsis. 
 
Acknowledgments� Research funding by Conahcyt (A1-S-800�). 
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Post-transcriptional gene regulation plays a critical role in controlling the fate of 
transcripts. There are different pathways that regulate how long a transcript lasts in space 
and time.  A unique regulatory mechanism is the selective addition of N6-methyladenosine 
(m6A) to mRNAs and its recognition via RNA-binding proteins (RBP) containing a YTH 
domain. In AraELdoSsLs WKaOLaQa� an 11-member RBP family termed Evolutionarily 
conserved C-terminal region proteins (ECT) has been identified. Although a few proteins 
in this YTH family have been studied, how do they contribute to spatio-temporal control 
of mRNAs remains to be elucidated. To address this question, we first determined the 
subcellular location of the m6A reader protein ECT8 using a translational fusion to *FP. 
:hether it forms condensates or not and its colocalization with P-bodies and stress 
granules was also analyzed. Confocal microscopy analysis of 1LcoWLaQa EeQWKaPLaQa leaf 
discs transiently overexpressing ECT8�*FP revealed that it can be localized in both nucleus 
and cytoplasm forming protein aggregates in response to ABA, PE*, and NaCl. :hich are 
the ECT8 target transcripts" Are they methylated" To know this, an ECT8-based pull down 
assays are under way to demonstrate ECT8-mRNA interactions LQ vLWro. :e are also using 
as heterologous system the moss 3KyscoPLWrLuP SaWeQs to express a Cas13b-guided ECT8 
protein along with a gRNA targeting *FP mRNA which will serve as a reporter. :e expect 
these strategies will allow us to understand the function of this reader protein as an activator 
of translation or inducer of transcript degradation. 
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Shoot and root meristematic cells are vulnerable to environmental factors that damage 
DNA and cause programmed destruction of dividing cells, which lead to growth restriction. 
The molecular mechanisms underlying this process in plants remain largely unexplored. 
Here, we tested the possible role for red-light photoreceptors in the protection of 
AraELdoSsLs root against genotoxic stress. *enetic and molecular analysis show that the 
PHYA photoreceptor was critical for the protection of root meristems from cell death 
caused by genotoxic agents. 3+<A expression was located in the tip of primary roots, 
where it influences the expression of genes related to DNA repair and cell regeneration 
such as (5)��� and 5A'��. Interestingly, SKyA���� mutants treated with zeocin did not 
express the repressor of cell cycle progression MYB3R3, which leads mitotic cyclin 
CycB1, suggesting that PHYA is required for safeguarding the DNA integrity during cell 
division. Moreover, light/darkness experiments and the growth of the primary roots of 
PHYA downstream component HY5 indicates that cell viability and DNA damage 
responses within root meristems takes place via an independent mechanism from the 
canonical light and photomorphogenesis signaling pathway. Together, our data revealed a 
new role of PHYA as a key player for cell division, stem cell niche maintenance and DNA 
damage responses, which are critical for the function of meristems and proper root growth. 
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The hydrotropic response of maize is highly diverse since some accessions developed root 
curvatures from 120o to 20o. The lines with root curvatures higher than 40o were classified 
as robust, and those with curvatures �39o as weak. Those lines with robust hydrotropic 
response (RHR) are highly resistant to drought. Teocinte is the direct ancestor of maize; 
however, their hydrotropic response has not been tested yet. :e examine the hydrotropic 
response of teosinte using teosinte lines from different geographical areas of Mexico. :e 
found that teosinte readily responded to hydrostimulation Teocinte roots also showed a 
diverse hydrotropic response with curvatures from 100o to 25o. Since Teocinte roots 
showed lower elongation growth than maize in the hydrotropic assay, we analyzed under 
the microscope root sections and stained them with safranin µO¶ to discern whether lignin 
is synthesized in response to water deficit. :e selected roots with RHR and roots in control 
conditions (water) that showed gravitropic response. Stained root sections were analyzed 
with the RootScan program that allows quantitative morphological analysis. Our results 
showed that roots with a RHR increased the xylem area and decreased both the number 
and size of cortical cells compared to those with a gravitropic response, which reduced 
energy expenditure in water deficit conditions. Analysis of the images with the ImageJ 
software revealed that there is a positive correlation between the distribution and 
abundance of lignin in the vascular bundles in hydrostimulated roots since the relative 
amount of lignin increases under water deficit conditions compared to those in control 
conditions. Hence, Teocinte responds to hydrostimulation and increases lignin synthesis in 
xylem cells, suggesting that these mechanisms provide less water loss and greater tolerance 
to drought. 
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Plants are exposed to many types of stress such as cold temperatures. Chilling (0 and 15 
�C) and freezing temperatures (�0 �C) affect metabolic activities causing osmotic stress in 
plants, freezing temperatures, led the formation of ice crystals which can permanently 
damage the cells. Many plant species have developed a set of mechanisms to content the 
negative effects of cold stress. Cold acclimation is a process that involves numerous 
physiological and biochemical changes and increases the plant freezing tolerance. On the 
other hand, Hexokinases (HX.s) are well known as glucose phosphorylating enzymes but 
also in eukaryotes they are moonlighting proteins, with a wide range of other functions 
such as glucose sensing proteins, part of a repressor complex, protein kinase and others. 
The moonlighting function of the HX.s have an impact in different processes such as 
regulating the photosynthetic activity, stomate closure, programmed cell death, increase in 
the resistance to salt and biotic stress. MdHX.1 protein kinase stabilizes MdbHLH3 to 
regulate the expression of anthocyanin biosynthesis genes. In Arabidopsis seedlings have 
been shown significant anthocyanin accumulation induced by low-temperature treatments. 
In this work, we explore the role of the HX. during cold acclimation and the freezing 
tolerance on different Arabidopsis plants, wild-type ecotype Ler, gin2-1 mutant unable to 
synthesize the glucose sensor HX.1, and in the gin 2-1 complemented ZmHX.4 plants 
(glucose sensor). Anthocyanin synthesis is induced after 5 to � days of acclimation on :T 
plants and in the gin 2-1 complemented with ZmHX.4. However, gin2-1 plants did not 
accumulate anthocyanin. 
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The receptor-like kinases (RL.s) family is one of the largest gene families in plants, with 
its members playing an important role in plant growth, development and response to 
stresses. Members of this family have been identified in many plants but in &aSsLcuP 
aQQuuP, an economic important crop, only a few RL.s have been identified. Thus, in this 
study we identified and classified 804 RL.s in &aSsLcuP genome by using a hidden 
Markov models approach. These sequences were aligned with RL.s from other species 
for the construction of a maximum likelihood phylogenetic tree. Chromosome distribution 
of the genes was determined as well. Following, RL.s gene expression during cold and 
U9-B combined stress was analyzed from RNA-seq data, revealing a diverse regulation 
pattern and suggesting a potential role for the many RL.s during the response to these 
conditions. 
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Plant development and yield are depending to the perception and their adaptation to adverse 
environmental traits, including nutrient scarcity. Phosphorus (P) is an essential 
macronutrient for plant growth as it is necessary to build lipids and nucleic acids, but also 
participates in different metabolic and signalling processes. P is mainly absorbed by roots 
as inorganic phosphate (Pi), but in soils its availability is low due limited mobility and the 
interaction whit different compounds including those containing iron. 
Has been highly documented that Pi scarcity modify plant root system, inducing branching 
to increase Pi absorption from upper soil layers where is deposited, but also the primary 
root growth is inhibited stopping the exploration and uptake of water and other nutrients in 
deep soil regions (1). Primary root inhibition by meristem exhaustion under Pi deficiency 
coincides with iron (Fe) increases and oxidative burst in the stem cell niche (2).  
Recently, we found that under Pi scarcity, the stem cell niche proliferates producing a 
thicker root tip as an early adaptative response before the meristem exhaustion of 
AraELdoSsLs, a process modulated by the transcription factor SOMBRERO (3). However, 
the modulation of Fe dynamics by SOMBRERO during the stem cell proliferation under 
Pi deficiency is unknown. Here we will discuss the meristematic responses depending on 
Fe increases modulated by SOMBRERO in AraELdoSsLs plants under Pi deprivation. 
 
1. Sánchez-Calderón eW aO., Phosphate starvation induces a determinate developmental 
program in the roots of Arabidopsis thaliana. 3OaQW 	 ceOO SKysLoOogy 46, 1�4-184 (2005). 
2. M�ller eW aO., Iron-dependent callose deposition adMusts root meristem maintenance to 
phosphate availability. 'eveOoSPeQWaO ceOO 33, 216-230 (2015). 
3. Ravelo-Ortega eW aO., Early sensing of phosphate deprivation triggers the formation of 
extra root cap cell layers via SOMBRERO through a process antagonized by auxin 
signaling. 3OaQW PoOecuOar ELoOogy 108, ��-91 (2022). 
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The leaf surface (the phylloplane) is the first point of contact in the interaction between the 
plant and the aboveground environment. These plant-environment interactions can involve 
pH changes, such as when the phylloplane is in contact with pesticide application, acid 
rain, microbes, and pests.  It has been shown that a plant can modify its pH on the 
phylloplane, and this buffering ability is species-specific. *enes and/or pathways involved 
in responses to external pH changes, and how they can be related to other abiotic and biotic 
stress signaling pathways haven
t yet been described. The pH response to external pH 
changes was characterized in different species to include a broad range of phylloplane pH 
(*ossySLuP� pH a8.8, %eWa� pH a�.8, 1eSeQWKes� pH a4.8). Leaf surface pH was measured 
for each species on a dry control and in response to each pH treatment (pH 6.5, 4, and 2) 
to examine pH regulation ability. A comparative transcriptomic analysis was performed 
with the same multifactorial experiment design. Orthologues annotation across species was 
done with OrthoFinder. :e found specific buffering ability and differentially expressed 
genes linked to each genus. *ossySLuP were the only species that showed a strong 
buffering ability. At the pH 6.5 and pH 4 treatments, both *ossySLuP species alkalinized 
phylloplane pH slightly higher than the dry control pH, and even increased allowing the 
pH 2 treatment to be around pH 6 in 5 minutes. At the transcriptional level, each species 
showed specific differentially expressed isoforms, which suggests that unique mechanisms 
are used to sense and buffer external pH changes. ATPase-H� pumps, .� potassium 
transporters, auxin responsive protein and ABC transporters were differentially expressed 
in response to pH changes mainly in both *ossySLuP. This, altogether with gene ontology 
enrichment analysis suggest a link between pH stress and other abiotic stresses such as 
drought, salt, and chemical stresses. 
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Bousquet-Antonelli, C.2, Covarrubias-Robles, A.A.1, Reyes-Taboada, J.L.1* 
 
1Instituto de Biotecnología, Avenida Universidad 2001, Cuernavaca, 62210, Morelos, México. 
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2 Université de Perpignan, 52 Av. Paul Alduy, 66100, Perpignan, Francia 
 
Methylation of adenosine at the N6 position (m6A) is the most common internal 
modification found in eukaryotic mRNA that affects the fate and function of the modified 
mRNA, thus regulating fundamental biological processes. Most “reader” proteins 
recognize m6A through a highly conserved domain known as YTH. In Arabidopsis, the 
transcript encoding for a protein with this domain, AtYTH06/ECT8 showed increased 
accumulation under different conditions associated with low water availability or upon 
abscisic acid (ABA) addition.  
Furthermore, in germination tests, we observed a reduced sensitivity to ABA when we used 
three different T-DNA insertional mutant lines for this gene. In addition, during 
germination we observed that the (&7� transcript accumulates after 9 hours of treatment 
with ABA, and this accumulation is not observed in the later hours of treatment. (&7� 
expression is affected during germination in the aEL��� mutant and on the other hand, the 
expression of A%,� is affected in the ecW� mutants, indicating that they regulate each other. 
To determine the role of ECT8, we are currently performing the identification of 
differentially expressed genes in response to ABA during germination in the ecW� mutant. 
:e obtained pECT8�ECT8�*FP/ecW� complemented lines to perform co-
immunoprecipitation assays to determine the proteins and transcripts with which ECT8 
interacts, and to determine the subcellular localization of ECT8 using confocal microscopy. 
Finally, we identified LARP1a as a potential ECT8 interactor. During germination in the 
presence of ABA, the OarS�a mutant has a phenotype similar to that of ecW� mutants and 
the ecW�/OarS�a double mutant is even less sensitive to the hormone. These results suggest 
that ECT8 and LARP1a are involved in the response to ABA treatment during germination, 
prompting us to evaluate this possibility further. This work will contribute to characterize 
the molecular role and biological function of ECT8 during germination in the presence of 
ABA. 
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6uEmergence stress diurnally actiYates suEsets of transcripts of the 
different glycolytic pathZays in %racKySodLuP dLsWacKyoQ� 
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Piyada Juntawong 5,6 and Julián Mario Pexa-Castro 1,2. 
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3 Programa de Doctorado en Biotecnología, División de Estudios de Posgrado, Universidad del Papaloapan, 
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4 Department of Botany and Plant Sciences, University of California, Riverside, California, USA. 
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*1,3 Correspondence� lmedina@unpa.edu.mx / lucisabelm@gmail.com  
 
*lycolytic pathways are core to primary metabolism. In plants, there are three catabolic 
pathways for glucose� the Embden-Meyerhof-Parnas (EMP); the Entner-Doudoroff (ED); 
and the Oxidative Pentose Phosphate (OPP). During submergence stress, oxygen diffusion 
is limited and the EMP pathway is activated, leading to the overreduction of the cell. The 
fermentative pathways oxidize NADH to NAD�, regenerating the capacity to carry on 
EMP. However, the roles of ED and OPP under submergence stress are less clear. In this 
work, we aimed to quantify the transcriptomic response of all three glucose-catabolic 
pathways. For that purpose, we studied the response of the transcriptome of the model 
monocotyledonous plant, %racKySodLuP dLsWacKyoQ, during one day of submergence (S) 
in two ecotypes with differential tolerance, Bd-21 (sensitive) and Bd21-3 (tolerant). As 
controls, we used normal growth (N*) and low light (LL). Using the genome annotations 
of Phytozome and TAIR, we were able to digitally isolate 119 transcripts coding for all 
enzymes in these pathways. :e employed Counts Per Million and the clustering tree of 
the transcriptomic values at five points in the day. Most enzymatic steps were coded by 
several family members. Interestingly, they are radically divided into two main clusters of 
responses� up- and down-regulated under stress. In both groups, we could quantify 
transcripts coding for all enzymes in the three different glucose-catabolic pathways. :e 
also observed the transcriptional regulation of these transcripts in a diurnal manner because 
there were zenith peaks detected during the different times of day under submergence. :e 
observed that in tolerant Bd21-3, during submergence, there is a subset of transcripts with 
an early response at ZT0 and ZT8. :e concluded that the three glucose-catabolic pathways 
are activated in %racKySodLuP dLsWacKyoQ during stress in a time-dependent manner and 
identified possible enzymatic bottlenecks in the three different glucose-catabolic pathways. 
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The ATL-C group is a family composed of 15 members with common features. They 
possess a highly conserved transmembrane region as well as a highly conserved RIN*-H2 
domain. Among them, nine genes show functional diversity in response to water stress. A 
neofunctionalization event has been described in ATL�8 which arose from ATL��. This 
event strengthened its expression through a short repetition containing a TATA box that 
occurred about 22 million years ago and improved the tolerance of A. WKaOLaQa to drought 
stress. ATL�2 and ATL�3 play a role in anther dehiscence. About �5% of the genes 
involved in anther dehiscence respond to water deficit, indicating a relationship between 
these processes. :e suggest that the dehydration mechanisms associated with anther 
dehiscence and drought tolerance in vegetative tissue share several similar traits. On the 
other hand, ATL80 regulates early responses to water deficit, with its expression rapidly 
activated within 30 minutes and then declining. ATL80 regulates 90% or more of the genes 
involved in these responses, and we suggest that ATL80 is involved in the reprogramming 
of early gene expression in response to water stress deprivation that progress in 
transcriptional waves. 
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The application of organic fertilizers has been used to improve the growth and development 
of crops, especially with the purpose of increasing the quality of grains of economic 
importance crops, in this ca se, it has been a great field of study. The obMective of this 
proMect is to analyze the quality of corn seeds obtained under four different environmental 
conditions and the use of organic fertilizers, as well as its relationship with the stress 
response in plants obtained from these seeds. For this work, a bromatological analysis of 
seeds was carried out. The seeds were obtained from crops grown in four different growing 
areas that have different environmental conditions and doses of organic fertilizer. The 
analysis of stress response genes in plants, providing relevant data in relation to the 
influence of the use of organic fertilizers on seed quality in a comparative manner between 
the study areas. So far, preliminary results provide significant differences between the 
analyzed areas and the use of organic fertilizers. 
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The common bean (3KaseoOus vuOgarLs L.) is one of the most important legumes for direct 
human consumption in the world. However, qualitative studies on temporal and spatial 
aspects of flowering have shown that under water restriction the flower number and pods 
are severely reduced. By contrast, pod walls retained the green color for several days longer 
than leaves and the reserves are used for rapid seed growth during pod filling. The obMective 
of the present study was to determine whether the pathway of sucrose distribution in pod 
wall structures (pedicel, funiculus and seed) are implicated in the mechanism of resistance 
to water restriction. Plants of common bean cultivar OTI were exposed to growth under 
well-watered and terminal drought condition. Our results have shown evidence that under 
water restriction stress, the breakdown of sucrose was promoted in the pod wall; enzymatic 
activity of SUS and IN9 enzymes were correlated with fluctuations in sucrose and fructose 
levels. In addition, we tested the uptake and apoplastic distribution of fluorescent sucrose 
analog (esculin) which is recognized and transported similarly by sucrose transporters 
(SUTs). :e have found that the water restriction modified the area of the pedicel, therefore 
parenchyma size was significantly increased. Interestingly, the esculin was concentrated in 
the vessel of phloem while the funiculus and seed have not showed treatment-dependent 
alterations. These findings suggest that other structures associated with pod wall are 
implicated in water restriction responses as a key process in common bean. 
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Plants are subMected to different stresses, particularly abiotic ones, which cause large crop 
losses worldwide. Therefore, studying the transcriptional factors (TFs) involved in the 
stress response is of the utmost importance to develop strategies for future biotechnological 
applications in plants of agricultural interest. To study the molecular response of 3. 
reSOLcaWuP to abiotic stress, 21 transcriptomes were generated from �-d protonema 
subMected to different conditions for 3 h� control, 10 �M ABA, 200 mM NaCl, 300 mM 
glucose, 400 mM sorbitol, dehydration 63 % HR, and rehydration with water, all conditions 
by triplicate. The sequences obtained were analyzed with the Trinity v2.14.0 package, and 
gene expression was quantified and evaluated using the .allisto program. To generate a 
collection of reference genes for RT-qPCR studies, we selected genes with a low level of 
variation in their expression among all the abiotic stimuli analysed (validated using 
Bestkeeper and *eNorm), traditional reference genes, and classic abiotic stress response 
genes that were validated with endpoint PCR and RT-qPCR tests. In addition, the 21 
transcriptomes described above were analyzed to identify TFs that were repressed or 
induced under the different abiotic stress conditions analyzed. :e have identified several 
TFs closely related to abiotic stress in other species in various stimuli and some specific to 
one type of stress. Here are some examples� DREB2A, ERF, Homeobox-leucine zipper, 
ABI5, :R.Y, *ATA, AREB1/ABF2, 9P1/ABI3, ABI5, HAT5, MYB106, bHLH8�, and 
BepR-HTH. Using the reference genes obtained in this work, we are currently 
characterising the expression of these FT-codifying genes by RT-qPCR, and our advances 
will be presented. MA9L thanks to CONACYT grant A1-S-3535�, SRM, AAB and MA9L 
thanks to SIP and COFFA IPN funds, RMNN thanks to CONAHCYT and BEIFI IPN 
fellows. 
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A high proportion of eukaryotic proteins (30%) are intrinsically disordered proteins (IDPs) 
or contain intrinsically disordered regions (IDRs) (�0%)1. In 6accKaroPyces cerevLsLae 
and in AraELdoSsLs WKaOLaQa a substantial proportion of transcription factors (TFs) and 
signaling proteins are part of this set of proteins1, 2. Of note is the high representation of 
these type of regulatory proteins in stress response signal transduction pathways. In this 
work, we address the hypothesis that the physicochemical properties that generate intrinsic 
structural flexibility are associated with TFs ability to detect changes in the intracellular 
environment through modifications in its conformation. :e focused on RT*1, an 
intrinsically disordered TF (IDTF) of the MYC family involved in the yeast nutrient and 
osmotic stress response signaling pathways2. To evaluate RT*1 possible function as a 
sensor of hyperosmotic stress, we fused two fluorescent proteins at its N- and C-ends to 
detect conformational changes by determining the F|rster resonance energy transfer 
(FRET) upon different yeast growth conditions. RT*1 sensor construct produces FRET in 
the presence of high concentrations of NaCl, .Cl, and PE*-4000. Yeast cells grown under 
0.8 M NaCl induced the migration of RT*1 to the nucleus and the formation of 
biomolecular RT*1 condensates. The search of RT*1 orthologous within the A. WKaOLaQa 
genome revealed the presence of MYC-type TFs containing IDRs with high similarity to 
the RT*1 N- and C-terminal IDRs. Examples of these are SPEECHLESS and MYC2 TFs. 
The first one acts as an integrator of the stomata and brassinosteroid signaling pathways to 
control stomatal development, while the second one mediates the activation of Masmonate 
signaling to regulate the plant growth and stress response. The role of the structural disorder 
in the function of IDTFs involved in the control of cell stress responses will be discussed. 
 
1 French-Pacheco, et al. PLOS.ONE. 2022,1�(3)�e0265422. 
2 Salladini, et al. Int.J.Mol.Sci. 2020,21(24)�9�55. 
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Tepary bean (3KaseoOus acuWLfoOLus L.) is one of the five species domesticated of the genus 
3KaseoOus with genetic resistance to biotic and abiotic stress. To understand the 
mechanisms underlying drought-stress responses, here, we used a comparative morpho-
physiological and proteomics analysis approach to monitor the changes in germinating 
tepary bean seeds exposed  to water (control) and polyethylene-glycol-induced low water 
potential stress (PE*-6000) at \: of -0.49 MPa for 24, 48 and �2 hours. Our physiological 
analysis showed that seed germination in water reached maximum after 48 h; in contrast, 
at -0.49 MPa seeds spend �2 h to get 85 % germination. In each case, the differences was 
not statistically significant at 48 and �2 h; however, root growth at -0.49 MPa was 40-50 
% less than the control. Based on the protein banding patterns by SDS-PA*E abundant 
seed storage proteins showed changes in Phaseolin (50 .Da) and lectins fractions (20-30 
.Da). Two-dimensional gel electrophoresis (2-DE) analysis revealed the mayor proteins 
with pI value in the 4±� range. A second group of proteins was observed in the alkaline pI 
range with more than 50 proteins with a pI of 8.5±9.  Furthermore, storage proteins were 
altered only with -0.49 MPa and clearly spots were diminished with molecular weight 
between 23-30 kDa. To identify the proteins, we used mass sSecWroPeWry (MS)-
based sKoWguQ proteomics and Uniprot¶s legume database with 99 % probability score 
(PL*S score) and “O.” value equals to 2. The *ene Ontology (*O) analysis show that 
*O terms proteins in PE*-6000 condition were involved in binding process of 
carbohydrate. Using Protein interactomes String database, we found that lectin 
phytohemagglutinin interact with serine/threonine-protein phosphatase. These findings 
suggest that tepary bean seed proteins provide valuable information with potential of being 
used in genetic improvement and could be part of the drought stress response. 
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Hidalgo, SLP, México 
 
At*RDP2 protein is constituted by a DUFF1399 located at the N-terminal, a potential 
RNA recognition motif in the central region, and a *lycine-rich domain at the C-terminal. 
This protein plays an important role in response to abiotic stress and development in 
Arabidopsis. AW*5'3� gene overexpression lines display enhanced growth and 
development, early flowering, and increased tolerance to abiotic stress, whereas aWgrdS� 
mutants exhibit the opposite phenotype. In a previous study, we identified CL15 protein as 
an interactor of At*RDP2 by yeast two-hybrid and plant BiFC assays. The CL15 protein 
is part of the large subunit of the chloroplast ribosome and is essential for embryogenesis 
in Arabidopsis. In this study, we generated Arabidopsis &/�� overexpression lines, which 
were subMected to 125 mM and 150 mM NaCl, 4% mannitol, and 1 ȝM ABA. Our results 
showed that the &/�� overexpression lines did not exhibit statistically significant 
differences in the germination and development of Arabidopsis seedlings under 1 mM 
ABA and 4% mannitol. However, under 125 mM and 150 mM NaCl, they showed a 
decrease in fresh weight compared to the :T seedlings. Interestingly, some of the &/�� 
overexpression lines presented a chlorotic phenotype, which did not produce seeds. :e are 
currently overexpressing &/�� in (. coOL for further functional characterization of this 
gene. 
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Survival rate is frequently used to compare drought tolerance level among different plant 
genotypes. However, determining the critical point for recovery irrigation has represented 
an issue that relies directly on a qualitative inspection by the researcher or on the 
employment of non-straightforward and invasive techniques that invalidate the subsequent 
use of the tested individuals. Here, we present a simple, instantaneous and non-invasive 
method to estimate the survival probability of Arabidopsis plants after severe drought 
treatments. 4uantum yield or efficiency of photosystem II was monitored in the last stage 
of the drought treatment, before recovery irrigation, in darkness (Fv/Fm) and light 
(Fv¶/Fm¶) conditions. :e found a high correlation between a plant
s Fv¶/Fm¶ value before 
recovery irrigation and its survival phenotype � days after. This correlation was maintained 
in the Arabidopsis ecotypes Col-0, Ler-0, C24, and .ondara under the same conditions. To 
test the applicability of Fv¶/Fm¶ as a survival predictor, it was applied to control the 
survival rate of Col-0 and compare its drought tolerance with transgenic lines 
overexpressing key transcription factors involved in the molecular networks that regulate 
Arabidopsis seed desiccation tolerance, founding significant differences in survival rate 
respect to the control line. The results obtained in this work demonstrate that the 
chlorophyll a fluorescence parameter Fv¶/Fm¶ can be used as a survival predictor that gives 
a numerical estimate of the Arabidopsis drought survival rate before a recovery irrigation. 
The procedure employed to get the Fv¶/Fm¶ measurements is rapid, non-destructive and 
requires inexpensive and easy-to-handle equipment. In conclusion, Fv¶/Fm¶ as a survival 
predictor offers an overview of the photosynthetic state of the tested plants and determine 
the best timing for rewatering to assess the survival rate of tested lines more accurately, 
especially when the symptoms of severe dehydration between genotypes are not 
contrasting enough to identify a difference visually. 
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Salinity is the second abiotic stress that affects crop productivity worldwide. Thus, 
studying plant mechanisms to face this inMury is pivotal to secure food production in the 
future. Recently, moss 3. reSOLcaWuP was reported as highly tolerant to desiccation (Ríos-
Meléndez et al., 2022). The present work evaluated the tolerance of 3. reSOLcaWuP under 
salinity at different developmental stages. First, the germination kinetics of 3. reSOLcaWuP 
spores on PpNH4 media supplemented with various NaCl concentrations were addressed. 
The germination of Control was 91%, whereas, under NaCl 0.05 M, 0.1 M, 0.2 M, and 0.3 
M, the germination decreased to 89%, 90%, 8�.5%, and 45%, respectively. After 
germination, 3. reSOLcaWuP could develop green protonema even at 0.2 M NaCl. However, 
at higher concentrations of NaCl, the protonema growth was abolished after germination. 
To explore a possible role of ABA in this response, an exogenous ABA pretreatment was 
addressed in 10 d old 3. reSOLcaWuP protonema 24 h before the exposure to 0.2, 0.4, 0.6, 
and 0.8 M NaCl for 10 d. After the stress period, we found that PSII was detectable in all 
ABA pre-treated samples. These findings suggest that ABA could induce a significant 
cellular protection response to protect the 3. reSOLcaWuP PSII. Additionally, 3. reSOLcaWuP 
protonema can recover growth and greening after 0.8 M NaCl, even without ABA 
pretreatment. Moreover, at the gametophore stage, the accumulation of soluble sugars 
under salinity and ABA reaches similar levels suggesting that the NaCl tolerance exhibited 
by 3. reSOLcaWuP could be ABA-mediated. Finally, a transcriptome analysis of 3. 
reSOLcaWuP under 200 mM of NaCl revealed a set of DE*s that will be presented. MA9L 
thanks to CONACYT grant A1-S-3535�, SRM, AAB and MA9L thanks to SIP and 
COFFA IPN funds, *A*P thanks to CONAHCYT, BEIFI IPN, and IPN-4MUL fellows. 
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:heat (7rLWLcuP aesWLvuP /.� is one of the most consumed food crops in the world, being 
a vital component in the human diet since it provides more calories and protein than any 
other cereal. The elevated temperatures can cause heat stress (HS) which inhibits wheat 
growth, metabolism and adversely affects its productivity worldwide. As a response, these 
plants induce physiological, biochemical, and metabolic changes to tolerate HS. The main 
consequence caused by HS is the overproduction of reactive oxygen species (ROS), which 
leads to oxidative stress. Therefore, it is of maMor importance to investigate the biochemical 
response of heat-stressed wheat genotypes to generate new crop strategies and maintain 
food security. Previously, two field experiments were conducted� one under optimal 
temperature conditions and other under HS during the reproductive stage, using diverse 
wheat genotypes donated by CIMMYT and INIFAP. These genotypes were classified as 
tolerant or sensitive to HS based on reduced grain yield. Herein, we selected four genotypes 
(two tolerant, one intermediate, and one sensitive to HS) to evaluate the biochemical 
response to HS by determining the concentration of chlorophyll and carotenoids, 
performing ascorbate peroxidase and catalase enzymatic assays, and accumulation of 
glycine betaine and proline. All genotypes maintained the concentration of photosynthetic 
pigments, however tolerant genotypes showed a tendency to increase, while sensitive to 
decrease, which may lead to impaired photosynthetic machinery. Furthermore, in most 
genotypes, catalase (CAT) activity decreased under HS, while ascorbate peroxidase (APX) 
activity increased, showing that the H2O2 scavenging under HS is mainly by APX. *B 
content was increased in tolerant genotypes, while proline was decreased in most genotypes 
under HS. Both proline and *B are important osmoprotectants that accumulate under 
abiotic stress; however, proline increases more under salinity stress than HS. This could 
explain why wheat plants preferentially accumulated *B under HS. 
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The cell cytoplasm is densely packed with macromolecules such as proteins, nucleic acids, 
and polysaccharides. The resulting macromolecular crowding is crucial for the efficient 
function of the cell, as it influences different events such as molecular transport, protein-
protein interactions, and the kinetics of biochemical reactions. Changes in crowding occur 
in response to environmental perturbations, for example, in response to hyperosmotic 
stress. Thus, monitoring crowding changes inside cells is required in order to understand 
how this property impacts cell functions. One method to study crowding LQ vLvo is passive 
microrheology, a technique that tracks the movement of tracer particles within the cell. The 
genetically encoded multimeric (*EM) nanoparticles are homomultimeric scaffolds fused 
to a fluorescent protein that self-assemble in the cell into bright tracer particles of defined 
shape and size. Through confocal microscopy, we can estimate the diffusion coefficient of 
these nanoparticles, which is a rheological parameter indicative of particle mobility inside 
the cell. Using this tool, we measured macromolecular crowding in different cell types and 
developmental zones of AraELdoSsLs WKaOLaQa roots in standard conditions and under 
hyperosmotic stress conditions induced with increasing concentrations of NaCl or sorbitol. 
In this way, we aim to elucidate how the rheological dynamics of the cytoplasm of different 
cell types of the root are modulated, from the perception of stress to long-term acclimation. 
4uantifying how crowding dynamics are modulated in plant cells will have several 
implications for the field of plant biology, and will contribute to understanding how plant 
cells sense, respond, and acclimate to environmental stress conditions.  
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Cell homeostasis is perturbed when the environment is altered by changes on different 
physical-chemical properties. One of them is the osmolarity inside the cell. During stress 
conditions, the osmolarity and macromolecular crowding levels change dramatically. 
*enetically encoded fluorescent biosensors are biomolecular tools that can sense and report 
events that are occurring in living cells dynamically and in a non-destructive manner. A 
series of biosensors were designed to study osmotic stress in vivo in the budding yeast 6. 
cerevLsLae using intrinsically disordered regions (IDRs) and a pair of fluorophores 
(mCerulean3 as the donor and Citrine as the acceptor). IDRs can be useful to follow how 
proteins are re-located in response to changes in the intracellular environment caused by 
osmotic stress. Using confocal microscopy, the localization of different IDRs to changes 
in osmolarity (hyperosmotic treatment with 0.5 M NaCl) was followed before and after the 
treatment. Imaging was done immediately after the treatment with NaCl. The liquid 
properties of condensates formed by two IDRs, IDRBS144 and IDRBS163, were evaluated 
with the treatment of 1,6-hexanediol at different concentrations. In this work, we showed 
that biosensors are capable to re-localize to different compartments, including liquid-liquid 
phase separated condensates upon stress and these condensates were dissolved by 1,6-
hexanediol LQ vLvo. These results will help to understand how hyper-osmotic stress induces 
the re-location of intracellular proteins. 
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Plants, as sessile organisms, are often exposed to different environmental conditions 
leading to the possible evolution of sophisticated developmental mechanisms that ensure 
plastic responses to conditions experienced as they grow. For instance, abscisic acid (ABA) 
is the maMor stress phytohormone and takes part in plant adaptation through regulation of 
physiological processes. ABI5 is a transcription factor that promotes ABA-responsive 
genes expression and it is activated by drought and salt stress during seed germination 
within a short developmental window and its activity causes the inhibition of germination 
or early seedling growth. In addition, ABI5 activity is regulated at the protein level via 
protein interaction and posttranslational modification. It¶s been reported that ABI FI9E 
BINDIN* PROTEIN 1 (AFP1) mediates the proteasomal degradation of ABI5, 
nonetheless, the mechanism of this regulation is still unknown. Moreover, long non-coding 
RNAs (lncRNAs) have emerged as maMor products of the eukaryotic transcriptome with 
regulatory importance and an intergenic lncRNA was identified within A)3� Oocus, hence 
we named it as OLQcA)3. In this study, we characterized the function of OLQcA)3, and we 
showed that acts positively in the regulation of A)3� expression by recruiting the 
chromatin remodeling complex COMPASS-like and, therefore, generates a positive effect 
upon germination in presence of ABA. In conclusion, the evidence presented shows the 
role of OLQcA)3 as a novel regulatory factor within ABA signaling pathway. 
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One of the main problems in agriculture is soil salinization, which can be caused naturally 
or by the wrong design of irrigation systems, poor quality drainage, and excessive use of 
chemical products. In crops, it affects the yield and lowers the quality of the products. 
Plants, being sessile organisms, are constantly exposed to abiotic stress. Abiotic stress is 
those environmental changes that cause development and growth deficits in plants and even 
death. However, through evolution, some plants have managed to obtain adaptive 
mechanisms. 3. reSOLcaWuP is a moss classified as totally tolerant to desiccation, which has 
physiological, biochemical, and molecular adaptive mechanisms to reactivate its 
photosynthetic system and recover quickly (Ríos-Meléndez et al., 2022). However, it can 
also tolerate different types of abiotic stress, including cold stress at -80�C and salinity 
stress at concentrations up to 800 mM with an ABA pretreatment. Due to these 
characteristics, 3. reSOLcaWuP is of biotechnological interest. Here, through a transcriptomic 
analysis (RNA-Seq by Illumina), differentially expressed genes were analysed in a NaCl 
treatment at 300 mM for 3hr. :e only used the 250 more induced genes and the 150 more 
repressed genes for this analysis. Based on BLAST, we predicted four induced 
transcriptional factors commonly associated with abiotic stress� AREB1/ABF2, DREB2A, 
9P1/ABI3, and HAT5, and only one repressed (Zinc finger AN1 and C2H2 domain). 
Advances in the characterization and temporal expression in response to the NaCl of these 
genes will be presented. MA9L thanks CONACYT grant A1-S-3535�, SRM, AAB and 
MA9L thanks to SIP and COFFA IPN funds, TRL thanks to CONAHCYT and BEIFI IPN 
fellows.  
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Soybean can establish a mutualistic interaction with nitrogen-fixing soil rhizobacteria. 9ia 
this interaction, the plant can obtain most of its nitrogen requirements through symbiotic 
nitrogen fixation, reducing (or even eliminating) its nitrogen fertilizer needs. This crop is 
susceptible to water deficit (:D); evidence suggests that its nodulation status²whether it 
is nodulated or not²can influence how it responds to water restriction, although it is 
uncertain which molecular mechanisms are responsible for the differential response. The 
translational control step of gene expression has proven relevant in plants subMected to :D 
since it allows them to respond rapidly. Here, we analyzed the differential responses of 
nodulated soybean roots to :D. Also, these responses were classified depending on their 
transcriptional, translational, or mixed (transcriptional � translational) regulation level. 
Thus, the transcriptome (total RNA fraction) and translatome (polysome-associated RNA 
fraction) of four combined-treated soybean roots²including the nodulation and :D 
conditions²were analyzed. :e identified gene modules associated with the nodulation 
and :D conditions of soybean plant roots through a weighted gene co-expression network 
analysis (:*CNA) followed by differential expression analysis (DE*s). Protein-protein 
interaction network analysis was performed for some subsets of mixed DE*s of the 
modules more associated with the plant responses to nodulation, :D or the combination 
of nodulation � :D. Our research reveals that the stand-out processes and pathways in the 
before-mentioned plant responses partially differ; terms related to glutathione metabolism 
and hormone signal transduction (2C protein phosphatases) were associated with the 
response to :D, terms related to transmembrane transport, response to ABA, pigment 
metabolic process were associated with the plant responses to nodulation � :D. Still, two 
processes were common� galactose metabolism and branched-chain amino acid catabolism. 
A comprehensive analysis of these processes could lead to the identification of new sources 
of tolerance to drought in soybean. 
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Drought is a deleterious condition mostly affecting rainfed crops. It impairs the plant 
photosynthetic functions and consequently their growth, mainly due to the decrease in CO2 
entrance and low water availability in cells. To compensate for these limitations, plants 
have developed mechanisms at the molecular, physiological, and anatomical level. 
Common bean (3KaseoOus vuOgarLs� is one of the most affected crops by water shortage. 
By studying two drought resistant 3KaseoOus species, we found that they present different 
transpiration strategies to optimize their water use efficiency1. To get insight into these 
differences, in this work we examined the relation between their physiological adMustments 
and anatomical modifications in response to drought. :e compared different 
photosynthetic related characteristics, water status and leaf anatomical parameters between 
3. vuOgarLs var. Pinto Saltillo and 3. acuWLfoOLus T32. The alterations in leaf anatomy were 
evaluated in cross-sections using stereoscopic, optical, and electron microscopy. To 
identify possible molecular mechanisms involved in these responses, we performed a 
comparative transcriptomic analysis of leaves from both species, grown under irrigation or 
water deficit. The anatomical analysis showed that, upon drought treatments, leaves in both 
species kept the same proportion of air space and thickness of palisade parenchyma as 
under well irrigated conditions, indicating that in these tolerant cultivars water shortage 
does not impact the efficiency of CO2 diffusion and the abundance of photosynthetic cells, 
even though they have contrasting stomatal dynamics. :e also found that 3. acuWLfoOLus 
did not show changes in the maMor vein density under drought, whereas for 3. vuOgarLs a 
reduction was observed. This finding suggests that this decrease in veins density might 
represent a common bean¶s adaptation to keep soil water, in consonance to its early 
stomatal closing1; hence, exhibiting a water saving strategy. The enrichment of transcripts 
related to these functions will be discussed. 
 
1 Polania JA, Salazar-Chavarría 9, *onzález-Lemes I, Acosta-Maspons A, Chatter CCC, 
Covarrubias AA. (2022) Front Plant Sci���������. doL� ��.�����fSOs.����.������ 
A9SC is a PhD student in the Biological Sciences *raduate Program-UNAM, and is 
supported by a CONAHCyT PhD fellowship. 
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:ater deficit has a significant impact in almost all biological activities. Consequently, 
plants have developed a phenotypic plasticity that enables them to respond to stressful 
events threatening their survival. Iron, being an essential micronutrient for plants, plays a 
critical role in multiple biological processes. Previous studies have revealed that the 
activation of ubiquitin ligase ATL�8 expression, during the evolution of Brassicaceae, is 
fundamental for water deficit adaptation in plants. A transcriptomic analysis of the 
AraELdoSsLs WKaOLaQa atl�8 mutant under hydric stress has revealed substantial changes in 
gene expression patterns related to iron metabolism, specifically in iron acquisition, 
translocation, and storage. The identified proteins include IMA1, IMA2, FER1, as well as 
transcription factors like MYB29, bHLH38, and lncRNA-FER. Our work aims to establish 
the involvement of iron in plant adaptive mechanisms under water deficit conditions, as 
well as to determine the potential role of ATL�8 ubiquitin ligase in regulating iron-related 
proteins. 
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Post-transcriptional silencing is a mechanism that prevents the translation of mRNAs by 
inducing cleavage of targeted transcripts guided by a family of small RNAs (21-23 nt. 
length) known as microRNAs (miRNAs). The stimulus that induces the expression and 
activity of miRNAs can be a consequence of a programmed change, such as a development 
step, for example, or as a response to changes in the environment. For plants, the lack of 
water availability affects cell volume, compromises gas exchange through stomata and 
photosynthesis activity, in addition to affecting enzymatic reactions and other metabolic 
processes, which combined can cause an arrest in the growth of the organism. Our group 
has been studying the functions of miRNAs present in legumes such as 3KaseoOus vuOgarLs 
(common bean), a species of agronomic importance, and in the model species 0edLcago 
WruQcaWuOa. Among of them, miR2199 is induced by water deficit in 3. vuOgarLs1, and in 0. 
WruQcaWuOa2. Transcripts encoding for members of the bHLH family (basic-helix-loop-
helix) of transcription factors were bioinformatically predicted as targets of miR2199, and 
in 0. WruQcaWuOa the bHLH factor TSAR1 was experimentally confirmed as the target for 
this miRNA2. This transcription factor is required to initiate the pathway for saponin 
biosynthesis in 0. WruQcaWuOa3. In assays employing compound transgenic roots in 0. 
WruQcaWuOa plants we have observed that increasing the abundance of TSAR1 results in a 
phenotype of short root architecture. The next step is to identify the relationship between 
water deficit, the induction of miR2199 and its role on the abundance of TSAR1 and the 
effect of this regulation module on the development of the root system of 0. WruQcaWuOa 
plants. 
 
1Arenas-Huertero, C. et al. (2009) 3OaQW 0oOecuOar %LoOogy. 
2Romero-Pérez (2015) Tesis de maestría, UNAM. 
3Devers, E. A. et al. (2011) 3OaQW 3KysLoOogy.  
4Mertens, J. et al. (2016) 3OaQW 3KysLoOogy.  
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The plant adaptive response to phosphate (Pi) deficiency shows a sharp change in gene 
expression. Proteins changing their expression include haloacid dehalogenase superfamily 
(HADsf) members known as phosphate-response 2 (PS2), as well as soluble and membrane 
bound inorganic pyrophosphatases (PPa 	 PPv, respectively). Unlike Arabidopsis, the 
economically important crop &aSsLcuP aQQuuP L. is highly sensitive to Pi deficiency; yet 
its genome encodes seven PS2-like, more than seven PPa and three PPv encoded 
sequences, though none have been studied. Here, &. aQQuuP proteins were expressed using 
a pCAMBIA 1300 vector with a cisgenic cassette composed of the &. aQQuuP promotor 
for fructose-1,6-bis-phosphate aldolase, one &. aQQuuP ORF in frame with the fluorescent 
reporter iLO9 (differing only by three mutations from the photosensitive domain of &. 
aQQuuP phototropin receptor) and one of four putative terminators from the &. aQQuuP 
genome. The constructs were verified by sequencing, by transient expression in onion 
epidermis, and by stable expression in C. annuum tissue cultures, using biolistics and 
visualized by confocal microscopy. The &. aQQuuP tested ORFs were one PS2-like protein, 
one membrane bound PPv and one classic PPa. The results revealed a fluorescent signal of 
enough intensity and stability for localization and expression studies under confocal 
microscopy. The photo physical properties of the iLO9 reporter make it an excellent 
alternative to *FP, with its advantageous smaller size and quick photobleaching recovery. 
Observations of iLO9 fluorescence fused to different &. aQQuuP ORFs resulted in patterns 
consistent with the expression of cytosolic proteins (PS2-like ORF) and with membrane 
vesicles for the membrane bound (PPv ORF). The results support the use of iLO9 as an 
efficient cisgenic reporter in plants. Cisgenic constructs such as the one reported here pose 
a reduced risk of ecological perturbation to natural environments, since they lack foreign 
sequences.  
 
)uQdLQg PAPIIT-D*APA-UNAM IN216815, CONAHCyT CB- 2018-A1-S-8650. PAIP 
F4-5000-9122 
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Long non-coding RNAs (lncRNAs) are RNAs with a size greater than 200 nt. and it is 
participate in the regulation of gene expression. In plants, various lncRNAs have been 
identified, but only some of them have been characterized. The lncRNAs are involved in 
biological processes such as flowering, morphogenesis, and response to biotic and abiotic 
stresses. In the case of abiotic stress response, they have been found to be involved in 
responding to stressors like drought, salinity, cold, heavy metals, and heat. Regarding heat 
stress, several lncRNAs have been identified to be over-expressed under this condition. 
One of these lncRNAs is known as OLQc(,1�� which is located downstream of the (,1� 
gene. The (,1� gene encodes the main protein in the ethylene perception pathway. EIN2 
is known to be involved not only in ethylene perception but also in the response to various 
stresses, including heat stress. It participates in the expression of heat-responsive genes 
such as heat shock proteins. Furthermore, LQ sLOLco studies suggest that OLQc(,1� interacts 
with the EIN2 protein through its C-terminal-EIN2 domain. This interaction implies that 
OLQc(,1� plays a regulating role of the EIN2 protein. Under heat stress conditions, OLQc(,1� 
is found to be overexpressed, indicating that this lncRNA might play a possible role in the 
heat stress response mediated by EIN2. Therefore, characterizing this lncRNA under heat 
stress conditions could be crucial in understanding the heat stress response. pathway and 
finding a strategy to enhance resistance to this stress. 
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Eukaryotic initiation factor 4E (eIF4E) binds to �-methyl-guanosine cap structure on 
mRNA 5� end for translation initiation. During cold response (4�C) e,)�( and e,)�Lso��( 
isoforms are up-regulated concomitantly with 7&)� and &25��A cold responsive genes. 
Both isoforms participate in cold-stress response since rosette leaves of AraELdoSsLs 
WKaOLaQa eLf�e and eLf�Lso��e null mutants are more vulnerable to freezing damage than Col-
0 :T plants (Salazar-Díaz et al., 2021). Nonetheless, eLf�e and eLf�Lso��e mutant root 
development might also be altered (Martinez-Silva et al, 2012; Liu et al, 2022). It was 
previously shown that phosphate transporter 1 (3+2�), sucrose transporter 3 (68&�) and 
cold- 7&)� mRNA translation is impaired in the absence of eIF(iso)4E (Martinez-Silva et 
al., 2012), while eIF4E is involved in root development via auxin signaling pathway (Liu 
et al, 2022). Here we present a work focused on understanding the role of eIF4E and 
eIF(iso)4E in root development during cold stress acclimatation. Under control conditions 
at 22oC and cold acclimatation at 4oC, both, eLf�e and eLf�Lso��e mutants, had reduced root 
growth compared to Col-0 :T. :hen both mutants were treated with abscisic acid (ABA), 
a cold-related hormone, the root growth was further inhibited to a greater extent than Col-
0 :T. The synergistic effect between cold and ABA on root growth reduction was 
maintained in all lines, but eLf�e displayed a more sensitive phenotype than eLf�Lso��e. To 
understand the possible effect of either eIF4E isoforms on root growth under stress 
conditions, each line was crossed with fluorescent PLT1 and CycB1 reporters to analyze 
root meristems. In addition, the distribution of root development- and cold response-related 
mRNAs along polyrribosomal profiles from mutants and Col-0 :T was screened to 
decipher the molecular relevance of eIF4E isoforms.  
 
Reference. 
1. Salazar-Díaz .., et al. (2021). )roQWLers LQ 3OaQW 6cLeQce ���69858. 
2. Martínez-Silva A. 9., et al. (2012). 3/26 21( ��e31606. 
3. Liu T., et al. (2022). )roQW. 3OaQW 6cL. ���9384�6. 
 
This work was supported by Universidad Nacional Autónoma de México PAPIIT 
IN218921 and Facultad de 4uímica PAIP 5000-9118 and by postdoctoral scholarship from 
D*APA. 
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The concentration of CO2 in the atmosphere has risen rapidly. This condition envisages the 
combined effects of high temperatures and droughts, which are effects of climate change. 
Crassulacean acid metabolism (CAM) plants show considerable plasticity, varying in 
response to environmental conditions and with developmental state. The obMective of the 
study was to evaluate simple and combined effects of elevated CO2 (eCO2), high 
temperatures and humidity restriction on the physiology and phenotype of plants of A. 
saOPLaQa. Plants were grown in pots at maximum field capacity (100% FC). Afterwards, 
four sets of plants were set aside each kept during 30 days at� 1) 100% FC and ambient 
temperature (AT), 2) 25% FC and AT, 3) 100% FC and high temperature (45�C, HT), and 
4) 25% FC and HT (combined stress). Then, all plants were watered (100% FC) and 
subsequently separated into two subsets maintained for 30 days at� 1) ambient CO2 (400 
ppm) and 2) nocturnal eCO2 (800 ppm). Evaluation of phenotype using R*B images 
showed that 25% FC and 25% FC and HT sets recovered at 800 ppm showed a 15-20% 
increase in area represented as leaf angle compared to the other treatments. This suggests 
that the eCO2 effect depends on environmental conditions. Also, the effects of eCO2 on 
plant growth and acidity were evaluated in mature, medium, and young leaves. The fresh 
weight did not show clear differences among leaf ages. In addition, eCO2 � 25% FC had a 
lowered percentage of acidity, while in combined stress, no changes were observed with 
respect to the control. The results of this study enhance our understanding of the positive 
effects of CO2 on the growth of A. saOPLaQa and will help researchers devise adaptation 
strategies for crops in agricultural systems͘ 
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The colonization of the terrestrial environment by the basal plants (liver, moss and 
bryophytes) had different morphological and physiological adaptations occurred that 
allowed them terrestrialization. Fossil studies suggests that the first plants that colonized 
terrestrial habitats were ancestors of liverworts, such as Marchantia polymorpha, making 
this plant a good model for studying ancestral signaling pathways important for 
colonization and adaptation including the recruitment and functional specialization of key 
transcription factors (TF). In this project, we are interested in the analysis of the function 
of the ABSCISIC ACID INSENSITIVE 4 (ABI4) of Marchantia polymorpha, which 
participates in the perception and signaling of different biotic and abiotic factors such as 
sugars, ABA hormone and desiccation in vascular plants, but whose molecular function 
still remains not fully understood. ABI4 is conserved in plants, and the characterization of 
the possible ortholog from M. polymorpha could generate relevant information about its 
function and evolution. We generate mutants and overexpress plants of this TF where we 
have demonstrate that ABI4 participates in developmental processes including division, 
thallus morphogenesis and reproductive structures. Also, we analyzed its participation in 
stress responses including sugar and ABA signaling and desiccation responses. Our data 
so far support that ABI4 has relevant function in signaling responses to environmental 
signals. Finally its expression pattern show that this TF has is present in the meristematic 
regions of the plant.   
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Corn breeding strategies in Mexico, are mostly focused on monocropping along with high 
throughput practices including an intensive usage of chemical fertilizers. This has led to 
the lost of alleles that would help interacting with microorganisms u other plants that would 
facilitate nutrient availability in roots. The implementation of corn breeding programs that 
consider including favorable alleles related with a higher efficiency of fertilizer usage 
without decreasing yields, is highly desirable. Based on a list of candidate genes related to 
the assimilation of N, Fe and P, with expression in roots, obtained using a comparative 
genomics strategy among elite varieties, landraces and teosinte germplasm (+ufford et al., 
��1�), identified 3 transporters P+T, 3 N5T and 5 nodulin-like (MtN3) and a gene related 
with the synthesis of phyto-siderophores (DMAS), with loss of allele diversity due to 
breeding and domestication. DNA SeTuencing of landrace populations would allow the 
discovery of alleles that increase the interaction with microorganisms that would decrease 
the usage of chemical fertilizers. These alleles would be incorporated to commercial maize 
lines or for local farms usage. In this sense, but with the goal of increasing the nutritional 
Tuality of corn seed, crossing schemes using favorable alleles of '*$7���, )$'� y :5,� 
were stablished. These alleles were discovered in recurrent selection breeding populations 
by using DArTseT genotyping. Experimental hybrids were obtained with oil contents with 
�� or more. Crosses that considered high genetic distances allowed to keep yields above 
11 Ton � +a. Favorable allele mining in maize genomes allows to develop varieties and 
lines that improve nutritional Tuality and fertilizer use efficiency.  
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5ibosome inactivating proteins (5IPs) are r5NA N-glycosylases enzymes that cleave an 
adenine (A43�4) from ��S r5NA and arrest protein synthesis. 5IPs are found in fungi and 
bacteria, but they are more abundant in plants >1@. Plant 5IPs are commonly classified into 
three types� type A, formed by a single catalytic chain of approximately 3� kDa� type AB, 
are heterodimers of a 6� kDa formed by catalytic chain A plus a B chain with lectin 
properties� type AC, are inactive precursors that reTuire proteolytic processing to obtain a 
functional 5IP >1@. 5IPs are involved in the plant response to abiotic stress, pathogens, and 
herbivory, but their biological roles are still sketchy. 
Few 5IPs from monocots are known so far, and only one report describing 5IPs from 
Agavoideae subfamily has been published >�@. Using both genomic and transcriptomic data 
we identified 44 type A 5IPs from $. tHTXilana var. a]Xl. Transcript and protein expression 
profiles for several members of the family were confirmed by 5T-PC5, and by mass-
spectrometry, respectively. Phylogenetic reconstruction showed that 5IPs from $. 
tHTXilana var. a]Xl form two clades differentiated by the presence�absence of a signal 
peptide. We traced the two lineages to the Agavoideae and other subfamilies within the 
Asparagaceae indicating that they diverged during the origins of Asparagaceae were 
already differentiated in early stages of the divergence of Asparagaceae. Modeled 3D 
structures also showed structural differences in the C-terminus among the two lineages. 
Our data contribute to the understanding of 5IP family evolution. Some 5IPs from $. 
tHTXilana might be used for biotechnological applications and as molecular markers to 
derive phylogenies within Agavoideae. 
 
1. de Virgilio, M. et al. (��1�). Toxins �� �6��-��3�. 
�. Lledías, F. et al. (����). Frontiers in Plant Science 11� �53. 
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Ataxin-� (ATXN�) is an 5NA-binding protein (5BP) that interacts with poly(A) binding 
protein (PABP), 5NA helicase (DDX6), and poly(A) polymerase D4 (PAPD4) as part of a 
ribonucleoprotein complex. It plays a role in the formation of stress granules (S*) and 
processing bodies (P-bodies). Originally identified in human neurodegenerative diseases, 
ATXN� has also been found to be involved in 5NA metabolism in flies, worms, and mice. 
Transcriptome profiling studies have revealed that $raEiGopViV thaliana orthologs of 
ATXN�, known as CID3 and CID4, act redundantly to promote floral transition and are 
also involved in leaf growth dynamics. These genes exhibit similar expression patterns. In 
plants, a subclass of ATXN�, represented by CID16 and CID1�, may associate with PABP 
assemblies, leading to interference with paralogs. Additional modes of regulation include 
ubiTuitination, as E3 ligases that interact with CID4 have been identified, and alternative 
splicing events, as CID4 generates splicing variants. To understand the role of ATXN� in 
plants, we are using the florigen component FLOWE5IN* LOCUS T (FT) as a model. FT 
transcript levels are downregulated in the ciG�ciG� mutant, and these mutant lines display 
a late flowering phenotype. Intriguingly, the 3
 untranslated region (3
UT5) of FT contains 
potential ATXN� binding seTuences. 
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The long non-coding 5NAs (lnc5NAs) are a diverse group of 5NA molecules that are 
greater than ��� nucleotides in length and have limited protein-coding potential. These 
molecules play important regulatory roles within the genome by interacting with other 
5NAs and proteins. They are classified based on their orientation with respect to other 
genes, such as antisense, intronic, promoter, or intergenic. While it was previously believed 
that these lnc5NAs primarily function as non-coding 5NAs, recent studies have revealed 
that some of them can also be translated into small peptides with specific physiological 
functions (sO5FS). In this study, we characterize by analysis in Vilico the conservation of 
a putative lnc5NA-encoded peptide downstream of the (thylHnH ,nVHnVitiYH � ((,1�) gene, 
which is a central component of ethylene signaling in plants. We analyzed the genomic 
context of the (,1� gene and identified a conserved region downstream of it where 
lnc5NA-coding genes were present in several angiosperm plant species. These lnc5NAs 
had variable lengths and showed conservation of secondary structure and seTuence 
similarity in a small conserved region that corresponded to an sO5F. We proposed that 
these lnc5NA-coding genes downstream of (,1� might have originated from an ancestral 
protein-coding gene through a neofunctionalization process. We hypothesized that the 
retained sO5F within the lnc5NA might represent a remnant of the protein-coding region 
of the ancestral gene. The conservation of this lnc5NAs, its proximity to the (,1� gene 
and the altered phenotype in the triple response in NnocNGoZn lines of the lnc5NA, suggest 
that it could have functional relevance, either as a translated peptide or as a functional 5NA 
molecule with a secondary structure. +owever, further investigations are needed to 
elucidate the precise roles and putative of these lnc5NAs and their encoded peptides in 
ethylene signaling and plant development. 
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The basal unit of biological information is the DNA seTuence. Furthermore, DNA 
nucleotides can be methylated, impacting genome structure and readout. DNA methylation 
can be epigenetically inherited over many generations, is crucial for plant and animal 
development, and its mis-regulation underlies several human diseases. Despite its 
importance, our understanding of DNA methylation is far from complete, partly because it 
is absent from the most common genetic model organisms. To overcome this challenge, 
we are leveraging the available genomic and epigenomic data to uncover the evolution of 
DNA methylation. We systematically sampled multiple databases to recover proteins 
bearing a functional catalytic DNA methyltransferase (DNMT) domain, particularly 
focusing on poorly studied branches of the tree of life. This data, combined with bisulfite 
seTuencing of representative species, has allowed to shed light on multiple peculiarities of 
the evolutionary history of the eukaryotic methylation systems. In particular, we are 
exploring the role of DNA methylation in =ygnematophyceae, the green algae lineage 
leading to plant terrestrialization. 
 
Funding� Vetenskapsrndet, project ����-�64�4 
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Maize deep-sowing is an ancient and effective agricultural strategy used in arid and 
semiarid regions, such as in the Southwest of the USA and in many States of Mexico� 
Oaxaca, Puebla, Tlaxcala, Ciudad de Mexico, Estado de Mexico, Morelos, Nayarit, and 
Chihuahua. Some deep-seeding landraces can tolerate planting up to 4� cm depth to ensure 
adeTuate soil moisture for germination, emergence, and post-emergence vegetative growth 
during several weeks or months before the start of the rainy season. Deep-sowing tolerance 
depends primarily on the vigorous elongation of the mesocotyl, a phenotypic trait regulated 
by several 4TLs with small phenotypic effects. To identify genes associated to deep-
seeding tolerance in maize landraces, we collected, from traditional farmers, seven 
landraces managed under traditional deep-sowing practices and five landraces managed 
under traditional shallow-sowing practices. The skotomorphogenic growth of 3� seedlings 
from each one of the 1� accessions was assessed for seven days in the laboratory on a deep-
planting assay system in the dark. Each seedling was individually genotyped by DArTseT 
to obtain SNPs prior to *enome-wide association analysis. The deep-sowing tolerant 
landraces showed a canonical skotomorphogenic growth pattern� long mesocotyls, short 
primary leaves, unbroken coleoptiles, and undeveloped adventitious roots from the 
coleoptilar node. In contrast, shallow-sowing landraces displayed, in the dark, patterns 
more related to a constitutive photomorphogenic growth� short mesocotyls, long primary 
leaves that ruptured the coleoptilar tip, and adventitious roots arising from the coleoptilar 
node. We found that genes associated to deep sowing tolerance are involved in cell wall 
synthesis, phytohormone signal transduction and transport, ion transport, transcriptional 
regulation, cell division, and response to light.  
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Phosphate scarcity is one of the major problems in agriculture because around 70% of the 
plantations lack sufficient amounts of this nutrient to grow properly due to acidity or 
alkalinity conditions. Under these conditions, phosphate combines with cations forming 
sparingly soluble precipitates, unavailable for root absorption. Plants manifest highly 
efficient adaptive responses to increase phosphate solubilization, uptake and transport from 
roots to shoots through modifying the root system architecture, secretion of protons, 
organic acids and enzymes, as well as reinforcing symbiosis events with soil bacteria and 
fungi. A single bacterial isolate, Achromobacter sp. 5B1, was previously characterized as 
a beneficial microorganism helping Arabidopsis plants to resist salt stress and instructing 
root movements through modulating auxin transport and response within the root tip (1). 
Here, we investigated the influence that this bacterium could exert in plants grown under 
varied amount of applied phosphate. Noteworthy, increasing concentrations of phosphate 
into the medium augmented root biomass production by the bacterium, which correlated 
with massive formation of lateral roots, which extended the root surface area. In addition, 
Achromobacter sp. 5B1 provided advantages to Arabidopsis seedlings to grow under 
phosphate deficiency, opening the possibility to use this bacterium to improve the 
nutritional status of plants under different growth conditions. 
 
(1) Jiménez‐Vázquez KR, et al. (2020). The plant beneficial rhizobacterium 
Achromobacter sp. 5B1 influences root development through auxin signaling and 
redistribution. The Plant Journal, 103(5), 1639-1654. 
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Regulation of polyamine levels during plant infection through their catabolism has a 
particular impact depending on the pathogen
s lifestyle. Polyamines such as spermidine 
and spermine are catabolized by )A'-dependent polyamine oxidases. This study aims to 
understand the role of peroxisomal spermidine and spermine oxidation during the 
Arabidopsis thaliana � %otr\tis cinerea interaction. In A� thaliana plants of the wild-type 
Col-0 ecotype, an increase in PA2 activity for the substrate¶s spermidine and spermine 
was observed 24 hours post-inoculation with the fungus. )urthermore, the lesion size 
caused by %� cinerea was determined in A� thaliana leaves treated with the PA2 inhibitor 
1,8- diaminooctane and with polyamines (spermidine and spermine), or with combined 
treatments. Expression levels of the Arabidopsis AtPA2 gene family were determined, 
showing that the AtPA2� gene expression increased 72 hpi. Little is known about the 
participation of the AtPA2� gene encoding a peroxisomal enzyme in plant defense, for this 
purpose, a T-'NA insertional mutant line and two ��6��AtPA2� overexpression lines were 
used. Both mutant and ��6��AtPA2� overexpression lines showed smaller lesion sizes 
compared to the parental Col-0 ecotype. The role of reactive oxygen species and polyamine 
oxidation mediated by the AtPA2� gene in plant defense is discussed.  
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The beneficial interaction between plants and diverse microorganisms has been 
demonstrated, one of these ways is through the presence of elicitors in different fungi. 
These elicitors activate plant defenses, providing resistance against pathogenic 
microorganisms. Among the fungi that release elicitors to plants are Trichoderma, which 
produces ceratoplatanin proteins such as EPL1 and SM1 in Trichoderma atroYiride and T� 
Yirens, respectively. Herein, we generated Arabidopsis thaliana lines that express the EPL1 
gene from T� atroYiride. It was observed that 35S��TaEPL1 expression lines exhibited 
increased resistance to pathogen attacks and improved growth compared to wild-type 
plants (:T). Additionally, an increase in the expression of genes responsible for the 
response to salicylic acid (SA) and jasmonic acid (JA) was detected, suggesting a possible 
association with pathogen resistance. :e detected significant increases in hydrogen 
peroxide accumulation in the TaEPL1-expressing lines compared to the :T plants. :e are 
currently in the process of generating Arabidopsis lines that express T� Yirens SM1 to assess 
its efficacy compared to its EPL1 ortholog. )urthermore, we are determining the 
subcellular localization of both elicitors within the plant cell. These findings clearly 
demonstrate the significant beneficial impact of Trichoderma-secreted elicitors on plants, 
indicating their potential application in enhancing crop resistance against pathogens and 
promoting growth for agricultural improvement. 
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Mesquite (Prosopis laeYiJata) is an endemic and the most abundant tree in Guanajuato 
state in central Mexico. Mesquite is currently threatened by the invasion and heavy 
parasitism of Psittacanthus cal\culatus mistletoe� Mistletoe parasitizes approximately 65% 
of the mesquites in urban zones� This parasitism is characterized by continuous stress that 
eventually results in the host�s death. The P� cal\culatus infective cycle starts when 
frugivorous birds disperse the mistletoe¶s mature seeds onto the host tree branches and 
finish when the haustorium penetrates the branch and connects with the xylem. Successful 
establishment of infection relies on cell wall-degrading enzymes secretion such as 
cellulases, ȕ-1,4-glucosidases, and endo-glucanases, as well as molecular and genetic 
factors that inhibit the host immune system. However, chemical signals derived from the 
host tree are involved in the mistletoe parasitism perception, are remain unknown. The aim 
of this work is to study the activation of initial mesquite¶s defense responses by the 
infestation with mistletoe. Here we show that P� cal\culatus trigger early and late resistance 
responses in the host tree P� laeYiJata, from the activation of signaling pathways through 
phenotypic resistance traits during the initial infection stage. )or this purpose, we 
inoculated mistletoe seeds onto young mesquite branches, and quantified H222 production, 
superoxide dismutase, catalase, and peroxidase enzymes activities, as well as 
phenylalanine ammonia-lyase enzyme activity and phenolic compounds production, as 
early and late responses. :e found that the host increases resin production, suggesting that 
it is an additional important trait in mesquite resistance against the mistletoe infection. 2ur 
results will improve our understanding about the initial host defense mechanisms against 
mistletoe infection and they will contribute to designing novel strategies to reduce or 
eliminate mistletoe infections from mesquite and other trees. 
 
:e thank C2NACyT México for financial support (Grant 931994 CAAH y 194769 to 
'2T). 
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The transcriptional activation of early response genes is part of the responses activated by 
plants in the presence of pathogens. However, the molecular elements involved in their 
regulation are not complete known. )ive mutants, called eca, have been isolated because 
they constitutively express the elicitor-induced early response gene AT/�. Recently, it has 
been determined that the eca� mutant is resistant to the fungus %otr\tis cinerea and the 
bacterium Pseudomonas s\rinJae, in addition to that, the permeability of the cuticle is 
increased in eca� due to the decrease in the content of waxes and cutin monomers. 
Considering the importance of AT/� in the defense responses and in order to identify 
molecular elements that intervene in the regulation of AT/� mediated by (&A�� we 
performed genetic screening to identify reca mutants, which are revertants of the 
constitutive expression of AT/� in the eca� background. :e isolate the mutant reca� and 
it presented a reduction of the rosette size, as well as an increase in the number of leaves. 
The reca� mutant is susceptible to %� cinerea, but is resistant to P� s\rinJae, and has a more 
permeable cuticle compared to the wild plant. It was determined that the phenotype of 
reca� is mediated by an independent recessive gene of eca� mutation. Therefore, 5(&A� 
could be acting as a new molecular element, which positively regulates the expression of 
AT/�. According to the phenotypes evaluated in reca�, we determined that are not 
completely reverted to those observed in the wild plant, but in many of the cases, reca� 
presented intermediate phenotypes between the wild plant and the eca� mutant. In this 
work, we characterize the transcriptomic response of reca� that might allow us to elucidate 
the molecular mechanisms that intervene in the regulation of the early response genes part 
of the plant immune response.  
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The symbiotic nitrogen fixation (SN)) occurring in the legume-rhizobia association is 
responsible for most of the nitrogen incorporation into biological systems and has the 
potential to reduce the chemical fertilization used in agricultural management. This is a 
complex and finely regulated process, in both symbionts, that includes transcription T) 
and microRNAs, among other regulators. 
In the model legume /otus Maponicus, NIN� the master T) regulator of symbiosis, was 
shown to regulate N)-< (A, B, C) that in turn, regulate ST< T). This signal transduction 
pathway is required for auxins biosynthesis and local accumulation in root cortical cells, 
inducing their division as an initial step in nodule organogenesis (1) 
The goal of this work is to analyze the role of ST< T) in SN) of common bean, the most 
important legume for human consumption. The common bean genome encodes 10 ST< 
T) genes that are highly expressed at different stages of nodules � roots during SN) (2).  
Recent qRT-PCR analyses confirmed the increased expression pattern of the 6T< genes in 
inoculated roots and nodules of the BAT93 common bean genotype in symbiosis with 5� 
etli. In addition, the expression of N)<-A1�B7�C1 and NIN T)s were also increased in 
symbiotic tissues. ,n silico bioinformatic analysis of the promoter of the 6T<�� gene -that 
reaches its maximum expression value in mature nodules- identified cis� elements related 
to nodulation or root development, as well as CArG and CCAAT boxes, consensus 
sequences that are recognized by MA'S�AGL T) and N)< T), respectively. Experiments 
in progress show the transcription regulation of common bean 6T< genes not only by N)-
< T) (1) but also by AGL T) and indicate their relevant role in SN). 
 
1. Hossain et al. 0P0, 2016, 29 (12) 950-964 
2. 2¶Rourke, et al. %0& *enomics 2014, 15�866  
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2range fruits (&itrus sinensis L.) are affected by Penicillium diJitatum� which is the main 
cause of losses in orange production at the postharvest stage. A new technology known as 
SIGS (Spray-Induced Gene Silencing) is based on the application of exogenous, double-
stranded RNAs (dsRNAs) on the surface of plants and fruits that can be taken and 
processed by the plant or the pathogen and, once inside the cells, initiate a process to silence 
key genes in the pathogen. Previous in vitro assays showed that dsRNAs reduced the 
germination of P� diJitatum spores by up to 80% with respect to water-treated spores. :ith 
the aim of evaluating the potential of SIGS on orange fruits, three genes involved in the 
virulence of P� diJitatum� called )(T� (iron transporter), 0ic��� (ethylene precursor 
protein), and 1,P (necrosis inducer protein), were selected as potential targets for SIGS. 
Selected regions of these genes were amplified, flanked by the T7 promoter, and used as a 
template for the in Yitro synthesis of double-stranded RNAs (dsRNAs). The dsRNAs were 
mixed in equimolar concentration and applied over previously injured orange fruits, which 
were then inoculated with P� diJitatum spores. The analysis of the lesions developed five 
days after the infection revealed a slight reduction in fungal growth in the oranges treated 
with dsRNAs. 2ngoing assays will reveal the effects of applying additional doses of 
dsRNAs and the use of MgAl-L'H nanoparticles as carriers to improve the delivery and 
stability of dsRNAs. 
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The main load-bearing polymer of the cell wall (C:) is cellulose, which is comprised of 
chains of ȕ (1,4) '-glucopyranosyl units that form crystalline structures. Enzymatic 
degradation of cellulose in C: is achieved through the synergistic action of enzymes called 
cellulases, including endoglucanases (EC) that cleave glycosidic bonds in amorphous 
regions of cellulose. In plants, EC enzymes are encoded by the glycosyl hydrolase family 
9 (GH9) gene family and may have a variety of roles in cell wall biosynthesis and 
remodeling. 6olanum l\copersicum is one of the most important crops worldwide and has 
become a model for physiological and genetic studies. Several biotic and abiotic stresses 
could challenge the sustainable production of this crop. However, many beneficial plant 
microbes can modulate plant defense responses. Arbuscular mycorrhizal (AM) symbiosis 
induces systemic responses. C: modification genes expression profiles as ECs may have 
an important role in triggering a priming mechanism that may lead to defense and 
resistance against pathogens. This study, identified and characterized 22 EC genes encoded 
in the tomato genome, classified into three subfamilies. Subcellular localization prediction 
showed that 16 SlEC proteins are secreted and localized in the extracellular region, while 
six are in the plasma membrane. An analysis of regulatory elements indicated functions of 
SlEC genes in gibberellins, SA, auxins, and ABA signaling, cell development, and defense 
and stress responses. )inally, to provide information for further functional studies, the 
expression patterns of these genes in several tomato tissues and in response to the AM 
symbiosis, were characterized by qRT-PCR analysis. 'ifferential expressions of 6l(&�, 
6l(&�� and 6l(&� were observed in roots and leaves in response to the symbiosis, which 
are now targets for future studies. 
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Xyloglucan (XyG) is the most important component of hemicellulose, composing up to 
25% of the cell wall (C:). XyG is a polysaccharide formed by ȕ1±4-linked '- glucan 
backbone branched with various glycosyl residues, playing essential roles in growth 
regulation and biotic and abiotic stress responses. Xyloglucan 
endotransglucosylase�hydrolase (;T+s) are a family of XyG modifying-enzymes mainly 
responsible for cleavage and rearrangement of XyG backbones in plants. Arbuscular 
mycorrhizal (AM) symbiosis induces an immune response, in which C: modification 
genes, including ;T+s, are essential to trigger a priming mechanism that improves defense 
against pathogens. 6olanum l\copersicum is one of the most important crops worldwide 
due to its increasing commercial production, and its use as a model for genetic and 
physiological studies. In the present study, we identified all potential ;T+s genes encoded 
in the 6� l\copersicum genome, and we analyze the possible role of ;T+� gene in the C: 
biogenesis in leaves of mycorrhizal plants. :e identified 37 6l;T+ genes through genome-
wide screening using bioinformatics approaches. The relative expression by qRT-PCR 
revealed that 6l;T+ genes had a differential expression in colonized plants, in which, 
6l;T+� was the only overexpressed gene in 6� l\copersicum leaves. Protein-protein 
interactions revealed that SlXTH2 regulates proteins involved in C: biogenesis such as� 
SlEXPA2, SlEXPA5, SlEC7, SlCslE2, SlXTH14, SlXTH16, and SlXTH33, that at 
transcriptional levels are differentially induced in response to AM symbiosis. 3' predicted 
protein showed that SlXTH2 uses '-xylopyranose, '-glucopyranose, and '-
galactopyranose as donor substrates, which could be responsible for the chemical 
modifications of XyG molecules, which was consistent with the sugar analysis by HPLC 
in colonized leaves. This supports the idea that C: modification genes play an essential 
role during AM symbiosis.  
 
This work was funded by C2NAC<T (CB A1BSB31400) and SIP-IPN (20232056, 
20230746). 
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)usarium Yerticillioides is a fungal pathogen that causes several diseases in maize (=ea 
ma\s /�) that include seedling blight, stem rot, and ear rot. )� Yerticillioides ability to 
colonize maize plants depends on the production of various glycohydrolases and toxic 
metabolites. Among the latter, fumonisin B1 ()B1) stands out because it is synthesized 
early during the plant ± pathogen interaction and has several targets in the plant cell. Maize 
plants produce several metabolites that contribute to its defense against pests and 
pathogens. 2- Benzoxazolinone (2-B2A) is an hydroxamic acid derivative that 
accumulates in maize tissues and has insecticidal and antifungal activities. However, )� 
Yerticillioides has evolved to tolerate this compound as it is able to break it down into a 
non-toxic molecule. Herein, we set to study the diversity among four )� Yerticillioides 
strains isolated from maize on their capacity to produce )B1, to metabolize 2-B2A and to 
cause seedling blight. :e found that the four strains differ in )B1 production in maize 
seedlings (range 2.0-13.7 nmol )B1�g tissue), which were associated with growth 
inhibition of the main root. )or the high-)B1 producing strain (M<3), 2-B2A stimulated 
)B1 synthesis in Yitro. Although this strain was quite competent in transforming 2-B2A 
into non-toxic metabolites, we found that 2-B2A induced oxidative stress, detected 
through (Nitroblue tetrazolium chloride and 3,3
-diaminobenzidine) staining of the 
mycelia. Because the cell redox status might influence mycotoxin production, our results 
suggest that )� Yerticillioides response to plant defense molecules is through boosting )B1 
synthesis. (Acknowledgements� 'GAPA-PAPIIT IN217720 and PAEP-2023). 
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A]ospirillum brasilense Sp245, when interacting with Arabidopsis, arrests primary root 
(PR) growth and increases lateral roots number (LRN), phenotype attributed to bacterial 
auxins. The natural auxin, Indole-3-acetic acid (IAA), is synthesized in the aerial part of 
the plant from where is distributed a to the root through� i) a rapid transport throught 
phloem and ii) a cell-cell transpor, where regulates root system development. Carrillo-
)lores et al., 2022 observed that A]ospirillum caused during the first days of interaction 
with Arabidopsis an auxins increase in differentiation zone of lateral roots (LR) of the PR 
and later the auxins were mobilized towards the LR meristems. 2n the other hand, it has 
been reported that IAA can difunded through plasmodesmata (P') (intercellular channels 
small that connect the cytoplasm of neighboring cells) by a symplastic transport, which 
depends of P' permeability. This permeability is regulated by callose accumulation 
(polymer og glucoses linked by ȕ-1,3 bond), throught the synthases (CALS�GSL) and 
clases two of proteins that help polymer deposition in P' neck� PLASM2'ESMATA 
CALL2SE-BIN'ING PR2TEIN (P'CB) and PLASM2'ESMATA-L2CATE' 
PR2TEIN (P'LP), while callose degradation is carried out by ȕ-1,3-glucanases. 
Regarding P'LP, it has been shown that P'LP5 regulates a transient symplastic isolation 
of auxins during LR development to ensure the emergence of these organs. The objective 
of this study is to analyze whether P'LP5 are involved in LR development, for which we 
analyzed the auxins level and the callose accumulation in the pdlp����'5��*86 mutant 
and the lines P'/P�2(�'5��*86 overexpression of Arabidopsis. The results showed that 
LR decrease in pdlp��� seedlings inoculated with  the rhizobacteria, a phenotype that could 
be related to a transient decrease of auxins caused by the P' opening in said mutant. These 
results suggest that P'LP5 participates on LR development of Arabidopsis when it is 
exposed to A]ospirillum. 
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A microbiome is a community of commensal, symbiotic, and pathogenic microorganisms 
that share the same environment and are related to each other; the microbiome is the sum 
of microorganisms and their genomic elements and is commonly composed of bacteria, 
archaea, fungi, algae, and small protists. The soil microbiome has an impact on the 
biogeochemical cycle of macronutrients, micronutrients, and other important elements 
essential to plant growth. In this work, we will identify and compare microbial taxa in the 
soil, rhizosphere, and endosphere of a multi-parent mapping population (MEXI-MAGIC 
population). The MEXI-MAGIC population was generated with 8 Mexican varieties of 
maize coming from a broad range of environments. To obtain the sequences of the 
microorganisms associated with each compartment, we have obtained soil, rhizosphere, 
and endosphere samples for 180 families of the MEXI-MAGIC population grown under 
optimal field conditions. The study of the role of the microbiome in the rhizosphere and 
the endosphere of Mexican maize varieties will allow us to better manage biological 
processes such as plant nutrition, pest control, and biotic interactions. 
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Peptides have been described to participate as key components in the regulation of plant 
growth, development and stress responses. 'uring biotic interactions, peptides have been 
identified as modulators of signaling and response pathways. Recently, peptides from 2 to 
100 amino acids (small peptides) have gained great relevance as signaling molecules and�or 
as antimicrobial compounds. In our laboratory, we characterized at the molecular level the 
defensive responses induced by the exogenous application of the rare-earths element 
Gadolinium during the interaction between Arabidopsis thaliana and %otr\tis cinerea. 
Among the genes with the higher expression, we identified the A� thaliana AT�*����� and 
AT�*����� genes, which encode for small peptides, the function of these genes remains 
unknown. To determine the participation of the innate immunity of these genes during the 
A� thaliana-%� cinerea interaction, we performed a functional analysis in homozygous 
knockout mutant plants. The preliminary results show a significant increase in the lesion 
size mediated by %� cinerea in leaves of the at�J����� and at�J����� mutants compared 
to their control, wildtype plants (Col-0). Currently, the characterization of these mutants at 
the molecular level is being carried out to know the defensive responses modified during 
the plant-pathogen interaction. )uture experimental work on the small peptides will be 
contribute to expand our understanding of plant-microorganism relationships. 
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It is widely known that rhizobacteria play an important role in helping the development of 
several plant species, however, before colonization by mutualistic microorganisms may 
provide any benefits, such microorganisms must first avoid antagonizing the immune 
system of their host plants. In this context, our project sought to investigate the role of the 
plant peptide phytosulfokine (PSK) in the modulation of host immune responses to the 
plant-growth promoting rhizobacteria Pseudomonas simiae :CS417, specifically 
pertaining to Arabidopsis thaliana and Camelina sativa. The role of PSK in attenuating 
microbially induced immune responses and conversely increasing the susceptibility of 
plants to bacterial colonization has been long characterized. )urthermore, it has been 
shown that live :CS417 bacteria possess, in interaction with Arabidopsis, a capacity to 
attenuate host immune responses otherwise triggered by its flg22 flagellin proteins. :e 
thus hypothesized that an inhibition of PSK-related pathways ± as seen in mutants lacking 
functional tyrosylprotein sulfotransferase (tpst) or receptor PSKR1�PSKR2 (r1r2) genes ± 
could affect such modulation of root immune responses to colonization by live :CS417, 
thus interfering with the establishment of a growth-promoting relationship. Protocols for 
evaluating microbially-induced differential growth promotion and gene expression1 
were adapted and applied to the loss-of-function Arabidopsis mutants tpst and r1r2 as well 
as to Camelina sativa, whose interaction with :CS417 was tested in the presence of 
exogenous PSK. 2ur findings help illustrate PSK
s importance in the establishment of such 
beneficial plant-microbe interactions, for while the addition of exogenous PSK was not 
found to induce significant changes in the effects of bacterial colonization in Camelina, the 
loss of PSK-related genes severely inhibited or even reversed the growth-promoting effects 
of :CS417 in Arabidopsis. 
 
1 Banday ==, Cecchini NM, Speed 'J, et al. )riend or foe� Hybrid proline-rich proteins 
determine how plants respond to beneficial and pathogenic microbes. Plant Physiol. 
2022;190(1)�860-881. doi�10.1093�plphys�kiac263 
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Salicylic acid (SA) is a phytohormone that plays a key role in the activation and regulation 
of multiple responses to biotic and abiotic stresses, particularly to induce systemic acquired 
resistance (SAR), a mechanism used by plants to resist pathogen attack. 
In Arabidopsis thaliana, SA is perceived by a nonexpresser of pathogenesis-related genes 
1 (NPR1), NPR3, and NPR4 receptors, which are involved in the plant immune response. 
The co-activator NPR1 is the master regulator in SA perception whereas NPR3 and NPR4 
were suggested to function as adaptors of the Cullin ubiquitin E3 ligase to promote NPR1 
degradation in an SA-regulated manner. 
The regulatory mechanism between these proteins is complex, therefore understanding 
how their interaction takes place and how it can be modified by different stimuli allows us 
to better understand their role in plant immunity. Although the interaction between these 
proteins has already been analyzed, the interaction domains have not been characterized. 
In this work, the domains involved in the NPR1-NPR3 interaction were characterized in 
planta by the Bimolecular )luorescence Complementation (Bi)C) approach. The 
sequences encoding residues 1-200, 201-400, and 401-587 of the NPR3 protein were 
amplified and cloned to accomplish this. These sequences include the BTB�P2= and 
ankyrin repeats domains, and the SA binding site of NPR3, respectively. :e also generated 
deletions of only one of the NPR3 domains were done. In addition, translational fusions of 
the full length of NPR3, as well as of the obtained fragments of NPR3, were generated with 
a green fluorescent protein. 
The translational fusions were transiently expressed in leaves of plants col-0 and the npr��
� mutant of A� thaliana, making it possible to evaluate the susceptibility to infection of 
these plants as well as changes in the subcellular localization of NPR1 and NPR3 during 
infection with pseudomonas s\rinJae� 
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The interaction between plants and microorganisms is recurrent in nature. Therefore, plants 
have developed a complex defense system that is activated just after pathogen recognition. 
The regulation of the plant defense system depends on several mediators, among which are 
polyamines. These amines are present in all organisms, where they are essential for cell 
viability. In plants, among other processes, polyamines participate in the establishment and 
regulation of the defense response, through modulating their metabolism, specifically their 
biosynthesis, conjugation, and catabolism. However, it is unknown whether polyamine 
transport is involved in the plant defense response. In our study, the importance of 
Polyamine Uptake Transport 2 (AtPUT2) in the interaction between Arabidopsis thaliana 
and Pseudomonas s\rinJae pv. tomato '&���� was analyzed. :e found that AtP8T� 
expression is induced in response to P� s\rinJae in the early stages of interaction. In turn, 
the absence of the transporter (in the Atput��� mutant line) induces Arabidopsis resistance 
to the bacterium. Under normal conditions and during interaction with the pathogen, the 
mutant line shows changes in the expression levels of genes involved in the salicylic acid 
pathway, suggesting that the resistance phenotype appears to be associated with the 
dysregulation of SA-mediated hormone signaling. Interestingly, using a reporter promoter 
line (promAtP8T���*86) it was found that AtP8T� gene expression decreased in response 
to salicylic acid treatment. 2n the other hand, we found that the Atput��� mutant line does 
not adequately develop the hypersensitive response, an important process in the plant 
defense response. However, the mechanism underlying this response remains to be 
determined. These results provide evidence for the involvement of the AtP8T� transporter 
in the defense response of Arabidopsis against Pseudomonas s\rinJae. 
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Chemical fertilizers and fungicides have been used to improve the development and growth 
of plants and to protect the plants against pathogens. However, the excessive use of these 
chemicals entails negative effects on the environment and human health. Therefore, new 
ecological methods have been looked at for replacing these agents, such as the use of 
beneficial microorganisms. Previously, our team identified five bacterial strains from the 
skin of the endemic Axolotl (Amb\stoma sp.) with an inhibitory role against the 
phytopathogenic fungus %otr\tis cinerea. However, we do not know if these strains could 
be also used as phytostimulant agents. To characterize the morphological effects on plants, 
in Yitro� and greenhouse- interactions of each bacteria with the Arabidopsis thaliana model 
plant were carried out. ,n Yitro interactions revealed a phytostimulant effect in the primary 
root length and root hairs number. :hile under greenhouse-conditions, tests revealed that 
bacteria-inoculated plants are resistant to %otr\tis cinerea. The results prove the role of 
bacteria strains isolated from the skin of axolotl as an ecological alternative to the use of 
chemical fertilizers and fungicides. 
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Induced Systemic Response (ISR) is a defense response in plants that generates immunity 
against a broad spectrum of pathogens with diverse lifestyles (hemibiotrophic, biotrophic 
and necrotrophic). This response is triggered by non-pathogenic bacteria, mainly plant 
growth promoting bacteria (PGPRs), which can be recognized by the plant and through 
different inducing molecules; for example, lipopolysaccharides, antibiotics, and flagellin. 
The ISR is regulated by the jasmonic acid (JA) and ethylene (ET) pathways, and different 
genes are known to participate in triggering this response; for example, 0<%�� and 0<&� 
that participate in the initial processes of ISR in the root, as well as genes related to the JA 
and ET pathways, such as EIN2, EIN3, C2I1, JAR1. Although there is knowledge about 
the pathways through which the ISR is activated and despite the fact that there are studies 
that show changes in gene expression in the interaction of plants with PGPRs, there is still 
a long way to go to understand how the ISR is established at the molecular after beneficial 
bacterium recognition. In a previous study analyzing the interaction A� thaliana�6� 
amboIaciens, it was determined that this actinobacteria can promote plant growth. The 
evaluation of different parameters such as lateral root density, rosette area, root biomass 
and aerial part of the plant showed that 6� amboIaciens is a PGPR. In the present work, 
evidence is shown that it is also capable of inducing a systemic response against foliar 
pathogens such as Pseudomonas s\rinJae and %otr\tis cinerea. Likewise, the expression 
profiles of various molecular markers of the jasmonic acid and ethylene signaling pathways 
were determined, as well as ISR markers, finding the most important changes 2 days post-
inoculation. This work constitutes an important precedent to broaden the study of 
Arabidopsis-Actinobacteria interactions. 
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Plant cystatins are proteins with the ability to inhibit the activity of cysteine proteases from 
different microorganisms. Based on this property, cystatins are considered a plant defense 
mechanism against phytopathogenic microorganisms. The root-knot nematode 
0eloidoJ\ne incoJnita is one of the most damaging plant parasitic nematodes in the world. 
In this study, the effect of a cystatin from Amaranthus h\pochondriacus (AhCPI) as a 
potential control agent for 0� incoJnita was evaluated in greenhouse conditions. 
Recombinant AhCPI obtained in (� coli was applied to the soil around the stems of thirty-
day tomato plants. )ive days after treatment, plants were inoculated with about 10,000 0� 
incoJnita eggs per pot, and three subsequent AhCPI applications to tomato plants were 
made every month for 3 months. Non-treated plants, only AhCPI-treated plants, and only 
0� incoJnita-infected plants were included as controls. The experimental design was 
completely randomized with four treatments with five plants per treatment. Results showed 
that the three applications of 10 mL of AhCPI (1.4 mg �mL) to 0� incoJnita-infected 
tomato plants, reduced the number of galls by 93 � 8%, as compared to the control 0� 
incoJnita-infected plants. In addition, the application of AhCPI to the infected plants 
increased the yield (10.7%) of harvested tomato fruits, as compared to infected plants. 
These results show the potential of AhCPI for the control of 0� incoJnita in tomato plants. 
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Polyamine catabolism by polyamine oxidase enzymes mediates signaling and stress 
responses through hydrogen peroxide production. )ive genes encode polyamine oxidases 
in the Arabidopsis thaliana genome, with cytoplasmic and peroxisomal localization. 
Recently, we analyzed the phenotype of Atpao single mutants in response to Pseudomonas 
s\rinJae pv. tomato 'C3000 and identified that the Atpao��� single mutant was resistant 
to bacterial infection. This mutant line has lower spermine oxidation activity, accumulates 
reactive oxygen species (hydrogen peroxide and superoxide anion radical), and shows 
increased RB2H activity and alterations in the activity of different antioxidant enzymes. 
In addition, several markers of the salicylic acid pathway were found to be deregulated in 
the mutant line in comparison to the :T (A� thaliana ecotype Columbia). All these data 
suggested that cytoplasmic polyamine oxidation through AtPA2� impacts hydrogen 
peroxide production and hormonal signaling. To further understand the participation of the 
AtPA2� gene in plant defense the Atpao��� mutant and a ��6��AtPA2� overexpression 
line were sequenced by RNAseq. Herein, we present an analysis of the Atpao��� mutant 
and ��6��AtPA2� transcriptomes under control and stress conditions (24 hpi with P� 
s\rinJae). In the :T, biological processes such as the jasmonic acid mediated signaling 
pathway, plant-type hypersensitive response, glutathione metabolic process, and response 
to hydrogen peroxide, were up-regulated in response to the pathogen while in the Atpao��
� mutant, these processes were down-regulated 24 hpi. In accordance with previous 
observations, the ethylene synthesis and signaling pathway was repressed in the Atpao��� 
mutant line in control and stress conditions. )urthermore, the auxin and cytokinin signaling 
pathways were deregulated in the mutant Atpao��� mutant and a ��6��AtPA2�. The 
participation of polyamine oxidation in plant defense and in the modulation of hormonal 
response in discussed.  
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Lipopolysaccharides (LPS) are amphiphilic molecules. They present in their structure 
anhydrophilic región with polysaccharide chains and a lipid region that anchors to the outer 
membrane of Gram-negative bacteria. It has been reported that LPS from the rhizobacteria 
Azospirillum baldaniorum Sp245 participate in the stimulation of plant growth and 
development. In Arabidopsis thaliana this increase is related to an increase in the 
expression of the T2R (Target of Rapamycin) protein, which regulates cell growth and 
development through the integration of various environmental signals. 2n the other hand, 
phospholipase ' (PL') metabolizes phospholipids in the cell membrane to produce 
phosphatidic acid, a second messenger that activates signaling pathways related to 
developmental processes. In the present investigation, the effect of A. baldaniorum LPS on 
the activity of PL' and its relationship with the T2R protein during the growth promotion 
of A. thaliana is studied. Enzymatic assays showed an increase in PL' activity after 5 min 
of interaction with LPS. )urthermore, an increase in the production of phosphatidic acid 
was detected by TLC. )inally, through histochemical assays with the T2R��GUS reporter, 
an increase in T2R expression was observed in plants treated with LPS and with different 
molecular types of phosphatidic acid.  
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The cellulose synthase (&esA) and the cellulose synthase-like (&sl) genes belong to 
glycosyltransferases 2 family, which are involved in cellulose and hemicellulose 
biosynthesis, respectively. &esA and &sl are essential for the structural integrity of plant 
cell wall (C:). Symbiosis with Glomeromycota fungi induces a systemic response in 
plants that regulates the expression of many genes, in which C: modification genes, 
including &esA and &sl� are essential to trigger a priming mechanism that improves defense 
against pathogens. However, the complete characterization of all the &esA family members 
in 6olanum l\copersicum and their expression under symbiotic conditions are limited. In 
this work, we identified 16 &esA and 20 &sl genes in the tomato genome bioinformatically 
based on the presence of the P)03552.16 domain. These genes were grouped in one CesA 
subfamily and four Csl subfamilies (SlCslB, ', E, G). The majority of SlCesA and SlCsl 
proteins were located in the Golgi membrane. Promoter analysis showed that some 
members of 6l&sl' subfamily have MeJA and stress-responsive elements. ,n 
silico analysis revealed that for some genes, expression is ubiquitous, whereas, for others, 
it is tissue specific. 'uring pathogenic interactions with 6clerotinia 
sclerotiorum and %otr\tis cinerea the expression levels were differential 
for &esA and &sl genes; 6l&sl'� was the only gene that showed a higher expression level 
in response to AM symbiosis by RT-qPCR. The 3' predicted protein showed 
that 6l&sl'� uses '-mannose as donor substrates, which could be responsible for the 
chemical modifications of C:, which was consistent with the sugar analysis by HPLC in 
colonized leaves. :e performed a comprehensive analysis of the 6l&esA and 6l&sl gene 
families, which lays the foundation for future studies at a functional level and their role in 
cellulose and hemicellulose biosynthesis in tomatoes. This work was funded by 
C2NAC<T (CB A1BSB31400) and SIP-IPN (20232056, 20230746) (RGB (14, 16, 26)). 
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Plant cell wall consist of cellulose, hemicellulose, pectin, lignin, and proteins, which confer 
mechanical properties to plant structures. Hemicellulose is a principal constituted by 
xyloglucan (XyG), a molecule composed of glucan backbone decorated with Į-(1,6)- 
xylose, Į-(1,2)-galactose or Į-(1,2)-fucose. XyG biosynthesis involves a diversity of 
glycosyltransferases (GTs). GT family 34 (GT34) belongs to xyloglucan 
xylosyltransferases (;;Ts), which transfer U'P-xylose for the XyG backbone. Arbuscular 
mycorrhizal (AM) symbiosis is an important interaction between most plants and the 
Glomeromycota fungi. In AM plants, many genes are differentially regulated, both in roots 
and leaves, and it has been reported that AM plants respond more effectively and faster 
against pathogens, a phenomenon known as “priming”. Glycosylation is important in 
enhancing plant resistance to abiotic and biotic stress, by modifying the cell wall 
composition. However, the characterization of the GT34 family and its relation to the 
priming during AM symbiosis is still unclear in 6olanum l\copersicum� :e identified five 
GT34 genes (6l;;T���) based on the presence of the GT34 domain (P)05637). Gene 
structure analysis and the identification of the conserved catalytic domain in XXT proteins 
supported this idea. Synteny and phylogenetic relationship analysis of SlXXTs and other 
model plants were also evaluated. ,n silico expression profiles showed that 6l;;T genes 
have differential expression patterns in several tissues and on pathogenic interactions. The 
relative expression by qRT-PCR revealed that 6l;;T� and 6l;;T� genes display 
differential expression levels in 6� l\copersicum leaves and roots in response to AM 
symbiosis. )inally, 3' predicted protein analysis corroborated that XXT members uses 
U'P-xylose as donor substrate, in which xylose concentration significantly differed under 
symbiotic conditions in 6� l\copersicum leaves. All these results provide a comprehensive 
understanding of ;;T genes as priming-related genes induced by AM symbiosis. This work 
was funded by C2NAC<T (CB A1BSB31400) and SIP-IPN (20232056, 20230746). 
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The study of polyamine metabolism under biotic stress has recently gained significant 
relevance. It has been demonstrated that putrescine (Put) biosynthesis is induced during 
infection, using arginine as a primary metabolic precursor in Arabidopsis thaliana. Put is 
a central molecule in polyamine (PA) metabolism because it is the primary precursor for 
synthesizing higher PAs, such as spermidine and spermine. Put can also be acetylated to 
form N-acetyl putrescine (AcPut) by the activity of N-acetyl transferases. In mammals, 
polyamine acetylation is crucial for their catabolism and transport outside the cell. 
However, PA acetylation
s role in plants, especially related to plant-pathogen interaction, 
remains unknown. 
In Arabidopsis thaliana, two genes have been identified that encode for N-acetyl 
transferases� At1ATA� and At1ATA�. It has been reported that AtNATA1 catalyzes the 
acetylation of Put to AcPut and the acetylation of ornithine and 1,3-diaminopropane, a 
terminal product of PA oxidation. Regarding biotic stress, only one study suggested that 
the activity of AtNATA1 negatively affects Arabidopsis resistance to Pseudomonas 
s\rinJae (Pst) by suppressing antimicrobial defenses. However, the role of AtNATA2 
regulating Arabidopsis response to Pst remains unknown. 
2ur study aimed to characterize single mutant lines of Atnata��� and Atnata��� during Pst 
infection, with and without Put supplementation. :e employed a non-invasive high-
throughput screening (HTS) method based on RGB and chlorophyll fluorescence images 
from which the Plant Biostimulant Characterization (PBC) index was calculated as a 
quantitative measure of phenotypic traits. As the most remarkable result, both mutants 
presented bigger rosettes than wild-type plants. Additionally, Atnata��� exhibits resistance 
to Pst, and the Put supplementation further improved it. Moreover, the Atnata��� mutant 
line exhibited the most favorable response with or without Pst, and Put supplementation. 
Altogether, the results pointed to the regulation of Put levels via N-acetyl transferases as 
an essential step in defining Arabidopsis resistance to Pst� 
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Polyamine catabolism, orchestrated by polyamine oxidase enzymes, is crucial in plant 
defense against pathogen infection. In Arabidopsis, the cellular localization of PA2 
enzymes (cytoplasm or peroxisomes), the type of catabolism (terminal or back-
conversion), and the relation to other signaling pathways through the production of reactive 
oxygen species make polyamine oxidation relevant to understand plant-pathogen 
interactions. However, the specific mechanisms and role of polyamine oxidation remain 
elusive. In this study, we characterized the role of the AtPA2� and AtPA2� genes in the 
Arabidopsis-Pseudomonas s\rinJae pv. tomato 'C3000 (Pst) interaction employing PA2 
single and double mutant lines (Atpao���, Atpao���� and Atpao��� [ Atpao���) and 
overexpression lines (��6��AtPA2�) by combining high-throughput phenotyping 
screening, targeted metabolomics, and gene expression analysis. 2ur results demonstrated 
that AtPA21 regulates Arabidopsis resistance by modulating the RB2H (respiratory burst 
oxidase homolog) activity in the presence or absence of Pst, and that response is influenced 
by spermine supplementation. 
)urthermore, we reveal that resistance to Pst relies on the fine tune balance between AtPA2 
back-conversion and terminal catabolism, which significantly affects the overall  AtRB2H 
activity and the content of various polyamines. Interestingly, we found that peroxisomal 
polyamine catabolism, mainly through AtPA22, is the primary regulator of defense against 
Pst. Specifically, AtPA2 back-conversion facilitates putrescine accumulation, reduction of 
spermine and conjugated�bound polyamines levels, and increase of specific amino acids, 
including glutamate, acetylornithine, Ȗ-aminobutyric acid, ȕ-alanine, proline, and glycine. 
These metabolic changes ultimately improve plant resistance. 2ur study indicates that Pst 
resistance depends on the plant strategy. :hereas a strong upregulation of terminal 
catabolism (mainly by cytoplasmic AtPA21) to produce 1,3-diaminopropane can condition 
plant resistance, Spm catabolism via back-conversion (by peroxisomal AtPA22), which 
conduct to putrescine production, confer resistance. 
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The root cap is a multilayered tissue that assists the root in exploring the soil. Its location 
at the distal end of roots protects the meristem and directs root growth toward gravity and 
nutrients. Although the root cap maintains a close interaction with the rhizosphere, its role 
in signaling with soil microorganisms is unknown. Here, through direct root cocultivation 
with Achromobacter sp. 5B1, we show that specific elements in the development of the 
root cap control the direction of growth. In Arabidopsis seedlings with mutations in the 
transcription factor )E=, the rhizobacterium caused susceptibility of roots to form 
supercoils, whereas in seedlings harboring mutations in 620%5(52 the change in root 
growth direction did not occur. These effects coincided with expression analysis of 
)(=��)(=�*)P and 60%��60%�*)P in the root cap. Measurements of the root cap and 
amyloplast content revealed that interaction with Achromobacter sp. 5B1 modifies the 
structure of the root cap; increases the volume of the tissue and alters the accumulation of 
amyloplasts in columella cells. In addition, wild-type seedlings, and Ie]�� and smb�� 
mutants inoculated with other plant growth-promoting bacteria did not modify the direction 
of root growth, indicating specificity in the response. 2ur data indicate that the root cap 
senses the rhizobacterium Achromobacter sp. 5B1 and contributes to the deviation of root 
growth forming turns, coils and branches that help plants to more efficiently explore the 
soil. 
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6erindiptica indica (syn. PiriIormospora indica) is a filamentous root endophyte fungus 
that belongs to the order 6ebacinales (Basidiomycota). 6� indica colonizes the root 
epidermal and cortex cells without penetrating the central cylinder and displays a biphasic 
colonization strategy. 'uring the initial phase of biotrophic colonization, the fungus 
invades the root cells inter- and intra-cellularly. Subsequently, 6� indica switches to a host 
cell death-associated phase, although a defined switch to necrotrophy with massive cell 
death does not occur. 6� indica colonization exhibits various effects on host plants 
including enhanced growth, improved assimilation of nitrate and phosphate, increased 
tolerance to abiotic stresses, and resistance against pathogens. Has been reported that 6� 
indica establishes symbiotic interactions with a wide range of plant hosts, 
including monocots plants like orchid, rice; and also the dicot model plant Arabidopsis 
thaliana, nevertheless there are a few information about the posttranscriptional regulation, 
specifically from microRNA in the colonization of 6� indica in the root of A� thaliana� 
Previously, our team performed an analysis to elucidate the microRNA and their targets 
differential expressed in the early stages of the colonization of 6� indica in A� thaliana� In 
this study, we found that the mir161 and its target, the gene AT5G55840 belonging to the 
pentatricopeptide repeat (PPR) proteins, were differentially expressed, and degraded, 
respectively 3 days after inoculation with the fungus. To further characterize the role of 
miR161 and its target, we are performing a phenotyping analysis in mutants seedlings from 
miR161 and AT5G55840 during the interaction of 6� indica� using a spore solution of the 
fungus to inoculate the root with a constant spore concentration and documenting the 
reported early stages of colonization for 6� indica in A� thaliana roots. 
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The fresh produce trade between Mexico and the United States has increased due to the 
demand for nutritional and safe foods. However, since 2014 the )ood and 'rugs 
Administration of the United States ()'A) implemented Import Alert 24-23, which 
prohibits the entry of cilantro (&oriandrum satiYum L.) from Puebla, Mexico. This is due 
to the previous association of fresh cilantro consumption imported from Puebla with 
outbreaks of cyclosporiasis (diarrheic illness caused by the protozoa parasite &\clospora 
ca\etanensis) within the USA from 2012 to 2015. <et, it is proposed that humans are the 
only host for this parasite. It is well known that contaminated food and water are vectors 
of transmission of oocysts. The knowledge about &� ca\etanensis biology, reproduction, 
ecology, and molecular mechanism regulating its life cycle needs to be improved and better 
understood.  The present research aims to find the principal source of contamination for 
the cilantro with &� ca\etanensis oocysts using Real-Time PCR following the protocols 
described in the Bacteriological Analytical Manual (BAM) of )'A. To identify the origin 
of the contamination, we plan to analyze potential sources of oocyst, such as soil, water, 
seeds, and wild fauna commonly found in the production zone of cilantro. )urthermore, we 
intend to contribute to the knowledge of cilantro ecology by performing a metagenomic 
study of the cilantro rhizosphere in plants grown under several conditions. MAVL thanks 
C2NAC<T grant A1-S-35357, AAB and MAVL thanks to SIP and C2))A IPN funds, 
LLA thanks to C2NAHC<T, C2)AA and BEI)I IPN fellows.  
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Cross-kingdom communication with bacteria is crucial for plant growth and productivity. 
Here, we show a strong induction of genes for nitrate uptake and assimilation in 
Arabidopsis seedlings co-cultivated with P� aeruJinosa :T (PA21) or 'las, mutants 
defective on the synthesis of the quorum-sensing signaling molecule 1-(3-
oxododecanoyl)-/-homoserine lactone. Along with differential induction of defense-
related genes, the change from plant growth repression to growth promotion upon bacterial 
QS disruption, correlated with upregulation of the dual-affinity nitrate transceptor 
CHL1�AtNRT1� NP)6.3 and the nitrate reductases NIA1 and NIA2. &+/�-*86 was 
induced in Arabidopsis primary root tips after transfer onto P� aeruJinosa 'las, streaks at 
low and high N availability, whereas this bacterium required high concentrations of 
nitrogen to potentiate root and shoot biomass production and to improve root branching. 
Arabidopsis chl��� and chl���� mutants and double mutants in NIA1 and NIA2 nitrate 
reductases showed compromised growth under low nitrogen availability, and failed to 
mount an effective growth promotion and root branching response even at high NH4N23. 
:T P� aeruJinosa PA21 and P� aeruJinosa 'las, mutant promoted the accumulation of 
nitric oxide (N2) in roots of both the :T and nia�nia� double mutants, whereas N2 donors 
SNP or SNAP did not improve growth or root branching in nia�nia� double mutants with 
or without bacterial cocultivation. Thus, inoculation of Arabidopsis roots with P� 
aeruJinosa drives gene expression for improved nitrogen acquisition and this 
macronutrient is critical for the plant growth promoting effects upon disruption of the /as, 
quorum-sensing system. 
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Bacteria have interacted for millions of years with plants by modulating positive aspects 
such as the host
s hormonal status, nutrient solubilization, and root growth or by producing 
negative virulence factors that affect plant health. In this work we compare the effects of 
the inoculation of 2 bacteria belonging to the genus Pseudomonas that share the property 
of solubilizing phosphate. 'espite the fact that nutrient solubilization can be considered a 
desirable trait for the promotion of plant growth, the effects that each of the bacteria have 
in Arabidopsis thaliana plants are highly contrasting, while P� brassicae increases the 
biomass accumulation of both shoot and root systems� P�chlororaphis does not. To find 
out if Pseudomonas isolates could modify root architecture, Arabidopsis seedlings were 
inoculated with pure cultures of the bacteria, where we obtained that both species inhibit 
the growth of the primary root; however, inoculation with P� brassicae increases the 
formation of lateral roots while inoculation with P� chlororaphis does not. As it is believed 
that a greater formation of lateral roots is associated with an auxin response, we decided to 
evaluate the expression of the auxin inducible gene '5��*86 in roots, where interestingly 
P� brassicae did not present an increase in the expression of this gene compared to the 
control plants, instead plants inoculated with P� chlororaphis cause a sharp increase in 
auxin levels within the plant. Lateral roots are involved in plant adaptation to challenging 
environments, for this reason, we compared the expression of the cell cycle reporter line 
&<&A��*86 in lateral and primary roots of Arabidopsis plants inoculated. 
Inoculation of P� brassicae� but not P� chlororaphis� improved shoot and root growth in 
medium supplemented with calcium phosphate as the sole Pi source. Collectively, our data 
indicate the high potential of P. brassicae to manage agriculture in a more eco -friendly 
manner. 



Plant Biotic Interactions 

93 
“XX National Plant Biochemistry and Molecular Biology Congress, 3rd Meeting of the Mexico Section of 

the American Society of Plant Biologists, 13th Mexico-USA Plant Biology Symposium” 

*ene e[pression related to biotic stress by application oI pero[yacetic 
acid in &apsicXm aQQXXm / and induction oI geminiYirus resistance. 

 
Raymundo Ramírez-Rangel1, Angela María Chapa-2liver1, Carlos Alberto N~xez-Colín1, 

Adan Topiltzin Morales-Vargas1, Laura Mejía-Teniente1* 
 

1Programa de Ingeniería en Biotecnología, 'epartamento de Ingeniería Agroindustrial, 'ivisión de Ciencias 
de la Salud e Ingenierías, Campus Celaya-Salvatierra, Universidad de Guanajuato, Av. Mutualismo Esq. 
Prolongación Río Lerma S�N, Celaya, Gto. C.P. 38060, Mexico 
laura.mejia@ugto.mx 1* 
 
In this work, a strategy for the induction of resistance to geminivirus in &apsicum annuum 
was proposed and evaluated through the application of peroxyacetic acid as an inducer. 
Peroxyacetic acid was applied in a foliar way, directly to the substrate and a combined 
application to previously inoculated chili plants by bioinjection with a mixture of 
geminivirus, PEPGMV and PH<VV. The applied applications of peroxyacetic acid were 
divided into 0 ppm, 80 ppm, 100 ppm, 120 ppm and 140 ppm, after 17 days the plants 
treated for the symptoms of the disease and at that time the sample was taken. Each 
treatment and the response to the oxidative stress generated by the plant was processed to 
the measurements of the analysis solution, PCR was detected to follow the viral mobility 
within the plant, likewise the differential expression of the PAL genes was evaluated by 
PCR, CAT, NPR1, PR1, MnS2' and ȕ-ACT. In addition to the above, phenological 
characteristics such as stem diameter, plant height and leaf area by treatment were 
evaluated.  
 



Plant Biotic Interactions 

94 
“XX National Plant Biochemistry and Molecular Biology Congress, 3rd Meeting of the Mexico Section of 

the American Society of Plant Biologists, 13th Mexico-USA Plant Biology Symposium” 

([ploring 6econdary 0etabolite 3roIiling in 2puntia &ultiYars� 
,nsights into 5esistance 0echanisms $gainst 'actylopius coccus &osta 

 
<emane Kahsay Berhe1, Iván 'avid Meza-Canales1*, Verónica Trujillo-Pahua2, Carla V. 

Sánchez-Hernández2, Asdr~bal Burgos1, Héctor A. Peniche-Pavía3, Hilda Eréndira 
Ramos Aboites4, Leonardo Soto3, Robert :inkler3, and Liberato Portillo1 

 
1'epartamento de Botánica y =oología, Centro Universitario de Ciencias Biológicas y Agropecuarias, 
Universidad de Guadalajara, =apopan, Jalisco 45200, México 
2'epartamento de Producción Agrícola, Centro Universitario de Ciencias Biológicas y Agropecuarias, 
Universidad de Guadalajara, =apopan, Jalisco 45200, México 
3Unidad de Genómica Avanzada (UGA-LANGEBI2), Centro de Investigación y de Estudios Avanzados del 
Instituto Politécnico Nacional, Irapuato, Guanajuato, México 
4Unidad de Biotecnología e Ingeniería Genética 'e Plantas, Centro de Investigación y Estudios Avanzados 
del IPN, Irapuato, Guanajuato, México 
* Presenting and corresponding authors� yemane02@gmail.com, mezacanales.id@gmail.com 
 
Cactus pear (2puntia spp.) is a vital source of livelihood in arid and semi-arid regions 
globally. However, it faces challenges from both abiotic and biotic stressors, with cochineal 
('act\lopius spp�) being recent a significant threat. Mismanagement of domestic cochineal 
('act\lopius coccus) in some areas has worsened the problem, impacting cactus pear 
productivity. Using resistant varieties shows promise for controlling cochineal infestation, 
but resistance traits vary across varieties and environmental conditions. Understanding the 
basis of resistance traits is crucial for effective breeding strategies. 
To study metabolic profiles in response to cochineal infestation, we analyzed three resistant 
and three susceptible cultivars using untargeted 'LI-ESI-mass spectrometry, and analyzed 
the obtain metabolic features by unsupervised and supervised learning clustering methods 
PCA and PLS-'A. 2ut of the 376 mz features detected by 'LI-ESI, we identified 81 
relevant features distinguishing infested and non-infested cladodes, with 28 induced by '� 
coccus infestation, potentially related to defense responses. :e define 49 features involved 
in a basal response to domestic cochineal for all cultivars, highlighting conserved responses 
among the different cultivars, and 22 features specifically relevant for defense responses 
on resistant cultivars, which ultimately determine the effectiveness of their response in 
countering the herbivore
s attack. )urthermore, by comparing mature and young cladodes 
and their relationship to induced responses, we identified 11 features which may explain 
why infestation by '� coccus does not occur typically on these tissues. 
2verall, this study provides insights into the metabolic plasticity of 2puntia cultivars in 
response to herbivores, shedding light on its defense mechanisms. Understanding these 
mechanisms provides valuable information for the development of sustainable strategies 
to protect cactus pear crops from the menace of '� coccus infestation and to enhance food 
security in arid regions. 

 
Keywords� 2puntia spp�� Cactus pear, ('LI-ESI)-mass spectrometry, metabolic profile, 
plant resistance, Arid crop plants, domesticated cochineal, 'act\lopius coccus 
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The legume family is composed by numerous species of agricultural relevance such as 
chickpea, soybean, peanuts, beans, pea, among others. Additionally, legumes play a 
relevant role in their ecosystems, by establishing mutualistic associations with soil 
microorganisms such as arbuscular mycorrhizal fungi and rhizobia. These microorganisms 
provide phosphorous and nitrogen resources to the legume host in specialized organs called 
arbuscules and nodules, respectively. These interactions are regulated by complex genetic 
networks and through chemical dialogues between the legumes and their partners. To fully 
understand these processes is crucial to identify and characterize the genes involved in 
these interactions. The model legume /otus Maponicus (/otus) has been extensively used to 
study the legume-microbe associations, since valuable biological resources have been 
developed for this organism, for instance the /otus-retrotransposon (L2RE1) mutant 
population and the abundant transcriptomic data of roots colonized by rhizobia. In our 
group we have combined several approaches to exploit this useful data and biological 
material. :e performed a large-scale mutant screening in 200,000 L2RE1 mutants to 
assess their nodulation capacity with rhizobia. After additional screenings, the symbiotic 
phenotype was confirmed for 100 different mutant lines. A flanking sequence tag pooling 
and identification ()6T poolit) protocol was followed to track the location of the novel 
transposon insertions in the genomes of 40 mutant lines, revealing candidate genes affected 
by these transposable elements. In addition, by analyzing the transcriptome response of 
/otus roots inoculated with different rhizobial species, we found that several cell wall- and 
metabolic-related genes were upregulated. )or several candidate genes we have obtained 
homozygous mutants and constructs to monitor their promoter activity and subcellular 
localization during /otus-microbe associations by confocal microscopy. These approaches 
unveil novel players required for mutualistic interactions in legumes. 
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Tomato (6olanum l\copersicum) is an important vegetable in Mexico, being the first 
exporter worldwide. However, this crop has been greatly affected by bacteria such as 
&laYibacter michiJanensis subsp. michiJanensis (&mm), a pathogen against which there 
are still no commercial resistant varieties. Currently, alternatives to the use of pesticides 
include, for example� (a) the use of agrochemicals, e.g. synthetic analogs to the salycilic 
acid (SA), which promote “defense priming”, an increased readiness of defense induction 
against pathogens; (b) epigenetic edition via CRISPR-activation (CRISPRa). CRISPRa 
allows the upregulation of target endogenous gene expression levels (like Pathogenesis-
related genes, P5s), thanks to the use of transcriptional activators, such as the synthetic 
activator domain VP64 (M12) or the histone lysine methyl-transferase SET-domain (ST4). 
:e hypothesized that there is a synergism amongst the application of acibenzolar-S-methyl 
(ASM, a priming activator compound) and the use of epigenetically edited tomato plants for the P5�
� gene, against pathogens like Cmm. Thus, our main goal was to analyze P5�� gene expression and 
plant resistance against Cmm, in CRISPRa-edited plants and in combination with the use of 
ASM. 2ur results show that 6 h after pathogen infection there is an increase in P5�� 
transcript levels in edited and ASM-treated tomato plants, in contrast to the control and 
:T plants. )urthermore, we detected reduced leaf damage and disease severity 
(M12 80%, ST4 90%. :T 60%) in edited plants, when compared to our controls. :e 
conclude that CRISPRa-edited tomato plants treated with ASM show a synergism and 
developed greater resistance against Cmm. 
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Plant aquaporins are a large family of proteins that function as transporters of solutes 
(water, sugar, NH4, etc.) and that play important roles in several physiological processes 
in living organisms. 2n the other hand, hydrogen peroxide (H222) levels and transport have 
been related with plant growth, development, and biotic and abiotic stress responses. It has 
been proposed that aquaporins can also transport H222, regulating its subcellular 
distribution, and thus, the strength of de associated signaling. However, little is known 
about this process. It�s well known that reactive oxygen species (R2S) are highly involved 
in polar growth, as well as during mutualistic interactions such as mycorrhizal or rhizobia-
legume associations. R2S generated in the apoplast by NA'PH oxidases and S2' 
activity, such as H222, need to be transported from the extracellular side to the cytoplasm. 
However, we know little about this process. 
The functional role of aquaporins in P� YulJaris and their potential role to transport H222 
in root hairs during the polar growth and during rhizobia-legume interaction, has been 
poorly studied. In this study we determined the role of PYP,P���, a gene encoding for an 
aquaporin that could be involved in the H222 transport. By silencing and overexpression 
of the gene in Phaseolus YulJaris, we have also evaluated the effect on the nodulation 
process. :e have found that PYP,P��� depict an early increased transcript accumulation 
in roots inoculated with 5hi]obium tropici CIAT899; however, at later stages, the level of 
transcript decreased considerably. Results describing the subcellular localization, 
nodulation, and nitrogen fixation phenotype, will be presented and discussed.  
 
This work was funded by 'GAPA IN-210321 and CV200519 to LC, and C2NACyT 
253247 and 319643 to LC. 
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A]ospirillum baldaniorum Sp245 is a Gram-negative bacteria that belongs to a group of 
plant growth-promoting bacteria (PGPR). 2ne of the components of its outer membrane is 
lipopolysaccharides (LPS). It has been reported that LPS from A� baldaniorum Sp245 
modulates different aspects on the growth and development of A� thaliana, such as an 
increase in primary root length and number of lateral roots. 2n the other hand, multivariate 
wall carbon nanotubes (M:CNT) are a type of nanomaterial with a variable effect on plant 
growth that depends on the dose, the type of nanomaterial and the plant in question. )or A� 
thaliana, M:CNTs are known to increase reactive oxygen species and the activity of some 
antioxidant enzymes. However, in other plant species, they stimulate germination and 
promote fruit growth. In the present investigation, we analyze the effect of M:CNT alone 
and conjugated with LPS isolated from A� baldaniorum Sp245 on the growth and 
development modulation in plants of A� thaliana. This is because it has been described that 
in animal systems M:NTC can bind to certain biomolecules, including LPS, and function 
in this way, among others, as biosensors. However, there is no literature with reports of 
said union for plant systems. 
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Patatin-related phospholipases A (pPLA) are plant enzymes that hydrolyze both 
phospholipids and galactolipids. These enzymes are involved in several biological 
processes such as the response to pathogens, vegetative growth, and cellular elongation. In 
particular, in legume symbiosis with arbuscular mycorrhizal fungi, a signal molecule 
released by the hydrolytic activity of pPLA (lysophosphatidylcholine), was reported to 
induce the expression of phosphate transporters. However, the participation of pPLA in 
rhizobial symbiosis has not been explored to date. This symbiotic interaction occurs 
between legumes and nitrogen-fixing bacteria called rhizobia, generating a new organ in 
the roots of legumes, the symbiotic nodule. In this work, we identified the pPLA family in 
common bean (Phaseolus YulJaris L.) and other legume models through in silico analysis. 
By using qPCR-based approaches, and reverse genetics we functionally characterized the 
common bean pPLA gene, PYpP/A�,,Ȗ, in bean-rhizobia interaction. In silico analysis 
showed that the genomes of common bean and 0edicaJo truncatula Gaertn. encode 21 
and 16 pP/A genes, respectively, which are grouped into five clades. This differs from that 
reported in non-leguminous species such as rice and Arabidopsis. It is important to 
highlight that we observed gene duplication in both legume species, PYpP/A�,,Ȗ being one 
of the duplicated genes; this evolutionary characteristic has not been reported to date in 
another plant model. Transient expression in 1icotiana benthamiana leaves revealed a 
cytosolic localization of PvpPLA-IIȖ. Quantification of PYpP/A�,,Ȗ transcript levels by 
qPCR indicated high expression in nodules at 14 days after rhizobia inoculation. 
Interestingly, overexpression of this gene significantly reduced the number of nodule 
primordia and nodules at 7 and 14 days after inoculation, respectively. 2verall, our results 
show that legume pPLA families exhibit typical phylogenetic features not found in other 
plant species. In particular, PYpP/A�,,Ȗ seems to function as a negative regulator in 
rhizobial symbiosis. 
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The symbiotic N2-fixation process in the legume±rhizobia interaction is relevant for 
sustainable agriculture. The characterization of symbiotic mutants, mainly in model 
legumes, has been instrumental for the discovery of ca� 200 relevant symbiotic genes, but 
similar studies in crop legumes are scant (2). )or common bean, only one symbiotic mutant 
has been molecularly characterized (3). To isolate and characterize common bean 
symbiotic mutants an ethylmethanesulphonate-induced mutant population from the BAT 
93 (wt) genotype was analyzed. 2ur initial screening of 5hi]obium etli CE3-inoculated 
mutant lines revealed different alterations in nodulation. :e proceeded with the 
characterization of three non-nodulating (nnod), apparently monogenic�recessive mutants� 
nnod(1895), nnod(2353) and nnod(2114). Their reduced growth in a symbiotic condition 
was restored when the nitrate was added. A similar nnod phenotype was observed upon 
inoculation with other efficient rhizobia species. A microscopic analysis revealed a 
different impairment for each mutant in an early symbiotic step. nnod(1895) formed 
decreased root hair curling but had increased non-effective root hair deformation and no 
rhizobia infection. nnod(2353) produced normal root hair curling and rhizobia entrapment 
to form infection chambers, but the development of the latter was blocked. nnod(2114) 
formed infection threads that did not elongate and thus did not reach the root cortex level; 
it occasionally formed non-infected pseudo-nodules. The current research is aimed at 
mapping the responsible mutated gene for a better understanding of SN) in this critical 
food crop. Comparative whole genome sequence analysis led to identify six candidate 
mutated early symbiotic genes for each of nnod mutants. Mutants from other legumes, 
defective in our proposed candidate genes, showed similar phenotypic alterations as the 
ones we have observed (1, 2).  
 
1. Reyero-Saavedra R et al.  (2023). Plants. 12, 1310-1327. 
2. Roy et al� (2020) Plant &ell. 32, 15-41. 
�� )erguson et al� (2014). Plant %iotechnol� J� 12, 1085-1097. 
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Legumes can establish symbiotic relationships with nitrogen-fixing bacteria (rhizobia); 
these bacteria reside in specialized root organs called nodules. This symbiosis requires an 
organogenesis and infection program, and the latter can be either intra- or intercellularly. 
These mechanisms of symbiotic colonization induce the expression of genes related to the 
biomechanics of the cell wall, for example� genes encoding expansins. 
In our group we found that mutants affected in genes encoding expansins of /otus 
Maponicus (e[p�-1 and e[p�-1) showed reduced nodule formation. Also, we detected strong 
promoter activity of (;PA16,1� at early events of the rhizobial infection process. 
Similarly, a EXPANSIN1-<)P protein was located in root-hair infected cells and nodule 
organogenesis, confirming its participation in the symbiotic process. 
In this work we are evaluating the symbiotic phenotype of a second mutant allele for 
(;PA16,1� (e[p�-2) and the non-symbiotic phenotype of the mutants e[p�-1, e[p�-2 and 
e[p�-1. 
:e found that the e[p�-2 mutant showed a significant reduction in the nodule number 
compared to the wild type, at 1-6 weeks post-inoculation with rhizobia, reflecting a 
comparable symbiotic performance to the mutant allele e[p�-1. The non-symbiotic 
phenotype tested in plants grown in nitrogen-replete medium revealed that in the e[p�-1 
mutant, the aerial part was 25% shorter compared to the wild type, but the e[p�-1 was not 
significantly affected in this parameter. However, these mutant lines didn¶t show any 
significant difference in the length of the main root respect to the wild type plants.  
These results demonstrate that (;PA16,1� and (;PA16,1� are relevant players in the 
establishment of the legume-rhizobia symbiosis. In order to understand the interplay of 
these proteins in the symbiotic process, we are generating constructs to monitor the 
promoter activity and subcellular localization of EXPANSIN2 as well. 
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%acillus thurinJiensis (Bt) is a Gram-positive bacterium used in agriculture to control 
insect pests due to its ability to produce parasporal inclusions of proteinaceous nature that 
are toxic against insects. However, few is known about its ecology. Bt strains have been 
isolated from various habitats such as water, soil, air, dead insects, and plants, including 
the phylloplane, the rhizosphere, and very recently, from internal plant tissues as entophytic 
bacteria. In this work we demonstrated that Bt is a natural endophytic bacterium capable 
of reproducing within the plant. The vertical transmission of this strain was monitored 
through several generations and the toxicity presented in each of the generations was 
evaluated by performing semiquantitative bioassays with Trichoplusia ni neonate larvae. 
The H'-73 strain labeled with the JIp gene and the Arabidopsis thaliana model plant were 
used. Plants were inoculated in the rhizosphere with a suspension of the spore-crystal 
complex, which later was translocated to the upper internal tissues, verified by detecting 
the labeled strain from superficially sterilized leaves. This detection was observed through 
a series of generations, were C)U counts increased throughout each generation, indicating 
that the bacterium is vertically transmitted through the seed. To assess whether the toxicity 
was maintained, toxicity on T� ni neonate larvae were tested on plants from each generation, 
as well as in control plants (without inoculation). The number of living larvae showed no 
significant difference between treatments; however, the size of larvae varied significantly 
in the treated plants, while larger, uniform larvae were observed on the control plants, 
indicating that the vertically transmitted Bt was affecting their development. This work 
demonstrates that Bt can translocate and reproduce in planta and affect susceptible larvae 
throughout generations. 
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'amage-associated molecular patterns ('AMPs) are endogenous molecules coming from 
damaged cells, indicating an injury, and inducing stress responses on the neighbor intact 
cells. 2ne of most reported 'AMPs is extracellular self-'NA (self-'NA), which is 
extracellular 'NA from the same species. Microalgae, as any other organism, are 
permanently exposed to factors that can potentially damage them. 2ur study model, 
1eochloris oleoabundans is a lipid-producing green microalga with high potential in 
industry. 1� oleoabundans can respond to extracellular self-'NA application by increasing 
peroxidase enzymatic activity, phenolic compounds content and lipids content. However, 
mechanisms involved in lipids biosynthesis by extracellular self-'NA application remains 
unknown. The main objective of the present work is to characterize the 1� oleoabundans 
responses to extracellular self-'NA regarding lipids production; at phenotypic, 
biochemical, and proteomic levels using microscopy analyses to determine oxidative 
stress, lipid and protein quantification, as well as proteomic approach  through mass 
spectrometry analysis. Here we show that 1� oleoabundans respond to extracellular self-
'NA application by increasing the production of reactive oxygen species (R2S), as well 
as duplicating the lipid content at 24 h and 48 h after extracellular self-'NA application. 
)urthermore, we¶ll look for differential protein profiles between treated and control cells. 
2ur results demonstrate that self-'NA application activates metabolic machinery in 1� 
oleoabundans� shedding light on the biochemical mechanisms involved in this 
phenomenon on microalgae. This knowledge will contribute to understand mechanisms 
involved in this interaction, to improve the lipids production for biofuels and other 
important commercial products.  
 
:e thank C2NACyT México for financial support (797227).  
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Various chemical agents have been used for years as plant growth stimulants. However, 
their frequent use has been questioned to their negative impact on the environment and 
human health. This has led to the search for new ecological alternative solutions such as 
biological control agents (BCA) or biostimulants, which can help in the promotion of 
growth plants and increase their immune system. Recently, bacterial communities have 
been discovered on the skin of frogs, which protect them from the pathogenic chytrid 
fungus %atrachoch\trium dendrobatidis that has caused amphibian declines worldwide. 
However, it is unclear whether these bacteria can help to growth plants, and cure diseases 
caused by pathogenic fungi. To investigate this, a study was conducted to determine 
whether neotropical amphibian skin bacteria possess the ability to control the development 
of the pathogen %� cinerea. Through dual experiments, we identified three potential 
candidates for biocontrol activity. The compounds released by the bacteria were found to 
inhibit the germination process, and the inhibition was dose-dependent. The bacteria and 
filtrates also conferred a protection system in the model plant Arabidopsis thaliana against 
%� cinerea infection. Additionally, we found that bacteria can modify the root structure of 
A� thaliana and increase the growth of tomato plants.  The results suggest that bacteria from 
amphibian skin may have excellent potential to control diseases caused by phytopathogenic 
fungi affecting plants, and act as natural biostimulants, providing an ecologically-friendly 
alternative to chemical agents. 



Plant Biotic Interactions 

105 
“XX National Plant Biochemistry and Molecular Biology Congress, 3rd Meeting of the Mexico Section of 

the American Society of Plant Biologists, 13th Mexico-USA Plant Biology Symposium” 

6earch oI maize seed endophytes with antagonistic actiYity against 
)XsariXm YerticiOOioides 

 
Segoviano Correa, Stefhany1, Camacho-Gamixo, A. )abiola1, Plasencia de la Parra 

Javier1* 

 
1)acultad de Química, UNAM., 'epartamento de Bioquímica, Lab. 101, Edificio E, 04510. Ciudad de 
México, México. 311112553@quimica.unam.mx, javierp@unam.mx* 
 
Mexico produces over 22 million tons of maize (=ea ma\s /�) annually as this crop is the 
main caloric source, consumed in several cooked forms. Maize production is hindered by, 
both abiotic and biotic factors, and among the latter, )usarium Yerticillioides is the main 
fungal pathogen in this crop. It is an ascomycete that can survive as an endophyte in maize 
tissue or as saprophyte in stubble. This pathogen causes seedling blight, stalk rot and ear 
rot, and synthesizes several mycotoxins that have deleterious effects on humans and 
animal. )umonisin B1 is the main toxin produced by this fungal pathogen, acting as a 
virulence factor that promotes fungal colonization and as a contaminant in moldy corn. 
Because chemical control of this plant pathogen is not economically feasible, biological 
control agents offer an alternative. Here, we isolated several fungal and bacterial 
endophytes from maize seeds and identified them through microbiological and molecular 
techniques. Monosporic or single-colony cultures were obtained, and genomic 'NA was 
purified for PCR amplification. )ungal isolates were analyzed by 'NA sequencing of the 
ribosomal RNAs Internal Transcribed Sequence (ITS) and the following genus were 
identified� )usarium sp., Acremonium sp., Phialemoniopsis sp., Talarom\ces sp. )or 
bacterial isolates, the 16S ribosomal RNA gene was amplified and sequenced. An isolate 
(CEL1) identified as %acillus subtilis inhibited the growth of several )� Yerticilliodes 
strains in a plate assay. :e are currently analyzing the metabolites excreted by this 
bacterium and investigating whether it inhibits fumonisin B1 production by )� 
Yerticillioides� 
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To ensure global food security and adequate nutrition, increasing crop production and 
addressing agronomic constraints are critical. Tomato (6olanum l\copersicum) is the 
second most important horticultural crop globally. However, abiotic and biotic stresses 
limit its production. Accordingly, the most significant production losses in tomato are 
caused by the bacterium &laYibacter michiJanensis subs. michiJanensis (Cmm). 
Inadequate control measures of this pathogen can generate negative impacts on both the 
environment and human health.   
Thus, we hypothesized that in epigenetically editing tomato plants, activation of gene 
expression of plant defense genes, via CRISPR-activation, promotes plant defense against 
pathogens.  
Consequently, we fused the synthetic activator domain VP64 and the histone lysine methyl-
transferase SET-domain, from ATX1, to the dCas9 (dCas9-VP64�SET, or TS3H 
construct), and the VP64 domain to dCas12 (dCas12-VP64, or L)9H construct), and used 
such vectors for  biolistic transformation of tomato cotyledonary explants. Guide RNAs 
were designed to the promoter region of the :5.<�� gene, which codes for a transcription 
factor related to plant development and defense processes. Plants were regenerated in Yitro, 
characterized for the insertion and gene expression, and propagated.  
Next, independent lines were inoculated with Cmm and the effect of pathogen infection on 
epigenetically edited tomato plants was determined. 2ur results indicate that in TS3H, 
expression of :5.<�� was 9 times higher, when compared to :T (whereas in L)9H it 
was 7.9 times higher). Colony forming units per 100 mg of tissue were reduced in the edited 
plants (when compared to :T). Also, TS3H (62.5%) and L)9H (81.25%) had lower leaf 
damage and disease severity, than :T. Interestingly, the root area of TS3H (15.7 cm2) and 
L)9H (12.7 cm2) was larger than in :T (6.9 cm2). Also, the edited plants had higher fruit 
production compared to the controls. In conclusion, CRISPRa is a promising 
biotechnological approach for developing Cmm-resistant tomato plants. 
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ȕ-galactosidases (ȕ-gal) are a family of plant proteins that belong to the glycosyl hydrolase 
35 (GH35), that catalyze the removal of terminal galactose residues from carbohydrates, 
glycoproteins, and galactolipids in the cell wall of living organisms. In plants, ȕ-
galactosidases are involved in defense processes as a response to biotic or abiotic stress in 
several phenological stages, fruit ripening, as well as in the metabolic recycling of 
galactolipids and glycoproteins, and the renewal of signaling molecules during maturation. 
ȕ-galactosidases have been characterized in fruit ripening, such as apple, strawberry, 
melon, and other plant species. Potato (6olanum tuberosum) is one of the most important 
crops in Mexico, and Sinaloa is the second largest producer during the fall-winter 
agricultural cycle. Although the ȕ-gal gene family has been characterized in many plants, 
the knowledge about it in 6� tuberosum is limited. In this study, the ȕ-gal gene family was 
characterized using bioinformatics approaches. The results revealed that the ȕ-gal family 
consists of 30 genes (6t%*A/) through genome wide screening based on the P)00332.21 
domain, which are closely related phylogenetically to Solanaceae species and Arabidopsis 
thaliana. This classification was also supported by gene structure and conserved motifs 
analysis. At the chromosomal level, we observed that the 30 ȕ-galactosidases were 
heterogeneously distributed among all chromosomes across the potato genome. ,n silico 
expression profiles showed that the ȕ�Jal have differential expression patterns during 
pathogen attack, as well as under abiotic stress in roots and leaves. These results 
demonstrate that 6t%*A/ genes are related to different stages of potato maturation and may 
be involved in defense processes to reduce susceptibility to pathogens by rearranging cell 
wall components.  
 
This work was supported by C2NAHC<T for Alejandra Vallejo-Sánchez master¶s 
scholarships.  
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